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Foreword 

The aim o f  t h i s  Source Book f o r  Energy A u d i t o r s  i s  t o  p r o v i d e  p r a c t i t i o n e r s  

i n  t h e  f i e l d  o f  energy a u d i t i n g  w i t h  a  s t r u c t u r e d  c o l l e c t i o n  o f  m a t e r i a l  

which w i l l  a s s i s t  i n  improv ing  t h e  a u d i t i n g  process,  based on t h e  accumulated 

knowledge and exper ience  o f  e x p e r t s  from a  number o f  c o u n t r i e s .  The m a t e r i a l  

c o n s i s t s  o f  a  s y s t e m a t i c  approach t o  a u d i t i n g ,  suppor ted b y  a  d e t a i l e d  

c o l l e c t i o n  o f  t e c h n i c a l  m a t e r i a l  r a n g i n g  from a u d i t i n g  procedures t o  

techn iques  f o r  a n a l y s i s  and measurement. 

The c o s t - e f f e c t i v e n e s s  o f  energy a u d i t i n g  depends on t h e  c o s t s  i n c u r r e d  i n  

c a r r y i n g  o u t  t h e  a u d i t  and on t h e  c o s t - e f f e c t i v e n e s s  o f  t h e  energy sav ing  

measures implemented as a  r e s u l t  o f  t h e  a u d i t i n g .  I t  i s  i m p o r t a n t  t o  i d e n t i f y ,  

w o r t h w h i l e  measures q u i c k l y  and a t  a  minimum c o s t ,  b u t  t h e  d i f f i c u l t y  o f  

do ing  so w i l l  depend on t h e  c h a r a c t e r i s t i c s  o f  each i n d i v i d u a l  b u i l d i n g ,  and 

i t s  c u r r e n t  energy performance. I t  i s  a l s o  i m p o r t a n t  t o  take  i n t o  account  t h e  

v a r i a t i o n s  which occur  from one p a r t  o f  a  b u i l d i n g  t o  ano the r  and t h e  

r e l a t i v e  e f f i c i e n c y  o f  d i f f e r e n t  energy consuming systems. 

Formulae and ins t rumen ts  cannot be a  s u b s t i t u t e  f o r  exper ience  and knowledge 

i n  s o l v i n g  t h i s  prob lem,  b u t  t h e  e f f e c t i v e n e s s  o f  energy a u d i t i n g  can be 
improved if i t  i s  under taken s y s t e m a t i c a l l y  and i f  exper ience  and knowledge 

i s  documented i n  an o rgan ised  and s t r u c t u r e d  manner. I t  w i l l  a l s o  be more 

e f f e c t i v e  if t h e  b u i l d i n g  owner has a  c l e a r  idea o f  what shou ld  be ach ieved.  

T h i s  i s  t h e  aim o f  t h i s  Source Book. 

The knowledge has been compi led by e x p e r t s  from a l l  p a r t i c i p a t i n g  c o u n t r i e s .  

and eva lua ted  and m o d i f i e d  sometimes w i t h  a s s i s t a n c e  from o t h e r  e x p e r t s  i n  

t h e i r  c o u n t r i e s .  Those p a r t i c i p a t i n g  a r e  l i s t e d  a t  t h e  end o f  t h i s  foreword.  

They r e p r e s e n t  a  wide spect rum o f  background, f rom p r a c t i t i o n e r s  i n  t h e  f i e l d  

t o  researchers  i n  l a b o r a t o r i e s  and u n i v e r s i t y  p r o f e s s o r s .  

The work was s t a r t e d  i n  1983, based on an agreement among n i n e  c o u n t r i e s  and 

t h e  Commission o f  t h e  European Community. A p r e p a r a t o r y  meet ing had 

p r e v i o u s l y  been h e l d  r i t h  e x p e r t s  r e p r e s e n t i n g  t h e  i n t e r e s t e d  c o u n t r i e s ,  and 
a t  t h i s  mee t ing  t h e  f i r s t  e f f o r t s  were made t o  s t r u c t u r e  t h e  work and draw up 



Foreword 

some work -p lans .  T h i s  process o f  d e f i n i n g  t h e  work con t inued  d u r i n g  t h e  

f o l l o w i n g  meet ing.  A l t o g e t h e r  t h e r e  has been n i n e  meet ings t o  c o o r d i n a t e  t h e  

work o f  t h e  p a r t i c i p a t i n g  e x p e r t s .  

The c o m p i l a t i o n  o f  m a t e r i a l ' f o r  t h e  Source Book was completed i n  May 1986. 

and t h e  e d i t i n g  s t a r t e d  i n  June 1986. A  d r a f t  o f  t h e  Source Book was 

p resen ted  t o  t h e  p a r t i c i p a t i n g  e x p e r t s  i n  January .  1987. T h i s  d r a f t  was t h e n  

re " i sed  a c c o r d i n g  t o  t h e  comments r e c e i v e d  from t h e  e x p e r t s .  The r e v i s e d  

d r a f t  was s u b m i t t e d  t o  t h e  e x e c u t i v e  Committee i n  A p r i l .  1987. 

It i s  b e l i e v e d  t h a t  t h i s  Source Book r e p r e s e n t s  a  s i g n i f i c a n t  advance i n  .' 
energy a u d i t i n g  methodology. I t  c o n t a i n s  a  l a r g e  amount o f  knowledge 

p resen ted  i n  a  way t h a t  makes i t  easy t o  a p p l y .  New exper ience  and knowledge 

i s  genera ted  c o n t i n u o u s l y ,  b u t  t h i s  Source Book c o n t a i n s  a  d e f i n i t i v e  

s ta tement  o f  t h e  c u r r e n t  p o s i t i o n .  It i s  expected t h a t  a u d i t o r s  w i l l  use t h e  

m a t e r i a l  s e l e c t i v e l y  t o  s u i t  t h e  p r e v a i l i n g  c o n d i t i o n s ,  t a k i n g  account  o f  

d i f f e r e n t  b u i l d i n g  t r a d i t i o n s ,  l i f e s t y l e s  and c l i m a t i c  c o n d i t i o n s  and t h e  

c i r cums tances  p r e v a i l i n g  i n  t h e i r  own c o u n t r y .  
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Energy a u d i t i n g  i s  a  new te rm and as such w i t h o u t  a  p r e c i s e  d e f i n i t i o n .  The 

term i s  used by some t o  d e f i n e  a  s p e c i f i c  a c t i v i t y ,  and by o t h e r s  t o  

encompass a  wide range o f  a c t i v i t i e s  i n  t h e  accoun t ing  o f  energy usage. 

I n  t h i s  work. 'Energy A u d i t i n g '  i s  taken  t o  e n t a i l  a  s e r i e s  o f  a c t i o n s  aimed 

a t  t h e  e v a l u a t i o n  o f  t h e  energy sav ing  p o t e n t i a l  o f  a  b u i l d i n g  md t h e  

i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  Energy Conserva t ion  O p p o r t u n i t i e s  IECOs). 

The approach t o  energy a u d i t i n g  used i n  t h e  Source Book seeks t o  m i n i m i s e  t h e  

c o s t  o f  a u d i t i n g ,  t o  maximise i t s  e f f e c t  and t o  pass as q u i c k l y  as p o s s i b l e  

t o  recommendations o f  Energy Conserva t ion  O p p o r t u n i t i e s  IECOsl.  T h i s  i s  

pursued th rough  t h e  use o f  a  s taged process,  i n  which t h e  e a r l y  s tages  a r e  

wide i n  scope b u t  low i n  d e t a i l ,  w h i l e  t h e  l a t e r  s tages a r e  more d e t a i l e d  b u t  

nar rower  i n  scope. The Source Book f o r  Energy A u d i t i n g  c o n t a i n s  seven 

c h a p t e r s ,  n i n e  appendices,  a  r e f e r e n c e  l i s t ,  and an a n a l y t i c a l  i n d e x .  The 

c o n t e n t  o f  t h e  v a r i o u s  chap te rs  and appendices i s  d e s c r i b e d  be low.  

JhaDter 1 The A u d i t  Process 

Chapter 1 d e s c r i b e s  how t h e  v a r i o u s , r e s u l t s  o f  t h i s  IEA Task a r e  des igned t o  

be used. The.purpose i s  t o  g i v e  t h e  reader  an i n t r o d u c t i o n  t o  t h e  m a t e r i a l  i n  

subsequent chapters ' ,  and an o v e r a l l  idea o f  t h e  Source Book approach. The 

r e l a t i o n  o f  energy a u d i t i n g  t o  energy management i s  a l s o  p resen ted .  

Chapter 2 R a t i n q  B u i l d i n a s  f o r  A u d i t  

Chapter  2 d i scusses  t h e  prob lem o f  how t o  f i n d  i n  a  s t o c k  o f  b u i l d i n g s  those 

wh ich  m e r i t  an a u d i t  o r  t o  dec ide  wether  a  s p e c i f i c  b u i l d i n g  needs a  f u r t h e r  

d e t a i l e d  a u d i t .  The use o f  energy i n d i c a t o r s ,  t a r g e t  v a l u e s ,  and d a t a  

r e q u i r e d  f o r  r a t i n g  b u i l d i n g s  f o r  a u d i t  a r e  d e s c r i b e d .  
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L h a o t e r  3 D i s a s s r e s a t i o n  o f  Enersv Consumotion 

Chapter 3 p r o v i d e s  gu idance on how t o  f i n d  those a reas  o f  a  b u i l d i n g  w i t h  

p o t e n t i a l  f o r  energy c o n s e r v a t i o n .  The breakdown o f  energy use i n t o  

components, and a  f u r t h e r  breakdown o f  these components i n t o  a  weather 

s e n s i t i v e  and a  non weather s e n s i t i v e  p a r t ,  i s  d i scussed .  

L h a o t e r  4 Enersv Conserva t ion  O w o r t u n i t v  IECOI I d e n t i f i c a t i o n  and E v a l u a t i o n  

Chapter 4 d i scusses  t h e  need t o  go as q u i c k l y  as p o s s i b l e  f r o m t h e  

e s t a b l i s h m e n t  o f  t h e  energy consumpt ion ove rv iew t o  recommendations o f  energy 

c o n s e r v a t i o n  o p p o r t u n i t i e s .  The methods f o r  a r r i v i n g  a t  these recommendations 

d i r e c t l y ,  q u i c k l y ,  and w i t h  a  minimum o f  e f f o r t  a r e  g i v e n .  The need f o r  t h e  

development o f  an ECO imp lemen ta t i on  s t r a t e g y  i s  r a i s e d  and a  range of  

f a c t o r s  a f f e c t i n g  t h e  v a l u e  o f  r e t r o f i t  a c t i o n s ,  such as ECOs i n  comb ina t ion  

and ECO l o n g e v i t y ,  a r e  d i scussed .  

!3 a ~ t e r  5 Post  Imolernentat ion Performance A n a l y s i s  

Chapter 5 p r o v i d e s  t h e  reasons and techn iques  f o r  check ing  t h e  performance o f  

energy c o n s e r v a t i o n  measures a f t e r  imp lemen ta t i on .  

W l a ~ t e r  6 B u i l d i n s  Enersv A n a l v s i s  and Models 

Chapter 6 s t a r t s  by d i s c u s s i n g  a l t e r n a t i v e  approaches o f  p e r f o r m i n g  an 

a n a l y s i s  o f  energy usage i n  b u i l d i n g s .  T h i s  chap te r  c o n t i n u e s  by d e s c r i b i n g  

t h e  use of  models r a n g i n g  from s imp le  models t o  s o p h i s t i c a t e d  computer 

models. Some s imp le  economic models,  methods o f  o p t i m i s i n g  comb ina t ion  o f  

ECOs, c o r r e l a t i o n  models and s e l e c t i o n  o f  c a l c u l a t i o n  techn iques  a r e  a l s o  

t r e a t e d .  

W l a ~ t e r  7 Enersv A u d i t  Data Bases 

The purpose o f  chap te r  7 i s  t o  g i v e  an ove rv iew o f  f a c t o r s  which shou ld  be 

regarded  i n  o r d e r  t o  e v a l u a t e  t h e  a p p l i c a b i l i t y ,  v a l i d i t y ,  and u s e f u l n e s s  o f  
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da ta  bases. I n c l u d e d  i s  a  d i s c u s s i o n  on the  es tab l i shmen t  and use o f  such 

d a t a  bases. 

To supplement these chap te rs  a  number o f  appendices p r o v i d e  more d e t a i l e d  

i n f o r m a t i o n .  The Appendices A-D a r e  found i n  t h e  f i r s t  volume, t h e  o t h e r s  i n  

t h e  second volume. S u b j e c t s  covered i n  these appendices a r e :  

Bpoendix  A  G lossa ry  

The g l o s s a r y  d e f i n e s  a  number o f  terms used i n  t h e  Source Book. The meaning 

o f  these terms may n o t  c o i n c i d e  w i t h  t h e  readers  c u r r e n t  unders tand ing  o f  

them. 

Appendix B  L i s t  o f  Svmbols and A b b r e v i a t i o n s  

Appendix B  p r o v i d e s  a  l i s t  o f  symbols and n o t a t i o n  used i n  fo rmu las  and 

e q u a t i o n s  as w e l l  as a  l i s t  o f  common a b b r e v i a t i o n s  used i n  t h e  Source Book. 

Appendix C Parameters l n f l u e n c i n a  E n e r w  Use and A u d i t i n a  Problems 

The purpose o f  Appendix C i s  t o  c r e a t e  a  b e t t e r  unders tand ing  o f  t h e  way 

energy i s  used i n  v a r i o u s  b u i l d i n g  systems. The key parameters  a f f e c t i n g  

energy use a r e  d e s c r i b e d ,  t o g e t h e r  w i t h  how t h e  v a r i o u s  b u i l d i n g  systems 

f u n c t i o n .  T h i s  i n f o r m a t i o n  i s  v i t a l  t o  t h e  a u d i t o r  f o r  ECO i d e n t i f i c a t i o n  and 

an unders tand ing  o f  t h e  r e l a t i o n s h i p s  between v a r i o u s  o p t i o n s .  R a t i o n a l  

cho ices  o f  ECOs can be made o n l y  w i t h  a  work ing  knowledge o f  how t h e  complete  

b u i l d i n g  f u n c t i o n s .  The t e x t  d i scusses  some o f  t h e  d i f f i c u l t i e s  a s s o c i a t e d  

w i t h  t h e  a c t u a l  i d e n t i f i c a t i o n  o f  t h e  r e t r o f i t  p o t e n t i a l .  

BpPendix D  Enerav Conserva t ion  O o e o r t u n i t i e s  (ECOsL 

Appendix D c o n t a i n s  a  c a t a l o g u e  o f  p o t e n t i a l  energy c o n s e r v a t i o n  measures. 

For  each ECO key d a t a  a r e  p resen ted ,  f o r  example, t h e  scope, c o m p l e x i t y .  

s i d e - e f f e c t s ,  i n t e r a c t i o n s  and c o s t  f a c t o r s  o f  t h e  ECO. 
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Under t h e  subheading o f  ' A p p l i c a t i o n '  and ' E v a l u a t i o n s '  i s  p r o v i d e d  g e n e r a l  

i n f o r m a t i o n  t h a t  w i l l  a s s i s t  i n  t h e  i n i t i a l  i d e n t i f i c a t i o n  and e v a l u a t i o n  

processes.  I n f o r m a t i o n  i n c l u d e d  under o t h e r  sub-headings such as ' S i d e  

B e n e f i t s '  and ' C a u t i o n s '  p r o v i d e s  a d d i t i o n a l  i n f o r m a t i o n  by which t h e  t r u e  

v a l u e  o f  an E C O  m igh t  be judged.  A l s o ,  under t h e  sub-heading ' E v a l u a t i o n ' .  

w i l l  be found r e f e r e n c e s  t o  s p e c i f i c  d e t a i l e d  e v a l u a t i o n  methods, wh ich  may 

be u s e f u l  l a t e r  on i n  t h e  e v a l u a t i o n  process.  These d e t a i l e d  e v a l u a t i o n  

methods r i l l  take  t h e  form o f  e i t h e r  ' A u d i t  Procedures ' .  'Measurement 

Techniques'  o r  ' A n a l y s i s  Techniques'  . 

Appendix E C h e c k l i s t s  

A method i s  d e s c r i b e d  by which c h e c k l i s t s  can be developed and used t o  a i d  

t h e  p r e l i m i n a r y  i d e n t i f i c a t i o n  and s o r t i n g  o f  E C O S  f o r  a  p a r t i c u l a r  b u i l d i n g .  

T h i s  p r o v i d e s  a  f o r m a l i s e d  b a s i s  f o r  t h e  i n i t i a l  ECO i d e n t i f i c a t i o n  and 

e v a l u a t i o n  a c t i v i t i e s .  C h e c k l i s t s  f o r  v a r i o u s  c a t e g o r i e s  have been p repared  

and a  methodology f o r  d e v e l o p i n g  o r  t a i l o r i n g  c h e c k l i s t s  t o  s u i t  p a r t i c u l a r  

r e q u i r e m e n t s  i s  desc r ibed .  

Appendix  F A u d i t  Procedures 

Appendix F i n c l u d e s  d e s c r i p t i o n s  o f  how d a t a  can be c o l l e c t e d  and ana lyzed  i n  

o r d e r  t o  i d e n t i f y  and e v a l u a t e  E C O S  f o r  a  p a r t i c u l a r  b u i l d i n g .  

' A u d i t  Procedures '  a r e  d e s c r i p t i o n s  o f  s i t e  t e s t i n g  methods and c o n t a i n  

d e t a i l s  o f  t h e  da ta  c o l l e c t i o n  methods and a s s o c i a t e d  d a t a  ana lyses .  A u d i t  

p rocedures  may occu r  anywhere i n  t h e  a u d i t  p rocess ,  i n  t h e  b u i l d i n g  r a t i n g  

f o r  an ' a u d i t ,  i n  t h e  energy d i s a g g r e g a t i o n  p rocess ,  i n  t h e  check ing  and 

r a n k i n g  o f  ECOs, o r  i n  t h e  d e t a i l e d  e v a l u a t i o n  o f  ECOs. A number o f  such 

procedures a l o n g  w i t h  a  d e s c r i p t i o n  o f  t h e  fo rmat  a r e  documented i n  t h i s  

Appendix.  The m a j o r i t y  o f  these p rocedures ,  a l t h o u g h  n o t  a l l ,  a r e  a p p l i c a b l e  

t o  " d e t a i l e d  ECO e v a l u a t i o n ' .  Each procedure p r o v i d e s  i n d i c a t i o n s  o f  a reas  o f  

use,  t y p i c a l  c o s t .  accu racy  and, a l t e r n a t i v e  p rocedures ,  which a r e  i n tended  

t o  a i d  t h e  a u d i t o r  t o  s e l e c t  t h e  most s u i t a b l e  p rocedures .  Procedures a r e  

n o r m a l l y ,  a l t h o u g h  n o t  a lways ,  r f f e r c n c e d  t o ' s p c c i f i c  E C O S  or t ypes  o f  ECOs. 

and a r e  o b v i o u s l y  o n l y  a p p l i c a b l e  where such ECOs a r e  under c o n s i d e r a t i o n .  
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Append ix  G Measurement Techn isues 

Append ix  G p r o v i d e s  a  r e f e r e n c e  o f  f i e l d  measurement t e c h n i q u e s  r e l a t e d  t o  

ene rgy  a u d i t i n g .  The ECO i d e n t i f i c a t i o n  and e v a l u a t i o n  p r o c e s s  w i l l  be more 

a c c u r a t e  i f  t h e  a u d i t o r  can c a r r y  o u t  c a r e f u l  measurements u s i n g  s e l e c t e d  

i n s t r u m e n t s  i n s t e a d  o f  e s t i m a t i n g  i m p o r t a n t  energy  pa rame te rs ,  Common 

b u i l d i n g  measurements a r e  d e s c r i b e d ,  a l o n g  w i t h  d e s c r i p t i o n s  o f  i n s t r u ~ n t s  

t h a t  a r e  most a p p r o p r i a t e  For  c a r r y i n g  o u t  such measurements.  The 

i n f o r m a t i o n ,  i n  a  summarized fo rm,  c o v e r s  d e s c r i p t i o n ,  c o s t ,  a c c u r a c y ,  ease 

o f  use ,  recommended a p p l i c a t i o n s ,  a l t e r n a t i v e  t e c h n i q u e s ,  equ ipment  r e q u i r e d .  

and r e f e r e n c e s .  

Append ix  H A n a l v s i s  Techn iques 

L i k e  A u d i t  P i o c e d u r e s ,  t h e r e  may be r e q u i r e m e n t s  f o r  a n a l y s i s  i n  t h e  v a r i o u s  

a u d i t  s t a g e s .  The t o p i c  o f  a n a l y s i s  i s  cove red  i n  Appendix H ,  wh i ch  d e a l s  

w i t h  b o t h  g e n e r a l  a n a l y s i s  and s p e c i f i c  a n a l y s i s  i s s u e s  r e l a t e d  t o  s i n g l e  

ECOs. Genera l  a n a l y s i s  i s s u e s  cove r  g e n e r i c  c a l c u l a t i o n  methods such as 

degree-day and b i n  methods. A  range  o f  economic assessment models  a r e  a l s o  

d i s c u s s e d .  S p e c i f i c  A n a l y s i s  Techn iques a r e  r e l a t e d  t o  s i n g l e  ECOs o r  s i m i l a r  

t y p e s  o f  ECOs, and e i t h e r  g i v e  d e t a i l s  o f  t h e  a n a l y s i s  t o  be pe r fo rmed  i n  t h e  

f o rm o f  e q u a t i o n s  o r  p r o v i d e  d e s c r i p t i o n s  o f  s p e c i f i c  d e t a i l s  t o  be 

c o n s i d e r e d  when u s i n g  g e n e r i c  methods. 

! j D ~ e n d i x  I Re fe rence  Va lues 

V a r i o u s  r e f e r e n c e  v a l u e s  a r e  i d e n t i f i e d  wh i ch  can  be used d u r i n g  t h e  energy  

a u d i t i n g  o f  a  b u i l d i n g .  For  ECO i d e n t i f i c a t i o n  and p r e l i m i n a r y  e v a l u a t i o n .  

t h e  Appendix I p r o v i d e s  i n f o r m a t i o n  such as t y p i c a l  e f f i c i e n c i e s  f o r  r e t r o f i t  

equ ipment  and t a r g e t  v a l u e s  o f  pe r fo rmance .  One example i s  i n s u l a t i o n  l e v e l s  

a g a i n s t  wh i ch  e x i s t i n g  c o n d i t i o n s  can be compared. The u s e f u l n e s s  o f  such  

d a t a  and d e t a l l s  o f  how such d a t a  m i g h t  be d e r i v e d  and used a r e  d i s c u s s e d .  

The Reference Va lue forms a r e  r e f e r e n c e d  i n  t h e  E C O  d e s c r i p t i o n s  and i n  t h e  

A u d i t  P rocedu res .  Measurement Techn iques ,  and A n a l y s i s  Techn iques .  
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Sou rce  Book C a t a l o a u i n s  Svs tem 

When r e f e r e n c e s  a r e  made t o  p a r t i c u l a r  A u d i t  P r o c e d u r e s .  Measurement 

Techn iques .  A n a l y s i s  T e c h n i q u e s ,  o r  R e f e r e n c e  V a l u e s  i n  t h e  c h a p t e r s  o r  t h e  

a p p e n d i c e s ,  t h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e  used :  

AP A u d i t  P r o c e d u r e  

MT , Measurement Techn ique  

AT A n a l y s i s  Techn ique  

RV R e f e r e n c e  V a l u e .  

A  c l a s s i f i c a t i o n  o f  b u i l d i n g  components i s  u s e d  i n  t h e  Sou rce  Book t o  p romo te  

e f f i c i e n t  c a t a l o g u i n g  and  r e f e r e n c i n g  o f  i n f o r m a t i o n .  The p r i n c i p a l  component 

c a t e g o r i e s  w i t h  t h e i r  r e s p e c t i v e  a b b r e v i a t i o n s  a r e :  

E  - Enve lope  

R - R e g u l a t i o n  

H  - H e a t i n g  

H IC -Hea t i ng  and  C o o l i n g  ( r e l a t e d  t o  equ ipmen t  w h i c h  c a n  be used  f o r  h e a t i n g  

a s  w e l l  as c o o l i n g 1  

C  - C o o l i n g  

0  - Ouc two rk  

P  - P i p e w o r k  

S  - S e r v i c e  Ho t  Water (SHY1 

L  - L i g h t i n g  

EL- E l e c t r i c a l  Systems 

M  - M i s c e l l a n e o u s  

Then, f o r  examp le ,  when r e f e r e n c e  i s  made t o  AP L.6 ,  t h i s  means a n  A u d i t  

P r o c e d u r e  b e l o n g i n g  t o  t h e  L i g h t i n g  C a t e g o r y .  

The s e p a r a t i o n  i n t o  t h e  above c a t e g o r i e s  c a t a l o g u e s  t h o s e  a r e a s  where t h e r e  

i s  minimum l i n k a g e ,  i . e .  t h e  g r o u p s  a r e  f a i r l y  s e l f - c o n t a i n e d  and a u d i t i n g  

a c t i v i t i e s  can  be  r e s t r i c t e d  t o  one o r  more g r o u p s ,  f o r  example  a s  a  

consequence o f  a  d i s a g g r e g a t i o n .  T h i s  i s  n o t  t o  say  t h a t  t h e r e  i s  no 

c o n n e c t i o n  be tween t h e  g r o u p s ;  c e r t a i n l y  t h i s  i s  n o t  t h e  case  s i n c e .  f o r  
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example, changes t o  t h e  envelope w i l l  have an impact on t h e  seasonal 

e f f i c i e n i y  o f  a  b o i l e r .  

The ca tegory  encompasses a l l  aspec ts  a s s o c i a t e d  w i t h  t h e  f l t e r i o r  

f a b r i c  o f  t h e  b u i l d i n g ,  i . e .  w a l l s ,  windows, doors  and r o o f s  and i n t e r n a l  

p a r t i t i o n s  a d j a c e n t  t o  unheated spaces. 

The &ld&kl@ category  covers  those aspects  r e l a t e d  t o  t h e  c o n t r o l  o f  

h e a t i n g ,  c o o l i n g ,  v e n t i l a t i o n .  and exhaust  a i r  e n t e r i n g  o r  l e a v i n g  a  space. 

I n c l u d e d  a r e  b o t h  t h e  a c t u a l  q u a l i t y  o f  t h e  ma in ta ined  c o n d i t i o n s  and t h e  

e f f i c i e n c y  r i t h  mhich these  c o n d i t i o n s  a re  p r o v i d e d  by  t h e  HVLC systems and 

equipment.  

The L k a t i n a  and C o o l i n g  c a t e g o r i e s  a r e  o r i e n t e d  towards C e n t r a l  P l a n t  

equipment such as b o i l e r s  and heat  pumps and c h i l l e r s ,  b u t  i s  a l s o  a p p l i c a b l e  

t o  t h e  a c t u a l  c o n v e r s i o n  processes o f  l o c a l i s e d  u n i t a r y  equipment 

The m r k  and Ductwork c a t e g o r i e s  cover  systems t h a t  d i s t r i b u t e  h e a t i n g  o r  

c o o l i n g  f rom a  c e n t r a l  o r  l o c a l i s e d  p l a n t  t o  t h e  p l a c e  where i t  i s  used and. 

i n  t h e  case o f  a i r  d i s t r i b u t i o n  systems, t h a t  c a r r y  v e n t i l a t i o n  o r  exhaust  

a i r  t o  and f rom a  c o n d i t i o n e d  space. P ipe and d u c t  heat  and f l u i d  l osses .  

f l u i d  f r i c t i o n  l o s s e s ,  and f a n  and pump o p e r a t i o n  would be addressed under 

t h i s  ca tegory .  ECOs concerned r i t h  t h e  a c t u a l  c o n t r o l  o f  t h e  h e a t i n g  o r  

v e n t i l a t i o n  a r e  however covered under "Regu la t i on ' .  

Under t h e  L i a h t i n g  ca tegory  a r e  a l l  those aspec ts  a s s o c i a t e d  w i t h  t h e  

p r o d u c t i o n  and c o n t r o l  of l i g h t i n g  i n  t h e  space. L i g h t i n g  c o n t r o l s  t o  make 

use  of  d a y l i g h t  mould be accommodated i n  t h i s  c a t e g o r y ,  b u t  f e n e s t r a t i o n  

changes would be covered under 'Envelope. '  

The *v i ce  Hot Water ISHUJ ' ca tegory  i s  concerned w i t h  aspects  o f  t h e  

p r o d u c t i o n  and use of  s e r v i c e  h o t  wa te r .  

I n c l u d e d  under t h e  E l e c t r i c a l  svstems ca tegory  a r e  those aspec ts  u n i q u e l y  

r e l a t e d  t o  e l e c t r i c a l  systems such as t h e  per formance o f  e l e c t r i c  mo to rs .  

power f a c t o r  c o n t r o l ,  and demand l i m i t i n g .  The a c t u a l  p o s s i b i l i t y ,  f o r  
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i n s t a n c e ,  o f  reduced e l e c t r i c a l  equipment usage would, however, be covered 

under  c a t e g o r i e s  such as ' L i g h t i n g . '  Energy sav ings  a s s o c i a t e d  w i t h  

e l e c t r i c a l  app l i ances  a r e  n o t  i n c l u d e d  i n  t h i s  Source Book as such energy 

sav ings  a r e  dependent on improvements by t h e  manufacturer  and n o t  on t h e  

a u d i t o r ' s  s k i l l .  

The m l l a n e o u y  c a t e g o r y  i n c l u d e s  f a c t o r s  n o t  t r e a t e d  i n  t h e  o t h e r  

c a t e g o r i e s ,  f o r  example. ECOs r e l a t e d  t o  t h e  behav io r  and h a b i t s o f  

occupants  a r e  t r e a t e d  i n  t h e  M isce l l aneous  ca tegory .  
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C W T E R  1 THE AUDIT PROCESS 

What i s  her- 
. . 

1.1.1 

Energy a u d i t i n g  i s  a  new term and as such w i thou t  a  p rec ise  d e f i n i t i o n .  The 

term i s  used by some t o  de f ine  a. s p e c i f i c  a c t i v i t y .  and by o thers  t o  

encompass a  wide range o f  a c t i v i t i e s  i n  the accounting o f  energy usage. 

I n  t h i s  work. 'Energy Aud i t i ng '  i s  taken t o  e n t a i l  a  se r i es  o f  ac t i ons  aimed 

a t  the eva lua t ion  o f  the  energy saving p o t e n t i a l  o f  a  b u i l d i n g  ring the  

i d e n t i f i c a t i o n  and eva lua t i on  o f  energy conservat ion oppo r tun i t i es  IECOs). 

Many complement the term 'energy a u d i t i n g "  w i t h  ad jec t i ves  t o  b e t t e r  descr ibe 

some p a r t i c u l a r  c h a r a c t e r i s t i c  o f  the aud i t .  For example, the term 'walk 

through aud i t '  i s  used t o  descr ibe a  b r i e f  a u d i t  c a r r i e d  out  du r i ng  a  simple 

inspec t ion  o f  a  b u i l d i n g .  Audi ts  may be cha rac te r i s t ed  by the: 

i )  m: Audi ts  addressing the  needs o f  n a t i o n a l  and community energy 

p lanning have a  d i f f e r e n t  purpose than those aud i t s  addressing the  goa l  

o f  reducing energy consumption on a  b u i l d i n g  by b u i l d i n g  bas is :  i . e .  a  

' b u i l d i n g  s p e c i f i c  aud i t ' .  

i i )  w: Audi ts  o f t e n  address a l i m i t e d  number o f  aspects o f  b u i l d i n g  

energy use. An a u d i t  might be ta rge ted  f o r  one o r  two aspects o f  a  

b u i l d i n g  b u t  encompass a  la rge  number o f  b u i l d i n g s ,  as does a e r i a l  

i n f r a r e d  photography t o  aud i t  community r o o f  heat loss .  

i i i )  fgve l  of D e t a i l :  Level  o f  d e t a i l  can be associated r i t h  a u d i t  focus,  

s ince d i f f e r e n t  purposes demand d i f f e r e n t  l eve l s  of d e t a i l .  However. 

even w i t h  s i m i l a r  purposes the l e v e l  o f  d e t a i l  r equ i r ed  may vary .  

I n  t h i s  work, p rev ious l y  adopted a u d i t  desc r i p to r s  have been avoided, s ince 

t h e i r  use i s  not  cons is ten t .  Consequently. we have found i t  necessary t o  
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d e f i n e  and, i n  some cases,  r e - d e f i n e  many te rms .  I n e v i t a b l y  some o f  t h e  

t e r m i n o l o g y  used w i l l  n o t  c o i n c i d e  w i t h  t h e  r e a d e r ' s  c u r r e n t  unders tand ing .  

To f a c i l i t a t e  t h e  r e a d i n g ,  a  G lossa ry  o f  Terms i s  p r o v i d e d  [Appendix A l .  

1.1.2 Ihe Eneruv A u d i t  C h a l l m g e  

A l though  a  d e t a i l e d  unders tand ing  o f  energy f l o w s  i n  a  b u i l d i n g  i s  p o s s i b l e .  

t h i s  i s  o f t e n  c o s t l y  and ha rd  t o  j u s t i f y .  I n  b u i l d i n g s  w i t h  a  poor  energy 

per formance,  o p p o r t u n i t i e s  f o r  sav ing  energy a r e  easy t o  f i n d ,  b u t  i n  good 

b u i l d i n g s  and those  w i t h  complex energy systems, t h e  a u d i t i n g  p rocess  

r e q u i r e s  more e f f o r t .  Costs  can be reduced by  t a i l o r i n g  t h e  scope and l e v e l  

o f  d e t a i l  i n  t h e  a u d i t ,  b u t  c a r e  must be t a k e n  n o t  t o  i m p a i r  t h e  v a l u e  o f  t h e  

a u d i t ,  f o r  example, by m iss ing  v a l u a b l e  r e t r o f i t  o p p o r t u n i t i e s .  A l s o ,  t h e  

impact  on t h e  env i ronment  and i n d o o r  c l i m a t e  shou ld  be cons ide red .  

1.2 BUILDING ENERGY MANAGEMEN1 

Energy a u d i t i n g  i s  an i n t e g r a l  p a r t  o f  t h e  management o f  energy use, which i n  
4 

t u r n  i s  p a r t  o f  t h e  b u i l d i n g  management. Energy a u d i t i n g  shou ld  be c a r r i e d  

o u t  w i t h  due r e g a r d  t o  t h e  management p l a n  f o r  t h e  b u i l d i n g :  t o  do o t h e r w i s e  

r i s k s  w a s t i n g  a u d i t i n g  e f f o r t  and m i s s i n g  d e s i r a b l e  r e t r o f i t  s t r a t e g i e s .  

The a v a i l a b l e  budget ,  t h e  medium o r  l o n g  t e r m  p l a n s  f o r  t h e  b u i l d i n g .  

o u t s t a n d i n g  o r  p lanned r e f u r b i s h m e n t ,  and t h e  c l i e n t ' s  p r e f e r e n c e s  shou ld  be 

cons ide red  i n  d e v e l o p i n g  an a u d i t i n g  approach and i n  t h e  process o f  

f o r m u l a t i n g  a  r e t r o f i t  s t r a t e g y .  For  i n s t a n c e ,  an a u d i t  t o  i d e n t i f y  o n l y  

o p e r a t i o n a l  and maintenance changes m igh t  be a p p r o p r i a t e  where budgets  a r e  

s e v e r e l y  l i m i t e d ,  o r  where i t  i s  p lanned t o  use t h e  sav ings  t o  fund  more c o s t  

i n t e n s i v e  a u d i t  and r e t r o f i t  a c t i v i t i e s .  A l t e r n a t i v e l y ,  i f  a  c l i e n t  w ishes t o  

improve t h e  appearance o f  a  b u i l d i n g ,  as w e l l  as s a v i n g  energy,  one shou ld  

p l a c e  g r e a t e r  emphasis on envelope o r  l i g h t i n g  r e t r o f i t s  r a t h e r  than  f o r  

i n s t a n c e  on b o i l e r  rep lacement .  

The i n p u t  o f  b u i l d i n g  owners and use rs  i s  v i t a l  t o  t h e  c o s t  e f f e c t i v e n e s s  o f  

a u d i t i n g  and t h e  u l t i m a t e  imp lemen ta t i on  o f  ECOs. 
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1.3 SOURCE BOOK APPROACH TO ENERGY AUDITING 

The approach t o  energy a u d i t i n g  used i n  t h e  sourcebook seeks t o  m in im ise  t h e  

c o s t  o f  a u d i t i n g  and maximise i t s  e f f e c t .  T h i s  i s  pursued th rough  t h e  use of  

a  s taged  a u d i t  process i n  which t h e  e a r l y  s tages a r e  wide i n  scope b u t  low i n  

d e t a i l .  w h i l e  t h e  l a t e r  s tages a r e  more d e t a i l e d  b u t  nar rower  i n  scope. For 

l a r g e  p r o j e c t s ,  i t  i s  recommended t h a t  these a u d i t  s tages be cons ide red  as 

m i l e s t o n e s .  A t  t h e  end o f  each s tage ,  t h e  a u d i t o r  shou ld  d i s c u s s  w i t h  t h e  

c l i e n t  t h e  r e s u l t s  and c o n c l u s i o n s  o f  work t o  d a t e  and ge t  h i s  gu idance and 

agreement on t h e  d i r e c t i o n  and c o n t e n t  o f  work i n  t h e  n e x t  s tage .  

For  s i m p l e r  p r o j e c t s ,  t h i s  s t a g i n g  i s  s t i l l  recommended a l t h o u g h  i t  migh t  be 

c a r r i e d  o u t  i n  a  l e s s  fo rma l  way. For  v e r y  s imp le  p r o j e c t s ,  t h e  v a r i o u s  

s tages m igh t  be compressed i n t o  a  s i n g l e  s tage 

These a u d i t  s tages a re :  

i) B u i l d i n g  R a t i n g  f o r  an A u d i t  

i i )  D i s a g g r e g a t i o n  o f  Energy Consumption 

iiil ECO I d e n t i f i c a t i o n  

i v )  ECO E v a l u a t i o n  

v l  Post  Imp lemen ta t i on  Performance A n a l y s i s  IPIPA)  

F i g u r e  1.1 i l l u s t r a t e s  t h e  concep t .  Each s tage  c o u l d  c o n s t i t u t  .e separa te  

agreements i n  an energy a u d i t  c o n t r a c t  between c l i e n t  and a u d i t o r .  

. . 
1 .3 .1  i l d i n a  R a t i n a  f o r  an A u d i t  

Th is  f i r s t  s t e p  i n v o l v e s  t h e  i d e n t i f i c a t i o n  o f  b u i l d i n g s  which have a  good 

p o t e n t i a l  f o r  energy c o n s e r v d t i o n ,  f o r  example, b u i l d i n g s  w i t h  abnorma l l y  

h i g h  energy consumpt ion o r  b u i l d i n g s  w i t h  such des ign .  m a t e r i a l ,  equipment.  

o r  usage t h a t  they  can be e a s i l y  and c o s t - e f f e c t i v e l y  r e t r o f i t t e d .  A rough  

e s t i m a t e  o f  t h e  energy sav ing  p o t e n t i a l  and t h e  use fu lness  o f  t h e  d e t a i l e d  

a u d i t  can be made a l s o  f o r  a  s p e c i f i c  b u i l d i n g .  T h i s  i n i t i a l  s t e p  i s  n o t  

i n tended  t o  address s p e c i f i c  EC0s. IOuba l .  19831 
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F i g .  1 . 1  The s t a g e s  o f  the  a u d i t  p r o c e s s .  
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1 .3 .2  D i s a w r e q a t  i o n  

The d i s a g g r e g a t i o n  o f  t o t a l  b u i l d i n g  energy consumpt ion i n t o  i t s  component 

p a r t s  ( see  s e c t i o n  3.21 can se rve  two purposes:  

il It can focus t h e  a t t e n t i o n  t o  t h e  major  energy f l o w s  and i d e n t i f y  

p r o m i s i n g  areas f o r  r e t r o f i t  and c o n s e r v a t i o n ,  and 

i i )  I t  can .se rve  as a  s imp le  energy model o f  t h e  b u i l d i n g .  which can be used 

i n  t h e  e v a l u a t i o n  o f  ECOs o r  f o r  c r o s s  check ing  more d e t a i l e d  models.  

Focus ing t h e  a t t e n t i o n  can h e l p  l i m i t  o r  r e s t r i c t  subsequent a u d i t i n g  t o  

those areas where most p r o d u c t i v e  r e t r o f i t s  can be found. I n  many cases.  

d i s a g g r e g a t i o n  w i l l  p r o v i d e  d i r e c t l y  a b a s i s  f o r  some ECO i d e n t i f i c a t i o n  and 

e v a l u a t i o n .  

1.3.3 Ul I d e n t i f i c a t i o n  and ECO E v a l u a t i o n  

A u d i t i n g  economy can be ach ieved by c o l l e c t i n g  o n l y  those d a t a  t h a t  a r e  

u s e f u l  f o r  t h e  a u d i t .  and by c o l l e c t i n g  d a t a  a t  a  l e v e l  w i t h  no g r e a t e r  

accuracy than  i s  r e q u i r e d .  

T h i s  p r i n c i p l e  can be a p p l i e d  by l e t t i n g  a  s i m p l e  d a t a  c o l l e c t i o n .  f o r  t h e  

purpose of  i d e n t i f y i n g  a p p l i c a b l e  ECOs, precede t h e  d e t a i l e d  da ta  c o l l e c t i o n  

needed f o r  t h e  e v a l u a t i o n  o f  ECOs. T h i s  p rocedure  may i d e n t i f y  ECDs f o r  

imp lemen ta t i on  o r  i n d i c a t e  t h e i r  a p p l i c a b i l i t y .  The i n t e n t  i s  t o  ensure t h a t  

eve ry  p o s s i b l e  ECO i s  g i v e n  s u f f i c i e n t  a t t e n t i o n  such t h a t  i t  can be e i t h e r  

implemented, cons ide red  f o r  more d e t a i l e d  e v a l u a t i o n ,  o r  d i s c a r d e d  as b e i n g  

i n a p p r o p r i a t e .  

ECO e v a l u a t i o n  shou ld  f o l l o w  ECO i d e n t i f i c a t i o n  as p a r t  o f  a  c o n t i n u o u s  

process o f  g r a d u a l l y  i n c r e a s i n g  l e v e l  o f  d e t a i l .  As t h e  e v a l u a t i o n  process 

c o n t i n u e s ,  t h e  development o f  an o v e r a l l  ECO imp lemen ta t i on  p l a n  must be 

emphasised and i n t e r a c t i o n s  between ECOs and r e t r o f i t  sequenc ing need t o  be 

g i v e n  i n c r e a s i n g l y  d e t a i l e d  c o n s i d e r a t i o n s .  
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The lower  l e v e l  o f  d e t a i l ,  p a r t i c u l a r l y  as it r e l a t e s  t o  i d e n t i f i c a t i o n  

a c t i v i t i e s .  w i l l  m o s t l y  n o t  r e q u i r e  measurements a l t h o u g h . s i m p l e  i n i t i a l  

measurements may be j u s t i f i e d .  F i n a l  s tages  of  t h e  e v a l u a t i o n  o f  some ECOs 

may r e q u i r e  s i g n i f i c a n t  o n s i t e  measurements as w e l l  as c a r e f u l  a n a l y s i s .  

The process o f  ECO i d e n t i f i c a t i o n  and e v a l u a t i o n  may be c a r r i e d  o u t  f o r  t h e  

whole o f  t h e  b u i l d i n g ,  f o r  o n l y  those  a reas  i d e n t i f i e d  by d i s a g g r e g a t i o n  as 

o f f e r i n g  most energy s a v i n g  p o t e n t i a l ,  o r  f o r  those areas chosen w i t h  

c o n s i d e r a t i o n s  o f  t h e  d e s i r e s  and p l a n s  o f  t h e  c l i e n t .  The process i s  

d e s c r i b e d  more f u l l y  i n  Chapter  4 .  

1 . 3 . 4  P o s t  I m ~ l e m e n t a t i o n  Performance A n a l v s i ~  

A u d i t i n g  o c c u r r i n g  a f t e r  t h e  ECO imp lemen ta t i on  serves two b a s i c  needs. The 

f i r s t  i s  t h e  i d e n t i f i c a t i o n  o f  deve lop ing  problems o r  l o s s  o f  performance. 

t h e  second i s  t h e  e v a l u a t i o n  o f  t h e  r e t r o f i t .  

i) prob lem I d e n t i f i c a t i o n .  D e v i a t i o n s  f rom expec ted  o r  p a s t  performance can 

be i d e n t i f i e d  th rough  t h e  m o n i t o r i n g  and a n a l y s i s  o f  s i t e  c o l l e c t e d  

d a t a ,  p a r t i c u l a r l y  energy consumpt ion d a t a .  To m in im ise  energy l o s s e s .  

t h e  m o n i t o r i n g  shou ld  be c a r r i e d  o u t  f r e q u e n t l y ,  say week ly ,  so t h a t  

problems can be d e t e c t e d  as they  deve lop .  B u i l d i n g  managers o r  owners 

may a l s o  w ish  t o  see s u m m a r i e s o f  these d a t a  i n  o r d e r  t o  v e r i f y  t h a t  

t h e i r  b u i l d i n g s  a r e  opera ted  and m a i n t a i n e d  i n  an e f f i c i e n t  manner. , 

i i )  R e t r o f i t  E v a l u a t i o n .  The r e t r o f i t  e f f e c t  on a  b u i l d i n g  can be de te rm ined  

e i t h e r  by  comparing t h e  energy consumpt ion b e f o r e  and a f t e r  t h e  

r e t r o f i t :  by  comparing t h e  a c t u a l  consumpt ion w i t h  t h a t  o f  s i m i l a r  non- 

r e t r o f i t t e d  b u i l d i n g s ;  o r  by t h e  use o f  e x p e r i m e n t a l  o r  t e s t i n g  

procedures s i m i l a r  t o  t h o s e  used i n  t h e  i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  

ECOs. A  r e t r o f i t  e v a l u a t i o n  i s  p r i m a r i l y  u s e f u l  when t h e . r e t r o f i t  i s  

cons ide red  f o r  imp lemen ta t i on  i n  o t h e r  s i m i l a r  b u i l d i n g s .  The t e s t i n g  o f  

a  r e t r o f i t  can be used as a  guarantee t o  t h e  b u i l d i n g  owner. 

F u r t h e r  d e t a i l s  o f  p o s t  imp lemen ta t i on  a c t i v i t i e s  can be found i n  Chapter  5 .  
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CHAPTER 2 P A T I E  BUILD116S FOP AUDIT 

2.1 THE DECISION T O  AUDIT 

The bas is  f o r  a  dec i s i on  t o  a u d i t  may d i f f e r  depending on whether energy 

conservat ion forms p a r t  o f  the o rd inary  b u i l d i n g  management, o r  i s  pursued as 

a  separate a c t i v i t y .  I n  the  former case energy conservat ion measures a re  

o f t en  c a r r i e d  out  i n  connection w i t h  a  planned refurb ishment o f  a b u i l d i n g .  

Energy aud i t s  can then be combined w i t h  other  inspec t ions  of the  b u i l d i n g .  

f o r  example, checks o f  b u i l d i n g  systems o r  inspec t ions  t o  de tec t  b u i l d i n g  

damages. The i n t e g r a t i o n  of energy management i n t o  the o rd i na ry  b u i l d i n g  

management may then reduce the  cos t  fo r  aud i t i ng  as w e l l  as f o r  the  

implementation o f  ECOs. The i n t e g r a t i o n  should be c a r r i e d  out  a t  the  b u i l d i n g  

manager l e v e l  and a t  the b u i l d i n g  operator  l eve l .  Simple mon i to r ing  and 

record ing  o f  some key va r i ab les ,  such as indoor temperature, f u e l  consumption 

and usage o f  e l e c t r i c i t y ,  o f t e n  provides c lues t o  the areas where energy can 

be saved. Energy Management Systems (EMS1 are a v a i l a b l e  which are capable o f  

mon i to r ing  and record ing  o f  energy va r i ab les .  The mon i to r ing  i s  o f t e n  

combined w i t h  other  features o f  the systems such as secu r i t y  and f i r e  alarms. 

EMS systems o f t e n  con ta in  programs f o r  the ana lys is  and presenta t ion  of 

c o l l e c t e d  data,  which helps making dec is ions  about energy conservat ion 

measures. 

Yhere a u d i t i n g  i s  pursued as a  separate a c t i v i t y ,  one needs a  c r i t e r i o n  

whereupon t o  base the dec i s i on  t o  a u d i t  a p a r t i c u l a r  b u i l d i n g ,  o r  t o  s e l e c t  

which b u i l d i n g s  t o  aud i t .  One app l i cab le  approach i s  the r a t i n g  o f  b u i l d i n g s  

f o r  a u d i t .  

2.2 RATING BUILDINGS FOR AUDIT 

To g i v e  b u i l d i n g s  a  r a t i n g  invo lves  a  simple assessment o f  the  l i k e l y  energy 

saving p o t e n t i a l :  the aim i s  t o  judge whether the p o t e n t l a l  savings j u s t i f y  

an a u d i t  o f  a b u i l d i n g ,  o r  t o  rank a  number o f  b u i l d i n g s  i n  order  o f  t h e i r  

energy o r  money saving p o t e n t i a l .  Expenditure should be l i m i t e d  u n t i l  sone 

idea o f  the p o t e n t i a l  saving can be es tab l i shed.  The r a t i n g  has t o  be based 
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on the  l i m i t e d  in fo rmat ion  provided by b u i l d i n g  owners o r  admin is t ra to rs .  

toge ther  w i t h  data from s t a t i s t i c a l  and p ro fess iona l  sources. 

. . 
A u s e f u l  t o o l  f o r  r a t i n g  b u i l d i n g s  i s  an -, the  number 

obta ined by d i v i d i n g  the  energy consumed du r i ng  a  pe r i od  by one o r  more 

i o n  f ac to r s ,  f o r  example, the  cond i t ioned f l o o r  area,  t he  

cond i t ioned volume, o r  o ther  b u i l d i n g  geometr ica l  fea tu res .  

The b u i l d i n g  r a t i n g  can be done by comparing t he  value o f  t he  chosen 

i n d i c a t o r  f o r  a  p a r t i c u l a r  b u i l d i n g  t o  a  re fe rence value such as a  

u h e  ( t h e  des i red  value o f  the  i n d i c a t o r ) ,  o r  a  leaal ( t h e  va lue  

d e f i n i n g  the  performance o f  b u i l d i n g  components p resc r i bed  by b u i l d i n g  codes 

o r  d i r e c t i v e s ) .  An example o f  t h i s  approach i s  shown i n  F i g  2.1 (CIBS. 19821. 

The b u i l d i n g  r a t i n g  can a l so  be based on a  r p s t  comrrarisoi~. The d i f f e r e n c e  i n  

cos t  between the  ac tua l  and the ta rge ted  energy consumption g ives  an 

i n d i c a t i o n  on how much money can be saved through energy conservat ion.  This 

can i n  t u r n  p rov ide  a  bas is  f o r  investment cons idera t ions ,  f o r  example how 

much t o  i nves t  i n  an a u d i t  and a t  what l e v e l  i t  should be c a r r i e d  ou t .  

2.3 THE ENERGY INDICATOR METHOO 

Energy i n d i c a t o r s  can be def ined i n  terms o f  e i t h e r  the  t o t a l  energy 

consumption of a  b u i l d i n g  o r  a  p a r t i c u l a r  end-use o f  energy (space-heat ing o r  

coo l i ng .  SHY, l i g h t i n g ,  e t c l .  They can a l so  be expressed i n  va r i ous  types o f  

energy source (gas, o i l ,  e l e c t r i c i t y ,  e t c . 1  o r  q u a l i t y  o f  the energy Le.g. 

thermal  o r  e l e c t r i c a l ) ,  

When r a t i n g  a  b u i l d i n g  f o r  a u d i t ,  t he  t o t a l  energy consumption should be 

used. Energy f o r  space cond i t i on ing  a lone should on ly  be used when o the r  end- 

uses can be neglected. 
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F-OW CnART OF ThE DECISIOh 
MAK h G  PROCESS 

Obhin Standard 
CcnsumptionTar~el 

suitable 
units 

F i g .  2 . 1  The d e c i s i o n  making  process o f  
r a t i n g  b u i l d i n g s  f o r  a u d i t .  
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Energy i n d i c a t o r s  a re  used t o  compare the  energy use o f  b u i l d i n g s  t h a t  belong 

t o  the  same b u i l d i n g  category ( r e s i d e n t i a l ,  commercial, educat iona l .  

h o s p i t a l s ,  e t c . ) :  the value o f  us ing  i n d i c a t o r s  i s  g r e a t l y  reduced when 

b u i l d i n g s  o f  s i g n i f i c a n t l y  d i f f e r e n t  s i z e ,  hours o f  opera t ion ,  age o r  

c l i m a t i c  l o c a t i o n  are compared. 

Apart from b u i l d i n g  geometric fea tu res ,  energy consumption can be normal ised 

aga ins t  the f u n c t i o n a l . u s e  o f  a  b u i l d i n g  ( f o r  example the  number o f  

occupants) o r  against  t he  p roduc t ion  l e v e l  o f  se r v i ce  (energy consumption per 

meal may be an appropr ia te  i n d i c a t o r  f o r  a  r e s t a u r a n t l .  I n d i c a t o r s  r e l a t e d  t o  

f unc t i ona l  use take i n t o  account not  on ly  energy p roduc t ion  and supply,  bu t  

a l so  the  use o f  the b u i l d i n g  and i t s  energy serv ices .  

B u i l d i n g  r a t i n g  methods based on simple energy i n d i c a t o r s  may be mis leading 

rhen app l i ed  t o  b u i l d i n g s  r i t h  mixed f unc t i ona l  us=. I t  may be use fu l  t o  

consider the  type and s i ze  o f  var ious  b u i l d i n g  zones and t o  compare the  

amount o f  energy consumed by d i f f e r e n t  zones. 

The i n d i c a t o r s  discussed above do no t  p rov ide  any e x p l i c i t  in fo rmat ion  about 

the  magnitude o f  the  energy consumption and hence o f  the  o v e r a l l  energy 

saving p o t e n t i a l .  The cos t -e f fec t i veness  o f  the  a u d i t  and the r e t r o f i t  i s  

r e l a t e d  t o  the magnitude o f  the  energy saving,  because the  aud i t  cos t  can be 

regarded as a  f i x e d  cos t .  More complex i n d i c a t o r s  can con ta i n  in fo rmat ion  on 
2 the  saving p o t e n t i a l .  An example i s  (Energy Consumption) /(Heated F loor  

Area) .  Th is  i n d i c a t o r  i s  p a r t i c u l a r l y  u s e f u l  f o r  rank ing  and s e l e c t i n g  

b u i l d i n g s  f o r  a u d i t  because i t  g ives  an i n d i c a t i o n  o f  the  o v e r a l l  p o t e n t i a l  

f u e l  savings (Con t i .  1985) .  

Target values are values o f  the  i n d i c a t o r  f o r  b u i l d i n g s  rhoseene rgy  

performance i s  w e l l  above the average; they represent  a  goal  f o r  the  energy 

r e t r o f i t t i n g  o f  o ther  b u i l d i n g s .  Target values f o r  energy i n d i c a t o r s  can be 

es tab l i shed  i n  two ways: 
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BY s t a t i s t i c a l  a n a l y s i s  o f  a  l a r g e  number o f  s i m i l a r  b u i l d i n g s .  The 

f i r s t  q u a r t i l e  o f  t h e  d i s t r i b u t i o n  may be a  r e a l i s t i c  t a r g e t  v a l u e  (see  

F i g .  2 . 2 ) .  and 

From t h e o r e t i c a l  c a l c u l a t i o n s  o f  t h e  energy consumptions o f  t y p i c a l  

b u i l d i n g  t ypes  c o n s t r u c t e d  acco rd ing  t o  energy consc ious  s tandards .  Such 

an approach has some advantages; f a c t o r s  o u t  o f  t h e  r e t r o f i t t e r ' s  

c o n t r o l ,  f o r  example s i z e ,  shape, hours  o f  use,  occupancy, e t c .  can be 

accomodated i n t o  s t a n d a r d  c a l c u l a t i o n  Procedures. 

I n  p r a c t i c e  t h e  two methods tend  t o  be used i n  comb ina t ion ,  s i n c e  t h e  

v a l i d a t i o n  o f  t h e  c a l c u l a t i o n  models r e q u i r e s  check ing  a g a i n s t  a c t u a l  v a l u e s  

taken  from, f o r  example, t h e  database used f o r  t h e  s t a t i s t i c a l  a n a l y s i s .  

The energy sav ing  p o t e n t i a l  may be expressed as 'good' down t o  ' v e r y  poor '  

f o r  d i f f e r e n t  ranges  o f  t h e  i n d i c a t o r  v a l u e .  Table  2 . 1  (CIBS. 19821 g i v e s  as 

an example a  range o f  U . K .  i n d i c a t o r  va lues  f o r  some common b u i l d i n g  types.  

B u i l d i n g s  i n  t h e  wors t  range c l e a r l y  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n ,  i . e .  an 

a u d i t .  The a c t u a l  dne rav  s a v i n a  ~ o t e n t d  i s  n o t ,  however, e v a l u a t e d  

e x p l i c i t l y  

T L M H 

Energy consumption 

Fig. 2.2 Typical distribution c u r v e  f o r  
energy consumption indicators. 



Ch. 2 Rat ing Bu i l d i ngs  f o r  Aud i t  

An i n d i c a t i o n  of the o v e r a l l  energy saving p o t e n t i a l  can be obta ined by 

t ak i ng  the  d i f f e rence  between the b u i l d i n g ' s  i n d i c a t o r  value and the  t a r g e t  

value.  Th is  d i f f e rence .  m u l t i p l i e d  by the normal is ing  f a c t o r ,  g ives  the  

p o t e n t i a l  energy saving.  The savings ob ta ined i n  t h i s  r a y  i s  on ly  an 

i o n .  no t  a  t r u e  es t imate ,  s ince  even i f  i t  i s  t e c h n i c a l l y  poss ib l e  t o  

reach the  t a r g e t  value.  the measures might  no t  be c o s t - e f f e c t i v e .  

TABLE 2 . 1  

PERFORMANCE INDICATORS FOR SOME COMMON BUILDING TYPES IN  THE U.K. 

Performance i nd i ca to  f o r  Stated 5 C l a s s i f i c a t i o n  IGJlm ) 

B u i l d i n g  Sa t i s -  Very 
Type Occupancy Good f a c t o r y  F a i r  Poor Poor 

Of f  i c e  S ing le  s h i f t  
5  day reek 

Fac to r i es  S ing le  s h i f t  
516 day week 

Yare S ing le  s h i f t  
houses 516 day reek 

Schools S ing le  s h i f t  
5  day week 

Shops S ing le  s h i f t .  
6 day week 

Hote ls  Continuous. 
7 day week 

2 . 4  DATA REOUIREMENTS FOR RATING BUILDINGS FOR AUDIT 

The Energy I n d i c a t o r  Method i s  no t  the on ly  one f o r  r a t i n g  b u i l d i n g s  f o r  an 

aud i t .  Other simple, and easy t o  c o l l e c t ,  i n f o rma t i on  may be used n o t  on ly  t o  

evaluate the  need f o r  an a u d i t ,  b u t  a l so  t o  ge t  some ideas about the  

components which are more l i k e l y  t o  be r e t r o f i t t e d  i n  a c o s t - e f f e c t i v e  ray .  
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Hence two k inds  o f  data can be used: 

il The b u i l d i n g  energy consumption f o r  comparison w i t h  t a r g e t  values,  and 

iil Proper t ies  o f  the  b u i l d i n g  envelope, hea t i ng l coo l i ng  system, l i g h t i n g  

design,  e t c .  r equ i red  f o r  the i d e n t i f i c a t i o n  o f  energy conservat ion 

oppo r tun i t i es  (ECOsl. 

The methods f o r  r a t i n g  b u i l d i n g s  should r e l y  on r e a d i l y  a v a i l a b l e  

in format ion:  examples o f  u s e f u l  data are g iven below. 

6as and e l e c t r i c i t y  consumption i s  u s u a l l y  metered. Y i t h  f u e l s  such as o i l .  

coa l ,  and wood the  b i l l s  cannot be used unless the  storage conta iners  are 

f i l l e d  a t  each delivery. o r  the  q u a n t i t y  l e f t  p r i o r  t o  d e l i v e r y  i s  known.. One 

can expect error; o f  less  than 5 Z when consumption da ta .a re  taken from 

monthly meter read in& o f  gas o r  e l e c t r i c i t y  and.somewhat larger 'when d e r i v e d  

from monthly o r  yea r l y  f u e l  d e l i v e r y  b i l l s .  
:,'; \ 

An inc reas ing  annual energy consumption suggests a  p o t e n t i a l  f o r  savings i n  a  

b u i l d i n g .  A f t e r . c o r r e c t i o n  f o r  c l i m a t i c  d i f f e rences  between years,  the  lowest 
. . 

recorded annual f u e l  consumption could be used as a  t a r g e t  value which may be 

reached by Operat ion o r  ~ a i n t & a n c e  l e v e l  ECOs: -:. 
< ! . '  

, .  . . .  . 
. ,. . 

Yhen consumption data from d i f f e r e n t  f u e l . b i l l s  have t o  be added t o  c a l c u l a t e . ,  

the t o t a l  consumption, the  pr'hb'lbm arigesC,how to ' add  energies t h a t  are np t  ., 

d i r e c t l y  comparable. One can de f ine  d i f f e r e n t  energy l eve l s :  

. ,  . . . . ? .  - ,  . . .  . 
p r imarv  enerav: as a t  mine o r  v e i l  tiead"or a t  the  n a t i o n a l  border .  

De l i ve red  e n e r w  as metered a t  the. supply p o i n t  to.. the building, and . , ,  , : ,  
( . , # . ,. ,L(, ,. ,, I), 

as energy l e f t  f o r  'space . . . . , ., , , . kond!ti?n;ng . ,,,after. .energy ..; ?i .. .. . , 

. . conve rs i on "  a t .  the  b u l l d i n g ,  . . - e:?; a f t e r . . h e ~ t , i n g . o f , . f l u i d  'x. . . : 

i n  d i s t r i t i u t i o n  system. 

. , . .  . . : .  : . .  ., ~ . 
. f . , . : .,'. ; .  . . . . 

. . , . ., , : ,  , , . . .. , . . , .. . . 
. . ,.\ .' ,,; ' . ,  , : 
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Pr imarv  enerqy values a re  o f  i n t e r e s t  when making comparisons o f  energy 

consumption a t  a  n a t i o n a l  l e v e l  o r  when comparing b u i l d i n g s  supp l ied  w i t h  

d i f f e r e n t  f ue l s ,  f o r  example, gas and o i l  f i r e d  space heat ing .  Pub l i c  

a u t h o r i t i e s  o f t e n  p re fe r  pr imary energy i n d i c a t o r s .  

The & l i v e r e d  eneruy i s  t he  energy f o r  which t he  consumer i s  b i l l e d .  Cost i s  

the  f i r s t  concern of b u i l d i n g  owners and consu l tan ts ,  and the  cos t  o f  

d e l i v e r e d  energy should be used. 

Energy Consumption expressed . i n  terms o f  yrgeyl ene rqy ' i s  r e l a t e d  t o  t he  

b u i l d i n g  end-use energy requirement .  The conversion from d e l i v e r e d  energy t o  

u s e f u l  energy w i l l  depend upon t he  d e l i v e r e d  energy type  and t h e ' b u i l d i n g  

energy convers ion equipment. 

I n  order  t o  be a b l e . t o  compare the  energy consumption f o r  space c o n d i t i o n i n g  

between two b u i l d i n g s ,  co r rec t i ons  have t o  'be a p i l i e d  f o r  c i i m a t i c  

v a r i a t i o n s .  The most common c o r r e c t i o n  invo lves  normal iza t ion  by t he  number 

o f  degree-ddys. This can be done i n  severa l  ' rays (see AT.E.1). I d e a l l y ,  the 

c o r r e c t i o n  should on ly  be app l i ed  t o  t he  weather sensi t ive:component  (See Ch. 

3.31. 

..: .. < . .1 

When p lann ing  an a u d i t  campaign f o r  r e t r o f i t  i n  a  r eg ion  w i t h  a  v a r i e t y  o f  . . 
c l ima tes ,  r e t r o f i t s  r i l l  be more c o s t - e f f e c t i v e  i n  co lde r  c l imates.  I t  i s ,  

t he re fo re ,  no t  co r rec t  t o  use ; : ind icators,  ' t h a t  have been normal ised f o r  
/ ' ,  

weather s e v e r i t y .  Energy i n d i c a t o r s  t h a t  normal ise f o r  hea t ing  o r  coo l i ng  

degree-days should, t he re fo re ,  no t  be used f o r  rank ing  b u i l d i n g s  f o r  an ' 
a u d i t .  . . 

I' , . 
Normal isa t ion  o f  Eneruv &wmt&m 

. . 
2 . 4 . 2  

Knowledge o f  the  bu i ld ing ,geomet ry  i s  needed f o r  no rma l i sa t i on  o f  the  energy 

consumption. Three parameters a re  commonly used as normal iz ing  f ac to r s :  

cond i t ioned f l o o r  area. ' cond i t i oned  volume, and envelope sur face area. 

The w i o n e d  f l o o r  arep 
. . 

i s  t he  most common normal iz ing  f a c t o r ,  f o r  example 

a i r  cond i t i on ing  and l i g h t i n g  usage.may depend on the  useable f l o o r  area. For 
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accuracy one should make allowances f o r  uncondi t ioned rooms, t o  d i f f e r i n g  

room temperatures, d i f f e r e n t  room he igh ts  and i n t e r m i t t e n t  occupancy. The use 

o r .  t he  gross or net  f l o o r  area must be cons is ten t  w i t h  t he  use i n  t he  

corresponding t a r g e t  value. 

The cond i t ioned volume i s  o f  i n t e r e s t ,  e s p e c i a l l y  i n  count r ies  where t he  

vo lumet r i c  heat  loss c o e f f i c i e n t  (see R V  E . 2 )  i s  used f o r  the  design o f  new 

b u i l d i n g s .  The remarks above concerning the  cond i t ioned f l o o r  area a lso  apply 

here. 

The envelope sur face area can be used f o r  b u i l d i n g s  where energy consumption 

i s .  determined main ly  by the  c l i m a t i c  load. Transmission losses a re  

p ropo r t i ona l  t o  the  envelope area def ined as t he  sur face area enc los ing  the  

gross cond i t ioned voiume. l n f  i l t r a t i o n  losses may a lso  be p ropo r t i ona l  t o  t he  

b u i l d i n g  envelope area. 

. . 
2.4.3 Eac tors  Con t r l bu t i na  t o  the  Desi ' r a b i l i t v  of a n  Aud i t  

.. 

The energy i n d i c a t o r  method on ly  provides in fo rmat ion  on the p o t e n t i a l  f u e l  

b i l l  savings. By i n v e s t i g a t i n g  o ther  bas ic  c h a r a c t e r i s t i c s  o f  the b u i l d i n g  we. 

can ob ta i n  some p re l im ina ry  idea of the  e a s e w i t h  which these savings might 

be achieved. A number o f  these are discussed below. 

I n  many cases the p o t e n t i a l  ease and cos t  o f  implementing s p e c i f i c  r e t r o f i t s  

might  be considered more important  than t he  a c t u a l v a l u e  o f  t h e  o v e r a l l  

p o t e n t i a l  energy savings. This i s  o f t en  a  d i f f i c u l t  choice f o r  t h e b u i l d i n g  

aud i t o r .  One method t h a t  has been suggested ( S u l l i v a n .  19xxl .ass igns weights 

t o  bo th  the  energy i n d i c a t o r  and c e r t a i n  b u i l d i n g  c h a r a c t e r i s t i c s  i n  order  t o  

develop a composite b u i l d i n g  r a t i n g  index; 

In fo rmat ion  on t he  cond i t i on  and b u i l d i n a  tvoo leqy  can g i ve  some ideas about 

r e t r o r i t s  on the  envelope: For example: . . . . . , 

- B u i l d i n g  age is. r e l a t e d  through b u i l d i n g  cons t ruc t i on  and techniques,  t o  

envelope t ypo log ies  (percentage g lazed area.. w a l l  s t r u c t u r e ,  i n s u l a t i o n  

l e v e l ,  t ype  of thermal b r i dges ,  e t c . )  

-, 
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- Knowledge o f  the  energy behavior  o f  s i m i l a r  b u i l d i n g s  may be used t o  

ex t rapo la te  miss ing  data about a  s p e c i f i c  b u i l d i n g .  

Tiie u u e a n c v  p r o f i l e  can be used t o  eva lua te  the  p o s s i b i l i t y  o f  improving 

the matching between HVAC ope ra t i on  t ime and occupations (see sec t i on  3 . 5 ) .  

f o r  example temperature setback. Occupants complain ing about low 

i s  an a d d i t i o n a l  reason f a r  undertak ing an energy aud i t .  

The b a t i n a  and coo l i na  s v s t m  i s  an area #here l a r g e  and very  c o s t - e f f e c t i v e  

savings can be obta ined.  Usefu l  in fo rmat ion  are:  

- Knowledge o f  p l a n t  age and type o f  f u e l  used may prov ide  immediate advice 

about the  f e a s a b i l i t y  o f  a  number o f  ECOs such as b a i l e r  replacement. 

sw i tch ing  t o  a  cheaper f u e l ,  e t c .  

- In fo rmat ion  on the  type o f  HVAC system may he lp  t o  i d e n t i f y  p o t e n t i a l  

energy savings ( f a r  instance,  i f  a  h i gh  pressure v e n t i l a t i o n  system i s  used. 

fan energy consumption may be e a s i l y  reduced; a  dua l  duct  o r  t e rm ina l  re -heat  

a i r  cond i t i on ing  system cou ld  be rep laced by a  v a r i a b l e  a i r  volume system). 

w r i c a l  demand can form a  s i g n i f i c a n t  p a r t  o f  the  energy b i l l  and 

can o f t e n  be reduced w i t h  load shedding equipment. Also, i f  a v a i l a b l e ,  one 

should rev iew demand p r o f i l e s  i n  r e l a t i o n  t o  occupancy p r o f i l e s  t o  check 

whether s u i t a b l e  schedul ing p rac t i ces  are being missed. 

I t  i s  o f t e n  advantageous t o  ca r r y  o u t  an energy a u d i t , b d o r e  making any 

m e d  re fu rh i -  o r  any . s i g n i f i c a n t  changes t o  a  .bu i ld ing .  I n  such 

s i t u a t i o n s  r e t r o f i t s  can o f t e n  be implemented as p a r t  o f  the  refurb ishments.  

Lnerav savi-s .and i- are o f  importance. The ex is tence  o f  

a  c l a s s i f i c a t i o n  o f  b u i l d i n g s  w i t h  regard  t o  energy e f f i c i e n c y  (as i n  

Denmark) can encourage owners. t o  seek -, the  advice o f  an energy aud i t o r .  

S i m i l a r l y ,  f i n a n c i a l  incent ives  o f f e r e d  can .be designed t o  encourage a u d i t i n g  

i n  o rder  t o  ensure e f f i c i e n t  use o f  energy saving investments (as i n  France). 

A .knowledge o t t h e . l o c a l  . regulat ions' .and. - incent ives i s ;  ahe re fo re ;  e s s e n t i a l  

f o r  making dec is ions  on t h o . a u d i t , a n d  ret ro7i ts : :aC; the b u i l d i n g x a t i n g  stage. 

1 .  > '  , , , I  . 2 .  :,. . . . . 
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CHAPTER 3 D I S A 6 6 R E M T I O I  OF E lER6Y COlSUllPTIOU 

3 .1  DISAGGREGATION 

I n  t h e  c o n t e x t  o f  energy a u d i t i n g ,  d i s a g g r e g a t i o n  i s  t h e  process o f  d i v i d i n g  

t h e  b u i l d i n g  energy use,  demand, o r  c o s t s  i n t o  components. The r e s u l t  can be 

i l l u s t r a t e d  i n  a  Sankey d iagram ( f o r  examples see App. C) t h a t  i d e n t i f i e s  t h e  

r e l a t i v e  s i z e  o f  t h e  components a s s o c i a t e d  w i t h  d i f f e r e n t  b u i l d i n g  systems. 

Such a  d iagram i s  v a l u a b l e  f o r  p r e s e n t i n g  d i s a g g r e g a t i o n  r e s u l t s :  p i e  c h a r t s  

and ba r  graphs a r e  e a s i e r  t o  c o n s t r u c t ,  b u t  can n o t  i l l u s t r a t e  complex energy 

f l o w s  (see Coggins. 1976) .  

The l e v e l  o f  d e t a i l  o f  t h i s  breakdown o f  energy use may va ry  f rom j u s t  a  few 

components t o  many more components as d e s c r i b e d  below (see  Table  3 . 1 ) .  The 

l e v e l  o f  d e t a i l  and accuracy o f  t h e  d i s a g g r e g a t i o n  a r e  t o  a  l a r g e  e x t e n t  

determined by t h e  s i z e  and c o m p l e x i t y  o f  t h e  b u i l d i n g ,  t h e  a v a i l a b i l i t y  o f  

d a t a ,  and t h e  a v a i l a b l e  a u d i t  budget .  

The p r i m a r y  purposes o f  d i s a g g r e g a t i o n  a r e :  

i) To i d e n t i f y  t h e  major  areas o f  energy use ,  c o n s e r v a t i o n  p o t e n t i a l ,  and 

p r o m i s i n g  areas o f  r e t r o f i t ,  and 

ii) To se rve  as o r  t o  h e l p  deve lop a  means o f  c ross -check ing  energy c a l -  

c u l a t i o n s  and models. 

The f i r s t  purpose h e l p s  i d e n t i f y  t h e  p o t e n t i a l l y  most p r o d u c t i v e  a reas  f o r  

f u r t h e r  a u d i t  a c t i v i t y .  The r e l a t i v e  amounts o f  energy use i n  t h e  v a r i o u s  

c a t e g o r i e s  can be taken  as an i n i t i a i  p r i o r i t y  o f  s tudy .  The c a t e g o r y  energy 

c o s t  a l s o  g i v e s  a  f i r s t  i n d i c a t i o n  o f  how much one can a f f o r d  t o  spend on 

a u d i t i n g  and r e t r o f i t t i n g  a  ca tegory .  To improve t h e  accuracy,  t h e  amounts o f  

energy i n  each ca tegory  can be compared w i t h  t a r g e t  consumptions t o  i n d i c a t e  

t h e  p o t e n t i a l  f o r  energy sav ings .  F u r t h e r ,  t h e  process o f  d i s a g g r e g a t i o n  

i t s e l f  can d i r e c t l y  i d e n t i f y  t h e  p o t e n t i a l  o f  ECOs o r  ECO c a t e g o r i e s .  
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The second purpose o f  the  energy breakdown i s  a  t ang ib l e  b e n e f i t  l a s t i n g  

throughout  the  a u d i t  process. The component breakdown as p red ic ted  by models 

can be compared f o r  consistency w i t h  t h a t  achieved through d isaggregat ion.  

Fur ther .  d isaggregat ion  can prov ide  a  bas is  f o r  es t imat ing  the  e f f e c t  of 

var ious  r e t r o f i t s  by b r i ng ing  forward in fo rmat ion  such as hours o f  l i g h t i n g  

use and envelope heat  loss .  Such i n fo rma t i on  def ines t he  parameters o f  

s imple,  y e t  o f t en  r e l i a b l e ,  c a l c u l a t i o n  models. This in fo rmat ion  i s  a l so  

i nva luab le  i n  he lp i ng  cons t ruc t  d e t a i l e d ,  p r e d i c t i v e  models o f  t he  b u i l d i n g  

and i t s  energy systems. 

Disaggregat ion may be coupled w i t h  the  preceding stage (Rat ing  Bu i l d i ngs  f o r  

A u d i t ) ,  bu t  i s  normal ly  pursued ,once a  b u i l d i n g  has been se lec ted  f o r  

a u d i t i n g  and be fore  proceeding w i t h  the  search and eva lua t ion  o f  s p e c i f i c  

ECOS. 

Disaggregat ion might be omi t ted ,  p a r t i c u l a r l y  where the  b u i l d i n g  i s  smal l .  

w i t h  uncomplicated heat ing  and v e n t i l a t i o n  systems, and where the  a u d i t o r  i s  

experienced and f a m i l i a r  w i t h  the  b u i l d i n g  type:  o r  where t he  c l i e n t  has 

p laced l i m i t s  on the  scope o f  the  a u d i t .  

Disaggregat ion r e l i e s  on techniques such as p a t t e r n  recogn i t i on ,  regress ion  

ana lys is ,  p r e d i c t i v e  models, simple experimental procedures.and app l i ed  

engineer ing.  These methods are descr ibed i n  more d e t a i l  below, i n  chapter  6 

and i n  the appendices F. G ,  and H. The process i s  o f t e n  i n t e r a c t i v e ;  subse- 

quent c a l c u l a t i o n s  he lp  r e f i n e  the  model and ensure balance o f  t he  components 

w i t h  t he  o v e r a l l  consumption. Where the  r e s u l t s  o f  t he  d isaggregat ion  are 

app l i ed  i n  subsequent stages o f  t he  a u d i t ,  the  energy breakdown should be 

reviewed and cor rec ted  as more d e t a i l e d  in fo rmat ion  becomes ava i l ab le .  

Disaggregat ion should make use o f  r e a d i l y  a v a i l a b l e  data i nc l ud ing :  

il U t i l i t y  records.  

iil Plans and s p e c i f i c a t i o n s .  

iiil Operat ing logbooks, p a r t i c u l a r l y  r e l a t i n g  t o  energy use, and 

i v l  Discussions w i t h  b u i l d i n g  users and opera t ions  people; 
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S i t e  m o n i t o r i n g  may p r o v i d e  v a l u a b l e  i n s i g h t s  t o  b u l l d i n g  o p e r a t i o n  t h a t  

m igh t  o t h e r w i s e  be o b t a i n e d  w i t h  l e s s  accuracy and con f idence  u s i n g  e x i s t i n g  

d a t a .  I n  some i n s t a n c e s  i t  may a l s o  be more economic t o  use m o n i t o r i n g .  

3.2 COMPONENTS OF ENERGY USE 

  he l e v e l  o f  d e t a i l  o f  d i s a g g r e g a t i o n  can range f rom a  s imp le  t o  a  r a t h e r  

complex breakdown. D e t a i l e d  breakdowns p r o v i d e  t h e  most b e n e f i t ,  s i n c e  they  

a r e  more d i r e c t  and s p e c i f i c  t o  p a r t i c u l a r  energy uses and ECOs. I n e v i t a b l y .  

t h e  f i n e r  t h e  l e v e l  o f  d e t a i l ,  t h e  more work i s  i n v o l v e d .  O f t e n  t h i s  i n -  

c reased  work l eads  t o  a  more .accu ra te  and d e t a i l e d  p i c t u r e  o f  energy usage. 

I FUEL 

F i g .  3 . 1  I l l u r t r a t i o n  o f  s s i m p l e  e n e r g y  b r e a k -  
down by f u e l  t y p e  and w e a t h e r  d e p e n d e n c y .  
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The s e p a r a t i o n  o f  energy i n t o  d i f f e r e n t  f u e l s ,  and w i t h i n  f u e l s  t o  a  weather 

and a  n o n w e a t h e r - s e n s i t i v e  (base load1 component, i s  a  s i m p l e  breakdown. 

a c h i e v a b l e  w i t h  a  m in ima l  e f f o r t  and e r r o r  ( see  F i g .  3.1) ( S p i e l v o g e l .  1984; 

Runk. 19791. Such a  s t e p  does n o t  g i v e  many f i r m  c l u e s  about  areas o f  energy ,. 
waste and c o n s e r v a t i o n  p o t e n t i a l ,  b u t  s e t s  boundar ies  o f  energy use  o f  

d i f f e r e n t  t ypes  of  equipment,  whose energy use may be t o t a l l y ,  p a r t l y ,  o r  n o t  

a t  a11 weather  s e n d i t i v e .  
I 

More c o r r e c t l y .  we can t h i n k  of;energy use as b e i n g  compr ised o f :  

il =er Dependent Comuonents, Components o f  energy use t h a t  rema in  

n o m i n a l l y  c o n s t a n t  o v e r  t h e  y e a r ,  f o r  example, energy f o r  e l e v a t o r s :  

o r  nominal.1~ c o n s t a n t  ove r  a  season, f o r  example, energy f o r  c o n s t a n t  

volume h e a t i n g  c i r c u l a t i o n  pumps. Seasonal components may be d i r e c t l y  

r e l a t e d ,  t o  occupancy, as f o r  schoo ls :  o r  r e l a t e d ' t o  occupancy h a b i t s  

such as s e a s o n a l l y  changing menus o r  b a t h i n g  p a t t e r n s .  

j 
iil Dependent Comuonents. Components o f  energy use t h a t  v a r y  w i t h  

o u t s i d e  c o n d i t i o n s ,  f o r  example, h e a t i n g  and c o o l i n g .  ." ,, .. ., . , '  .,, 

iiil and Occupancv D e p e n d e n t .  Components t h a t  change ove r  t h e  

s h o r t  t e rm ( h o u r l y  o r  d a i l y l ,  e i t h e r  as a r e s u l t  o f  occupant  h a b i t s .  

such as opening windows and s w i t c h i n g  l i g h t s ,  o r  as a  r e s u l t  o f  t h e  HVAC 

system response t o  v a r y i n g  occupancy, o r  as a  r e s u l t  o f  t h e  s c h e d u l i n g  

o f  HVAC systems and equipment.  

Tab le  3 .1  p r o v i d e s  some i n f o r m a t i o n  on these components f o r  a  range  o f  energy 

use c a t e g o r i e s .  T h i s  t a b l e  a p p l i e s  t o  t y p i c a l  cases b u t  i s  n o t  u n i v e r s a l l y  

t r u e .  There fo re ,  each i t e m  w i l l  have t o  be checked i n  p r a c t i c a l  a p p l i c a t i o n s .  

An unders tand ing  o f  t hese  components, and t h e  f a c t o r s  t h a t  i n f l u e n c e  them, i s  

e s s e n t i a l  when deve lop ing  a  d i sdggregd ted  p i c t u r e  o f ,  energy usage and 

i d e n t i f y i n g  t h e  component r e t r o f i t  p o t e n t i a l .  
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3 . 3  WEATHER AND NONYEATHER SENSITIVE .ENERGY COMPONENTS 
.... 

I t  i s  F i r s t  necessary  t o  c o n s t r u c t  annual  energy p r o f i l e s  ICoad. 1975 and 

1979) ( see  F i g .  3.11' f o r  t h e  f u e l  sources used: a  demand p r o f i l e  i s  a l s o  

d e s i r a b l e .  P r o f i l e s  can be c o n s t r u c t e d  f rom u t i l i t y  d a t a  o r  f rom s i t e  

consumption reco rds .  Problems o f  n o n r e g u l a r  b i l l i n g  p e r i o d s ,  e s t i m a t e d  

b i l l i n g s ,  and f u e l  d e l i v e r y  u n c e r t a i n t i e s  make such a  process l e s s  s t r a i g h t  

fo rward ,  o r e v e n  u n a p p l i c a b l e .  

The base l o a d  f o r  f u e l  consumpt ion can be t a k e n  as t h e  consumption d u r i n g  t h e  

mon th l s )  w i t h  l e a s t  consumption, t h e  weather dependent component b e i n g  what 

i s  l e f t  once t h e  base l o a d  has been s u b t r a c t e d .  The method can n o t  be con- 

s i d e r e d  r e l i a b l e  when t h e r e  i s  a  summer demand f o r  space c o n d i t i o n i n g :  where 

t h e r e  i s  a  p o s s i b i l i t y  f o r  c o n t r o l  l o s s e s  l s i m u l t a n e o u s  h e a t i n g  and c o o l i n g ) ;  

where t h e  same f u e l  i s  used f o r  h e a t i n g  and SHY p r o d u c t i o n :  o r  where t h e  

summer occupancy o r  p a t t e r n  o f  use i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  

d u r i n g  t h e  w i n t e r  ( f o r  example i n  s c h o o l s ) .  

One must a l s o  be c a r e f u l  t o  t a k e  account  o f  p o s s i b l e  changes i n  o p e r a t i n g  

e f f i c i e n c y  between seasons. A good example o f  where e f f i c i e n c y  o f  o p e r a t i o n  

can v a r y  q u i t e  d r a m a t i c a l l y  i s  i n  t h e  p r o d u c t i o n  o f  h o t  water f rom a  s i n g l e  

combined space h e a t i n g  and domest ic  h o t  water  p l a n t .  I n  such a  s i t u a t i o n  

summer p r o d u c t i o n  can be a t  a  c o n s i d e r a b l y  lower  e f f i c i e n c y  than  d u r i n g  t h e  

w i n t e r  months. 

For  e l e c t r i c i t y  use ,  s p r i n g  and f a l l  consumptions and demand can  be t a k e n  as  

a  f i r s t  app rox ima t ion  o f  t h e  base l o a d  i f  e l e c t r i c  h e a t ,  h e a t i n g  systems 

a u x i l i a r i e s ,  and a l l  c o o l i n g  system components a r e  o f f  f o r  t hese  p e r i o d s .  

O f ten  t h i s  i s  n o t  t h e  case, and e s t i m a t e s  t o  separa te  o u t  these components 

a r e  necessary .  For  b u i l d i n g s  w i t h o u t  a i r  c o n d i t i o n i n g  these prob lems do n o t  

o c c u r ,  b u t  even then d i f f e r i n g  summer occupancy p a t t e r n s  can c r e a t e  d i f -  

f i c u l t i e s .  The use of  l i g h t i n g  may a l s o  d i f f e r  between t h e  seasons. 
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TABLE 3 . 1  

TYPICAL COMPONENTS OF ENERGY USEAGE FOR A  RANGE OF END USES OF ENERGY 

W Y  END USE 
. . N O N Y E I T H E R E N T  

1:ZpdE HEATINE 
. . I  B o i l e r  Losses 

. 2  Duc t  Losses 
. 3  P i p e  Losses 

J a c k e t  l o s s e s  n o m i n a l l y  c o n s t a n t  
ove r  o p e r a t i n g  season 

N o m i n a l l y  c o n s t a n t  o v e r  h e a t i n g  
season 

. 4  HVAClCont ro l  Losses P r e s e n t  i n  v a r y i n g  degrees depend ing 

.5 Ventilation 

. b  Conduc t i on  

. I  i n f i l t r a t i o n  

2 .  - 
. I  U s e f u l  Heat  Consumpt ion  .NORMALLY CONSTANT, a l t h o u g h  may have 

d i f f e r e n t  systems f o r  summer & r l n t e l  
may be seasona l  use,  P a t t e r n s  and 
production e f f i c i e n c i e s .  
M i xed  o r o d u c t i o n  svs tems 1e.u .  s o l a r  
+ 0111' n o t  c o n s t a n t .  

. 2  Pipe Losses SUBSTANTIALLY CONSTANl 

3 .  f.Mw.w 
. I  H e a t ~ n g  Only  

. 2  C o o l i n g  On l y  

NORMALLY CONSTANT f o r  h e a t i n g  
season e x c e p t  r h e r e  VAV 

NORMALLY CONSTANT f o r  C o o l i n g  
r eason  e x c e p t  where YAY 

. 3  Hea t  6 Ven t .  Coo l  6 Vent  (or  NORMALLY CONSTANT t h r o u g h o u t  y e a r  
e x c e p t  r h e r e  VAV Hea t -Coo l  6 Vent1  

. 4  Exhaust  Systems 

4 .  .plMuKw 
.1 H e a t i n g  
.2 C o o l i n g  

NOMINALLY CONSTANT t h r o u g h o u t  
t h e  y e a r  

NOMINALLY CONSTANT ove r  h e a t i n g  and 
c o o l i n g  season, r e s P e c t i v e l Y  
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Y E A l H f R T  EeENDENTPONENT TIME f, OCCUPANCY D E P W  

Cyc l l ng  losses lncrease r l t h  INDIRECTLY 6 t o  the  degree by wh l rh  
m l l d e r  c o n d l t l o n s  u s e  impacts on heat l o a d  

SOME V a r l a t l o n  can be expected p r l -  
f l a ~ l l y  where the  conveyed f l u l d  temp 
e r a t u r e  Var les  s l g n l f l c a n t l y  6 t o  a  
l e s s e r  degree a s  a  r e s u l t  o f  charlge 
I n  amblent temperatures 

on particular arrangement 

Energy losses depend on tempera- 
t u r e  difference and h u n l d l t y  even i t  
v e n t l l a t l o n  r a t e  cons tan t  

Obvlous, u s u a l l y  the  major  component 

Obviour .  u s u a l l y  the  major  component 

O b u ~ o u r .  u s u a l l y  the  major component 

MINOR due t o  changes I n  c o l d  wdter 
supply  temperature.  Mlxed system5 
may be weather dependent 

MINOR due t o  changes In space temp. 

ONLY when f a n  c y c l e s  on L o f f  t o  
meet the  l o a d  

ONLY when f a n  c y c l e s  on 6 o f f  t o  
meet the  l o a d  

NOT NORMALLY un less  used t o  p r o v ~ d e  
some cooling 

INDIRECTLY, xhere use a f f e c t s  c o n t r o l  
operation 
ONLY where v e n t i l a t i o n  $hu t  err when 
b u l l d l n g  i s  unoccupied o r  vent  r a t e  
v a r l e d  w i t h  occupancy 

ONLY where setback p r a c t i c e d  

I n  thaL e x t e r l o r  door usage L wlndor 
openlog w111 l n c r e a r e  i n f l l t r a t l o n  

P r l n a r ~ l y  ONLY when h u m ~ d i c a t l o n  n o t  
added during unoccupied p e r ~ o d s  

Water Y68W w i l l  va ry  u l t h  t ime  o l  
day and occupancy 

Minimal e f f e c t  

ONLY where far, i s  r w l t c h e d  o f f  d u r i n g  
~ n o c c ~ p i e d  pe r iods  

ONLY where system shu t  o f f  d u r l n g  un- 
occupied Per lods  or  o c c ~ p a n ~ y  a f f e c t s  
l oad  i n  YAV systems 

ONLY where system shut  o f f  d u r i n g  un- 
Occupied pe r iods  o r  occupancy a f f e c t s  
l oad  i n  VAY systems 

ONLY where under occupant c o n t r o l  o r  
s l g n i f l c a n t  changes in occupancy 
throughout  t h e  year  

MINOR t o  MEASURABLE i f  v a r i a b l e  ONLY when shut  o f f  d u r i n g  unoccupied 
speed, v a r i a b l e  volume pumping. p e r i o d s  o r  use impacts on l o a d  i n  
c o n t r o l  by t h r 3 t t l e  va l ves ,  o r  where v a r i a b l e  volume o r  sheduled pumping 
D p e r l t i o n  scheduled w i t h  o u t s i d e  a l r  systems 
tempeiature or  o t h e r  weather v a r i a b l e .  
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TABLE 3.1 cont inued. .  

W G Y  EN0 USE 
. . 

5 .  !J.wlK 
. 1  i n t e r i o r  NOMINALLY CONSTANT, may be some se- 

asonal v a r i a t i o n  u i t h  changes i n  day- 
l i g h t  a v a i l a b i l i t y  

. 2  N i g h t I S e c u r i t y  NOMINALLY CONSTANT 

. 3  Outs ide  BASE COMPONENT p l u s  VARIABLE r i t h  se-  
asonal  change i n  d a y l i g h t  hours 

6 .  

. 1  Ouct Gains ....--.--...----..-.-------.---------- 
. . 

. 2  Pipe Gains -....-----....------------------------ 

. 5  Conduct ion 

. 6  i n t e r n a l  Loads 

.7 I n f l l t r a t l u n  

. 8  S o l a r  

7. nlSCELLANEOUS 
.1 P o r t a b l e  Equ~pment  

. 2  E l e v a t o r s  

.3 Sno. M e l t i n g  

. 4  K i t c h e n  Equ~pment  

O l t e n  the  most s i g n i f i c a n t  
component 

The minimum s o l a r  g a i n  can be thought  
o f  as a Constant  component 

M o s t l y  can be cons ide red  t h e  o n l y  
s l g n i f l c a n t  component 

Norma l l y  the  o n l y  s l g n l f l c a n t '  
component 

None un less  l e f t  u n c o n t r o l l e d  
throughout  yea r  o r  season 
Of ten  can be cons ide red  the  o n l y  
s i g n i f i c a n t  component. may be seasonal  
changes i f  menu; change. 

FOP t h e  domestic s i t u a t i o n  the  r a s h -  
l o a d  may va ry  seasona l l y  and lo r  d r y i n g  
h a b i t s  m igh t  va ry  

. 6  Block  Heaters  
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component 

NOT USUAL Obv~ous .  Tends t o  be ve ry  userdependent 

L a t e n t  & s e n s i b l e  load r i l l  be ONLY where v e n t l l a t ~ o n  I S  s h u t  o f f  
influenced by d i f f e r e n t  weather when b u i l d i n g  unoccupied o r  where ven- 
parameters t i l a t i o n  r a t e  IS v a r l e d  r l t h  t h e  

number o f  occupants . . 
Pr imary comoonent ONLY r h e r e  s e t  up o r  shut  o f f  i s  p rac -  

t i c e d :  no rma l l y  a  mirlor a f f e c t  

GENERALLY. NO Obvlous 

Major  component r i l l  be p r i m a r i -  ONLY where occupants have c o n t r o l  over 
l y  ca lendar  and weather dependent & make use o f  shading dev ices  

GENERALLY NO ONLY where s i g n i f i c a n t  changes i n  
equipment use due t o  occupancy changes 

Var ies  w i t h  use o f  e l e v a t o r  

, .: 
Obvious 

NOT DIRECTLY o r  SIGNIFICANTLY (see Hour ly .  v a r i a t i o n s  8 1 t h  schedu le -o r  meal 
a l s o  S.H.Y.1 p r e p a r a t i o n s  

NOT DIRECTLY :orSIGNlFICAITLY ( s e e '  
a l s o  S.H.Y.I.. ..!. , , , . . . ..: ..,. . 

. . ,  ,.: , . , , .m.: : ,.. .,,, 
P r imary  component ' Dipending on au tomat i c  usage 
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Knowledge o f  i n s t a l l e d  equipment and opera t ing  pa t t e rns  may he lp  d isaggregate 

t he  weather and nonweather dependent components, a l though i d e a l l y  those 

should serve as an o v e r a l l  check t o  supposed o r  der ived  equipment opera t ion .  

3 . 4  DETERMINATION OF YEATHER DEPENDENCY 

The pr imary aim o f  i n v e s t i g a t i n g  weather dependency i s  t o  develop an under- 

s tanding o f  how ex te rna l  parameters such as ou t s i de  wet and d r y  bu lb  tem- 

pera tu res ,  s o l a r  r a d i a t i o n ,  o r  r i n d  speed a f f e c t  energy usage. The e f f e c t s  

might be s tud ied  over a long pe r i od .  f o r  example, us ing  u t i l i t y  records t o  

look a t  a years opera t ion ,  o r  sho r t  term mon i to r ing  t o  i d e n t i f y  hour by hour 

e f f e c t s .  Such techniques u l t i m a t e l y  lead t o  an understanding, o r  g i ve  some 

i n d i c a t i o n  o f  importance, o f  s p e c i f i c  energy f lows:  i f  extreme energy use 

peaks are observed t o  co inc ide  w i t h  h igh  r i n d  speeds bu t  moderate tempera- 

t u res ,  one should suspect i n f i l t r a t i o n  t o  be a s i g n i f i c a n t  component o f  the  

o v e r a l l  heat load. I t  would. however, be i nco r rec t  t o  assume t h a t  t he re  i s  a 

r e l a t i o n s h i p  w i t h  wind speeds i f  h i gh  wind speeds co inc ide  w i t h  low tem- 

peratures (where the l o r  temperature cou ld  be respons ib le  f o r  the  e f f e c t s l .  A 

number o f  techniques f o r  determining weather dependency are  in t roduced 

b r i e f l y  below. 

. . 
3 . 4 . 1  Regression T&iaues based'on U t i l i t v ' o r  Consum~t ion Records 

The s imp les t  o f  regress ion  techniques r e l y  on the  bes t  s t r a i g h t  l i n e  l i t  

through a number o f  da ta  po in t s .  Many sof tware packages and hand he ld  c a l -  

c u l a t o r s  can p rov ide  such an ana l ys i s ,  f a i l i n g  t h i q ,  r e l a t i o n s h i p s  can be 

de r i ved  by p l o t t i n g  the  r e s u l t s  and f i t t i n g  a s t r a i g h t  l i n e  by eye. 

Th is  s imp le  regress ion  technique i s  w e l l  s u i t e d  t o  the  ana l ys i s  o f  seasonal 

t rends  such as the  v a r i a t i o n  o f  hea t ing  o r  coo l i ng  consumption w i t h  v a r i -  

a t i ons  i n  c l imate .  A commonly used technique i s  the  m e r a v  s i gna tu re  method. 

One then p l o t s  energy consumption f o r  a pe r i od  of f i x e d  l e n g t h v e r s u s  t he  

average indoor-outdoor temperature d i f f e r e n c e ,  o r  versus t he  average outdoor 
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temperature. , A  simple case i s  i l l u s t r a t e d  i n  F ig .  3.2. A more d e t a i l e d  di,s- 

cussion on such a  model i s  g iven  i n  AT R . l  ( f o r  examples o f  the  use of energy .. . . 
s igna ture  models. see Fels.  1986: Cowan. 1984: FATRA. 1982). 

For many app l i ca t i ons ,  p a r t i c u l a r l y  i n  simple heat ing  on1 s i t u a t i o n s ,  an 

acceptable l i n e a r  r e l a t i o n s h i p  between energy use and ou ts ide  temperature i s  

normal ly  obtained. Typ i ca l l y  the  regress ion  c o e f f i c i e n t ,  r2, values a re  

g rea ter  than 0.96 (and more l i k e l y  0.98) meaning t h a t  a l l  but  4  per cent l o r  

2 per cen t )  of the  data v a r i a t i o n  can be accounted f o r . Y h e n  u t i l i t y  data a re  

est imated f o r  a  w in te r  month, data sca t t e r  w i l l  n a t u r a l l y  increase. An 

adjustment can be made t o  reduce t h i s  problem by inc reas ing  the t ime i n t e r v a l  

f o r  t h a t  data (group the  est imated month w i t h  the  next  month's ac tua l  read ing  

t o  form an accurate 'two-mpnth' i n t e r v a l ) .  A loss in l i n e a r i t y  i s  sometimes 

experienced i n  m i l de r  weather months (near the  beginning and the  end o f  the  
, ' 

heat ing season) e.g. because: 

il Uindow openings are expected t o  increase,  tending t o  f o r ce  the  curve 

upwards. . . 
i i )  Bo i l e r l f u rnace  performance may decrease because o f  the  shortened 

equipment duty cyc le ,  a l so  tending t o  fo rce  the curve uppwards, and 

i i i )  Changing ' s o l a r  con t r i bu t i ons  can f o r ce  the '  curve e i t h e r  upwards o r  

downwards depending. on the  window :o r i en ta t i on ,  changing hours o f  

sunshine: use of shading devices. 

For these reasons, t he  t r a n s i t i o n  from weather-dependent load t o  the baseload 

(such as se rv i ce  water hea t ing)  i s  not  c l ea r - cu t  as po in ted  ou t  i n  F igure  3.2 

, , 

I f  t h i s  b u i l d i n g  had coo l i ng  equipment. we would observe a  cool ing '  energy 

s iana ture ,  an i n c l i n e d  energy use s lope as temperature increases. Often we 

are eva lua t ing  two d i f f e r e n t  energy sources, e l e c t r i c a l  use f o r  coo l i ng  and 

o i l  o r  gas f o r  hea t ing  and, there fo re ,  the  coo l i ng  energy s igna tures  and 

heat ing  energy s ignatures can be e a s i l y  separated. I f  the  b u i l d i n g  was both 

heated and cooled by e l e c t r i c i t y ,  t he  two s igna tures  would merge, making i t  

d i f f i c u l t  t o  e s t a b l i s h  the  l e v e l  o f  the.baseload. 
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F igure  3 . 3  i s  a  schematic diagram of j u s t  how the  var ious  energy 

r e l a t i o n s h i p s  in f luence t he  energy s igna ture  when t he  b u i l d i n g  requ i res  heat .  

and how r e t r o f i t t i n g  t he  b u i l d i n g  can save energy. 

Weather dependent load 

\!' Mild weather rounding 

Base load 

I k Ref. temp. 

, 
External temperature 

F ig .  3 . 2  I l l u s t r a t i o n  of a simple weather dependent model 
o f  heat ing  consumption der ived  from u t i l i t y ,  
records and showing a base load  component. _.. 

. li 
Yhere t h e  procedure i s  being app l i ed  t o  coo l i ng  consumption, i t  i s  worth 

t r y i n g  reg ress ion  based a l t e r n a t e l y  on d r y  bu lb  and wet bu lb  data.  I f  a  

b e t t e r  f i t  i s  obta ined with wet b u l b d a t a , .  t h i s  i s  an i n d i c a t i o n  t h a t  a  

s i g n i f i c a n t  p o r t i o n  of the  coo l i ng  load can be a t t r i b u t a b l e  t o  v e n t i l a t i o n .  
... I :  

, ,: , ~ 
. . .  + 

3 . 4 . 2  Bpgression Wd on S i t e  Heasurenents 
'. . ' , <' , ;: Y.. , 

.',,:.,,<!',.;:, \.,,. ~ ' 

Data obta ined by s i t e  measurements hav,e t t iepdvantage ,over u t i l i t y  b i l l  data . ,,... . 
of  be ing  more d e t a i l e d  and more f requent .  Fu r t he r ,  s i t e  measurement a l l o w s  

f o r  s i m p l e  exph imen ta t  i on  t o  a i d  t he  d isaggregat ion  process'. F o r  examplei 

mon i to r ing  f o r  a  pe r i od  w i t h  v e n t i l a t i d n  fans. '  turned' o f f  w i l l  enable 

est imates o f  t h e  f r a c t i o n  o f  the  weather dependent component a t t r i b u t e d  t o  

mechanical v e n t i l a t i o n .  S i m i l a r l y ,  s h u t t i n g  i f f  t he  heat ing  on a l t e r n a t e  days 

du r i ng  t he  coo l i ng  season and observ ing the  e f f e c t  on c o o l i n g  energy 
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consumpt ion  w i l l  h e l p  d e t e r m i n e  c o n t r o l  l o s s e s  ( A l b e r n .  1 9 8 3 1 .  S h u t t i n g  o f f  

n o n r e a t h e r  dependent  l o a d s  f o r  a  s h o r t  p e r i o d  can  a l s o  b e  c o n s i d e r e d  i n  o r d e r  

t o d e t e r m i n e  t h e i r  impact  on t h e  o v e r a l l  consumpt ion  ( Y u l f i n g h o f f .  1 9 8 4 ) .  

Slope related to I 
-Average / envelope energy I inside 

loss rate I temperature 

I 

I 
I 

External ternperature 

Retrofitted building with I 
lower slope, lower ref. temp. I 

I 
I 
I 

0 

ccupants) 

i 
External tempeiature 

Fig. 3.3 Schematic diagram illustrating the basis far 
the energy signature method. Free heat. a v e n g e  
indoor temperature, slope related to envelope 
energy loss rate and t h e  reference temperature 
are placed in perspective. 
Schematic Ibl illustriter energy l o s s  of retra- 
fitted building. Note that both the slope and 
the balance point change. 
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Other  t e s t s ,  such as a  combust ion e f f i c i s n c y .  t e s t  and a measurement o f  b o i l e r  

f u e l  consumpt ion when t h e  space l o a d  has been removed ( f o r  example by s e t t i n g  

down t h e  space t h e r m o s t a t ) ,  can h e l p  e s t a b l i s h  t h e  p o r t i o n  o f  t h e  b u i l d i n g  

h e a t i n g  consumpt ion a t t r i b u t e d  t o  b o i l e r  s tandby and combust ion losses .  

For  b u i l d i n g s  w i t h  h e a t i n g  o n l y  i t  i s ,  i n  g e n e r a l ,  s u f f i c i e n t  t o  c o l l e c t  

d a i l y  o r  weekly da ta  f rom p a r t  o f  t h e  h e a t i n g  season. I f  h e a t i n g  i s  o n l y  

needed f o r  p a r t  o f  t h e  day,  i t  may be necessary  t o  c o l l e c t  h o u r l y  d a t a .  For 

b u i l d i n g s  w i t h  h e a t i n g  c o o l i n g ,  d a t a  f rom d i f f e r e n t  p a r t s  o f  t h e  y e a r  may 

have t o  be c o l l e c t e d .  

S i t e  measured d a t a  can be ana lysed  i n  a  s i m i l a r  manner t o  t h a t  d e s c r i b e d  

above f o r  u t i l i t y  da ta ,  a l t h o u g h  one w i l l  have t h e  b e n e f i t  o f  more da ta  

p o i n t s ,  a l b e i t  o v e r  a  s m a l l e r  range o f  b u i l d i n g  o p e r a t i n g  c o n d i t i o n s .  

I n  o r d e r  t o  e s t i m a t e  nonweather dependent f a c t o r s  such as b o i l e r  s tandby 

losses ,  water  h e a t i n g  and c o o l i n g ,  o r  o t h e r  p rocess  e n e r g i e s ,  one can e x t r a -  

p o l a t e  d a t a  down t o  t h e  nonweather d r i v e n  l o a d  c o n d i t i o n s ,  a l t h o u g h  t h i s  

p rocedure  i s  l e s s  r e l i a b l e  i f  d a t a  cover  o n l y  a  s m a l l  t empera tu re  range.  I n  

t h i s  case,  m o n i t o r i n g  s h o u l d  i n c l u d e  a  wide range  o f  weather  c o n d i t i o n s .  

M o n i t o r i n g  i n s i d e  tempera tu res  i s  i m p o r t a n t ,  s i n c e  tempera tu re  f l u c t u a t i o n s  

and d i f f e r e n c e s  between v a r i o u s  b u i l d i n g  zones t e l l s  something about how 

c o n t r o l  systems respond t o  weather f l u c t u a t i o n s .  

Y i t h  t h e  i n s t a l l a t i o n  o f  m o n i t o r i n g  equipment.  more s p e c i f i c  weather e f f e c t s  

m i g h t  be i n v e s t i g a t e d .  For  i n s t a n c e ,  more complex model techn iques  can be 

used t o  de te rm ine  t h e  i n f l u e n c e  o f  c l i m a t i c  parameters  such as r i n d  speed. 

wet b u l b  tempera tu re ,  and s o l a r  r a d i a t i o n  on energy consumption. Such an 

a n a l y s i s  can i n d i c a t e  which ECO c a t e g o r i e s  show promise o f  s i g n i f i c a n t  sav-  

i n g s  and war ran t  a  more c a r e f u l  a n a l y s i s  o r  f u r t h e r  m o n i t o r i n g .  
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3 . 5  DETERMINATION OF SHORT TERM EFFECTS 

The p r e v i o u s l y  d e s c r i b e d  d i s a g g r e g a t i o n  techn iques  have been r e l a t e d  t o  l o n g  

term e f f e c t s .  E q u a l l y  impor tan t  a r e  s h o r t  term e f f e c t s :  i . e .  h o u r l y  and d a i l y  

v a r i a t i o n s .  The l a r g e s t  and most c o s t  e f f e c t i v e  sav ings  have been o b t a i n e d  by 

s c h e d u l i n g  o f  b u i l d i n g  systems, and i t  i s  t h e r e f o r e  impor tan t  t o  know, f o r  

i n s t a n c e ,  t h e  energy demand d u r i n g  occup ied  and unoccupied p e r i o d s .  An o f f i c e  

b u i l d i n g  i s ,  f o r  example, unoccupied f o r  a  much longer  t i m e t h a n  i t  i s  

occupied.  

The d e t e r m i n a t i o n  o f  s h o r t  t e rm e f f e c t s  w i l l  r e q u i r e  s i t e  m o n i t o r i n g ,  u n l e s s  

i n f o r m a t i o n  can be o b t a i n e d  from o p e r a t i n g  ' l o g s .  M o n i t o r i n g  can va ry  i n  

d e t a i l ,  i n  s o p h i s t i c a t i o n ,  and i n  t h e  l e n g t h  o f  t h e  m o n i t o r i n g  p e r i o d .  The 

more d e t a i l e d  and longer  t h e  m o n i t o r i n g  p e r i o d ,  t h e  more u s e f u l  t h e  da ta ,  b u t  

t h e r e  i s  n o r m a l l y  a  p o i n t  o f  d i m i n i s h i n g  r e t u r n s  and a  budget t o  work w i t h i n .  

Record ing f o r  one t o  two weeks would be i d e a l ,  b u t  i n  most cases i s  t o o  long  

a  t i m e  t o  spend on t h e  d i s a g g r e g a t i o n  s tage .  For  l a r g e  b u i l d i n g s ,  one o r  two 

weeks o f  h o u r l y  r e c o r d s  o f  t h e  t o t a l  e l e c t r i c a l  and f u e l  demand can u s u a l l y  

be j u s t i f i e d  and g i v e  an o v e r a l l  p i c t u r e  o f  how t h e  b u i l d i n g  energy systems 

a r e  i n  tune  w i t h  occupancy..,The m o n i t o r i n g  p e r i o d  shou ld  cover  weekdays as 

w e l l  as weekends. The p o t e n t i a l  f o r  s c h e d u l i n g  t ype  ECOs can be e x p l o r e d  by 

p l o t t i n g  t h e  energy consumption, o r  t h e  demand p r o f i l e ,  a long  w i t h  t h e  occu-  

pancy p r o f i l e  ve rsus  t i m e .  The method i s  p a r t i c u l a r l y  e f f e c t i v e  f o r  d e t e r -  

m i n i n g  t h e  p o t e n t i a l  f o r  e l e c t r i c a l  demand l i m i t i n g .  

Pho tog raph ic  techn iques  o r  o t h e r  s i m p l e  d a t a  l o g g e r s  can be used t o  r e c o r d  

u t i l i t y  meter r e a d i n g s  (see  MT E L . 6  and M.11. Run t i m e  meters  (MT EL.7) can 

be a p p l i e d  t o  de te rm ine  t h e  o p e r a t i o n  o f  key p ieces  o f  equipment.  

S a t i s f a c t o r y ,  b u t  l ess  i n f o r m a t i v e ,  r e s u l t s  can be o b t a i n e d  by  r e a d i n g  u t i l -  

i t y  and o t h e r  i n s t a l l e d  meters  a t  t h e  b e g i n n i n g  and end o f  every  work day and 

comparing average consumptions f o r  occupied and unoccupied hours .  

B u i l d i n g  equipment o p e r a t i o n  can be ana lysed  by l o o t i n g  a t  l o n g  t e r m  d a t a .  

s p e c i f i c a l l y  by c a l c u l a t i n g  t h e  e l e c t r i c a l  l o a d  f a c t o r  (AT E L . 2 1  f o r  t h e  
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non-weather s e n s i t i v e  p a r t  o f  e l e c t r i c  usage, and by comparing i t  t o  a t a r g e t  

l o a d  f a c t o r  r e p r e s e n t a t i v e  o f  a s i m i l a r ,  w e l l - t u n e d  b u i l d i n g .  The t a r g e t  

v a l u e  can be c a l c u l a t e d  based on t h e  o p e r a t i n g  hours  o r  taken  f rom r e c o r d s  o f  

s i m i l a r  w e l l - t u n e d  b u i l d i n g s .  

3 .6  DISAGGREGATION BY PREDICTlON 

P r e d i c t i v e  methods can be used t o  d i s a g g r e g a t e  some components o f  t h e  energy 

usage by  making assumpt ions o r  h a v i n g  i n f o r m a t i o n  about  o p e r a t i o n  p r o f i l e s  

and i n s t a l l e d  c a p a c i t i e s .  

I t ems  o f  equipment w i t h  p r e d i c t a b l e  o r  known schedules o f  o p e r a t i o n ,  such as 

pumps and fans ,  l e n d  themselves t o  t h i s  approach b u t  o t h e r s .  -such as occupant  

use o f  l i g h t i n g ,  do n o t .  I n  many cases t h e  use o f  energy.  , f o r  example, f o r  

l i g h t i n g  and e l e v a t o r s  must '  be assumed t o  equal  t h e  remainder  when a l l  o t h e r  

p r e d i c t a b l e  equipment consumpt ion has been accounted f o r .  

The method can a l s o  be a p p l i e d  t o  o t h e r  c a t e g o r i e s  o f  energy use such as t h e  

i d e n t i f i c a t i o n  o f  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  w a l l ,  window, r o o f ,  i n f i l -  

t r a t i o n  and v e n t i l a t i o n  l osses  t o  t h e  o v e r a l l  space hea t  l o s s .  

The use o f  p r e d i c t i v e  methods o f t e n  r e q u i r e s  v a l i d a t i o n  by  f i e l d  m o n i t o r i n g  

o r  ' s i m u l a t i o n  models (see Ch. 6 1 .  Table 3 . 2  summarises how d i s a g g r e g a t i o n  

techn iques  can be used t o  e s t i m a t e  o r  de te rm ine  c a t e g o r y  energy usage. 
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TABLE 3.2 

SUMMMY OF DlSAGGREGATlON TECHNIQUES FOR DETERMINING CATEGORY ENERGY USAGE 

1. XkW - By i d e n t i f i c a t i o n  o f  t h e  ( w i n t e r 1  weather s e n s i t i v e  
HEATING component o f  energy use l s e c t i o n s  3.3 and 3.41 

- Base load  Can be es t ima ted  from the  consumption d u r i n g  t h e  
months r i t h  l e a s t  consumption ( d i s t r i b u t i o n  and c o n t r o l  
l o r r e r  r i l l  n o t  be i n c l u d e d l .  

2 .  PACE AIR1 - By i d e n t i f i c a t i o n  o f  t h e  tsumaerl r e a t h e r  dependent 
C O N D I T ~ c o m p o n e n t  o f  energy use. 

- Th4 r i l e  o f  t he  nonweather dependent component can g l v e  
p r e l i m i n a r y  indications o f  the  magnitude o f  t he  i n t e r n a l  
load.  

3. .$.WUL- By r e c o r d i n g  the  use o f  SHY f o r  a  s h o r t  p e r i o d .  
L Q U U R  - Some a l l o r a n c e  shou ld  be l a d e  f o r  seasonal  changes o f  feed 

l a t e r  temperature and p o s s i b l e  seasonal v a r i a t i o n  l n  p a t t e r n  
o f  use and f o r  v a r ~ a t i o n s  i n  e f f i c i e n c y .  
- An es t ima te  o f  t ank  losses can be ob ta ined  by r e c o r d i n g  
f u e l  consumption o f  r a t e r  hea te r  d u r i n g  p e r i o d s  when t h e r e  
i s  no r a t e r  use. 

4 .  UUN&.U - BY c a l c u l a t l o n  bared on des ign  or i n s t a l l e d  c a p a c i t i e s  and 
.derived O r  assumed p r o f ~ l e  o f  o p e r a t i o n .  
- As a  r u l e  o f  thumb take 90 1 o f  the  r a t e d  po re r  s i n c e  most 
motors are r a r e l y  f u l l y  loaded. 
- D i f f i c u l t  t o  es t ima te  uhere f a n  o p e r a t i o n  i s  c o n t r o l l e d  by 
a t he rmos ta t .  
- Some p r o b l e m  r i t h  t h ~ s  method r h e r e  VAV fans a r e  employed. 
- (Hour l y  m o n i t o r i n g  o f  e l e c t r i c i t y  o r  r n d i v i d u a l  equipment 
can h e l p  e s t a b l i s h  r e l i a b l e  o p e r a t i o n  p r o f i l e s ) .  

5 .  W F L  - By c a l c u l a t i o n '  on des ign  o r  i n s t a l l e d  c a p a c ~ t i e r  and 
LuLW d e r i v e d  o r  assumed p r o f i l e  o r  ope ra t i on .  

- As a  r u l e  o f  thumb take 90 1 o r  the  motor r a t e d  porer  s ince  
most motors a r e  r a r e l y  f u l l y  loaded. 
- Same Problems u i t h  t h e  method r h e r e  v a r i a b l e  (10% ( i . e .  
t h r o t t l e  va l ves .  motor speed c o n t r o l ,  s taged punp ing l .  

6 .  !JW.UG - By c a l c u l a t i o n  bared on assumed o r  observed p a t t e r n  o f  
usage. 
- Hour l y  l oad  r e c o r d i n g  can h e l p  e s t a b l i s h  a  r e l i a b l e  p r o f i l e  
o f  w e .  
- By m o n i t o r i n g  l i g h t i n g  usage. 
- An indication o f  t h e  e f f i c i e n c y  o f  l i g h t ~ n g  s w i t c h i n g  
dev ices can b e  ob ta ined  by comparing the  l i g h t i n g  use l o a d  
f a c t o r  w i t h  il c a l c u l a t e d  va lue .  based on connected l o a d x  a  
reasonable l i g h t i n g  on t tme,  o r  iil a t a r g e t  
va lue .  
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CHAPTER 4 ECO I D E l T l F l C A T l O l  A l D  EVALUATlOl  

4 . 1  IOENTIFICATION AN0 EVALUATION OF ECOS 

F o l l o w i n g  t h e  s e l e c t i o n  o f  a  b u i l d i n g  f o r  a u d i t i n g  and d i s a g g r e g a t i o n ,  t h e  

process o f  i d e n t i f y i n g  a p p r o p r i a t e  ECOs f o r  t h e  b u i l d i n g  must beg in .  For  t h e  

c l i e n t  i t  i s  i m p o r t a n t  t h a t  t h e  i d e n t i f i c a t i o n  o f  p o s s i b l e  ECOs i s  complete :  

i . e . .  t h a t  v a l u a b l e  r e t r o f i t  o p p o r t u n i t i e s  a r e  n o t  missed. 

To ensure completeness o f  t h e  a u d i t ,  i t  i s  d e s i r a b l e  t o  s t a r t  w i t h  a  l i s t  o f  

a l l  p o s s i b l e  ECOs. ECOs n o t  a p p l i c a b l e  o r  d e s i r a b l e  shou ld  be d i s c a r d e d  w i t h  

as low a  l e v e l  o f  d e t a i l  and e f f o r t  as p o s s i b l e ,  w h i l e  t h e  r e m a i n i n g  ECOs 

shou ld  be e v a l u a t e d  w i t h  t h e  s m a l l e s t  p o s s i b l e  amount o f  d e t a i l .  The process 

i s  i l l u s t r a t e d  i n  F i g .  4 . 1  and d e s c r i b e d  below. 

Whole ' c a t e g o r i e s ,  g roups .  o r  i n d i v i d u a l  ECOs can o f t e n  be e l i m i n a t e d  from 

f u r t h e r  c o n s i d e r a t i o n  on t h e  b a s i s  o f :  

il S p e c i f i c  r e q u e s t  o f  t h e  c l i e n t '  n o t  t o  l o o k  a t  c e r t a i n  c a t e 9 o r i e s  b r  

i tems as r e t r o f i t  cand ida tes .  

iil Low p r o j e c t e d  energy sav ings  as i d e n t i f i e d  t h r o u g h  energy d i s a g g r e g a t i o n  

techn iques .  

i i i )  Type o f  system, p rocess ,  o r  occupancy n o t  r e l e v a n t  t o  t h e  b u i l d i n g .  F o r  

example, a l l  ECOs concern ing  c o o l i n g  can be descarded f o r  b u i l d i n g s  

s i t e d  i n  a  r e g i o n  where c o o l i n g  i s  n o t  necessary ,  and 

i v l  C l e a r l y  un favourab le  paybacks o r  ' c a p i t a l  c o s t .  For  example, i f  t h e  

c l i e n t  has s e t  t h e  l i m i t  o f  a  two y e a r  payback, r e t r o f i t s  w i t h  l o n g e r  

paybacks c o u l d  be e l i m i n a t e d  u n l e s s  s p e c i f i c  reasons f o r  r e t a i n i n g  t h e  

ECO f o r  f u r t h e r  c o n s i d e r a t i o n  a r e  p resen t .  
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ECO implementation 

Tme + 

Fig. 6 . 1  F l o w c h a r t  o f  the ECO identification 
and e v a l u a t i o n  process. 
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4 .1 .2  r v  Evaluat ions 

Using r e a d i l y  a v a i l a b l e  in fo rmat ion ,  f o r  example, as b u i l t  drawings and 

maintenance records,  and then in fo rmat ion  from s i t e  inspec t ions ,  remaining 

ECOs can be d iscarded o r ' s o r t e d  i n t o  the f o l l ow ing  groups: 

i )  ECOs which should be implemented immediately, cons i s t i ng  o f  ope ra t i ona l  

o r  minor maintenance i tems. Inc luded are ECOs i d e n t i f i e d  as u l t i m a t e l y  

i n v o l v i n g  automatic opera t ion  bu t  u n t i l  then can b e  c a r r i e d  ou t  

manually . 
ii) ECOs t h a t  should be implemented w i thou t  f u r t h e r  eva lua t i on  if the  

equipment concerned i s  not  t o  be considered f o r  replacement. They mainly 

cons i s t  o f  maintenance o r  s m a l l w o r k s  i tems. 

iii) ECOs. e s s e n t i a l l y  equipment and b u i l d i n g  component mod i f i ca t i ons  o r  

replacements, t h a t  appear promis ing,  bu t  r e q u i r e  f u r t h e r  eva lua t ion .  

These ECOs should be categor ised o r  ranked according t o  t h e i r  apparent 

p o t e n t i a l  va lue.  

4 . 1 . 3  D e t a i l e d  Evaluat ions and Im~ lemen ta t i on  S t ra teay  

A t  t h i s  stage. the  task o f  the  aud i t o r  i s  t o  evaluate those ECOs se lec ted  f o r  

f u r t h e r  cons idera t ion ,  and t o  do so i n  an economical manner cons is ten t  w i t h  

the des i red  degree o f  accuracy. The eva lua t ion  process w i l l  i n vo l ve  e i t h e r  

d e t a i l e d  on -s i t e  i nves t i ga t i on ,  o r  ana l ys i s ,  o r  both.  

The f i n a l  output  should be a  recommended l i s t  o f  ECOs f o r  implementation and 

an o v e r a l l  implementation p lan  g i v i n g  d e t a i l s  o f  cash f lows.  One should 

consider ,  f o r  example, the  c l i e n t s  plans f o r  the  b u i l d i n g  and budget 

l i m i t a t i o n s .  the choice o f  ECOs where a l t e r n a t i v e s  may be chosen, and the  

e f f e c t s  o f  combinations and i n t e r a c t i o n s  between ECOs. The b u i l d i n g  owner has 

a  choice of opt ions f o r  implementation o f  the evaluated ECOs which inc lude:  
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il The sequence o f  r e t r o f i t s  t o  e f f e c t  changes i n  t h e  f o l l o w i n g  o r d e r :  

l oads ,  t e r m i n a l  equ ipment ,  d i s t r i b u t i o n  systems, and f i n a l l y  t h e  c e n t r a l  

p l a n t .  T h i s  i s  l o g i c a l  as ,  f o r  example, any b o i l e r  d e r a t i n g  shou ld  o n l y  

be c a r r i e d  o u t  once when a l l  o t h e r  l oads  have been m' inimized. 

i i )  Implement ing i n  o r d e r  o f  ascending payback o r  c a p i t a l  c o s t  ( see  App. H I .  

i i i )  U s i n g  r e t a i n e d  sav ings  f rom energy r e d u c t i o n s  t o  fund c a p i t a l  works,  and 

i v l  Combining energy r e t r o f i t t i n g  w i t h  o t h e r  maintenance o r  r e f u r b i s h m e n t .  

4 . 2  FACTORS AFFECTING THE VALUE OF AN ECO 

The reasons f o r  making inves tmen t  d e c i s i o n s  w i l l  v a r y  . and may i n c l u d e  h a r d  

t o  enumerate b e n e f i t s  such as improved appearance. consequen t l y ,  an a u d i t o r  

s h o u l d  n o t  make c o s t  b e n e f i t  d e c i s i o n s  i n  i s o l a t i o n  o f  t h e  b u i l d i n g  owner. 

Examples o f  p e r s p e c t i v e s  on c o s t  b e n e f i t  i n c l u d e :  

i )  A u t i l i t y  company m i g h t  want t o  i n v e s t  i n  c o n s e r v a t i o n  a c t i v i t i e s  l e s s  

c o s t l y  than  new g e n e r a t i o n  and d i s t r i b u t i o n  equipment (wh ich  would 

o t h e r w i s e  be r e q u i r e d  t o  meet a  g row ing  e l e c t r i c a l  demand). 

iil B e l i e v i n g  i t  more a t t r a c t i v e  t o  p o t e n t i a l . p u r c h a s e r s ,  an owner o f  a  

m u l t i - f a m i l y  complex m i g h t  r e p l a c e  group m e t e r i n g  w i t h  i n d i v i d u a l  

m e t e r i n g :  t h e  concern b e i n g  p r i m a r i l y  f o r  i nves tmen t  enhancement, n o t  

energy sav ings  (even though separa te  m e t e r i n g  s h o u l d  encourage energy 

c o s t  s e n s i t i v i t y  on t h e  p a r t  o f  t h e  t e n a n t s ) .  

4 . 2 . 2  R e t r o f i t  L o n a e v i t v  and Cost  E f f e c t i v e n e s s  

R e t r o f i t  l o n g e v i t y  and c o s t  ove r  t h e  expected l i f e t i m e  a r e  c l o s e l y  a s s o c i a t e d  

w i t h  t h e  e v a l u a t i o n  o f  d i r e c t l y  q u a n t i f i a b l e  c o s t  b e n e f i t s .  

T o t a l  annual  o p e r a t i n g  c o s t  shou ld  be cons ide red ,  hence l i f e t i m e  and 

maintenance c o s t s  s h o u l d  be parameters  i n  any ECO e v a l u a t i o n ,  which may n o t  

p rove  t o  be a  s i m p l e  m a t t e r .  The d u r a b i l i t y  o f  r e t r o f i t s  i s  l a r g e l y  unknown. 
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An example i s  t h e  inc reased  c o r r o s i o n  o f  heat  exchangers o f  h i g h  performance 

condens ing furnaces and b o i l e r s .  I f  c o r r o s i o n  s i g n i f i c a n t l y  reduces equipment 

l i f e t i m e ,  o r  i nc reases  maintenance c o s t s ,  t h e  c o s t  e f f e c t i v e n e s s  i s  g r e a t l y  

reduced. Obv ious ly ,  two r e t r o f i t s  o f  equal  c a p i t a l  c o s t  and energy sav ings  

a r e  n o t  equa l  investments  i f  one has t w i c e  t h e  expected '  l i f e  o f  t h e  o t h e r .  

4 .2 .3  Combinat ion o f  ECOs and ECO oackaainq 

I n  a n a l y z i n g  a  s i n g l e  ECO, i t  must be kep t  i n  mind t h a t  r e t r o f i t t i n g  e x i s t i n g  

b u i l d i n g s  u s u a l l y  i n v o l v e s  ECOs i n  combinat ion.  The f i r s t  q u e s t i o n  i s :  a r e  

t h e  i n d i v i d u a l  ECOs d i r e c t e d  a t  t h e  same component o f  energy l o s s  and 

t h e r e f o r e  n o t  a d d i t i v e ?  An example would be i n s t a l l i n g  more e f f i c i e n t  bu rne rs  

i n  a  b o i l e r  i n  a d d i t i o n  t o  a  f l u e  gas heat  exchanger.  Perhaps t h e  chosen ECOs 

r e p r e s e n t  t h e  o t h e r  ext reme:  they a r e  t r u l y  independent ,  and sav ings  from 

each can be added. I n  some i n s t a n c e s  s u p e r - a d d i t i v e  c o n d i t i o n s  may be 

p resen t ,  f o r  example, s e a l i n g  a i r  leakage s i t e s  under i n s u l a t i o n  no t  o n l y  

reduces a i r  i n f i l t r a t i o n ,  b u t  can inc rease  t h e  t h e r m a l  r e s i s t a n c e .  O f ten  

t h e r e  i s  a  degree o f  o v e r l a p  between d i f f e r e n t  ECOs. Reference t o  pas t  

h i s t o r y  o f  s i m i l a r  r e t r o f i t  a c t i o n s  h e l p s  making sound judgments. 

C a l c u l a t i o n  o f  t h e  energy sav ings  f rom a  success ive  a p p l i c a t i o n  o f  a  number 

o f  ECOs a l s o  p resen ts  d i f f i c u l t i e s ;  t h i s  i s  e s p e c i a l l y  t h e  case where o p t i m a l  

comb ina t ions  a r e  b e i n g  sought (see App. H ) .  

I t  i s  o f t e n  advantageous t o  group a  s e t  o f  complementary ECOs i n t o  an ECO 

package which has been demonst ra ted t o  p r o v i d e  energy sav ings .  Examples o f  

such packaging i n c l u d e  i n s u l a t i o n  upgrade w i t h  window ECOs, and h e a t i n g  

system fu rnace  e f f i c i e n c y  improvements w i t h  enhanced c o n t r o l s .  

4 . 2 . 4  Side E f f e c t s .  Comfort. A l lowance.  and I n t e r a c t i o n s  

Focus ing o n l y  on d i r e c t  energy sav ings  and c o s t  i n  ECO cho ices  may prove t o  

be s h o r t s i g h t e d .  S ide  e f f e c t s  may prove h i g h l y  b e n e f i c i a l  o r ,  c o n v e r s e l y .  

t h e r e  may be d e t r i m e n t a l  e f f e c t s  sugges t ing  t h a t  t h e  ECO be avo ided.  
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One example o f  b e n e f i c i a l  s i d e  e f f e c t s  i s  t h e  e l i m i n a t i o n  o f  c o n v e c t i v e  l o o p  

a i r  f l ows  ( p e n e t r a t i o n s  o f  c o l d  a i r  i n t o  t h e  b u i l d i n g  envelope d u r i n g  t h e  

h e a t i n g  season) .  T h e a p p r o p r i a t e  ECO c h o i c e  w i l l  a l l o w  i n t e r i o r  su r faces  t o  

reach  p roper  tempera tu res ,  add t o  t h e . c o m f o r t  o f  t h e  occupants ,  and s o l v e  

p o s s i b l e  condensat ion problems. There may even be an a d d i t i o n a l  energy sav ing  

p o t e n t i a l ,  s i n c e  c o l d  r a d i a t i o n  may be reduced,  a l l o w i n g  f o r  lower  

tempera tu re  s e t  p o i n t s .  On t h e  o t h e r  hand, m a r g i n a l l y  v e n t i l a t e d  a t t i c  spaces 

may exper ience  m o i s t u r e  damage when a d d i t i o n a l  i n s u l a t i o n  i s  added t o  t h e  

c e i l i n g : .  t h e  m o i s t u r e  r e l e a s e  f r o m  t h e  i n t e r i o r  may rema in  unchanged, b u t  t h e  

c o o l e r  a t t i c  space may now be prone t o  m o i s t u r e  condensa t ion  and r o o f  damage. 

When c o n s i d e r i n g  changes, i t  i s  i m p o r t a n t  t h a t  a p p r o p r i a t e  env i ronmenta l  

q u a l i t i e s ,  such as a i r  t empera tu res  and v e n t i l a t i o n  r a t e s ,  a r e  ma in ta ined .  

Wi thou t  such c o n t r o l  t h e  r e t r o f i t  measures may even r e s u l t  i n  a d d i t i o n a l  

energy consumed. f o r  example, add ing i n s u l a t i o n  may worsen apar tment .  

o v e r h e a t i n g ,  caus ing  a d d i t i o n a l  window openings and energy losses .  

I n  some ins tances ,  l a c k  of comfo r t  has m o t i v a t e d  an energy a u d i t .  Where 

p o s s i b l e .  ways o f  improv ing  comfo r t  a m i n i m i s i n g  energy use shou ld  be 

sough t .  ECO cho ices  adding t o  human c o m f o r t  may n o t  o n l y  mean e x t r a  energy 

sav ings ,  b u t  can w i n  t h e  c o n f i d e n c e  o f  t h e  occupants .  which i s  so e s s e n t i a l  

t o  an e f f e c t i v e  energy s a v i n g  campaign. Energy c o n s e r v a t i o n  e f f o r t  shou ld  n o t  

compromise c o m f o r t ,  and t h e  a u d i t o r . s h o u l d . a i m  t o  p r o v i d e  n o r m a l l y  accep tab le  

comfo r t  . c o n d i t i o n s .  Where the,,audit uncovers  unaccep tab le  c o n d i t i o n s ,  these  

shou ld  n o t  be igno red .  . e v e n  i f  t o  jmprove such' c o n d i t i o n s  r e q u i r e s  t h e  

e x p e n d i t u r e  o f  some a d d i t i o n a l  energy.  (OFAC. 1983) 

I n d i r e c t  e f f e c t s  i n  t h e  form o f  t a n g i b l e  energy consequences must n o t  be 

ove r looked ,  e s p e c i a l l y  where t h e  imp lemen ta t i on  o f  an ECO i n  one area impacts  

upon t h e  use o f  energy o r  an ECO i n  another  a rea .  For example, r e d u c i n g  

l i g h t i n g  loads w i l l  d i r e c t l y  reduce e l e c t r i c i t y  use ,  b u t  may a l s o  i n d i r e c t l y  

reduce c o o 1 i n g c o n s u m p t i o n  and i n c r e a s e  h e a t i n g  consumption. S i m i l a r l y ,  i n  a  

t e r m i n a l  r e h e a t  system where t h e  supp ly  a i r  v o l u m e o r  tempera tu re  i s  n o t  

changed, t h e  f u l l  b e n e f i t  o f  reduced h e a t i n g - c o o l i n g  would n o t  be r e a l i z e d .  
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4 . 2 . 5  Choice o f  A l t e r n a t i v e  ECDs and C o w l e d  Q ~ ~ o r t u n l t i e s  for  ECOs 

I n  some cases,  a l t e r n a t i v e  ECOs o r  g e n e r a l  s t r a t e g i e s  need t o  be eva lua ted .  

For  i n s t a n c e ,  t h e r e  a r e  two v e r y  d i f f e r e n t  enve lope s t r a t e g i e s  a s s o c i a t e d  

w i t h  windows: one a  d e f e n s i v e  s t r a t e g y ,  p u r s u i n g  such o p t i o n s  as r e p l a c i n g  

g l a z i n g  w i t h  i n s u l a t e d  pane ls .  The a l t e r n a t i v e  s t r a t e g y  b e i n g  t o ' . c a p i t a l i s e  

on t h e  p o t e n t i a l  b e n e f i t s  a s s o c i a t e d  w i t h  d a y l i g h t i n g  and w i n t e r  s o l a r  g a i n s .  

I n  t h e  l i f e t i m e  o f  any b u i l d i n g  t h e r e  a r e  c r i t i c a l  t imes  f o r  major  r e p a i r s  

and rep lacements .  Combining such e x t e n s i v e  r e p a i r s  w i t h  ECOs may be a  l o g i c a l  

r a y  t o  j u s t i f y  a p a r t i c u l a r  ECO. F o r  example, i t  i s  o f t e n  h a r d  t o  j u s t i f y  

r o o f  i n s u l a t i o n  where t h i s  would r e q u i r e  removal  o f  t h e  r o o f i n g  m a t e r i a l ;  

however, c o u p l i n g  i n s u l a t i o n  w i t h  needed r o o f  rep lacement  can make t h i s  ECO a  

h i g h  energy saver  because o f  t h e  s m a l l  i nc remen ta l  c o s t  - a  c o s t  f r e e d  from 

t h e  r o o f i n g  c o s t  which was a l r e a d y  i n e v i t a b l e .  

Yhere many s i m i l a r  b u i l d i n g s  a r e  b e i n g  cons ide red  f o r  r e t r o f i t t i n g ,  t h e r e  i s  

a  p o s s i b i l i t y  f o r  economy and e f f e c t i v e n e s s  by  a u d i t i n g  i n  d e t a i l  one o r  more 

r e p r e s e n t a t i v e  b u i l d i n g s  w i t h  a  v iew t o  a p p l y i n g  t h e  r e s u l t s  t o  o t h e r  

b u i l d i n g s .  Fur thermore,  t h e  r e t r o f i t  c o s t  shou ld  a l s o  be reduced as t h e  same 

ECOs can be implemented i n  a  number o f  s i m i l a r  b u i l d i n g s .  One must t a k e  i n t o  

account  t h a t  t h e  o p p o r t u n i t i e s  f o r  c o s t  r e d u c t i o n s  due t o  group d i s c o u n t s  can 

change t h e  p r i o r i t i e s  o f  d i f f e r e n t  ECOs as t h e  inves tmen t  c o s t  i s  m o d i f i e d .  

Th is  can l e a d  t o  ECO comb ina t ions ,  which a r e  o p t i m a l ,  n o t  f o r  energy 

c o n s e r v a t i o n ,  b u t  f rom t h e  p o i n t  o f  v iew o f  c o s t  e f f i c i e n c y  f o r  a  g i v e n  

budget .  

On a  s m a l l e r  s c a l e ,  c o o p e r a t i o n  between b u i l d i n g  owners, so t h a t  ma jo r  

purchases o f  energy sav ing  i tems can  be a r ranged ,  o f f e r s  t h e  o p p o r t u n i t y  f o r  

c o s t  r e d u c t i o n s  and improved c o s t t b e n e f i t  r a t i o s .  For  example, t h e r m o s t a t i c  

steam o r  h o t  water  r a d i a t o r  v a l v e s  c o u l d ,  i f  they prove s u c c e s s f u l  i n  one o f  

t h e  b u i l d i n g s  o f  a  hous ing  a u t h o r i t y ,  a l s o  be employed i n  o t h e r  b u i l d i n g s .  

the reby  p e r m i t t i n g  a  major  purchase w i t h  a  b u l k  d i s c o u n t .  
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Yhether  o r  n o t  an energy sav ing  r e t r o f i t  a c t i v i t y  takes  p l a c e  i n  a  b u i l d i n g  

o f t e n  depends on who b e n e f i t s .  For  i n s t a n c e ,  i n  t h e  m u l t i - f a m i l y  b u i l d i n g  

s e c t o r  owners, o p e r a t o r s  and t e n a n t s  may have d i f f e r e n t  m o t i v a t i o n s  r e g a r d i n g  

energy and expense. 

I f  t h e  owner can pass energy expenses d i r e c t l y  t o  t h e  t e n a n t ,  he has l i t t l e  

i n t e r e s t  i n  implement ing any ECOs. Only  when energy c o s t s  make i t  d i f f i c u l t  

t o  f i n d  new t e n a n t s ,  may t h e  owner be s u f f i c i e n t l y  i n t e r e s t e d  t o  trim energy 

c o s t s .  

F r e q u e n t l y ,  s i n c e  i n d i v i d u a l  t e n a n t s  a r e  n o t  d i r e c t l y  r e s p o n s i b l e  f o r  h e a t i n g  

energy c o s t s ,  t hey  may o p e r a t e  apar tments  a t  h i g h e r  than  necessary  

tempera tu res  and o p e n  windows beyond t h a t  reasonab le  f o r  v e n t i l a t i o n  

purposes.  S ince  they  have no ownersh ip ,  t hey  g e n e r a l l y  have l i t t l e  concern i n  

a d o p t i n g  energy s a v i n g  b e h a v i o r  o r  i n t e r e s t  i n  energy sav ing  inves tmen t .  

F i n a l l y ,  b u i l d i n g  o p e r a t o r s  may be p r i m a r i l y  i n t e r e s t e d  i n  m i n i m i z i n g  tenan t  

c o m p l a i n t s  i n  o r d e r  t o  s i m p l i f y  t h e i r  j o b s ,  and g i v e  concern f o r  energy 

sav ings  o n l y  second p r i o r i t y .  

. . 
4 . 2 . 8  G r a n t s .  S u b s i d i e s  and Tax W r i t e - o f f s  

Energy c o n s e r v a t i o n  programs, w i t h  a s s o c i a t e d  t a x  a l l owances  o r  s u b s i d i e s  on 

s p e c i f i c  ECO i t e m s ,  s h o u l d  make t h e  energy a u d i t o r  s e n s i t i v e  t o  an ECO which 

can move f rom b e i n g  a  m a r g i n a l  c h o i c e  t o  one which i s  h i g h l y  a t t r a c t i v e .  

V iew ing  such programs as un ique  o p p o r t u n i t i e s  t o  ach ieve  s p e c i f i c  energy 

sav ings  g o a l s  i s  an impor tan t  ECO imp lemen ta t i on  s t r a t e g y .  Such o p p o r t u n i t i e s  

a r e  o f t e n  a v a i l a b l e  f o r  o n l y  l i m i t e d  p e r i o d s ,  a  f a c t  t h a t  shou ld  be 

cons ide red  when deve lop ing  an energy r e t r o f i t  imp lemen ta t i on  s t r a t e g y .  
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CHAPTER 5 POST IIIPLEIIENTATIOI PERFORMNCE ANALYSIS 

5 . 1  YHY AND WHO 

Those managing, pay ing  f o r ,  and b e n e f i t i n g  from t h e  a u d i t i n g  and t h e  Energy 

Conserva t ion  O p p o r t u n i t y  (ECO) imp lemen ta t i on  may w ish  t o  agree on a  Post  

Imp lemen ta t i on  Performance A n a l y s i s  (PIPA) .  The c o n t e n t  o f  t h e  a n a l y s i s  w i l l  

depend on t h e  t y p e  o f  c o n t r a c t  between t h e  b u i l d i n g  owner and t h e  company 

implement ing t h e  ECOs. 

D i f f e r e n t  i n t e r e s t e d  p a r t i e s  can be i d e n t i f i e d :  

1. The h u i l d i n u  owner [ b u i l d i n g  manager, c o n s u l a n t  f i r m ) .  

Bin: To check t h e  e f f e c t i v e n e s s  of  t h e  ECOs implemented, n o t  o n l y  t h e  

energy s a v i n g ,  b u t  t h e  workmanship and, hence, a n t i c i p a t e d  d u r a b i l i t y .  

The b u i l d i n g  owner may be i n t e r e s t e d  i n  t h e  success o f  t h e  ECO f o r  

a p p l i c a t i o n  t o  o t h e r  b u i l d i n g s .  He may a l s o  be i n t e r e s t e d  i n  t h e  impact 

o f  t h e  ECO on c o m f o r t ,  appearance, and f u n c t i o n a l i t y .  

2 .  A  rpmeanv imolement ina t h e  ECOs and compensated on t h e  b a s i s  o f  t h e  

energy saved. 

: To e v a l u a t e  t h e  l e v e l  o f  sav ings  and t h e  payments due. 

The p a r t i e s  w i l l  have t o  agree on a  methodology f o r  t h e  PIPA, i n c l u d i n g  a  

c l e a r  d e f i n i t i o n  o f  t h e  energy saved. D i f f e r e n t  d e f i n i t i o n s  and scorekeeping 

methods can be used, depending on whether a  s i n g l e  b u i l d i n g  o r  a  group o f  

b u i l d i n g s  (see s e c t i o n  5.21 i s  i n v o l v e d .  The company may a l s o  be i n t e r e s t e d  

i n  i d e n t i f y i n g  t h e  most p r o f i t a b l e  ECOs and i n  e s t a b l i s h i n g  a  t r a c k  r e c o r d  t o  

show t o  p r o s p e c t i v e  c l i e n t s .  

3. Gpvernment o r  l o c a l  agenc ies.  

To check whether  t h e  c o n d i t i o n s  f o r  p u b l i c  f i n a n c i n g  have been met.  



Ch. 5 Post Implementation Performance Analys is  

An energy a u d i t  and ECO implementation may be checked by governmental o r  

l o c a l  agencies d i s t r i b u t i n g  subs id ies  according t o  the  post- implementat ion 

energy perlormance o r  some o ther  c r i t e r i a .  I n  f r a m e ,  f o r  instance,  the  

requirements f o r  a  s t a t e  subsidy a re  t h a t  t he  energy a u d i t  be complete, 

c a r r i e d  out  by l i censed p ro fess iona l s  and achieve a  10 per cent  energy 

savings. 

4 .  h a 1  a d m i n i s t r a t i o m  o r  enerav u t i l i t i e s  ( e l e c t r i c  o r  gas) .  

A&): l o  assess t he  e f f e c t s  o f  the  ECOs (see 1  above). 

Here the  i n te res ted  p a r t y  c a r r i e s  ou t  r e t r o f i t s  t o  a  l a rge  number o f  

b u i l d i n g s .  More importance i s  g iven t o  the  o v e r a l l  r e s u l t s  and t he  e f f e c t s  on 

the  t o t a l  erlergy consumption than t o  the  r e s u l t s  f o r  s p e c i f i c  b u i l d i n g s .  

l n f o rma t i on  on how t h e  r e t r o f i t  has a f f e c t e d  the  load growth, and how the  

expendi ture on load reduc t i on  compares w i t h  the  expendi ture requ i red  f o r  new 

equipment, i s  o r  i n t e r e s t .  

5 .  O i l  and aas u t i l i t i e s  o f f e r i n g  con t rac t s  f o r  the  supply o f  use fu l  heat  

t o  dwe l l i ngs  ins tead o f  s e l l i n g  f u e l .  

h: A post- implementat ion a u d i t  t o  check investments o f  the  company. 

This type o f  con t rac t  normal ly  guarantees no t  on ly  comfort l e v e l s ,  b u t  

r educ t i ons  i n  heat ing expendi ture as w e l l .  The longer the  d u r a t i o n  o f  the  

con t rac t ,  the  g rea ter  the  amount o f  investment the  f i r m  can a f f o r d  and. 

hence, the  g rea ter  the  energy savings which can be agreed o r  guaranteed. 

6 .  P o l i c v  makerq i n  r eg iona l  and n a t i o n a l  governments p lanning f i n a n c i a l  

support f o r  la rge-sca le  energy conservat ion.  

h: l n f o rma t i on  on t he  cos t -e f fec t i veness  o f  ECOs and t h e i r  impact on 

the energy consumption o f  the b u i l d i n g  s tock .  

Other p a r t i e s  invo lved  i n  the  energy conserva t ion  process, though having no 

d i r e c t  f i n a n c i a l  r o l e  i n  the ECO implementation, may never the less  be 

i n t e r e s t e d  i n  t he  r e s u l t s  o f  t he  r e t r o f i t .  They are:  
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il Occupants i n t e r e s t e d  i n  t h e  q u a l i t y  o f  t h e  j o b ,  t h e  c o m f o r t  l e v e l ,  and 

t h e  change i n  energy e x p e n d i t u r e .  

iil Energy a u d i t  companies i n t e r e s t e d  i n  improv ing  t h e i r  a u d i t i n g  methods 

and c o l l e c t i n g  f i e l d  d a t a  on ECO per formances,  and 

iiil Manu fac tu re rs ,  d e a l e r s ,  and i n s t a l l e r s  i n t e r e s t e d  i n  improv ing  t h e  

performance o f  t h e i r  p r o d u c t  t o  promote f u t u r e  sa les .  

The prob lem o f  a  s imp le  and r e l i a b l e  check o f  t h e  r e t r o f i t  work i s  n o t  o n l y  

t e c h n i c a l ,  b u t  a l s o  has l e g a l  i m p l i c a t i o n s .  The s e l e c t i o n  o f  check ing  

procedures must,  t h e r e f o r e .  be adapted t o  n a t i o n a l  o r  l o c a l  laws and h a b i t s .  

5.2 RETROFIT EVALUATION 

Depending on t h e  t y p e  o r  a u d i t  and energy c o n s e r v a t i o n  a c t i o n ,  t h e  p o s t -  

imp lemen ta t i on  check can address e i t h e r  a  s t o c k  o f  b u i l d i n g s ,  a  s p e c i f i c  

b u i l d i n g ,  o r  a  b u i l d i n g  component. A u d i t i n g  methods, t h e r e f o r e ,  have t o  be 

chosen w i t h  r e g a r d  t o  t h e  i n t e r e s t e d  p a r t i e s  and t h e  r e t r o f i t  c o m p l e x i t y .  

Three b a s i c  methods (see  F racas to ro -Lyberg .  1983) a r e  a v a i l a b l e  f o r  

q u a n t i f y i n g  t h e  energy sav ings  due t o  r e t r o f i t t i n g .  These methods a r e :  

il The b e r o r e l a f t e r  exper imen t .  

iil The t e s t l r e f e r e n c e  c o n t r o l  exper imen t ,  and 

iiil The o n l o f f  exper imen t .  

The f i r s t  two methods a r e  t h e  most used i n  energy a u d i t i n g .  Due t o  

d i f f i c u l t i e s  o f  measuring energy consumption, u n c e r t a i n t i e s  i n  c l i m a t i c  

c o r r e c t i o n s ,  and b u i l d i n g  dynamic e f f e c t s ,  t h e  r e s u l t s  f rom any o f  t hese  

methods shou ld  o n l y  be cons ide red  s i g n i f i c a n t  i f  t h e '  r e t r o f i t  has a  

n o t i c e a b l e  e f f e c t  on t h e  b u i l d i n g  energy use o r  t h e  component o f  energy,use 

s t u d i e d .  I n  p r a c t i c e  t h i s  o f t e n  means an e f f e c t  o f  a t  l e a s t  f i v e  t o  t e n  pe r  

cen t .  

The o n l o f f  exper iment  can o n l y  be a p p l i e d  when r e t r o f i t s  a r e  r e v e r s i b l e .  T h i s  

requ i remen t  l i m i t s  i t s  a p p l i c a b i l i t y  t o  a  few cases. For  example, t h e  e f f e c t  
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0 1  n i g h t  se tback .  can e a s i l y  be checked w i t h  t h e  o n l o f f  method. T h i s  method 

can be cons ide red  a  p a r t i c u l a r  case o f  t h e  more g e n e r a l  b e f o r e l a f t e r  method. 

The b f o r e l a f t e r  e x o e r w  i s  t h e  most common check p rocedure ,  and i s  t h e  

most a p p r o p r i a t e  f o r  an i n d i v i d u a l  b u i l d i n g s .  I t  i s  a p p l i c a b l e  b o t h  t o  

b u i l d i n g  energy consumpt ion and t o  t h e  performance o f  r e t r o f i t t e d  b u i l d i n g  

components. F o r  t h e  check o f  energy sav ings  a t  t h e  b u i l d i n g  l e v e l ,  t h e  method 

r e l i e s  on t h e  d e f i n i t i o n  o f  'energy saved' as ' t h e  d i f f e r e n c e  between a c t u a l  

consumpt ion and t h e  consumpt ion t h a t  would  have occured had t h e r e  been no 

r e t r o f i t  i n t e r v e n t i o n . '  T h i s  i m p l i e s  t h a t :  

a)  The same t y p e  o f  consumpt ion o r  per lormance d a t a  must be c o l l e c t e d  b o t h  

b e f o r e  and a f t e r  t h e  ECO imp lemen ta t i on ,  

b )  Yeather  c o r r e c t i o n s  must be a p p l i e d  t o  space c o n d i t i o n i n g  consumpt ion.  

c )  C o r r e c t i o n s  must be made f o r  changes i n  i n d o o r  c l i m a t e .  

d l  The o c c u p a n t ' s  behav io r  must be assumed unchanged, and 

e l  O the r  changes i n  equipment o r  enve lope must be cons ide red  and t h e i r  e f f e c t  

must be i s o l a t e d .  

D i f f e r e n t  procedures f o r  weather c o r r e c t i o n  a r e '  i n  use (see AT E.1) .  The da ta  

from e i t h e r  t h e  b e l o r e  o r  t h e  a f t e r  p e r i o d  can be c o r r e c t e d  f o r  Comparison 

w i t h  t h e  d a t a  f rom t h e  o t h e r  p e r i o d .  The b e f o r e  and a f t e r  p e r i o d s  can a l s o  

b o t h  be c o r r e c t e d  t o  a  no rma l i zed  annual  consumption u s i n g  t e s t  r e f e r e n c e  

y e a r  weather  d a t a  ( F e l s .  19821. The l a s t  o p t i o n  i s  p r e f e r a b l e  because t h e  

energy d a t a ,  no rma l i zed  and c o r r e c t e d  t o  s tandard  c o n d i t i o n s ,  can be compared 
I 

w i t h  s i m i l a r  d a t a  f rom o t h e r  r e t r o f i t t e d  b u i l d i n g s .  

P o i n t  ( c )  above shou ld  n o t  be ove r looked ,  s i n c e  i t  i s  w e l l  known t h a t ,  i n  

d w e l l i n g s ,  occupants  tend  t o  forgo. a  p a r t  o f  t h e  sav ings  which r e t r o f i t t i n g  

c o u l d  b r i n g ,  i n  o r d e r  t o  e n j o y  a  h i g h e r  l e v e l  o f  comfo r t .  

The i e s t l r e f e r e n c a  c o n t r o l  t y p e  o f  check i s  recommended when t h e  ECO i s  

a p p l i e d  t o  a  number o f  b u i l d i n g s  and when t h e r e  a r e  reasons t o  b e l i e v e  t h a t  

t h e  sav ings  ach ieved  can be masked by  e x t e r n a l  e v e n t s ,  such as d r a s t i c  

changes i n  f u e l  p r i c e s ,  f u e l  s w i t c h i n g ,  o r  changes i n  occupant  b e h a v i o r .  I n  
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t h i s  case, the  b u i l d i n g s  t o  which t h e  r e t r o f i t  has been a p p l i e d  1- group)  

a r e  compared w i t h  a  group o f  s i m i l a r  b u i l d i n g s  ( r e f e r e m  o r  group)  

which have r e c e i v e d  no r e t r o f i t .  Two types o f  c o n t r o l  a r e  a p p l i c a b l e :  

i )  Matched c o n t r o l ,  and 

iil Aggregated c o n t r o l .  

The m t c h e d  c o n t r a 1  group and t h e  t e s t  group shou ld  c o n t a i n  the  same number 

o f  b u i l d i n g s  w i t h  s i m i l a r  c h a r a c t e r i s t i c s ,  l o c a t i o n ,  and occupancy. Changes 

i n  consumption i n  the  c o n t r o l  group can then  be presumed t o  occur  a l s o  i n  t h e  

t e s t  group. 

The use o f  paareaated c o n t r o l  r e q u i r e s  consumption d a t a  f o r  a  l a r g e  

( m u n i c i p a l  o r  r e g i o n a l )  b u i l d i n g  s tock  a g a i n s t  which t o  compare t e s t  group 

d a t a .  I t  i s  impor tan t  t o  s t r e s s  t h a t ,  i n  t h i s  case, t h e  energy sav ings a r e  

t h e  d i f f e r e n c e  between t h e  a c t u a l  consumption and the  consumption t h a t  would 

have occured had t h e  b u i l d i n g s  ac ted  l i k e  average b u i l d i n g s .  Due t o  t h e  

r e q u i r e d  s i z e  o f  t h e  c o n t r o l  group,  t h i s  method i s  i n  p r a c t i c e  mos t l y  a p p l i e d  

t o  r e s i d e n t i a l  b u i l d i n g s .  

I f  t h e  g o a l  i s  t o  e v a l u a t e  t h e  e f f e c t  o f  a  l a r g e  energy c o n s e r v a t i o n  program 

i n  a  b u i l d i n g  s t o c k ,  the  use o f  aggregated c o n t r o l  i s  a  s u i t a b l e  method. 

Both the  matched and aggregated c o n t r o l  methods have advantages and drawbacks 

( D a r l e y .  19801. A  m b i n e d  method can a l s o  b e  env isaged.  a p p l y i n g  t h e  

aggregated c o n t r o l  f i r s t  f o r  e s t i m a t i n g  genera l  t r e n d s ,  and then  a  matched 

c o n t r o l  f o r  a  more accura te  measure o f  the  sav ings due t o  r e t r o f i t s  a lone.  

ECOs may be implemented n o t  o n l y  t o  save energy,  b u t  a l s o  t o  improve t h e  

indoor  c l i m a t e ,  f o r  example, i n  d w e l l i n g s ,  p r e v i o u s l y  unheated rooms can be 

t rans fo rmed i n t o  h a b i t a b l e ,  heated areas u s i n g  t h e  excess h e a t i n g  power 

r e s u l t i n g  from upgraded i n s u l a t i o n .  An improved environment can a l s o  be 

o b t a i n e d  by upgrad ing  l i g h t i n g ,  n o i s e  r e d u c t i o n ,  b e t t e r  i n t e r n a l  m o b i l i t y .  

m o i s t u r e  e l i m i n a t i o n ,  and b e t t e r  a i r  q u a l i t y .  A  s imp le  comparison o f  t h e  

b e f o r e  and a f t e r  f u e l  expend i tu res  i s  then  no longer  v a l i d .  More d e t a i l e d  
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eva lua t ions  are requ i red :  the  increased comfor t  must be expressed i n  terms o f  

energy. and t h i s  energy sub t rac ted  from the  b u i l d i n g  energy use be fore  

comparing w i t h  the  p r e - r e t r o f i t  consumption. 

5.3 CHECK AND MEASURING PROCEDURES 

Once the  r e t r o f l t  has been completed and the b u i l d i n g  owner informed, a j o i n t  

procedure f o r  checking the  work can begin.  The check procedure inc ludes  n o t  

on l y  energy performance aspects, b u t  a l so  the qua1 i t y ,  con formi ty  t o  con t rac t  

s p e c i f i c a t i o n s  and norms, sa fe t y  standards, e t c .  A g rea t  dea l  o f  r e t r o f i t t i n g  

work can be checked a f t e r  on ly  a sho r t  inspec t ion .  O i r e c t  measurements a re  

needed, however, when energy savings o f  s p e c i f i c  EC0s are t o  be determined. 

Acceptance can on l y  be g iven  on a p r o v i s i o n a l  bas is  when o the r  aspects o f  the  

work r e q u i r e  a longer pe r i od  f o r  the  check; f o r  example: 

i ) .  Seasonal o r  annual energy consumption. 

iil Seasonal o r  annual p l a n t  e f f i c i e n c i e s .  

i i i )  Performance o f  c o n d i t i o n i n g  systems dur ing  extreme c l i m a t i c  s i t u a t i o n s  

and response t o  c l i m a t i c  in f luences  such as sun and wind, and 

i v )  A b i l i t y  t o  reach the  requ i red  comfor t  l e v e l  

When eva lua t i ng  the o v e r a l l  energy savings obta ined,  t h i s  e n t i t y  can be 

determined by d i r e c t  measuremini. For instance,  a simple b u i l d i n g  energy 

s igna ture  measurement i s  an inexpensive and r e l i a b l e  method. Usua l l y .  the  

b u i l d i n g  owner i s  no t  i n t e r e s t e d  i n  knowing hpll t he  energy i s  measured: he 

wants t o  know hQy much B L ~ M  he has saved. The most popular  method f o r  

measuring g l o b a l  energy savings i s .  there fo re ,  based on the  ana l ys i s  o f  

W r a v  b i l b  ( f u e l  and e l e c t r i c i t y ) .  

The per iods  chosen f o r  d e f i n i n g  the  be fore  and a f t e r  consumption l e v e l s  

cannot be very sho r t .  I t  i s  common t o  determine the  before consumption on t he  

bas i s  o f  b i l l s  from two o r  th ree  years ,  a l though the  a f t e r  consumption cou ld  

be determined i n  a much sho r te r  t ime. Nevertheless,  a check pe r i od ,  l i m i t e d  

t o  a s i n g l e  yedr ,  does no t  g i v e  the  c l i e n t  a s u f f i c i e n t  guarantee o f  the  
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d u r a b i l i t y  o f  t h e  energy sav ings  ach ieved.  The i n s t a l l a t i o n  o f  v a r i o u s  meters  

(hea tmete r ,  f ue lme te r .  SHY meters ,  e t c . ) .  o r  computer ized m o n i t o r i n g  dev ices .  

c o u l d  be j u s t i f i e d  as ECOs because i t  a l l o w s  f o r  b e f o r e l a f t e r  a n a l y s i s  as 

w e l l  as l ong - te rm c o n t r o l  o f  t h e  b u i l d i n g  energy performance. 

Performance cnecks o f  r e t r o f i t t e d  components a r e  r e l a t e d  n o t  o n l y  t o  t h e  

p a r t i c u l a r  r e t r o f i t  and t h e  e x p e n d i t u r e ,  b u t  a l s o  t o  t h e  t y p e  o f  c o n t r a c t  and 

war ran ty .  D e t a i l e d  measurements (see APP. F  and G I  may be used t o  t e s t  t h e  

e f f i c i e n c y  o f  t h e  r e t r o f i t .  S ince these  t e s t s  a r e  c o s t l y  due t o  

i n s t r u m e n t a t i o n  and work ing  t i m e ,  they  shou ld  be p lanned w i t h  due 

c o n s i d e r a t i o n  o f  need, l e v e l ,  and c o s t .  For examp1e;when j u s t i f i a b l e ,  t h e  

f o l l o w i n g  t e s t s  c o u l d  be c a r r i e d  o u t :  

il I f  t h e  r e t r o f i t  c o n s i s t s  O f  upg rad ing  t h e  i n s u l a t i o n :  a  the rmograph ic  

i n s p e c t i o n ,  a  U-va lue measurement o f  t h e  i n s u l a t e d  w a l l s ,  o r  a  

d e t e r m i n a t i o n  o f  t h e  w a l l  g l o b a l  heat  l o s s  c o e f f i c i e n t  (see AP E.1. E.2)  

i i )  I f  t h e  r e t r o f i t  c o n s i s t s  o f  improv ing  t h e  b u i l d i n g  a i r  t i g h t n e s s :  a  

p r e s s u r i z a t i o n  t e s t  ( see  AP E.5 and E.61, and 

iiil I f  t h e  r e t r o f i t  c o n s i s t s  o f  b o i l e r  per formance improvement o r  b o i l e r  

rep lacement :  measurement o f  b o i l e r  combust ion and s t e a d y - s t a t e  

e f f i c i e n c y  and a  measurement o f  b o i l e r  stand-by l o s s e s  (see AP H . l  and 

H.2).  These measurements shou ld  be c a r r i e d  ou t  by t h e  b o i l e r  i n s t a l l e r  

w i t h o u t  any a d d i t i o n a l  charge.  

A second measurement campaign t a k i n g  p l a c e  a f t e r  some t i m e  c o u l d  i n v o l v e  t h e  

same t e s t s  as i n  t h e  f i r s t  campaign. (Yeinman. 1986.1 T h i s  m igh t  a l l o w  t h e  

d e t e c t i o n  and e s t i m a t i o n  o f  changing c o n d i t i o n s .  
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5.4 THE GUARANTEE CHECK 

A guarantee check may be requ i red  when t he  p a r t i e s  invo lved  i n  b u i l d i n g  

r e t r o f i t t i n g  expect money and energy savings i n  agreement w i t h  the  p red i c ted  

savings (see sec t i on  5 .1 .  2 and 51. The discrepancy between t he  p red i c ted  and 

ac tua l  savings i s  i n  many cases r a t h e r  large (Norlen-Holgersson. 1981: H i r s t .  

1984).  see F i g  5.1 .  An aud i t o r  o r  u t i l i t y  should apply an appropr ia te  sa fe t y  

margin when determining the energy savings guaranteed t o  the  c l i e n t .  This 

margin cou ld  be obta ined from data  on the  average savings o f  pas t  a u d i t i n g  

a c t i v i t y .  The b u i l d i n g  owner w i l l  wish t o  be compensated if the ac tua l  

savings are less  than those guaranteed. For the  f i r s t  year. t he  pena l ty  cou ld  

be p r o p o r t i o n a l  t o  the d i f f e r e n c e  between the  guaranteed and the  ac tua l  

energy savings. The p r o p o r t i o n a l i t y  f ac to r  should increase sharp ly  w i t h  t ime 

i f  the  conservat ion company does no t  modify and improve the i n s t a l l e d  ECOs. 

Theoretical savings (m3 oil/home) 

F i g .  5 . 1  An example o f  a c t u a l  rav inga  versus 
p r e d i c t e d  r a v i n g s  f o r  200  r e t r o -  
f i t t e d  homes l a f t e r  Nar l en .  1 9 8 1 1 .  
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CHAPTER 6 B U I L D I C  ENER6Y ANALYSIS AND MODELS 

\ 
6 . 1 '  THE BUILDING COMPONENT APPROACH AND THE ENERGY FLOW APPROACH 

When a n a l y z i n g  energy usage i n  a  b u i l d i n g ,  two d i f f e r e n t  approaches can be 

used, t h e  b u i l d i n g  component approach and t h e  energy f l o w  approach. 

The energy f l o w  approach aims a t  d e s c r i b i n g  t h e  whole b u i l d i n g  energy 

per formance,  a t  e s t a b l i s h i n g  t h e  energy ba lance o f  a  b u i l d i n g  and a t  a  

d e t a i l e d  unders tand ing  o f  i n t e r a c t i o n s  between energy f l o w s  and components 

(see F racas to ro -Lyberg .  19831: One then s t a r t s  by  i d e n t i f y i n g  t h e  energy 

f l o w s  and t h e i r  r e l a t i v e  magni tude.  D i s r e g a r d i n g  minor  energy f l o w s ,  one 

proceeds by i d e n t i f y i n g  t h e  b u i l d i n g  components a f f e c t i n g  d i f f e r e n t  energy 

f l o w s .  A s imp le  example o f  some energy f l o w s  t h a t  may be p r e s e n t  i n  

r e s i d e n t i a l  b u i l d i n g s  i s  i l l u s t r a t e d  i n  F i g .  6.1. 

1 EIeclric(ty 
2 Energy delivered lor heating 
3 Energy delivered for hot water 
4 USeIUl9OlBigai"~ 
5 Nan useful solar energy 
6 U ~ s f ~ i  contributiond~lectricalenergy 
7 RBCirc~Iatedair 
8 Energy necessry lor heating snd SHW before tree gains 
9 Distribution OESBS SHWiheating 

@ 
10 Enerqy delivered by boiler dam 

I7 Cold weter losses 
18 Sewage water energy losses 

Fig. 6.1 Example  o f  a Sankey d i a g r a m  rhaw- . 
i n 9  energy f l o w s  i n  a b u i l d i n g .  
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Some examples o f  t h e  energy f l ow  approach used i n  t h i s  Source Book i n c l u d e  

t h e  use  o f  Sankey d iagrams t o  i l l u s t r a t e  t h e  r e l a t i v e  impor tance o f  connected 

energy f l o w s  on an annual  o r  seasonal b a s i s ,  and t h e  use of  s i m p l e  

d i s a g g r e g a t i o n  techn iques  t o  s p l i t  up energy f l o w s  i n t o  a  weather  and a  non- 

weather dependent p a r t  (see s e c t i o n s  3 . 3  and 3 . 4 ) .  Us ing  t h e  energy f l o w  

approach t h i s  d i s a g g r e g a t i o n  i s  o f t e n  advantageous t o  an a u d i t o r .  However. 

t h e  use o f  a  f u l l y  deve loped energy f l o w  approach i s  seldom c o s t - e f f e c t i v e  i n  

a u d i t i n g ,  p o s s i b l y  excep t  f o r  l a r g e  and complex b u i l d i n g s ,  as i t  i n v o l v e s  

e i t h e r  e x t e n s i v e  m o n i t o r i n g  o r  computer s i m u l a t i o n s .  

When t h e  b u i l d i n g  component approach i s  a p p l i e d ,  one s t a r t s  by  a n a l y s i n g  t h e  

performance o f  t h e  b u i l d i n g  components one by one. F o r  an a u d i t o r ,  t h i s  

approach has t h e  advantage t h a t  t h e r e  i s  o f t e n  a  d i r e c t  r e l a t i o n s h i p  between 

ECOs and b u i l d i n g  components. Us ing  t h i s  approach, one can choose t o  

d i s r e g a r d  f rom t h e  s t a r t  o f  t h e  a n a l y s i s  some components o r  component 

c a t e g o r i e s ,  e s p e c i a l l y  i f  t h e  major  energy f l o w s  a r e  d i r e c t l y  a s s o c i a t e d  w i t h  

a  few b u i l d i n g  components. The drawback of  t h e  component approach i s  t h a t  i t  

may be d i f f i c u l t  t o  assess t h e  i n t e r a c t i o n  between energy f l ows  and t h e  whole 

b u i l d i n g  the rma l  performance. 

Much of  t h e  m a t e r i a l  c o n t a i n e d  i n  t h i s  Source Book has been a r ranged  i n  such 

a  way t h a t  i t  can be d i r e c t l y  u s e f u l  t o  an a u d i t o r  a p p l y i n g  t h e  b u i l d i n g  

component approach. 

6 . 2  BUILDING COMPONENTS AN0 INTERACTIONS 

The c o m p l e x i t y  o f  t h e  i n t e r a c t i o n  between energy f l o w s  i n  a  b u i l d i n g  can be 

i l l u s t r a t e d  by t h e  example o f  t h e  i l l u m i n a t i o n  l e v e l .  I t  i s  i n f l u e n c e d  by 

f a c t o r s  f rom t h e  e x t e r i o r  env i ronment  ( i n s o l a t i o n o r  d a y - l i g h t i n g ) .  L i g h t i n g  

i s  p a r t  o f  t h e  c o m f o r t ,  b u t  may a l s o  be a  major  energy consumer, and i s  a l s o  

a  component o f  t h e  b u i l d i n g  e l e c t r i c a l  system. L i g h t i n g  may a l s o  be t h e  ma jo r  

c o n t r i b u t o r  t o  c a s u a l  hea t  g a i n s ,  t h e r e b y  g r e a t l y  a f f e c t i n g  t h e  h e a t i n g  and 

t h e  c o o l i n g  l oad .  T h i s  example shows. the impor tance o f  a  systems approach. 
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I n  order  t o  descr ibe a  system, models o f  the i n d i v i d u a l  components and there  

i n t e r a c t i o n s  are requ i red .  The b u i l d i n g  components o f  major i n t e r e s t  i n  a  

b u i l d i n g  energy ana lys is ,  and t h e i r  i n t e r a c t i o n s ,  are i l l u s t r a t e d  below w i t h  

the a i d  o f  a  graph I C o u r v i l l e .  1981). A more complete d e s c r i p t i o n  of how 

d i f f e r e n t  b u i l d i n g  components a f f ec t  energy usage i s  g iven i n  Appendix C .  

The energy use and thermal performance o f  a b u i l d i n g  are in f luenced by the  

e x t e r i o r  environment and by i n t e r n a l  components and f ac to r s .  The ex te rna l  

environment can be broken down i n t o  temperature, humid i ty ,  i n s o l a t i o n ,  wind 

and s i t i n g .  There are d i u r n a l ,  seasonal and random v a r i a t i o n s  which must be 

accounted f o r  i f  b u i l d i n g  thermal performance i s  t o  be analysed. An example 

of how the  i n t e r i o r  components and f a c t o r s  can be subdiv ided i s  i l l u s t r a t e d  

i n  F ig .  6 . 2 .  These main elements can be , f u r t he r  subdiv ided t o  f a c i l i t a t e  a  

d e t a i l e d  ana lys is .  

EXTERIOR ENVIRONMENT 

Temperature Siting Humidity 

Insolation 
Wind 

Building 

I Interior cnrnoonentsltactors 

Building Building Interior 1 o n  1 envelope I 1 funct(ons 1 1 environment 1 

Fig. 6.2 O v e n 1 1  building components. 
factors and interactions. 
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6.3 BUlLOlNG ENERGY MODELS 

The energy f lows between the  b u i l d i n g  and the  environment as w e l l  as i n t e r n a l  

energy f lows and i n t e r a c t i o n s  between energy f lows and b u i l d i n g  components 

can be descr ibed by d i f f e r e n t  b u i l d i n g  energy models. Depending on the  

complexi ty  o f  the  b u i l d i n g  and i t s  environment, the model w i l l  have t o  

account f o r  vary ing  cond i t i ons .  These cond i t i ons  may be constant  o r  vary w i t h  

t ime (descr ibed  by s t a t i c  o r  dynamic models), o r  be un i fo rm o r  vary 

throughout the b u i l d i n g  (unizone o r  mul t izone models). 

S t a t i c  unizone model$ are most ly  based on an equat ion descr ib ing  the  energy 

balance o f  a b u i l d i n g .  Many o f  these models ca l cu la te  heat gains ( o r  losses)  

on ly  and do so us ing  a steady s t a t e  assumption. I t  i s  sometimes assumed t h a t  

the  energy requ i red  t o  ma in ta in  comfort depends on a s i ng le  parameter ( t h e  

outdoor d ry -bu lb  temperature o r  the indoor-outdoor temperature d i f f e r e n c e ) .  

These models a re  re fe red  t o  as single-measure models. The equat ion may then 

invo lve  the  concept o f  hea t ing  degree-days (see A T  E.1). Another example oP. 

single-measure models i s  the  e n e r w  s igna ture  model (see sec t i on  3.3 and AT 

M . 1 ) .  Unizone models are sometimes q u a s i - s t a t i c  r a t h e r  than s t a t i c ,  the 

energy requ i red  t o  ma in ta in  comfort i s  assumed t o  depend on a se r i es  o f  

repeatable d a i l y  f l u c t u a t i o n s  ( a i r  temperature, so la r  r a d i a t i o n ,  e t c .  1 .  

Unizone models may a l so  be m u l t i p l e  measure models r a t h e r  than s i ng le -  

measure, f o r  example, the B in  Method (see AT M . 2 ) .  

For b u i l d i n g s  where the  heat output  i s  governed by the indoor temperature. 

where there  are thermal zones having d i r f e r e n t  temperature se tpo in t s  o r  

d i r f e r e n t  HVAC systems o r  c o n t r o l  zones, these models are too r e s t r i c t i v e  f o r  

use i n  a u d i t i n g .  However, s t a t i c  unizone models can be used f o r  energy 

ana l ys i s  o f  b u i l d i n g s  where the  indoor temperature i s  un i fo rm,  f o r  example. 

r e s i d e n t i a l  b u i l d i n g s  where the heat output  i s  determined by the outdoor 

temperature and the  heat ing  system i s  balanced. 

For es t imat ing  coo l i ng  energy requirements one can use t abu la ted  coo l i ng  

degree-days i n  a manner s i m i l a r  t o  the heat ing  degree-day method (see AT 

E . l l .  Because o f  the  a d d i t i o n a l  complex i t ies  invo lved  i n  a coo l i ng  as opposed 
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t o  a  h e a t i n g  c a l c u l a t i o n ,  a t tempts  t o  p r e d i c t  c o o l i n g  energy requ i remen ts  

a g a i n s t  a  s i n g l e  parameter have n o t  been v e r y  s u c c e s s f u l  IASHRAE. Ch. 28. 

19851. 

S t a t i c  m u l t u e  modela a r e  a p p r o p r i a t e  f o r  t h e  e v a l u a t i o n  o f  ECOs r e l a t e d  t o  

t h e  b u i l d i n g  envelope.  One prob lem i s  t h e  e v a l u a t i o n  o f  ECOs r e l a t e d  t o  

i n t e r m i t t e n t  c o n d i t i o n i n g ,  because s t a t i c  models can n o t  t a k e  i n t o  account  

t h e  e f f e c t  o f  t h e  b u i l d i n g  the rma l  mass. 

A  d i s t i n c t i o n  between s t a t i c  and dynamic models i s  t h a t  s t a t i c  models work 

w i t h  a  t i m e  s t e p  f rom one day up t o  one month, w h i l e  dynamic models a r e  based 

on ' t ime  s teps  of one hour .  o r  l e s s .  Thus, r e s u l t s  f rom s t a t i c  models can o n l y  

be cons ide red  as average va lues  i n  c o n t r a s t  t o  dynamic models which can 

p r e d i c t  peak va lues  o f  i n t e r e s t  f o r  t h e  s i z i n g  o f  equipment o r  f o r  t h e  

a n a l y s i s  o f  o v e r h e a t i n g  prob lems.  

Dvnaa,c a l l o w  f o r  an e v a l u a t i o n  o f  ECOs r e l a t e d  t o  

i n t e r m i t t e n t  c o n d i t i o n i n g ,  b u t  n o t  f o r  a  m u l t i z o n e  d e s c r i p t i o n  o f  t h e  HVAC 

system. These models t r e a t  t h e  b u i l d i n g  i n t e r i o r  as b e i n g  un i fo rm.  However 

t h e  envelope may be assumed t o  c o n s i s t  o f  s e v e r a l  d i f f e r e n t  w a l l  e lements .  

each b e i n g  connected t o  t h e  i n d o o r  tempera tu re .  Dynamic un izone models can be 

i n c o r p o r a t e d  i n t o  a  s t a t i c  m u l t i z o n e  model t o  a l l o w  f o r  an e v a l u a t i o n  o f  

i n t e r m i t t e n t  c o n d i t i o n i n g  t y p e  ECOs. To s i m p l i f y  c a l c u l a t i o n s ,  dynamic 

un izone  models shou ld  i n  t h i s  case be s i m p l i f i e d  and agg;egated as much as 

p o s s i b l e .  

Dvnamic m u l t i z o n e  modelq a r e  o f t e n  based on i t e r a t i v e  c a l c u l a t i o n s  o f  t h e  

major  energy f l o w s  a t  f r e q u e n t  t ime  s t e p s .  The c a l c u l a t i o n s  u t i l i z e  models o f  

t h e  HVAC system and t h e  b u i l d i n g  envelope t o  f o l l o w  t h e i r  c o n s t a n t l y  changing 

response to t h e  b u i l d i n g  loads a n d c o n t r o l  systems. T h i s  c a l c u l a t i o n  i s  o f t e n  

f o l l o w e d  by  an economic e v a l u a t i o n .  D e t a i l e d  s i m u l a t i o n  models such as 

dynamic m u l t i z o n e  models a r e  o f  use f o r  des ign  purposes o r  when a  d e t a i l e d  

s i m u l a t i o n  o f  t h e  b u i l d i n g  the rma l  per formance i s  r e q u i r e d ,  which i s  o f t e n  

n o t  t h e  case i n  a u d i t i n g  s i t u a t i o n s .  
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There are severa l  hundred d e t a i l e d  s imu la t i on  programs. Several pub l i shed 

b i b l i o g r a p h i e s  o f  computer programs o f  t h i s  k i n d  e x i s t  ( f o r  a  review see 

S u l l i v a n .  1982). However, i t  i s  d i f f i c u l t  t o  ob ta i n  any type of comparative 

i n f o rma t i on  regarding the  use and q u a l i t y  of these programs from o ther  than 

the program developers, except f o r  the  few programs which are w ide ly  

a v a i l a b l e  because o f  the  support provided by government agencies. I f  l i t t l e  

i s  known about the  f l e x i b i l i t y ,  v e r s a t i l i t y  and a p p l i c a b i l i t y  or these 

programs, gene ra l l y  even l ess  i s  known about t h e i r  m. 

I n  comparisons o f  s i m p l i f i e d  models t o  more d e t a i l e d  s imu la t i on  models 

( K a l l b l a d .  1983. Jones. 1981 and Kusuda. 1981) i t  has o f t e n  been found t h a t .  

i r  used by the same ana l ys t ,  r e s u l t s  produced by two d i f f e r e n t  methods are 

s i m i l a r .  The d i f f e rence  i s  o f t en  smal ler  than the  d i f f e rences  produced by 

severa l  ana lys ts  us ing  d i f f e r e n t  d e t a i l e d  programs. 

W svstem models c u r r e n t l y  used vary  enormously i n  complexi ty  from simple 

s i n g l e  parameter s i n g l e  t ime s tep  t o  m u l t i  parameter hou r l y  Lor l ess )  

s imu la t i on  models. For example, a  b o i l e r  might  be 'modelled' as a  p iece o f  

equipment w i t h  an average o r  constant  opera t ing  e f f i c i e n c y  over the  heat ing  

season: the  opera t ing  e f f i c i e n c y  u s u a l l y  being assumed t o  l i e  somewhat below 

the  steady s t a t e  combustion e f f i c i e n c y ,  t o  account f o r  o f f  c yc l e  losses.  

acording t o  the  type o f . b o i l e r  and burner .  More accurate methods might  use 

p a r t  load e f f i c i e n c y  r e l a t i o n s h i p s  t o  determine d i s c r e t e  opera t ing  p o i n t s  

e i t h e r  as p a r t  o f  a  b i n  method (AT M.2) o r  d e t a i l e d  hour ly  method. Even more 

d e t a i l e d  methods might  consider  the  a c t u a l  dynamic s imu la t i on  o f  the  b o i l e r .  

i t ' s  c o n t r o l s  and t h e i r  i n t e r a c t i o n  w i t h  the  b u i l d i n g  heat ing  system and 

b u i l d i n g , a i r  balance. The s i gn i f i cance  o f  b u i l d i n g  a i r  balance being t h a t  the  

opera t ion  o f  the b o i l e r  and the d ischarge o f  combustion products ou t  o f  the  

chimney w i l l  a f f e c t  the  amount of ou ts ide  a i r  being drawn i n t o  the  b o i l e r .  I n  

a  l a rge  b u i l d i n g  w i t h  a  separa te ly  conta ined and v e n t i l a t e d  b o i l e r  room t h i s  

would no t  be o f  i n t e r e s t ,  bu t  i n  a  smal ler  b u i l d i n g  the  opera t ion  o f  the  

b o i l e r  can increase the  i n f i l t r a t i o n  r a t e  i n t o  occupied areas o f  the 

b u i l d i n g .  



Ch. 6 B u i l d i n g  Energy A n a l y s i s  and Models 

Norma l l y  HVAC system models w i l l  be c o n t a i n e d  w i t h i n  b u i l d i n g  energy models 

where i n t e r a c t i o n s  between p l a n t  and b u i l d i n g ,  such as g i v e n  i n  t h e  example 

above, can be addressed. Norma l l y ,  more d e t a i l e d  HVAC system models can be 

expected i n  t h e  more d e t a i l e d  b u i l d i n g  energy models a l t h o u g h  t h i s  i s  ngl 

always t h e  case. When choos ing an a n a l y s i s  techn ique  o r  model t h e  a u d i t o r  

shou ld  be p a r t i c u l a r l y  c a r e f u l  t o  ensure t h a t  t h e  method b e i n g  chosen i s  

s e n s i t i v e  t o  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  o f f e r e d  by t h e  ECO he wishes t o  

e v a l u a t e .  T h i s  means he must unders tand  t h e  model he i s  u s i n g ,  which i n  t u r n  

r e q u i r e s  t h a t  t h e  s i m u l a t i o n  model e q u a t i o n s  ( a l g o r i t h m s )  be r e v i e v e d  f o r  

s u i t a b i l i t y .  

Many s i m p l e  h e a t i n g  system models i n  use e v a l u a t e  emiss ion .  d i s t r i b u t i o v  and 

r e g u l a t i o n  l osses  by u s i n g  d e f a u l t  va lues  (see AP H . l  and RV H.21 o f  t h e  

co r respond ing  e f f i c i e n c i e s  ( f o r  a  more tho rough  d i s c u s s i o n  o f  r e g u l a t i o n  

l osses ,  see App. C ,  s e c t i o n  C.31. On t h e  o t h e r  hand, e x i s t i n g  d e t a i l e d  

s i m u l a t i o n  models a r e  t o o  complex ' f o r  e v a l u a t i n g  t h e  h e a t i n g  system i n  

a u d i t i n g  s i t u a t i o n s .  

6.4  ECONOMIC EVALUATION MODELS 

Models making c o s t  comparisons c o n t a i n i n g .  f o r  example, pay-back p e r i o d  o r  

r e t u r n - o n - i n v e s t m e n t  a r e  e s s e n t i a l  t o  a r r i v e  a t  an o p t i m a l  ECO s e l e c t i o n .  The 

main prob lem when u s i n g  these  models i s  t o  have r e l i a b l e  da ta  r e l a t e d  t o  

u n i t a r y  c o s t  f o r  e v a l u a t i n g  investments  i n c l u d i n g  c o s t s  f o r  m a t e r i a l  and work 

c o s t s .  Some economic i n d i c a t o r s  a r e  desc r ibed  i n  AT M.4 t h r o u g h  M.9. Economic 

e v a l u a t i o n s  o f  ECOs a r e ,  however, h i g h l y  u n c e r t a i n  due t o  unknown f a c t o r s  

such as f u t u r e  i n t e r e s t  r a t e s ,  f u e l  p r i c e s ,  energy sav ings .  maintenance c o s t s  

and i n a c c u r a c i e s  and e r r o r s  i n  t h e  b u i l d i n g  energy models.  Due t o  t h e  

u n c e r t a i n t i e s ,  one may pe r fo rm a  s e n s i t i v i t y  a n a l y s i s  o f  t h e  e s t i m a t e d  

economic i n d i c a t o r s .  T h i s  can be done by d e f i n i n g  a  maximal and a  m in ima l  

v a l u e  f o r  .each o f  t h e  u n c e r t a i n  f a c t o r s ,  o r  even by a s s o c i a t i n g  t o  each 

f a c t o r  a s t a t i s t i c a l  d i s t r i b u t i o n  d e f i n i n g  t h e  p r o b a b i l i t y  f o r  t h e s e  f a c t o r s  

t a k i n g  a  c e r t a i n  v a l u e .  The s e n s i t i v i t y  a n a l y s l s  can i d e n t i f y  t h e  f a c t o r s  

which have a  s i g n i f i c a n t  impact on t h e  economic i n d i c a t o r s .  
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6.5 ECO RANKING AND OPTIMAL ECO COMRlNATlONS 

As soon as t h e  inves tmen t  c o s t  and t h e  energy sav ings  f o r  s i n g l e  ECOs a r e  

known, t h e  ECOs can be ranked a c c o r d i n g  t o  some economic i n d i c a t o r .  The 

economic i n d i c a t o r  chosen depends on t h e  f i n a n c i a l  o b j e c t i v e  f o r m u l a t e d  by 

t h e  c l i e n t ,  f o r  example, m a x i m i z a t i o n  o f  t h e  sav ings  o r  m i n i m i z a t i o n  o f  t h e  

pay-back t ime .  D i f f e r e n t  methods can be used t o  de te rm ine  o p t i m a l  ECO 

comb ina t ions :  

il S i n g l e  ECOs a r e  ranked acco rd ing  t o  an economic i n d i c a t o r .  They a r e  

combined by adding t o  t h e  ECO comb ina t ion  one ECO a t  a  t ime  acco rd ing  t o  

t h e  r a n k i n g ,  u n t i l  t h e  max ima l l y  a l l o w e d  inves tmen t  c o s t  i s  reached.  

T h i s  does n o t  l e a d  t o  an o p t i m a l  comb ina t ion  o f  ECOs. 

iil ECO comb ina t ions  a r e  formed acco rd ing  t o  some ad-hoc procedure.  These 

ECO comb ina t ions  then  have t o  be e v a l u a t e d  independent o f  any p r e v i o u s  

r a n k i n g  o f  t h e  ECOs, as an ECO comb inaa t ion  can have t h e  h i g h e s t  

economic r a n k i n g  a l t h o u g h  t h e  s i n g l e  ECOs i n  t h e  comb ina t ion  do n o t  

r e a c h  h i g h  i n  t h e  r a n k i n g .  

iiil A11 p o t e n t i a l  ECO comb ina t ions  a r e  cons ide red  i n  o r d e r  t o  o b t a i n  an 

o p t i m a l  ECO s e l e c t i o n .  Th is  work becomes v e r y  t e d i o u s  as soon as t h e r e  

a r e  more than  a  few ECOs. The work s t a r t s  by a  sc reen ing  o f  t h e  ECO 

comb ina t ions  acco rd ing  t o  a  s e t  o f  economic c o n s t r a i n t s  d e f i n e d  by t h e  

c l i e n t .  They may be r e l a t e d  t o  t h e  a l l o w e d  inves tmen t  c o s t ,  t h e  a l l o w e d  

annual  energy c o s t ,  e t c .  The rema in ing  ECO comb ina t ions  a r e  then  ranked  

acco rd ing  t o  an economic i n d i c a t o r .  

6.6 CORRELATION MOOELS 

Most o f  t h e  p r e v i o u s  d i s c u s s i o n  has d e a l t  w i t h  t h e  i s s u e  o f  energy a n a l y s i s  

i n .  t h e  c o n t e x t  o f  t h e  s i m u l a t i o n  o r  p r e d i c t i p ~ !  o f  energy use o r  c o s t ,  i . e .  

energy use ( o r  c o s t 1  i s  c a l c u l a t e d  based on a  model b u i l t  up f rom a  

d e s c r i p t i o n  o f  t h e  v a r i o u s  component b u i l d i n g  p a r t s .  
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I n  energy a u d i t i n g ,  p a r t i c u l a r l y  a t  t h e  d i s a g g r e g a t i o n  s tage ,  d e t d i  I s  o f  t h e  

consumpt ion i s  g e n e r a l l y  known. V a r i a t i o n s  i n  consumption. e i t h e r  on an 

h o u r l y ,  mon th l y  o r  seasonal  b a s i s ,  i . e .  p a t t e r n s  o f  energy consumpt ion,  have 

a  t a l e  t o  t e l l  and an a n a l y s i s  o f  t h e  consumption p a t t e r n s  can y i e l d  u s e f u l  

i n f o r m a t i o n  about t h e  b u i l d i n g  [see Ch. 3 . 4 ) .  Techniques a r e  a v a i l a b l e  f o r  

t h e  a n a l y s i s  o f  h i s t o r i c a l  consumption d a t a .  Most r e l y  on r e g r e s s i o n  

techn iques  t o  look f o r  t r e n d s  a g a i n s t  c e r t a i n  v a r i a b l e s  such as o u t s i d e  

temperature and windspeed and a r e  r e f e r r e d  t o  as ' C o r r e l a t i o n '  o r  'Regress ion 

Models'. More complex models i n t r o d u c e  p a t t e r n  r e c o g n i t i o n  techn iques  (Cowan. 

1984)  t o  f u r t h e r  d e c i p h e r  t h e  da ta .  A  common element o f  a l l  such models i s  

t h a t  they  t r y  t o  d i s a g g r e g a t e  t h e  energy use i n t o  components - a  f u l l  

d i s c u s s i o n  o f  d i s a g g r e g a t i o n  i s  p resen ted  i n  Chapter  3. 

6 .7  SELECTION OF CALCULATION lECHNIOUES 

E s t i m a t i o n s  o f  energy sav ings  r e s u l t i n g  from t h e  imp lemen ta t i on  o f  ECOs can 

v a r y  enormously i n  degree of  d i f f i c u l t y  and accuracy.  I n  many s i t u a t i o n s  t h e  

e s t i m a t i o n  o f  energy sav ings  may a c t u a l l y  i n v o l v e  more c o s t  i n  t h e  a n a l y s i s  

than  i n  a c t u a l l y  imp lemen ta t i on  o f  t h e  ECO - t h i s  i s  o f t e n  t h e  case f o r  minor  

system c o n t r o l  s e t  p o i n t  changes o r  complex HVAC systems. F u t h e r ,  i n  some 

i n s t a n c e s  t h e  c o s t  o f  c a r r y i n g  o u t  an a n a l y s i s  o f  p o t e n t i a l l y  u s a b l e  ECOs. 

p a r t i c u l a r l y  where we would have t o  use d e t a i l e d  h o u r l y  a n a l y s i s  models.  

would be p r o h i b i t i v e .  

Be fo re  p roceed ing  a long  an a n a l y s i s  o f  a  r e t r o f i t  t h e  a u d i t o r  shou ld  ask 

h i m s e l f  and h i s  c l i e n t ,  j u s t  how a c c u r a t e  t h e  a n a l y s i s  needs t o  be and 

proceed w i t h  t h e  s i m p l e s t  c a l c u l a t i o n  t h a t  w i l l  s a t i s f y  t h e  d e s i r e d  accu racy .  

I n  many cases i t  m igh t  be s u f f i c i e n t  j u s t  t o  demonst ra te  t h a t  t h e  ECO sav ings  

f u l f i l  t h e  c h i e f  economic c r i t e r i a  f o r  imp lemen ta t i on  w i t h o u t  a c t u a l l y  

c a l c u l a t i n g  by  how much. For  example i t  m igh t  be demonst ra ted t h a t  t h e  c o s t  

o f  p r o v i d i n g  a  sheduled shu t  o f f  o r  an exhaust  fun  can be j u s t i f i e d  on t h e  

f u n  sav ings  a l o n e  - a  v e r y  s imp le  c a l c u l a t i o n :  t o  complete  t h e  energy 

p i c t u r e ,  t h a t  i s  e s t i m a t i n g  t h e  v e n t i l a t i o n  l osses ,  i s  a  f a r  more d i f f i c u l t  

and l e s s  a c c u r a t e  c a l c u l a t i o n  and would i n  such a  s i t u a t i o n ,  se rve  no r e a l  

u s e f u l  purpose. 
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CHAPTER 7 ENERGY AUDIT DATA BASES 

7.1  WHAT I S  AN ENERGY AUDIT DATA BASE? 

An Energy Aud i t  Data Base IEADB) i s  a  computerized system i n  which data and 

in fo rmat ion  re l evan t  f o r  p r a c t i c a l  energy conservat ion i n  the b u i l t  

environment i s  entered and organized. Time consuming tasks,  such as look ing  

up books and tab les  f o r  requ i red  data and cross checking, can be avoided i f  

data bases are a v a i l a b l e .  The maintenance o f  a  data base cons i s t s  o f  

analys ing incoming data,  checking i t  fo r  accuracy, and s t o r i n g  i t  f o r  easy 

r e t r i e v a l .  A data base i s  made up a lso  o f  sof tware needed t o  p rov ide  the 

i n t e r r o g a t i o n  and r e t r i e v a l  f a c i l i t i e s  (data base management system) and o f  

a p p l i c a t i o n  programs. 

The o rgan i za t i on  and sof tware o f  a  data base ensure t h a t  on ly  r e l evan t  data 

are r e t r i e v e d .  Moreover, the continuous u p d a t i n g  o f  the in fo rmat ion  ensures 

t h a t  o l d  data are d iscarded as soon as more recent  and more r e l i a b l e  da ta  

become ava i l ab le .  

7 . 2  WHAT ROLE CAN AN EADB PLAY I N  ENERGY AUDITING? 

An e f f i c i e n t  and c o s t - e f f e c t i v e  energy aud i t  r equ i res  a  g rea t  deal  of 

in fo rmat ion  t o  supplement s i t e - c o l l e c t e d  data.  Up t o  d a t e i n f o r m a t i o n  on 

b u i l d i n g s  of the category being aud i ted  i s  requ i red ,  and t h i s  i s  where the 

data base can help.  The cyc le :  aud i t  -, data base - >  a u d i t  thus forms a  

r a p i d  response learn ing  process, g r e a t l y  b e n e f i t t i n g  the  aud i t o r .  

Although da ta  c o l l e c t i o n  i s  no t  the  prime o b j e c t i v e  o f  a  b u i l d i n g  s p e c i f i c  

a u d i t ,  a  g rea t  deal  o f  data. p o t e n t i a l l y  valuable t o  aud i t o r s ,  i s  gathered. 

This data f low can be used t o  improve the r e l i a b i l i t y  and the d e t a i l  o f  

in fo rmat ion  on energy use i n  b u i l d i n g s ,  bu t  t h i s  goal  can be achieved on ly  i f  

a  data base i s  created on a  s u f f i c i e n t l y  wide scale.  A data base can be o f  

he lp  t o  an aud i t o r  i n  several  stages o f  the aud i t  process descr ibed i n  the  

previous chapters,  f o r  example: 
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iil 

iiil 

i v l  

v l  

v i l  

v i i l  

An EADB can be used t o  e s t a b l i s h  r e f e r e n c e  va lues  f o r  i n d i c a t o r s  such 

as energy consumpt ion pe r  u n i t  area.  These i n d i c a t o r s  can be used f o r  

r a t i n g  b u i l d i n g s  f o r  a u d i t  (see ch. 21. 

The a u d i t o r  can make use o f  energy i n d i c a t o r s  o f  v a r i o u s  end uses.  

s u b d i v i d e d  i n  b u i l d i n g  c a t e g o r i e s  and t y p e s ,  d u r i n g  t h e  d i s a g g r e g a t i o n  

s tage  (see ch. 3 1 .  

An EADB can p r o v i d e  d a t a  f o r  an e s t i m a t e  o f  energy s a v i n g s o f  

p a r t i c u l a r  ECOs (energy  c o n s e r v a t i o n  o p p o r t u n i t i e s 1  o r  comb ina t ions  o f  

ECOs (see Ch. 4,). Recorded d a t a  may a l s o  be used t o  conv ince  p r e s e n t  

c l i e n t s  o f  t h e  r e l i a b i l i t y  o f  t h e  proposed r e t r o f i t s  and p o t e n t i a l  

c l i e n t s  o f  t h e  whole energy a u d i t  s e r v i c e .  

Data on d e t a i l e d  measurements o f  parameters  such as component heat  

l o s s e s ,  p l a n t  e f f i c i e n c i e s ,  e t c . .  can be used f o r  ECO i d e n t i f i c a t i o n  

(see ch .  41 o r  t o  o b t a i n  t y p i c a l  va lues  which can, i n  t u r n ,  be used t o  

s u b s t i t u t e  measured va lues  i n  model c a l c u l a t i o n s ,  p r o v i d e d  t h i s  i s  

c o n s i s t e n t  w i t h  t h e  accuracy r e q u i r e d .  

I n f o r m a t i o n  from a  p o s t  imp lemen ta t i on  performance a n a l y s i s  ( see  ch .  5) 

o f  r e t r o f i t t e d  b u i l d i n g s  can be used t o  conv ince  sponsors o f  energy 

c o n s e r v a t i o n  programs t h a t  t h e  program i s  j u s t i f i e d .  

An EAOB can be used t o  p l a n  an energy a u d i t .  I n f o r m a t i o n  about t h e  

t y p i c a l  energy consumpt ion and equipment per formance can be o f  h e l p  f o r  

i d e n t i f y i n g  a u d i t i n g  problems t h a t  a r e  l i k e l y  t o  be encountered and 

t h e  amount o f  i n s t r u m e n t a t i o n  needed. 

An EADB can document s i d e  e f f e c t s  o f  ECOs such as comfo r t  improvements 

o r  problems t h a t  need t o  be handled e a r l y  on by t h e  a u d i t o r  such as a i r  

q u a l i t y  o r  m o i s t u r e  problems. 

The i n t e r a c t i o n  between an EAOB and t h e  v a r i o u s  s tages  of.  a  b u i l d i n g  s p e c i f i c  

a u d i t  i s  i l l u s t r a t e d  i n  F i g .  7.1. 
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F i g .  7.1 D a t a  base  interaction with build- 
ing specific energy audits. 
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There a r e ,  however,  o t h e r  use rs  o f  EAOBs than  a u d i t o r s ,  and an EADB can be 

used f o r  o t h e r  purposes t h a n  b u i l d i n g  s p e c i f i c  a u d i t s :  

il An EADB can be used f o r  e v a l u a t i o n s  o f  aggregated ( l a r g e  s c a l e )  energy 

c o n s e r v a t i o n  a c t i o n s .  A l though  t h i s  t y p e  o f  a n a l y s i s  i s  o n l y  p e r t i n e n t  

t o  p u b l i c  a d m i n i s t r a t i o n s  o r  l a r g e  b u i l d i n g  owners, t h e  r e s u l t s  may 

a f f e c t  t h e  energy c o n s e r v a t i o n  p o l i c y  and i n d i r e c t l y  i n f l u e n c e  t h e  

a u d i t o r ' s  a c t i v i t i e s  ( see  F i g .  7 .21.  

iil An EAOB may a l l o w  a  p u b l i c  a d m i n i s t r a t i o n  t o  check t h e  i m p a r t i a l i t y .  

t e c h n i c a l  accu racy  and completeness o f  a u d i t o r s  recommendat ions, by  

comparing t h e  c o s t - e f f e c t i v e n e s s  o f  t h e  EtOs suggested by each a u d i t o r .  

T h i s  t y p e  o f  c o n t r o l  w i l l  a l s o  augment t h e  con f idence  o f  p o s s i b l e  

c l i e n t s  i n  t h e  a u d i t  s e r v i c e .  

iiil The a v a i l a b i l i t y  o f  an EAOB i s  o f  p r a c t i c a l  h e l p  a l s o  t o  manu fac tu re rs  

o f  energy sav ing  equipment,  u t i l i t i e s ,  a r c h i t e c t s ,  and o t h e r  

p r o f e s s i o n a l s  i n t e r e s t e d  i n  a u d i t i n g .  

Retrofit 
performence 
results 

Energy 
consumption 
trends per 
building type, 

Energy fuel, owner- . 
auditing ship, etc. 

A 

Identification 

F i g .  1 ; Z  Data  base use f o r  e n e r g y  a u d i t  
and c o n s e r v a t i o n  p u r p o s e s .  

Data of building - economics policy 

base models for housing 

buildings & - 
energy 
statistics 

- 

Macro- Energy 
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7.3 LIMITATIONS AND PROBLEMS OF USING EADBs 

The use fu lness  o f  an EADB i s  m a i n l y  determined by  two f a c t o r s ,  t h e  ~ 1 i . e .  

t h e  number o f  b u i l d i n g s  and b u i l d i n g  c a t e g o r i e s  i n c l u d e d )  and t h e  && 
.w&& (what  energy useage and b u i l d i n g  p r o p e r t i e s  c o n t a i n e d )  o f  t h e  EADB. 

The u s e f u l n e s s  o f  a  d a t a  base- i n  genera l  i nc reases  w i t h  i t s  s i z e :  a l s o ,  i t  i s  

e a s i e r  t o  c o l l e c t  d a t a  t o  p r o v i d e  an adequate s t a t i s t i c a l  b a s i s  f o r  common, 

b u i l d i n g  c a t e g o r i e s  such as r e s i d e n t i a l  b u i l d i n g s .  However, t h e  e s t a b l i s h m e n t  

o f  an EADB i s  -an expens ive p r o j e c t  which r e q u i r e s  s k i l l e d  pe rsonne l  and 

f i n a n c i n g  f o r  computer hardware, s o f t w a r e  l i c e n s e s  and i n f r a s t r u c t u r e s .  Any 

d e c i s i o n  on t h e  e s t a b l i s h m e n t  o f  an EADB r e q u i r e s  a  c a r e f u l  c o s t - b e n e f i t  

a n a l y s i s :  f o r  a  s i n g l e  a u d i t o r  i t  may be a  l a r g e  inves tmen t .  There fo re .  EADBs 

a r e  u s u a l l y  s e t  up by  r e s e a r c h  i n s t i t u t e s ,  p u b l i c  a u t h o r i t i e s ,  o r  l a r g e  

b u i l d i n g  owners i n v o l v e d  n o t  o n l y  i n  a u d i t i n g  b u t  a l s o  i n  b u i l d i n g  management 

and retrofitting. T h i s  a l s o  guarantees a  s u f f i c i e n t  number o f  b u i l d i n g s  and 

t h e  con t inuous  u p - d a t i n g  o f  t h e  EADB. 

The d a t a  c o n t e n t  v a r i e s  g r e a t l y  between e x i s t i n g  EADBs (Con t i -He lckb .  19851. 

Obv ious ly ,  t h e  da ta  c o n t e n t  and t h e  da ta  q u a l i t y .  depends on t h e  purpose f o r  

c o l l e c t i n g  t h e  d a t a  and t h e  t ype  o f  a u d i t  t h a t  has been invoked.  

To be u s e f u l  t o  a u d i t o r s  i n  d i f f e r e n t  s i t u a t i o n s ,  an EADB shou ld  c o n t a i n  a  

b road  spect rum of  d a t a ,  depending on b u i l d i n g  s i z e ,  c a t e g o r y  and c o m p l e x i t y .  

which can be c o l l e c t e d  o n l y  by  means o f  r a t h e r  d e t a i l e d  a u d i t s .  T r e a t i n g  huge 

masses o f  da ta  r e q u i r e s  a  l a r g e  e f f o r t  i n  d a t a  e l a b o r a t i o n  and s t o r a g e ,  and a  

d e t a i l e d  b u i l d i n g  d e s c r i p t i o n  i s  t h e r e f o r e  avo ided i f  an e n g i n e e r i n g  approach 

t o  a u d i t i n g  has n o t  been one o f  t h e  purposes f o r  e s t a b l i s h i n g  an EADB. EADBs 

e s t a b l i s h e d  m a i n l y  f o r  t h e  purpose o f ,  f o r  example, energy c o n s e r v a t i o n  

p l a n n i n g  a re  more d i r e c t e d  towards p r o v i d i n g  d a t a  a t  an aggregated l e v e l  t h a n  

a t  a  b u i l d i n g  s p e c i f i c  l e v e l .  Whether an e x i s t i n g  EAD8 i s  u s e f u l  t o  an 

a u d i t o r  o r  n o t  g e n e r a l l y  has t o  be determined f rom case t o  case. 

Other problems a s s o c i a t e d  w i t h  EADBs a r e  t h e  q u a l i t y  o f  d a t a  and t h e  

randomness of  da ta .  When d a t a  from d i f f e r e n t  sources a r e  merged, i t  i s  
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necessary  n o t  o n l y  t o  check the  q u a l i t y  o f  d a t a  ( f o r  example, measured. 

c a l c u l a t e d ,  o r  e v a l u a t e d  d a t a ) ,  b u t  a l s o  t h e  accuracy o f  d a t a .  Fu r the rmore .  

t h e  b u i l d i n g s  c o n t a i n e d  i n  an EADB do n o t  c o n s t i t u t e  a  random sample o f  t h e  

b u i l d i n g  s tock ,  as t h e  b u i l d i n g s  have been s e l e c t e d  a f t e r  a  p rocess  aimed a t  

i d e n t i f y i n g  the '  p o o r e s t  p e r f o r m i n g  b u i l d i n g s .  

A  p o o l  o f  a u d i t o r s  c o u l d  agree t o  e s t a b l i s h  a  common EADB t o  reduce  t h e  

investment  f o r  each p a r t i c i p a n t  and t o  ensure an adequate s i z e  o f  t h e  EAOB. 

It would t h e n  be necessary  t o  agree on a  s t a n d a r d  fo rmat  f o r  t h e  d a t a  

c o l l e c t i o n .  P rob lens .o f  c o n f i d e n t i a l i t y  c o u l d . a l s o  a r i s e .  I n  t h i s  case eve ry  

a u d i t o r  shou ld  be f r e e  t o  t r a n s m i t  e i t h e r  no d a t a ,  o n l y  aggregated d a t a  o r  

energy i n d i c a t o r s ,  o r  t ransm' i t  d a t a  i n  a  form t h a t  a  p a r t i c u l a r  b u i l d i n g  can 

n o t  be i d e n t i f i e d .  



App. A  G lossa ry  

APPENDIX A 6LOSSARI 

1. AUDIT PROCEDURE 

An exper iment  o r  t e s t  t h a t  can be used i n  an energy a u d i t ,  i n v o l v i n g  

t h e  c o l l e c t i o n  and a n a l y s i s  o f  d a t a ,  a im ing  a t  t h e  d e t e r m i n a t i o n  o f  t h e  

energy performance o f  a  b u i l d i n g  o r  a  b u i l d i n g  component. 

2 .  BUILDING CATEGORY 

The g r o u p i n g  o f  b u i l d i n g s  acco rd ing  o n l y  t o  t h e i r  use I f o r  example. 

r e s i d e n t i a l ,  e d u c a t i o n a l ,  e t c . 1 .  

B u i l d i n g  Type i s  a  sub-grouping o f  b u i l d i n g s  w i t h i n  a  p a r t i c u l a r  

c a t e g o r y  ( f o r  example, f o r  r e s i d e n t i a l  b u i l d i n g s  one may have detached.  

semi-detached, m u l t i - f a m i l y ,  e t c . 1  

3 .  DISAGGREGATION 

The d e t e r m i n a t i o n  and q u a n t i f i c a t i o n  o f  t h e  components t h a t  c o n s t i t u t e  

t h e  energy ba lance o f  a  b u i l d i n g .  

4 .  ENERGY AUDIT 

A  s e r i e s  o f  a c t i o n s  a im ing  a t  t h e  e v a l u a t i o n  o f  t h e  energy s a v i n g  

p o t e n t i a l  i f  a  b u i l d i n g  as w e l l  as t h e  i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  

d i f f e r e n t  energy c o n s e r v a t i o n  o p p o r t u n i t i e s  f o r  t h a t  b u i l d i n g .  

5. ENERGY CONSERVATION OPPORTUNITY IECOI 

R e t r o f i t t i n g ,  o p e r a t i o n a l  and maintenance changes t h a t ,  if implemented. 

c o u l d  e f f e c t  a  r e d u c t i o n  i n  energy consumption. 

6. ENERGY INDICATOR 
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Energy consumption of a  b u i l d i n g ,  o r  a  b u i l d i n g  component', normal ised 

w i t h  regard t o  s p e c i f i c  features of the  b u i l d i n g ,  o r  the  b u i l d i n g  

component, such as area,  volume, temperature d i f f e rence ,  e t c .  

A reference (Energy) I n d i c a t o r  i s  a  va lue ,  o r  a  range o f  values,  o f  an 

energy i n d i c a t o r ,  determined from a  s t a t i s t i c a l  treatment o f  observed 

energy i nd i ca to r s .  

7 .  IBUILOING ENERGY) MODEL 

A s i m p l i f i e d  d e s c r i p t i o n  o f  the  (energy1 performance o f  a  b u i l d i n g  ( o r  

b u i l d i n g  component1 i n  terms o f  a  mathematical r e l a t i o n s h i p  i nvo l v i ng  

p rope r t i es  o f  the  b u i l d i n g  Lcomponentl and environmental va r i ab les .  

l a  C o r r e l a t i o n  (Regression1 Model 

A model where the  value o f  the  model parameters ( t h e  p rope r t i es  o f  the  

b u i l d i n g  o r  b u i l d i n g  component) are determined by a  f i t  t o  measured 

data ( f o r  example, data on energy consumption and c l ima te  v a r i a b l e s ) .  

7b S imu la t ion  ( P r e d i c t i v e )  Model 

A model which ca l cu la tes  the energy consumption o f  a  b u i l d i n g ,  g i ven  

the  p rope r t i es  and use o f  the b u i l d i n g ,  and i t s  components, and a  set  

, o f  c l i m a t i c  data.  

8. MONITORING 

Measurements a t  r egu la r  i n t e r v a l s  of energy f lows . i n  a  b u i l d i n g  and o f  

indoor as w e l l  as outdoor c l ima te  va r i ab les .  

9 .  RATING BUILDINGS FOR AUDIT 

A se r i es  o f  ac t i ons  aiming a t  the  c o l l e c t i o n  o f  i n f o rma t i on  necessary 

f o r  dec is ions  whether a  s p e c i f i c  b u i l d i n g  should be subjected t o  a  more 

d e t a i l e d  a u d i t ,  o r  f o r  the  i d e n t i f i c a t i o n  o f  what b u i l d i n g s  i n  a  

b u i l d i n g  stock should be subjected t o  an a u d i t .  



App. A Glossary  

10. REFERENCE VALUE 

A numer i ca l  v a l u e  d e s c r i b i n g  t h e  performance o f  a  b u i l d i n g  ( t y p e )  o r  

b u i l d i n g  componen t l se rv i ce  ( o f t e n  s t a t e d  i n  terms o f  t h e  energy 

consumption o r  b u i l d i n g  component c h a r a c t e r i s t i c s ) .  A r e f e r e n c e  v a l u e  

i s  used f o r  comparisons t o  measured performance o f  a  p a r t i c u l a r  

b u i l d i n g  o r  b u i l d i n g  component. Reference va lues  can be d i v i d e d  i n t o :  

10a Targe t  Value 

The d e s i r a b l e  per formance o f  a  b u i l d i n g  o r  a  b u i l d i n g  component 

l o b  Legal  Value o r  Standards 

Values d e f i n i n g  t h e  r e q u i r e d  per formance o f  a  b u i l d i n g ,  o r  i t s  

components, p r e s c r i b e d  by b u i l d i n g  codes o r  d i r e c t i v e s .  

10c Des ign Value , 
Performance va lues  o f  b u i l d i n g s  o r  b u i l d i n g  components s p e c i f i e d  by 

des igners  o r  manu fac tu re rs .  

11. POST IMPLEMENTATION PERFORMANCE ANALYSIS (PIPAI  

An e v a l u a t i o n  o f  t h e  performance o f  a  b u i l d i n g  o r  b u i l d i n g  component1 

s e r v i c e  per formed a f t e r  t h e  imp lemen ta t i on  o f  a r e t r o f i t  t o  assess t h e  

e f f e c t s  o f  t h e  r e t r o f i t .  
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APPEBDIX B  S-LS M A B B L V I A T I O I S  

Appendix B  p r o v i d e s  a  l i s t  o f  symbols and n o t a t i o n  used i n  fo rmu las  and 

equa t ions  as w e l l  as a  l i s t  o f  common a b b r e v i a t i o n s  used i n  t h e  Source Book. 

I n  t h e  symbol l i s t  a r e  a l s o  g i v e n  t h e  b a s i c  S I - u n i t s  f o r  each symbol. Note 

t h a t  t h i s  u n i t  i s  n o t  always i d e n t i c a l  t o  t h e  u n i t  most commonly used i n  t h i s  

Source Book, f o r  i n s t a n c e ,  t h e  b a s i c  S I - u n i t  f o r  energy i s  Jou le  ( J l ,  whereas 

t h e  most f requen t  energy u n i t  used he re  i s  t h e  k i l o w a t t h o u r  (kYh1. 

LIST OF SYMBOLS BASIC SI-UNIT 

A  area 

A  e f f e c t i v e  leakage area ( i n f i l t r a t i o n  and v e n t i l a t i o n )  

Ae envelope area 

AM work ing  p lane  area ( i l l u m i n a t i o n l  

C d  d i s c h a r g e  c o e f f i c i e n t  ( f l o w  th rough  o r i f i c e 1  

C S  t r a c e r  gas c o n c e n t r a t i o n  ( d u c t  work1 

CCT c o r r e l a t e d  c o l o r  tempera tu re  ( i l l u m i n a t i o n 1  

CDO c o o l i n g  degree days 

C02 carbon d i o x i d e  c o n t e n t  ( h e a t i n g )  

COP c o e f f i c i e n t  o f  per formance ( h e a t i n g  and c o o l i n g  dev ices1  

COPc c o e f f i c i e n t  o f  performance f o r  c o o l i n g  

COPh c o e f f i c i e n t  o f  per formance f o r  h e a t i n g  

c o s t  f o r  sav ings  

room c o e f f i c i e n t  o f  u t i l i z a t i o n  ( i l l u m i n a t i o n 1  

s p e c i f i c  hea t  a t  c o n s t a n t  p ressu re  

S i e g e r t  cons tan t  ( b o i l e r s )  

h y d r a u l i c  d iamete r  

degree days 

d iamete r  

i n s u l a t i o n  t h i c k n e s s  
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Enet n e t  energy i n p u t  t o  b u i l d i n g  

v  

E w  

i 

Fx 
f  

H 

'a 

" f  
HDD 

h  

h  

h  

f  

g  

1 

-I 

I I 

' P 

I t  
i 

Kw 

kYc  
kYi 

L. 

Ld 

Lh  
L .  

J 

LoC 

s  

i l l u m i n a n c e  l e v e l  

work ing  p l a n e  i l l u m i n a n c e  

c o l l e c t o r  o v e r a l l  f a c t o r  [ s o l a r  systemsl  

hea t  exchanger f a c t o r  ( s o l a r  systemsl  

per formance f a c t o r  ( s o l a r  systemsl  

e n t h a l p y  

e n t h a l p y  o f  a i r  e n t e r i n g  bu rne r  

e n t h a l p y  o f  f l u e  gases 

h e a t i n g  degree days 

hea t  t r a n s f e r  c o e f f i c i e n t  

h e i g h t  

s p e c i f i c  e n t h a l p y  

s p e c i f i c  e n t h a l p y  o f  f l u i d s  

s p e c i f i c  e n t h a l p y  o f  gases 

c u r r e n t  ( e l e c t r i c )  

r a d i a t i o n  l e v e l  ( s o l a r  systemsl  

l i n e  c u r r e n t  ( e l e c t r i c )  

phase c u r r e n t  l e l e c t r i c l  

t o t a l  r a d i a t i o n  ( s o l a r  systemsl  

c u r r e n t  ( e l e c t r i c ,  i ns tan taneous  v a l u e )  

g l o b a l  hea t  l o s s  c o e f f i c i e n t  

c o n s t a n t  speed d e v i c e  e l e c t r i c a l  demand [ e l e c t r i c  mo to rs )  

v a r i a b l e  speed d e v i c e  e l e c t r i c a l  demand ( e l e c t r i c  mo to rs )  

f r a c t i o n a l  hea t  l o s s  

f r a c t i o n a l  d r y  f l u e  l o s s  

f r a c t i o n a l  hea t  l o s s  ( b u i l d i n g s )  

f r a c t i o n a l  j a c k e t  l osses  

f r a c t i o n a l  o f f - c y c l e  l osses  

f r a c t i o n a l  s to rage  losses  ( h y d r o n i c  h e a t i n g 1  

J  

l u x  

1  ux 

- 
- 
- 

J  

J  

J  

days*K 
2  Ylm .K 

m 

J l k g  

J l k g  

J l k g  

A  

Y/m2 

A  

A  

Y  

A  

2  
~ / m  . K  

Y 

Y  

- 
- 
- 
- 



Lsb 
LLF 

LLMF 

LMF 

1  

m 

n  

P  

'a 

Pb 

' e l  

Pk 

t 
PET 

PF 

P  

Pd 

p  s  

0  

Qa 

Qaux 

Qe I 

Q g  

0  h 

Q i 

0  j 

i 
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f r a c t i o n a l  s tand-by losses ( h e a t i n g  p l a n t s )  

l i g h t  l o s s  f a c t o r  ( i l l u m i n a t i o n )  

lamp lumen maintenance f a c t o r  ~ i l l u m i n a t i o n l  

lumen maintenance f a c t o r  ( i l l u m i n a t i o n )  

l e n g t h ,  d i s t a n c e  

mass 

r a t e  o f  a i r  exchange 

power 

i n s t a l l e d  power a f t e r  r e t r o f i t  

i n s t a l l e d  power b e f o r e  r e t r o f i t  

e l e c t r i c  power 

compressor power 

t o t a l  power o f  a  u n i t  

pay-back t i m e  

power f a c t o r  ( e l e c t r i c a l  systems) 

p ressu re  

dynamic p ressu re  ( v e l o c i t y  p r e s s u r e )  

s t a t i c  p ressu re  

hea t  

annual  h e a t i n g  requ i remen t  

hea t  from a u x i l i a r y  equipment 

e l e c t r i c  heat  g a i n s  

f r e e  heat  g a i n s  

h e a t i n g  system energy o u t p u t  

hea t  c o n t e n t  o f  f u e l  

j a c k e t  losses 

O l o a d  hea t  l o a d  

O l o s s  heat  l osses  

O m  m e t a b o l i c  hea t  g a i n s  

Qsb  s tand-by losses  

Q S o 1  s o l a r  hea t  g a i n s  
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9  

9  

9c 

qh 

qm 

q~ 

qs 

45 

qv 

R  

R 

R,- 

's.e 

5, i  
R I  

RSMF 

r 

r 

SPF 

T 

'a 

b  

Tb 

l c  

TCO 

T e  

l e v  

'ex 

f  

f  

l h  

l h  

f l o w  r a t e  ( g e n e r a l )  

hea t  f l o w  
3 v o l u m e t r i c  f l o w  r a t e  o f  coo led  f l u i d  l h e a t  pumps and c h i l l e r s )  m I s  
3 v o l u m e t r i c  ?low r a t e  o f  heated f l u i d  l h e a t  pumps and c h ~ l l e r s )  m I s  

mass f l o w  r a t e  

v o l u m e t r i c  f l o w  r a t e  o f  p r i m a r y  s i d e  ( h e a t  exchangers)  

v o l u m e t r i c  f l o w  r a t e  o f  secondary s i d e  ( h e a t  exchangers)  

v o l u m e t r i c  f l o w  of  t r a c e r  gas ( d u c t  work)  

v o l u m e t r i c  f l o w  r a t e  

r e s i s t a n c e  ( e l e c t r i c )  

r e s i s t a n c e  ( t h e r m a l 1  

c o l o r  r e n d e r i n g  index ( i l l u m i n a t i o n 1  

e x t e r n a l  s u r f a c e  r e s i s t a n c e  

i n s i d e  su r face  r e s i s t a n c e  

room index  ~ i l l u m i n a t i o n l  

room s u r f a c e  maintenance f a c t o r  ( i l l u m i n a t i o n )  

l a t e n t  e v a p o r a t i o n  heat  

r a d i u s  

seasonal  per formance f a c t o r  ( h e a t i n g  and c o o l i n g  equipment)  

t empera tu re  

a i r  temperature 

base temperature (degree-day c a l c u l a t i o n s )  

base tempera tu re  ( h e a t  s t o r a g e )  

tempera tu re  o f  coo led  f l u i d  l h e a t i n g  and c o o l i n g )  

condensat ion temperature 

e x t e r n a l  temperature ( b u i l d i n g s )  

e v a p o r a t i o n  temperature 

exhaust  temperature 

f l u e  gas tempera tu re  

f l u i d  temperature (duc twork  and p ipework )  

heated f l u i d  tempera tu re  l h e a t  pumps1 

tempera tu re  o f  heated f l u i d  l h e a t i n g  and c o o l i n g  systems) 

k g l s  
3 m I s  
3 m 15 
3 m I S  
3 m i s  

ohm 
2 m .KIM 

K  

Y I ~ ~ , K  
2 Ylrn .K 

- 

J l k g  

m 

K  

K  

K 

K  

K  

K 

K  

K  

K  

K 

K 

K  

K  
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i n t e r n a l  temperature ( b u i l d i n g s )  

average tempera tu re  

r e t u r n  tempera tu re  ( h e a t i n g  and c o o l i n g  systems) 

supp ly  tempera tu re  ( h e a t i n g  and c o o l i n g  systems) 

vapor thmpera tu re  

wa te r  tempera tu re  

tempera tu re  

t i m e  

o p e r a t i n g  t ime  per  Year a f t e r  r e t r o f i t  

o p e r a t i n g  t i m e  pe r  yea r  b e f o r e  r e t r o f i t  

c o n s t a n t  speed d e v i c e ,  t o t a l  o p e r a t i n g  t i m e  

t r a c e r  gas tempera tu re  i n  d u c t  ( d u c t  work) 

t o t a l  o p e r a t i n g  t i m e  (equipment)  

t r a c e r  gas tempera tu re  a t  f low-meter  ( d u c t  work)  

U-va lue  ( h e a t  t r a n s f e r  c o e f f i c i e n t )  

heat  l o s s  f a c t o r  ( s o l a r  systems) 

f l o w  v e l o c i t y  

v o l t a g e  ( e l e c t r i c )  

volume 

l i n e  v o l t a g e  ( e l e c t r i c )  

phase v o l t a g e  ( e l e c t r i c )  

mechanica l  work 

f r a c t i o n a l  o p e r a t i n g  t i m e  ( b u r n e r s )  

w i d t h  

average bu rne r  o n - t i m e  

m o i s t u r e  c o n t e n t ,  h u m i d i t y  

dryness f r a c t i o n  ( w a t e r  i n  steam) 

mls  

absorptance ( r a d i a t i o n )  



App. 8 Symbols and Abbreviations 

A 1 

& i  
A E  

A1 

W 

AP 

AP F 

AT 

'I 

'I 

'I 

'Id 

'I b 

'l b 

'b.s 

q c  

'Id 

'If 

change in electrical demand of electric equipment 

effect of A 1  o n  total building demand 

annual cost saving 

cost of investment 

annual maintenance cost 

pressure difference 

change in power factor 

temperature difference 

efficacy   illumination) 

efficiency 

emissivity (materials, radiation) 

installed efficacy after retrofit (illumination) 

installed efficacy before retrofit lillumination) 

boiler full load thermal efficiency 

burner seasonal efficiency 

combustion efficiency (burners1 

distribution efficiency (heating systems) 

fan efficiency (duct work1 

'lamp lamp efficacy (illumination) 

alum luminaire efficiency (illumination) 

n motor efficiency (electric motors1 

q p  plant efficiency (heating systems) 

o p  pump efficiency (pipework) 

n p , $  heat plant seasonal efficiency 

q s a f  supply air fan efficiency (ductwork) 

o t  total efficiency (systems) 

nt transmission efficiency (fans, pumps) 

temperature difference between radiator and room 

(heat distribution1 

A conductivity 

A .  conductivity of insulation material 
1 ' 

o Stefan-Boltzman constant 2 4 Y l m  . K  
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r t r a n s m i s s i o n  coefficient ( r a d i a t i o n )  

Q l i g h t  f l u x  ( i l l u m i n a t i o n )  

Q phase ang le  

LIST OF ABBREVIATIONS 

A 

AC 

A C C  

AP 

AT 

CT 

O C  

on 

EMS 

ES 

H I 0  

HZ 

h  

hP 

K  

kPa 

kV 

kVA 

ampere ( e l e c t r i c i t y )  

a l t e r n a t i n g  c u r r e n t  ( e l e c t r i c 1  

a i r  coo led  condensor 

a u d i t  p rocedure  

a n a l y s i s  techn ique  

c o o l i n g  tower  

d i r e c t  c u r r e n t  ( e l e c t r i c )  

d i g i t a l  t ype  meter 

energy management system 

energy sav ings  

h i g h  i n t e n s i t y  d i s c h a r g e  lamps 
- 1 

H e r t z  (=s  , f requency )  

hours  

ho rse  power ( ~ 7 4 5  Y ,  l m p e r i a i  ho rse  Power) 

degrees K e l v i n  ( a b s o l u t e  temperature o r  temperature 

d i f f e r e n c e .  51 u n i t s )  

k i l o - p a s c a l  ( p r e s s u r e )  

k i l o v o l t  

k i l o  vo l t -ampere  

kVAr k i l o  vo l t -ampere r e a c t i v e  power 
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APPEMDIX C EMER6Y USE A I D  AUDITIWG PROBLEMS 

C . 1  IWTRODUCTION T O  APPENDIX C 

The i n t e n t  o f  t h i s  appendix i s  t o  p resen t  a  r e v i e w  o f  t h e  p r i n c i p a l  f a c t o r s  

i n f l u e n c i n g  energy use j n  and between the  v a r i o u s  b u i l d i n g  components and 

systems S O  t h a t  an a u d i t o r  might  g a i n  an a p p r e c i a t i o n  o f  the  p h y s i c s  o f  the  

s i t u a t i o n  l e a d i n g  t o  a  b e t t e r  unders tand ing  o f  the  problems he has t o  

address. P r i m a r i l y .  t h i s  appendix w i l l  be o f  i n t e r e s t  t o  the  a u d i t o r  who i s  

n o t  a  s p e c i a l i s t ,  o r  does n o t  have much exper ience,  i n  a  p a r t i c u l a r  area he 

i s  r e q u i r e d  t o  a u d i t .  Since few a u d i t o r s  w i l l  be s p e c i a l i s e d  o r  exper ienced 

i n  a l l  a reas ,  most a u d i t o r s  shou ld  f i n d  some b e n e f i t  i n  one o r  more o f  t h e  

d i s c u s s i o n s  o f  t h e  v a r i o u s  component a reas .  F u r t h e r ,  even where the  a u d i t o r  

i s  n o t  i n t e r e s t e d  i n  a u d i t i n g  a l l  aspects  o f  t h e  b u i l d i n g ,  he should have an 

unders tand ing  o f  the  r e a c t i o n  i n  o t h e r  areas t o  changes in t roduced  i n  areas 

o f  which he has s p e c i f i c  knowledge. For  example, reduc ing  t h e  heat  l o s s  

th rough  the  envelope i s  l i k e l y .  t o  impact upon the  seasonal e f f i c i e n c y  o f  t h e  

b o i l e r  p l a n t  and the  f u l l  e x t e n t  o r  p o t e n t i a l  o f  t h e  proposed changes may n o t  

be r e a l i s e d .  

These d i s c u s s i o n s  a l s o  h i g h l i g h t  aspects  i n  each component area t h a t  may 

l i m i t  t he  a u d i t o r s  e f f e c t i v e n e s s  and p o i n t  o u t  those genera l  areas 

(pa ramete rs )  hav ing  g r e a t e s t  s i g n i f i c a n c e  on component energy use. An 

i n t e g r a l  p a r t  o f  t h e  p r e s e n t a t i o n s  i n c l u d e  d i s c u s s i o n s  o f  t h e  parameters t h a t  

can be most e f f e c t i v e l y  man ipu la ted  f o r  energy sav ings .  

The d i s c u s s i o n s  a r e  ar ranged ma in ly  accord ing  t o  t h e  component ca tegory  

system as used i n  t h e  Source Book (see I n t r o d u c t i o n  p. 5 ) .  The Envelope i s  

d i scussed  i n  s e c t i o n  C.2. R e g u l a t i o n  i n  s e c t i o n  C.3. Heat ing and Coo l ing  i n  

s e c t i o n  C . 4 .  D i s t r i b u t i o n  System ( A i r .  Steam and Y a t e r l  i n  s e c t i o n  C.5. 

Serv i ce  Hot Ua te r  (SHY) i n  s e c t i o n  C.6. L i g h t i n g  i n  s e c t i o n  C . 7 ,  and 

E l e c t r i c a l  Systems i n  s e c t i o n  C.B. I n  s e c t i o n  C.9 i s  g i v e n  a  d i s c u s s i o n  o f  

t h e  occupan t ' s  impact on Energy Conservat ion,  and f i n a l l y ,  i n  s e c t i o n  C.10 i s  

d i scussed  t h e  importance o f  Fue l  T a r i f f s  f o r  Energy Conserva t ion  issues.  
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C.2 THE ENVELOPE 

f i g u r e  C . l  p rov ides  an overview o f  the  var ious  energy f lows i n t o  and out  o f  a  

cond i t ioned space. The w id th  o f  the  arrows g ives  some idea o f  the  ( r e l a t i v e )  

magnitudes o f  the  energy f lows,  a l though the  r e l a t i o n s h i p s  can vary g r e a t l y  

between d i f f e r e n t .  c l ima tes  and cons t ruc t ions .  A number o f  f a c t o r s  in f luence 

these d i ve rse  energy f lows and i t  i s  important  t o  have an understanding of 

the var ious  heat t r ans fe r  mechanisms i n  order  t h a t  ECO s e l e c t i o n  can be made 

w ise ly .  

C.2.1 and Trans ien t  Heat F W  

The f a b r i c  o f  the b u i l d i n g ,  f u r n i s h i n g ,  and HVAC systems e x i s t  i n  e i t h e r  a  

steady s t a t e  o r  t r a n s i e n t  s t a te .  The rtnn8u. 1-1 sUL? i s  present  when 

ou ts ide  and i ns i de  a i r  temperatures remain constant  and there  a re  no changes 

t o  the  r a t e  of space heat ing  gains from equipment, people o r  d i r e c t  s o l a r  

r a d i a t i o n ,  o r  changes i n  the  ope ra t i on  o f  the  b u i l d l n g  o r  the  behavior  o f  the  

occupants. Only over l i m i t e d  per iods  o f  the  heat ing  o r  coo l i ng  season would 

t h i s  occur, f o r  example, a  prolonged overcast  c o l d  pe r i od .  I n  con t ras t ,  a  

(-1 s t a t e  e x i s t s  when cond i t i ons  change. This may occur f o r  

instance dur ing  changes i n  t h e ,  weather, o r  when the  i ns i de  temperature 

changes due t o  n i g h t  setback o r  changes i n  thermostat  se tpo in t .  Not on l y  do 

these e f f e c t s  d i r e c t l y  in f luence the  t r ans fe r  and storage o f  heat through and 

w i t h i n  the  b u i l d i n g  ( f a b r i c  and s t r u c t u r e ) ,  b u t  they i n d i r e c t l y  in f luence the  

opera t ion  o f  hea t ing  and coo l i ng  systems. 

There are t h ree  bas ic  ways i n  wh i c t i  heat can be t r ans fe r red :  namely. 

conduct ion,  convect ion and r a d i a t i o n .  

COndUCtiOn i s  the t r ans fe r  o f  heat  through a  s o l i d  m a t e r i a l  from the  warmer 

surface o f  the  ma te r i a l  t o  the coo le r  sur face .  Because a l l  ma te r i a l s  have 

thermal capac i ty ,  any chanae ~1 heatJr_ansfer through the  m a t e r i a l ,  due t o  

changes i n  environmental temperatures o r  energy t r ans fe r red  t o  the  sur faces.  
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must f i r s t  change t h e  amount o f  h e a t  s t o r e d  i n  t h e  m a t e r i a l .  Thus, t h e r m a l  

c a p a c i t y  t ends  t o  s l ow  down t h e  r a t e  o f  change o f  c o n d u c t i o n  h e a t  f l o w ,  and  

h i g h  t h e r m a l  c a p a c i t y  m a t e r i a l s  and s t r u c t u r e s  a r e  o f t e n  spoken o f  as  h a v i n g  

a  h i g h  degree o f  t h e r m a l  i n e r t i a .  F o r  example ,  i f  we l a y  a  h o t  b r i c k  on a  

c o l d  b r i c k  and w a i t  a  few m i n u t e s ,  t h e  s i d e  o f  t h e  c o l d  b r i c k  f a c i n g  t h e  h o t  

b r i c k  w i l l  hea t  up :  t h e  o t h e r  s i d e  r i l l , s t i l l  be c o l d ;  i . e . ,  t r a n s i e n t  h e a t  

t r a n s f e r  has t a k e n  p l a c e  b u t  a  s t e a d y - s t a t e  c o n d i t i o n  h a s n ' t  been reached .  I f  

we p l a c e d  t h e  two b r i c k s  i n  a  ze ro  hea t  l o s s  c o n t a i n e r  a n d w a i t e d  a  few 

h o u r s ,  b o t h  b r i c k s  wou ld  end u p  a t  t h e  same t e m p e r a t u r e  - h a l f w a y  between t h e  

o r i g i n a l  t e m p e r a t u r e  o f  t h e  h o t  and c o l d  b r i c k s .  One c o u l d  say t h e  o r i g i n a l  

h o t  b r i c k  had s t o r e d  energy  and t h e n  r e l e a s e d  ene rgy  t o  t h e  c o l d  b r i c k .  

Infltraton andlor 
HEATING ENERGY FLOWS natural Stack induced 

(lights, occupants (solar) 
8 equipment) 

COOLING ENERGY FLOWS 
A Stack induced 

Infiltration Wind induced 
Net envelope Induced by ventilation Net useful system imbalance 

Transmission 
system 

Internal gains 

F i g .  C . l  Energy  f l o w s  in an o c c u p i e d  space 



App. C Energy Use and A u d i t i n g  Problems 

I n  t h e  case ' o f  b u i l d i n g s ,  c o n d u c t i o n  w i l l  occu r  th rough  t h e  envelope 

components, t h rough  i n t e r i o r  p a r t i t i o n s  t o  a d j a c e n t  spaces m a i n t a i n e d  a t  a  

d i f f e r e n t  tempera tu re ,  and i n t o  o r  o u t  o f  t h e  b u i l d i n g  mass i t s e l f  and any 

f u r n i s h i n g  where t h e  tempera tu re  i s  d i f f e r e n t  t o  t h e  a i r  t empera tu re .  

Conduct ive h e a t  losses inc rease  w i t h  g row ing  m o i s t u r e  c o n t e n t  o f  t h e  

i n s u l a t i o n .  The change may be v e r y  l a r g e  if l i q u i d  water  p e n e t r a t e s  i n t o  t h e  

i n s u l a t i o n .  The c o n d u c t i o n  i s  g r e a t e r  than  t h e  average o f  t h e  b u i l d i n g  

envelope a t ,  f o r  example, s t r u c t u r a l  b u i l d i n g  e lements .  These spo ts  a r e  

r e f e r r e d  t o  as the rma l  b r i d g e s .  

The p r i m a r y  o p t i o n  f o r  r e t r o f i t  e n t a i l s  r e d u c i n g  t h e  r a t e  o f  c o n d u c t i o n  by 

t h e  a d d i t i o n  o f  t he rma l  i n s u l a t i o n ;  i . e .  m a t e r i a l s  w i t h  low c o n d u c t i v i t y .  

e s p e c i a l l y  a t  t he rma l  b r i d g e s ,  and by p r o t e c t i n g  t h e  i n s u l a t i o n  f rom 

m o i s t u r e .  

I n  t h e  case of  ~ o n v e c t i o ~ ,  h e a t  i s  t r a n s f e r r e d  by a i r  c i r c u l a t i o n .  I f  we 

p l a c e d  two b r i c k s ,  one h o t  and one c o l d  i n  a  zero hea t  l o s s  c o n t a i n e r  so t h a t  

t h e  b r i c k s  were n o t  t o u c h i n g  and c o u l d  n o t  'see each o t h e r ' ,  even though an 

a i r  p a t h  e x i s t e d  between, t h e f l c o n v e c t i o n  process would b e g i n  w i t h  t h e  a i r  

near  t h e  h o t  b r i c k  r i s i n g  t o  t h e  t o p  o f  t h e  c o n t a i n e r  and a i r  coo led  by t h e  

c o l d  b r i c k  f a l l i n g  t o  t h e  bot tom.  I n i t i a l l y  t h e  a i r  would  be s t r a t i f i e d ,  h o t  

on t h e  t o p ,  c o l d  on t h e  bot tom.  However, when t h e  h o t  a i r  reached t h e  c o l d  

b r i c k ,  i t  would  be coo led  and t h e  c o l d  a i r  r e a c h i n g  t h e  h o t  b r i c k  would be 

heated caus ing  t h e  a i r  t o  c i r c u l a t e  between t h e  b r i c k s  fo rm ing  a  c o n v e c t i v e  

l oop .  A f t e r  pass ing  th rough  a  t r a n s i e n t  phase b o t h  b r i c k s  would  reach  t h e  

same tempera tu re .  

The t i m e  d e l a y  i n  t h i s  case i s  n o t  caused by t h e  t h e r m a l  i n e r t i a  o f  t h e  s m a l l  

a i r  mass, b u t  by t h e  s low c o n d u c t i o n  o f  hea t  i n t o  t h e  b r i c k .  For  most 

p r a c t i c a l  purposes,  c o n v e c t i o n  can be though t  o f  as b e i n g  ins tan taneous .  

Heat t r a n s f e r  by  c o n v e c t i o n  w i l l  occu r  a t  a l l  a i r  t o  s o l i d  i n t e r f a c e s  such as 

between t h e  o u t s i d e  and i n s i d e  a i r  and t h e  e x t e r i o r  l a y e r s  o f  enve lope 

m a t e r i a l ,  and between i n s i d e  a i r  and a l l  o t h e r  su r faces  o f  t h e  room and 

f u r n i s h i n g s .  Convect ion w i l l  a l s o  occu r  i n  spaces between l a y e r s  o f  
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c o n s t r u c t i o n  i n  w a l l s  o r  r o o f s  where c o n v e c t i v e  loops can be e s t a b l i s h e d  

i n c r e a s i n g  hea t  t r a n s f e r .  Such problems a r e  b e s t  d e t e c t e d  u s i n g  i n f r a r e d  

scanning procedures (see AP E.91. I n s u l a t i o n  c a n ' b e  complet 'e ly c i r cumven ted  

by  a  c o n v e c t i v e  l oop  c a r r y i n g  o u t s i d e  a i r  i n t o  a  v o i d  between t h e  w a l l  boa rd  

and i n s u l a t i o n .  ,,' 

Convec t ion  c u r r e n t s  c r e a t e d  i n  t h e  space i t s e l f  by  t h e  envelope s y s t e m c a n  

a l s o  have a  d i r e c t  e f f e c t  on occupant  comfo r t .  Convect ion c u r r e n t s  caused by 

a i r  i n f i l t r a t i o n  o r  down d raugh ts  f rom l a r g e  c o l d  s u r f a c e s ,  p a r t i c u l a r l y  

windows, g i v e  r i s e  t o  major  problems. R e t r o f i t  o p t i o n s  f o r  r e d u c i n g  hea t  l o s s  

th rough  c o n v e c t i o n  r e l y  on i n c r e a s i n g  t h e  r e s i s t a n c e  t o  a i r  f l o w  th rough  t h e  

envelope and i i t h i n  t h e  a c t u a l  enve lope l a y e r s .  

U n l i k e  c o n v e c t i o n  and conduc t ion ,  r a d i a t i o n  can occu r  i n  a  vacuum; i . e .  i t  

does n o t  r e l y  on a  m a t e r i a l  [ s o l i d  o r  gas1 t o  t r a n s f e r  hea t .  To c o n t i n u e  t h e  

p r e v i o u s  example, i f  two b r i c k s  were p l a c e d  i n  t h e  same ze ro  l o s s  c o n t a i n e r  

and t h e  a i r  e x t r a c t e d ,  energy would be r a d i a t e d  from t h e  h o t  b r i c k  t o  t h e  

c o l d  b r i c k .  No a i r  movement i s  needed j u s t  as w e o n  e a r t h  a r e  warmed by t h e  

sun. Again, i n  t i m e ,  t h e  two b r i c k s  would  reach  t h e  same temperature and l i k e  

t h e  c o n v e c t i o n  t h e  t i m e  l a g  i s  a s s o c i a t e d  w i t h  t h e  slow conduc t ion  o f  h e a t  

i n t o  t h e  b r i c k s ;  i . e .  t h e  r a d i a t i o n  i s  e s s e n t i a l l y  i ns tan taneous .  

There a r e  a  number o f  i m p o r t a n t  r a d i a t i o n  t r a n s f e r s  i n  b u i l d i n g  sc ience ,  n o t  

l e a s t  o f  which i s  t h e  d i r e c t  s o l a r  r a d i a t i o n  th rough  windows. I t  i s  impor tan t  

t o  n o t e  t h a t  r a d i a t i o n  occurs  n o t  o n l y  between t h e  v a r i o u s  room s u r f a c e s  and 

i n  t h e  room b u t  between t h e  room s u r f a c e s  and t h e  occupants  and t h a t  a n y ' h o t  

o r  c o l d  s u r f a c e  can d i r e c t l y  i n f l u e n c e  t h e  the rma l  c o m f o r t  r e g a r d l e s s  o f  t h e  

a i r  t empera tu re .  Consequent ly ,  l i m i t i n g  adverse r a d i a t i o n  sources i s  an 

i m p o r t a n t  r e t r o f i t  s t r a t e g y .  

C.2.3 Air I n f i l t r a t i o n  

I n s i d e - o u t s i d e  temperature d i f f e r e n c e s  cause a i r  d e n s i t y  d i f f e r e n c e s  between 

t h e  i n s i d e  and o u t s i d e  o f  t h e ,  b u i l d i n g .  T h i s  buoyancy o r  s t a c k  e f f e c t .  

p r e s s u r i z e s  t h e  upper p a r t  o f  t h e  b u i l d i n g  s l i g h t l y  and t o g e t h e r  w i t h  wind.  
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(see F i g .  C.21 which causes p r e s s u r e  on t h e  b u i l d i n g  e x t e r i o r ,  i t  causes a i r  

t o  move i n t o  t h e  b u i l d i n g  ( a i r  i n f i l t r a t i o n l ,  o r  o u t  o f  t h e  b u i l d i n g  l a i r  

e x f i l t r a t i o n ,  see F i g .  C.31. Co ld  o u t s i d e  a i r  e n t e r i n g  t h e  lower  p a r t  o f  t h e  

b u i l d i n g  can cause s i g n i f i c a n t  occupant  d i s c o m f o r t .  

The r e l a t i v e  e f f e c t s  o f  w ind and s t a c k  a c t i o n s  on t h e  i n f i l t r a t i o n  r a t e  a r e  

complex i n  n a t u r e  and w i l l  . 'depend on b u i l d i n g  c h a r a c t e r i s t i c s  as w e l l  as 

weather .  The p r i m a r y  o p t i o n s  f o r  t h e  m i n i m i s a t i o n  o f  i n f i l t r a t i o n  l i e  i n  

r e d u c i n g  t h e  openings i n  t h e  envelope and, p a r t i c u l a r l y  i n  t a l l e r  b u i l d i n g s .  

r e d u c i n g  t h e  opening between i n t e r i o r  f l o o r s .  

No wind 

Pressure across bullding envelope 

Wind 

F i b .  C.2 Pressure .cross b u i l d i n g  e n v e l o p e .  I f  there i s  n o , w i n d  
p r e s s u r e ,  i n f i l t r a t i o n  o c c u r s  m o s t l y  a t  t h e  l o w e r  p a r t  
and e x f i l t r a t i o n  a t  t h e  u p p e r  p a r t  o f  t h e  b u i l d i n g .  I f  
t h e r e  i s  a wind  P r e s s u r e .  i n f i l t r a t i o n  occurs  m a i n l y  on 

. t h e  l o w e r  P a r t  o f  t h e  windward r i d e  and  e x f i l t n t i o n  o n  
t h e  u p p e r  p a r t  o f  t h e  l e e w a r d  r i d e .  Note  t h e  p r e s s u r e  
d i f f e r e n c e  acrorr  i n t e r n a l  f l o o r  p a r t i t i o n s .  
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F i g .  C.3  Conmon a i r  i n f i l t r a t i o n  and e x f i l t r a t i o n  p a t h s .  
E x f i l t r a t i o n  g e n e r a l l y  occurs a t  t h e , u p p e r  and 

i n f i l t r a t i o n  a t  t h e  l o w e r  p o r t i o n s  o f  t h e  house: 
I l l around f l u e  and p lumb ing  s t a c k .  
121 t h r o u g h  t h e  i n s u l a t i o n .  
131 above dropped c e r l i n g o .  
1 1 1  around e n t r i e s .  
I S I p e n e t r a t i o n r  i n  o u t e r  w a l l s  and eaves.  
161 l e a k a g e  u p  t h r o u g h  i n t e r i o r  w a l l s  and e l e c t r i c a l  sys tems.  
(11  recessed l i g h t s .  
181 t h r o u g h  basemement windows. 
19) t h r o u g h  garage and basement d o o r s .  
l l O l a t  open ings f o r  b u r i e d  p i p e s .  
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Y i t h  i n f i l t r a t i o n ,  t h e  major  prob lem f a c i n g  t h e  a u d i t o r  i s  t o  q u a n t i f y  t h e  

amount o f  a i r  leakage,  t e s t i n g  methods a r e  n o r m a l l y  f a i r l y  l a b o r - i n t e n s i v e  

and o f t e n  o n l y  p r a c t i c a b l e  on s m a l l e r  b u i l d i n g s .  [ d e n t i l y i n g  leakage i s  an 

e a s i e r  task  w i t h  a  number o f  o p t i o n s  r a n g i n g  f rom s i m p l e  (smoke p u f f e r )  t o  

s o p h i s t i c a t e d  ( t h e r m o g r a p h s l .  I n  c o l d ,  c l i m a t e s  warm m o i s t  a i r  l e a v i n g  t h e  

s t r u c t u r e  can condense o r  f reeze  i n  t h e  o u t e r  l a y e r s  o f  t h e  envelope t h e  and 

t h e  a u d i t o r  shou ld  be p a r t i c u l a r l y  a l e r t  f o r  such occu r rances  which can lead  

t o  s e r i o u s  b u i l d i n g  d e g r a d a t i o n  prob lems.  

.. . 
C . 2 . 4  R u i l d i n u  Mass and Thermal Response 

There a r e  two d i f f e r e n t  aspec ts  r e l a t i n g  t o  b u i l d i n g  the rma l  mass which a r e  

o f t e n  confused and misunders tood.  

The f i r s t  o f  these aspec ts  r e l a t e s  t o  t h e  e f f e c t  t h a t  ~ x t e r i o r  enve lope mass 

has on t h e  c o n d u c t i o n  hea t  t r a n s f e r  th rough  t h e  envelope i n t o  t h e  space. The 

( t h e r m a l l y )  h e a v i e r  t h e  w a l l  o r  r o o f ,  t h e  g r e a t e r  t h e  the rma l  i n e r t i a  and any 

tempera tu re  d i s t u r b a n c e  a t  t h e  o u t s i d e  w a l l ,  f o r  example a  sudden tempera tu re  

change o r  change i n  s o l a r  r a d i a t i o n  w i l l  t a k e  some t ime  t o  be f e l t  on t h e  

i n s i d e  s u r f a c e .  A  good example o f  t h e  a p p l i c a t i o n  o f  such a  phenomenon i s  t h e  

adobe b u i l d i n g s  i n  t h e  U.S. Southwest which r e l a y  upon w a l l  mass t o  d e l a y  t h e  

hea t  o f  t h e  day t o  reach  t h e  i n t e r i o r  i n  t h e  c o o l  o f  t h e  n i g h t .  

The second aspect  i s  concerned w i t h  t h e  heat  f l o w  i n t o  o r  o u t  o f  t h e  i n t e r i o r  

spaces o f  t h e  room. These heat  f l o w s  a r e  p r e c i p i t a t e d  by 

i) r a d i a n t  exchanges f rom warm s u r f a c e s  t o  c o o l e r  s u r f a c e s ,  f o r  example 

f rom warm s u n l i t  w a l l s  and r a d i a t o r s  t o  c o o l e r  ones and from d i r e c t  

s o l a r  r a d i a t i o n  f a l l i n g  i n t o  room s u r f a c e s ,  and 

iil f rom c o n v e c t i o n  induced exchanges, caused by normal tempera tu re  d r i f t s  

and setback and se tup  s c h e d u l i n g ,  r e s u l t i n g  i n  changes i n  space 

tempera tu re .  These aspec ts  a r e  i l l u s t r a t e d  i n  F i g .  C . 4  and C . 5 .  

The t o t a l  h e a t  c a o a c i t v  i s  a  f u n c t i o n  o f  t h e  t h e r m a l  mass o f  t h e  b u i l d i n g .  

w h i l e  t h e  speed a t  which heat  can be absorbed o r  r e l e a s e d  i s  a  f u n c t i o n  o f  



App. C Energy Use and A u d i t i n g  Problems 

t h e  c o n d u c t i o n  o f  t h e  i n t e r i o r  su r faces  o f  enc losu re .  The e f f e c t  o f  an 

i n s u l a t i n g  l a y e r ,  f o r  example a  c a r p e t  and underpad, ove r  a  heavy mass 

e lement  such as a  c o n c r e t e  f l o o r  tends t o  reduce t h e  impact o f  t h e  mass i n  

t h a t  i t  makes t h e  space pe r fo rm more l i k e  a  low mass space: i . e .  t h e r m a l l y  : 
more respons ive .  Mass then  a f f e c t s  energy f l ows  i n  two ways; i . e .  t o  slow 

down h e a t  f l ows  i n t o  t h e  space from o u t s i d e  and f rom i n s i d e  i n t o  t h e  

s t r u c t u r e  ( i n c l u d i n g  back i n t o  t h e  o u t s i d e  w a l l  o r  r o o f l .  These e f f e c t s  can 

be man ipu la ted  t o  advantage by t h e  b u i l d i n g  d e s i g n e r ,  and t o  a  l e s s e r  e x t e n t  

by t h e  r e t r o f i t t e r .  Converse ly ,  i n c o r r e c t  h a n d l i n g  can have a  n e g a t i v e  impact 

on energy consumpt ion and the rma l  comfo r t .  Mass i s  o n l y  o f  advantage where 

space l o a d  demands swing between s u r p l u s  and shor tage  o f  h e a t .  Heat b e i n g  

s t o r e d  i n  t h e  b u i l d i n g  mass o r  de layed  i n  t h e  b u i l d i n g  envelope when t h e r e  i s  

a  s u r p l u s  and r e l e a s e d  i n t o  t h e  space when t h e r e  i s  a  d e f i c i t .  Because these 

h e a t  f l o w s  a r e  n o t  r e a d i l y  c o n t r o l l a b l e ,  t h e  s t o r a g e  r e l e a s e  c y c l e  i s  never  

c o m p l e t e l y  e f f i c i e n t .  I t  can be cons ide red  w o r t h w h i l e  o n l y  when t h e  excess 

hea t  i s  f r e e ,  o r  . i n  t h e  case d u r i n g  c o o l i n g  when t h e  de layed c o o l i n g  l o a d  

appear ing  i n  t h e  space can be removed cheap ly ;  f o r  example by v e n t i l a t i o n  as 

opposed t o  mechanica l  c o o l i n g  

- Time 

F i g .  c .4  Heat f l o w  i n t o  a c o n d i t i o n e d  space. The t o t a l  hea t  g a i n  doer 
p& appear  a s  a l o a d  on t h e  a i r  c o n d i t i o n i n g  system u n t i l  
t h e  hea t  i s  t r a n s f e r r e d  t o  t h e  space a i r  by c o n v e c t i o n .  
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I n  t h e  case o f  h e a t i n g ,  setback s t r a t e g i e s  tend  t o  negate t h e  e f f e c t s  o f  

excess h e a t  s t o r e d  d u r i n g  t h e  day s i n c e ,  a t  t h e  s t a r t  o f  setback,  h e a t  s t o r e d  

i n  t h e  f a b r i c  i s  r e l e a s e d  t o  t h e  space h e l p i n g  m a i n t a i n  t h e  space tempera tu re  

above t h e  setback tempera tu re .  D u r i n g  t h e  p r e h e a t  t i m e  a d d i t i o n a l  h e a t i n g  i s  

r e q u i r e d  t o  recharge  t h e  hea t  l o s t  f rom t h e  s t r u c t u r e .  Because i t  takes  some 

t i m e  f o r  c o l d  w a l l s  t o  reach  e q u i l i b r i u m  w i t h  t h e  a i r  t empera tu re .  Comfort  

r i l l  be somewhat l o w e r .  Setback and se tup  t imes  can be a d j u s t e d  t o  p r e s e r v e  

c o m f o r t  and s t i l l  save energy.  

Lightweight Heavyweight Heavyweight building 
building building with insulated floor 

?avyweight building 
th blinds 

u 
m 
0 - 
u 
C 
a 
c .- 
m 
0) - m 
2 

Time Time Time Time 

Heat gain and load on air conditioning system 

Heat gain ----- Load 

Fig. C.5 Simplified illustration o f  the effects of 
building thermal mass on thermal response. 

E v a l u a t  i~ C.2 .5  & i l d i n ~  E n v e l o ~ e  n  

E v a l u a t i o n s  o f  b u i l d i n g  envelope can O f t e n  be made s i m p l y  by  v i s u a l  

i n s p e c t i o n  o r  n o t i n g  such t h i n g s  as e x i s t i n g  i n s u l a t i o n  l e v e l s .  Such 

e v a l u a t i o n s ,  however, a r e  O f ten  e i t h e r  i ncomp le te  o r  m i s l e a d i n g  o r  b o t h  and 
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s i t e  t e s t i n g  methods a re  o f t e n  d e s i r a b l e .  Th is  i s  p a r t i c u l a r l y  t r u e  i n  t r y i n g  

t o  assess t h e  a i r t i g h t n e s s  o f  t h e  envelope o r  s p o t  the rma l  anomal ies  

( c o n d u c t i v e  the rma l  b r i d g e s  and c o n v e c t i o n  pa ths1  i n  t h e  envelope system. 

which can account f o r  up t o  20% o f  t h e  o v e r a l l  w a l l  U v a l u e .  

Appendix F  c o n t a i n s  a  number o f  a u d i t  procedures a p p r o p r i a t e  t o  t h e  

e v a l u a t i o n  o f  t h e  envelope system r a n g i n g  f rom s i m p l e  smoke p u f f e r  t e s t s  t o  

t r a c e  a i r  l eaks  t o  d e t a i l e d  thermographic  i n s p e c t i o n s  used t o  d i s c o v e r  h idden  

d e f e c t s .  Such t e s t i n g  needs t o  be cogn izan t  o f  t h e  problems a s s o c i a t e d  w i t h  

m o i s t u r e  pass ing  th rough  o r  b e i n g  h e l d  i n  t h e  b u i l d i n g  s t r u c t u r e .  Such 

i n s t a n c e s  of  m o i s t u r e  c o l l e c t i o n  can undermine t h e  e f f e c t  o f  an o t h e r w i s e  

u s e f u l  ECO. The main sources o f  m o i s t u r e  problems can be found where warm 

m o i s t  a i r  leaves t h e  b u i l d i n g  (see F i g .  C.31. F u r t h e r  aspec ts  a r e  p resen ted  

i n  t h e  ECO d e s c r i p t i o n s  i n  App. 0 .  Care shou ld  be t a k e n  when s e l e c t i n g  ECOs 

f o r  imp lemen ta t i on  r i t h  t h e  impact o f  t h e  ECO on a l l  t h r e e  methods o f  h e a t  

t r a n s f e r  b e i n g  cons ide red .  For  example, if a i r  change l e v e l s  a r e  e x c e s s i v e  

l c o n v e c t i v e  heat  l o s s ) ,  add ing a d d i t i o n a l  i n s u l a t i o n  l t o  c o n t r o l  c o n d u c t i v e  

h e a t  l o s s )  r i l l  be i n e f f e c t i v e  un less  i t  o r  a d d i t i o n a l  measures t i g h t e n s  t h e  

b u i l d i n g  envelope a t  t h e  same-t ime, s i n c e  a i r  pass ing  th rough  t h e  i n s u l a t i o n  

r i l l  compromise i t s  i n s u l a t i o n  l r e s i s t a n c e  t o  conductance1 v a l u e .  

For  s i m p l e  b u i l d i n g s ,  f o r  example r e s i d e n t i a l  b u i l d i n g s  r i t h  h e a t i n g  o n l y  and 

no s o l a r  d e v i c e s ,  sav ings  r e s u l t i n g  f rom envelope changes can be e s t i m a t e d  

u s i n g  s i m p l e  a l g o r i t h m s  such as degree day methods. However, more d e t a i l e d  

methods a r e  r e q u i r e d  f o r  a i r  c o n d i t i o n e d  b u i l d i n g s ,  p a r t i c u l a r l y  those w i t h  

m u l t i p l e  zones, and f o r  b u i l d i n g s  r i t h  p a s s i v e  and a c t i v e  s o l a r  h e a t i n g .  

d a y l i g h t i n g ,  o r  heat  r e c o v e r y  systems. 

Changes t o  f e n e s t r a t i o n  systems shou ld  a lways i n c l u d e  a p p r a i s a l s  o f  t h e  

e f f e c t  o f  t h e  f l o w  o f  s o l a r  heat  th rough  t h e  g l a s s  even where mechanica l  

c o o l i n g  i s  n o t  p r o v i d e d .  
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C.3 REGULATION 

There are two p r i n c i p a l  groups o f  f a c t o r s  a f f e c t i n g  energy use consumed under 

t h i s  category o f  b u i l d i n g  components: one i s  r e l a t e d  t o  the  q u a l i t y  o f  the  

environment being provided,  the  o the r  w i t h  the  e f f i c i e n c y  w i t h  which the 

heat ing ,  v e n t i l a t i n g  and a i r  cond i t i on ing  (HVAC) systems main ta in  t h i s  

environment. These o v e r a l l  energy f lows are i l l u s t r a t e d  i n  F ig .  C.6. 

HVAC 
system Space conditioning losses 

HeaVcool energy mixing losses (maintaining conditions above 
that which is required) 

'Excess' 
energy from 
other systems 
8 space 

auxiliary equipment 
Systemaux. gains 
equipment 
energy equipment 
fans, pumps 

F i g .  C . 6  Example o f  energy flows in an 
environmental regulation s y s t e m .  

For p r a c t i c a l  purposes, these two groups are discussed separa te ly  s ince ECOs 

addressing the  q u a l i t y  o f  the environment can normal ly  be i d e n t i f i e d  by an 

a u d i t  o f  the  environmental cond i t i ons ,  however those addressing the  

e f f i c i e n c y  . o r  c o n d i t i o n i n g  requ i re  an a u d i t  o f  the  ac tua l  HVAC equipment. 

Th is  i s  no t  t o  say t h a t  i d e n t i f i c a t i o n  o f  t h i s  f i r s t  group o f  ECOs should 

necessar i l y  be through an observa t ion  o f  the  thermal environment, s ince they 

may be more e a s i l y  i d e n t i f i e d  by an inspec t ion  o f  the  environmental c o n t r o l  

equipment. 
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C.3.1 fnv i ronmental  O u a l i t f  

Thermal comfort i s  an expression o f  man's thermal sensat ion o f  the  

i n t e r a c t i o n  between h i s  body and the  environment. The heat balance o f  t h i s  

i n t e r a c t i o n  w i l l  depend on a  combination o f  s i x  m a ~ o r  parameters (Olesen. 

1982, see a lso  Fracastoro-Lyberg. 1983 1 :  

i )  Air temperature 

iil Mean r a d i a n t  temperature 

i i i )  A i r  v e l o c i t y  

i v l  Humidity 

V )  A c t i v i t y  l e v e l  

v i )  C lo th ing  thermal res is tance  

Analytic indices 
PMV (Predicted Mean Vote), 
SR (Sweat Rate). 
HSI (Heat Stress Index) etc. 

F i g .  C . 7  Re la t ionsh ip  between c l i m a t i c  measures and indices. 
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The r e l a t i o n  between these parameters  and t h e  concept  o f  t he rma l  comfo r t  can 

be expressed i n  d i f f e r e n t  comfo r t  i n d i c e s  a c c o r d i n g  t o  F i g .  C.7 (Holmer. 

1984).  The mean r a d i a n t  tempera tu re  can be cons ide red  t o  be t h e  tempera tu re  

o f  a  u n i f o r m  b l a c k  e n c l o s u r e  i n  which a  s o l i d  body o r  occupant  would exchange 

t h e  same amount o f  r a d i a n t  h e a t  as i n  t h e  e x i s t i n g  non-un i fo rm env i ronment .  

The v a l u e  i s  c l o s e l y  r e l a t e d  t o  t h e  mean s u r f a c e  tempera tu re .  

A l s o ,  t h e r m a l  c o m f o r t  can be accounted f o r  i n  d i f f e r e n t  t ypes  o f  comfor t  

diagrams (see ASHRAE S tandard  55-1981 and IS0  Standard 7730-19841. 

S i g n i f i c a n t  v a r i a t i o n s  i n  c o n c e n t r a t i o n  and t y p e  o f  substances composing t h e  

ambient  a i r  w i l l  a f f e c t  comfo r t  (e .g .  t h rough  bad s m e l l 1  and h e a l t h .  

Substances t h a t  a r e  n o t  p r e s e n t  i n  normal ,  c l e a n  a i r  a r e  c a l l e d  piC 

m m i n a n t s  and may be p a r t i c u l a t e  o r  gaseous: o r g a n i c  o r  i n o r g a n i c :  v i s i b l e  

o r  i n v i s i b l e : s u b m i c r o s c o p i c ,  m i c r o s c o p i c  o r  macroscopic :  t o x i c  o r  harmless.  

A i r  o u a l i t v  i s  a  q u a l i t a t i v e  term d e s c r i b i n g  t h e  s t a t e  and compos i t i on  o f  

ambient a i r .  

A i r  q u a l i t y  w i l l  g e n e r a l l y  depend on t h e  P r o d u c t i o n  r a t e  and t y p e  o f  

contaminants  and on t h e  Removal r a t e  o f  con taminan ts .  I t  shou ld ,  however, be 

n o t e d  t h a t  f o r  some contaminants  con ta ined  i n  t h e  b u i l d i n g  f a b r i c  o r  t h e  

" supp ly  a i r ,  t h e  p r o d u c t i o n  r a t e  may be p r o p o r t i o n a l  t o  t h e  removal  r a t e .  I n  

t h i s  case con taminan ts  can  n o t  r e a d i l y  be removed f rom t h e  a i r  by  i n c r e a s i n g  

t h e  v e n t i l a t i o n  r a t e .  A  f u l l e r  d i s c u s s i o n  o f  a i r  q u a l i t y  i s  p r o v i d e d  i n  

ASHRAE S tandard  62-1981. 

The s i x  parameters  l i s t e d  above a f f e c t  m r a v  u s e  th rough  hea t  l osses .  To 

m i n i m i s e  these losses ,  i t  i s  impor tan t  t o  a v o i d  e x c e s s i v e  a i r  t empera tu res  

and v e n t i l a t i o n  r a t e s  w i t h o u t  l o w e r i n g  t h e  l e v e l  o f  t h e r m a l  comfo r t  o r  a i r  

q u a l i t y .  Yhen a n a l y s i n g  t h e  c o m f o r t  s i t u a t i o n  o f  a  p a r t i c u l a r  b u i l d i n g ;  t h i s  

shou ld  be done i n  terms o f  t h e  t ypes  o f  a c t i v i t i e s  i t  i s  used f o r  by 

i d e n t i f y i n g  o p t i m a l  va lues  o f  t h e  comfo r t  temperature and v e n t i l a t i o n  r a t e s .  

The s i x  parameters  l i s t e d  above have d i f f e r e n t  impact  on t h e  the rma l  c o m f o r t  

and t h e e n e r g y  consumpt ion when one c o n s i d e r s  t h e  h e a t i n g  mode. 
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The a i r  t empera tu re  can o f t e n  be lowered by d e a l i n g  w i t h  t h e  o t h e r  parameters  

a f f e c t i n g  the rma l  c o m f o r t .  1 h i s . w i l l  d i r e c t l y  decrease the rma l  l osses .  A lso  

excess ive  temperature g r a d i e n t s  shou ld  be avo ided  i n  t h e  zone of  occupancy. 

I n c r e a s i n g  t h e  mean r a d i a n t  tempera tu re  w i l l  p r o v i d e  t h e  same the rma l  c o m f o r t  

w i t h  a  lower a i r  temperature.  T h i s  can be done by improv ing  t h e  b u i l d i n g  

envelope (upgraded i n s u l a t i o n ,  s m a l l e r  and b e t t e r  i n s u l a t e d  windows and 

doors ,  e t c . ) ,  changing t h e  h e a t i n g  system t o  p r o v i d e  l a r g e r  h e a t i n g  su r faces .  

and u s i n g  s h u t t e r s  o r  v e n e t i a n  b l i n d s .  

A i r  v e l o c i t y  g r e a t l y  a f f e c t s  t h e  c o m f o r t  t empera tu re .  T h i s  makes i t  i m p o r t a n t  

t o  o p t i m i s e  a i r  v e l o c i t i e s  i n  t h e  des ign  o f  HVAC systems. E s p e c i a l l y  one 

shou ld  be c a r e f u l  w i t h  where and how a i r  i s  i n t r o d u c e d  i n  a  b u i l d i n g  by 

fo rced  c o n v e c t i o n .  I t  i s  a l s o  i m p o r t a n t  t o  i d e n t i f y  p laces  o f  s e l f  induced 

c o n v e c t i o n  c u r r e n t s  ( e . g .  c o l d  windows) and make t h e  necessary ad jus tmen ts  

(see F i g .  C.81. 

Low h u m i d i t v  l e v e l s  i nc rease  t h e  e v a p o r a t i v e  l o s s e s  f rom a  person and 

t h e r e f o r e  d i r e c t l y  a f f e c t s  t h e  the rma l  comfor t  (as  w e l l  as hav ing  such 

n e g a t i v e  consequences as i nc reased  l e v e l s  o f  s t a t i c  e l e c t r i c i t y ) .  On t h e  

o t h e r  hand, excess ive  h u m i d i t y  l e v e l s  may be d e t r i m e n t a l  t o  t h e  b u i l d i n g  

envelope o r  cause indoor  a i r  q u a l i t y  problems by encourag ing mould g rowth 'and  

shou ld  t h e r e f o r e  be avo ided.  

A c t i v i t v  l e v e l  and C l o t h i n q  a r e  o f t e o  t o  be cons ide red  as assumptions t o  be 

made f o r  c a l c u l a t i n g  o p t i m a l  va lues  f o r  a i r  temperature and h u m i d i t y  l e v e l .  

P r o d u c t i o n  r a t e s  o f  contaminants  shou ld  be s t u d i e d  p r i o r  t o  changing 

v e n t i l a t i o n  systems. Contaminants shou ld  be t r e a t e d  a t  t h e  source by 

e l i m i n a t i n g  t h e  cause. I f  t h i s  i s  n o t  p o s s i b l e ,  removal  o f  con taminan ts  

shou ld  s t a r t  as c l o s e  t o  t h e  source as p o s s i b l e  by i n t r o d u c i n g  p o i n t  exhausts  

t o  a v o i d  excess ive  v e n t i l a t i o n  o f  e n t i r e  b u i l d i n g s .  I f  c o n t a m i n a t i o n  o r  

occupancy i s  i n t e r m i t t e n t ,  v e n t i l a t i o n  systems can o p e r a t e  i n t e r m i t t e n t l y .  

Genera l  v e n t i l a t i o n  shou ld  be a d j u s t e d  acco rd ing  t o  t h e  needs o f  i n d i v i d u a l  
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rooms. A  v e n t i l a t i o n  system shou ld  f i r s t  t r y  t o  m i n i m i z e  t h e  t i m e  a  

con taminan t  spends i n  a  b u i l d i n g  r a t h e r  than  t r y i n g  t o  d i l u t e  i t .  

Techniques f o r  t h e  measurement o f  a i r  t e n p e r d t u r e ,  r a d i a n t  tempera tu re ,  a i r  

v e l o c i t y ,  h u m i d i t y  and contaminant  c o n c e n t r a t i o n s  can be found i n  App. F and 

App. C ( see  a l s o  F racas to ro -Lyberg  19831. 

Common t o  a l l  parameters  a f f e c t i n g  the rma l  comfo r t  and a i r  q u a l i t y  a r e  

seasonal as , w e l l  as s h o r t  t e rm v a r i a t i o n s .  I t  i s  t h e r e f o r e  i m p o r t a n t  t o  

i d e n t i f y  c r i t i c a l  p e r i o d s  t o  a v o i d  excess ive  measuring o r  g e t t i n g  i r r e l e v a n t  

r e s u l t s  ( ISOIDIS Standard 7726-19821 

Window 

-Radiator 

Heated air exhaust 

F i g .  C . 8  Places w h e r e  t h e  a i r  v e l o c i t y  may exceed 0 . 1 5  m l o  

106 
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For  g r e a t e s t  e f f i c i e n c y  o f  energy usage, i t  i s  d e s i r a b l e  t o  t a i l o r  t h e  

s tandard  o f  t h e  env i ronment  w i t h  t h a t  o f  b u i l d i n g  occupancy. Such a  t a i l o r i n g  

o f  c o n d i t i o n s  i s  n o r m a l l y  ach ieved  th rough  some HVAC system s c h e d u l i n g  o r  

c o n t r o l  s t r a t e g y  which can take  one o r  more o f  a  number o f  s p e c i f i c  forms.  

The c o n t r o l  can be manual o r  au tomat i c  and based on t i m e  schedules,  occupancy 

d e n s i t y  o r  measured i n t e r n a l  e n v i r o n m e n t a l  c o n d i t i o n s .  Examples o f  s imp le  

t i m e  s c h e d u l i n g  o p p o r t u n i t i e s  i n c l u d e :  

il S h u t t i n g  o f f  v e n t i l a t i o n  and h u m i d i f i c a t i o n  equipment when t h e  b u i l d i n g  

i s  unoccupied,  and 

iil W and when t h e  space tempera tu re  s e t p o i n t  d u r i n g  unoccupied 

p e r i o d s  i s  reduced i n  t h e  h e a t i n g  and inc reased  i n  t h e  c o o l i n g  season. 

Measures i n v o l v i n g  space m o n i t o r i n g  i n c l u d e  v a r y i n g  v e n t i l a t i o n  r a t e  based on 

measured Cop l e v e l s ,  h u m i d i s t a t .  c o n t r o l  o f  swimming p o o l  h a l l  v e n t i l a t i o n  

r a t e  and C O  c o n t r o l  o f  p a r k i n g  garage v e n t i l a t i o n .  There a r e  a l s o  some 

compound c o n t r o l  s t r a t e g i e s  such as o p t i m a l  s t a r t  o f  h e a t i n g  and  c o o l i n g  

p l a n t  r e l y i n g  on two o r  more i n p u t s .  I n  t h e  case o f  o p t i m a l  s t a r t ,  i n  which 

o u t s i d e  tempera tu re  and occupancy p e r i o d  a r e  cons ide red ,  t h e  s t a r t  o f  t h e  

h e a t i n g  o r  c o o l i n g  p l a n t  i s  de layed  u n t i l  t h e r e  i s  j u s t  s u f f i c i e n t  t i m e  t o  

b r i n g  t h e  space t o  comfo r t  c o n d i t i o n s .  T h i s  means t h a t  as o u t s i d e  c o n d i t i o n s  

become l e s s  ext reme,  t h e  p r e c o n d i t i o n i n g  p e r i o d  becomes shor tened .  

I n  some cases i t  may n o t  be p o s s i b l e  t o  o b t a i n  t h e  d e s i r e d  c o n d i t i o n s  w i t h  

t h e  env i ronmenta l  c o n d i t i o n i n g  system as i n s t a l l e d .  Bes ide t h e  u n d e r s i z e d  

equipment which cannot meet l oads ,  system des ign  o f t e n  l i m i t s  t h e  a b i l i t y  t o  

p r o v i d e  t h e  r e q u i r e d  c o n d i t i o n s  i n  a l l  zones a t  a l l  t imes.  O f t e n  areas o f  a  

b u i l d i n g  a r e  overheated o r  ove rcoo led  i n  o r d e r  t o  s a t i s f y  t h e  requ i remen ts  o f  

some o t h e r  areas r e s u l t i n g  i n  energy wasteage. T h i s  i s  p a r t i c u l a r l y  so where 

occupants  respond t o  o v e r h e a t i n g  by openlng windows. The most common cause o f  

such problems a r e  t h e  use o f  feed forward (open loop1 c o n t r o l  s t r a t e g i e s  l s e e  

F i g .  C.91 and poor  zon ing.  
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I n  feed fo rward  c o n t r o l  systems t h e r e  i s  no i n f o r m a t i o n  feedback from t h e  

space b e i n g  c o n d i t i o n e d  t o  t h e  h e a t i n g  o r  c o o l i n g  system c o n t r o l l e r  and thus  

i t  i s  n o t  p o s s i b l e  t o  d i r e c t l y  c o r r e c t  space c o n d i t i o n s  d e v i a t i n g  f rom those  

d e s i r e d .  Wi th  such systems c o n t r o l  o f  h e a t i n g  o r  c o o l i n g  t o  t h e  space i s  

c o n t r o l l e d  a c c o r d i n g  t o  some measurement v a l u e  o f  t h e  c o n d i t i o n e d  

space, t y p i c a l l y  t h i s  i s  o u t s i d e  tempera tu re  a l t h o u g h  some systems a l l o w  

compensat ion f o r  s o l a r  r a d i a t i o n  and wind speed v a r i a t i o n s .  

Feed fo rward  c o n t r o l  system can be r e p l a c e d  by feedback controlclosed loop1 , 

systems f o r  improved c o n t r o l  and g e n e r a l l y  improved e f f i c i e n c y .  I n  a  feedback 

system t h e  heat  supp ly  t o  t h e  space i s  c o n t r o l l e d  by a  d e v i c e  i n s t a l l e d  i n  

t h e  space. 2uj.m may be improved i n  a  v a r i e t y  o f  ways from s i m p l e  measures 

such as c o r r e c t i n g  b a l a n c i n g  d e f i c i e n c i e s  t o  t h e  i n s t a l l a t i o n  o f  a d d i t i o n a l  

t e r m i n a l  c o n t r o l  d e v i c e s ,  t h r o u g h  t o  system rep lacement  

TROLLER 

P OUT DOOR 
SENSOR 

I 
I 

ROOM THERMOSTAT 
I----- 

&- 
TROLLEf 

OUT DOOR 
SENSOR 

I 
I 

.I 

Fig. C . 9  Examples of feed-forward lleftl and feed-backward 
(right1 control ryrtems in building with central 
heating and hydronic heat distribution system. 

R e u u l a t i o n  l asses  a r e  due t o  an inadequate response,  i n  t i m e  as w e l l  as i n  

space, o f  t h e  b u i l d i n g  as a  system t o  f l u c t u a t i o n s  i n  t h e  space c o n d i t i o n i n g  

load .  Some examples o f  r e g u l a t i o n  l osses  due t o  an inadequate response a t  t h e  

b u i l d i n g  l e v e l  a re :  

a l  l o s s e s  due t o  t h e  b u i l d i n g  t h e r m a l  i n e r t i a  d u r i n g  tempera tu re  se tback .  
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b )  losses due t o  the  b u i l d i n g  the rma l  i n e r t i a  d u r i n g  t h e  s t a r t - u p  a f t e r  a  

tempera tu re  setback and 

c l  l o s s e s  due t o  hea t  exchange between spaces hav ing  d i f f e r e n t  tempera tu re  

s e t p o i n t s .  

An inadequate response o f  t h e  space c o n d i t i o n i n g  systems may cause, f o r  

example, t h e  f o l l o w i n g  heat  l osses :  

d )  l o s s e s  b e f o r e  t h e  s e t p o i n t  has been reached d u r i n g  t h e  s t a r t - u p  p e r i o d  

a f t e r  a  temperature setback due t o  t h e  l i m i t e d  power o f  t h e  hea t  

p r o d u c t i o n  system. 

e )  l osses  ( t h e  p receed ing  s i t u a t i o n  as i n  a1 f rom t h e  i n s t a n t  when t h e  s e t -  

p o i n t  has been reached t i l l  t h e  s e t p o i n t  t empera tu re  i s  a c t u a l l y  

r e q u i r e d .  

f l  l osses  due t o  t h e  bandwidth  o f  t he rmos ta ts  and 

g l  losses due t o  unbalanced h e a t i n g  systems. 

The above l o s s e s  c r e a t e  a  d i f f e r e n c e  between t h e  i n d o o r  tempera tu re  t h a t  i s  

a c t u a l l y  reached and t h e  r e q u i r e d  temperature p r o f i l e  (see F i g .  C.101. 
I 

indoor temperature profile 

/ ( O  /which is actually reached 

indoor temperature profile 
which is required by the 
occupants (hatched 
area) 

Fig. C.10 Illustration o f  Regulation losses 
Far n a t a t i o n ,  6ee t e x t .  

When setback o r  se tup  s t r a t e g i e s  a r e  used. t h e  space a i r  t empera tu re  as w e l l  

as i n s i d e  s u r f a c e  temperatures a r e  a f f e c t e d  (see  F i g .  C.11). Energy and c o s t  

sav ings  a r e  d e r i v e d  from ( H a r r j e .  1983) :  
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il Temperature setback f o r  one o r  more p e r i o d s  each day ( h e a t i n g ) .  

iil Temperature se tup  f o r  one o r  more p e r i o d s  each day ( c o o l i n g ) .  

iiil P r e c o o l i n g  b u i l d i n g  ( c o o l i n g 1  t o  reduce energy demand l e v e l .  

Night setback control (10 pm-6 am) 

Space air temperature 

- 
15 

a Inside surface temperature of exterior wall 
Surface temperature of inside partition 

12 2 4 6 8 10 12 2 4 6 8 10 12 
Midnight Noon 

- I Dual setback control (10 om-6 am 8 8 am-4 om1 I . . . , 

2 25.. 

5 20-. Surface temperature of 
m - 
$ 15.- 
5 10 Inside surface temperature of exterior wall + 

1 2 2  4 6 8 1 0 1 2 2  4 6 8 10 12 

Midnight Noon 

Time of day 

Fig. C . 1 1  Details of the surface temperatures and heating plant 
operation with single and d u a l  temperature setback. 
Similar profiles. but in the opposite direction. 
would be present for temperature setup. 

The way a  feed- fo rward  c o n t r o l  system may cause r e g u l a t i o n  l o s s e s  can be 

i l l u s t r a t e d  by t h e  case o f  a  b u i l d i n g  w i t h  c e n t r a l  h e a t i n g  and a  h y d r o n i c  

hea t  d i s t r i b u t i o n  system. I f  t h e  heat  demand f o r  a  c e r t a i n  ou tdoor  

tempera tu re  i s  expressed i n  terms o f  t h e  dependence of  t h e  r e q u i r e d  supp ly  

tempera tu re  on t h e  ou tdoor  tempera tu re ,  t h e  heat  demand c u r v e  may l o o k  l i k e  

i n  F i g .  C . 1 2 .  The shape o f  t h i s  c u r v e  depends on t h e  k i n d  o f  heat  t e r m i n a l s  

t h a t  a r e  used. 

Depending on t h e  amount o f  f r e e  heat  ( s o l a r  r a d i a t i o n ,  i n t e r n a l  hea t  g a i n s .  

e t c . )  a v a i l a b l e ,  t h e  c u r v e  may be t r a n s l a t e d  a long  t h e  absc issa  o f  F i g .  C . 1 2 .  

The magni tude o f  t h i s  t r a n s l a t i o n  w i l l  v a r y  w i t h  t h e  t i m e  o f  t h e  y e a r  i f  

s o l a r  r a d i a t i o n  makes a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  f r e e  h e a t .  The hea t  
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demand c u r v e  i s  an i n t r i n s i c  p r o p e r t y  o f  t he  b u i l d i n g  and t h e  h e a t i n g  system. 

and i s  n o t  i n f l u e n c e d  by t h e  c o n t r o l  system. 

+80r------ 

,y' utumn and spring 
..- for well insulated 

+20 +10 t o  -1 0 -A 

~xternal temperature ("C) 

Fig. C.12 Example o f  heat demand curves f o r  a 
hydronic h e a t  distribution system. 
The wrnter curve f o r  a well insulated 
building is not displayed in the fig. 

For  a  feed- fo rward  c o n t r o l  system where t h e  supp ly  temperature i s  de te rm ined  

by t h e  ou tdoor  tempera tu re  o n l y ,  t h e  dependence of  t h e  supp ly  tempera tu re .  

de te rm ined  by t h e  c o n t r o l  system, on t h e  ou tdoor  temperature i s  g i v e n  by t h e  
. . 

g h a r a c t e r i s t i c  c u r v e  o f  t h e  S o n t r o l  svstem. For  most c o n t r o l  systems t h i s  

c u r v e  i s  e i t h e r  approx ima te l y  l i n e a r  o r  s l i g h t l y  convex (see F i g .  C . 1 3 1 .  I t  

can, i n  g e n e r a l ,  o n l y  be s h i f t e d  a l o n g  t h e  absc issa  o f  F i g .  C . 1 3 .  and i t  may 

a l s o  be p o s s i b l e  t o  change t h e  c u r v a t u r e .  

The b e s t  c o n t r o l  e f f i c i e n c y  i s  ach ieved i f  t h e  heat  demand c u r v e  and t h e  

c h a r a c t e r i s t i c  c u r v e  o f  t h e  c o n t r o l  system c o i n c i d e .  Th is  can, however,  never  

be t h e  case if t h e  two cu rves  do n o t  have t h e  same c u r v a t u r e .  The b e s t  t h a t  

can be ach ieved  i n  p r a c t i c e  i s .  i n  g e n e r a l ,  t h a t  t h e  two curves c r o s s  f o r  two 

va lues  o f  t h e  ou tdoor  tempera tu re .  For o t h e r  va lues  o f  t h e  ou tdoor  
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tempera tu re ,  t h e  supp ly  tempera tu re  w i l l  n o t  be t h e  most s u i t a b l e .  The 

c o n t r o l  e f f i c i e n c y  may be bad i f  t h e  c u r v a t u r e  o f  t h e  heat  demand c u r v e  and 

t h e  ' c h a r a c t e r i s t i c  c u r v e  o f  t h e  c o n t r o l  system a r e  o f  v e r y ' d i f f e r e n t  shapes. 

For  c o n t r o l  systems t h a t  do n o t  use t h e  ou tdoor  tempera tu re  as t h e  o n l y  

i n p u t ,  t h e  s i t u a t i o n  may be analogous,  b u t  more complex. I n  t h i s  case t h e  

c o n t r o l  e f f i c i e n c y  cannot be i l l u s t r a t e d  by j u s t  comparing two c u r v e s .  

Hydron ic  systems i n  b u i l d i n g s  w i t h  l a r g e  p i p e s  and r a d i a t o r s  respond s l o w l y  

t o  changes i n  h e a t  demand. I n  new b u i l d i n g s  w i t h  w e l l  a d j u s t e d  systems and 

sma l l  wa te r  volumes t h e  response may be q u i c k .  The a b i l i t y  t o  e x p l o i t  f r e e  

heat  depends on t h e  response t i m e  o f  t h e  h e a t i n g  system. 

F i g .  C.13 E x a m p l e s  o f  characteristic c u r v e s  
f o r  f e e d - f o r w a r d  control s y s t e m s .  

There a r e  two main requ i remen ts  f o r  t h e  h e a t i n g  system t o  be e f f i c i e n t  from 

an energy p o i n t  o f  v iew:  

i) The d i s t r i b u t i o n  o f  hea t  must.be as even as p o s s i b l e  between d i f f e r e n t  

rooms i n  t h e  same zone, and 

ii) The room tempera tu re  must be k e p t  w i t h i n  c e r t a i n  l i m i t s  independent  o f  

t h e  swings of  t h e  ou tdoor  temperature.  

I f  t h e  f i r s t  requ i remen t  i s  t o  be f u l f i l l e d .  t h e  h e a t i n g  system must be 

ba lanced by a d j u s t i n g  t h e  h e a t i n g - s y s t e m ,  i . e . .  p r e s e t t i n g  o f  v a l v e s  so t h a t  

t h e  d i s t r i b u t i o n  o f  wa te r  between r a d i a t o r s  i s  such t h a t  t h e  tempera tu re  
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d i f f e r e n c e  between rooms i s  sma l l .  The requ i remen t  f o r  a  c e r t a i n  i ndoor  

temperature everywhere w i l l  t hen  mean t h a t  t h e  c o l d e s t  room w i l l  de te rm ine  

t h e  energy consumption. 

Even i f  t h e  h e a t i n g  system has been a d j u s t e d ,  t h e r e  w i l l  o f t e n  s t i l l  be a  

need f o r  a  pos t -ad jus tmen t  o f  t h e  h e a t i n g  system t o  d e t e c t  anomal ies .  T h i s  

can be ach ieved by  l o w e r i n g  t h e  supp ly  temperature u n t i l  comp la in ts  by t h e  

occupants a r e  r e c e i v e d .  I n  p r a c t i c e ,  t h i s  o f t e n  leads  t o  d e t e c t i o n  o f  

i r r e g u l a r i t i e s  o f  t h e  v e n t i l a t i o n  system and t h e  t h e r m a l  i n s u l a t i o n  as w e l l  

IF racas to ro -Lyberg .  1 9 8 3 ) .  ECOs such as improved the rma l  per formance o'f 

e x t e r i o r  w a l l s  and windows, o r  decreased v e n t i l a t i o n ,  changes t h e  energy 

demand by an amount t h a t  v a r i e s  f rom one room t o  ano the r .  

The second requ i remen t  l i s t e d  above can, i n  p r i n c i p l e ,  be ach ieved  when t h e  

supp ly  temperature i s  determined by the  ou tdoor  tempera tu re .  However. t h e  

dependence o f  t h e  supp ly  temperature upon t h e  e x t e r n a l  t empera tu re  i s  a  non- 

l i n e a r  one, and t h e  dependence i s  n o t  t h e  same f o r  d i f f e r e n t  seasons. The 

s i t u a t i o n  i s  then t h e  one d e s c r i b e d  above: t h e  supp ly  temperature w i l l  be t h e  

c o r r e c t  one o n l y  when t h e  heat  demand cu rve  and t h e  c h a r a c t e r i s t i c  cu rve  o f  

t h e  c o n t r o l  system c ross .  

Yhen t h e r e  a r e  r a p i d  changes o f  t h e  ou tdoor  tempera tu re ,  t h e r e  w i l l  be a  t i m e  

l a g  between t h e  r e q u i r e d  and t h e  a c t u a l  supp ly  temperature,  and t h e  a m p l i t u d e  

w i l l  be s m a l l e r  than  what i s  r e q u i r e d  t o  c o u n t e r a c t  t h e  change o f  t h e  ou tdoor  

temperature (see F i g .  C.141.  The cause o f  t h i s  i s  t h a t  t h e  r e a d i n g  o f  t h e  

ou tdoor  the rmos ta t  i s  i n f l u e n c e d  by t h e  e x t e r n a l  w a l l .  The damping o f  t h e  

supp ly  temperature amp l i t ude  r i l l  i n  g e n e r a l  no t  a f f e c t  t h e  i n d o o r  

temperature because o f  t h e  the rma l  i n t e r t i a  o f  t h e  b u i l d i n g .  The r e a d i n g  w i l l  

a l s o  be a f f e c t e d  by s o l a r  r a d i a t i o n .  wind, and a i r  h u m i d i t y .  

C . 3 . 3  HVAC Svstem I n e f f i  
. . 
c i e n c i e s  and Enerav Use R e d u c t i w  

Once a l l  necessary s teps  t o  reduce space loads  have been pursued.  t h e  

a u d i t o r ' s  a t t e n t i o n  needs t o  be focused towards t h e  i n e f f i c i e n c i e s  i n v o l v e d  
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i n  meet ing these loads .  These major  i n e f f i c i e n c i e s  and o p p o r t u n i t i e s  can be 

broken down i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :  

il Use o f  ' f r e e '  c o o l i n g .  

iil M i n i m i s i n g  HVAC systems 'm ix ing  losses ' .  

iii) Re-use s t r a t e g i e s .  

i v )  Equipment r e l a t e d  o p p o r t u n i t i e s ,  and 

v )  M i n i m i s a t i o n  o f  a u x i l i a r y  equipment ( p r i m a r i l y  t r a n s p o r  
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F i g .  C . 1 4  Example o f  recordeo temperature.  

1. : i n t e r n a l  a i r  temperature.  
1 

T = e x t e r n a l  a i r  temperature.  

l t  i o n  energy)  

T = a c t u a l  supply  temperature 

T . ' =  t h e o r e t i c a l  supply  tempera tu re .  
Each o f  the  f i r s t  f o u r  o f  t h e  above c a t e g o r i e s  are d i scussed  i n  d e t a i l  below 

w i t h  i l l u s t r a t i v e  examples as a p p r o p r i a t e  ( t h e  l a s t  ca tegory  i s  d e a l t  w i t h  i n  

s e c t i o n  C.51. To make these d i s c u s s i o n s  more meaningfu l  t o  t h e  r e a d e r .  

F i g u r e s  C.15 t o  C.20 document t h e  un ique  c h a r a c t e r j s t i c s  o f  a  number o f  

g e n e r i c  HVAC system types .  The reader  shou ld  no te  t h a t  these  a r e  g e n e r i c  o n l y  

and he shou ld  n o t  a u t o m a t i c a l l y  assume t h a t  c o n t r o l s  i n s t a l l e d  i n  t h e  f i e l d  

w i l l  be i d e n t i c a l  t o  those i l l u s t r a t e d :  i t  w i l l  be up t o  the  a u d i t o r  t o  qeelY 

t h e  P r i n c i p l e s  d i scussed  here ,  n o t  n e c e s s a r i l y  the  s p e c i f i c s .  
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MODE OF OPERATION 
CONSTANT OR VARIABLE VOLUME: Constaot 

SINGLE OR MULTIZONE: Single Zone 
ZONE CONTROL: See System Supply Air Control. 

SYSTEM S.PPL'A RCOhTRO. B, noom Tnermona! 
OUTS 2: A H  3 LCO\OM S i H  OF, .ns rl o m o r  rc-ma. c S.q.encec 

OTHER COMMENTS: 

Fig. C.15 
Basic characteristics - 
single zone  HVAC system. 

OUTSIDE 
AIR 

- - - -  

CONDITIONED S 

MODE OF OPERATION 
CONSTANT OR VARIABLE VOLUME: Constant 

SINGLE OR MULTIZONE: Multimne 

ZONE CONTROL: By room thermostat controllng addition of re-heat. 
Re-heat may be in duct heatina coil or baseboardloe~meter healino. 

OUTSIDE AIR 8 ECONOMISER Opt~anal, shown on schematic Sequenced 
~ 8 t h  System Supply air controls for ootlmum enerav oeoormance 

OTHER COMMENTS: 
Fig. C.16 
Basic characteristics - 
terminal re-heat system 
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R€WRN AIR 

EXHAUST 

OCrrSlDE 
AIR 

MODE OF OPERATION 
CONSTANT ORVARiABLEVOLUME: Constsnt 

SINGLE OR MULTIZONE: Multzone 

ZONE CONTROL: Each zone thermostat controls corresponding zone 
dampersin systemtomix hat and cold air slresms la  providsdesiredwne 
supply a ,  temperature. 

SYSTEM SUPPLY AIR CONTROL: lnd~vidually controlled hat and cold decks 
in basic system. Advanced control strategies would involve dheduling o l  
deck temperatures w th  outside conditions or resettng with zone load 
variations. 
CdTS 3E AR 8 ECOhOM SER Op1 on3 mc*n on rcllsmal c Seq.enrefl 
.+--OLVO o r c ~ o c r . . ~ r , 8 l c m s . p ~  , a t ~ 0 n ' ~ o r l o ~ 0 3  7.nanc or 
pro.oes!ril!ca'mong.aorloo~eclo.troeai,rot.ma~ t ona l i nocoo  
OOCII .EIP~CI .e , 
n = C ~ . s i T - B A C I ( C R d ~ C C C . F E D C F E R A T C h  M - n . m o . t r 0 0 ~ 1  
a o n o c l o g o l o m o  Sn.lol co ooec. 3.1 ng setoac i lanoro laec~cr r  ng 
IBI..~) >no Operatear Sng oZolle Slr lem 
OTHER COMMENTS: Newer systems may have individual (zone) coils as 
Opposed to a common heating and a common cooling coil. 

Some packaged systems utiitse hest lrom refrigerant condenser heat hot 
deck. 

F i g .  C . 1 1  Basic  c h a r a c t e r i s t i c s  - 
rnultirone system. 
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RETURN AIR 

EXHAUST 

OUTSIDE 
AIR 

I 
I 

MODE OF OPERATION COLD DUCT 
CONSTANT OR VARUBLE VOLUME: Constant or Variable. SYSTEM SUPPLY 
SINGLE OR MULTIZONE: Mutizone AIR 

z 
$1 IPPI V b l R  

SYSTEM SUPPLY AIR CONTROL Similar to Mutizone Systems. 

OUTSIDE AIR 8 ECONOMISER: Simclar to Multizone Systems. Fig. C . 1 8  
NPICAL SET-BACK OR UNOCCUP~EOOPERATION: Similm IoMuilizone Basic characteristics - 
Systems. d u a l  duct system. 
OTHERCOMMENTS: 

CCYXlhG "PRIMARY AIR^ 

HEATING 

M O W  nF n P F R A T t n N  -, -,,, ~ ,.-,. 
CONSTANTORVARIABLEVOLUME Constant 

. SINGLE OR MULTIZONE: Muitiznne 
~ 

ZONE CONTROL: Zone thermostat Controls amount heat (or coal) added to 
secandarv fhducsd air1 at lhe zone terminal 

~ 8 t h  variatons of zone demand 

OUTSIDE AIR 8 ECONOMISER: Optional, shown m schematic. Often not 
provided when primary air volume matcher mirimum venlitat~oo m e .  

TYPICALSET-BACKOR UNOCCUPIEDOPERATION: During sethack 
primaryaircan beshutoff and fludtemperatureto termnas raised to permt 
system to function like a natural convector perimeter heating system. 
OTHER COMMENTS: InMnter the systemacts likea re-heal system with 
~eatingprovdedattheinductian(zone1terminalsandcoolingachivedbythe 
cold arirnaw alr. 

Fig. C . 1 9  
Basic characteristics - 
induction system. 

In summer ihesystemsacts like are-cwl  system withcooling providedat 
the induction (zone) terminals. 

Terminal heatingandcaalingcan belrom aslngie-exchanger2 pipesystem 
or from atwoexchanger lone heating, onecoolingl3 or 4 ppe system. 



EXHAUST 

OUTSIDE 
AIR 
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RETURN AIR -----a ---. 
RECIRCULATED I 

SUPPLY 

I 

DUCT PRESSURE 
CONTROLLER 

CONDITIONED SPACE 

MODE OF O P E R A T l O h  
COhSTAhT OR "ARABLE VO.&E Var aola 
S hC.EORM..TZOhE M. I rone 
ZOhE CohTF lo~  Zone tne.mslat contras .o .neo l  a r  l o *  r.pp eo lo 
zonoloo*ntovlmop~weterm.nsomn m..macceptmoIo*rate, Oewmal 
m n e r e n * ~ .  w c . e ~ e a  m o w a l e  oncein r rr n 7 - m  r reacocc r a 

~~ .~ ~ 

&mmonfeatum wherssyst&used &heatingas ~8l Iascool ing "Re-heat" 
msv be in duct tvoe or oerimetsr baseboard of convector heatim. ~. .- ~ ~ . ~~~~~ 

SYSTEM SUPPLY AIR COWROL: Fixed in basic system. Advanced 
strategies includesequencing with outside conditions or resetting wlth zone 
load variationr but suchastrategy will haveanadverseetfectan Ian power 
consumot~on. ~~ ~~ 

OUTSIDE AIR B ECONOMISER: Optional, shown on schematic. Sequenced 
~ithSyStemsupplyairtemperaturecontralforoptimumenergy performance. 
TYPICAL SET-BACK OR UNOCCUPIED OPERATION: Minimum outside air 
allowed to go la  zero. Open all zone boxes and heat (cool) coil vabes and 
merateas aSinoleZoneSvstem. Wherere.heal is not deDendsnlan sVstem 
air, 8,s. basebo&d, shut i r  system 011 during set-back. 
OTHER COMMEWS: Some systems throttle the air suppty therew reducing 
the ovemN air supply fan power but increasing duct pressure. In there 
svstemsductrtatic oressureandfanvolumecontrolirdesirsble end normal. 

Other systems maintam a constant system air supply by 'dumping' zone 
air, not required in t h e m e ,  to the retumduct.Thisisnormaltya simpler 
system but fan power savingsare not realised with pan load operation. 

F i g .  C . 2 0  Basic c h a r a c t e r i s t i c s  - 
v a r i a b l e  a i r  volume s y s t e m  
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F u r t h e r ,  c o n s i d e r a t i o n s  o f  maximum demand, e s p e c i a l l y  where t h i s  t r a n s l a t e s  

i n t o  t i m e  o f  day o r  peak demand charges,  need t o  be made. For  example, i n  

n i g h t  setback s t r a t e g i e s  w i t h  e l e c t r i c  h e a t i n g  t h e  energy consumption may be 

reduced b u t  demand charges can r e s u l t  i n  h i g h e r  o v e r a l l  c o s t s .  Demand c o n t r o l  

i s  d i scussed  i n  s e c t i o n  C . l O .  

E v a p o r a t i v e  c o o l i n g  and c o o l i n g  by  ou tdoor  a i r  can be cons ide red  as h 
sources.  U t i l i s i n g  ou tdoor  a i r  f o r  c o o l i n g  i s  a lmost  u n i v e r s a l l y  

u t i l i s a b l e  and i n  most cases can p r o v i d e  an economic b e n e f i t  w h i l e  

e v a p o r a t i v e  c o o l i n g  i s  p a r t i c u l a r l y  a t t r a c t i v e  i n  those l o c a t i o n s  w i t h  l a r g e  

wet b u l b  depress ions ( i . e .  where t h e  ou tdoor  wet b u l b  tempera tu re  i s  

c o n s i d e r a b l y  lower  than  t h e  c o i n c i d e n t  d r y  b u l b  v a l u e ) .  

C o o l i n g  w i t h  ou tdoor  a i r  can be ach ieved  through t h e  s e n s i b l e  use o f  operab le  

windows, th rough  separa te  s t a c k  and fan  d r i v e n  v e n t i l a t i o n  systems o r  by t h e  

i n t e g r a t i o n  o f  an a i r  economiser i n t o  t h e  HVAC system. An a i r  economiser i n  

a d d i t i o n  t o  p r o v i d i n g  a  minimum amount o f  a i r  f o r  v e n t i l a t i o n  purposes.  

a l l o w s  o u t s i d e  a i r  t o  be used i n  p l a c e  o f  mechan ica l l y  c o o l e d  a i r  when 

o u t s i d e  a i r  c o n d i t i o n s  a r e  a p p r o p r i a t e .  A  s i m p l e  c o n v e n t i o n a l  t empera tu re  

c o n t r o l l e d  system i s  shown i n  F i g .  C.21. Such a  system has 4 b a s i c  s tages .  

i )  Hea t ing :  where t h e  o u t s i d e  a i r  i s  a t  a  minimum t o  s a t i s f y  v e n t i l a t i o n  

requ i remen ts ;  

i i )  The f r e e  c o o l i n g  s tage  i n  which t h e  c o n t r o l  dampers a r e  modulated t o  

m a i n t a i n  t h e  d e s i r e d  supp ly  a i r  t empera tu re .  

i i i )  Mechanica l  c o o l i n g  when o u t s i d e  a i r  i s  s t i l l  o f  a  lower  e n t h a l p y  than  

space a i r  and i s  consequen t l y  s u p p l i e d  t o  t h e  space i n  p re fe rence  t o  

r e c i r c u l a t i n g  l a r g e  percentages o f  space a i r .  The a i r .  however, does 

r e q u i r e  mechanica l  c o o l i n g  t o  m a i n t a i n  des ign  space c o n d i t i o n i n g .  and 

i v )  mechanica l  c o o l i n g  when t h e  o u t s i d e  a i r  volume i s  reduced t o  a  minimum 

( t o  s a t i s f y  v e n t i l a t i o n  requ i remen ts )  a t  an ou tdoor  temperature 

r e p r e s e n t a t i v e  o f  t h e  c o n d i t i o n  a t  which t h e  hea t  c o n t e n t  o f  t h e  ou tdoor  

a i r  i s  g r e a t e r  than t h a t  o f  t h e  space a i r .  
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The temperature 12 (see-F ig .  C.211 se lec ted  f o r  r e t u r n i n g  t o  minimum outs ide  

a i r  i s  normal ly  set  a  few degrees below the  est imated r e t u r n  a i r  temperature 

t o  make allowances f o r  the  poss ib le  h igher  enthalpy content o f  the (more 

mo i s t )  ou ts ide  a i r .  This temperature d i f f e r e n c e  should be se lec ted  based on 

design ou ts ide  cond i t i ons  and can be expected t o  be d i f f e r e n t  f o r  d i f f e r e n t  

types o f  c l imate .  To avo id  t h i s  somewhat a r b i t r a r y  se lec t i on  and avo id  the  

problem of non-coinc ident  r e l a t i o n s h i p s  between d ry  bu lb  and enthalphy.  

enthalphy sensors can be used i n  p lace  o f  temperature sensors. 

Despi te t h i s  advan tage , t he  e x t r a  cost  and p o t e n t i a l  r e l i a b i l i t y  problems has 

l ed  many engineers t o  stay w i t h  tempera tu re-cont ro l led  systems. N igh t t ime 

v e n t i l a t i o n  us ing  cool  ou ts ide  a i r  can a lso  be i n teg ra ted  i n t o  combined 

v e n t i l a t i o n  and mechanical coo l i ng  systems where i t  can be o f  bene f i t .  
. . 

t 4 1 x l n ~  losses a re  common i n  p r a c t i c a l l y  a l l  types o f  HYAC systems and t h e i r  

e l i m i n a t i o n  o'r min imisa t ion  p rov ide  oppo r tun i t i es  f o r  energy savings. M ix ing  

losses occur when a  hot  f l u i d  mixes w i t h  a  c o l d  one w i t h i n  the  system. Often 

mix ing losses are an inherent  p a r t  o f  the  design,  f o r  example i n  a  reheat  

systems, o r  r e s u l t  from component d e t e r i o r a t i o n ,  e.g. a i r  leakage through 

dampers i n  double duct  system mix ing boxes. A t e rm ina l  reheat  i s  an example 

o f  engineered mix ing  losses i n  which the  c e n t r a l  system supply a i r  i s  cooled 

down s u f f i c i e n t l y  t o  handle the  most severe zone coo l i ng  load a t  design 

cond i t i ons .  A t  a l l  o ther  t imes and from zone t o  zone, t h i s  a i r  i s  reheated t o  

prevent  overcoo l ing .  

M ix ing  losses can bem in im ised  by sequencing heat ing ,  coo l i ng  and l a t e n t  heat 

t r ans fe r  processes, by r e s e t t i n g  system se tpo in ts  according t o  zone demands 

and by minimis ing leakage between ho t  and c o l d  f l u i d s  by ma in ta in ing  valves 

and dampers and c o n t r o l l i n g  c o r r e c t l y .  

The bas ic  phi losophy f o r  sequencing i s  t h a t  f o r  any f l u i d  undergoing a  

process o f  heat ing,  coo l ing  o r  mix ing  or any a i r  stream undergoing 

h u m i d i f i c a t i o n  o r  dehumid i f i ca t i on ,  t he  var ious  stages should be sequenced so 

t h a t  energy i n  one Stage i s  no t  wasted o f f s e t t i n g  what has been achieved i n  a 

previous stage.  Deadband thermostats can be considered a  form o f  sequencing 

which minimises mix ing losses e i t h e r  occur r ing  i n  the  occupied space as a  



APP. t Energy Use and A u d i t i n g  Croblems 

r e s u l t  o f  c y c l i n g  between h e a t i n g  and c o o l i n g ;  o r  between a d j a c e n t  spaces. 

o n e  oP which r e q u i r e s  c o o l i n g  w h i l e  t h e  o t h e r  r e q u i r e s  h e a t i n g .  I n  t h e o r y  

sequencing may be o b t a i n a b l e  u s i n g  separa te  c o n t r o l l e r s  b u t  i n  p r a c t i c e  wide 

c o n t r o l  t h r o t t l i n g  ranges and l o s s  o f  c a l i b r a t i o n  ( sensor  d r i f t 1  may make 

such a  s o l u t i o n  unworkable. Sequence c o n t r o l  i s  i n  most cases p r e f e r a b l e  

under t h e  a c t i o n  o f  a  s i n g l e  c o n t r o l l e r  and shou ld  be cons ide red  a long  w i t h  

r e s e t  s t r a t e g i e s .  

Heating Free cooling Mechanical cooling 
(Stage 1) (Stage 2) (Stage 3) (Stage 4) 

b 

ximum outside air 

Minimum outside air 

I I 
I I 

T1 T2 
Outside air temp. -+ 

sensor MIXED AIR CONTROLLER 

Economiser temp. Mixed airtemperature 
set point adjustment 

Minimum outside 
air adjustment 

. . : 

F i g .  c.21 T e m p e r a t u r e  controlled economirer cycle. 



App. C Energy Use and A u d i t i n g  Problems 

I n  r e h e a t - t y p e  systems, sequenc ing a lone  cannot  ach ieve  low m i x i n g  losses  and 

r e s e t  s t r a t e g i e s  a r e  a p p r o p r i a t e ,  o t h e r w i s e  t h e  system must be changed, f o r  

example. t o  a  v a r i a b l e  a i r  volume system which i s  s u b s t a n t i a l l y  m i x i n g  l o s s  

f r e e .  Reset s t r a t e -  a r e  p o s s i b l e  i n  some form i n  most systems w i t h  t h e  

e x c e p t i o n  o f  s i n g l e  zone, f a n  c o i l  and u n i t  v e n t i l a t o r  systems. The 

p h i l o s o p h y  b e h i n d  r e s e t  c o n t r o l  i s  t o  r e s e t  c e n t r a l  system deck 

tempera tu re (s1  based on t h e  a c t u a l  zone demand. For  example, i n  t h e  t e r m i n a l  

r e h e a t  system. which i s  a  good a p p l i c a t i o n  f o r  t h i s  k i n d  o f  c o n t r o l .  t h e  deck 

temperature i s  r e s e t  as h i g h  as p o s s i b l e  such t h a t  t h e  zone w i t h  t h e  g r e a t e s t  

c o o l i n g  l o a d  i s  s a t i s f i e d  t h e  a d d i t i o n  o f  any r e h e a t .  

Th is  t ype  o f  r e s e t  c o n t r o l  shou ld  n o t  be confused w i t h  t h e  r e s e t t i n g  o f  

h e a t i n g  f l u i d  w i t h  v a r i a t i o n  o f  o u t s i d e  a i r  t empera tu re  which i s  n o r m a l l y  

p r o v i d e d  t o  g i v e  c l o s e r  space tempera tu re  c o n t r o l .  

Re-use s t r a t e u i s  i n v o l v e  t h e  c o l l e c t i o n  and re -use  o f  s u r p l u s  heat  and c o o l  

sources w i t h i n  o r  b e i n g  d i scharged  l rom t h e  b u i l d i n g .  Re-use w i t h i n  t h e  

b u i l d i n g  r e q u i r e s  t h e  r e d i s t r i b u t i o n  o f  s u r p l u s  heat  t h r o u g h ' i n d i r e c t  hea t  

r e c o v e r y  systems such as hea t  r e c o v e r y  c h i l l e r s  and water  l oop  heat  pump 

systems, o r  th rough  s i m p l e r  d i r e c t  approaches such as t h e  t r a n s f e r  o f  a i r  

f rom one space t o  ano the r .  Examples o f  s i m p l e r  systems i n c l u d e  

d e s t r a t i f i c a t i o n  dev ices  moving warm a i r  f rom t h e  upper t o  lower  l e v e l s  o f  a  

space o r  fans  moving warm a i r  f rom an a t t a c h e d  sunspace t o  t h e  occup ied  a rea .  

D i r e c t  m i x i n g  s t r a t e g i e s  i n v o l v i n g  common r e t u r n  a i r  f rom zones w i t h  

d i f l e r e n t  l o a d  p r o f i l e s ,  a l s o  o f f e r  l i m i t e d  b e n e f i t s .  Depending on t h e  

b u i l d i n g  t h e r m a l  c h a r a c t e r i s t i c s ,  t he rma l  m i x i n g  can o f f e r  s i g n i f i c a n t  

sav ings  (Jones.  19851. 

Re-use o f  hea t  b e i n g  d i scharged  f rom t h e  space i n v o l v e s  e i t h e r  t h e  d i r e c t  r e -  

use o f  a i r  t o  hea t  o r  c o o l  a  secondary space w i t h  l e s s e r  env i ronmenta l  

r e q u i r e m e n t s ,  such as a  p a r k i n g  garage: t h e  re -use  o f  t h e  a i r  i n  t h e  space 

a f t e r  l i l t e r i n g ,  e .g .  u s i n g  a c t i v a t e d  carbon:  o r  t h e  i n d i r e c t  use o f  t h e  a i r  

v i a  hea t  t r a n s f e r  d e v i c e s .  Under t h i s  l a s t  c a t e g o r y  f a l l s  t h e  use o f  a i r  t o  

a i r  heat  exchangers ,  b o t h  w i t h  and w i t h o u t  i n d i r e c t  e v a p o r a t i v e  c o o l i n g .  and 
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t h e  d i s c h a r g i n g  o f  c o o l  i n s i d e  a i r  ove r  r e f r i g e r a t i o n  condensing equipment 

( see  d i s c u s s i o n  and ECO sheets  on C o o l i n g  P l a n t  i n  App. E l .  

V i t h  a l l  these re -use  s t r a t e g i e s ,  t h e  l o a d  p r o f i l e s  o f  t h e  p o t e n t i a l  sources 

and s i n k s  o f  t h e  ' s u r p l u s  hea t '  shou ld  be cons ide red  w i t h  a  v iew t o  

e s t a b l i s h i n g  t h e  need o r  d e s i r a b i l i t y  o f  p r o v i d i n g  the rma l  s to rage .  

Energy c o n s e r v a t i o n  o p p o r t u n i t i e s  n o t  c l a s s i f i a b l e  i n  t h e  above groups have 

been c a t e g o r i s e d  as p a u i ~ m e n t  r e l a t e d  o ~ ~ o r t u n i t i e g ,  t h a t  i s  energy sav ings  

a r e  b rough t  about by s u b s t i t u t i n g  e x i s t i n g  equipment w i t h  new. 

thermodynamica l ly  more e f f e c t i v e  systems. Examples o f  such system changes 

i n c l u d e  t h e  use o f  d i r e c t  gas f i r e d  h e a t e r s  i n  p l a c e  o f  i n d i r e c t , r e p l a c i n g  

VAV bypass boxes w i t h  t h r o t t l e  t y p e  t o  reduce f a n  energy consumption and 

u s i n g  mechanica l  d e h u m i d i f i c a t i o n  f o r  p o o l  h a l l  h u m i d i t y  c o n t r o l  i n  swimming 

p o o l  v e n t i l a t i o n  systems. Other  o p p o r t u n i t i e s  a r e  g i v e n  i n  App. E. 

. . 
u d i t i n s  s t r a t e u v  f o r  r e g u l a t i o n  systems i s  p r i m a r i l y  one o f  i n s p e c t i n g  

e x i s t i n g  c o n t r o l s  and systems and check ing t o  see i f  energy i s  b e i n g  wasted 

by one o r  more o f  t h e  v a r i o u s  mechanisms d i scussed .  D i f f i c u l t i e s  a r e  

encountered,  however, i n  t h a t :  

il Vhat i s  documented as b e i n g  t h e  i n s t a l l e d  c o n t r o l  system may n o t  i n  f a c t  

be what i s  p r e s e n t l y  i n s t a l l e d :  s i t e  i n s p e c t i o n  i s  t h e r e f o r e  recommended 

and shou ld  i n v o l v e  v e r i f i c a t i o n  o f c o n t r o l .  

iil Vhat i s  i n s t a l l e d  and shou ld  work i n  t h e o r y  may n o t  work i n  p r a c t i c e  - 
t o  s p o t  such d i f f i c u l t i e s  o f t e n  demands c o n s i d e r a b l e  exper ience  and t h e  

use o f  s p e c i a l i s t  a d v i c e  may be w o r t h w h i l e  f o r  t h e  i nexper ienced .  

S p e c i f i c  problems a r e  r a i s e d  on t h e  anno ta ted  ECO sheets  i n  App. E .  



App. C Energy Use and A u d i t i n g  Problems 

C.4 HEATING AND COOLING PLANTS 

The f o l l o w i n g  d i s c u s s i o n  i s  concerned w i t h  t h e  c o n v e r s i o n  o f  d e l i v e r e d  energy 

i n t o  p o t e n t i a l l y  u s e f u l  h e a t i n g  and c o o l i n g  f l o w s .  Wh i le  t h e  m a t e r i a l  i s  

p r e s e n t e d  s u b s t a n t i a l l y  i n  t h e  c o n t e x t  o f  a  c e n t r a l  h e a t i n g  o r  c o o l i n g  p l a n t  

s i t u a t i o n ,  much o f  i t  i s  r e l e v a n t  t o  d e c e n t r a l i s e d  hea t  c o n v e r s i o n  equipment.  

A d i s c u s s i o n  o f  t h e  r e l a t i v e  m e r i t s  o f  c e n t r a l  and d e c e n t r a l i s e d  p l a n t  i s  

beyond t h e  scope o f  t h i s  t e x t  and i n  most cases would be beyond t h e  i n t e r e s t  

o f  an energy a u d i t o r  u n l e s s  a  complete  HVAC system rep lacement  i s  b e i n g  

cons ide red .  

Energy r e q u i r e d  f o r  c o n d i t i o n i n g  o f  a  b u i l d i n g  w i l l  depend on: 

i )  E f f i c i e n c y  o f  t h e  h e a t i n g  o r  c o o l i n g  process i t s e l f .  

iil Heat g a i n s  o r  l o s s e s  i n  t h e  c e n t r a l  p l a n t .  

i i i) Heat g a i n s  o r  l osses  i n  t h e  d i s t r i b u t i o n  system and 

i v )  Heat g a i n s  o r  l o s s e s  i n  t h e  b u i l d i n g .  

Only  i tems i) and iil w i l l  be t r e a t e d  i n  t h i s  s e c t i o n .  The o t h e r s  a r e  d e a l t  

w i t h  i n  s e c t i o n s  C . Z .  C.3 and C.5. 

The m a t e r i a l  i s  o rgan ised  i n  f i v e  main s e c t i o n s  c o v e r i n g  F o s s i l  Fue l  F i r e d  

B o i l e r  P l a n t .  E l e c t r i c  B o i l e r s  and Furnaces. Heat Pumps. Air t o  Air Heat 

Recovery and C o o l i n g  P l a n t .  

C . 4 . 1 -  B o i l e r  P l a n t  

F i g .  C.22 g i v e s  a  v i s u a l  i n d i c a t i o n  o f  t h e  energy f l o w s  and losses  t a k i n g  

p l a c e  i n  a  b o i l e r  p l a n t .  The f o l l o w i n g  t e x t  d i scusses  t h e  parameters  

a f f e c t i n g  these  losses .  The d i s c u s s i o n  i s  focused on b o i l e r  p l a n t s  h e a t i n g  

water  o r  r a i s i n g  steam, b u t  t h e  d i s c u s s i o n s  can, w i t h  obv ious  d i f f e r e n c e s  

cons ide red ,  be a p p l i e d  t o  fu rnaces ,  i . e .  h e a t i n g  u n i t s  where a i r  i s  t h e  

heated f l u i d ,  and t o  f u e l - f i r e d  s e c t i o n s  o f  u n i t a r y  HVAC equipment.  

The ~ m b u s t i o n  e f f i c i e n c y .  nc  [XI, i s  d e f i n e d  as t h e  r a t i o  o f  t h e  u s e f u l  

energy from t h e  energy c o n v e r s i o n  t o  t h e  energy c o n t e n t  o f  t h e  f u e l :  
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* 

Q, = 100% [l - (HI-Hal/Q.I 
1 

tC.11 

The e n t h a l p y  d i f f e r e n c e  Hf-Ha . c o n s t i t u t e s  t h e  s t a c k  l o s s e s  (see a l s o  

Fracastoro-Lyberg.  19831 and i s  composed o f :  

il Sens ib le  hea t  c a r r i e d  by the  gas ( " d r y  f l u e  gas l o s s e s ' l .  

iil Loss due t o  unburn t  

iiil L a t e n t  hea t  c a r r i e d  

f u e l  c a r r i e d  by t h e  f l u e  gas and 

by the  f l u e  gas. 

0 ~f n 

F i g .  C . 2 2  Energy  f l o w s  in a boiler 

Assuming complete combust ion and s teady s t a t e  c o n d i t i o n s  and n e g l e c t i n g  vapor 

c o n t e n t ,  i t  i s  p o s s i b l e  t o  d e r i v e  an express ion  f o r  the  combust ion e f f i c i e n c y  

( t h e  d r y  combust ion e f f i c i e n c y ,  see AP H . l l  as depending on the  temperature 

d i f f e r e n c e  between the  f l u e  gas and the  i n t a k e  a i r  and t h e  carbon d i o x i d e  

c o n t e n t  o f  the  f l u e  gases. However, f o r  modern b o i l e r s  o f  a  des ign  t h a t  

causes water  vapor i n  the  f l u e  gases t o  condense, the  use of  the  d r y  

combust ion e f f i c i e n c y  may lead t o  e f f i c i e n c i e s  g r e a t e r  t h a n  1001 be ing  

ob ta ined .  I t  i s  o b v i o u s l y  impor tan t  f o r  t h e  a u d i t o r  t o  be aware o f  which 

d e f i n i t i o n  i s  used when comparing a l t e r n a t i v e  b o i l e r  p l a n t  e f f i c i e n c i e s .  
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A  f u r t h e r  p o i n t  t o  n o t e  i s  whether t h e  c a l o r i f i c  va lues  used f o r  t h e  hea t  

c o n t e n t s  o f  t h e  v a r i o u s  f u e l s  a r e  " g r o s s "  o r  ' n e t ' ,  see RV H . l  ( i n  many 

c o u n t r i e s  these a r e  r e f e r r e d  t o  as t h e  'upper '  and ' l ower '  h e a t i n g  v a l u e s ) .  

Net c a l o r i f i c  v a l u e  ( o r  heat  c o n t e n t )  e x c l u d e s  t h e  heat  t h a t  would  be 

a v a i l a b l e  i f  a l l  t h e  vapor i n  t h e  p r o d u c t s  o f  combust ion were condensed. The 

r a t i o  o f  Gross t o  Net C a l o r i f i c  Va lues v a r i e s  w i t h  f u e l  t y p e s ,  f o r  example. 

N a t u r a l  Gas: 1 .11.  L i q u i s i e d  Pet ro leum Gas: 1.09. O i l :  1.07. Combustion 

e f f i c i e n c i e s  shou ld ,  t h e r e f o r e ,  be c a l c u l a t e d  on a  o r  & c a l o r i f i c  

v a l u e  b a s i s .  

BY t a k i n g  i n t o  account j a c k e t  l o s s e s  t h e  u e f f i c i e n c ~ .  nb [ X I .  i s  

d e f i n e d  as ( f o r  n o t a t i o n  see F i g .  C.22):  " = l o o *  [I- (Hf-Ha+ Q ) /  O i l  = (HI- H q ) / Q  
J 1 

EC.21 

The e f f i c i e n c i e s  d e f i n e d  i n  eq. 1C.11 and cC.21 r e f e r  t o  && 

gfflcientleQ a t  a  f i x e d  l o a d  (see  AP H.2) .  By t a k i n g  i n t o  account ptl 

l osses  one can d e f i n e  t h e  o r  seasona l  e f f i c i e n c i e s  ( see  AT H.1) .  

The v a r i a t i o n  i n  l o a d  w i t h  t i m e  then has t o  be known. 

Combustion e f f i c i e n c y  i n  g e n e r a l  i nc reases  w i t h  i n c r e a s i n g  ca rbon  d i o x i d e  

c o n t e n t  o f  t h e  f l u e  gas and dec reas ing  tempera tu re  d i f f e r e n c e  between f l u e  

gas and i n t a k e  a i r .  

Carbon d i o x i d e  c o n c e n t r a t i o n  i s  a t  a  maximum when j u s t  enough oxygen i s  

p r o v i d e d  t o  c o m p l e t e l y  bu rn  t h e  f u e l  ( c a r b o n )  and t h i s  i s  known as 

S t o i c h i o m e t r i c  combust ion. P r o v i d i n g  more than  s u f f i c i e n t  a i r ,  o r  'excess 

a  c o o l s  t h e  f lame,  somewhat r e d u c i n g  i t s  a b i l i t y  t o  t r a n s f e r  heat  t o  t h e  

b o i l e r  heat  t r a n s f e r  s u r f a c e s ,  and i n c r e a s i n g  t h e  volume o f  f l u e  gases and 

hence hea t  l o s s .  I n  p r a c t i c e ,  s t o i c h i o m e t r i c  combust ion i s  n o t  p o s s i b l e .  

excess a i r  va lues  o f  3 - 5 1  f o r  gas and 3 - 8 1  f o r  o i l  b e i n g  p r a c t i c e  as lower  

l i m i t s  f o r  f u l l  l o a d  f i r i n g .  

For  reasons d i scussed  be low,  a c t u a l  r e a l i s t i c  s e t t i n g  f o r  most equipment i s  

c o n s i d e r a b l y  h i g h e r .  Values o f  percentage excess a i r  a r e  l i m i t e d  by a i r  

leakage i n t o  t h e  combust ion chamber and by t h e  i n a b i i i t y  o f  b u r n e r s  t o  
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p r o v i d e  a  p e r f e c t  f ue l -oxygen  mix .  C o r r e c t  and r e g u l a r  ad justment  o f  t h e  

excess a i r  requ i remen t  i s  one way o f  o b t a i n i n g  o p t i m a l  combust ion e f f i c i e n c y  

f o r  e x i s t i n g  b o i l e r  p l a n t s .  Ensur ing  t i g h t  combust ion chambers and choos ing 

b e t t e r  b u r n e r s  w i l l .  l e a d  t o  improved combust ion e f f i c i e n c y .  Because o f  

v a r i a t i o n s  i n  f u e l  heat  v a l u e s ,  o i l  v i s c o s i t y ,  gas d e n s i t y  and o f  a i r  

t empera tu re  and h u m i d i t y ,  and t o  a l l o w  f o r  maintenance d e p r e c i a t i o n  on t h e  . 
f u e l  b u r n i n g  equipment,  percentage excess a i r  l e v e l s  a r e  o f t e n  s e t  on t h e  

c o n s e r v a t i v e  s i d e ,  i .e.  w i t h  g r e a t e r  than necessary  va lues .  For  m o d u l a t i n g  

b u r n e r s ,  percentage excess a i r  requ i remen ts  a r e  n o r m a l l y  s e t  h i g h e r  t o  

compensate f o r  l e s s  e f f e c t i v e  f u e l  a i r  m i x i n g  a t  lower  loads.  The use o f  an 

oxygen trim c o n t r o l  .system. which p r o v i d e s  c l o s e d  loop  c o n t r o l o f  t h e  

combust ion process by t r i m m i n g  t h e  f u e l  a i r  mix  t o  o b t a i n  a  p r e s e t  excess a i r  

l e v e l ,  can p r o v i d e  u s e f u l  sav ings .  

A  complete  d i s c u s s i o n  on t h e  v a r i o u s  t ypes  o f  b u r n e r s  a v a i l a b l e  a n d , t h e i r  

i n h e r e n t  advantages and d isadvantages a r e  beyond t h e  scope o f  t h i s  t e x t .  Such 

i n f o r m a t i o n  can be o b t a i n e d  i n  one o r  more o f  t h e  r e f e r e n c e d  m a t e r i a l  

c o v e r i n g  b o i l e r s  ( see  Re fe rences ) .  

For nons teady -s ta te  o p e r a t i o n ,  i . e .  when t h e  f u l l  con t inuous  o u t p u t  o f  t h e  

b o i l e r  i s  n o t  r e q u i r e d ,  o t h e r  c o n s i d e r a t i o n s  a r e  i n v o l v e d  which tend  t o  

i n c r e a s e  t h e  s t a c k  l osses .  

B e f o r e  and a f t e r  bu rne r  o p e r a t i o n  i t  i s  necessary ,  as a  s a f e t y  p r e c a u t i o n ,  t o  

purge t h e  b o i l e r  o f  combus t ib le  gases. which i s  ach ieved  by b l o w i n g  

combust ion a i r  t h r o u g h ' t h e  b o i l e r .  Heat i s  c a r r i e d  o u t  o f  t h e  b o i l e r  and i s  

l o s t  t h rough  t h e  s t a c k .  U n c o n t r o l l e d  leakage o f  a i r  t h rough  t h e  b o i l e r  

combust ion chamber and up t h e  s tack  d u r i n g  n o n - f i r i n g  p e r i o d s ,  a long  w i t h  

these purge losses ,  a r e  p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  s i g n i f i c a n t  d rop  i n  

b o i l e r  per formance a t  p a r t  l oad ;  o b v i o u s l y  a n y t h i n g  t h a t  can l i m i t  t h e  

c y c l i n g  o f  t h e  bu rne r  w i l l  reduce t h e  f l u e  gases. Measures would i n c l u d e  n o t  

o v e r s i z i n g  h e a t i n g  p l a n t ,  u s i n g  bu rne rs  w i t h  a  v a r i a b l e  f i r i n g  r a t e ,  e i t h e r  

HIGH-LOU f i r i n g  o r  f u l l y  modu la t i ng  b u r n e r s ,  o r  u s i n g  a  number o f  b o i l e r s  and 

s c h e d u l i n g  t h e  number b e i n g  opera ted  a t  any one t i m e  w i t h  t h e  demand f o r  

h e a t .  
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F u l l y  m o d u l a t i n g  b u r n e r s  a r e  n o t  f u l l y  modu la t i ng  i n  t h a t  they  can t u r n  down 

u n i f o r m l y  t o  t h e  o f f  p o s i t i o n .  The t u r n  down r a t i o  v a r i e s  a c c o r d i n g  t o  t h e  

bu rne r  t y p e  and s i z e  and has p r a c t i c a l  lower  l i m i t s  imposed by t h e  d i f f i c u l t y  

o f  m a i n t a i n i n g  c o r r e c t  f u e l  a i r . r a t i o s  a t  v e r y  low f l o w s .  For  i n s t a n c e ,  a  

1 0 : l  turndown r a t i o  i m p l i e s  a  1 0 0 : l  d i f f e r e n c e  i n  p ressu re  d r o p  i n  t h e  wind 

box which i s  g e n e r a l l y  n o t  cons ide red  a c h i e v a b l e  w i t h  commerc ia l l y  a v a i l a b l e  

dampers and l i n k a g e s .  Turndown r a t i o s  o f  g r e a t e r  than  4 : l  a r e  unusua l .  The 

i m p l i c a t i o n s  o f  a  l i m i t e d  turndown means t h a t  g r o s s l y  o v e r s i z e d  b o i l e r s  w i t h  

m o d u l a t i n g  c o n t r o l s  can o p e r a t e  i n  an ON-OFF mode f o r  many o f  t h e i r  o p e r a t i n g  

hours .  F u r t h e r ,  i t  i s  n o t  a good i d e a  t o i p u t  reduced f i r i n g  r a t e  m o d u l a t i n g  

b u r n e r s  on o v e r s i z e d  b o i l e r s  because o f  condensa t ion  problems i n  t h e  b o i l e r  

and f l u e  c r e a t i n g  c o r r o s i o n  problems. 

For  gas f i r e d  equipment,  s t a c k  l osses  d u r i n g  t h e  o f f  c y c l e  can be m in im ised  

by u s i n g  f o r c e d  d raugh t  combust ion equipment,  as opposed t o  n a t u r a l  d raugh t  

equipment.  and by  p r o v i d i n g  dampers on t h e  s t a c k  t o  open and c l o s e  w i t h  

b u r n e r  o p e r a t i o n ,  t h i s  l a s t  a c t i o n  b e i n g  a l s o  a p p r o p r i a t e  t o  o i l  f i r e d  

p l a n t s .  

O the r  f a c t o r s  i n f l u e n c i n g  d r y  combust ion e f f i c i e n c y  a r e  t h e  combust ion a i r  

and f l u e  gas temperatures.  The gas tempera tu re  d rop  ac ross  t h e  b o i l e r  i s  

p r i m a r i l y  r e l a t e d  t o  t h e  success o r  f a i l u r e  o f  t h e  b o i l e r  i n  exchanging hea t  

between t h e  heated f l u i d  ( w a t e r ,  steam, o r  a i r )  and t h e  h e a t i n g  source ( t h e  

f lame and t h e  h o t  gases) .  The temperature o f  t h e  heated medium w i l l  somewhat 

a f f e c t  t h e  tempera tu re  d rop ,  i . e . .  t h e  h i g h e r  t h e  heated medium tempera tu re .  

t h e  lower  t h e  tempera tu re  d rop ,  f o r  a  g i v e n  h e a t  exchanger arrangement.  

Improv ing  hea t  t r a n s f e r  e f f i c i e n c y  shou ld  be one r e t r o f i t  s t r a t e g y  t o  be 

e v a l u a t e d  f o r  b o i l e r  p l a n t s  and c o u l d  i n c l u d e  i n c r e a s i n g  hea t  t r a n s f e r  by  t h e  

use o f  a d d i t i o n a l  [ s t a c k )  hea t  exchangers, i n c r e a s i n g  h e a t  t r a n s f e r  i n  f i r e  

tube  b o i l e r s  by  t h e  a d d i t i o n  o f  t u r b u l a t o r s ,  d e r a t i n g  t h e  f i r i n g  r a t e  o f  t h e  

b u r n e r ,  r e p l a c i n g  p o o r l y  des igned b o i l e r  p l a n t s ,  o r  ' s i m p l y  m a i n t a i n i n g  

e x i s t i n g  h e a t  t r a n s f e r  s u r f a c e s  c lean .  
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B o i l e r  heat  t r a n s f e r  can a l s o  be maximised by p r e h e a t i n g  t h e  combust ion a i r .  

b u t  t h i s  i s  o n l y  cons ide red  a b e n e f i t  where t h e  combust ion a i r  can be heated 

by waste hea t .  

Improv ing  hea t  t r a n s f e r  and i t s  consequent e f f e c t  on t h e  f l u e  gas tempera tu re  

has two p r a c t i c a l  l i m i t i n g  f a c t o r s  f o r  most c o n v e n t i o n a l  b o i l e r  p l a n t s .  The 

f i r s t  occu rs  w i t h  t h e  economics o r  d i m i n i s h i n g  r e t u r n s  o f  hea t  t r a n s f e r  

improvement pe r  i nc remen ta l  c a p i t a l  c o s t  o f  t h e  b o i l e r :  t h e  second comes w i t h  

t h e  need t o  a v o i d  condensat ion o c c u r r i n g  i n  t h e  f l u e  - t h i s  condensa t ion  i s  

a c i d i c  and can cause c o n s i d e r a b l e  equipment damage and i s  p a r t i c u l a r l y  a  

prob lem i n  o i l  b u r n i n g  equipment b u r n i n g  h i g h  s u l p h u r  c o n t e n t  o i l s .  Recent 

b o i l e r  developments. however, has l e d  t o  t h e  p r o d u c t i o n  o f  b o i l e r s  capab le  o f  

condens ing o u t  t h e . w a t e r  con ta ined  i n  t h e  f l u e  gases w i t h o u t  d e t r i m e n t  t o  t h e  

b o i l e r .  Such b o i l e r s  have v e r y  h i g h  e f f i c i e n c i e s  because they c a p t u r e  t h e  

l a t e n t  heat  o f  t h e  o t h e r w i s e  d i scharged  f l u e  gas. 

R a d i a t i o n  and c o n d u c t i o n  l o s s e s  o f  t h e  h e a t i n g  p l a n t .  i . e .  t h e  i p r k e t  l o s s e s  

(see F i g .  C.211, depend on t h e  s u r f a c e  area o f  t h e  e lements ,  t h e i r  s u r f a c e  

tempera tu re  and t h e  su r round ing  temperature.  Losses occu r  a l l  t h e  t i m e  w h i l e  

t h e  b o i l e r  i s  h o t  and remain n e a r l y  t h e  same i f  t h e  bu rne r  i s  r u n n i n g  o r  n o t .  

The l o s s e s  o f  t h e  b o i l e r  a r e  g e n e r a l l y  expressed i n  pe r  c e n t  o f  t h e  power o f  

t h e  b o i l e r  and a r e  g e n e r a l l y  o f  t h e  o r d e r  o f  1 t o  4 pe r  c e n t  a t  f u l l  l o a d .  

A  c e r t a i n  amount o f  a d d i t i o n a l  hea t  w i l l  a l s o  be l o s t  f rom p ipework and 

f i t t i n g s  i n  t h e  b o i l e r  house (see  s e c t i o n  C . 5 1 .  

Many p u b l i c a t i o n s  use t h e  te rm standby losses  which r e f e r  t o  t h e  losses  from 

t h e  b o i l e r  when i t  i s  n o t  f i r i n g .  Standby losses a r e  comprised o f  t h e  j a c k e t  

l o s s  and t h e  o f f  c y c l e  s t a c k  l o s s e s  p r e v i o u s l y  r e f e r r e d  t o .  

Jacke t  l osses  can be reduced by ensur ing  t h e  i n t e g r i t y  o f  j a c k e t  i n s u l a t i o n .  

i n c r e a s i n g  i t  i f  necessary .  For  m u l t i p l e  b o i l e r  p l a n t s ,  standby l o s s e s  can be 

reduced by s h u t t i n g  o f f ,  and the reby  i s o l a t i n g  from t h e  h e a t i n g  d i s t r i b u t i o n  

and f l u e  system, those b o i l e r s  n o t  r e q u i r e d  t o  meet an immediate h e a t i n g  

demand. 
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A l though  Smal l  compared t o  t h e  energy losses  o f  t h e  b o i l e r ,  o t h e r  losses can 
. .  . 

be reduced by t h e  s h u t t i n g  o f f  o f  M i l e r  a u x i l i a r i ~  such as f u e l  l i n e  and 

tank  h e a t i n g  (heavy o i l s ) ,  f u e l  d e l i v e r y  pumps, gas p i l o t  l i g h t s ,  e t c .  

pJgwdown l o s s e s  occu r  i n  steam p l a n t s  o n l y  and r e s u l t  f rom t h e  n e c e s s i t y  o f  

p e r i o d i c a l l y  b l e e d i n g  wa te r  f rom t h e  b o i l e r  and r e p l a c i n g  i t  w i t h  f r e s h .  T h i s  

wa te r  rep lacement  i s  r e q u i r e d  t o  reduce t h e  b u i l d  up o f  s o l i d s  i n  t h e  b o i l e r  

wa te r  as pu re  steam i s  removed f rom t h e  b o i l e r  l e a v i n g  beh ind  d i s s o l v e d  

s o l i d s  o r i g i n a l l y  p r e s e n t  i n  t h e  feed  wa te r .  Good wa te r  t r e a t m e n t ,  o n l y  

b l o w i n g  down as necessary ,  and r e c o v e r i n g  hea t  f rom t h e  b low down, e .g .  u s i n g  

i t  t o  hea t  t h e  feedwater  r e p l a c i n g  i t ,  o f f e r  o p e r a t i o n a l  sav ings .  

Unburn t  f u e l  l o s s e s  a r e  n o r m a l l y  o n l y  p resen t  w i t h  s o l i d  f u e l  b o i l e r s  where 

u n b u r n t  Fuel  i s  c o n t a i n e d  i n  t h e  f u e l  r e s i d u e  l e f t  a f t e r  f i r i n g .  Unburnt  f u e l  

can, however,  be p r e s e n t  i n  gas and l i q u i d  f u e l  b u r n e r s  b u t  i s  o n l y  

s i g n i f i c a n t  when b u r n e r s  a r e  v e r y  b a d l y  and dangerous ly  a d j u s t e d ,  i .e.  

s t a r v e d  o f  s u f f i c i e n t  oxygen t o  p e r m i t  combust ion - under these  c o n d i t i o n s  

unaccep tab le  l e v e l s  o f  carbon monoxide w i l l  be p r e s e n t  i n  t h e  f l u e  gases. 

A lso  under  normal o p e r a t i o n  i n  o i l  b u r n i n g  equipment,  t h e r e  i s  a  u s u a l l y  

n e g l i g i b l e  amount OF unburn t  f u e l  which m a n i f e s t s  i t s e l f  i n  t h e  form o f  

smoke. 

Perhaps t h e  most common and u n f o r t u n a t e l y  o f t e n  t h e  o n l y  a d i t  a c t i v i t y  

i n v o l v e s  t h e  d i r e c t  measurement o f  combust ion e f f i c i e n c y  (see  AP H . 1 ) .  Uhen 

c a r r y i n g  o u t  such measurements, i t  makes sense t o  make necessary ad jus tmen ts  

t o  t h e  f u e l  a i r  mix  t o  ensure o p t i m a l  combust ion o f  t h e  i n s t a l l e d  equipment.  

I t  shou ld  be remembered t h a t  t h i s  ad justment  needs t o  be repea ted  a t  r e g u l a r  

i n t e r v a l s .  Readings o f  low combust ion e f f i c i e n c y  a r e ,  however,  o n l y  an 

i n d i c a t i o n  t h a t  someth ing i s  wrong o r  c o u l d  be improved and a d d i t i o n a l  

i n v e s t i g a t i o n  i s  r e q u i r e d  t o  i d e n t i f y  weakness i n  t h e  p l a n t  and p o t e n t i a l  

r e t r o f i t  measures. 

Because a  b o i l e r  p l a n t  w i l l  spend by f a r  t h e  l a r g e s t  p a r t  o f  i t s  o p e r a t i n g  

l i f e  r u n n i n g  be low i t s  maximum o u t p u t ,  i t  i s  e x t r e m e l y  i m p o r t a n t  t o  c o n s i d e r  

p a r t  l o a d  o p e r a t i o n  and such aspec ts  as l o a d  v a r i a t i o n s ,  b o i l e r  o v e r s i z i n g .  



App. C Energy Use and A u d i t i n g  Problems 

s tandby losses  and b o i l e r  sequenc ing.  Procedures f o r  c a r r y i n g  out 'some o f  

these e v a l u a t i o n s  a r e  d e t a i l e d  i n  App. F. 

C.4.2 E l e c t r i c  B o i l e r  o r  Furnace 

Norma l l y  t h e  o n l y  losses o c c u r r i n g  f rom e l e c t r i c  b o i l e r s  a r e  heat  l osses  f rom 

t h e  c a s i n g  and losses  f rom t h e  d i s t r i b u t i o n  system (such  as p i p e s ,  d u c t s .  

pumps, fans  e t c .  which a r e  covered e l sewhere ] .  A u d i t i n g  problems a r e  

p r i m a r i l y  concerned w i t h  t h e  d e t e r m i n a t i o n  o f  these l o s s e s  (see  s e c t i o n  C.4.1 

and AP H.31 b u t  c o n s i d e r a t i o n  r h o u l d  a l s o  be g i v e n  t o  p o s s i b l e  economic g a i n s  

u s i n g  heat  s to rage  charged d u r i n g  o f f  peak l o a d  p e r i o d s  (see  s e c t i o n  C.101. 

Heat "extracted" 
from heat source 
e.g. outsideair 

Useful heat 
delivered t o  
heat distribution 

Primary 
system 

energy input 

losses 

Defrost 
losses 

EXPLANATION OF TERMS 
PRIMARY ENERGY INPUT: Electricity Or fuel toengine driven machine 
CONVERSION LOSSES: Due to combust8on lasses (not appllcabe to 
electricslly driven). 

HEAT RECOVERY: From jacket or exhaust (not spplicable to electrically 
driven). 
AUXILIARY EOUIPMENT: Fans. Pumps. Heaten, etc. 
STANDBY LOSSES.Auxlliary equipment consumption when heat pump not 
Owratlng. 

HEATLOSSES: Framwsrm heatpumpcomponentstosmbent 

F i g .  C.23 H e a t  pump energy  flows. 
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C.4.3 H e a t  P u m ~  P l a n t  

Heat pumps can o p e r a t e  acco rd ing  t o  a  number o f  d i f f e r e n t  r e f r i g e r a t i o n  

c y c l e s  and be powered by d i f f e r e n t  t ypes  o f  p r i m a r y  energy s u p p l i e s  and pr ime 

movers. The most common t ypes  i n  use a r e  t h e  e l e c t r i c  motor d r i v e n  vapor  

compress ion h e a t  pumps and t h e  hea t  powered a b s o r p t i o n  systems. Energy f l ows  

a r e  i l l u s t r a t e d  i n  F i g .  C.23. 

The t h e o r e t i c a l  hea t  pump c y c l e  e f f i c i e n c y  i s  d e f i n e d  by t h e  Carno t  

c o e f f i c i e n t  o f  per formance.  COP1, which i s  i s  g i v e n  by :  

COP1 = T c o  1 ITCO- T e v l  ( vapor  compression1 rC.31 

where T : condensing tempera tu re  [ K I . a n d  lev = e v a p o r a t i n g  tempera tu re  [ K I .  co 

For  a b s o r p t i o n  systems. 

COPl = T e V  / ( T  - T e V l  = (Th  - T c o l l T h  + 1 ( a b s o r p t i o n )  co tC.41 

where T h  i s  t h e  tempera tu re  o f  t h e  hea ted  f l u i d  s u p p l i e d  t o  t h e  g e n e r a t o r .  

From t h e  e q u a t i o n s  LC.31 and LC.41 i t  i s  r e a d i l y  seen t h a t  t h e  
. . &f&umu i s  s t r o n g l y  dependent o f  t h e  condens ing and e v a p o r a t i n g  

temperatures.  There fo re  c h o i c e  and imp lemen ta t i on  o f  heat  sources and heat  

s i n k s  shou ld  be made w i t h  g r e a t  c a r e  t o  m in im ise  t h e  condens ing tempera tu re  

and t h e  d i f f e r e n c e  between condensing and e v a p o r a t i n g  temperatures.  

Compressor o p e r a t i o n  a t  p a r t  l o a d  i n  most i n s t a n c e s  reduces t h e o r e t i c a l  ( f u l l  

l o a d )  process e f f i c i e n c y .  Speed c o n t r o l  o f  r e c i p r o c a t i n g  p i s t o n  compressors 

can, however,  a c t u a l l y  render  improvements by b e t t e r  u t i l i s a t i o n  o f  t h e  

exchangers and improved i s e n t r o p i c  compressor e f f i c i e n c y .  C y l i n d e r  u n l o a d i n g  

i s  a  v e r y  i n e f f i c i e n t  method o f  c a p a c i t y  c o n t r o l .  

S i z i n g  o f  heat  pumps and supplementary  heat  s u p p l i e s  i s  a  v e r y  i m p o r t a n t  

o p t i m i z a t i o n  prob lem t o  be cons ide red  c a r e f u l l y .  H e a t i n g  l o a d  e s t i m a t e s  a r e  

t h e r e f o r e  p a r t i c u l a r l y  i m p o r t a n t  i n  c o n n e c t i o n  w i t h  heat  pump i n s t a l l a t i o n s .  
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The e f f i c i e n c y  o f  motors and gearboxes d i r e c t l y  a f f e c t  the process e f f i c i e n c y  

and t h i s  should encourage use o f  h igh performance components. 

Using so leno id  valves and pump down opera t ion  w i l l  reduce c y c l i c  losses by 

p revent ing  .the r e f r i g e r a n t  charge t o  t r a n s f e r  t o  the evaporator s ide du r i ng  

standby per iods .  I f  subcool ing of the warm r e f r i g e r a n t  condensate can be used 

t o  preheat incoming f r esh  a i r  o r  c o l d  tap water ,  the  losses from ad iaba t i c  

expansion can be reduced, thus improving the process e l f i c i e n c y .  

Heat exchanges w i t h  the surroundings (ambient losseh l  occur i n  a s i m i l a r  

fashion as f o r  the combustion b o i l e r .  Heat pumps d i f f e r ,  however, i n  t h a t  

they have both hot  and c o l d  par ts .  Therefore they can lose  heat not  on ly  t o  

spaces not  intended t o  be heated, but  they can a lso  remove heat  from heated 

spaces. I n  p a r t i c u l a r  compressors and condensors p laced outdoors are exposed 

t o  s i g n i f i c a n t  temperature d i f f e rences  t o  those o f  the surroundings. Heat can 

a lso  leak i n t e r n a l l y  between the  ho t  and c o l d  p a r t s  o f  the  heat pump. A i r  

cabinets p laced indoors can con t r i bu te  t o  heat losses no t  on ly  through heat 

exchange bu t  even more through a i r  leakage. Drawing warm a i r  i n t o  a i r  heated 

evaporators w i l l  increase the  energy demand f o r  the  b u i l d i n g  a n d l o s i n g  warm 

a i r  from a i r  cooled condensors w i l l  reduce the  de l i ve red  use fu l  heat .  

L t  should be noted t h a t  a poo r l y  i nsu la ted  heat s torage can reduce system 

e f f i c i e n c y ,  through heat losses,  t o  an ex ten t  t h a t  more than o f f s e t s  any 

e f f i c i e n c y  ga in  achieved through more e f f e c t i v e  heat pump opera t ion .  

Heat D U ~ D  a u x i l i a r y  devices such as pumps, fans and crank case heaters a f f e c t  

system e f f i c i e n c i e s  t o  a la rge  ex ten t .  Power t o  c i r c u l a t i n g  pumps o r  fans i s  

o f t e n  10-20% of  the  power supp l ied  t o  the  compressor, thereby d im in i sh ing  t he  

c o e f f i c i e n t  o f  performance by the same amount. During standby, devices no t  

necessary f o r  the heat pump func t i on ing  should always be switched o f f .  

Heat pumps using a.ir as the heat source o f t en  need t o  f r ee  the evaporator  

sur face from i c e .  Using opt imized demand c o n t r o l  and e f f i c i e n t  methods of 

d e f r o s t i n g  reduces the energy demand f o r  t h i s  process. Dur ing per iods  of 
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con t inuous  o p e r a t i o n  i t  i s  p a r t i c u l a r l y  impor tan t  t o  m in im ize  t h e  d e f r o s t i n g  

t i m e ,  s i n c e  no heat  can n o r m a l l y  be produced d u r i n g  d e f r o s t i n g  p e r i o d s .  

hd.iLU9 shou ld  be focused on heat  source and heat  s i n k  tempera tu res  and f l o w  

r a t e s .  F u n c t i o n i n g  o f  c o n t r o l  equipment i s  i m p o r t a n t  and can b e b o t h  

i n t r i g u i n g  and t ime-consuming. An unders tand ing  o f  how t h e  system i s  i n t e n d e d  

t o  f u n c t i o n  i s  e s s e n t i a l .  The hea t  pump can be checked by measur ing e l e c t r i c  

power consumption, e v a p o r a t i n g  and condens ing p ressu res  and a  few 

temperatures.  .Th is  can o n l y  be done w i t h  good r e s u l t s  i f  t h e  hea t  pump can 

r u n  f o r  s u f f i c i e n t l y  l o n g  p e r i o d s  t o  r e a c h  a s teady  s t a t e  (see App. F ) .  

C . 4 . 4  A i r  t o  A i r  Heat Recovery 

The performance o f  a i r  t o  a i r  hea t  exchangers ( e . g .  Heat Recovery V e n t i l a t o r .  

HRV) i s  u s u a l l y  expressed i n  terms of  t h e i r  e f f e c t i v e n e s s  i n  t r a n s f e r r i n g  

i l  S e n s i b l e  hea t  ( d r y - b u l b  t e m p e r a t u r e ) .  

iil L a t e n t  hea t  ( h u m i d i t y  r a t i o 1  o r  

iiil T o t a l  hea t  ( e n t h a l p y l .  

The e f f e c t i v e n e s s ,  q o f  a  heat  exchanger i s  d e f i n e d  as t h e  r a t i o  o f  t h e  

a c t u a l  t r a n s f e r  f o r  t h e  g i v e n  d e v i c e  t o  t h e  max ima l l y  p o s s i b l e  t r a n s f e r  

between t h e  a i r  s t reams.  Us ing  t h e  n o t a t i o n  o f  F i g .  C . 2 4 ,  one can t h e n  d e f i n e  

t h e  e f f e c t i v e n e s s  as :  

F i g .  C . 2 4  Flows i n  an air to a i r  heat exchanger. 

1 = temperature [OCI 

q = mass flow rate [ k g l s l  
x = moisture content [ k g l k g l  
h = specific enthalpy I J l k g l  
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f o r  l a t e n t  hea t :  Q = ql*(x -x  ) / c q  . * ( x  - x  ) I  1 4 min 1  3 

f o r  t o t a l  heat :  Q = q * ( h  - h  lI[qmin*(hl-h3)1 1 1 4  

where 

c i s  t h e  s p e c i f i c  hea t  a t  c o n s t a n t  p ressu re  cJ lkg .K l  and 
P 

q . i s  t h e  s m a l l e s t  one o f  ql and q2 .  min 

I t  shou ld  be n o t e d  t h a t  t h e  f a n  energy consumption and energy f o r  d e f r o s t i n g  

has n o t  been i n c l u d e d  i n  any o f  these d e f i n i t i o n s .  

A u d i t i n q  shou ld  i n c l u d e  c o n s i d e r a t i o n s  o f  o p e r a t i n g  hours ,  f an  energy 

consumption, b a l a n c i n g  o f  a i r  f l o w s ,  energy f o r  d e f r o s t i n g  and a i r  l eaks .  An 

i m p o r t a n t  i t e m  i s  i n s p e c t i o n  o f  f i l t e r s .  Clogged f i l t e r s  reduces t h e  f l o w  

r a t e s  and hence t h e  hea t  t r a n s f e r .  Checking t h e  s e t p o i n t  o f  t h e  d e f r o s t e r  

the rmos ta t  i s  ano the r  impor tan t  i t em.  

C.4.5 L h i l l e r s  and A i r  C o n d i t i o n i n s  E g y i ~ m e n t  

Energy f l o w s  f o r  a  c o o l i n g  p l a n t  a r e  shown i n  F i g .  C.25 

The p r o c e s s  e f f i c i e  
. . 

n c y  o f  a  c o o l i n g  process r i l l  always be a f f e c t e d  by 

o p e r a t i o n  a t  p a r t  l o a d  c o n d i t i o n s .  S i z i n g  shou ld  t h e r e f o r e  be t r e a t e d  w i t h  

ca re .  Bo th  c o o l i n g  l oads  and h e a t i n g  loads  a r e  o f t e n  ove res t ima ted  l e a d i n g  t o  

i n e f f i c i e n t  o p e r a t i o n .  

The w o d v n a m i c  e f f i c i e n c y  o f  a  c o o l i n g  process r i l l  g r e a t l y  depend on 

e v a p o r a t i n g  and condensing tempera tu res .  T h e r e f o r e ,  l osses  i n  t h e  

d i s t r i b u t i o n  system w i l l  a f f e c t  t h e  process e f f i c i e n c y  by l o w e r i n g  t h e  

average e v a p o r a t i n g  temperature.  The t h e o r e t i c a l  c o e f f i c i e n t  o f  per formance 

f o r  t h e  Carnot  vapor  compression c o o l i n g  process.  COP2, i s :  
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where Tco  = condens ing tempera tu re  [ K l  and TeV = e v a p o r a t i n g  tempera tu re  C K I .  

S t r a t e g i e s  t o  lower  t h e  condens ing tempera tu re  and i n c r e a s e  t h e  e v a p o r a t i n g  

tempera tu re  w i l l  improve process e f f i c i e n c y .  A  number o f  such s t r a t e g i e s  a r e  

d i scussed  i n  Appendix D .  

~ b s o r p t i o n  c o o l i n g  p l a n t s  b u r n i n g  ' f o s s i l  f u e l s  w i l l  l o s e  energy t h r o u g h  s t a c k  

losses and bu rne r  i n e f f i c i e n c y  (see s e c t i o n  C.4.1).  C h i l l e r s  u s i n g  motor  

d r i v e n  compressors w i l l  l o s e  energy th rough  motor  i n e f f i c i e n c y  ( g r e a t l y  

dependent on l o a d  b o t h  f o r  combust ion eng ines  and e l e c t r i c  m o t o r s ) .  

compressor i n e f f i c i e n c y  ( f r i c t i o n  l o s s e s ,  dead space, leakage,  s u c t i o n  gas 

h e a t i n g ,  h o t  gas r e c i r c u l a t i o n 1  and c y c l e  e f f i c i e n c y  ( t h e o r e t i c a l  e f f i c i e n c y  

f o r  a  p a r t i c u l a r  c y c l e  u s i n g  a  p a r t i c u l a r  r e f r i g e r a n t ) .  

Cooling losses 
(heat gains) anen 

Heat content of 
cooled medium supplied 
lo cooling dist&bution 
system 

*.a 

F i g .  C.25 . C o o l i n g  p l a n t  energy f l ows .  Note t h a t  t h e  n e t  
c o o l i n g  d e l i v e r e d  t o  t h e  c o o l i n g  d i s t r i b u t i o n  
system i s  t h e  d i f f e r e n c e  between A and B above 
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C o o l i n g  t o w e r s  and sp ray  c o o l e r s  l o s e  ene rgy  b y  c i r c u l a t i o n  l o s s e s  and 

rep lacemen t  o f  evapo ra ted  w a t e r .  S o l a r  o p e r a t e d  c o o l i n g  u n i t s  use f r e e  energy  

b u t  w i l l  r e q u i r e  i n c r e a s e d  c o l l e c t o r  a r e a  when t h e  e f f i c i e n c y  o f  t h e  

c o l l e c t o r  goes down. 

As l o n g  as  t h e r e  i s  a  t e m p e r a t u r e  d i f f e r e n c e  between t h e  c o o l i n g  p l a n t  and 

i t s  s u r r o u n d i n g s ,  c o o l i n a  l o s s e s  w i l l  o c c u r  by  r a d i a t i o n ,  c o n d u c t i o n ,  and 

c o n v e c t i o n .  

When a  c o o l i n g  u n i t  has b o t h  a  c o l d  p a r t  1e .g .  e v a p o r a t o r )  and a  h o t  p a r t  

1e .g .  c o n d e n s e r ) ,  t hese  l o s s e s  can t a k e  p l a c e  b o t h  e x t e r n a l l y  and i n t e r n a l l y  

t h r o u g h  c a s i n g s  o r  l eakage  o f  r e f r i g e r a n t  f r om t h e  h i g h  t o  t h e  low p r e s s u r e  

s i d e .  

S ince  t h e s e  l o s s e s  o c c u r  a l l  t h e  t i m e  t h e y  w i l l  a f f e c t  a  sys tem o p e r a t i n g  on- 

o f f  more t h a n  a  c o n t ~ n u o u s l y  w o r k l n g  sys tem (depend ing  on  r e l a t i v e  r u n n i n g  

t i m e ) .  I n  p a r t i c u l a r  l o s s e s  f rom s t o r a g e  systems can be c o n s i d e r a b l e ,  t h e r e b y  

d l s c a r d l n g  any g a l n s  I n  p rocess  efficiency accomp l i shed  by  t h e  s t o r e  

Standbv l o s s e s  w i l l  i n c l u d e  t h e  above men t i oned  hea t  g a i n s  as w e l l  as ene rgy  

expended on c o n t r o l  equ ipment ,  c rank  case h e a t e r s ,  pumps o r  f a n s .  Even s m a l l  

s tandby  l o s s e s  can be i m p o r t a n t  if r u n n i n g  t i m e s  a r e  s h o r t .  

The a u d i t i n q  prob lems c o n c e r n i n g  t h e  c e n t r a l  c o o l i n g  p l a n t  w i l l  be s i m i l a r  t o  

t h o s e  o i  t h e  c e n t r a l  h e a t i n g  p l a n t .  The a im  i s  t o  reduce  l o s s e s  and t o  

improve p rocess  e f f i c i e n c y .  Such an a im,  however ,  o f t e n  r e q u i r e s  s k i l l e d  

s t a f f  and can  be q u i t e  c o s t l y .  

F o r  e l e c t r i c a l l y  d r i v e n  equ ipment  t h e  a u d i t o r  s h o u l d  a l s o  be c o n g n i s a n t  o f  

t h e  p o s s i b l e  e f f e c t s  o f  chiller o p e r a t i o n  on e l e c t r i c a l  demand cha rges .  
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C.5 DISTRIBUTION S Y S T E M  

m r q v  l o s s e s  i n  ductwork  systems t a k e  p l a c e  i n  t h r e e  p r i n c i p a l  a reas  

i )  A c t u a l  l o s s  o f  hea t  energy by c o n d u c t i o n  and a i r  leakage from t h e  

d u c t r o r k  i n t o  t h e  b u i l d i n g .  

i i )  Energy l o s t  i n  push ing  a i r  t h rough  t h e  system, and 

i i i )  Loss i n c u r r e d  as a  r e s u l t  o f  e i t h e r  c o l d  o u t s i d e  a i r  e n t e r i n g  t h e  

ductwork  system o r  warm a i r  l e a v i n g  t h e  ductwork  system and b u i l d i n g .  

These losses  a r e  shown s c h e m a t i c a l l y  i n  F i g .  C.26. 

Heating/cooling Heat lossigains 
energy Nonproductive 

Heating andlor 
cooling delivered 
to the space 

fan gains (cooling) 
Fan energy Fan useage 

losses (on when not 
required) 

F i g .  C . 2 6  Energy f l o w s  i n  a duc twork  system. 

The f i r s t  l o s s  can be m in im ised  by r e d u c i n g  a i r  leakage and improv ing  

d u c t r o r k  i n s u l a t i o n :  t h e  second by improv ing  f r e s h  a i r  and exhaust  damper 

s e a l i n g : '  b u t  g e n e r a l l y  f a r  g r e a t e r  b e n e f i t s  a r e  p o s p l b l e  by l o o k i n g  f o r  ways 

t o  m i n i m i s e  t h e  t h i r d  t y p e  o f  l o s s ,  t h a t  o f  f an  energy .  

Fan energy consumpt ion equa ls  Apt qV* t l l n f t  n t *  3,) l C . 6 )  

where AP z ductwork  p r e s s u r e  d rop  
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qv = v o l u m e t r i c  f l o r  r a t e  

n f ,  n t .  nm = e f f i c i e n c y  o f  f an ,  t r a n s m i s s i o n  and motor ,  r e s p e c t i v e l y  

t = o p e r a t i n g  t i m e  

The a u d i t o r  shou ld  look t o  each parameter  i n  t h e  e q u a t i o n  f o r  p o s s i b l e  energy 

sav ings .  

The most p r o m i s i n g  areas a r e :  

il Ductwork r e s i s t a n c e .  

iil Air volume f l o w  r a t e s ;  b o t h  o f  which a f f e c t  t h e  ductwork  p ressu re  d r o p  

and u l t i m a t e l y  f a n  power requ i remen ts .  

iiil Hours o f  o p e r a t i o n ,  and 

i v l  Shor t  c i r c u i t i n g  o f  leakage a i r  f rom supp ly  d u c t s  t o  r e t u r n  where supp ly  

and r e t u r n  share a  common space, f o r  example, supp ly  d u c t s  r u n n i n g  i n  

r e t u r n  plenum spaces. 

O v e r a l l  a i r  volume f l o w  r a t e  r e d u c t i o n s  a r e  p o s s i b l e  w h e r e a i r  c o n d i t i o n i n g  

o r  space h e a t i n g  loads a r e  reduced.  where room supp ly  a i r  temperature 

d i f f e r e n t i a l s  can be inc reased ,  o r  where v e n t i l a t i o n  r a t e s  can be r e l a x e d  

( r e d u c t i o n s  i n  o u t s i d e  v e n t i l a t i o n  a i r  a r e  d i scussed  i n  s e c t i o n  C.3.1  

Reduct ions i n  o v e r a l l  a i r  f l o r  may e f f e c t  room a i r  d i f f u s i o n  and w i l l  l i m i t  

t h e  amount o f  f r e e  c o o l i n g  c a p a c i t y .  I n c r e a s i n g  t h e  room supp ly  a i r  

t empera tu re  d i f f e r e n t i a l s  1 i . e .  t h e  d i f f e r e n c e  between t h e  room a i r  and the '  

supp ly  a i r 1  can c r e a t e  d i s c o m f o r t  t h rough  d r a u g h t s .  

A i r  f l o w  r a t e s  can be reduced by t h r o t t l i n g  t h e  a i r  supp ly ,  i . e .  i n c r e a s i n g  

t h e  ductwork  r e s i s t a n c e  f o r  moderate energy sav ings  o r  by r e d u c i n g  fan  speed 

f o r  much improved performance.. 

Advantage can a l s o  be taken o f  reduced volume requ i remen ts  a t  p a r t  l oads  by  

c o n v e r t i n g  t o  a  v a r i a b l e  a i r  volume HVAC o r  v e n t i l a t i o n  system V a r i a b l e  

volume changes a l s o  have t h e  added advantage o f  r e d u c i n g  h e a t i n g ,  c o o l i n g  and 

d e h u m i d i f i c a t i o n  needs as d i scussed  i n  s e c t i o n  C.2 
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Ductwork r e s i s t a n c e  can be lowered by l o o k i n g  f o r  excess ive  p ressure  drops 

across components o f  the  ductwork systems. P a r t i c u l a r  a t t e n t i o n  should be 

p a i d  t o  t h e  index r u n  ( t h e  r u n  w i t h  the  g r e a t e s t  p ressure  drop,  o f t e n  b u t  n o t  

n e c e s s a r i l y  the  longes t  run1  s i n c e  o t h e r  runs  w i l l  r e q u i r e  t h r o t t l i n g  t o  

m a i n t a i n  a i r  ba lance.  Areas o f  u n n e c e s s a r i l y  h i g h  p ressure  drops t o  l o o k  f o r  

a r e  g i v e n  on the  ductwork d a t a  c o l l e c t i o n  form. l s e e  App. E l .  I t  i s  ve ry  

i m p o r t a n t  t o  remember, however, t h a t  reduc ing  r e s i s t a n c e  a lone  w i l l  i nc rease  

the  f l o w  r a t e  and the reby  t h e  fan power .and energy requ i rements  l s e e  F i g .  

C.27) and i n  t h e  case o f  fo rward  curved c e n t r i f u g a l  fans i t  can s e r i o u s l y  

o v e r l o a d  the  fan motor .  A l l  r e d u c t i o n s  o f  ductwork r e s i s t a n c e  must be 

accompanied by a  change o f  f a n  speed o r  a  change o f  the  f a n  i t s e l f  f o r  any 

b e n e f i t  t o  be d e r i v e d .  

Ductwork 
svstem curves 

Air volume d 

Fig. C . 2 7  Typical f a n  and ductwork system characteristics. 

Reduct ion i n  f a n  power requ i rements  a l s o  may p e r m i t  sav ings  i n  e l e c t r i c a l  

demand o r  a  s m a l l e r  motor t o  be f i t t e d  a l t h o u g h  no b e n e f i t s  a r e  g e n e r a l l y  

d e r i v e d  from rep lacement  un less  t h e  motor i s  s u b s t a n t i a l l y  o v e r s i z e d .  Cau t ion  
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must a l s o  be e x e r c i s e d  n o t  t o  reduce t h e  motor s i z e  t o  such an e x t e n t  t h a t  i t  

f a i l s  t o  p r o v i d e  s u f f i c i e n t  t o r q u e  t o  a c c e l e r a t e  t h e  f a n  wheel.  

Perhaps t h e  b i g g e s t  p u d i t i n q  problems a r e  those  a s s o c i a t e d  w i t h  t h e  a c t u a l  

measurement o f  a i r  f l ows  and temperatures i n  o r d e r  t o  g e t  an a c c u r a t e  p i c t u r e  

o f  energy t r a n s f e r  by t h e  a i r .  For  an a u d i t o r  i nexper ienced  w i t h  a i r  f l o w  

measurement, i t  may be wise t o  employ t h e  s e r v i c e s  o f  an e x p e r t  on a i r  

b a l a n c i n g  and t e s t i n g .  F u r t h e r  d i f f i c u l t i e s  a r i s e  i n  t r y i n g  t o  l o c a t e  i n  

f i n i s h e d  ductwork  those components caus ing  u n n e c e s s a r i l y  h i g h  p r e s s u r e  d rops .  

e.g. l a r g e  bends w i t h o u t  t u r n i n g  vanes. The measurement o f  ductwork  leakage 

i s  a l s o  a  t i m e  consuming o p e r a t i o n  and shou ld  n o t  be pursued u n l e s s  t h e r e  i s  

v e r y  good reason t o  suspect  major  leakage. 

C . 5 . 2  P i ~ e w o r k  Svstems 

Enerav losses  i n  p ipework systems occu r  i n  two p r i n c i p a l  a reas ,  namely 

pumping losses and losses  caused by l eaks  and heat  losses and g a i n s  from and 

t o  t h e  p ipework system. These losses  a r e  i l l u s t r a t e d  i n  F i g .  C . 2 8 .  

U n l i k e  ductwork systems, p i p i n g  system heat  g a i n s  and losses a r e  o f t e n  o f  a  

s i g n i f i c a n t l y  h i g h  enough v a l u e  t o  war ran t  t h e i r  c o n s i d e r a t i o n  on an equal  

f o o t i n g  w i t h  pumping c o s t s .  These losses a r e  d i scussed  below f o r  wa te r  

systems and steam systems. 

PumDina losses  a r e  n o r m a l l y  o f  l i t t l e  i n t e r e s t  i n  steam systems (see be low)  

b u t  i n  water  systems pumping energy can o f t e n  be s i g n i f i c a n t .  Pumping energy 

consumption equa ls  A p q V *  * / ( o r *  o t *  om) LC.71 

where: bp = p ipework p ressu re  drop 

qv 
= v o l u m e t r i c  f l o w  r a t e  

op.  o t ,  om= e f f i c i e n c y  o f  pump, t r a n s m i s s i o n  and motor :  r e s p e c t i v e l y  

t = o p e r a t i n g  t i m e  

The a u d i t o r  shou ld  look a t  each parameter i n  t h e  e q u a t i o n  f o r  p o s s i b l e  energy 

sav ings .  
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HOT WATER PIPEWORK SYSTEM 
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energy (pumps on when not necessary) 
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Note  t h a t  f o r  h e a t i n g  sys tems,  p a r t  o f  t h e  pump energy  w i l l  u s u a l l y  

c o n t r i b u t e  t o  t h e  h e a t i n g  o f  t h e  b u i l d i n g .  Energy  w i l l  be wasted a l l  t h e  t i m e  

t h a t  t h e  pump i s  o p e r a t i n g  when h e a t i n g  i s  n o t  r e q u i r e d .  A l so ,  pump 

t r a n s m i s s i o n  and mo to r  l o s s e s  n o t  t r a n s f e r r e d  t o  t h e  p ipework  sys tem would  

n o r m a l l y  be c o n s i d e r e d  a  comp le te  energy  l o s s .  F o r  c h i l l e d  r a t e r  sys tems,  a l l  

t h e  pump energy  can  be c o n s i d e r e d  t o  be an energy  l o s s .  

P u m ~ i n a  e n e r w  l o s s e s  can be reduced  by :  

i )  Reduc ing P r e s s u r e  Losses:  The same k i n d s  o f  r e l a t i o n s h i p s  as d e t a i l e d  

under  duc twork  a r e  sha red  by p i p i n g  sys tems.  Any r e d u c t i o n  i n  p r e s s u r e  

d r o p  i n  t h e  c i r c u i t  w i l l  p r o v i d e  an o p p o s i t e  and g r e a t e r  r e a c t i o n  i n  t h e  

f l o w  r a t e  and hence i n c r e a s e  power consumpt ion.  T h i s  i s  n o t  t o  say 

r e d u c i n g  p i p e  l o s s e s  c o u l d  n o t  be l ooked  a t ,  m e r e l y  t h a t  i f  ways t o  

reduce  p r e s s u r e  d rops  a r e  f ound  t h e n  t h e  pump speed s h o u l d  be l owered .  

t h e  pump i m p e l l e r  r educed  i n  s i z e ,  o r  a  s m a l l e r  pump i n s t a l l e d .  Aga in .  

as w i t h  duc twork  systems, i t  i s  d e s i r a b l e  t o  l o o k  p r i m a r i l y  a t  t h e  

p ipework  i ndex  r u n .  

iil Reduc ing Pump Flow Ra te :  Reducing pump f l o w  r a t e  i s  o f t e n  a  p a r t i c u l a r l y  

a t t r a c t i v e  ECO s i n c e  sys tems a r e  i n v a r i a b l y  o v e r s i z e d ,  e s p e c i a l l y  where 

e f f o r t s  t o  reduce  space l o a d s  have been implemented. Flow r a t e  may be 

reduced  even where t h e  sys tem i s  n o t  o v e r s i z e d  i f  a  h i g h e r  t h a n  d e s i g n  

tempera tu re  d r o p  can be accep ted .  A l s o ,  as an a l t e r n a t i v e  t o  r e d u c i n g  

tempera tu re  o f  t h e  pumped f l u i d ,  wh i ch  i s  sometimes p r a c t i c e d  f o r  

t empera tu re  c o n t r o l ,  f l o w  r a t e  r e d u c t i o n s  c o u l d  be c o n s i d e r e d  u s i n g  

s t a g e d  pumping o r  v a r i a b l e  speed d r i v e s .  

iiil Reducing O p e r a t i n g  H o u r s :  T h i s  i s  a  p a r t i c u l a r l y  a t t r a c t i v e  and o f t e n  

c o s t  e f f e c t i v e  a c t i o n  and e f f o r t s  s h o u l d  be d i r e c t e d  towards  s c h e d u l i n g  

o p e r a t i o n  w i t h  t h e  need f o r  h e a t i n g  o r  c o o l i n g .  

P ioework  l o s s e s  o c c u r  f rom conduction l o s s e s  and f rom l e a k s  wh ich  b e s i d e s  

p r o d u c i n g  o b v i o u s  d i r e c t  l o s s e s ,  cause i n d i r e c t  l o s s e s  by i n c r e a s i n g  p ipework  

hea t  l o s s  where i n s u l a t i o n  i s  we t ted .  Leakage a t  pump s h a f t  s e a l s ,  e s p e c i a l l y  
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a t  packed g l a n d  t y p e  s e a l  ( a s  opposed t o  mechanica l  s e a l s )  i s  a  common source 

o f  leakage.  Pipework c o n d u c t i o n  losses  a r e  most s t r o n g l y  i n f l u e n c e d  by t h e  

tempera tu re  o f  t h e  f l u i d  b e i n g  t r a n s p o r t e d ,  t h e  l e v e l  o f  i n s u l a t i o n  and t h e  

t i m e  t h a t  t h e  heated f l u i d  i s  ma in ta ined  h o t  - r e d u c i n g  any o f  these t h r e e  

f a c t o r s  r i l l  r e s u l t  i n  energy say lngs .  

A 

BOILER 

BOILER I 

BOILER 7 
BOILER U 

Fig. C.29 Examples of piping in hydronic heat distribution systems. 
A Series loop system. B One-pipe system. C Two-pipe r e v e r s e  
re turn  system and D Two-pipe direct return system. 
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For  h v d r o n i c  heat  d i s t r i b u t i o n  systems. an i m p o r t a n t  energy c o n s e r v a t i o n , a n d  

comfo r t  i ssue  i s  t h e  b a l a n c i n g  o f  t h e  system (see s e c t i o n  C .3 ) .  The p r e s s u r e  

d rop  across v a r i o u s  e lements  such as p i p i n g  and hea t  t e r m i n a l s  has an impact 

on t h e  f l o w  r a t e s  and the reby  on t h e  b a l a n c i n g  o f  t h e  system. The way i n  

which t h e  b a l a n c i n g  i s  c a r r i e d  o u t  depends on t h e  b a s i c  p i p i n g  arrangement 

(see F i g .  C.291. 

U n l i k e  wa te r ,  steam f l o w s  th rough  t h e  p i p e r o r k  systems una ided  by pumps and 

as such energy used f o r  pumping i s  n o t  an i s s u e  ( a  s m a l l  amount o f  energy i s  

used where condensate i s  r e t u r n e d  back t o  t h e  b o i l e r  by t h e  means o f  pumps 

b u t  t h i s  i s  an o r d e r  o f  magnitude s m a l l e r  than would be r e q u i r e d  t o  c i r c u l a t e  

an e q u i v a l e n t  amount o f  hea t  around a  system u s i n g  w a t e r ) .  

Losses i n  Steam d i s t r i b u t i o n  svstems occur  i n  two p r i n c i p a l  a reas .hea t  l o s s  

from t h e  p i p i n g  system components and f l u i d  l osses .  

Pipework hea t  l o s s ,  because o f  t h e  h i g h  o p e r a t i n g  temperature o f  steam 

systems, a r e  p o t e n t i a l l y  h i g h e r  than  i n  water  p ipework systems. F l u i d  l osses  

occu r  i n  a  number o f  a reas ,  as i n d i c a t e d  i n  F i g .  C.29 where t h e y  a r e  

i d e n t i f i e d  as e i t h e r  supp ly  o r  r e t u r n  s i d e  losses.  

A  steam d i s t r l b u t l o n  system (see F l g .  C.30) can be e i t h e r  an w e n  loop  svstem 

(condensate i s  n o t  r e t u r n e d  t o  t h e  b o l l e r :  1.e. i t  i s  d i scharged  t o  a  

b u i l d ~ n g  sewer) o r  a  c l o s e d  l o o p  svstem (condensate i s  r e t u r n e d  back t o  t h e  

b o l l e r l  

L n d i r e c t  use of  steam occurs  when t h e  steam and t h e  heated medium do n o t  

f r e e l y  mix ( f o r  example steam h e a t i n g  c o i l s  and r a d i a t o r s ) .  Such a  use 

p e r m i t s  t h e  condensed steam (condensate)  t o  be r e t u r n e d  t o  t h e  b o i l e r .  

use o f  steam occurs  when t h e  steam and t h e  heated medium f r e e l y  m i x :  f o r  

example f l u i d  h e a t i n g  by d i r e c t  i n j e c t i o n  o f  steam, steam b a t h s ,  s t e r i l i s e r s  

and h u m i d i f ~ e r s .  I n  such cases t h e  condensed steam i s  n o r m a l l y  d i scharged  t o  

t h e  d r a i n  o r  atmosphere. 
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ONE-PIPE SYSTEM 

F i g .  C . 3 0  One and  two  p i p e  s t e a m  d i s t r i b u t i o n  s y s t e m s .  
A FbT t r a p  is a f l o a t  and t h e r m o s t a t i c  t r a p .  
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I GRAVITY RETURN I 

"ATMOSPHERIC FUMED RETURN 

VACUUM FUMED RETURN 

2z 

. R e s t r i c t e d  t o  s m a l l  sys tems because 

s l ow  t o  f i l l  w i t h  steam & d i f f i c u l t  

t o  a r r a n g e  g r a d i e n t s  o f  p i p e w o r k .  

. P o s s i b i l i t y  o f  f l a s h  steam l o s s e s  

t h r o u g h  open v e n t .  

. G e n e r a l l y  used  on s m a l l  t o  medium 

sys tems.  

. P o s s i b i l i t y  o f  f l a s h  steam l o s s e s  

t h r o u g h  open v e n t .  

. G e n e r a l l y  o n l y  used on l a r g e  

i n s t a l l a t i o n s  because sys tems f i l l 

q u i c k l y  w i t h  steam. 

:Steam s u p p l y  p r e s s u r e  can be l o w e r .  

r e s u l t i n g  i n  more e f f i c i e n t  

o p e r a t i o n .  

. Systems may be v a r i a b l e  o r  c o n s t a n t  

vacuum. I n  a  v a r i a b l e  vacuum. 

c o n t r o l l e d  vacuum i s  m a i n t a i n e d  on 

s u p p l y  6 r e t u r n  s i d e s ,  and t h e  

vacuum v a r i e d  w i t h  l o a d .  A t  low 

l o a d s ,  l o w e s t  p r e s s u r e s  a r e  

m a i n t a i n e d  6 t e r m i n a i  u n i t s , ,  w h i c h  

must be  f i t t e d  w i t h  i n l e t  o r i f i c e s .  

a r e  o n l y  p a r t i a l l y  f i l l e d  w i L h  

steam. 

F i g .  C .31  S i m p l i f i e d  ar rangement  and p r i m a r y  c h a r a c t e r i s t i c s  o f  
g r a v i t y ,  a t m o s p h e r i c  and vacuum r e t u r n  s t e m  sys tems.  

1 4 7  
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Steam t r a p s  a r e  r e q u i r e d  t o  d r a i n  t h e  ' s u p p l y '  ( s t e a m 1 . s i d e  o f  t h e  s y s t e m  o f  

c o n d e n s a t e  and gases  t o  t h e  r e t u r n  ( c o n d e n s a t e )  s i d e  and t o  do s o  p a s s i n g  a s  

l i t t l e  s team a s . p o s s i b l e .  I n  o n e  p i p e  s y s t e m s  ( s e e  F i g .  C .301  w h e r e  t h e  s team 

and c o n d e n s a t e  s h a r e  a  common p i p e ,  s team t r a p s  a r e  n o t  r e q u i r e d .  

The  s t e a m  s i d e  o f  t h e  s y s t e m  d i s t r i b u t i o n  s y s t e m  i s  a l w a y s  a t  a  h i g h e r  

p r e s s u r e  t h a n  t h e  c o n d e n s a t e  s i d e  w h i c h  i s  n o r m a l l y  a t  o r  b e l o w  a t m o s p h e r i c  

p r e s s u r e .  C o n s e q u e n t l y  t h e  b o i l i n g  p o i n t  ( t e m p e r a t u r e 1  o f  t h e  s team s i d e  i s  

h i g h e r  t h a n  t h a t  o f  t h e  c o n d e n s a t e  s i d e  mean ing  t h a t  t h e  c o n d e n s a t e  passed 

t h r o u g h  t h e  t r a p  t o  t h e  c o n d e n s a t e  s i d e  has s u f f i c i e n t  h e a t  t o  r e v a p o r i s e  o r  

' f l a s h '  t o  s team a t  t h e  l o w e r  p r e s s u r e .  F o r  open v e n t e d  c o n d e n s a t e  r e t u r n  

s y s t e m s  ( s e e  F i g .  C . 3 1 . 1 ,  any f l a s h  s team n o t  s e p a r a t e d  f r o m  t h e  c o n d e n s a t e  

w i l l  be l o s t  t h r o u g h  t h e  v e n t  p i p e ( s 1 .  

E n e r g y  s a v i n g s  c a n  b e  a d d r e s s e d  by c o n d e n s i n g  e a c h  a s p e c t  o f  t h e  l o s s e s  

i d e n t i f i e d  ( s e e  F i g .  C.281 .  In t h i s  r e g a r d  i t  i s  i m p o r t a n t  t o  c o n s i d e r  t h e  

s t e a m  s u p p l y  s o u r c e  and c o n d e n s a t e  h a n d l i n g .  

T h e r e  a r e  t w o  p o s s i b i l i t i e s  f o r  s team s u p p l y ,  o n e  b e i n g  p u r c h a s e d  s team f r o m  

a  u t i l i t y .  t h e  o t h e r  b e i n g  o n  s i t e  p r o d u c e d  s t e a m .  

F o r  u t i l i t y  d e l i v e r e d  s t e a m ,  i t  i s  o f  i m p o r t a n c e  t o  e x t r a c t  as much h e a t  o u t  

o f  t h e  c o n d e n s a t e  as i s  e c o n o m i c a l l y  p o s s i b l e  w h e r e  c o n d e n s a t e  r e t u r n  i s  n o t  

r e q u i r e d ,  o r  w h e r e  t h e  u t i l i t y  g i v e s  no c r e d i t  f o r  i t s  h e a t  c o n t e n t .  Heat  

r e c o v e r y  f r o m  t h e  c o n d e n s a t e  i s  o f t e n  a  d e s i r a b l e  ECO t o  p u r s u e  i n  s u c h  

c a s e s ,  and t h e  m i n i m i s a t i o n  o f  s team passage t h r o u g h  t r a p s  i s  e s s e n t i a l .  

F o r  o n - s i t e  p r o d u c e d  s team i t  makes no sense  t o  p u r s u e  h e a t  r e c o v e r y  s i n c e  

t h e  h e a t  e x t r a c t e d  f r o m  t h e  c o n d e n s a t e  w i l l  have  t o  be r e p l a c e d  by t h e  

b o i l e r ,  u n l e s s  an  o p e n - l o o p  s team d i s t r i b u t i o n  s y s t e m  i s  u t i l i s e d .  R e d u c t i o n  

o f  t h e  h e a t  c o n t e n t  o f  t h e  c o n d e n s a t e  c a n ,  h o w e v e r ,  m i n i m i s e  r e t u r n  s y s t e m  

l o s s e s  o c c u r r i n g  t h r o u g h  p i p e  and e q u i p m e n t  c o n d u c t i o n ,  c o n v e c t i o n  and 

r a d i a t i o n r a n d  t h r o u g h  c o n d e n s a t e  and f l a s h  s team l e a k s .  
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The ma jo r  a u d i t i n a  Droblem i s  t h a t  o f  c h a r a c t e r i s i n g  t h e  p ipework  

per formance.  To do so,  one needs t o  measure t h e  f l u i d  f l o w  o r  t h e  p r e s s u r e  

d r o p  a c r o s s  t h e  pump. A  pump c h a r a c t e r i s t i c  i s  a l s o  needed i n  o r d e r  t o  

i d e n t i f y  t h e  o p e r a t i n g  p o i n t  o f  t h e  system. F l u i d  f l o w  measurements a r e  

d i f f i c u l t  t o  p e r f o r m ,  u n l e s s  t h e  p ipework  i s  equ ipped  w i t h  f i t t i n g s  on  w h i c h  

a  f l o w  gauge can  be i n s t a l l e d .  A l t e r n a t i v e l y ,  one can measure t h e  p r e s s u r e  

d rop  a c r o s s  some component 1e.g. a  v a l v e )  o f  w h i c h  t h e  p r e s s u r e - f l o w  r a t e  

c h a r a c t e r i s t i c  i s  known. F u r t h e r  d e t a i l s  o f  such methods a r e  g i v e n  i n  

Append ices F  and G .  Conduc t i on  hea t  l o s s e s  can  be e s t i m a t e d  by  measu r i ng  t h e  

f l u i d  t empera tu re  d rop  a l o n g  t h e  p i p e .  I f  a  d i r e c t '  measurement o f  t h e  f l u i d  

t e m p e r a t u r e  i s  d i f f i c u l t  t o  p e r f o r m ,  one can measure t h e  p i p e  s u r f a c e  

tempera tu re  i n s t e a d .  The l a t t e r  t e s t  i s  much e a s i e r  t o  p e r f o r m ,  b u t  t h e  

r e s u l t s  a r e  o b v i o u s l y  l e s s  a c c u r a t e .  A  method f o r  e s t i m a t i n g  p i p e  l o s s e s  i s  

g i v e n  i n  AT P . 1 .  

F o r  steam sys tems,  t h e  p r i n c i p a l  a u d i t i n g  f u n c t i o n s  a r e  t h o s e  o f :  

il T r a c i n g  down l o s s e s  o f  steam and condensate :  

i i )  S u r v e y i n g  steam t r a p  o p e r a t i o n ,  and 

iiil Review o f  t h e  adequacy o f  t h e r m a l  i n s u l a t i o n .  
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C.6 SERVICE HOT YATER 

S e r v i c e  Hot Ya te r  ISHYI p l a n t s  c o n s i s t  o f  t h e  f o l l o w i n g  major  subsystems: 

il B o i l e r  a n d l o r  heat  exchanger.  

iil Storage tank (sometimes i n t e g r a t e d  i n  t h e  b o i l e r ) .  

iiil D i s t r i b u t i o n  system, i n c l u d i n g  p i p e s  and c i r c u l a t i o n  pump. 

i v l  A  number o f  d e l i v e r y  p o i n t s  ( w i t h i n  k i t c h e n s ,  bathrooms, l a b o r a t o r i e s .  

l aundry  rooms. e t c . 1 ,  and 

v l  Yaste water  d r a i n  p i p e s .  

The energy f l o w s  a s s o c i a t e d  w i t h  each subsystem a r e  v i s u a l i z e d  i n  F i g .  C.32. 

The d iagram r e p r e s e n t s  t h e  energy ba lance;  t h e  ar rows p o i n t i n g  down i n d i c a t e  

energy losses  t h a t  t h e  a u d i t o r  i s  c a l l e d  on t o  i d e n t i f y  and p o s s i b l y  reduce.  

lnput energy 
from "free" sources 

n (solar, heat recovery, etc) 

lnput 
energy 
(from fuel/ 
electricity) 

5 pumping u u u 
Boiler . Storage Distr. Utilization 
losses losses losses losses 

Fig. C.32 Energy flows i n  a SHU system. 

Useful 
energy 

The r e l a t i v e  magni tude of  t h e  v a r i o u s  energy f l o w s  depends on s e v e r a l  

f a c t o r s ,  namely: 

il Type o f  p r i m a r y  energy source employed: 

- e l e c t r i c i t y  ( r e s i s t i v e  h e a t i n g ) .  



App. C Energy Use and A u d i t i n g  Problems 

' - e l e c t r i c i t y  ( h e a t  pump). 

- f o s s i l  f u e l .  

- s o l a r .  

ii) Type o f  b o i l e r ,  i n  p a r t i c u l a r :  

- combined space heat ing/SHU p r o d u c t i o n .  

- separa te  SHY p r o d u c t i o n .  

iiil Type o f  SHU d e l i v e r y :  

- ins tan taneous  t y p e ;  

- s t o r a g e  t y p e .  

i v l  Type of  d i s t r i b u t i o n :  

- l o c a l  p r o d u c t i o n  o f  SHY a t  each t a p .  

- d i s t r i b u t i o n  t o  taps  from a  c e n t r a l  b o i l e r .  

- c i r c u l a t i o n  loop w i t h  r e t u r n  o f  unused w a t e r .  

- dead- leg d i s t r i b u t i o n  ( n o  r e t u r n ] .  

Most SHY systems be long  t o  one o f  t h e  f o l l o w i n g  c a t e g o r i e s  ( F r a c a s t o r o -  

Lyberg .  1983) :  

. . 
il I n d i v i d u a l  svstems des igned f o r  s e r v i c e  water  h e a t i n g ,  u s i n g  

e l e c t r i c i t y ,  o i l  o r  gas as t h e  p r i m a r y  energy source:  

- w i t h o u t  s t o r a g e  ( F i g .  C.33 a  and b l .  

- w i t h  s to rage  ( F i g .  C.33 c  and d l .  

I n  t h e  former case,  wa te r  i s  heated as soon as a  t a p  i s  opened, w h i l e  i n  

t h e  l a t t e r  t h e  water  s t o r a g e  mass i s  m a i n t a i n e d  a t  a  g i v e n  tempera tu re .  

iil C e n t r a l  svstems, n o r m a l l y  o i l -  o r  g a s - f i r e d ,  o r  e l e c t r i c a l l y  heated:  

- i ns tan taneous  u n i t s  i n  which water i s  heated by means o f  a  c o i l e d  tube 

b u i l t  i n t o  t h e  b o i l e r ,  o r  i n  a  separa te  hea t  exchanger ( F i g .  C.33 e  

and f l .  

- s t o r a g e  systems i n  which t h e  s to rage  tank, may be e i t h e r  i n c o r p o r a t e d  

i n  t h e  b o i l e r  o r  may be separa te  ( F i g .  C.33 g  and h l .  

C e n t r a l  u n i t s  a r e  o f t e n  p a r t  o f  combined space h e a t i n g  and SHU p r o d u c t i o n  

u n i t s .  
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a1 individual appliance using gar, no storage. 
bl individual appliance uring electricity, no storage. 
cl individual appliance using gar, with storage. 
dl individual appliance uring electricity, with storage. 
el central heating with coiled tube in the main boiler, no storage. 
fl central heating with coiled tube in a reparate tank heated by the 

bailer, no rtorage. 
gl central heating with storage tank incorporated in the main boiler. 
hl central heating with separate storage tank heated by a c oil from 

the boiler tank. 
i )  central heating with separate rtorage tank and heat exchanger. 
j) central heating with separate storage tank and cellular o r  modular 

heat production. 

Fig. t.33 Exampler of SHY generation syrtemo 
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C.6.2 P r o d u c t i o n  Losses  

I n  SHY p l a n t s  u s i n g  c o n v e n t i o n a l  c o m b u s t i o n  h e a t  g e n e r a t o r s ,  e n e r g y  l o s s e s  

a r e  o f  t h e  same o r i g i n  1 i . e . .  i n c o m p l e t e  c o m b u s t i o n ,  s t a c k  l o s s e s ,  e t c . 1  as 

i n  space  h e a t i n g  sys tems l s e e  App. C.41. 

F o r  e l e c t r i c  r e s i s t i v e  b o i l e r s  t h e  p r o d u c t i o n  l o s s e s  a r e  v i r t u a l l y  n i l ,  s i n c e  

t h e  i n p u t  e l e c t r i c  e n e r g y  i s  t o t a l l y  c o n v e r t e d  i n t o  h e a t ,  w h i c h  i s  

t r a n s f e r r e d  t o  t h e  w a t e r .  S i n c e  t h e  h e a t i n g  e l e m e n t  i s  immersed i n t o  t h e  

r a t e r ,  l o s s e s  t o  t h e  e n v i r o n m e n t  a r e  n e g l i g i b l e .  

Some a m b i g u i t y  e x i s t s  i n  t h e  d e f i n i t i o n  o f  p r o d u c t i o n  l o s s e s  f o r  t h o s e  

sys tems ,  such  as h e a t  pumps and s o l a r ,  i n  w h i c h  t h e  i n p u t  e n e r g y  ( f o s s i l  f u e l  

o r  e l e c t r i c i t y )  i s  s m a l l e r  t h a n  t h e  h e a t  t r a n s f e r r e d  t o  t h e  w a t e r .  I n  t h i s  

case  i t  seems more a p p r o p r i a t e  t o  e v a l u a t e  t h e  sys tem pe r f o rmance  i n  t e r m s  o f  

a C o e f f i c i e n t  o f  Pe r f o rmance  ICOP) d e f i n e d  as t h e  r a t i o  o f  d e l i v e r e d  e n e r g y  

t o  i n p u t  e n e r g y ,  r a t h e r  t h a n  i n  t e r m s  o f  p r o d u c t i o n  l o s s e s .  

C.6.3 Z t o r a a e  Losses  

The t h e r m a l  power l o s t  b y  c o n d u c t i o n  t h r o u g h  t h e  t a n k  j a c k e t .  Q . ,  can  be  
J 

e s t i m a t e d  l s e e  a l s o  AT P.11  f r om  t h e  e x p r e s s i o n :  

Q .  = U* A* I T  - T e l  
J w  

where 

U  : o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t .  

A  = s u r f a c e  a r e a  o f  t h e  t a n k .  

Tw : w a t e r  t e m p e r a t u r e  and 

1 = e n v i r o n m e n t a l  t e m p e r a t u r e .  e  

I n  a d d i t i o n ,  t h e  f o l l o w i n g  e f f e c t s  c o n t r i b u t e  much t o  l o s s e s :  

i) p i p e  c o n n e c t i o n s  t o  t h e  t a n k ,  e s p e c i a l l y  i f  n o t  i n s u l a t e d .  

ii) p o o r  s t r a t i f i c a t i o n  i n  t h e  t a n k  due t o  h i g h  f l o w  v e l o c i t y  o r  m i x i n g  

i n d u c e d  b y  t h e  r e c i r c u l a t e d  w a t e r .  

i i i )  t a n k  i n s u l a t i o n  v e n t i l a t e d  be tween t a n k  and i n s u l a t i o n ,  and 

i v l  h i g h  o u t p u t  h e a t i n g  e l emen t  i n d u c i n g  s t r o n g  c o n v e c t i v e  c u r r e n t s .  
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F i g  

T a l l ,  s l e n d e r  t a n k  shape h e l p s  r e p a n t e  h o t  w a t e r  f r o m  c o l d  
makeup w a t e r .  
Comp le te l y  i n s u l a t e  t a n k .  a v o i d  reams. 
A v o i d  a i r  batween t a n k  and i n s u l a t i o n  t o  m i n i m i s e c o n v e c t i v e  l o s s .  
P i p a  i n s u l a t i o n  s h o u l d  ex tend  t o  t a n k .  
F i t t i n g s  and v a l v e s  s h o u l d  be c o m p l e t e l y  i n s u l a t e d .  
H e a t i n g  e lement  and c o n n e c t i o n  f l ang 'e  s h o u l d  be c o m p l e t e l y  i n s u l a t e d  
w i t h  p r o v i s i o n s  f o r  ma in tenance . '  
P r e v e n t  p i p a  c i r c u l a t i o n ,  c o n v e c t i v e  l o o p  f l o w ,  p r o v i d e  a  p i p i n g  
O f f s e t .  

If o f f s e t  i s  n o t  p o s s i b l e  due t o  necessa ry  a i r  v e n t ,  connec t  p i p i n g  
h o r i z o n t a l l y .  
A g a i n  t o  a v o i d  c o n v e c t i v e  l o o p s ,  p l a c e  f i t t i n g s  and v a l v e s  away 
f r o m  C r i t i c a l  l o c a t i o n  nea r  t a n k .  
To l i m i t  m i x i ? g  space h e i g h t ,  use  b a f f l e  p l a t e s  and p e r f o r a t e d  
p l a t e s  and l a w  e n t r y  v e l o c i t y .  
Where we lded  o r  screw f i t t i n g s  can be used,  choose t h o s e  w h i c h  
are e a s i e r  t o  i n s u l a t e  t h a n  f l a n g e  f i t t i n g o .  
F langes  a r e  necessa ry  h e r e  f o r  ma in tenance  b u t  r e t a i n  i n s u l a t i o n .  
The h e a t i n g  e lemen t ,  or h e a t  exchanger ,  a c t s  as a s t i r r i n g  d e v i c e  
- -  keep t h i s  i n  m ind .  

C.34 I m p o r t a n t  p o i n t s  f o r  s e l e c t i o n  o f  h o t  w a t e r  s t o r a g e  vesse ls . .  
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S to rage  l o s s e s  can be reduced  by r n c r e a s l n g  t h e  t h e r m a l  resistance ( 1 . e .  t h e  

i n s u l a t i o n  t h i c k n e s s ) ,  r e d u c i n g  t h e  s i z e  o f  s t o r a g e  o r  r e d u c i n g  t h e  

t e m p e r a t u r e  o f  t h e  s t o r e d  wa te r  by a d d r e s s i n g  t h e  l o s s e s  l n d l c a t e d  i n  Fig 

C.34. 

C.6.4 D i s t r i b u t i o n  Losses 

I n  t h e  d i s t r i b u t i o n  subsystem two energy  f l o w s  must be c o n s i d e r e d :  hea t  

t r a n s f e r  t h r o u g h  t h e  p i p e  w a l l ,  and pumping ene rgy .  l h e  l a t t e r  one i s  

o b v i o u s l y  z e r o  i f  no c i r c u l a t i o n  pump i s  p r o v i d e d ,  wh i ch  i s  sometimes t h e  

case i n  i n d i v i d u a l  sys tems,  o r  i f  t h e  pump i s  t u r n e d  o f f .  F o r  t h e  e v a l u a t i o n  

o f  t h e s e  energy  f l o w s ,  see App. C.5.2. 

D i s t r i b u t i o n  l o s s e s  can be p a r t i c u l a r l y  s i g n i f i c a n t  i n  c e n t r a l  sys tems i n  

wh i ch  t h e  c i r c u l a t i o n  pump m a i n t a i n s  a  c o n s t a n t  h o t  wa te r  f l o w  i n  t h e  

d i s t r i b u t i o n  l oop  ( t h i s  i s  done i n  o r d e r  tb guaran tee  a  c o n s t a n t  d e l i v e r y  

t e m p e r a t u r e ) .  S a v i n g s ,  i n  a d d i t i o n  t o  t h o s e  d i s c u s s e d  i n  App.C.5, a r e  

p o s s i b l e  i f  a  l ower  r a t e r  t e m p e r a t u r e  can be accep ted .  I f  t h e  u s e r  can accep t  

some d e l a y  i n  h o t  wa te r  d e l i v e r y ,  the.pump can be t u r n e d  o f f  w i t h  a  r e s u l t i n g  

dec rease  i n  d i s t r i b u t i o n  l osses .  (The u s e r  w i l l  f i r s t  have t o  d r a i n  t h e  p i p e  

o f  t h e  c o o l  w a t e r . )  

An i n t e r m e d i a t e  s o l u t i o n  i s  t o  c y c l e  t h e  c i r c u l a t i o n  pump o p e r a t i o n  based on 

t h e  minimum a c c e p t a b l e  r e t u r n  wa te r  t e m p e r a t u r e .  

C.6.5 V t i l i s a t i o n  Losses 

These l o s s e s  can be a t t r i b u t e d  t o  e x c e s s i v e  SHY use and w i t h  usage a t  h i g h e r  

t h a n  necessa ry  t e m p e r a t u r e s .  Lower s u p p l y  t e m p e r a t u r e s ,  m i x i n g  f a u c e t s  and 

changes t o  p e r s o n a l  h a b i t s  can a l l  c o n t r i b u t e  i n  l i m i t i n g  e x c e s s i v e  use .  I t  

s h o u l d  be observed t h a t  t h e  s e n s i b l e  e n t h a l p y  o f  waste  SHY i s u s u a l l y  q u i t e  

h i g h :  a  h e a t  exchanger  c o u l d  t h e r e f o r e  be employed t o  r e c o v e r  some o f  t h e  

waste  h e a t  f o r  c o l d  r a t e r  p r e h e a t i n g .  
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S ince  t h e  b o i l e r ,  s t o r a g e ,  p ipework and u s e r s  a r e  l o c a t e d  w i t h i n  t h e  

b u i l d i n g ,  some o f  t h e  energy th rough  t h e  mechanisms above d e s c r i b e d  

e v e n t u a l l y  appears as hea t  g a i n s  t o  t h e  ambient a i r .  I n  t h e  h e a t i n g  season 

t h i s  reduces t h e  space h e a t i n g  l o a d .  w h i l e  t h e  o p p o s i t e  occu rs  i n  t h e  summer. 

However. t h e  b i g g e s t  heat  l o s s  i s  u s u a l l y  t h a t  a s s o c i a t e d  w i t h  waste h o t  

wa te r .  

A u d i t i n g  problems f o r  SHY systems a r e  common t o  o t h e r  a reas ,  s i n c e  t h e y  

concern components whose use i s  n o t  r e s t r i c t e d  t o  SHY (e .g .  h e a t i n g  p l a n t s .  

p ipework systems, e t c . ) .  

S t o r a a e  l o s s e s  c o n s t i t u t e  an i m p o r t a n t  prob lem i n  i n d i v i d u a l  systems. t h e  

a u d i t o r  shou ld  pay p a r t i c u l a r  a t t e n t i o n  t o  the rmos ta t  s e t t i n g  and l e v e l  o f  

s t o r a g e  i n s u l a t i o n .  I f  Peak r a t e s . a r e  a p p l i e d  t o  p r i m a r y  energy,  one shou ld  

a l s o  c o n s i d e r  t h e  p o s s i b i l i t y  o f  h e a t i n g  d u r i n g  o f f  p e r i o d s  o n l y .  

P r o d u c t i o n  l o s s e s  a r e  u s u a l l y  t h e  ma jo r  prob lem f o r  i ns tan taneous  h e a t e r s .  i n  

i n d i v i d u a l  systems u s i n g  f o s s i l  f u e l .  I f  t h e  b o i l e r  i s  n o t  o f  t h e  m o d u l a t i n g  

' t y p e ,  one shou ld  a l s o  look a t  t empera tu re  r e g u l a t i o n  problems. 

. . 
For c o l l e c t i v e  systems. t h e  f u l l  l o a d  b o i l e r  e f f i c i e n c y  (see  s e c t i o n  C.4.1) 

i s  o f t e n  n o t  a  good i n d i c a t o r  o f  p r o d u c t i o n  e f f i c i e n c y .  Yhen combined systems 

a r e  used f o r  SHY p r o d u c t i o n  o n l y ,  t hey  o p e r a t e  a t  a  v e r y  low load. ,  For  t h e  

d i s t r i b u t i o n  e f f i c i e n c y  o f  c o l l e c t i v e  systems, a  t r a d e  o f f  may e x i s t  between 

c i r c u l a t i o n  pump use r e d u c t i o n  and i n c r e a s i n g  p i p e  i n s u l a t i o n .  

Yhen gvstem r e o l a c w  i s  adv i 'sab le ,  t h e  a u d i t o r  shou ld  examine a  who le .se t  

o f  a l t e r n a t i v e  o p t i o n s ,  such as f u e l  s u b s t i t u t i o n .  m o d i f i c a t i o n  o f  SHY supp ly  

( e . g .  f rom s t o r a g e  t o  i ns tan taneous ,  f rom c e n t r a l  t o  i n d i v i d u a l  i n s t a l l a t i o n  

o f  s o l a r  o r  hea t  pump h e a t e r s ,  e t c l .  
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C . 7  LIGHTING 

The a u d i t o r  has two b a s i c  s t r a t e g i e s  f o r  r e d u c i n g  energy  use:  t h e  f i r s t  

e n t a i l s  e f f o r t s  t o  reduce  t h e  e l e c t r i c a l  l i g h t i n g '  l o a d :  t he . second  t o  reduce  

t h e  a c t u a l  usage o f  t h e  l i g h t s .  

C . 7 . 1  I n s t a l l e d  L i u h t i n s  Load 

There a r e  t h r e e  p r i n c i p a l  ways i n  wh i ch  l i g h t i n g  energy  e f f i c i e n c y  i s  reduced  

because o f  l o s s e s  i n  t h e  a c t u a l  p r o d u c t i o n  o f  a  v i s u a l l y  a c c e p t a b l e  

env i ronmen t :  

i )  E l e c t r i c  t o  l i g h t '  c o n v e r s i o n  l o s s e s  ( i n c l u d i n g  b a l l a s t  l o s s e s  and l i g h t  

a b s o r p t i o n  by  l u m i n a i r e s ) .  

i i )  Room l o s s e s ,  and 

iiil O v e r i l l u m i n a n c e  and v i s i b i l i t y  l osses .  

E l e c t r i c  t o  l i u h t  c o n v e r s i o n  l o s s e s  o c c u r  a t  t h e  a c t u a l  c o n v e r s i o n  o f  

e l e c t r i c a l  t o  l i g h t  energy  by  t h e  lamp. 

Because t h e  ene rgy  sou rces  e l e c t r i c i t y  and l i g h t  a r e  n o t  measured i n  t h e  same 

u n i t s ,  i t  i s  n o t  p o s s i b l e  t o  speak i n  terms o f  e f f i c i e n c y  o f  l i g h t  sou rces .  

i n s t e a d  t h e  t e r m  ' lamp luminous e f f i c a c v '  i s  used and i s  d e f i n e d  a s :  The 

r a t i o  Qf t h e  l i g h t  f l u x  e m i t t e d  by  a  l i g h t  sou rce  Q t h e  power i n p u t  t o  i t s  

e l e c t r i c  c i r c u i t r y .  The common u n i t  i s  l u m e n l w a t t .  

Lamps used f o r  i n t e r i o r  l i g h t i n g  a r e  b a s i c a l l y  o f  t h r e e  t y p e s :  

i l  Incandescen t  f i l a m e n t  lamps ( t u n g s t e n  f i l a m e n t  o r  t u n g s t e n - h a l o g e n ) .  

i i )  F l u o r e s c e n t  lamps ( t u b e s ) ,  and 

i i i )  H i g h  i n t e n s i t y  d i s c h a r g e  (H ID)  lamps ( m e r c u r y ,  m e t a l  h a l i d e  lamps) and 

I n  i ncandescen t  l a m s ,  l i g h t  i s  e m i t t e d  by  a  t u n g s t e n  f i l a m e n t  h e a t e d  t o  

incandescence by  an e l e c t r i c  c u r r e n t ,  w h i l e  i n  d i s c h a r u e  lamps i t  i s  t h e  

vapor  f i l l i n g  i n  t h e  t ube  o r  b u l b  t h a t  e m i t s  l i g h t  by  e l e c t r i c  d i s c h a r g e  when 

power i s  s u p p l i e d .  F l u o r e s c e n t  lamps a r e  b a s i c a l l y  d i s c h a r g e  squ rces  i n  w h i c h  
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l i g h t  i s  absorbed and r e - e m i t t e d  a t  a  d i f f e r e n t  wavelength b y  t h e  f l u o r e s c e n t  
8 

c o a t i n g  o f  t h e  g l a s s  envelope.  I n  o r d e r  t o  o p e r a t e  c o r r e c t l y .  H10 and 

f l u o r e s c e n t  lamps r e q u i r e  an a u x i l i a r y  c i r c u i t r y  i n c l u d i n g  a  s t a r t i n g  d e v i c e  

and a  c u r r e n t  s t a b i l i z i n g  d e v i c e  l b a l l a s t ) .  Yhen comparing t h e  luminous 

e f f i c a c y  and o f  l i g h t  sources,  i t  i s  impor tan t  n o t t o  f o r g e t  t h e  a u x i l i a r y  

c i r c u i t  l o s s e s .  

HID lamps a r e  u s u a l l y  more e f f i c i e n t  than  incandescent  and f l u o r e s c e n t  lamps. 

On t h e  o t h e r  hand. HI0 lamps mod i f y  t h e  c o l o r  appearance o f  o b j e c t s  l e s s  ( i n  

o t h e r  words, they  have a  lower  " c o l o r  r e n d e r i n a  index.'). 

/ 

T y p i c a l  v a l u e s  o f  luminous s f f i c a c t  f o r  a  range o f  lamp t ypes  a r e  g i v e n  i n  R V  

L.2.  Lamp luminous e f f i c a c y  d rops  w i t h  t h e  hours  o f  b u r n l n g ,  more f o r  some 

lamps than  o t h e r s ,  because o f  p h y s i c a l  changes w i t h i n  t h e  lamp. L i g h t i n g  

d e s i g n e r s  t a k e  account  o f  t h i s  by bas ing  t h e i r  des igns  on t h e  lamp luminous 

e f f i c a c y  a t  t h e  & o f  t h e  lamps expected l i f e t i m e .  T y p i c a l  d e t e r i o r a t i o n  

curves a r e  g i v e n  i n  R V  L.4: 

The degree o f  d i r t  accumu la t i on  on t h e  lamp depends on t h e  room where t h e  

lamp i s  used. The d i r t  lowers  t h e  lamp luminous e f f i c a c y  and t h e  des ign  i s  

based on t h e  r e d u c t i o n  a i d  c l e a n i n g  i n t e r v a l s  when d i r t  i s  removed. 

A f r a c t i o n  o f  t h e  l i g h t  f l u x  e m i t t e d  by t h e  lamp i s  absorbed by t h e  ( f i x t u r e )  

l u m i n a i r e  i t s e l f .  L i g h t  o u t p u t  r a t i o  i s  d e f i n e d  as t h e  r a t i o  pl t h e  lamp 

lumens o u t p u t  t h e  l u m i n a i r e  lumen o u t p u t .  U s i n g  t h i s  i n d i c a t o r  o n l y  can be 

m i s l e a d i n g ,  because t h e  r a y  t h e  l u m i n a i r e  c o n t r i b u t e s  t o  t h e  i l l u m i n a t i o n  o f  

t h e  v i s " a l  t a s k  i s  i m p o r t a n t .  Hence i t  i s  necessary  t o  c o n s i d e r  a  l u m i n a i r e  

i n  t h e  c o n t e x t  o f  i t s  use.  The l i g h t i n g  eng ineer  uses t h e  te rm y t i l i s a t i o n  

l o r  c o e f f i c i e n t  o f  u t i l i s a t i o n ) .  The u t i l i s a t i o n  f a c t o r .  UF. i s  

d e f i n e d  as t h e  r a t i o  pl t h e  t o t a l  lamp f l u x  r e c e i v e d  by t h e  work ing  p lane  $4 

t h e  t o t a l  lamp f l u x  o f  t h e  i n s t a l l a t i o n .  

As w i t h  lamps, d i r t  on t h e  f i x t u r e  s u r f a c e s  w i l l  t end  t o  reduce l u m i n a i r e  

l i g h t  o u t p u t .  
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Room l o s s e s  occu r  because a  f r a c t i o n  o f  t h e  l i g h t  f l u x  e m i t t e d  by t h e  

l u m i n a i r e  i s  absorbed by t h e  room w a l l s  and c e i l i n g .  

The l i g h t i n g  system per formance ( l u m i n a i r e  and rooml can be expressed i n  

terms o f  t h e  j n s t a l l e d  e f f i c a c y .  I E ,  d e f i n e d  as t h e  r a t i o  g! t h e  l i g h t  f l u x  

r e a c h i n g  t h e  work ing  p l a n e  t h e  e l e c t r i c  power i n p u t  t o  t h e  system. 

The i n s t a l l e d  e f f i c a c y  i s  always lower  than  t h e  lamp e f f i c a c y  f o r  t h e  reasons 

d i scussed  above. For  t h e  purpose o f  l i g h t i n g  des ign ,  i t  i s  necessary t o  

c o n s i d e r  l u m i n a i r e  c h a r a c t e r i s t i c s  i n  t h e  c o n t e x t  o f  t h e  room i n  which they  

a r e  p laced ,  consequent ly  one w i l l  see t a b u l a t i o n s  o f  l u m i n a i r e  u t i l i s a t i o n  

f a c t o r s  a g a i n s t  'room index '  ( a  measure o f  t h e  geometry o f  t h e  rooml and room 

s u r f a c e  r e f l e c t a n c e s ,  f o r  t y p i c a l  l u m i n a i r e s .  

G e n e r a l l y  l a r g e  and l i g h t  su r faced  rooms a r e  more e f f i c i e n t  then sma l l  and 

dark  c o l o r e d  rooms because t h e r e  i s  l e s s  l i g h t  a b s o r p t i o n .  S i m i l a r l y .  

f i x t u r e s  t h a t  c o n c e n t r a t e  most o f  t h e i r  l i g h t  on t h e  area t o  be i l l u m i n a t e d  

w i l l  be more e f f i c i e n t  than  o t h e r s .  C l e a r l y  one can see, f o r  i n s t a n c e ,  t h a t  a  

l u m i n a i r e  c o n c e n t r a t i n g  most o f  i t s  l i g h t  upwards o n t o  t h e  c e i l i n g  w i l l  

pe r fo rm much b e t t e r  i f  t h e  c e i l i n g  i s  o f  a  l i g h t ,  as opposed t o  a  d a r k .  

c o l o r .  

Qyer i l l um inance  losses  occu r  because more than  t h e  r e q u i r e d  i l l u m i n a n c e  i s  

s u p p l i e d  a t  t h e  t a s k .  Th is  may r e s u l t  f rom t h e  need: 

i l  To meet c e r t a i n  a r c h i t e c t u r a l  g r i d  l a y o u t s .  

iil To p r o v i d e  an o v e r a l l  h i g h  l e v e l  o f  i l l u m i n a n c e  t o  cove r  t h e  most 

c r i t i c a l  t a s k  l e a v i n g  much o f  t h e  area w i t h  l e s s  c r i t i c a l  t a s k  

o v e r i l l u m i n a t e d ,  o r  

iiil To p r o v i d e  s u f f i c i e n t  i l l u m i n a n c e  a t  t h e  end o f  t h e  lamp l i f e .  

Y i s i b i l i t v  l o s s e s  r e s u l t  f rom g l a r e  and v e i l i n g  r e f l e c t i o n s ,  because o f  which 

h i g h e r  i l l u m i n a n c e  l e v e l s  a r e  sometimes p r o v i d e d .  

O p p o r t u n i t i e s  f o r  r e d u c i n g  t h e  i n s t a l l e d  l i g h t i n g  l o a d  i n c l u d e :  
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il M a i n t a i n i n g  t h e  a p p r o p r i a t e  i l l u m i n a n c e  l e v e l s  i n  a l l  p a r t s  o f  t h e  

b u i l d i n g .  where c r i t i c a l  t asks  have t o  be c a r r i e d  o u t ,  by c l e a n i n g  lamps 

and l u m i n a i r e s .  

i i )  Improv ing  t h e  e f f i c i e n c y  o f  c o n v e r s i o n  o f  e l e c t r i c i t y  i n t o  l i g h t  t h rough  

rep lacement  o f  l i g h t i n g  components such as lamps, l u m i n a i r e s ,  and 

b a l l a s t s ,  w i t h  more e f f i c i e n t  components, and 

i i i )  l m p r o v i n p  t h e  l i g h t  d e l i v e r y  process and v i s i b i l i t y  by a f f e c t i n g  t h e  

workspace l a y o u t ,  l u m i n a i r e  l o c a t i o n ,  and w a l l  r e f l e c t a n c e s .  

One s h o u l d  a l s o  be aware t h a t  some o f  t h e  above a c t i o n s  ( f o r  example 

m a i n t a i n i n g  t h e  l u m i n a i r e s 1  do n o t  a f f e c t  d i r e c t l y  t h e  energy consumpt ion.  

b u t  they  r a t h e r  i nc rease  t h e  l i g h t i n g  q u a n t i t y :  energy sav ings  a r e  o n l y  

ach ieved  i f  o t h e r  a c t i o n s  a im ing  a t  r e d u c i n g  i n s t a l l e d  power o r  t ime  of  

o p e r a t i o n ,  e .g .  de lamping,  a re  c a r r i e d  o u t .  

C.7.2 L i u h t i n u  Usaqe 

S i g n i f i c a n t  sav ings  and paybacks can be o b t a i n e d  by c o n t r o l l i n g  l i g h t i n g  use. 

The major  s t r a t e g i e s  p o s s i b l e  a re :  

i )  Use o f  d a y l i g h t  t o  r e p l a c e  o r  complement a r t i f i c i a l  l i g h t i n g .  

iil The use o f  au tomat i c  dimming systems, and 

i i i )  The use o f  dev ices  ( s w i t c h e s l  t o  p e r m i t  l i g h t s  t o  be s w i t c h e d  o f f  when 

n o t  r e q u i r e d  o r  t o  a d j u s t  luminance l e v e l s  t o  changing v i s u a l  t a s k s .  

C.7.3 lmoact o f  L i u h t i n u  on Other  B u i l d i n a  Svstems 

The e l e c t r i c  energy used by t h e  l i g h t i n g  system i s  e v e n t u a l l y  t r a n s f e r r e d  

th rough  combined h e a t  t r a n s f e r  mechanisms t o  t h e  ambient a i r .  D u r i n g  t h e  

h e a t i n g  - s e a s o n ,  t h i s  p o s i t i v e  heat  g a i n  reduces t h e  HVAC t h e r m a l  l oad ,  w h i l e  

t h e  o p p o s i t e  occu rs  when c o o l i n g  i s  needed. L i g h t i n g  energy sav ings  a r e  

t h e r e f o r e  p a r t i c u l a r l y  i m p o r t a n t  i n  those b u i l d i n g s ' w h i c h  r e q u i r e  c o o l i n g .  

I n  g e n e r a l ,  t h e  a u d i t o r  shou ld  c o n s i d e r  l i g h t i n g  as a  significant energy u s e r  

wor th  an a u d i t i n g  e f f o r t  p r i m a r i l y  i n  commercial  and i n s t i t u t i o n a l  b u i l d i n g s .  
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I n  r e s i d e n t i a l  b u i l d i n g s  l i g h t i n g  energy i s  u s u a l l y  s m a l l  compared w i t h  o t h e r  
. , 

end uses. 

C.7.4 A u d i t i n a  S t r a t e s y  

As d i scussed  i n  t h e  p r e v i o u s  s e c t i o n s ,  l i g h t i n g  ECOs a re  aimed a t  r e d u c i n g  

e i t h e r  t h e  o p e r a t i n g  t i m e  o r  t h e  e l e c t r i c  power u$ed by t h e  l i g h t i n g  system. 

I n  t h e  former case,  occupancy. sw i t ch ing ld imming  c a p a b i l i t i e s ,  and d a y l i g h t  

a v a i l a b i l i t y  a r e  t h e  main f a c t o r s  t o  be cons ide red .  I n  t h e  l a t t e r  case,  a  

number o f  f a c t o r s  shou ld  be examined, concern ing  t h e  t y p e  and maintenance o f  

l u m i n a i r e s ,  t h e  s p a t i a l  d i s t r i b u t i o n  o f  l i g h t  sources and see ing  t a s k s ,  t h e  

c o l o r  r e n d e r i n g  requ i remen ts ,  e t c .  

A u s e f u l  energy i n d i c a t o r  i n  t h e  p r e l i m i n a r y  assessment o f  t h e  p o t e n t i a l  f o r  

l i g h t i n g  power r e d u c t i o n  i s  t h e  U n i t  Power O e n s i t v  IUPO) of  t h e  b u i l d i n g .  

which i s  d e f i n e d  as t h e  r a t i o  o f  t h e  i n s t a l l e d  e l e c t r i c  power t o  t h e  g ross  

f l o o r  area o f  t h e  b u i l d i n g :  t h e  UPD i s  commonly expressed i n  u n i t s  o f  w a t t l m  2 

(see t h e  IES LER-1. 1982-1983 and LER-4. 1984. f o r  r e f e r e n c e  and t a r g e t  

v a l u e s  o f  UPD f o r  t h e  main b u i l d i n g  c a t e g o r i e s ) .  Fo r  g e n e r a l  l i g h t i n g  

systems, t h e  UPD can a l s o  be d e f i n e d  as t h e  r a t i o  t h e  average i l l u m i n a n c e  
2 

on t h e  work ing  p lane  ( lumenlm te t h e  i n s t a l l e d  e f f i c a c y  o f  t h e  l i g h t i n g  

system ( l u m e n 1 u a t t ) : i f  t h e  UPD i s  t o o  h i g h  f o r  a  g i v e n  b u i l d i n g ,  t h i s  can be 

a t t r i b u t e d  e i t h e r  t o  an excess ive  i l l u m i n a n c e  l e v e l ,  o r  t o  an i n s u f f i c i e n t  

i n s t a l l e d  e f f i c a c y  o f  t h e  l i g h t i n g  system. 

A complete  a u d i t  o f  a  l i g h t i n g  system shou ld  i n c l u d e  t h e  f o l l o w i n g  s t e p s :  

il Assess t h e  p o t e n t i a l  f o r  o p e r a t i n g  t i m e  r e d u c t i o n s  f rom a  comparison o f  

occuPanCY and l i g h t i n g  schedules,  w i t h  p a r t i c u l a r  a t t e n t i o n  t o  o f f - h o u r  

occupancy, c l e a n i n g  p e r i o d s ,  s e c u r i t y  c o n t r o l s ,  e t c .  [ f  p o s s i b l e ,  a l s o  

compare a c t u a l  e l e c t r i c i t y  consumption w i t h  r e f e r e n c e  v a l u e s .  

iil Es t ima te  t h e  d a y l i g h t i n g  p o t e n t i a l ;  i . e .  c a l c u l a t e  t h e  l e v e l  and hours  

o f  ou tdoor  d a y l i g h t  a v a i l a b i l i t y ,  and e s t i m a t e  o r  measure t h e  d a y l i g h t  
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f a c t o r  ( r a t i o  o f  i ndoor  t o  ou tdoor  i l l u m i n a n c e )  i n  s e v e r a l  p o i n t s  o f  t h e  

work ing  p l a n e .  

iiil V e r i f y  t h a t  t h e  work ing  p l a n e  i l l u m i n a n c e s  comply w i t h  recommended 

l e v e l s ;  check t h a t  t h e  l u m i n a i r e s  a r e  p r o p e r l y  p l a c e d  w i t h  r e s p e c t  t o  

t h e  see ing  t a s k s :  i . e . t h a t  l i g h t  i s  d i r e c t e d  p r i m a r i l y  t o  a reas  where 

needed, and'  f rom t h e  r i g h t  d i r e c t i o n  t o  m in im ise  g l a r e  and v e i l i n g  

r e f l e c t i o n s ,  and 

i v l  E v a l u a t e  t h e  o v e r a l l  e f f i c a c y  o f  t h e  l i g h t i n g  system, by i n s p e c t i n g  each 

component: p a r t i c u l a r  a t t e n t i o n  shou ld  be devoted t o  t h e  e f f i c i e n c y  o f  

t h e  e l e c t r i c  c i r c u i t r y  ( b a l l a s t s )  i n  H I D  o r  f l u o r e s c e n t  sources:  i n s p e c t  

t h e  e f f i c i e n c y  and c l e a n l i n e s s  o f  r e f l e c t o r s  and lenses ;  c o n s i d e r  t h e  

p o t e n t i a l  f o r  r e p l a c i n g  t h e  e x i s t i n g  sources w i t h  more e f f i c i e n t  ones.  

c o m p a t i b l e  w i t h  c o l o r  r e n d e r i n g  requ i remen ts ;  i f  t h e  i n t e r n a l  w a l l s  and 

c e i l i n g  a r e  d a r k ,  c o n s i d e r  r e p a i n t i n g  w i t h  l i g h t  c o l o r s .  
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C.8 ELECTRICAL SYSTEMS 

C.8.1 E l e c t r i c a l  S v s t m  

I n  p r a c t i c a l l y  a l l  cases,  e l e c t r i c a l  d i s t r i b u t i o n  systems i n  b u i l d i n g s  w i l l  

be A l t e r n a t i n g  C u r r e n t  (AC) systems i n  which t h e  f l o w  o f  c u r r e n t  i s  

c o n s t a n t l y  changing due t o  t h e  a l t e r n a t i n g  p o l a r i t y  o f  t h e  generated v o l t a g e .  

Consequent ly ,  some knowledge o f  t h e  b a s i c  r e l a t i o n s h i p s  and p h y s i c s  o f  AC 

systems i s  e s s e n t i a l  i n  o r d e r  t o  c o r r e c t l y  a p p l y  measuring i n s t r u m e n t s  and t o  

c a r r y  o u t  e l e c t r i c a l  systems r e l a t e d  c a l c u l a t i o n s .  

Unless a  system has p u r e l y  r e s i s t i v e  e lements ,  t h e  c u r r e n t  i n  an AC system 

w i l l  n o t  be i n  phase w i t h  t h e  v o l t a g e  (see  F i g .  C.351. I n  p r a c t i c e ,  equipment 

such as e l e c t r i c  motors  w i l l  t end  t o  impede o r  d e l a y  t h e  f l ow  of  c u r r e n t  i n t o  

t h e  c i r c u i t  and c r e a t e  what i s  termed a  ' l a g g i n g  power f a c t o r '  ( see  be low) .  

Converse ly ,  c a p a c i t i v e  e lements  w i l l  c r e a t e  a  " l e a d i n g  power f a c t o r " .  

Real power [bVl 

F i g .  C . 3 5  V o l t a g e  and Cur ren t  F i g .  C . 3 6  Vec to r  r e p r e s e n t a t i o n  
va lues  for  a l a g g i n g  o f  r e a l ,  r e a c t i v e  and 
power f a c t o r  c i r c u i t .  apparent  power. 
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The power. P. ( o f t e n  r e f e r r e d  t o  as ' r e a l  power ' l  i n  a  s i n g l e  phase AC system 

i s  g i v e n  i n  terms o f  t h e  rms p o t e n t i a l .  V ,  t h e  rms c u r r e n t .  1, and t h e  power 

f a c t o r .  PF, by t h e  r e l a t i o n  

For a  s i n u s o i d a l  v o l t a g e  and c u r r e n t  t h e  power f a c t o r .  PF, i s  equa l  t o  cos v. 
where q i s  t h e  phase d i f f e r e n c e  between t h e  p o t e n t i a l  and t h e  c u r r e n t .  

V * l  i s  o f t e n  r e f e r r e d  \ t o  as vo l t -ampere .  'VA' f o r  s h o r t ,  o r  'kVA' 11 kVA= 

1000 VA) o r  'apparent  power'. Other  r e l a t i o n s h i p s  a r e  shown i n  F i g .  C.36. 

I n  AC systems. work average va lues  have ve ry  l i t t l e  impor tance s i n c e  i t  i s  

t h e  'power '  produced by an e l e c t r i c  c u r r e n t  t h a t  m a t t e r s .  For  an a l t e r n a t i n g  

c u r r e n t .  we a r e  i n t e r e s t e d  i n  t h e  ' e f f e c t i v e '  v a l u e  o f  t h e  c u r r e n t .  I n  t h e  

c o n t e x t  o f  a  c u r r e n t  f l o w i n g  th rough  a  r e s i s t a n c e  o f  R ohm. we a re  i n t e r e s t e d  

i n  t h e  v a l u e  o f  t h e  a l t e r n a t i n g  c u r r e n t  t h a t  produces t h e  same ' h e a t i n g  

e f f e c t "  as a  d i r e c t  c u r r e n t  o f  t h e  same v a l u e .  Suppose I i s  t h e  v a l u e  o f  t h e  

d i r e c t  c u r r e n t ,  t hen  t h e  

2  2  
Hea t ing  E f f e c t  = I * R = Jt  R * i ( t ' l  d t '  

0  

where i l t l  i s  t h e  ins tan taneous  v a l u e  o f  t h e  a l t e r n a t i n g  c u r r e n t .  

There fo re  1 = I(  J: 1 2 ~ t ' l  d t '  11 t 

: the 'square  & o f  t h e  o f  t h e  squares o f  t h e  c u r r e n t  o r  

: t h e  ' r o o t  mean square'  o r  l r m s )  v a l u e .  

For  a  pu re  s i n e  wave i t  can be shorn t h a t  t h e  rms v a l u e  o f  t h e  c u r r e n t  o r  

v o l t a g e  i s  equal  t o  0.707 t imes  t h e  peak v a l u e  and t h e  average o f  t h e  

a b s o l u t e  v a l u e  i s  equal  t o  0.637 o f  t h e  peak v a l u e .  For  d i f f e r e n t  waveforms 

t h i s  r e l a t i o n s h i p ,  between ' ave rage '  and ' r m s ' ,  w i l l  n o t  be m a i n t a i n e d  and 

t h i s  may have i m p l i c a t i o n s  on measurement accuracy o f  c e r t a i n  t ypes  o f  

i n s t r u m e n t s  when used f o r  n o n - s i n u s o i d a l  waveforms. 



App. C Ene rgy  Use and A u d i t i n g  Prob lems 

A l t h o u g h  i t  i s  c o n v e n i e n t  t o  t h i n k  o f  e l e c t r i c a l  sys tems i n  b u i l d i n g s  as 

h a v i n g  v o l t a g e s  and  c u r r e n t s  t h a t  v a r y  s i n u s o i d a l l y ,  t h i s  i s  i n  f a c t  n o t  

u s u a l l y  t h e  case .  I n  p r a c t i c e ,  such  equ ipmen t  as m o t o r s ,  t r a n s f o r m e r s .  

l i g h t i n g  b a l l a s t  and dimmers can  d i s t o r t  t h e  waveform. 

Such waveforms can  be c h a r a c t e r i s e d  by t h e i r  peak o r  s r e s t  f a c t o r  w h i c h  i s  

g i v e n  b y :  

C r e s t  f a c t o r  = (Peak  v a l u e l / l r m s  v a l u e 1  

These waveforms a r e  n o r m a l l y  composed o f  a  m i x t u r e  o f  a  number o f  d i f f e r e n t  

waveforms o f  v a r y i n g  f r e q u e n c y  and m a g n i t u d e ,  a l t h o u g h  i n  most  i n s t a n c e s  t h e  

most  dom inan t  waveform w i l l  be t h e  50 o r  60  Hz  s u p p l y  sys tem f r e q u e n c y .  O t h e r  

f r e q u e n c i e s  may be s e v e r a l  t i m e s  h i g h e r  o r  l o w e r  t h a n  t h e  dom inan t  f r e q u e n c y .  

w h i c h  can  l e a d  t o  measurement i n a c c u r a c i e s  when d i g i t a l  ( e l e c t r o n i c )  

m e a s u r i n g  d e v i c e s  a r e  b e i n g  used.  

I n  a  t h r e e p h a s e  AC sys tem t h e r e  a r e  t h r e e  ( v o l t a g e 1  waveforms d i f f e r i n g  i n  

phase by one t h i r d  o f  a  c y c l e  ( s e e  F i g .  C . 3 7 ) .  Phases and phase c o n d u c t o r s  

a r e  u s u a l l y  i d e n t i f i e d  b y  c o l o r :  t y p i c a l l y  Red. B l u e  6 B l a c k :  o r  Red. Y e l l o w  

6 B l u e :  o r  by l e t t e r s .  u s u a l l y  A. B  6 C. 

I n  such  a  sys tem l o a d s  can  be c o n n e c t e d  i n  A o r  i n  ' Y '  ( s e e  F i g .  C . 3 0 ) .  

The A c o n n e c t i o n  i s  u s u a l  f o r  b a l a n c e d  3  phase l o a d s  such  as m o t o r s  and .  

s i n c e  t h e  power i s  c a r r i e d  i n  3  w i r e s ,  i t  i s  o f t e n  r e f e r r e d  t o  as a  '3 Phase- 

3  W i r e m  sys tem.  

The Y c o n n e c t e d  sys tem i s  normal '  where t h e  l o a d s  i n  each  phase a r e  n o t  

i d e n t i c a l  and where more t h a n  one v o l t a g e  i s  d e s i r e d  s i n c e  t h e  s y s t e m  o f f e r s  

t h e  p o s s i b i l i t y  o f  two v o l t a g e s .  S i n c e  t h e r e  a r e  f o u r  w i r e s  w i t h  t h i s  method 

o f  c o n n e c t i o n ,  t h r e e  phase c o n d u c t o r s  and one n e u t r a l ,  i t  i s  r e f e r r e d  t o  as a  

" 3  Phase-4 W i r e '  sys tem.  The n e u t r a l  c o n d u c t o r  c a r r i e s  t h e  u n b a l a n c e d  

component o f ,  t h e  l o a d  and f o r  t h e  case  where t h e  phase l o a d s  a r e  e x a c t l y  

e q u a l  t h e r e  w o u l d  be  no  c u r r e n t  f l o w  i n  t h i s  c o n d u c t o r .  
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Waveforms in a 
three phase system 
(Phase A, B and C )  

Delta8Y connected loads 

Fig. C.37 Waveforms i n  a t h r e e  Fig. C.38 A and Y connected 
phase  system. loads. 

I n  a  A connected system. L i n e  C u r r e n t  ( I L )  =13*Phase c u r r e n t  (Ip) and VL=Vp .  

I n  a  S t a r  connected system: Phase Vo l tage  lVp l=13*L ine  Vo l tage  l V L l .  IL=Ip. 

The power. P, i n  an i n d i v i d u a l  phase o f  a  3  phase system i s  g i v e n  by :  

T o t a l  power i n  a  3  phase system i s  g i v e n  by t h e  a r i t h m e t i c  sum o f  t h e  power 

i n  t h e  i n d i v i d u a l  phases: f o r  a  ba lanced system 

The l o a d  f a c t o r .  LF, i s  a  measure o f  how v a r i a b l e  a l o a d  i s .  I t  i s  g i v e n  by:  

LF = (Energy consumpt ion ) /  (Maximal Demand * Time f o r  Consumptionl  

T y p i c a l l y  low l o a d  f a c t o r s  i n d i c a t e  a  good p o t e n t i a l  f o r  demand c o n t r o l ,  h i g h  

l o a d  f a c t o r s  w i t h  i n t e r m i t t e n t  occupancy suggests  a  p o t e n t i a l  f o r  e l e c t r i c a l  

equipment s c h e d u l i n g  ( a p p l i c a b l e  t o  b o t h  s i n g l e  and t h r e e  phase sys tems . )  

Because t h e  v o l t a g e  drops i n  e l e c t r i c a l  d i s t r i b u t i o n  systems w i l l  v a r y  w i t h  

t h e  l o a d  b e i n g  t a k e n ,  t h e  ;oltage a t  any p o i n t  i n  t h e  b u i l d i n g  d i s t r i b u t i o n  

w i l l  be c o n t i n u o u s l y  v a r y i n g .  If t h i s  v a r i a t i o n  i s  l a r g e ,  t h e  system i s  s a i d  
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t o  have 'poor v o l t a g e  r e g u l a t i o n '  and  extreme v a r i a t i o n s  can a f f e c t  

e l e c t r i c a l  'equipment per formance:  e .g .  low v o l t a g e s  can a d v e r s e l y  a f f e c t  

motor e f f i c i e n c y .  V a r i a t i o n s  can be cons ide red  t o  have t w p  components: 

i )  v b r i a t i o n s  f rom t h e  e l e c t r i c a l  u t i l i t y  - t h e . u t i l i t y  company n o r m a l l y  

a t tempts  t o  m a i n t a i n  a  c o n s t a n t  v o l t a g e  w i t h  v a r y i n g  l o a d  by changing 

t h e  v o l t a g e  t a p p i n g s  on t h e i r  d i s t r i b u t i o n  equipment.  

i i )  V a r i a t i o n s  w i t h i n  t h e  b u i l d i n g  - v o l t a g e  c o n t r o l  i s  seldom p r a c t i c a l  

except  i n  ve ry  l a r g e  i n s t a l l a t i o n s .  Vo l tage  r e g u l a t i o n s  a r e  c o n t r o l l e d  

t o  a  l a r g e  e x t e n t  by t h e  adequate s i z i n g  o f  c a b l e s .  I n  o l d  b u i l d i n g s  

w i t h  i nc reased  l o a d i n g ,  v o l t a g e  r e g u l a t i o n  can o f t e n  be v e r y  poor .  

A l though  e l e c t r i c a l  energy b i l l s  may be t h e  o n l y  e n e r g y b i l l  o r  r e p r e s e n t  a  

s i g n i f i c a n t .  p a r t  o f  t h e  t o t a l  energy b i l l ,  most e l e c t r i c a l  energy sav ings  

w i l l  occu r  as a  d i r e c t  r e s u l t  o f  r e t r o f i t  a c t i o n s  d e s c r i b e d  under o t h e r  

component c a t e g o r i e s  such as L i g h t i n g  o r  R e g u l a t i o n .  There a r e ,  however, a 

few i n s t a n c e s  t h a t  can be cons ide red  as u n i q u e l y  o r  more c l o s e l y  r e l a t e d  t o  

t h e  e l e c t r i c a l  system and these  a r e  d i scussed  be low.  

C.8.2 F l e c t r i c  Motors  

Because o f  t h e  r e l a t i v e  magnitude o f  energy consumed by e l e c t r i c a l  motors  i n  

b u i l d i n g  systems, i t  i s  w o r t h w h i l e  f o r  t h e  a u d i t o r  t o  g a i n  some a p p r e c i a t i o n  

o f  t h e  per formance o f  e l e c t r i c  motors  and t o  be knowledgeable o f  t hose  

parameters  t h a t  a f f e c t  t h e i r  per formance.  

The most i n f l u e n t i a l  parameter t o  f u l l  l o a d  motor e f f i c i e n c y  i s  motor s i z e  

w i t h  t y p i c a l  e f f i c i e n c i e s  r a n g i n g  f rom 302, o r  l e s s ,  f o r  f r a c t i o n a l  ho rse  

power motors  up t o  902 o r  more f o r  l a r g e  I100  k Y )  motors  (see R V  EL.2 f o r  

t y p i c a l  v a l u e s l .  The t ype .  method o f  c o n s t r u c t i o n ,  and c o n d i t i o n  o f  t h e  motor 

can be cons ide red  secondary b u t  n e v e r t h e l e s s  i n f l u e n c i n g  parameters  on f u l l  

l o a d  motor e f f i c i e n c y .  The motor t r a n s m i s s i o n ,  i . e .  t h e  c o n n e c t i o n  t o  t h e  
J '  

d r i v e n  p i e c e  o f  equipment,  a l s o  i s  a  source o f  energy l o s s .  
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A l s o ,  motor e f f i c i e n c y  d rops  a t  p a r t  load,  b u t  o n l y  s i g n i f i c a n t l y  a t  l oads  

l e s s  than  251 o f  t h e  r a t e d  motor power. I n  f a c t  motor  e f f i c i e n c y  may r i s e  

s l i g h t l y  w i t h  dec reas ing  load  b e f o r e  d r o p p i n g  s h a r p l y  a t  v e r y  low loads.  

Power f a c t o r , .  however, d rops  o f f  more d r a m a t i c a l l y  and c o n s i s t e n t l y  w i t h  l o a d  

r e d u c t i o n  ( see  R V  EL.3 ) .  

O p p o r t u n i t i e s  f o r  energy c o n s e r v a t i o n  i n  mo to rs  a r e  v a r i e d  and can be 

cons ide red  i n  t h e  c o n t e x t  o f  those parameters  a f f e c t i n g  motor per formance.  

Examples a r e  g i v e n  below and a d d i t i o n a l  i n f o r m a t i o n  on these and o t h e r  motor  

r e l a t e d  ECOs a r e  g i v e n  i n  Appendix 0 .  

i )  & t o r  S i l g .  Motors  can be c o r r e c t l y  s i z e d  t o  match t h e  loads  t h e y  a r e  

expec ted  t o  d r i v e .  T h i s  n o r m a l l y  means r e d u c i n g  t h e  moto r  frame s i z e  and 

i s  g e n e r a l l y  o n l y  r e l e v a n t  when t h e  s i z e  o f  t h e  d r i v e n  equipment i s  

reduced.  S i g n i f i c a n t  s i z e  r e d u c t i o n s  a r e  however r e q u i r e d  t o  make t h i s  

w o r t h w h i l e  un less  sav ings  can be j u s t i f i e d  on t h e  b a s i s  o f  power f a c t o r  

sav ings .  'Sometimes motors  need t o  be o v e r s i z e d  t o  p r o v i d e  s u f f i c i e n t  

t o r q u e  t o  overcome i n e r t i a  o f  l a r g e  equipment ( e . g .  l a r g e  d iamete r  fans )  

and c a r e  must be t a k e n  i n  r e p l a c i n g  moto rs .  

Large numbers o f  s m a l l  motor d r i v e n  equipment ,  0 . g .  s m a l l  exhaust  fans .  

can i n  some i n s t a n c e s  be r e p l a c e d  by a  common.sYstem u t i l i s i n g  a  s i n g l e  

l a r g e r  and more e f f i c i e n t  motor .  I n  such i n s t a n c e s  we w i l l  be t r a d i n g  a  

more e f f i c i e n t  motor w i t h  i nc reased  t r a n s p o r t a t i o n  l osses .  

Cons t ru  ii) Motor  c t i o n .  H igh e f f i c i e n c y  moto rs ,  t y p i c d l l y  w i t h  improved 

e f f i c i e n c y  r a t i n g s  o f  up t o  101  and improved power f a c t o r s  o f  up t o  81. 

can be s u b s t i t u t e d  f o r  s tandard  c o n s t r u c t i o n  moto rs  (see R V  EL.2) .  

. . 
i j i )  power  F a c t o r  C o r r e c t i o n .  T h i s  i s  n o r m a l l y  j u s t i f i a b l e  where motors  a r e  

r u n n i n g  a t  p a r t  l o a d  and a t  low power f a c t o r  and where t h e  u t i l i t y  

t a r i f f  i n c l u d e s  a  p e n a l t y  f o r  power f a c t o r  ( f o r  an e x p l a n a t i o n  o f  power 

f a c t o r ,  see AT EL.1) .  As power f a c t o r  d rops ,  t h e  c u r r e n t  w i l l  i nc rease .  

and a l t h o u g h  t h i s  w i l l  n o t  i nc rease  t h e  r e a l  power consumed by t h e  

moto r ,  i t  w i l l  i nc rease  t h e  power l osses  i n  t h e  feeder  c a b l e s  - power 
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l o s s  be ing  p r o p o r t i o n a l  t o  t h e  p r o d u c t  o f  t h e  c u r r e n t  squared and t h e  

c a b l e  r e s i s t a n c e .  I n  r e a l i t y  t h i s  i nc rease  can be cons ide red  t o  be 

n e g l i g i b l e .  

i v I  P a r t  Load Performance. Where t h e  d r i v e n  equipment does n o t  have t o  meet 

a  c o n s t a n t  demand. o p p o r t u n i t y  can be e x c e r c i s e d  t o  p r o v i d e  speed 

c o n t r o l  t o  t h e  moto r .  T h i s  g i v e s  b o t h  a  means o f  p r o v i d i n g  t h e  d e s i r e d  

reduced c a p a c i t y  as w e l l  as improv ing  t h e  p a r t  l o a d  performance o f  t h e  

moto r .  An example m igh t  be t o  p r o v i d e  volume c o n t r o l  o f  a  v a r i a b l e  a i r  

volume fan  by motor speed c o n t r o l  as opposed t o  c o n t r o l l i n g  volume by 

means o f  a  t h r o t t l i n g  d e v i c e  i n  t h e  a i r  supp ly .  

The major  focus o f  an a u d i t  o f  t h e  e l e c t r i c a l  system i n  a  b u i l d i n g  shou ld  be 

t h a t  o f  e s t a b l i s h i n g  t h e  s u i t a b i l i t y  o f  t h e  t a r i f f  arrangement (see s e c t i o n  

C.10) and d i s c o v e r i n g  ways i n  which t h e  o p e r a t i o n  o f  equipment and systems 

m igh t  be opera ted  t o  e f f e c t  c o s t  sav ings .  T h i s  a c t i v i t y  cannot  be c a r r i e d  o u t  

t o t a l l y  i n  i s o l a t i o n  o f  o t h e r  s y s t e m , r e l a t e d  a c t i v i t i e s  and t h e ' a u d i t o r  i n  

a u d i t i n g ,  f o r  example, a  c o o l i n g  system shou ld  be v e r y  aware o f  t h e  

i m p l i c a t i o n s  on, and p o s s i b i l i t i e s  f o r ,  a d d i t i o n a l  sav ings  a s s o c i a t e d  w i t h  

' b e a t i n g  t h e  t a r i f f  sys tem ' ,  i . e .  o p e r a t i o n  away from peak energy c o s t  

p e r i o d s  and p o s s i b l e  use o f  c o o l i n g  s to rage  (see s e c t i o n  C.101. 

T h i s  need f o r  consc iousness o f  e l e c t r i c  energy i m p l i c a t i o n s  i s  a l s o  e q u a l l y  

a p p l i c a b l e  where o p p o r t u n i t i e s  f o r  sav ings  th rough  e l e c t r i c  motor r e l a t e d  

ECOs a r e  i n v o l v e d .  
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C.9 OCCUPANTS 

F o r  an  u n d e r s t a n d i n g  o f  t h e  occupan ts  i n f l u e n c e  o n  e n e r g y  consump t i on ,  i t  may 

be u s e f u l  t o  d i v i d e  t h e  complex o f  b e h a v i o r ,  h a b i t s  and a c t i v i t i e s  o f  t h e  

occupan t  i n t o  ( F r a c a s t o r o - L y b e r g ,  19831: 

il O p e r a t i o n s  i n v o l v i n g  consump t i on  o f  ene rgy  i n  a  d i r e c t  f o r m ,  and 

1 1  O p e r a t i o n s  a i m i n g  a t  c o n t r o l  o f  t h e  i n d o o r  c l i m a t e .  

O p e r a t i o n s  o f  t h e  f i r s t  k i n d  i n v d l v e  t h e  consump t i on  o f  ene rgy  i n  a  d i r e c t  

f o rm .  w h i c h  o f t e n  means t h e  u s e  o f  d o m e s t i c  a p p l i a n c e s .  Energy  w i l l  t h e n  be 

consumed d i r e c t l y  i n  t h e  f o r m  o f  e l e c t r i c i t y .  gas ,  o i l  o r  h o t  t a p  w a t e r .  I ?  

an occupan t  needs t o  p e r f o r m  an o p e r a t i o n  o f  t h i s  k i n d ,  he can o n l y  

i n d i r e c t l y  i n f l u e n c e  t h e  amount o f  consumed e n e r g y .  

Some a p p l i a n c e s  a r e  used  by  t h e  o c c u p a n t  t o  save t i m e  and t o  r e d u c e  t h e  

amount o f  manual  work needed 1e.g.  t h e  use o f  a  d i s h - w a s h e r ) .  O f t e n  t h i s  a l s o  

means t h a t  t h e  amount o f  r e q u i r e d  ene rgy  i s  r educed .  O t h e r  a p p l i a n c e s ,  such 

as i l l u m i n a t i o n  and TV, a r e  n o t  used  t o  r e p l a c e  manual work.  The use o f  t h e s e  

a p p l i a n c e s  w i l l  a lways  i n c r e a s e  t h e  ene rgy  consump t i on .  

The second k i n d  o f  o p e r a t i o n s  l i s t e d  above do n o t  d i r e c t l y  r e q u i r e  an  e n e r g y  

s o u r c e ,  b u t  a r e  o p e r a t i o n s  p e r f o r m e d  i n  o r d e r  t o  c o n t r o l  t h e  i n d o o r  

e n v i r o n m e n t .  F o r  some o p e r a t i o n s  i t  i s  v e r y  d i f f i c u l t  t o  d e t e r m i n e  t h e  impac t  

on  ene rgy  consump t i on .  The e x t e n t  o f  o p e r a t i o n s  o f  t h i s  k i n d  i s  a l s o  d i r e c t l y  

i n f l u e n c e d  by s o c i a l  and c u l t u r a l  norms. 

An example i s  t h e  c h o i c e  o f ,  o r  demand f o r ,  a  c e r t a i n  i n d o o r  t e m p e r a t u r e .  The 

demand f o r  a  h i g h e r  i n d o o r  t e m p e r a t u r e  i s  p r o b a b l y  l i n k e d  t o  t h e  t endency  t o  

wear l i g h t e r  c l o t h i n g .  I t  i s  a l s o  common t o d a y  t h a t  r e s i d e n t s  t r y  t o  keep a  * 

c o m f o r t a b l e  t e m p e r a t u r e  i n  a l l  rooms.. 

If t h e  occupan t  does n o t  f e e l  c o m f o r t a b l e  w i t h  t h e  p r e v a i l i n g  i n d o o r  c l i m a t e .  

he w i l l  t r y  t o  m o d i f y  i t  i n  t h e  d e s i r e d  d i r e c t i o n .  What a c t i o n  he t a k e s  w i l l  

depend on t h e  means a t  h i s  d i s p o s a l .  The r e s u l t i n g  b e h a v i o r  may be 
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u n p r e d i c t a b l e .  I f  i t  i s  t o o  c o l d  he m igh t  t u r n  on an e l e c t r i c  s t o v e  r a t h e r  

than  change h i s  c l o t h i n g .  I f  i t  i s  t o o  warm he m igh t  open a window, which may 

e a s i l y  o f f s e t  any a l g o r i t h m s  f o r  t h e  p r e d i c t i o n  o f  energy consumption. 

A f a c t o r  t h a t  shou ld  n o t  be f o r g o t t e n  i s  t h e  a t t i t u d e  o f  t h e  occupant towards 

energy c o n s e r v a t i o n .  I f  t h e  occupant can n o t  unders tand t h e  reason why a 

r e s i d e n t i a l  b u i l d i n g  i s  r e t r o f i t t e d ,  he may a c t  i n  a  way t h a t  t h e  purpose o f  

sav ing  energy i s  n o t  ach ieved.  I t  i s  t h e r e f o r e  impor tan t  n o t  t o  r e g a r d  t h e  

occupant as a  p a s s i v e  consumer o f  energy ,  b u t  t o  t a k e  i n t o  account  t h e  

i n t e r a c t i o n  between env i ronment ,  b u i l d i n g  and occupant .  

Fig. C.39 Distribution function o f  the variation in indoor temperature 

in dwellings, 1, in three countries. i is the a v e n g e  indoor 
t e m p e r a t u r e .  0 the standard deviation. 
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C.9.1 Enerav Use V a r i a t i o n s  Due t o  I n d o o r  T e r n ~ e r a t u r e  and Use d 
Aou l iances .  

I n  many d i s c u s s i o n s  about t h e  e f f e c t  o f  occupancy on energy consumpt ion i t  

shou ld  be k e p t  i n  mind t h a t  da ta  r e f e r  t o  an 'average behav io r ' .  The s c a t t e r  

around eve ry  such average i s  l a r g e .  The cause of  t h i s  s c a t t e r  i s  comp l i ca ted .  

A t tempts  t o  c o r r e l a t e  energy consumption t o  d i f f e r e n t  socioeconomic f a c t o r s  

such as t h e  s i z e  o f  d w e l l i n g ,  f a m i l y  s i z e ,  income, e d u c a t i o n ,  o c c u p a t i o n ,  o r  

age have n o t  been v e r y  s u c c e s s f u l .  I n  most s t u d i e s  one has found t h a t  t h e  

s t a n d a r d  d e v i a t i o n  o f  t h e  t o t a l  energy consumpt ion i n  a  group o f  " i d e n t i c a l '  

houses l i e s  between 20 and 30 Z o f  t h e  average t o t a l  energy consumpt ion.  

One major  source of  t h e  v a r i a t i o n  i n  energy consumpt ion i s  t h e  v a r i a t i o n  i n  

i ndoor  tempera tu re  between d w e l l i n g s .  I n  s t u d i e s  o f  t h e  i ndoor  tempera tu re  

one o f t e n  f i n d s  t h a t  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  average tempera tu re  i n  a  

group of  d w e l l i n g s  i s  c l o s e  t o  2  K ,  even i f  t h e  average indoor  temperature 

may v a r y  fcom one c o u n t r y  t o  ano the r .  Some examples a r e  g i v e n  i n  F i g .  C.39. 

How much o f  t h e  v a r i a t i o n  i n  t o t a l  energy consumption t h a t  can be e x p l a i n e d  

by t h i s  f a c t  w i l l  o f  course depend on t h e  average i n d o o r -  ou tdoor  tempera tu re  

d i f f e r e n c e  and t h e  degree o f  i n s u l a t i o n .  

The v a r i a t i o n  i n  t h e  consumpt ion o f  household  energy i s  superimposed on t h e  

v a r i a t i o n  i n  t h e  indoor  tempera tu re .  Here one o f t e n  f i n d s  t h a t  t h e  s tandard  

d e v i a t i o n  o f  a  c e r t a i n  k i n d  o f  household  energy consumpt ion i s  as l a r g e  as 50 

2.  As an example we g i v e  i n  F i g .  C.40 t h e  d i s t r i b u t i o n  f u n c t i o n  o f  t h e  use o f  

h o t  t a p  water  f rom i n v e s t i g a t i o n s  i n  some c o u n t r i e s .  

Very  few s t u d i e s  have been per formed where a  d i s a g g r e g a t i o n  o f  energy use has 

been made i n  such a way t h a t  t h e  v a r i a t i o n  i n  d i f f e r e n t  energy uses can be 

s t u d i e d .  I n  F i g .  C.41 we g i v e  an example where t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  

t o t a l  energy consumpt ion i s  r a t h e r s m a l l ,  w h i l e  t h e  v a r i a t i o n  i n  t h e  energy 

consumpt ion f o r  d i f f e r e n t  household  a c t i v i t i e s  i s  l a r g e r .  
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The c o s t  o f  energy w i l l  o f  course a l s o  a f f e c t  the  energy consumed by the  

occupant.  T h i s  can be o f  g r e a t  importance when comparing energy consumption 

from d i f f e r e n t  years .  

I"., 

I' '\ - 
-1 

France. 1979 (4. 5 3 % )  
1 . t  ---- U.K. 1978 14=38%1 

......... Sweden,.1978 1 4 = 5 0 ° h )  

Consumption of hot water (% of average) 

F i g .  C . 4 0  O i s t r i b u t i o n  f u n c t i o n  o f  the  h o t  t a p  w a t e r  consumption 
r e l a t i v e  t o  t h e  a v e r a g e  conrumpt ion f o r  t h r e s  c o u n t r i e o .  
0 is t he  s tandard d e v i a t i o n .  

C . 9 . 2  b r i a t i o n s  i n  Consumed Enerqv Due t u a v m  

Much o f  the  d i s c u s s i o n  on energy sav ing by r e t r o f i t t i n g  r e s i d e n t i a l  b u i l d i n g s  

has been about p u r e l y  t e c h n i c a l  measures. However, i t  should be r e a l i z e d  t h a t  

more energy would be saved i f  t he  behav io r  o f  the  occupants c o u l d  be changed. 

o r  if every occupant was r e a l l y  mot i va ted  t o  save energy. 

The behav io r  and a t t i t u d e s  o f  occupants may change w i t h  t ime .  I n  many s t u d i e s  

o f  the  e f f e c t s  o f  r e t r o f i t s  i t  has been found t h a t  energy sav ing  has been 

s u b s t a n t i a l  a t  the  beg inn ing  o f  a program.. b u t  then  i t  has g r a d u a l l y  faded 

away. One has, however, a l s o  noted the  o p p o s i t e  e f f e c t .  I n  r e t r o f i t s .  

i n c l u d i n g  the  i n t r o d u c t i o n  of  more complex systems i n t o  t h e  b u i l d i n g .  

sometimes no energy has been saved d u r i n g  t h e  f i r s t  h e a t i n g  season, b u t  a 
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s u b s t a n t i a l  r e d u c t i o n  i n  energy consumpt ion has taken  p l a c e  d u r i n g  t h e  second 

h e a t i n g  season. The p r o b a b l e  e x p l a n a t i o n  i s  t h a t  i t  has taken  t h e  occupants  

q u i t e  a  l o n g  t i m e  t o  l e a r n  how t o  hand le  t h e  new system. 

ENERGY (AVERAGE = 1) 

F i g .  C . 4 1  Frsguency d i s t r i b u t i o n s  f o r  t h e  end use  o f  energy i n  6 0  
i d e n t i c a l .  a l l  e l e c t r i c ,  town-houses. The i t e m s  d i s p l a y e d  
r e :  T o t a l  Energy Use. 00 [degree -  d a y s ) .  Vent (mechan ica l  
v e n t i l a t i o n  l o r s e s l .  E l  l d o m e r t i c  e l e c t r i c i t y 1  and SHY.  

The e f f e c t s  d e s c r i b e d  i n  t h e  p r e v i o u s  paragraph w i l l  o b v i o u s l y  be o f  s p e c i a l  

impor tance l n  cases where t h e  PlPA measurement p e r i o d  (see  Ch.51 i s  one y e a r  

o n l y .  I n  t h i s  case i t  would  be an advantage i f  one c u u l d  f o l l u w  a t  l e a s t  t h e  

t o t a l  energy consumpt ion o f  t h e  b u i l d i n g  d u r i n g  s t i l l  ano the r  h e a t i n g  season 

t o  make su re  t h a t  t h e  e f f e c t  d e s c r i b e d  above i s  n o t  a t  hand. 
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I n  r e t r o f i t  a c t i o n s  i n v o l v i n g  r e s i d e n t i a l  b u i l d i n g s  i t  i s  impor tan t  t h a t  t h e  

occupants  a r e  i n fo rmed  i n  advance about t h e  r e t r o f i t  program, what measures 

a r e  t o  be taken  and what changes i n  t h e  indoor  c l i m a t e  can be expec ted .  I f  

p o s s i b l e ,  changes shou ld  be i n t r o d u c e d  g r a d u a l l y  t o  g i v e  t h e  occupants  t h e  

p o s s i b i l i t y  t o  adapt t o  t h e  new env i ronment .  Otherwise t h e  r e s u l t  may be 

c o m p l a i n t s  and a  n e g a t i v e  a t t i t u d e  o f  t h e  occupants towards t h e  r e t r o f i t  

p r o j e c t .  

. . 
C.9.3 i t i n u  S t r a t e a y  

A d i s a g g r e g a t i o n  o f  t h e  d i r e c t  energy use by occupants  w i l l  n o t  be necessary  

i f  one i s  t n t e r e s t e d  o n l y  i n  t h e  t o t a l  consumption o f  domest ic  energy.  It can 

u s u a l l y  be r e a d  o f f  d i r e c t l y  f rom a  meter once a  month o r  yea r  However. 

d t saggrega ted  d a t a  can be used i n  an e v a l u a t i o n  o f  t h e  energy ba lance o f  a  

r e s i d e n t i a l  b u i l d i n g  

I f  one uses da ta  c o l l e c t e d  from r e c o r d s ,  one w i l l ,  i n  g e n e r a l ,  have 

i n f o r m a t i o n  o n l y  about t h e  consumption o f  energy by t h e  average household .  

Th is  may be s u f f i c i e n t  i f  one i s  s t u d y i n g  t h e  e f f e c t  o f  a  r e t r o f i t  on a  l a r g e  

number o f  households.  O the rw ise ,  t h e  energy consumption o f  a  r e s i d e n t i a l  

b u i l d i n g  w i l l  have t o  be mon i to red .  I t  i s  necessary  t o  d i s a g g r e g a t e  t h e  end 

use o f  household  energy i f  da ta  a re  t o  be used i n  a  s i m u l a t i o n  o f  t h e  the rma l  

b u i l d i n g  behav io r  o r  a p p l i e d  t o  o t h e r  b u i l d i n g s .  One w i l l  t hen ,  f o r  t h e  major  

energy consuming a p p l i a n c e s ,  need i n f o r m a t i o n  about :  

il The demand p r o f i l e .  

i i )  The energy consumption by each a p p l i a n c e ,  and 

iiil How much o f  t h e  energy used by an a p p l i a n c e  a f f e c t s  t h e  hea t  ba lance  

I t  i s  i n  g e n e r a l  d i f f i c u l t  t o  r e l a t e  energy consumption t o  socioeconomic 

f a c t o r s .  I t  i s ,  t h e r e f o r e ,  n o t  o f t e n  mean ing fu l  t o  c o l l e c t  socioeconomic d a t a  

un less  one i s  work ing  w i t h  a  l a r g e  s t a t i s t i c a l  sample o f  b u t l d i n g s .  It may be 

more r e l e v a n t  t o  c o l l e c t  da ta  on t h e  b e h a v i o r  and h a b i t s  o f  occupants  such 

as : 
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- t h e  occupan ts '  a t t i t u d e s  t o  and m o t i v a t i o n  f o r  energy sav ing  

- when t h e  occupant i s  a t  home. 

- t h e  use o f  s e t  p o i n t s .  

- t h e  use o f  v e n t i l a t i o n  system. 

- t h e  h a b i t s  o f  a i r i n g ,  s h i e l d i n g  windows, e t c .  

- t h e  use o f  a p p l i a n c e s .  

- t h e  use p a t t e r n s  o f  h o t  t a p  wa te r ,  and 

'- t h e  occupants  exper ience  o f  t h e  i n d o o r  c o m f o r t .  

I n f o r m a t i o n  o f  t h i s  k i n d  can be o b t a i n e d  i n  s e v e r a l  ways. One can a p p l y  

su rvey  techn iques .  Occupants a r e  i n t e r v i e w e d ,  a r  f i l l  i n  a  form.  

M o n i t o r i n g  t h e  occupan t ' s  c h o i c e  o f  s e t -  p o i n t s  i s  r a t h e r  easy f o r  some 

h e a t i n g  systems, f o r  example e l e c t r i c a l  h e a t i n g .  F o r  h e a t i n g  systems n o t  

a l l o w i n g  an easy m o n i t o r i n g ,  su rvey  techn iques  can be used, f o r  example i n  

b u i l d i n g s  equipped w i t h  i n d o o r  t h e r m o s t a t s .  I n  b u i l d i n g s  w i t h  r a d i a t o r  

c o n t r o l s  t h e  use o f  su rvey  techn iques  i s  f a c i l i t a t e d  by t h e  f a c t  t h a t  many 

occupants  p r e f e r  t h e  extremes when choos ing  s e t  p o i n t s ,  e i t h e r  c o m p l e t e l y  on 

o r  c o m p f e t e l y  o f f ,  o r  a t  a  r a t h e r  low o r  a  r a t h e r  h i g h  tempera tu re .  

Fu r the rmore ,  many occupants  seldom change t h e  s e t  p o i n t s .  

M o n i t o r ~ n g  o f  t h e  occupan t ' s  use o f  b u i l d l n g  systems d r ~ v e n  by  e l e c t r l c  

mo to rs ,  e .g .  mechanica l  v e n t i l a t i o n  systems. i s  r a t h e r  easy by  s i m p l y  

r e c o r d i n g  t h e  presence o r  absence o f  an e l e c t r i c  c u r r e n t  o r  a  magnet ic  f i e l d  

(see MT EL.71 
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C.10 FUEL TARIFFS 

I t  i s  q u i t e  common i n  f u e l  t a r i f f  a r rangements  t h a t  energy  consumpt ion and 

energy  c o s t s  a r e  N& d i r e c t l y  e q u a t a b l e  t o  one a n o t h e r .  T h i s  i s  because t h e  

c o s t  o f  p r o d u c t i o n ,  d e l i v e r y  and a c c o u n t i n g  a r e  n o t  d i r e c t l y  i n  r e l a t i o n  t o  

u n i t s  o f  energy  and most energy  s u p p l i e r s  d e v i s e  t a r i f f  a r rangements  t h a t  

b e s t  r e f l e c t  t h e i r  c o s t .  Consequen t l y  t h e  a u d i t o r  w i l l  somet imes be f a c e d  

w i t h  c h o i c e  o f  s a v i n g  money or energy.  

I n  o r d e r  t o  e v a l u a t e  where sav ings  can be made and t o  c a l c u l a t e  t h e s e  s a v i n g s  

a c c u r a t e l y  i t  i s  v i t a l  t o  u n d e r s t a n d  t h e  s p e c i f i c  t a r i f f  a r rangements  unde r  

wh i ch  energy  i s  and c o u l d  be purchased i n  t h e  l o c a l  o f  t h e  b u i l d i n g  unde r  

c o n s i d e r a t i o n .  

A g e n e r a l  d i s c u s s i o n  o f  t y p i c a l  t a r i f f  a r rangements  i s  g i v e n  be low as 

background,  b u t  t h e  a u d i t o r  s h o u l d  o b t a i n  d e t a i l s  o f  a l l  a p p l i c a b l e  t a r i f f s  

f o r  t h o s e  b u i l d i n g s  he m i g h t  be concerned w i t h .  

The a c t u a l  f u e l  t a r i f f  may compr i se  o f  any one,  o r  comb ina t i ons  o f  t h e  

f o l l o w i n g  charges:  

il F l a t  Rate  Charses:  Where energy  pu rchased  i s  charged a t  a  common pe r  

u n i t  r a t e .  I1 g a l l o n  o i l ,  3 c e n t s  kWh e l e c t r i c .  

iil S l i d i n q  Rate Charses:  Where t h e  u n i t  cha rge  r a t e  i s  v a r i e d  as  a  f u n c t i o n  

o f  t h e  amount o f  energy  purchased.  The s l i d i n g  s c a l e  i s  n o t  n o r m a l l y  

c o n t i n u o u s  b u t  a r r a n g e d  i n  b l o c k s ,  e . g .  i n  t h e  case o f  e l e c t r i c i t y ,  t h e  

f i r s t  1 .000 kWh a t  3 c e n t s ,  t h e  n e x t  2.000 a t  2.5 c e n t s  and so on.  

iiil Demand Charqes: Where charges a r e  made f o r  t h e  r a t e ,  u s u a l l y  t h e  maximum 

r a t e ,  a t  wh i ch  energy  i s  consumed. These charges a r e  normal  f o r  energy  

s u p p l y  sys tem w i t h o u t  t h e  c a p a c i t y  f o r  energy  s t o r a g e :  e . g .  e l e c t r i c i t y  

and d i s t r i c t  h e a t i n g ,  and r e f l e c t  t h e  c o s t  o f  p r o v i d i n g  s u f f i c i e n t  

energy  p r o d u c t i o n  systems t o  meet maximum demands. 
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i v l  Time of  Dav Charaes - i n  which u n i t s  o f  energy and/or  maximum demand 

charges may be charged a t  d i f f e r e n t  r a t e s  depending on the  t ime  o f  day. 

hour ,  o r  season t h a t  t h e  u n i t s  o r  demand mere recorded .  Charges a r e  

based on s i m i l a r  c o n s i d e r a t i o n s  t o  those expressed i n  i i i )  above 

V )  J n t e r r u ~ t i b l e  Clauses - where the  o v e r a l l  c o s t  m igh t  be charged a t  a  

lower r a t e  i f  t he  u t i l i t y  has t h e  r i g h t  t o  i n t e r r u p t  o r  l i m i t  supply  t o  

t h e  b u i l d i n g  shou ld  t h e .  u t i l i t v  demanQ exceed a c e r t a i n  l i m i t .  Such 

t a r i f f s  o b v i o u s l y  demand t h a t  the  b u i l d i n g  be p r o v i d e d  w i t h  i t s  own f u e l  

s to rage  o r  a l t e r n a t i v e  source o f  f u e l .  

v i l  Minimum B i l l i n a  Charaes - Are sometimes l e v i e d  t o  cover  t h e  

a d m i n i s t r a t i o n  c o s t  o f  m a i n t a i n i n g  an account .  

v i i l  D e l i v e r v  Charues which may somet imesbe  b i l l e d  as an i t e m  separate from 

the  amount o f  f u e l  d e l i v e r e d .  '. 
O p p o r t u n i t i e s  f o r  c o s t  sav ings  can be pursued by l o o k i n g  f o r  ways w i t h i n  t h e  

e x i s t i n g  o r .  a l t e r n a t i v e  t a r i f f  arrangements t o  m in im ise  those e f f e c t s  

c o n t r i b u t i n g  t o  t h e  c o s t .  Examples would i n c l u d e :  

il P r o v i d i n g  l a r g e  s to rage  f a c i l i t i e s  f o r  s o l i d  and l i q u i d  f u e l s  and making 

s m a l l e r  number o f  b u l k  purchases. t a k i n g  advantage where p o s s i b l e  o f  

seasonal f u e l  c o s t  i l u c t u a t i o n s .  

iil P r o v i d i n g  a l t e r n a t e  ( d u a l  f u e l )  sources t o  take b e n e f i t s  o f  lower  u n i t  

energy c o s t s .  

iiil R e s t r i c t i n g  maximum demand purchas ing  cheaper o f f - p e a k  energy by 

r e s c h e d u l i n g  equipment useage and /o r  p r o v i d i n g  secondary s to rage  systems 

( e . g .  h o t  and c h i l l e d  w a t e r ) .  

C . l O . l  L l e c t r i c a l  T a r i f f  Arranaement 

More so than  any o t h e r  rue1 system, e l e c t r i c a l  energy use and energy c o s t  a r e  

n o t  no rma l l y  d i r e c t l y  equa tab le  t o  one ano ther .  O f t e n  t h e  cho ice  o f  sav ing  

money w i l l  have t o  be made a g a i n s t  t h e  p o s s i b i l i t y  o f  u s i n g  energy.  
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I n  a d d i t i o n  t o  t h e  above p o s s i b i l i t i e s  f o r  t a r i f f  cha rges ,  e l e c t r i c a l  b i l l s  

may i n c l u d e  cha rges  F o r  R e a c t i v e  Power cha rues  - i n  wh i ch  cha rges  may be 

t o t a l l y  based upon u n i t s  o f  v o l t  ampere h o u r s ,  as opposed t o  w a t t  h o u r s ,  o r  

demand cha rges  may be based on v o l t  ampere as  opposed t o  w a t t s ,  o r  t h e  t o t a l  

b l l l  may be a d j u s t e d  based on some power r e p r e s e n t a t i v e  power f a c t o r  as  

r e c o r d e d  a t  t h e  b u i l d i n g .  

Charges may a l s o  v a r y  depend ing on t h e  v o l t a g e  a t  wh i ch  t h e  e l e c t r i c a l  ene rgy  

i s  pu rchased  w i t h  h i g h  v o l t a g e  power b e i n g  cheaper  t h a n  low v o l t a g e  s i n c e  t h e  

u t i l i t y  does n o t  have t o  c o v e r  t h e  c o s t  o f  v o l t a g e  t r a n s f o r m a t i o n .  

Demand cha rges  a l s o  t a k e  on a  s p e c i a l  s i g n i f i c a n c e  i n  e l e c t r i c a l  sys tems 

s i n c e  i n  many i n s t a n c e s  t h e y  can fo rm a s i g n i f i c a n t  pe rcen tage ,  as much as 

50% o f  more, o f  t h e  e l e c t r i c a l  energy  b i l l .  The demand cha rged  i s  based on an 

average demand measured o v e r  a  s e t  p e r i o d  o f  t i m e  as d e f i n e d  i n  t h e  t a r i f f  

agreement - t y p i c a l  20 o r  30 m i n u t e s .  It i s  n o t  t h e  i n s t a n t a n e o u s  demand 

wh ich  i s  a  m i s c o n c e p t i o n  amongst many HVAC e n g i n e e r s .  The demand charge may 

be based on t h e  maximum demand r e c o r d e d  ove r  t h e  p e r i o d  o f  a  y e a r  o r  i t  may 

be b i l l e d  f o r  i n s t a n c e  on  a  month b y  month b a s i s ,  i n  wh i ch  case t h e  demand 

r e c o r d e d  i n  J u l y  wou ld  n o t ,  f o r  i n s t a n c e ,  a f f e c t  t h e  demand cha rge  f o r  

August .  
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APPENDIX D AllOTATED LIST OF ENERGY COMSERYATIOM OPPORTUNITIES (ECOs) 

INTRODUCTION TO APP. D  

The f o l l o w i n g  l i s t  o f  Energy Conserva t ion  O p p o r t u n i t i e s  (ECOsl f o r  b u i l d i n g s  
such as :  apar tment  b u i l d i n g s ,  commercial  b u i l d i n g s  and schoo ls  was comp i led  
f rom a  number o f  sources t h a t  address energy c o n s e r v a t i o n  i n  a  v a r i e t y  o f  
b u i l d i n g s .  ECOs a re  p resen ted  he re  as conc ise  s ta temen ts  o f  measures t h a t  can 
be taken  t o  reduce energy use.  

The ECOs a r e  l i s t e d  a c c o r d i n g  t o  t h e  component c a t e g o r i e s  used i n  t h i s  Source 
Book (see I n t r o d u c t i o n ,  p. 101. The ECOs have been ass igned  a  c l a s s i f i c a t i o n  
c o n s i s t i n g  o f  one l e t t e r ,  r e f e r r i n g  t o  t h e  a b b r e v i a t i o n  o f  t h e  b u i l d i n g  
component c a t e g o r y ,  and one numer i ca l  g i v i n g  t h e  ECO number w i t h i n  t h e  
component c a t e g o r y .  It i s  unavo idab le  t h a t  some ECOs a r e  r e l a t e d  t o  more t h a n  
one b u i l d i n g  component. T h i s  i s  e s p e c i a l l y  so f o r  ECOs r e l a t e d  t o  r e g u l a t i o n  
and c o n t r o l  o f  equipment.  When l o o k i n g  f o r  ECOs o f  t h i s  k i n d ,  one shou ld  
check t h e  R-category  as w e l l  as o t h e r  r e l e v a n t  component c a t e g o r i e s .  

The ECOs a r e  p resen ted  u s i n g  t h e  f o l l o w i n g  fo rmat :  

LEVEL: I n d i c a t e s  t h e  l e v e l  o f  d i f f i c u l t y  t o  c a r r y  ou t  an ECO. The 
l e v e l s  used a r e :  
0  - Opera t ions .  
M  - Maintenance measures. 
I - Suggested Improvements i n v o l v i n g  r e l a t i v e l y  minor  changes 

t o  t h e  b u i l d i n g  components and equipment,  and 
R - f o r  measures i n v o l v i n g  Replacement o f  a  system o r  

i n s t a l l a t i o n  o f  major  new equipment.  
DESCRIPTION: Desc r ibes  t h e  ECO. 
APPLICATION: l n d i c a t e s  t h e  ECO a p p l i c a t i o n .  
SIDE BENEFITS: P o i n t s  o u t  p o s s i b l e  s i d e  b e n e f i t s  o f  t h e  ECO. 
CAUTIDNS: I n d i c a t e s  c a u t i o n s  t h a t  must be cons ide red .  
COST FACTORS: Eva lua tes  t h e  Cost f a c t o r s  i n v o l v e d .  
INTERACTIONS: Looks a t  i n t e r a c t i o n s  w i t h  o t h e r  ECOs. 
EVALUATIONS: I n d i c a t e s  how an e v a l u a t i o n  o f  t h e  ECO may t a k e  p l a c e  and 

g i v e s  r e f e r e n c e s  t o  A u d i t  Procedures (App. E l ,  Measurement 
Techniques (App. G I .  A n a l y s i s  Techniques (App. HI and 
Reference Values (App. 11. 

COMMENTS: Adds a p p r o p r i a t e  comments. 
REFERENCES: P rov ides  s u i t a b l e  r e f e r e n c e s .  

A l l  t h e  above headings can be found i n  t h e  ECO d e s c r i p t i o n  even i f  t h e r e  may 
be no c o n t e n t .  A l i s t  o f  t h e  ECOs c o n t a i n i n g  t h e  ECO number, t i t l e ,  l e v e l  and 
i n t e r a c t i o n s  can be found below. 
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L I S T  OF E IER6Y COISEPYATlOl  OPPORTUl IT lES IECOsI  

llllE L u L  

ENVELOPE ( E l  

C lose lopen windows and doors  t o  match D 
c l i m a t e .  
Ensure p roper  v e n t i l a t i o n  o f  a t t i c  spaces 0  
Operate shades, drapes and s h u t t e r s .  011 
Close c o n v e c t i v e  paths i n  s h a f t s  and O I M  
s t a i r w e l l s .  
Repa i r  broken g l a z i n g .  II 
M a i n t a i n  l a t c h e s  and o t h e r  mechanisms. n 
Reua i r l uoa rade  s e a l s .  c a u l k i n g  and I I R I M  

w 'ea the rs t r i pp ing .  
Upgrade i n s u l a t i o n  o f  f l a t  
a l l y .  
Add a t t i c  i n s u l a t i o n .  
Add i n s u l a t i o n  t o  e x t e r i o r  
f i l l i n g  v o i d s .  
Add i n s u l a t i o n  t o  e x t e r i o r  
Add i n s u l a t i o n  t o  e x t e r i o r  
Add i n s u l a t i o n  t o  basement 
Add i n s u l a t i o n  t o  basement 
Add i n s u l a t i o n  t o  f l o o r s .  

r o o f s  e x t e r n -  I 

I 
w a l l s  by I 

w a l l  e x t e r n a l l y  I 
w a l l  i n t e r n a l l y  I 
w a l l  e x t e r n a l l y  I 
w a l l  i n t e r n a l l y  I 

1  
Upgrade i n s u l a t i o n  o f  ground f l o o r  above I 
c r a w l  space: 
Loca te  and m in im ize  t h e  e f f e c t  o f  t h e r m a l  I 
b r i d g e s .  
C o r r e c t  excess ive  envelope a i r  leakage.  I 
Add au tomat i c  door c l o s i n g  system between I 
hea ted  and unheated space. 
Cover,  i n s u l a t e  o r  c o n v e r t  unnecessary I 
windows and doors .  
I n s t a l l  window f i l m  o r  t i n t e d  g l a s s .  I I R  
I n s t a l l  s h u t t e r s ,  b l i n d s ,  shades, screens 1 
o r  d rapes .  
Add i n s u l a t i o n  beh ind  e x t e r i o r  r a d i a t o r s .  I 
R o l l  s h u t t e r  cases - i n s u l a t e  and s e a l  I 
a i r  l eaks .  
Mod i f y  v e g e t a t i o n  t o  save energy.  I 
Reduce e f f e c t i v e  h e i g h t  o f  room. I 
Use a p p r o p r i a t e  c o l o r  e x t e r i o r .  I 
I n s t a l l  s to rm windows and doors .  I I R  
Replace doors  w i t h  improved des ign .  R  
Use double  o r  t r i p l e  g l a z e  rep lacement .  R 
Replace i n t e r n a l  b l i n d s  w i t h  e x t e r n a l  R  
systems. 
Employ e v a p o r a t i v e  c o o l i n g  r o o f  sp rav .  I 
c l o s e - o f f  b a l c o n i e s  t o  make s u n s i a c e j  I 
greenhouse. 

.INTERACTING ECOS 

Coo l ing  ECOs 
Yindow ECOs 
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REGULATION I R I  

R . l  M a i n t a i n  p roper  space s e t p o i n t s .  O I M  R.28. P.2. C.7 
R.2 Setback,  se tup  space temperatures.  011 R.4. R.28. H.24 
R.3 Shut o f f  h u m i d i f i c a t i o n  and 011 R.4-6.R.19.R.28,D.lO 

v e n t i l a t i o n  equipment.  
R.4 Preoccupancy c y c l e .  011 R.2-3.R.6.R.18.R.28 
R.5 I n s t a l l  au tomat i c  v e n t i l a t i o n  c o n t r o l .  011 R.3-4. R.6. R.9. 

R.18. R.28. EL.6 
N i g h t  f l u s h i n g .  01  I 
Sequence h e a t i n g  and c o o l i n g .  011 

Shut o f f  c o i l  c i r c u l a t o r s  when n o t  011 
r e q u i r e d .  
M a i n t a i n  p roper  system c o n t r o l  s e t p o i n t s  MI1 

Replace worn n o z z l e s  i n d u c t i o n  systems. MI1 
M i x i n g  damper rep lacement .  MII 
S p e c i a l  c o n s i d e r a t i o n s ,  r o o f  t o p  a i r  M I  1 
c o n d i t i o n i n g  u n i t s .  
Shut down h o t  o r  c o l d  d u c t  i n  d u a l  d u c t  011 
system. 
I n s t a l l  r a d i a t o r  t h e r m o s t a t i c  v a l v e s .  R 
H u m i d i s t a t  c o n t r o l  o f  swimming poo l  1  
h a l l  v e n t i l a t i o n .  
CO c o n t r o l  o f  p a r k i n g  garage v e n t i l a t i o n .  1 
M in im ise  s t r a t i f i c a t i o n  i n  h e a t i n g  season I I R  
A i r  economiser.  I I R  

E v a p o r a t i v e  c o o l i n g .  I I R  
Loca te  make-up a i r  a t  exhaust  hoods. I I R  

H igh v e l o c i t y  t y p e  exhaust  hoods. I I R  
Convers ion t o  YAY. I I R  
Deadband the rmos ta ts .  I I R  
Load r e s e t  ( d i s c r i m i n a t o r )  c o n t r o l .  I I R  

A i r  m i x i n g  between zones f o r  u t i l i s i n g  I I R  
zone excess hea t  o r  exhaust make-up. 
I n s t a l l  l o c a l i s e d  exhaust lmake-UP I I R  
a i r  systems. 
D i s c o n t i n u e  o r  r e l o c a t e  p re -hea t  c o i l s .  I I R  
I n s t a l l  EMS system. 1 I R  

S t r a t i f i c a t i o n  s p l i t t e r s .  I I R  
Cyc le  a i r  c o n d i t i o n i n g .  I I R  
C o r r e c t  poor  c o n t r o l  v a l v e  s e l e c t i o n .  I I R  
YAY f a n  c o n t r o l  i n  AC systems. I I R  
Use c o o l i n a  c o i l  f o r  b o t h  h e a t i n s  and I I R  ~~~ -~~ 

c o o l i n g  d u t i e s .  
V a r i a b l e  volume c o n t r o l s  f o r  fume hoods. I I R  
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R.35 Mechanica l  d e h u m i d i f i c a t i o n  i n  
p o o l  h a l l s .  

R.36 A d s o r p t i o n  f i l t e r s .  
R.37 Loca l  h e a t i n g  and c o o l i n g .  
R.38 Radiant  h e a t i n g .  
R.39 D i r e c t  gas f i r e d  make-up-un i t s  
R.40 Replace c e i l i n g  dump boxes. 
R.41 Re-heat c o i l s .  
R.42 I n d i v i d u a l  c o i l s  i n  m u l t i - z o n e  
R.43 System rep lacement .  

HEATING ( H I  

swimming I I R  

R 
R 

system. R 
R 

Shut b o i l e r  p l a n t  o f f  when n o t  r e q u i r e d .  
Turn p i l o t  l i g h t s  o f f  i n  gas equipment 
when n o t  r e q u i r e d .  
Reduce number o f  o n - l i n e  b o i l e r s  as l o a d  
reduces.  
C o n t r o l  p roper  a t o m i z a t i o n  o f  o i l .  
Reduce b lowdorn losses .  
Reset b o i l e r  aquas ta t  w i t h  heat  demand 
M a i n t a i n  c o r r e c t  system p r e s s u r i z a t i o n .  
S e r v i c e  bu rne r  and a d j u s t  a i r - f u e l  r a t i o  

Remove s c a l e  and s o o t .  
Repa i r  o r  upgrade i n s u l a t i o n  on b o i l e r 1  
fu rnace .  
R e ~ a i r  r e f r a c t o r v .  
I n s t a l l  a i r  i n l &  a t  f o o t  o f  chimney. 
l n s t a l l  f l u e  dampers. 
l n s t a l l  t u r b u l a t o r s .  
Decrease f i r i n g  r a t e  o f  t h e  bu rne r  o r  
f i t  s m a l l e r  b u r n e r .  
l n s t a l l  d u a l  f u e l  b u r n e r .  
l n s t a l l  more e f f i c i e n t  b u r n e r .  
I n s t a l l  separa te  (summer) SHY h e a t e r .  
Use f l u e  gas heat  exchanger.  
l n s t a l l  heat  s t o r a g e  
Use f u e l  a d d i t i v e s .  
l n s t a l l  au tomat i c  oxygen t r i m  c o n t r o l l e r  
Sequence f i r i n g  o f  m u l t i - u n i t  b o i l e r  
p l a n t .  
Replace o b s o l e t e  h e a t i n g  p l a n t .  

Use o f  exhaust  a i r  as heat source f o r  ~~ ~ 

heat  pumps. 
F i r e p l a c e  upgradel rep lacement .  
Ou ts ide  a i r  f o r  f i r e p l a c e .  

HEATlNGICOOLING (HIC) 

H I C . l  Sequence o p e r a t i o n  o f  m u l t i p l e  u n i t s .  011 
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H1C.Z Reduce power c o n s u m p t i o n o f  hea t  pump 
a n c i l l a r y  equipment.  

HlC.3 M a i n t a i n  p roper  s t a r t i n u  f reauenc r  and 
r u n n i n g  t . i m i  o f  hea t  pump. 

HlC.4 Heat pump a i r  leakage.  
HlC.5 M a i n t a i n  p roper  e v a p o r a t i n g  and con- 

dens ing temperatures.  
HlC.6 Check sensor f u n c t i o n i n g  and placement 

f o r  hea t  pumps. 
HlC.7 M a i n t a i n  e f f i c i e n t  d e f r o s t i n g .  
HIC.8 M a i n t a i n  p roper  hea t  s o u r c e l s i n k  f l ow  

r a t e s .  
HIC.9 M a i n t a i n  f u n c t i o n i n g  o f  hea t  pump 

expans ion dev ice .  
HIC.10 Check hea t  pump s tand-by losses .  
H I C . l l  Clean and m a i n t a i n  c o o l i n g  tower  

c i r c u i t s  and h e a t  exchanger fu rnaces .  
HIC.12 M a i n t a i n  f u l l  charge o f  r e f r i g e r a n t . .  
HlC.13 Improve c a p a c i t y  c o n t r o l .  
HIC.14 Reduce compressor c a p a c i t y  o r  f i t  a  

s m a l l e r  compressor.  
HIC.15 Rep ipe lopera te  c h i l l e r s  o r  compressors 

i n  s e r i e s  o r  p a r a l l e l .  
HIC.16 Replace o r  upgrade c o o l i n g  equipment 

and hea t  pumps. 
HIC.17 A i r  t o  a i r  hea t  recovery  techn iques .  
HlC.18 Replace o r  upgrade hea t  pump supp le -  

mentary hea t  supp ly  

COOLING I C I  

Ra ise c h i l l e d  wa te r  tempera tu re  and 
s u c t i o n  gas p ressu re .  
Lower condensing water  tempera tu re  and 
headpressures.  
Shut o f f  a u x i l i a r i e s  when n o t  r e q u i r e d .  
Clean condenser tubes .  
Heat recovery  o f  condenser hea t .  
AtmosDheric c o o l i n g .  
Exhaust l c o o l l  c o n d i t i o n e d  a i r  ove r  
condensers a n d t h r o u g h  c o o l i n g  towers ... 
Inc rease  h e a t  exchanger s u r f a c e  areas.  
Use c i t y - w a t e r  f o r  c o o l i n g .  . , 

C e n t r a l  chillerlrefrigeration,coniiij. 
Use n a t u r a l  water sources f o r  condensing 
M i n i m i s e  adverse e x t e r n a l  i n f l u e n c e s  on 
c o o l i n g  tower  and a i r  coo led  condenser.  
F ree  c o o l i n g  c h i l l e r s .  
Use o f  d e s i c c a n t  f o r  de-humidification. 
Use 'p iggy back'  a b s o r p t i o n  system. 

C h i l l e d  water  and i c e  s to rage  systems. 

OIR 
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DUCTYORK ( 0 )  

0 .1  A d j u s t l b a l a n c e  v e n t i l a t i o n  system. OIM 0.4. ~ . 7 ,  p . 1  
0.2 Reduce a i r  f l o w  r a t e .  MI1 0.8. R.18. R.28. R.34 
0.3 Reduce p ressure  drops i n  duc ts .  MI1 0.2 
0.4 Reduce air leakage i n  duc ts .  
0.5 Clean f a n  b lades .  
0.6 M a i n t a i n  d r i v e s .  M 
0.7 Clean o r  rep lace .  f i l t e r s  r e g u l a r l y .  M H1C.l 
0.8 Reduce motor s i z e  ( f a n  power) .  1  0.2. R.27 
0.9 Duct i n s u l a t i o n  r e p a i r l u p g r a d e .  1 lR 0.4 . 0.10 I n s t a l l  back-draught  o r  p o s i t i v e  c l o s u r e  I R.3 

damper i n  v e n t i l a t i o n  exhaust  system. 
0 . 1 1  Relocate motor o u t  o f  a i r  stream. I 
0.12 I n s t a l l  f r e e z e  laundry  d r i e r s .  R 0.13 
0.13 Automat ic  s w i t c h  o f f  o f  l aundry  d r i e r s .  R 0.12 

PIPEWORK ( P I  ..,, , 

P . l  A d j u s t  h y d r o n i c  hea t  d i s t r i b u t i o n  system M I R I I  
P.2 Bleed a i r  f rom system. 0  
P.3 S w i t c h  o f f  c i r c u l a t i o n  pumps when n o t  0  

r e q u i r e d .  
P.4 M a i n t a i n  p roper  water  l e v e l  i n  expansion 0  

t a n k .  
P.5 Clean f i l t e r s  and screens.  M 
P.6 Repa i r lupgrade  i n s u l a t i o n  on p ipes  and MI1 

tanks .  - 
P.7 Repai r  l eaks .  M 
P.8 M a i n t a i n  steam t r a p s .  M 
P.9 Reduce f l o w  r e s i s t a n c e .  I 
P.10 Reduce f l o w  r a t e s .  I 

P . l l  Ensure system opera tes  above atmos- I 
p h e r i c  p ressure .  

P.12 Conver t  3 -p ipe  system t o  2- R 
p i p e  o r  4-p ipe system. 

P.13 Conver t  s i n g l e  p i p e  steam system t o  R 
condensate r e t u r n  system. 

P.14 I n s t a l l  zone pumping. R 
P.15 I n s t a l l  v a r i b l e  volume pumping. R 
P.16 Replace steam t r a p s .  R 
P.17 Heat recovery  from condensate. R 
P.18 Separate f l a s h  steam from condensate. R 

SERVICE HOT YATER (S)  

S . l  Reduce r a t e r  tempera tu re .  0  
5 .2  Reduce use o f  c i r c u l a t i o n  pumps. 0  
5.3 Use c o l d  r a t e r  f o r  l a u n d r y .  0  
5 .4  Heat d u r i n g  o f f -peak  p e r i o d s .  0  
S.5 I n s t a l l  o r  improve r a t e r  temperature 011 

r e g u l a t i o n .  

5 . 2 .  S l l  P.6 
S l l  S.15 
5 . 6  
S.10. 5.16. 5 .21,  P.6 
S.9 
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Use SHY i n  a p p l i a n c e s .  
l n s t a l l  hea t  pump water  h e a t e r .  
Heat r e c o v e r y  from waste SHY. 
l n s t a l l  f l o w  r e s t r i c t o r s .  
Shut o f f  water  h e a t i n g  when n o t  r e q u i r e d  
l n s t a l l  c o n t r o l s  t o  reduce pump use.  
l n s t a l l  a  wa te r  s o f t e n e r .  
Replace p i l o t s  w i t h  e l e c t r i c  i g n i t i o n .  
I n s t a l l  p ressu re  r e d u c i n g  v a l v e s .  
l n s t a l l  t r a c e  h e a t i n g  on dead l e g s .  
Op t im ize  s i z e  o f  SHY s to rage  t a n k .  
Cons ider  au tomat i c  SHY use. 
Add an ins tan taneous  b o o s t e r  t o  
s t o r a g e  system. 
l n s t a l l  m e t e r i n g  d e v i c e s .  
l n s t a l l  s o l a r  water  h e a t i n g .  
Sw i t ch  f rom s t o r a g e  t o  i ns tan taneous  
SHY system. 
D e c e n t r a l i z e  SHY p r o d u c t i o n .  

LIGHTING ( L )  

Sw i t ch  o f  unnecessary l i g h t s .  
L i m i t  l i g h t i n g  needs d u r i n g  c l e a n i n g  
p e r i o d s  
Use low l e v e l  l i g h t i n g  f o r  s e c u r i t y  
p e r i o d s .  
Reduce e x t e r i o r ,  grounds,  s i g n ,  
d i s p l a y  l i g h t i n g .  
Rearrange work space t o  make r e s t  use 
of  d a y l i g h t .  
Remove lamps. 
Lumina i re  maintenance. 
Clean i n t e r i o r  w a l l  s u r f a c e s ,  r e p a i n t  
w i t h  l i g h t e r  c o l o r s .  
Improve l u m i n a i r e s  geomet r i c  arrangement 
Use task  l i g h t i n g .  
Use e f f i c i e n t  b a l l a s t s .  
Replace low wat tage lamps w i t h  fewer 
h i g h  wa t tage  ones. 
l n s t a l l  more e f f i c i e n t  l i g h t  sou rce .  
l n s t a l l  more e f f i c i e n t  r e f l e c t o r s  and 
lenses i n  l u m i n a i r e s .  
l n s t a l l  au tomat i c  supp ly  v o l t a g e  
c o n t r o l  system. 
l n s t a l l  c o n t r o l  t o  enable  b e t t e r  use 
o f  d a y l i g h t i n g .  
Add s w i t c h e s ,  t i m e r s ,  presence sensors .  
dimmers f o r  b e t t e r  c o n t r o l .  
Sw i t ch  t o  a  more e f f i c i e n t  l i g h t i n g  
system. 
l n s t a l l  c e n t r a l  l i g h t  o p e r a t i o n  c o n t r o l .  

011 
011 
I I R  
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ELECTRICAL SYSTEMS (EL I  

EL . l  Motor  and d r i v e  maintenance. 11 E1.3 
E1.2 Balance phase v o l t a g e s .  11 
EL.3 Motor  and d r i v e  a l i gnment .  11 
EL.4 Load demand c o n t r o l  th rough  l o a d  11 EL.5. EL.0. R.20 

shedding. 
EL.5 Power f a c t o r  c o r r e c t i o n  u s i n g  c a p a c i t o r s  I EL.4. EL.7. EL.10 
EL.6 Ro to r  speed c o n t r o l .  [ R.5. R.22. R.32. 

H I C . l .  P.15 
EL.7 Power f a c t o r  c o n t r o l l e r s :  I EL.5. EL.9-10 
EL.0 Peak shav ing u s i n g  o n - s i t e  g e n e r a t i o n .  I EL.4 
EL.9 H i g h  e f f i c i e n c y  motors .  R EL.10 
EL.10 C o r r e c t  match ing o f  d r i v e n  load  and R EL.5. EL.7. EL.9 

moto r .  

MISCELLANEOUS 1111 

Reduce e l e v a t o r  and e s c a l a t o r  use. 0  
Keep r e f r i g e r a t o r s  away from hea t  sources 0  
Reduce condensing temperatures.  0111 
Per form a i r i n g  e f f i c i e n t l y .  0  
I n f o r m  and i n s t r u c t  occupants. 0  
Make d i s p l a y s  l e g i b l e .  011 
Make c o n t r o l  m a n i p u l a t i o n  easy. 011 
Equip tenan ts  w i t h  indoor  thermometer.  0  
I n i t i a t e  bonus programs. 0  
Swimming p o o l  covers .  IIR R.I, d.35. R.36 
Replace c o l d  c a b i n e t  i n t e r n a l  l i g h t s  R 11.12-13 

w i t h  e x t e r n a l  ones 
P r o v i d e  n i g h t  covers f o r  open c o l d  A l l  11.11. R.13 
c a b i n e t s  
Reduce c o o l i n g  losses  from open 1  11.11-12 
r e f r i g e r a t e d  d i s p l a y  c a b i n e t s  
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ECO E. 1 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO E.2 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

CLOSEIOPEN YINDOYS AND OOORS TO MATCH CLIMATE 
Operat i o n s .  
Adjustment o f  windows and doors  i n  t h e  b u i l d i n g  envelope t o  
c o n t r o l  v e n t i l a t i o n  r a t e s  t o  c o o l  o r  heat  t h e  i n t e r i o r .  The 
o b j e c t i v e - i s  t o  1, imit  t h e  use o f  space h e a t i n g  o r  c o o l i n g .  
A l l  b u i l d i n g s  w i t h  openable windows. 

Th is  i s  t h e  s i m p l e s t  h e a t i n g  o r  c o o l i n g  method b u t  i t  can be 
e a s i l y  misused as a  method o f  t empera tu re  c o n t r o l  f o r  an 
ove rhea ted  o r  coo led  b u i l d i n g .  The degree o f  a i r  m i x i n g  can 
cause l o c a l  d i s c o m f o r t .  
1 h i s . i ~  a  no -cos t  o p e r a t i o n a l  p rocedure .  
Should be f i r s t  method o f  a c h i e v i n g  a p p r o p r i a t e  b u i l d i n g  
temperatures when o u t s i d e  c o n d i t i o n s  a r e  favo rab le .  A l so  see 
ECO E.3.  E.19.  
Use o f  o n ,  s i t e  i n s p e c t i o n  and p o s s i b l y  a  q u e s t i o n n a i r e  t o  
de te rm ine  p r i o r  b e h a v i o r .  may prove u s e f u l .  
C l o s e l y  r e l a t e d  t o  R e g u l a t i o n  ECOs. 
ECM. 1982: C a t t s .  1974: ClBSE Guide 82. 1986. 

ENSURE PROPER VENTIL'ATION OF ATTIC SPACES 
Opera t ions .  
V e n t i l a t i o n  under t h e  r o o f  system l i m i t s  r o o f  tempera tu re  and 
m o i s t u r e  b u i l d - u p .  
A l l  b u i l d i n g s  w i t h  v e n t i l a t e d  r o o f  spaces. 
Lower r o o f i n g  temperature p r o l o n g s  r o o f i n g  l i f e .  L i m i t i n g  
m o i s t u r e  b u i l d - u p  p r o t e c t s  t h e  wood. 
O v e r - v e n t i l a t i o n  can cause a d d i t i o n a l  energy l o s s .  
No c o s t  i s  i n v o l v e d  u s i n g  e x i s t i n g  v e n t s .  
A i r  v e n t s  shou ld  n o t  d i r e c t  a i r  i n t o  i n s u l a t i o n  o r  a t t i c  
spaces. See ECO E.9.  E.18. 
Use AP E.17 ( M o i s t u r e  and mould g rowth )  and i n s p e c t  f o r  
improper v e n t i n g  o f  m o i s t  a i r  i n t o  a t t i c  space, v e n t i l a t i o n  
r a t e s  can be checked u s i n g  AP E.3 ( T r a c e r  gas ) .  
Th is  ECO i s  a  h i g h  p r i o r i t y  f o r  e n s u r i n g  m a t e r i a l  and b u i l d i n g  
l i f e t i m e .  
ERE D i g e s t  270. 1983. 

ECO E.3 OPERATE SHAOES. DRAPES AN0 SHUTTERS. 
LEVEL: Operat ions/ lmprovement .  
DESCRIPTION: C o n t r o l  o f  b u i l d i n g  envelope e lements  t o  r e g u l a t e  s o l a r  ent ry :  

Cons ider  au tomat i c  equipment t o  p e r f o r m  f u n c t i o n .  
APPLICATION: A l l  windows. 
SIDE BENEFITS: C o n t r o l  o f  s o l a r  component can a s s i s t  b u i l d i n g  h e a t i n g  and 

l i m i t  b u i l d i n g  c o o l i n g  load.  
CAUTIONS: Presence of  such s o l a r  c o n t r o l s  i m p l i e s  t h a t  t h e y  must be used 

p r o p e r l y ,  o r  g l a r e ,  o v e r h e a t i n g ,  o r  excess ive  c o o l i n g  l oads  
can r e s u l t .  Care must be e x e r c i s e d  t o  a v o i d  damaue a s s o c i a t e d  
w i t h  s u n l i g h t  on m a t e r i a l s .  

C O S T  FACTORS: No c o s t  o p t i o n  if manual ly  opera ted .  
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INTERACTIONS: I n t e r a c t i o n s  w i t h  occupant  comfo r t  i s  a  p r ime  concern.  
C o n d i t i o n s  r e s u l t i n g  f rom s o l a r  e n t r y  can be l o c a l .  See ECO 
E.1. 

EVALUATION: Use MT E.4 ( I n t e g r a t e d  s o l a r  r a d i a t i o n ) .  A q u e s t i o n n a i r e  on 
occupant  b e h a v i o r  would p rove  u s e f u l .  

COMMENTS: Should be h i g h  p r i o r i t y  i t em.  
REFERENCES: Dubin .  1976; ECM. 1982. 

ECO E.4 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

CLOSE CONVECTIVE PATHS I N  SHAFTS AND STAIRYELLS 
Opera t ions IMa in tenance .  
Convect ion v i a  s h a f t s  and s t a i r w e l l s  can cause enerav l o s s  and 
c o m p l i c a t e  b u i l d i n g  c o n t r o l .  S e a l i n g  s m a l l e r  opening; i n v o l v e s  
s e a l a n t s ,  po l yu re thane  and p l a s t i c .  Doors on s t a i r w e l l s  may be 
a p p r o p r i a t e .  
A l l  b u i l d i n g s .  
Improved c o m f o r t .  Reduced a i r  f l o w  t o  upper p a r t  o f  b u i l d i n g .  
S e a l i n g  m a t e r i a l s  must be compat ib le  w i t h  a c h i e v i n g  
a p p r o p r i a t e  i ndoor  a i r  q u a l i t y  1e.g. n o n - t o x i c  and w i t h o u t  
s t r o n g  o d o r ] .  
Cost can v a r y  g r e a t l y  depending on t h e  prob lem t o  be overcome. 
A t  t h e  low c o s t  end r e t r o f i t  can have v e r y  h i g h  c o s t  b e n e f i t .  
Air movements from f l o o r  t o  f l o o r  can d i r e c t l y  i n v o l v e  
occupant c o m f o r t  depending upon t h e  degree o f  t h e  a i r  
movement. See ECO E.18. 
Use AP E.10 (Smoke t r a c e r s )  o r  AP E.3 ( T r a c e r  gas)  dep loyed t o  
measure f l o w  r a t e s .  
Should be ranked h i g h  i n  ECO p r i o r i t i e s .  
Dubin .  1976: H a r r j e .  1983; S i l v e r s  and Tye. 1985. 

ECO E.5 REPAIR 8RCKEN GLAZING 
LEVEL: Maintenance.  
OESCRIPTION: Repa i r  broken g l a z i n g .  
APPLICATION: A l l  b u i l d i n g s  w i t h  s p e c i a l  a t t e n t i o n  t o  n e g l e c t e d  b u i l d i n g s .  
SIDE BENEFITS: Improved b u i l d i n g  s e c u r i t y .  
CAUTIONS : G l a z i n g  m a t e r i a l  shou ld  be c a r e f u l l y  chosen i n  h i g h  breakage 

l o c a t i o n s .  
COST FACTORS: Cost  b e n e f i t  c o m p l e t e l y  over-shadows c o s t .  
INTERACTIONS: P o s s i b l y  combine w i t h  o t h e r  ECOs such as E.30 (Use double  o r  

t r i p l e  g l a z e  r e p l a c e m e n t ) ,  o r  E.21 ( I n s t a l l  window f i l m s  o r  
t i n t e d  g l a s s ) .  

EVALUATION: Do w i t h o u t  f u r t h e r  e v a l u a t i o n .  
COMMENTS: T h i s  i s  an a b s o l u t e l y  f i r s t  p r i o r i t y  ECO. 
REFERENCES:. G a t t s .  1974. 

ECO E.6 MAINTAIN LATCHES AND OTHER MECHANISMS 
LEVEL: Maintenance.  
DESCRIPTION: M a i n t a i n  openable hardware; 'w indows,  d o o r s ,  v e n t s ,  e t c . .  t o  

ensure t i g h t  c l o s u r e .  Repa i r  doors lwindows n o t  c l o s i n g  
p r o p e r l y  t o  l i m i t  a i r  i n f i l t r a t i o n .  

APPLICATION: A l l  b u i l d i n g s .  



SIDE BENEFITS: Comfo r t ,  imp roved  s e c u r i t y  and added component l i f e t i m e .  
CAUTIONS: F i n a l  t i g h t n e s s  must  a l l o w  p r o p e r  v e n t i l a t i o n  i n  space.  
COST FACTORS: Cos t  can  be  low if q u a l i t y  m a t e r i a l s  have been u s e d o n  

o r i g i n a l  i n s t a l l a t i o n .  
INTERACTIONS: I n t e r a c t s  w i t h  f u n c t i o n ,  ene rgy  use  and  b u i l d i n g  s e c u r i t y .  

Combined i n s p e c t i o n  w i t h  o t h e r  i n f i l t r a t i o n  i t e m s  e s p e c i a l l y  
ECO E.7 ( C a u l k i n g  and w e a t h e r s t r i p p i n g l .  See ECO E.29. 

EVALUATION: Use AP E.10 (Smoke t r a c e r s ) .  
COMMENTS: H i g h  p r i o r i t y  ECO. 
REFERENCES: 

ECO E.7 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 
c o n n i ~ ~ s l  
REFERENCES: 

REPAIRIUPGRADE SEALS. CAULKING AND WEATHER-STRIPPING 
I m p r o v e m e n t I R e p l a c e m e n t l M a i n t e n a n c e .  
R e p a i r  o r  upg rade  sys tems l i m i t i n g  c o n v e c t i v e  and c o n d u c t i v e  
l o s s e s  t h r o u g h  b u i l d i n g  e n v e l o p e .  C o n s i d e r  u s i n g  s u p e r i o r  
c a u l k i n g  and w e a t h e r - s t r i p p i n g  f o r  u p g r a d i n g  t o  t r o u b l e - f r e e  
c o n t r o l  o f  a i r  l eakage .  
A l l  b u i l d i n g s .  
Occupant  c o m f o r t  imp roved .  
Choose n o n - t o x i c  and o d o r  a c c e p t a b l e  m a t e r i a l s .  Do n o t  r e d u c e  
v e n t i l a t i o n  i n  p o o r l y  v e n t i l a t e d  mass i ve  b u i l d i n g s .  Do n o t  
r e d u c e  v e n t i l a t i o n  when r i s k  f o r  i n d o o r  p o l l u t i o n .  
Cos t  s h o u l d  c o n s i d e r  r e p a i r  v e r s u s  r e p l a c e m e n t .  D u r a b l e .  
f l e x i b l e  c a u l k i n g  i s  a v a i l a b l e  a t  r e a s o n a b l e  p r i c e s  and may be 
c o s t  e f f e c t i v e  o v e r  t h e  l o n g  t e rm .  
Combine w i t h  i n s p e c t i o n  o f  o t h e r  a i r  i n f i l t r a t i o n  i t e m s ,  f o r  
i n s t a n c e .  ECO E .6  (Doo r  and window l a t c h e s ) .  See ECO E.28,  and 
E.18 .  
Use AP E.10.  AP E . l l ,  and AP E .12 .  See RV E.7.  - 
P r i o r i t y  s h o u l d  be  h i g h  when n o r m a l  ma in tenance  i s  due.  
D u b i n .  1976.  

ECO E.8 UPGRADE INSULATION OF FLAT ROOFS EXTERNALLY 
LEVEL: Improvement .  
DESCRIPTION: Upgrade i n s u l a t i o n  o f  f l a t  r o o f s  b y  11  a d d i n g  b a t t s  o r  l o o s e -  

f i l l  i n s u l a t i o n  and b y  b u i l d i n g  a  new s l o p i n g  r o o f  on  t o p  o f  
t h e  o l d  one ,  o r  21 b y  c l o s i n g  t h e  a i r - g a p b e t w e e n  t h e  o l d  
i n s u l a t i o n  and t h e  (wood)  c o n s t r u c t i o n  c a r r y i n g  t h e  o l d  
s u r f a c e  m a t e r i a l ,  and  t h e n  a d d i n g  b a t t s  o f  h i g h d e n s i t y  
m i n e r a l  woo l  and c o v e r i n g  b y  a  new s u r f a c e  m a t e r i a l .  

APPLICATION: B u i l d i n g s  w i t h  f l a t  r o o f s  and a  s u b - s t a n d a r d  i n s u l a t i o n  l e v e l .  
B u i l d i n g s  where  t h e  r o o f  i s  due f o r  ma in tenance  o r  r e p a i r .  

SIDE BENEFITS: E l i m i n a t i o n  o f  c o l d  c e i l i n g s  c a u s i n g  d i s c o m f o r t ,  c o n d e n s a t i o n  
o r  mou ld  g r o w t h .  

CAUTIONS: Make s u r e  t h a t  t h e  o l d  s u r f a c e  m a t e r i a l ,  w h i c h  p r e v e n t s  
d i f f u s i o n ,  w i l l  n o t  cause any f u t u r e  damages. May i n c r e a s e  
c o o l i n g  l o a d .  

COST FACTORS: A  d e t a i l e d  economic  e v a l u a t i o n  i s  n e c e s s a r y .  
INTERACTIONS: 
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EVALUATION: 

COMMENTS: 
' REFERENCES: 

ECO E.9 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

C O S T  FACTORS: 

INTERACTIONS: 
- EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO E .  10 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

Use AP E.15 o r  E.16 t o  de te rm ine  p r e s e n t  U-va lue .  Use AP E.14 
t o  d e t e c t  r o o f  damage. Energy sav ings  can be e s t i m a t e d  by 
u s i n g  AT E.4 and RV E.3. 

ADD ATTIC INSULATION 
Improvement. 
Add a t t i c  i n s u l a t i o n  by b low ing ,  p o u r i n g  o r  i n s t a l l i n g  b a t t s  
t o  r a i s e  t h e  i n s u l a t i o n  l e v e l  t o  recommended amount. 
A l l  b u i l d i n g s  w i t h  sub-s tandard i n s u l a t i o n  l e v e l s  i n  a t t i c  o r  
under t h e  r o o f  l o c a t i o n .  
E l i m i n a t i o n  o f  c o l d  c e i l i n g s  which cause d i s c o m f o r t  and 
condensa t ion  and mould prob lems.  I n s u l a t i o n  can a l s o  reduce 
a i r  i n f i l t r a t i o n  energy losses .  
A p p l i c a t i o n  must a v o i d  b l o c k i n g  a t t i c  v e n t i l a t i o n  l o u v e r s .  
c o v e r i n g  e l e c t r j c a l  f i x t u r e s  t h a t  c o u l d  cause o v e r h e a t i n g  and 
p o s s i b l e  f i r e  damage. Some o f  t h e  i n s u l a t i o n  m a t e r i a l s  a r e  
composed of  v e r y  s m a l l  p a r t i c l e s ,  t h e r e f o r e ,  c a r e  shou ld  be 
taken  t h a t  t h e  i n s u l a t i o n  m a t e r i a l  does n o t  d r i f t  down i n  t h e  
l i v i n g  space. I f  i n s u l a t i o n  i s  covered by m a t e r i a l s  p r e v e n t i n g  
d i f f u s i o n ,  t h i s  may cause m o i s t u r e  damage. 
I n s u l a t i o n  l e v e l s  a r e  r e l a t e d  t o  energy sav ings  b u t t h e  
a d d i t i o n  o f  t h e  f i r s t  p o r t i o n  o f  t h e  i n s u l a t i o - n  has a  much 
g r e a t e r  e f f e c t  t han  add ing  more i n s u l a t i o n  t o  an adequate 
system. T h i s  must be taken  i n t o  account  i n  t h e  c o s t  b e n e f i t  
a n a l y s i s .  
ECO E.2 (Ensure p roper  v e n t i l a t i o n  o f  a t t i c  spaces) .  
Use AP E.14 ( I R  Thermographyl.  C a l c u l a t e  a n t i c i p a t e d  sav ings  
f rom AT E.4 and RV E.3. 
I f  i n s u l a t i o n  l e v e l s  a r e  low t h i s  i s  a  ve ry  h i g h  p r i o r i t y  ECO. 
Dubin .  1976: Jacobson. 1985: Beyea. 1977; ANSIIASHRAEIISA. 
1981: BRE D i g e s t  190. 1976. 

ADD INSULATION TO EXTERIOR YALLS BY FILLING VOIDS 
Improvement. 
Add i n s u l a t i o n  t o  e x t e r i o r  w a l l s  .by f i l l i n g  v o i d s  i n  c a v i t y  
w a l l s .  
B u i l d i n g s  w i t h  sub-s tandard i n s u l a t i o n  l e v e l s  i n  e x t e r i o r  
w a l l s .  
E l i m i n a t i o n  o f  c o l d  w a l l s  which cause d i s c o m f o r t  and p o s s i b l e  
condensa t ion  and mould prob lems.  Convec t i ve  l oop  prob lems can 
a l s o  be e l i m i n a t e d  th rough  added i n s u l a t i o n ,  a i r  i n f i l t r a t i o n  
th rough  w a l l s  may be markedly  reduced by t h i s  r e t r o f i t .  
Some o f  t h e  i n s u l a t i o n  m a t e r i a l s  a r e  composed of  s m a l l  
p a r t i c l e s ,  t h e r e f o r e ,  c a r e  shou ld  be taken  so t h a t  i n s u l a t i o n  
m a t e r i a l s  do n o t  e n t e r  t h e  l i v i n g  space. M a t e r i a l s  t h a t  have 
odor o r  any t o x i c  c h a r a c t e r i s t i c s  must be avo ided  i n  w a l l  
i n s u l a t i o n  1e.g.. urea- formaldehyde i n s u l a t i o n  has exper ienced  
such p rob lems) .  New condensa t ion  problems may occu r  i f  vapor 
d i f f u s i o n  i s  p reven ted  o r  r e s t r i c t e d .  
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COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO E . l l  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO E.12 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

Wal l  i n s u l a t i o n  can be expens ive t o  i n s t a l l  depending upon 
w a l l  access ( f o r  c a v i t y  systems) .  
May be combined w i t h  ECO E.20 (Unnecessary windows and d o o r s l .  
Can reduce a i r  leakage and t h u s  complement ECD E.18. 
AP E.15. E.16 o r  E.18 may be used t o  e v a l u a t e  t h e  U-va lue  o f  
t h e  w a l l  a n d l o r  t h e  c o n t e n t s  o f  t h e  e x i s t i n g  w a l l .  Use AP E.14 
( I n f r a r e d  thermography l  and MT E.2 (Envelope s u r f a c e  
temperature). ,  Savings a r e  c a l c u l a t e d  f rom A T  E.4 and RV E.3. 
Th is  r e t r o f i t  can prove t o  be v e r y  reward ing  i f  l i t t l e  
i n s u l a t i o n  i s  p resen t  i n  t h e  e x i s t i n g  w a l l .  A d d i t i o n a l  
b e n e f i t s  f rom reduced a i r  i n f i l t r a t i o n  can h e l p  t o  j u s t i f y  t h e  
expense. 
ANSIIASHRAEIISA, 1981: Dubin .  1976: Jacobson. 1985: Beyea. 
1977: BRE D i g e s t  236. 1980. 

ADD INSULATION TO EXTERIOR MALLS EXTERNALLY 
Improvement. 
Upgrade i n s u l a t i o n  o f  e x t e r i o r  w a l l s  by adding b a t t s  o r  
i n s u l a t i n g  boards c a r r i e d  by a  framework o r  d i r e c t l y  a p p l i e d  
t o  t h e  w a l l .  Add new facade m a t e r i a l .  
B u i l d i n g s  w i t h  sub-s tandard i n s u l a t i o n  l e v e l s  o r  w i t h  facades 
due f o r  maintenance o r  r e p a i r .  
Improved comfo r t  and p o s s i b i l i t y  t o  lower  i ndoor  tempera tu re .  
Reduced i n f i l t r a t i o n .  
C a r e f u l  work r e q u i r e d  a t  j o i n t s .  Look ou t  f o r  c racks  i n  t h e  
i n s u l a t i n g  m a t e r i a l .  Check l o c a l  o r  o t h e r  r e g u l a t i o n s  
r e g a r d i n g  e x t e r i o r  decor  and looks  and f i r e - s a f e t y .  May 
inc rease  c o o l i n g  l oad .  
May be expens ive depending on access and decor concerns.  
Can be combined w i t h  ECO E.20 (Unnecessary windows and d o o r s )  
o r  ECO E.18 ( A i r  l e a k s ) .  For  o p t i m a l  sav ings combine w i t h  
d i s t r i b u t i o n  system adjustment  (ECO 0 . 1  and P.1) .  Heat p l a n t  
seasonal e f f i c i e n c y  may drop as a  r e s u l t  o f  t h i s  ECO. See a l s o  
ECO E.13. 
Use AP E.15 o r  E.16 t o  de te rm ine  p resen t  U-va lue.  Use A T  E.4 
and RV E.3 t o  e s t i m a t e  energy sav ings .  A lso  c o n s i d e r  u s i n g  AP 
E.14 f o r  d e t e c t i o n  o f  t he rma l  b r i d g e s .  

ADD INSULATION T O  EXTERIOR WALL INTERNALLY 
Improvement 
Upgrade i n s u l a t i o n  o f  e x t e r n a l  w a l l s  by add ing  i n t e r i o r  
i n s u l a t i o n  such as b a t t s  c a r r i e d  by a  wood framework o r  
p r e f a b r i c a t e d  w a l l  e lements .  
B u i l d i n g s  w i t h  sub-s tandard i n s u l a t i o n  l e v e l s  o r  due f o r  
i n t e r i o r  r e f u r b i s h m e n t .  

SIDE BENEFITS: lmproved comfo r t .  P o s s i b i l i t y  t o  lower  i n d o o r  tempera tu re .  
I nc reased  comfor t  zone. 

CAUTIONS: I f  a  vapor b a r r i e r  i s  i n s t a l l e d ,  check f o r  p o s s i b l e  f u t u r e  
m o i s t u r e  problems. Heat t e r m i n a l s .  p ipework and a i r  d u c t s  may 
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g i v e  r i s e  t o  p r a c t i c a l  d i f f i c u l t i e s .  May i n c r e a s e  c o o l i n g  
l oad .  

COST FACTORS: F i r s t  c h o i c e  i s  t o  i n s u l a t e  e a s i l y  a c c e s s i b l e  s u r f a c e s .  I t  may 
n o t  be necessary  t o  have t h e  same i n s u l a t i o n  t h i c k n e s s  
everywhere. 

INTERACTIONS: Can be combined w i t h  ECO E.18 ( A i r  l e a k s ) .  Ad iustment  o f  -~ ~- ~~ ~ ~ ~ 

h e a t i n g  o r  v e n t i l a t i o n  system may be r e q u i r e d  f o r  f u l l  e f f e c t  
o f  t h i s  ECO (see ECOs D.1. P . 1 ) .  Heat p l a n t  e f f i c i e n c y  may 
d rop .  

EVALUATION: Use AP E.15 o r  E.16 t o  de te rm ine  U-va lue.  Energy sav ings  
e s t i m a t e d  by AT E.4 and RV E.3. 

COMMENTS: T h i s  ECO may n o t  reduce h e a t  l o s s e s  a t  t h e r m a l  b r i d g e s  t o  t h e  
same e x t e n t  as does ECO E . l l .  

REFERENCES: 

ECO E.13 ADD INSULATION TO BASEMENT WALL EXTERNALLY 
LEVEL: Improvement. 
DESCRIPTION: Upgrade i n s u l a t i o n  l e v e l  o f  basement w a l l  above o r  below grade 

on t h e  e x t e r n a l  s i d e .  O i f f e r e n t  i n s u l a t i o n  m a t e r i a l s  i n  
comb ina t ion  w i t h  s e v e r a l  s u r f a c e  m a t e r i a l s  o r  p r e f a b r i c a t e d  
e lements  can be used. 

APPLICATION: B u i l d i n g s  w i t h  basement w a l l s  h a v i n g  a  sub-s tandard i n s u l a t i o n  
l e v e l  o r  i n  need o f  r e p a i r  due t o .  f o r  example, m o i s t u r e  
damage. 

SIOE BENEFITS: Improved c o m f o r t .  
CAUTIONS: D i f f u s i o n  t i g h t  i n s u l a t i o n  m a t e r i a l s  may o b s t r u c t  d r y i n g  o f  

w a l l .  S a t i s f a c t o r v  d ra inaue  imoor tan t  a f t e r  u o u r a d i n u  o f  . - 
i n s u l a t i o n  below grade.  

COST FACTORS: 
INTERACTIONS: Can be done i n  c o n j u n c t i o n  w i t h  ECO E . l l  (Upgrad ing o f  

e x t e r i o r  w a l l  e x t e r n a l l v ) .  I n  t h i s  case s u m o r t  o f  t h e  w a l l  
i n s u l a t i o n  can be f a c i l i t a t e d .  ~ l t e r n a t i v b  t o  ECO E.14 
( I n t e r n a l  i n s u l a t i o n ) .  See a l s o  ECO E.15.  

EVALUATION: Upgrad ing above grade,  see ECO E.14. Use AP E.14 o r  MT E.2 t o  
d e t e c t  p o s s i b l e  m o i s t u r e  damage ( c o l d  s u r f a c e s ) .  Use AT E.4 
and RV E.3 t o  c a l c u l a t e  energy sav ings .  

COMMENTS: 
REFERENCES: 

ECO E.14 ADD INSULATION TO BASEMENT WALL INTERNALLY 
LEVEL: Improvement. 
DESCRIPTION: Upgrade i n s u l a t i o n  l e v e l  o f  basement w a l l  by add ing  i n s u l a t i o n  

on t h e  i n t e r i o r  s i d e ,  f o r  example u s i n g  m i n e r a l  wool c a r r i e d  
by a  wood framework, o r  u s i n g  p r e f a b r i c a t e d  w a l l  e lements .  

APPLICATION: B u i l d i n g s  w i t h  sub -s tandard  i n s u l a t i o n  and no m o i s t u r e  damage. 
SIDE BENEFITS: Inc reased  c o m f o r t  i n  basement. 
CAUTIONS: M o i s t u r e  damage t o  basement w a l l s  can become more severe i f  

t h e  ECO , i s  implemented. 00 n o t  use vapor b a r r i e r s  because o f  
r i s k  f o r  s t r u c t u r a l  damage if t h e r e  a r e  c racks .  Wood framework 
shou ld  n o t  be i n  d i r e c t  c o n t a c t  w i t h  t h e  w a l l .  
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COST FACTORS: Presence o f  p ipework and a i r  d u c t s  may p resen t  o b s t r u c t i o n s  t o  
t h i s  ECO. 

INTERACTIONS: A l t e r n a t i v e  t o  ECO E.13 ( E x t e r n a l  i n s u l a t i o n  o f  basement 
w a l l s ) .  See a l s o  ECO E.15. 

EVALUATION: Use AP E.14 o r  MT E.2 t o  d e t e c t  m o i s t u r e  damage. Use AT E.4 
and RV E.3 t o  c a l c u l a t e  energy sav ings .  

COMMENTS: 
REFERENCES: 

ECO E. 15 ADD INSULATION T O  FLOORS 
LEVEL: improvement. 
DESCRIPTION: Add i n s u l a t i o n  t o  those f l o o r s  t h a t  c o n s t i t u t e  t h e  t h e r m a l  

enve lope.  
APPLICATION: B u i l d i n g s  w i t h  sub-s tandard heat  l o s s e s  t o  t h e  ground.  
SIDE BENEFITS: Improve comfo r t  by e l i m i n a t i n g  a  c o l d  f l o o r  s i t u a t i o n .  Can 

suppress sound from basement such as from f u r n a c e l b o i l e r .  
CAUTIONS: I n c r e a s i n g  f l o o r  i n s u l a t i o n  l e v e l s  t o  save w i n t e r  h e a t i n g  

energy may be p a r t l y  compensated by  l o s s  o f  summer c o o l i n g  
p o t e n t i a l .  

COST FACTORS: 
INTERACTIONS: T h i s  ECO separa tes  heated from unheated space. 
EVALUATION: AP E.15 and E.16 may be used t o  e v a l u a t e  f l o o r  heat  l o s s .  Use 

AP E.14. C a l c u l a t e  sav ings  u s i n g  AT E.4 and RV E.3. 
COMMENTS: A  main concern w i t h  t h i s  r e t r o f i t  a c t i o n  t o  make c e r t a i n  i f  

t h e r e  i s  a  j u s t i f i a b l e  heat  l o s s  th rough  t h e  f l o o r .  O f t e n  
i n s u l a t i o n  i s  b e t t e r  a p p l i e d  t o  basement w a l l s  r a t h e r  than 
basement c e i l i n g  ( l i v i n g  space f l o o r ) ,  see ECO E.13 and E.14. 
For  f l o o r  h e a t i n g  systems always add i n s u l a t i o n  t o  c e i l i n g .  

REFERENCES: ERE D i g e s t  190. 1976. 

ECO E.16 UPGRADE INSULATION OF GROUND FLOOR ABOVE CRAWL SPACE 
LEVEL: Improvement. 
DESCRIPTION: Add i n s u l a t i o n  below t h e  ground f l o o r  by mount ing b a t t s  o f  

m i n e r a l  wool between h o r i z o n t a l  s tuds  and cover  by gypsum 
board ,  o r  by p l a c i n g  t h e  i n s u l a t i o n  on t h e  ground and i n s i d e  
t h e  w a l l s  su r round ing  t h e  c r a w l  space. 

APPLICATION: B u i l d i n g s  w i t h  crawl -space and s u b s t a n t i a l  heat  l osses  t o  t h e  
ground. 

SIDE BENEFITS: E l i m i n a t e s  c o l d  f l o o r s .  
CAUTIONS: The crawl -space w i l l  become warmer which may cause mould 

g rowth .  Ensure s u f f i c i e n t  v e n t i l a t i o n .  Check f o r  m o i s t u r e  and 
mould g rowth  d u r i n g  t h e  f i r s t  y e a r .  

COST FACTORS: Can be v e r y  c o s t - e f f e c t i v e .  
INTERACTIONS: 
EVALUATION: Use AP E.15 o r  E.16 t o  de te rm ine  U-va lue.  C a l c u l a t e  energy 

sav ings  f rom AT E.4 and RV E.3. Use AP E.17 o r  E.18 t o  d e t e c t  
mould g rowth  

COMMENTS: 
REFERENCES: 
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ECO E.17 LOCATE AND MINIMIZE THE EFFECT OF THERMAL BRIDGES 
LEVEL: Improvement. 
DESCRIPTION: Locate the rma l  b r i d g e s ,  add a p p r o p r i a t e  i n s u l a t i o n  where 

p o s s i b l e .  
APPLICATION: Those b u i l d i n g s  which e x h i b i t  s t r u c t u r a l  anomalies caus ing 

the rma l  b r i d g i n g  t o  t a k e  p lace .  
SIDE BENEFITS: M in im izes  l o c a l  the rma l  anomalies which can s e r i o u s l y  a f f e c t  

b u i l d i n g  envelope performance i n c l u d i n g  l o c a l  m o i s t u r e  
problems (condensa t ion ) .  

CAUTIONS: 
COST FACTORS: Cost d i r e c t l y  dependent upon a c c e s s i b i l i t y  o f  the rma l  b r i d g e .  
INTERACTIONS: H e a v i l y  i n f l u e n c e d  by i n s u l a t i o n  ECOs E.8 th rough  E.16. See 

a l s o  ECO E.24. 
EVALUATION: Use AP E.14. E.15 and E.16 o r  MT E.2 f o r  d e t e c t i o n .  Use AT E.4 

and R V  E.3 f o r  energy sav ings .  
COMMENTS: Basic  . a r c h i t e c t u r e  o f  b u i l d i n g  i s  cause o f  prob lem, hence i t  

i s  c h a r a c t e r i s t i c  o f  c e r t a i n  des igns .  ' 
REFERENCES: S i l v e r s  and Tye. 1985; CI8SE Guide A3. 1980. 

ECO E.18 CORRECT EXCESSIVE ENVELOPE AIR LEAKAGE 
LEVEL: I m ~ r o v e m e n t .  
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

l d i n t i f y  and improve s e a l s  and c o n s t r u c t i o n  i n  problem a reas  
a s s o c i a t e d  w i t h  b u i l d i n g  envelope due t o  c o n v e c t i v e  and 
i n f i l t r a t i o n  pa ths  ( e l e c t r i c a l  and p lumbing,  chimneys. 
v e n t i l a t i o n  s h a f t s ,  r o l l - u p  s h u t t e r  cases and o t h e r  a i r  by -  
passes from c o n d i t i o n e d  space).  
Those b u i l d i n g s  w i t h  common des ign  e f f i c i e n c i e s .  
Improved comfor t  th rough  r e d u c t i o n  o f  c o l d  su r faces  and 
d r a f t s .  Reduced e x f i l t r a t i o n  o f  m o i s t  a i r  i n t o  a t t i c  areas 
(condensa t ion  prob lems) .  
Lack o f  i n f i l t r a t i o n  un less  supplemented by v e n t i l a t i o n  
systems can reduce a i r  space q u a l i t y ,  c r e a t e  condensa t ion  
problems and upse t  draught  requ i rements  f o r  f i r e p l a c e s  and 
furnaces.  
Cost i s  h i g h l y  v a r i a b l e  e s p e c i a l l y  when problems a r e  n o t  
e a s i l y  a c c e s s i b l e ,  e .g . .  leakage i n t o  r o o f  c a v i t y .  
S i m i l a r a i t i e s  w i t h  E.4 (Close c o n v e c t i v e  pa ths  i n  s t a i r w e l l s )  
b u t  degree of  c o r r e c t i v e  measures i s  more c o s t l y .  A lso  
i n t e r a c t s  w i t h  E .Z , (Proper l y  v e n t  a t t i c )  and ECOs E.10. E . l l .  
E.12 (Upgrade i n s u l a t i o n )  and E.7 (Upgrade s e a l s ) .  
Use AP E.3: A lso  see R V  E.5 and E.6 t o  assess need f o r  
t i g h t e n i n g .  
High p r i o r i t y  i t e m  governed by c o s t .  
H a r r j e .  1979. 1980. 1983: S i l v e r s  and Tye. 1985; D u t t .  1986: 
ClBSE Guide Aa. 1986. 

ECO E.19 . AOD AUTOMATIC DOOR CLOSING SYSTEM BETYEEN HEATED AND UNHEATED 
SPACE 

LEVEL: Improvement. 
DESCRIPTION: Door between heated and unheated spaces must be k e p t  c l o s e d  - 

automated sys tems,  h e l p  t h i s  s i t u a t i o n  by l i m i t i n g  o r  



e l i m i n a t i n g  a i r  movement between uncond i t i oned  and c o n d i t i o n e d  
spaces. 

APPLICATION: Any f r e q u e n t l y  used door system. 
SIDE BENEFITS: G r e a t l y  improved comfor t  i n  t h e  spaces, and reduced m o i s t u r e  

problems i n  unheated basements. 
CAUTIONS: 
COST FACTORS: Cost o f  c l o s u r e  systems va ry  from ~ 1 1 0  t o  more than  150. 
INTERACTIONS: Re la ted  t o  ECO E . l  b u t  w i t h  automated f e a t u r e .  See ECO E.29. 
EVALUATION: Use s imp le  i n f i l t r a t i o n  checks and l o c a l  temperature 

measurements t o  check improvement, e .g .  AP E.lO. 
COMMENTS: P r i o r i t i e s  w i l l  depend on i n d i v i d u a l  b u i l d i n g  s i t u a t i o n s .  
REFERENCES: 

ECO E.20 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

COST FACTDRS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

COVER, INSULATE OR CONVERT UNNECESSARY YINDOYS AND DOORS 
Improvement. 
Cover, s e a l  o f f  a n d l o r  i n s u l a t e  window systems t h a t  a r e  n o t  
necessary f o r  v e n t i l a t i o n  o r  d a y l i g h t i n g .  A l t e r n a t i v e l y ,  
cons ide r  c o n v e r t i n g  windows o r  doors t o  w a l l  system. 
B u i l d i n g s  where t h e r e  a r e  too  many windows. 

L i g h t i n g  l e v e l s  may be reduced. Occupant s a t i s f a c t i o n  may be 
d im in ished .  So la r  b e n e f i t s  w i l l  be e l i m i n a t e d .  
Conver t i ng  windows t o  w a l l s  i s  more expensive than  c o v e r i n g  o r  
i n s u l a t i n g  windows. 
Unless t h i s  r e t r o f i t  i s  done p r o p e r l y  i t  may encourage 
m o i s t u r e  condensat ion o r  Overheat ing o f  m a t e r i a l s  i n  the  
window i n s u l a t i o n  sandwich. See a l i o  ECOs E.10 a n d E . l l  
(Upgrade i n s u l a t i o n ) .  
Use t h e o r e t i c a l  c a l c u l a t i o n s  o f  window and w a l l  va lues  f o r  
j u s t i f i c a t i o n ,  see AT E.4 and R V  E.3 o r  use AP E . l  o r  E.2. 

, 
ECO E.21 INSTALL YINDOY FILM OR TINTEO GLASS 
LEVEL: ImprovementIReplacement. 
DESCRIPTION: ECO i n v o l v e s  g l a s s  replacement a t  one end o f  s c a l e  t o  s t i c k o n  

f i l m s  a t  the  o t h e r  end. Two types o f  f i l m s  a r e  a v a i l a b l e :  
summer s o l a r  r e f l e c t i v e  and w i n t e r  i n t e r n a l  heat  r e t a i n i n g .  

APPLICATION: Yindow systems w i t h  s i g n i f i c a n t  s o l a r  e f f e c t s .  
SIDE BENEFITS: S p e c i a l  f i l m s  can markedly lower window U-va lue.  Yindow 

f i l m l t i n t i n g  can l i m i t  l o c a l  ove rhea t ing ,  and g l a r e  from sky 
and s u n l i g h t .  

CAUTIONS: D u r a b i l i t y  o f  s t i c k o n s  should be eva lua ted .  Check f o r  user  
a c c e p t a b i l i t y  b e f o r e  i n s t a l l a t i o n .  Can reduce d a y l i g h t  
c o n t r i b u t i o n  and u s e f u l  s o l a r  ga ins .  

COST FACTORS: Yindow s t i c k o n  f i l m  cos t  i s  an o r d e r  o f  magnitude l e s s  than  
g l a s s  rep lacement .  

INTERACTIONS: I n t e r a c t s  w i t h  l o c a l  comfo r t  and d a y l i g h t i n g ,  a l t e r n a t e  t o  ECO 
E.22. Can be h i g h  p r i o r i t y  i f  occupants a r e  uncomfor tab le .  See 
a l s o  ECO E.5. 

EVALUATION: . Use MT E.4. 



App. D ECO l i s t s  ( E l  

COMMENTS: 
REFERENCES: Dubin .  1976 

ECO E.22 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

EVALUATION: 
COMRENTS: 
REFERENCES: 

INSTALL SHUTTERS. BLINDS. SHADES. SCREENSOR DRAPES 
Improvement. 
A d d i t i o n  o f  hea t  c o n t r o l  and l i g h t  c o n t r o l  e l e m e n t s o v e r  
windows. Elements lower  U-va lues o f  window system. 
A l l  windows r e q u i r i n g  hea t  a n d l o r  l i g h t  c o n t r o l .  
Improved c o m l o r t .  
E f f e c t i v e  i n s u l a t i n g  i n t e r n a l  s h u t t e r s  may cause window damage 
by .  r a i s i n g  window temperatures t o  h i g h  l e v e l s  f rom t rapped  
s o l a r  h e a t i n g .  Can be avo ided by l e a v i n g  unsealed t h e  upper 
p a r t  o f  s h u t t e r s .  
Y ide  v a r i e t y  o f  c o s t  f a c t o r s .  
I n t e r a c t s  r i t h  a l l  window f u n c t i o n s  and ECO E.21. 
Use I T  E.4. For  energy sav ings  use. 
P r i o r i t y  i t e m  where windows a r e  t h e  dominant hea t  l o s s .  
Dubin .  1976; ECR. 1982. 

ECO E.23 ADD INSULATION BEHINO EXTERIOR RADIATORS --. - -~ 

LEVEL: Improvement. 
DESCRIPTION: Add i n s u l a t i o n ,  e s p e c i a l l y  r e f l e c t i n g  t y p e ,  b e h i n d  r a d i a t o r s  

on t h e  b u i l d i n g  e x t e r i o r .  Remove o b s t r u c t i o n s  t o  a i r  f l o w  
around r a d i a t o r s  t h a t  m igh t  e x c e r b e r a t e  hea t  l o s s  th rough  
envelope.  

APPLICATION: Bu i . l d ings  w i t h  r a d i a t o r s  t h a t  a r e  i n a d e q u a t e l y  i n s u l a t e d .  
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 
EVALUATION: Use AP E.15 o r  E.16 t o  e v a l u a t e  h e a t  l o s s .  Use AP E.14 and MT - " 

t . L .  

COMMENTS: The w a l l s  beh ind  t h e  r a d i a t o r s  exper ience  t h e  h i g h e s t  
temperatures o f  t h e  b u i l d i n g  envelope and the re fo re , ,  i t  i s  a  
key area t o  i nc rease  t h e  i n s u l a t i o n  l e v e l .  

REFERENCES: 

ECO E.24 ROLL SHUTTER C A S E S  - INSULATE AND SEAL AIR LEAKS 
LEVEL: Improvement. * 

DESCRIPTION: R o l l  s h u t t e r  case i s  source o f  l o c a l  t h e r m a l  b r i d g e  r e q u i r i n g  
i n s u l a t i o n .  D o s s i b l v  r e ~ l a c e  svstem t o  reduce losses  

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 
EVALUATION: 

COMMENTS: 
REFERENCES: 

P o s s i b l e  condensa t ion  problems e l i m i n a t e d  

Cost  dependent on case c o n f i g u r a t i o n .  
Element o f  b u i l d i n g  envelope d i r e c t l y  i n v o l v e s  ECO E.17. 
Use AP E.14 f i n d i n g  problems and AT E.4 t o  de te rm ine  p o s s i b l e  
sav ings .  
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LC0 E .25 
LEVEL: . DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

C O S T  FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

MODIFY VEGETATION TO SAVE ENERGY 
Improvement. 
V e g e t a t i o n  on sou th  s i d e o f  b u i l d i n g  shou ld  a l l o w  s o l a r  energy 
t o  reach  b u i l d i n g s  i n  w i n t e r  and shade b u i l d i n g  i n  summer and 
on t h e  windward s i d e  shou ld  p r o t e c t  b u i l d i n g .  
B u i l d i n g s  w i t h  f l e x i b i l i t y  i n  t r e e  and shrub p l a n t i n g s .  
Enhanced appearance. 
P l a n t i n g  t o o  near  t h e  b u i l d i n g  can r e s u l t  i n  s t r u c t u r a l  
damage. 
Cost can va ry  from t r i m m i n g  t r e e s  and shrubs t o  p l a n t i n g  
s u b s t a n t i a l  t r e e s  f o r  w i n d  p r o t e c t i o n .  
I n t e r a c t s  w i t h  L i g h t i n g  ECOs and l o c a l  c o m f o r t .  R e g u l a t i o n  
system must be a b l e  t o  accommodate hea t  g a i n s  w i t h o u t  caus ing  
o v e r h e a t i n g .  
C a l c u l a t e  sav ings  based on a l t e r e d  s o l a r  g a i n  and a i r  
i n f i l t r a t i o n  l o s s e s .  
V e g e t a t i o n  g rowth  i s  s low ,  s teps  must be c a r e f u l l y  planned. 
P r i o r i t y  must be based on l o c a l  c i r cums tances .  
H a r r j e .  Buck ley .  H e i s s l e r .  1982: M a t t i n g l y .  1979. 

LC0 E. 26 REDUCE EFFECTIVE HEIGHT OF ROOM 
LEVEL: Improvement. 
DESCRIPTION: Lower ing c e i l i n g '  i n  rooms can reduce c o n d i t i o n e d  volume. 

Reduced c o n d i t i o n i n g  volume can save h e a t i n g l c o o l i n g  energy.  
APPLICATION: Those rooms where excess ive  h e i g h t  serves no u s e f u l  purpose.  
SIDE BENEFITS: Reduces tempera tu re  s t r a t i f i c a t i o n  e f f e c t .  
CAUTIONS: E s t h e t i c s  o f  rooms may be changed. Air c i r c u l a t i o n  i n  room 

shou ld  be m a i n t a i n e d .  Window h e i g h t s  may pose prob lems.  
COST FACTORS: Cost can v a r y  f rom t h a t  o f  s imp le  suspended c e i l i n g  t o  

expens ive changes i n  rooms. f 
INTERACTIONS: R e t r o f i t  can be coupled w i t h  upgrade o f  i n s u l a t i o n  l e v e l  

t h rough  i n f l u e n c e  on c e i l i n g  U-value. A l t e r n a t i v e l y  f o r  spaces 
4-5 meters  o r  h i g h e r ,  c o n s i d e r  d e s t r a t i f i c a t i o n  d e v i c e s .  

EVALUATION: C a l c u l a t i o n s  t h a t  p r o p e r l y  account  f o r  t r u e  b e n e f i t s ,  e .g .  
changes i n  c o n d i t i o n e d  volume. True e v a l u a t i o n  must be based 
on b e f o r e l a f t e r  energy r e c o r d s ,  b u i l d i n g  a  d a t a  base. A lso  AP 
E . l  and E.2 c o u l d  supp ly  d a t a .  

COMMENTS: For  h i g h  c e i l i n g  rooms t h i s  ECO can be v e r y  a p p r o p r i a t e .  It 
may n o t  a lways save on c o o l i n g  because o f  change i n  a f f e c t e d  
mass. 

REFERENCES: 

LC0 E.27 USE APPROPRIATE COLOR EXTERIOR 
LEVEL: Improvement. 
OESCRIP,TION: C o l o r  o f  e x t e r i o r  su r face  o f  b u i l d i n g  can i n f l u e n c e  h e a t  

a b s o r p t i o n  and hea t  r e j e c t i o n .  
APPLICATION: 
S ~ D E  BENEFITS: 
CAUTIONS: R a d i a t i o n  exchange a t  b u i l d i n g  s u r f a c e  goverened by e m i s s i v i t y  

and a b s o r b t i o n  o f  s u r f a c e  which a r e  n o t  d i r e c t l y  r e l a t e d  t o  
c o l o r .  
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C O S T  FACTORS: Cost  i s  s u f f i c i e n t  so t h a t  e x t e r i o r  maintenance shou ld  be 
f a c t o r e d  i n t o  d e c i s i o n .  

INTERACTIONS: I n f l u e n c e  i s  d i c t a t e d  by U-va lue o f  b u i l d i n g  envelope.  LOW U- 
va lues  reduce  p r i o r i t y .  

EVALUATION: S imple e v a l u a t i o n  methods a r e  p robab ly  n o t  s e n s i t i v e  t o  t h i s  
e f f e c t .  

COMMENTS: 
REFERENCES: BRE IP 26/81.  1981 

ECO E.28 
LEVEL: ~- - 

DESCRIPTION: 
APPLICATION: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

INSTALL STORM YINOOYS AND D O O R S  
Improvement/Replacement. 
Add a window o r  door i n  s e r i e s  w i t h  t h e  e x i s t i n g  u n i t .  
Most b u i l d i n g s .  H igh  p r i o r i t y  . o n  windows i f  b u i l d i n g  has 
s i n g l e  g l a z i n g .  
Can reduce a i r  i n f i l t r a t i o n  i n  a d d i t i o n  t o  improv ing  U-value. 

Cost  f a c t o r s  p p o r t a n t  w i t h  t h i s  ECO, e s p e c i a l l y  f o r  doors .  
Sometimes $60/m o r  more. 
I n t e r a c t i o n  w i t h  ECO E.7 demands good s e a l  t o  ach ieve  
per formance.  See ECO E.24.  E.20. 
Use AP E . l l .  E.12. E.13 and H.1. C a l c u l a t e  c o n d u c t i o n  and 
c o n v e c t i o n  sav ings  f rom AT E.4 and RV E.3. E.6. 
Storm window added t o  o r i g i n a l  window can save more energy 
than double  g l a z i n g  i f  a i r  gap i s  p r o p e r l y  dimensioned. 
Dubin. 1976: BRE D i g e s t  140. 1972. 

ECO E.29 REPLACE DOORS YlTH IMPROVED DESIGN 
LEVEL: Replacement .. 
DESCRIPTION: Use o f  r e v o l v i n g  d o o r s ,  v e s t i b u l e s ,  i n s u l a t e d  doors  t o  r e p l a c e  

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

APPLICATION: 

poor en t rance  d e s i g n  and e l i m i n a t e  a i r  c u r t a i n s .  
Revo lv ing  doors  can be cons ide red  i n  - l a r g e r  b u i l d i n g s .  
Bo th  improved U-va lues and reduced a i r  i n f i l t r a t i o n  can r e s u l t  
f rom p roper  en t rance  des ign .  . 

.... . 
T h i s  can be an: expens ive  ECO - , . shop  c o m p e t i t i v e  des igns  
c a r e f u l l y .  
Competes w i t h .  ,ECO E.6 ( m a i n t a i n  l a t c h e s ,  e t c . 1 .  ECO E.19 
(Au tomat i c  d o o r , c l o s u r e s l .  ECO E.ZB:(Storm windows and d o o r s ) .  
Use AP E.12. E.13 and M.1. C a l c u l a t e  c o n d u c t i o n  and c o n v e c t i o n  
sav ings  f rom AT E.4 and R V  E.6. 
P r i o r i t y  shou ld  depend on c o s t l b e n e f i t  and exposure o f - t h e  
en t rance  t o  wind. 
Dubin .  1976: BRE I P  2/81.; 1981. , -:.::. : . , 

> , I . . ,  2 ' .  \ > ,  , 

3 .  

USE DOUBLE O R  TRI'PLE:GLAZE ,REPLAC;HENT.- . 

Replacement. 
Seek low U-va lues i n  g l a z i n g  and frames i n  .replacement 
windows. I .  , .. . . ., :,. : . 
AII b u i l d i n g s  w i t h  s i n g l e ~ p a n e  i i n d & s  b u t  t a k i n g  i n t o  account 
c l i m a t e  f a c t o r s .  . , . . ,.: 
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SLOE BENEFITS: More comfo r t  ( l e s s  r a d i a n t  l osses  i n  h e a t i n g  season1 and 
r e d u c t i o n  o r  e l i m i n a t i o n  o f  condensa t ion  on g l a s s  and frames. 

CAUTIONS: Three-pane u n i t s  have had problems w i t h  a i r  leakage caus ing  
i n t e r i o r  condensa t ion  between panes. 

COST FACTORS: Q u a l i t y  windows can be v e r y  expens ive ,  snop c a r e f u l l y .  
INTERACTIONS: I n t e r a c t i o n  w i t h  ECO E.28 ( I n s t a l l  s to rm windows and d o o r s ) .  

See a l s o  ECO E.5.  E s p e c i a l l y  a t t r a c t i v e  i n  extreme c l i m a t e s .  
EVALUATION: Use c a l c u l a t i o n  p rocedure  t o  demonst ra te  economics. 
COMMENTS : Energy and sound r e d u c t i o n  may be b e t t e r  ach ieved  w i t h  a  two-  

pane, one-pane comb ina t ion .  
REFERENCES: Dubin. 1976. 

ECO E.31 
LEVEL: 
DESCRIPTIOM: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 

REFERENCES: 

R E P L A C E  INTERNAL BLINDS WITH EXTERNAL S Y S T E M S  
Replacement. 
Use e x t e r n a l  systems t o  r e p l a c e  i n t e r n a l  b l i n d s  t o  reduce  
s o l a r  load.  I n t e r c e p t i n g  s o l a r  l o a d  i s  much more e f f i c i e n t  
w i t h  e x t e r n a l  system. 
Air c o n d i t i o n e d  b u i l d i n g s  f o r  energy sav ings .  
Improved comfor t  p a r t i c u l a r l y  i n  n o n - a i r - c o n d i t i o n e d  
b u i l d i n g s .  
I f  used i n  w i n t e r  may reduce t h e  amount o f  u s e f u l  s o l a r  g a i n s  
r e l e a s e d  i n  t h e  space. 

May p e r m i t  c o o l i n g  system c a p a c i t y  r e d u c t i o n s .  
I n s p e c t i o n  and energy a n a l y s i s .  
Weather r e s i s t a n t  systems must be used o u t s i d e  and ease o f  use 
becomes more i m p o r t a n t .  Automat ic  c o n t r o l  i s  recommended t o  
ensure c o r r e c t  use f o r  g r e a t e s t  sav ings .  

ECO E.32 EMPLOY EVAPORATIVE COOLING ROOF SPRAY 
LEVEL: Improvement. 
DESCRIPTION: Use an e v a p o r a t i v e  c o o l i n g  r o o f  spray t o  lower  r o o f  s u r f a c e  

temperature.  System d i s p e l s  heat  as i t  reaches r o o f .  
APPLICATION: G e n e r a l l y  employed on f l a t  r o o f  b u i l d i n g s .  
SIDE BENEFITS: Can p r o l o n g  r o o f  l i f e  by l i m i t i n g  tempera tu re  b u i l d - U P .  
CAUTIONS: Care must be t a k e n  t o  a v o i d  water  l e v e l  b u i l d - u p  and r o o f  

l eaks .  
C O S T  FACTORS: Cost needs t o  be j u s t i f i e d  by reduced heat  l oad .  E v a l u a t e  

water  c o s t  and de te rm ine  whether o r  n o t  wa te r  use i s  a l l o w e d  
by l o c a l  r e g u l a t o r y  group. 

INTERACTIONS: See Coo l ing  ECOs - can be h i g h  p r i o r i t y  i t e m  where c o n d i t i o n s  
a re  f a v o r a b l e .  

EVALUATION: I n s p e c t  b u i l d i n g  p o t e n t i a l  f o r  system. then  c a l c u l a t e  p o s s i b l e  
energy sav ings  from reduced temperature d i f f e r e n c e ,  see App.C. 

COMMENTS : O r i g i n a l  c o o l i n g  equipment may prove t o  be g r e a t l y  o v e r s i z e d  
and thus  may o p e r a t e  w i t h  l e s s  e f f i c i e n c y  when ECO i s  
i n i t i a t e d .  

REFERENCES: Oubin. 1976: G a t t s .  1974. 
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ECO E.33 CLOSE OFF BALCONIES TO MAKE SUNSPACEIGREENHOUSE 
LEVEL: Improvement. 
DESCRIPTION: Open b a l c o n i e s  a r e  g lassed  i n  t o  t r a p  s o l a r  and b u i l d i n g  hea t .  

Adds s e m i - c o n d i t i o n e d  space. 
APPLICATION: S o u t h e r l y  o r i e n t a t i o n s  o n l y  ( N o r t h e r n h e m i s p h e r e ) .  
SIDE BENEFITS: More useab le  room space. Reduced a i r  i n f i l t r a t i o n .  
CAUTIONS: Unless n i g h t  i n s u l a t i o n  i s  used tempera tu re  v a r i a t i o n  can be 

extreme. Space may ove rhea t  even d u r i n g  hea t ing ' season .  
COST FACTORS: Cost f o r  t h i s  c o n v e r s i o n  can be h i g h  s i n c e  g l a s s  must be 

p r o p e r l y  suppor ted .  
INTERACTIONS: P r i o r i t y  must address need f o r  semi -cond i t i oned  space and 

o r i e n t a t i o n  o f  b u i l d i n g .  I n t e r a c t s  w i t h  window ECOs. C a l c u l a t e  
p o s s i b l e  sav ings  b e f o r e  t a k i n g  a c t i o n .  

EVALUATION: I n s p e c t i o n  and energy a n a l y s i s  b e f o r e  a d a f t e r .  
COMMENTS: 
REFERENCES: 
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ECO R . l  MAINTAIN PROPER SPACE SETPOINTS. 
LEVEL: OperationsIWanagement. 
DESCRIPTION: Check s e t t i n g  and c a l i b r a t i o n  o f  a l l  space the rmos ta ts  and 

h u m i d i s t a t s .  A d j u s t  a n t i c i p a t o r  s e t t i n g  where the rmos ta ts  have 
such d e v i c e s .  

APPLICATION: B u i l d i n g s  w i t h  i n d i v i d u a l  space c o n t r o l  dev i ces .  
SIDE BENEFITS: Improved comfo r t .  
CAUTIONS: 
COST FACTORS: N e g l i g i b l e  c o s t  un less  sensors  o r  c o n t r o l s  need r e p l a c i n g .  
INTERACTIONS: Because o f  poor  c o n t r o l  zon ing,  m a i n t a i n i n g  c u r r e n t  

temperatures th roughou t  a l l  a reas  o f  t h e  b u i l d i n g  may be 
d i f f i c u l t .  See ECO R.28. P.7 .  C.2. 

EVALUATION: I f  t he rmos ta t  s e t p o i n t s  o r  measured va lues  ( o c c u p i e d  p e r i o d 1  
a r e  n o t  equal  t o  des ign  v a l u e s ,  r e s e t  t o  c o r r e c t  s e t t i n g .  I f  
t he rmos ta t  s e t p o i n t  i s  OK b u t  measured va lues  n o t ,  r e -  
c a l i b r a t e  c o n t r o l s .  I f  temperature o v e r s h o o t ,  a d j u s t  
a n t i c i p a t o r  (on -o f f  t he rmos ta ts  o n l y ) .  

COMWENTS: I f  c o m p l a i n t s  o f  d i s c o m f o r t  when m a i n t a i n i n g  d e s i g n  s e t p o i n t s .  
see R V  R . l ,  a  more tho rough  a n a l y s i s  o f  t h e  the rma l  
env i ronment  may be necessary ,  see AP R.1. 

REFERENCES: ASHRAE Standard 55. 1981; Berg lund .  1978. 

ECO R.2 SETBACK. SETUP SPACE TEMPERATURES 
LEVEL: Operat ions l lmprovement .  
DESCRIPTION: A d j u s t  space the rmos ta ts  o r  o t h e r  space tempera tu re  

c o n t r o l l e r s  f o r  energy sav ing  s e t - p o i n t s  d u r i n g  unoccupied 
p e r i o d s  o r  f o r  unoccupied spaces. Cons ider  c y c l i n g  h e a t i n g  and 
c o o l i n g  p l a n t  and a u x i l i a r i e s  t o  m in im ize  power c o s t s .  
Cons ider  e a r l i e r  shut-down o r  setback ( i . e .  b e f o r e  occupants  
l e a v e ) .  P l a n t  nay be t u r n e d  o f f  i n  m i l d  c o n d i t i o n s  when no 
danger o f  f r e e z i n g .  A u x i l i a r i e s  shou ld  a l s o  be t u r n e d  o f f  
where p o s s i b l e .  

APPLICATION: B u i l d i n g s  n o t  c o n t i n u o u s l y  occup ied  o r  occupancy c o n d i t i o n s  
a r e  a l t e r e d ;  e .g .  work ing ,  r e l a x i n g ,  s l e e p i n g .  

SIDE BENEFITS: Reduced o p e r a t i o n  and l o n g e r  l i f e  o f  system a u x i l i a r i e s ,  e .g .  
pumps, fans.  

CAUTIONS: Condensat ion i n  b o i l e r  can reduce  i t s  l i f e  expectancy.  Extreme 
h u m i d i t y  swings can r e s u l t  i n  condensat ion i n  w i n t e r ,  and 
mi ldew i n  summer. P o s s i b i l i t y  o f  p lumbing f reeze  i n  v u l n e r a b l e  
p a r t s  o f  t h e  b u i l d i n g .  Shut down o f  steam systems can c r e a t e  
problems such as m igh t  be caused by expans ion and c o n t r a c t i o n  
c y c l e s ,  b o i l e r  s t r e s s ,  water  c a r r y - o v e r  (wet  s team),  s low 
p ressu re  b u i l d - u p  ( n o t  n o r m a l l y  a  prob lem i n  sub-atmospher ic  
systems) and h i g h  condensate r a t e  caus ing  water  hammer. T h i s  
l a s t  prob lem can be m in im ised  by u s i n g  l i q u i d  expans ion t y p e  
steam t r a p s  o r  p r o v i d i n g  s m a l l e r  c o n t r o l  v a l v e  t o  l i m i t  f l o w  
o f  steam, and hence condensate fo rm ing  d u r i n g  system warmup 
( S p i r a x  Sarco.  19851. Unoccupied rooms w i t h  r e l a x e d  
temperatures may a f f e c t  comfo r t  i n  a d j a c e n t  spaces. S e t t i n g  
back e l e c t r i c  h e a t i n g  systems can inc rease  c o s t  i n  c e r t a i n  
cases i f  maximum demand i n c u r r e d  a t  p re -hea t  c o s t s  more than  
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c o s t  o f  a d d i t i o n a l  u n i t s .  Frequent  c y c l i n g  equipment can 
reduce i t s  l i f e .  

COST FACTORS: N e g l i g i b l e  c o s t  i f  done manual ly  b u t  i n  most cases au tomat i c  
means ( t i m e  c l o c k s ,  energy management systems) p r o v i d e  more 

INTERACTIONS 

EVALUATION: 

COMMENTS: 

REFERENCES: 

r e l i a b l e  and p o t e n t i a l l y  g r e a t e r  sav ings ,  p a r t i c u l a r l y  i f  
optimum s t a r t  ( v a r i a b l e  p r e c o n d i t i o n i n g  p e r i o d )  i s  adopted. 
Can be expensive i f  l a r g e  number o f  the rmos ta ts  need t o  be 
changed t o  n i g h t  setback t y p e .  
Consider  ECO R.28 (EMS1 and ECO R.,4 (Preoccupancy c y c l e ) .  
P r e c o n d i t i o n i n g  p e r i o d  must be s e t  w i t h  c o n s i d e r a t i o n  o f  the  
a b i l i t y  o f  t h e  h e a t i n g  and c o o l i n g  p l a n t  t o  b r i n g  t h e  b u i l d i n g  
back t o  c o m f o r t .  See a l s o  ECO H.24 (Replace h e a t i n g  p l a n t ) .  
Check i f  equipment n o t  a l r e a d y  i n s t a l l e d  o r  m o n i t o r  
temperatures.  Energy sav ings  p r o p o r t i o n a l  t o  o v e r a l l  hea t  
l o s s ,  r a t i o  o f  occupied t o  unoccupied hours and b u i l d i n g  
p r e c o n d i t i o n i n g  p e r i o d ;  b u i l d i n g  p r e c o n d i t i o n i n g  p e r i o d  
p r o p o r t i o n a l  t o  b u i l d i n g  and system the rma l  i n e r t i a  and t o  
p l a n t  load r a t i o .  See R V  R.3. D e s i r a b i l i t y  o f  ECO o f t e n  most 
i n f l u e n c e d  by cos t  o f  necessary c o n t r o l  m o d i f i c a t i o n s .  See AP 
R.2 and H.4. 
Appendix C desc r ibes  s p e c i f i c  setback s t r a t e g i e s  f o r  g e n e r i c  
t ype  HVAC systems. N i g h t  setback sav ings  f o r  a i r  source hea t  
pumps can be l e s s  t h a n  one would expect  f o r  an e l e c t r i c  o r  
f u e l  f i x e d  system s i n c e  the  e a r l y  morning warmup p e r i o d  i s  
t y p i c a l l y  o c c u r i n g  a t  the  c o l d e s t  p a r t  o f  t h e  day ( t h u s  
lower ina  t h e  COP). 
Lev ine .  1981: Johnson C o n t r o l s  L t d . .  1982: Berg lund.  1978: 
S p i r a x  Sarco. 1985: E l l i s o n .  1977; Backus. 1982; 8 u l l o c k .  
1978. 

ECO R.3 ' 

LEVEL: 
OESCRIPTION: 

APPLICATION: 

SHUT OFF HUMIDIFICATION AND VENTILATION EPUIPMENT 
Operat ions/ lmprovement .  
Shut-down v e n t i l a t i o n  and h u m i d i f i c a t i o n  equipment when 
b u i l d i n g  o r  space i s  unoccupied. Close o f f  o u t s i d e  a i r  
dampers i n  HVAC systems. 
B u i l d i n g s  w i t h  mechanical v e n t i l a t i o n  systems a n d l o r  
h u m i d i f i c a t i o n  equipment t h a t  a r e  n o t  c o n t i n u o u s l y  occupied.  

SIDE BENEFITS: 
CAUTIONS: Not a p p r o p r i a t e  where v e n t i l a t i o n  r e q u i r e d  f o r  s a f e t y  o r  

c o o l i n g ,  o r  where h u m i d i t y  needs t o  be c o n t r o l l e d ,  e.g. 
museums. 

COST FACTORS: No c o s t  i f  manual, r i d e  range of  c o s t s  f o r  au tomat i c  
opera t  i o n .  

INTERACTIONS: ECO R.6 ( N i g h t  f l u s h i n g ) .  ECO R.28 (EMS). ECO R.19 
( E v a p o r a t i v e  c o o l i n g ) .  ECO R.4 (Preoccupancy c y c l e ) .  See a l s o  
ECO R.5 and 0.10. 

EVALUATION: Where a p p l i c a b l e  shu t  o f f  manual ly .  Energy sav ings  
p r o p o r t i o n a l  t o  f r e s h  a i r  i n f i l t r a t i o n  and c l i m a t i c  s e v e r i t y .  
and t h e  r a t i o  o f  occupied t o  unoccupied hours (see  AT R.11. 
Savings i n  most cases j u s t i f i a b l e  w i t h o u t  f u r t h e r  e v a l u a t i o n .  

COMMENTS: 
REFERENCES: 
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ECO R.4 PREOCCUPANCY CYCLE 
LEVEL: Operat ions l lmprovement .  
DESCRIPTION: Carry  o u t  p r e - h e a t i n g  and p r e - c o o l i n g  w i t h o u t  i n t r o d u c i n g  

o u t s i d e  a i r  where t h i s  would impose an a d d i t i o n a l  l o a d .  
APPLICATION: A l l  b u i l d i n g  w i t h  HVAC systems w i t h  economisers o r  separa te  

v e n t i l a t i o n  systems. 
SIOE BENEFITS: Can reduce peak demand on h e a t i n g  and c o o l i n g  p l a n t  f o r  

q u i c k e r  warm up o r  can reduce peak l o a d  e l e c t r i c a l  demand 
charges.  ' 

CAUTIONS: Care must be taken  t o  a v o i d  i n t e r n a l  a i r  q u a l i t y  problems when 
occupancy commences. 

COST FACTORS: 
INTERACTIONS: ECO R.28 (EMS sys teml .  Be c a r e f u l  n o t  t o  e l i m i n a t e  t h e  

p o t e n t i a l  b e n e f i t s  o f  p r e - c o o l i n g ;  see ECO R.18 and ECO R.6. 
Cons ider  as compl imentary  t o  N i g h t  SetbackISetup (ECO R.21 and 
V e n t i l a t i o n  and H u m i d i f i c a t i o n  Schedul ino IECO R.3) - 

EVALUATION: See A T  R . 1 .  
COMMENTS: Note some c o n t r o l l e r s  have s e l f  l e a r n i n g  c a p a b i l i t y  l e . g .  p r e -  

heat  t i m e  automatic all^ a d j u s t s  t o  system and b u i l d i n u l .  . . 
REFERENCES: Johnson C o n t r o l s .  1982 

ECO R.5 
LEVEL: 
OESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

INSTALL AUTOMATIC VENTILATION CONTROL 
Opera t ions l lmprovement .  
Vary. v e n t i l a t i o n  r a t e  by means o f :  a)  Adjustment o f  o u t s i d e  
a i r  and m i x i n g  dampers; b l  T h r o t t l e  f a n  f l o w ;  c l  Motor  speed 
c o n t r o l ;  d )  Mechanica l  speed c o n t r o l ;  e l  V a r i a b l e  p i t c h  b lades  
(vane a x i a l  f a n s l ;  f l  I n l e t  gu ide  vanes ( c e n t r i f u g a l  f a n s l .  
Most p o t e n t i a l  i n  b u i l d i n g s  w i t h  h i g h l y .  i n t e r m i t t e n t  and 
v a r i a b l e  occupancy, e .g .  shops, t h e a t r e s ,  a u d i t o r i a .  

Most b e n e f i t  i f  au tomat i c  u s i n g  CO sensor .  Time c l o c k  can be 
cons ide red  where t h e  occupancy d e n s f t y  p a t t e r n  i s  p r e d i c t a b l e .  
Do n o t  l e t  c o n t r o l  o v e r r i d e  economiser c y c l e  (ECO R.18) .  o r  
n i g h t  f l u s h i n g  ( K O  R.61. C y c l i n g  equipment EMS system (see  
ECO R.28) .  T h i s  ECO i s  compl imentary  t o  ECO R.3 [ S h u t t i n g  o f f  
v e n t i l a t i o n  and h u m i d i f i c a t i o n )  and ECO R.4 IPre-occupancy 
c y c l e ) .  See a l s o  ECO R.9 and EL.6.  
See A T  R.1. R V  E.4 and R V  R.4 g i v e s  recommended v e n t i l a t i o n  
needs. Occupancy p r o f i l e s  a r e  g i v e n  i n  RV R. lO.  S imple degree-  
day methods (AT E.11 may be used when occupancy i s  u n i f o r m  i n  
t i m e .  Hour by hour  methods a r e  r e q u i r e d  when occupancy i s  
skewed, e .g .  a  g r e a t e r  use i n  evenings.  
Be su re  accep tab le  c o n d i t i o n s  a r e  ma in ta ined .  C y c l i n g  
equipment w i l l  reduce l i f e .  
L i p t a k ,  1979; Yoods. 1982: Ogaswari .  1979. 

ECO R.6 NIGHT FLUSHING 
LEVEL: Operat ions/ lmprovement .  
DESCRIPTION: Use c o o l  o u t s i d e  n i g h t  a i r  t o  p r e - c o o l  t h e  b u i l d i n g .  
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APPLICATION: Most b e n e f i c i a l  i n  heavy mass b u i l d i n g s  and where n i g h t - t i m e  
temperatures a r e  much lower  than d a y t i m e  s e t - p o i n t .  

SIDE BENEFITS: Improved comfo r t  i f  mechanica l  c o o l i n g  i s  n o t  p o s s i b l e .  
Be c a r e f u l  n o t  t o  o v e r - c o o l  t h e  space and c r e a t e  d i s c o m f o r t  o r  
a  need f o r  h e a t i n g .  

CAUTIONS: 

C O S T  FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO R.7 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 

COST FACTORS 

INTERACTIONS 

EVALUATION: 

COMMENTS: 

REFERENCES: 

Low c o s t  i f  v e n t i l a t i o n  equipment a l r e a d y  i n s t a l l e d .  
E v a p o r a t i v e  c o o l i n g  lEC0 R.191 m igh t  be cons ide red  as an 
a l t e r n a t i v e  o r  compl imentary  approach. See a l s o  ECO R.3. R.4. 
R.5. 
Fan power requ i remen ts  need t o  be e v a l u a t e d  a g a i n s t  mechanica l  
c o o l i n g  requ i remen ts .  See AT R.2. 
H igh p ressu re  f a n  systems can end up u s i n g  more power than  i f  
fans r u n  f o r  s h o r t e r  p e r i o d s  w i t h  mechanical c o o l i n g .  VAV 
Systems would  r e q u i r e  separa te  c o n t r o l  o f  e v e r y  damper and 
some form o f  c e n t r a l  c o n t r o l  would  be necessary .  

SEQUENCE HEATING AND COOLING 
Operat ions/ Improvement .  
I n  any a i r  system w i t h  m i x i n g ,  h e a t i n g  o r  c o o l i n g ,  ensure t h a t  
t h e  d e s i r e d  f i n a l  a i r  c o n d i t i o n  i s  o b t a i n e d  f i r s t  by t r y i n g  t o  
o b t a i n  t h e  d e s i r e d  tempera tu re  th rough  m i x i n g  and then  adding 
o n l y  s u f f i c i e n t  hea t  o r  c o o l i n g .  
Most common a p p l i c a t i o n  i s  sequencing economiser c y c i e  w i t h  
deck tempera tu re  c o n t r o l .  Other  p o s s i b i l i t i e s  where sequenc ing 
i s  i m p o r t a n t  i n c l u d e  systems w i t h  p r e - h e a t  o r  those  u t i l i s i n g  
e v a p o r a t i v e  c o o l i n g .  

Over lapp ing  t h r o t t l i n g  ranges o f  c o n t r o l l e r s  and l o s s  o f  
c a l i b r a t i o n  can cause l o s s  o f  sequencing when i n d i v i d u a l  
c o n t r o l l e r s  a r e  u t i l i s e d .  
Low c o s t  i f  o n l y  system s e t p o i n t  ad jus tmen t  r e q u i r e d .  
Sequencing by  common c o n t r o l l e r  more expens ive  b u t  g e n e r a l l y  
more s a t i s f a c t o r y .  
I n  many i n s t a n c e s  sequencing shou ld  b e ' c o u p l e d  w i t h  r e s e t  
c o n t r o l  (ECO R.241. Loss o f  seouencina can occu r  when c o r r e c t  
system s e t p o l n t s  a r e  n o t  m a l n t a ~ n e d - ( s e e  ECO R.91. See a l s o  
ECO R.18. R.23. R.27. R.33. R.41, R.42. P.7. 
An i n d i c a t i o n  o f  m i x i n g  l o s s e s  can be o b t a i n e d  by comparing 
c o o l i n g  demands o f  those days when t h e  h e a t i n g  i s  t u r n e d  on 
and those  days when i t  i s  t u r n e d  o f f .  Make t h e  compar ison f o r  
days w i t h  s i m i l a r  o u t s i d e  c o n d i t i o n s .  Check and c o r r e c t  
w i t h o u t  f u r t h e r  e v a l u a t i o n .  Sequence shou ld  m a i n t a i n  s u i t a b l e  
deadbands between c o n t r o l  s teps  so t h a t  h e a t i n g  and c o o l i n g  
a r e  n o t  oppos ing onc ano the r .  
The i n s t a l l a t i o n  o f  t empera tu re  sensors  b e f o r e ,  between.and 
f o l l o w i n g  t h e  v a r i o u s  h e a t i n g  and c o o l i n g  processes can be 
used t o  sound an a l a r m  when h e a t i n g  and c o o l i n g  m i x i n g  s t a r t s  
t o  o c c u r .  
Oubin .  1975: Ha ines .  1984: A lbern.1983.  



ECO R.8 SHUT OFF COIL CIRCULATORS UHEN NOT REQUIRED 
LEVEL: Operat ions/ lmprovement .  
DESCRIPTION: Schedule h e a t i n g  and c o o l i n g  c o i l  c i r c u l a t o r s  o f f  when no 

demand f o r  heat  o r  c o o l .  
APPLICATION: C o i l s  c o n t r o l l e d  by three-wav m i x i n g  v a l v e  w i t h  c i r c u l a t o r .  
SIDE BENEFITS: 
CAUTIONS: 
C O S T  FACTORS: Most b e n e f i t  where o r  when a  system opera tes  w i t h  f u l l  c o i l  

f l o w  and i n t e r m i t t e n t  f a n  o p e r a t i o n  Pump energy sav ings  sma l l  
b u t  payback can be ach ieved where n a t u r a l  c o n v e c t i o n  losses  
f rom c o i l s  a r e  e l i m i n a t e d .  

INTERACTIONS: EMS system ( K O  R.28).  
EVALUATION: See A T  R.3. 
COMMENTS: Avo id  t u r n i n g  o f f  where danger o f  f r e e z i n g .  
REFERENCES: 

ECO R.9 MAINTAIN PROPER SYSTEM CONTROL SET-POINTS 
LEVEL: Maintenance/lm~rovement. 
DESCRIPTION: Ensure' c o r r e c t '  s e t - p o i n t s ,  c a l i b r a t i o n  and l o c a t i o n  o f  c o n t r o l  

sensors  and o p e r a t o r s :  c o r r e c t  c o n t r o l  o p e r a t i o n s ,  i . e .  check 
c o n t r o l s  a r e  capable  o f  do ing  what they  a r e  supposed t o  do. 
Examples i n c l u d e :  
a1 T h r o t t l i n g  Range. (On many commercial  c o n t r o l l e r s  t h e  
ad justment  o f  t h r o t t l i n g  range i s  a  s imp le  f i e l d  a d j u s t m e n t ) .  
Too s h o r t  a  range can cause c o n t r o l  i n s t a b i l i t y ,  t o o  wide can 
waste energy:  f o r  example r e d u c i n g  t h e  t h r o t t l i n g  range  on 
d u a l  d u c t  . and m u l t i z o n e  a i r  temperature c o n t r o l l e r s  
e f f e c t i v e l y  reduces m i x i n g  losses ,  go ing  b e l o r  2Z, however. 
can cause c o n t r o l  i n s t a b i l i t y .  
b )  For two p i p e  i n d u c t i o n  systems check c o r r e c t  s e t t i n g s  f o r  
p r i m a r y  a i r  r e s e t  schedule  ( w i n t e r  o p e r a t i o n )  and f i x e d  summer 
a i r  temperature.  The aim i s  i n  m i n t e r  t o  have t h e a i r  
temperature as h i g h  as p o s s i b l e  w h i l e  s t i l l  s a t i s f y i n g  t h e  
zone w i t h  ' the g r e a t e s t  j o o l i n q  l o a d  ( i n  w i n t e r  t h e  systems a c t  
l i k e  a  r e h e a t  system and so do ing  m in im ises  r e h e a t  e n e r g y ) .  I n  
summer. t o  m in im ise  r e - c o o l  energy when t h e  system f u n c t i o n s  
as a  r e - c o o l  system. t h e  p r imary  a i r  temperature shou ld  be s e t  
as l ow 'as  p o s s i b l e ,  c o n s i s t e n t  w i t h  n o t  o v e r c o o l i n g  space w i t h  
t h e  l e a s t  c o o l i n n  &@?& ( t h e r e  may be some t r a d e - o f f  r e s u i r e d  
i n  summer w i t h  a  f r e e - c o o l i n g  c y c l e ) .  
c )  For  f o u r  p i p e s y s t e m s  i t  migh t  be w o r t h r h i l e  t o  r e - e v a l u a t e  
t h e  p r i m a r y  a i r  s e t p o i n t  temperature i f  t h i s  i s .  t o  remain 
f i x e d .  
For  o t h e r  examples see a l s o  ECO R.7. R.11. R.13, R.24. R.31. 

APPLICATION: A l l  systems w i t h  au tomat i c  c o n t r o l s ,  p a r t i c u l a r l y  those w i t h  
h e a t i n g  and c o o l i n g  

SIDE BENEFITS: 
CAUTIONS: . . ~ ~ ~  
COST FACTORS: M i n o r .  
INTERACTIONS: Very impor tan t  where' c o n t r o l s  a r e  n o t  sequenced. Cons ider  

changing c o n t r o l s ,  see ECO R.7. Ad justment  may be r e q u i r e d  
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where room l o a d  a n d l o r  a i r  volumes have changed. ECO 0.2,  0 . 8  
R.5. 

EVALUATION: Check o f  c o n t r o l  sequences can n o r m a l l y  be made by a d j u s t i n g  
system s e t p o i n t s  and c o n t r o l  sw i t ches  t e m p o r a r i l y  t o  f o r c e  t h e  
c o n t r o l s  ' t h r o u g h  t h e i r  sequence. Note t h a t  a  tho rough  
u n d e r s t a n d i n g  o f  t h e  system shou ld  be ach ieved  b e f o r e  
a t t e m p t i n g  such .changes. Check c o r r e c t  p o s i t i o n l o p e r a t i o n  o f  
a l l  c o n t r o l  v a l v e s ,  dampers e t c .  Approp r ia teness  o f  r e s e t  
water  schedule  i n  systems w i t h  such a  c o n t r o l  system can be 
checked by a n a l y s i n g  t h e  r e s u l t s  o f  c o - i n c i d e n t  i n s i d e .  
o u t s i d e  and h e a t i n g  f l o w  water  tempera tu res  ( B l o o r ,  19831. 

COMMENTS: U n l i k e  room thermostats , ,  which when o u t  o f  c a l i b r a t i o n  w i l l  be  
a d j u s t e d  by t h e  occupants  t o  p r o v i d e  c o m f o r t  i r r e s p e c t i v e  o f  
what t h e  s e t - p o i n t  i n d i c a t e s ,  system c o n t r o l s  can go u n n o t i c e d  
and can waste c o n s i d e r a b l e  amounts o f  energy .  T h i s  i s  
e s p e c i a l l y  r e l e v a n t  where separa te  c o n t r o l l e r s  a r e - u t i l i s e d  t o  
sequence h e a t i n g .  c o o l i n g .  m i x i n g .  

REFERENCES: Johnson C o n t r o l s  L t d . .  1982: Kao. 1983. 1985: Cl8SE 811. 1985. 

ECO R.10 REPLACE MORN NOZZLES INDUCTION SYSTEMS 
LEVEL: Maintenancellm~rovement. 
DESCRIPTION: Replace worn n b z z ~ e s .  
APPLICATION: 
SIDE BENEFITS: l m r o v e  i n d u c t i o n  o f  room a i r  
. . . - . . - . . - . 
COST FACTORS: 
INTERACTIONS: 
EVALUATION: Cost sav ings  based on reduced f a n  power r e s u l t i n g  f rom a  

r e d u c t i o n  i n  p r i m a r y  a i r  volume and reduce c o s t s  o f  
c o n d i t i o n i n g  p r i m a r y  a i r .  H o u r l y  e v a l u a t i o n  method n o r m a l l y  
r e q u i r e d  t o  ana lyse  sav ings .  

COMMENTS: 
REFERENCES: 

ECO R.11 ' MIXING DAMPER REPLACEMENT 
LEVEL: Maintenancel lmprovement  
DESCRIPTION: Ensure minimum p r a c t i c a l  leakage when' h o t  o r  c o l d  a i r  s u p p l y  

s h u t - o f f  by m a i n t a i n i n g  and a d j u s t i n g  damper c o n t r o l  
mechanisms r e p l a c i n g  damaged s e a l s  o r  r e p l a c i n g  dampers w i t h  
low leakage t y p e s .  

APPLICATION: Can be p a r t i c u l a r l y  e f f e c t i v e  when a p p l i e d  t o  d u a l  d u c t  m i x i n g  
boxes. A p p l i c a b l e  t o  a i r  economisers ,  m u l t i z o n e  and d u a l  d u c t  
systems. Dampers.on o l d e r  t y p e  r o o f - t o p  a i r  c o n d i t i o n i n g  u n i t s  

. a r e  p r ime  examples f o r  r e t r o f i t .  
SIDE BENEFITS: Reduc t ion  o f  peak loads.  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: See ECD R.9. 
EVALUATION: See AP R.4. R V  R.5 g i v e s  t y p i c a l  damper leakage d a t a .  
COMMENTS: 
REFERENCES: 



App. D  ECO l i s t s  ( R )  

ECO R .  12 
LEVEL: 
OESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 
COST FACTORS: 

EVALUATION: 

CDMMENTS: 

REFERENCES: 

ECO R.13 

LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 

EVALUATION: 

COMMENTS: 

SPECIAL CONSIDERATIONS, ROOF TOP AIR CONDITIONING UNITS 
Maintenancel lmprovement .  
The f o l l o w i n g  l i s t  c o n t a i n s  a  number o f  maintenance and minor  
improvements s p e c i f i c  t o  r o o f  t o p  u n i t s :  
1. Clean a i r  s i d e s  and s t r a i g h t e n  damaged f i n s  o f  condenser 

e v a p o r a t o r .  
2. A d j u s t  f a n  b e l t s .  
3. Caulk l e a k i n g  seams. 
4 .  Repai r  and r e p l a c e  gaskets  on i n s p e c t i o n  covers .  
5. Secure loose  covers ,  r e p l a c e  screw f i x i n g s  w i t h  h inges  and 

mar ine ca tches .  
6. Repa i r  o r  upgrade i n s u l a t i o n .  
7 .  E r e c t  shade t o  keep d i r e c t  s u n l i g h t  o f f  condenser.  
8. Replace gas t r a i n  and i n s t a l l  e l e c t r o n i c  i g n i t i o n .  
10. C lean and /o r  r e p a i r i r e p l a c e  f i l t e r s .  ( f i l t e r s '  n o t  work ing  

c o r r e c t l y  n i l , ?  pass d i r t  o n t o  e v a p o r a t o r  c o i l ) .  
S e l f - c o n t a i n e d  ( r o o f  t o p )  h e a t i n g ,  v e n t i l a t i n g  and a i r  
c o n d i t i o n i n g  systems. 
Improved r e l i a b i l i t y ,  longer  equipment l i f e .  

Y i t h  e x c e p t i o n  o f  gas t r a i n  rep lacement ,  a l l  i t ems  a r e  low t o  
medium c o s t  maintenance i tems.  
S ince t h e  r o o f  t o p  i s  a  s e l f - c o n t a i n e d  heat ing;  c o o l i n g  a i r  
d i s t r i b u t i o n  and r e g u l a t i o n  u n i t ,  many ECOs c l a s s i f i e d  under 
Hea t ing .  Coo1ing:Ductwork and R e g u l a t i o n  a r e  a p p l i c a b l e .  
No f u r t h e r  e v a l u a t i o n  r e q u i r e d  on maintenance i t ems .  Base gas 
t r a i n  e v a l u a t i o n  on c u r r e n t  s t a t e  o f  r e p a i r  and measured 
combust ion e f f i c i e n c y .  
R V  R.9 g i v e s  t y p i c a l  e f f e c t  o f  d i r t  on condensers and 
e v a p o r a t i n g .  
K o r t e .  1976. 

SHUT DOYN HOT O R  COLD DUCT I N  DUAL DUCT SYSTEM OR RINIMISE 
TEMPERATURE'DIFFERENCE 
Opera t ions l lmprovement .  
C lose o f f  h o t  d u c t  when no zones r e q u i r e  h e a t i n g  and c l o s e  o f f  
c o l d  d u c t  when no zones r e q u i r e  c o o l i n g  o r  opera te  b o t h  d u c t s  
w i t h  o n l y  h e a t  o r  c o o l  c o i l s  opened as r e q u i r e d ,  o r  s e t  t h e  
h o t  deck temperature as low as p o s s i b l e  and t h e  c o l d  deck as 
h i g h  as p o s s i b l e .  
B u i l d i n g s  w i t h  d u a l  d u c t  o r  m u l t i z o n e  HVAC systems. 

Ensure c o m f o r t  n o t  compromised i n  some zones. Check f o r  
s u i t a b i l i t y  o f  f a n  o p e r a t i n g  p o i n t .  

 or zones w i t h  v e r y  d i f f e r e n t  requ i remen ts  se rved  by  t h e  same 
system, c o n s i d e r  t h e  i n s t a l l a t i o n  o f  r e - h e a t  o r  r e - c o o l  c o i l s  
o r  separa te  systems. A l t e r n a t i v e  o p t i o n  would  be t o  c o n v e r t  t o  
VAV o p e r a t i o n  (ECO R.22) .  See a l s o  EC0.R.9. 
O p e r a t i o n  i n  such a  manner w i l l  e l i m i n a t e  m i x i n g  l o s s e s  
( m i x i n g  between h o t  and c o l d  d u c t s )  and reduce fan  power. 
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REFERENCES: WECS. (undated)  

ECO R.14 INSTALL RADIATOR THERMOSTATIC VALVES 
LEVEL: Replacement. 
DESCRIPTION: Replace r a d i a t o r  v a l v e s  by r a d i a t o r  t h e r m o s t a t i c  v a l v e s .  
APPLICATION: B u i l d i n g s  w i t h  h y d r o n i c  hea t  d i s t r i b u t i o n  system, except  

s e r i e s  loop  systems. 
SIDE BENEFITS: Improved c o m f o r t .  
CAUTIONS: E f f e c t  s t r o n g l y  dependent on p o s i t i o n i n g  of,sensors, equipment 

where sensor separa te  from t h e r m o s t a t i c  v a l v e  t o  be p r e f e r e d .  
Avoid p l a c i n g  sensors c l o s e  t o  windows o r  where sensor may be 
sub jec ted  t o  d raugh ts  o r  s o l a r  r a d i a t i o n .  The q u a l i t y  o f  
t h e r m o s t a t i c  r a d i a t o r  v a l v e s  can v a r y  w i d e l y .  

COST FACTORS: Large v a r i a t i o n s  i n  exper ienced sav ings ,  from s l i g h t l y  
i nc reased  energy consumption t o  l a r g e  sav ings .  Cost- 
e f f e c t i v e n e s s  deDendent on b u i l d i n a  and s t a t u s  o f  hea t  

APPLICATION: 

SIDE BENEFITS: 

CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

HUMIDISTAT CONTROL OF SWIMMING POOL HALL VENTILATION 
Improvement. 
Use h u m i d i s t a t  t o  m a i n t a i n  maximum accep tab le  h u m i d i t y  by 
v a r y i n g  the  v e n t i l a t i o n  r a t e .  
Indoor  " p o l s  w i t h  v e n t i l a t i o n  systems r e l y i n g  on o u t s i d e  a i r  
f o r  h u m i d i t y  c o n t r o l .  
Improved c o m f o r t  l e v e l  because o f  l e s s  e v a p o r a t i o n  from the  
s k i n  d u r i n g  those p e r i o d s  t h a t  would o the rw ise  be a t  lower 
h u m i d i t i e s .  
On average more humid c o n d i t i o n s  a r e  ma in ta ined  i n  t h e  p o o l  
h a l l  which may excerba te  m a t e r i a l  and s u r f a c e  d e t e r i o r a t i o n .  
Nominal.  
A l t e r n a t i v e l y  use mechanica l  d e h u m i d i f i c a t i o n .  (ECO R.351. Air 
t o  A i r  Heat Recovery (ECO HIC.171 o r  Air t o  SHY Heat Recovery 
(ECO 5 .7 ) .  Pool  cover  (ECO H . 1 0 ) -  can be cons ide red  as 
complementing t h i s  ECO. 
Consider  a l t e r n a t i v e s  b e f o r e  d e c i d i n g  t o  implement t h i s  ECO. 
See A T  R.7. R.6 and R V  R.12. 

ECO R.  16 CO CONTROL OF PARKING GARAGE VENTILATION 
LEVEL: Improvement. 
DESCRIPTION: Use carbon monoxide sensor t o  t u r n  on garage v e n t i l a t i o n  

equipment o n l y  when s a f e  l i m i t s  o f  CO c o n c e n t r a t i o n  have been 
exceeded. 

APPLICATION: P r i m a r i l y  mechan ica l l y  heated and v e n t i l a t e d  garages 
SIDE BENEFITS: 
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CAUTIONS: Check t h a t ' v a r i a b l e  v e n t i l a t i o n  can s a t i s f y  sa fe  l i m i t s  o f  CO 
c o n c e n t r a t i o n .  Garage shou ld  be ma in ta ined  under n e g a t i v e  
p ressu re  a t  a l l  t imes  t o  m in im ise  a i r  f l ow  t o  occup ied  zones. 
A i r  leakage t o  occupied a reas  shou ld  be e l i m i n a t e d .  

COST FACTORS: 
INTERACTIONS: ECO R.25 ( M i x i n g  between zones1 can be cons ide red  

compl imentary .  See a l s o  ECO R.39. 
EVALUATION: As much as 902 c o s t  sav ing  as compared t o  con t inuous  f a n  

o p e r a t i o n  can be a n t i c i p a t e d  depending on v e h i c l e  use. Best  
paybacks w i t h  heated garages.  

COMMENTS: R V  R.7 g i v e s  va lues  f o r  C O  p r o d u c t i o n  and t y p i c a l  C O  t o l e r a n c e  
l e v e l s  and recommended minimum v e n t i l a t i o n  r a t e .  See a l s o  AP 
R.3 and AT R.4. 

REFERENCES: L l o y d ,  1985. 

ECO R . 1 7  MlNIMlSE STRATIFICATION OURING HEATING SEASON 
LEVEL: ImprovementlReplacement. 
DESCRIPTION: E l i m i n a t e  h i g h  tempera tu res  d u r i n g  h e a t i n g  season a t  upper 

l e v e l s  by use o f  f a n s ,  tubes ,  en t ra inmen t  by a i r  j e t s  o r  
d raw ing  r e t u r n  a i r  f rom h i g h  l e v e l .  Make-up a i r  can sometimes 
be i n t r o d u c e d  i n  t h i s  manner w i t h o u t  t h e  need f o r  p r e - h e a t i n g .  

APPLICATION: Large open and h i g h  spaces ( g e n e r a l l y  h i g h e r  than 5  m e t e r s ) .  
U s e f u l  i n  b o i l e r  rooms where h i g h  l e v e l  h o t  a i r  can be 
d i r e c t e d  t o  b u r n e r s .  

SIDE BENEFITS: Improved a i r  movement. Improved comfo r t  t o  occupants .  
CAUTIONS: D e s t r a t i f i c a t i o n  i n  summer c o u l d  i nc rease  c o o l i n g  load.  
COST FACTORS: 
INTERACTIONS: May reduce peak demand on h e a t i n g  equipment and aggrava te  

o v e r s i z i n g .  See ECO R.25. 
EVALUATION: AP R.5 g i v e s  d e t a i l s  o f  t echn ique  f o r  e v a l u a t i n g  m a r g i n a l  

cases o r  q u a n t i f y i n g  a c t u a l  sav ings .  
COMMENTS: The e f f e c t  o f  s t r a t i f i c a t i o n  can i n  g e n e r a l  be n e g l e c t e d ,  b u t  

f o r  b u i l d i n g s  w i t h  f o r c e d  .warm a i r  c o n v e c t i v e  h e a t i n g  and 
c r o s s  f l o w  a t  low l e v e l  t h e  energy consumption may i n c r e a s e  by 
5  t o  15 2 f o r  a  h e i g h t  o f  t h e  heated space between 5 and 10 m 
and by 15 t o  30 2 f o r  a  h e i g h t  o f  more than  10 a .  The 
co r respond ing  numbers f o r  f o r c e d  a i r  downward f rom h i g h  l e v e l  
a r e  5 t o  10 2  and 10 t o  20 2 ,  r e s p e c t i v e l y .  

REFERENCES: F i z z e l .  1977. 

ECO R.18 AIR ECONOMISER 
LEVEL: ImprovementIReplacement.  
DESCRIPTION: Use a i r  f o r  f r e e  c o o l i n g  by employ ing a l r  economiser c y c l e .  

See t e x t ,  App. C .  S e c t i o n  5 .2 ,  f o r  d i s c u s s i o n  o f  p r i n c i p l e s  
i n v o l v e d .  

APPLICATION: 
SIDE BENEFITS: Enhanced a i r  q u a l i t y  (as  opposed t o  f i x e d  minimum a i r  system) 

d u r i n g  f r e e  c o o l i n g .  
CAUTIONS: 
COST FACTORS: Temperature c o n t r o l l e d  system l e s s  c o s t l y  than  e n t h a l p y  b u t  

t h e o r e t i c a l l y  l e s s  e f f i c i e n t .  ( S h a v i t .  1984.1 



INTERACTIONS 

EVALUATION: 

COMMENTS: 

ECO R.19 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFIT 
CAUTIONS: 
COST FACTORS 
INTERACTIONS: 
EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO R. 20 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

App. D  ECO l i s t s  ( R I  

A c t u a l  c o n t r o l  o f  economiser shou ld  be such as t o  m i n i m i s e  
h e a t i n g  and c o o l i n g .  See ECO R.7 (Sequence Hea t ing  and 
C o o l i n g ) .  A l t e r n a t i v e  ECO: a i r  t o  a i r  r e c o v e r y  (ECO HlC.171. 
On d u a l  d u c t  o r  m u l t i z o n e  a i r  economiser can i n c r e a s e  f u e l  
c o s t  i f  h e a t i n g  c o s t  g r e a t e r  t h a n  c o o l i n g  c o s t  (See Comments). 
See a l s o  ECO R.4. R.5.  R.27. 0 . 2 ,  C.13. 
E v a l u a t i o n  o f  sav ings  n o r m a l l y  r e q u i r e s  t h e  use o f  an h o u r l y  
c a l c u l a t i o n  techn ique  o r  b i n  method (see  A T  M.1 and M.21. 
Where o n l y  c o n t r o l  changes a r e  r e q u i r e d ,  c o s t  most o f t e n  
j u s t i f i e s  t h e  change. 
En tha lpy  economiser sensors  a r e  cons ide red  somewhat u n r e l i a b l e  
by some eng ineers .  C a r e f u l  s e l e c t i o n  o f  a i r  t empera tu re  s e t -  
p b i n t s  can ;upply s a v i n g  n e a r i n g  those t h e o r e t i c a l l y  p o s s i b l e  
w i t h  e n t h a l p y  c o n t r o l .  
S ince  t h e  economiser c y c l e  i s  b a s i c a l l y  a  c o o l i n g  energy 
s a v e r ,  i t s  d i r e c t  a p p l i c a t i o n  t o  m u l t i z o n e  and d u a l  d u c t  
system c a n  i n  cases & P r o v i d e  an optimum s o l u t i o n .  I d e a l l y  
t h e  mixed a i r  c o n t r o l  shou ld  be a b l e  t o  d e c i d e  if i t  i s  b e t t e r  
t o  mix  t h e  d e s i r e d  h o t  d u c t  tempera tu re ,  t o  t h e  d e s i r e d  c o l d  
deck tempera tu re  o r  somewhere i n  between. T h i s  d e c i s i o n  must 
be made based on t h e  r e l a t i v e  o v e r a l l  energy c o s t s  between 
h e a t i n g  and c o o l i n g  f u e l s  and on t h e  r e l a t i v e  f l o w  q u a n t i t i e s  
i n  each deck. S p e c i a l  c o n s i d e r a t i o n  a l s o  r e q u i r e d  f o r  V A V  
systems w i t h  'Reset C o n t r o l ' .  
Ha ines .  1981: S h a v i t .  1974; CIBSE 83. 1986. 

EVAPORATIVE COOLING 
lmprovementlfleplacement. 
Replace o r  supplement mechanica l  c o o l i n g  w i t h  e v a p o r a t i v e  
c o o l e r .  Some degree of  e v a p o r a t i v e  c o o l i n g  p o s s i b l e  by  
s p r a y i n g  e x i s t i n g  c o o l i n g  c o i l s .  
Most a p p l i c a b l e  i n  low h u m i d i t y  c l i m a t e s  w i t h  adequate wa te r  
s u p p l i e s .  Requi res c a r e f u l  a n a l y s i s  t o  j u s t i f y  c o s t s .  

S: 

See ECO R.3 and R.6. 
See A T  R.5. RV R.8 g i v e s  d e s i g n  i n f o r m a t i o n  on e v a p o r a t i v e  
c o o l e r s .  
W i l l  need t o  be sequenced c a r e f u l l y  w i t h  deck tempera tu re  and 
economiser c o n t r o l .  
Esk ra .  1980: Supple .  1982: Meyer.  1983: Pearson. 1982: and 
Dombroski .  1984. 

LOCATE MAKE-UP AIR A T  EXHAUST HOODS 
Improvement IReplacement .  
By - s u p p l y i n g  make-up a i r  d i r e c t l y  a t  t h e  exhaust  hood, t h e  
make-up a i r  can o f t e n  be s u p p l i e d  u n c o n d i t i o n e d  o r  o n l y  
p a r t i a l l y  c o n d i t i o n e d .  
Most a t t r a c t i v e  f o r  r e s t a u r a n t  range hoods IBSRIA. 19831 and 
o t h e r  h i g h  exhaust  zones. 



SIDE BENEFITS: Supply o f  c o o l  o r  k e s h  a i r  a t  source o f  p o l l u t i o n  can improve 
worker comfo r t .  

CAUTIONS: 
C O S T  FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO R.21 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 

CAUTIONS: 
C O S T  FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 

REFERENCES: 

ECO R .  22 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

Cons ider  rep lacement  o r  m o d i f i c a t i o n  a long  w i t h  ECO R.21 and 
w i t h  a d j u s t i n g  ven t  r a t e  t o  v a r y i n g  requ i remen t  (ECO 0 .2 ) .  See 
ECO R.34 f o r  fume hood a p p l i c a t i o n s .  See a l s o  ECO R.26. R.36. 
See AT R . 1 .  O f ten  up t o  70 t o  85% o f  a i r  can be s u p p l i e d  
u n c o n d i t i o n e d  o r  c o n d i t i o n e d  a t  a  tempera tu re  o t h e r  than  room 
temperature.  See a l s o  RV R.4. 

BSRIA. 1983: Dubin .  1975 

HIGH VELOCITY TYPE EXHAUST HOODS 
Improvement lReplacement .  
Mod i f y  e x i s t i n g  exhaust  hood o r  i n s t a l l  new hood o f  t ype  w i t h  
e x t r a c t  l o c a t e d  around t h e  hood p e r i m e t e r  ( a s  opposed t o  ove r  
t h e  f u l l  hood a r e a ) .  

Capture e f f i c i e n c y  can be improved w i t h  lower  a i r  volumes w i t h  
consequent sav ing  i n  fan power and make-up a i r  c o n d i t i o n i n g  
requ i remen ts .  

Cons ider  rep lacement  o r  m o d i f i c a t i o n  a long  w i t h  ECO R.20. See 
a l s o  ECO R.26. R.36. 
See AT R . l  and RV R.4. 
E x i s t i n g  hoods can be m o d i f i e d  by i n s t a l l i n g  b a f f l e s  i n s i d e  
t h e  hood. 
Dubin. 1975. 

CONVERSION T O  VAV 
Improvement lReplacement .  
Replace r e h e a t  c o i l s  w i t h  o r  add VAV c o n t r o l  boxes t o  r e h e a t  
systems. Conver t  d u a l  d u c t  boxes t o  two motor o p e r a t i o n  o r  
b lank  h o t  duc t  and modulate c o l d  d u c t  a i r  supply .  B lank  o f f  
h o t  duc t  and add VAV t o  c o l d  d u c t  t e r m i n a l s  ( m u l t i z o n e l .  Set  
s e t p o i n t s  as low as p o s s i b l e  c o n s i s t e n t  w i t h  d i f f u s e r  and a i r  
movement performance and v e n t i l a t i o n  requ i remen ts .  
P r i m a r i l y  a p p l i c a b l e  t o  t e r m i n a l  r e h e a t  a n d d u a l  d u c t  systems. 
Some a p p l i c a t i o n s  f o r  m u l t i z o n e  systems. 

U s u a l l y  c l o s e  c o n t r o l  o f  space r e l a t i v e  humudi ty  i s  
compromised. Low a i r  volumes i n  d i r e c t  expans ion r e f r i g e r a n t  
systems may cause f r o s t i n g  a t  c o i l s .  A i r  d i f f u s i o n  q u a l i t y  i n  
t h e  space can be compromised a t  low a i r  f l ow  r a t e s :  f a n  d r i v e n  
t e r m i n a l s  t o  m a i n t a i n  l o c a l  c i r c u l a t i o n  can m in im ise  such 
e f f e c t s .  
Maximal sav ings  w i t h  t h r o t t l e  t ype  V A V  boxes. 
U i l l  need t o  add fan volume c o n t r o l  t o  p r o t e c t  a g a i n s t  duc t  
o v e r - p r e s s u r i z a t i o n  and t o  maximise f a n  power sav ing .  See ECO 



App. 0  ECO l i s t s  I R l  

R.32. T h i s  ECO i s  one p a r t i c u l a r  o p t i o n  f o r  i m ~ r o v i n s  zone 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO R.23 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

. 
c o n t r o l .  See a l s o  ECO R.9. R.13. R.42. 
E s t i m a t i o n  o f  sav ings  n o r m a l l y  r e q u i r e s  t h e  use o f  an h o u r l y  
energy a n a l y s i s  program. 
Fan c o n t r o l  n o t  r e q u i r e d  i f  dump boxes used b u t  i n  t h i s  case 
no f a n  sav ings  p o s s i b l e .  Reheat may s t i l l  be necessary  i n  some 
zones. 
Uendes. 1983; Reed. 1983: Pannkoke, 1980; Pearson. 1985: 
Johnson. 1985: H a ~ n e s .  1984: n o n e y n e l l .  1976. 

OEAOBANO TnERMOSTATS 
ImprovementlReplacement 
Replace e x i s t i n g  space the rmos ta ts  w i t h  deadband t y p e  o r  s e t  
e x i s t i n g  hea t  and c o o l  s e t - p o i n t s  w i t h  deadband. NOTE: T h i s  i s  
a  s p e c i f i c  form o f  sequencing l s e e  ECO R.71 
Not d e s i r a b l e  on d u a l  d u c t  o r  m u l t i z o n e  systems because o f  
c o n t r o l  i n s t a b i l i t y  ( l e a v e s  m i x i n g  damper i n  n e u t r a l  p o s i t i o n )  
u n l e s s  complex s t r a t e g i e s  adopted.  Only  a p p l i c a b l e  t o  those  
systems capab le  o f  s u p p l y i n g  b o t h  h e a t i n g  and c o o l i n g  i n  same 
p e r i o d ,  e.g. n o t  a p p l i c a b l e  t o  2 -p ipe  i n d u c t i o n  systems. 

' r .  SIDE BENEFII.. 
CAUTIONS: 
C O S T  FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO R.24 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

U ide  deadband can compromise comfo r t .  
N e g l i g i b l e  c o s t  i f  s e t - p o i n t  ad jus tmen t  i s  a l l  t h a t  i s  
r e q u i r e d .  
Deadband c o n t r o l  may n o t  a lways be most d e s i r a b l e  fo rm i n  
' b u i l d i n g  hea t  r e c o v e r y l r e d i s t r i b u t i o n '  schemes. IECO R.25). 
See a l s o  ECO R.28 and EL.6. 
R e l i a b l e  e s t i m a t i o n  o f  sav ings  n o r m a l l y  r e q u i r e s  t h e  use o f  an 
h o u r l y  energy a n a l y s i s  program. 

Fu l lman.  1981: Pao lucc io .  1981: Ha ines .  1984 

LOAD RESEl IDISCRIMINATOR) CONTROL 
ImprovementIReplacement.  
Reset deck tempera tu re  i n  r e h e a t i n g  system upwards so t h a t  
zone w i t h  h i g h e s t  c o o l i n g  l o a d  i s  met w i t h o u t  r e h e a t .  I n  d u a l  
d u c t  and m u l t i z o n e  r e s e t  c o l d  deck tempera tu re  as above and 
r e s e t  h o t  deck as low as p o s s i b l e  w h i l s t  s t i l l  s a t i s f y i n g  zone 
w i t h  g r e a t e s t  h e a t i n g .  For  i n d u c t i o n  systems r e s e t  p r i m a r y  a i r  
t empera tu re  down d u r i n g  h e a t i n g  season t o  s a t i s f y  zone w i t h  
minimum h e a t i n g  and i n  summer as h i g h  as p o s s i b l e  t o  s a t i s f y  
zone w i t h  l e a s t  c o o l i n g .  Reset h e a t i n g  system supp ly  wa te r  
tempera tu re  i n  ou tdoor  a i r  r e s e t  systems based on one o r  more 
space t h e r m o s t a t s .  
Not a p p l i c a b l e  t o  f a n  c o i l s ,  u n i t  v e n t i l a t o r s  o r  i n c r e m e n t a l  
systems. V A V  systems can be t r e a t e d  as r e h e a t  excep t  t h a t  
i nc reased  fan  power may negate any c h i l l e r  sav ings  r e s u l t i n g  
f rom c o o l i n g  o r  COP improvements. Main a p p l i c a t i o n s  a r e  
Termina l  Reheat, M u l t i z o n e  and Dual Duct  Systems. 

SIDE BENEFITS: 
CAUTIONS: 



App. D  F C O  l i s t s  IR)  

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO R.25 

LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 

CAUTIONS: 

EVALUATION: 

Some c h i l l e r  COP b e n e f i t  can be o b t a i n e d  by r e s e t t i n g  c h i l l e d  
wa te r  temperature up w i t h  c o l d  deck temperature IECO R.30). 
See a l s o  ECO R.7. R.9. R.28. R.41. R.42. 
E v a l u a t i o n  o f  sav ings  n o r m a l l y  r e q u i r e s  t h e  use o f  h o u r l y  
a n a l y s i s  techniques.  
Some l o s s  o f  h u m i d i t y  c o n t r o l  can be expected.  I n  d u a l  d u c t  
and m u l t i z o n e  systems, ho t  deck can be shu t  o f f  i f  no zone 
heat  demand as can c o l d  deck if no c o o l i n g  demand. I n d u c t i o n  
system p r i m a r y  a i r  r e s e t  ar ranged t o  m in im ise  r e c o o l  ( 3 -  and 
4 - p i p e )  a n d l o r  o v e r - c o o l i n g ( 2 - p i p e 1  i n  summer. Check, however. 
secondary h e a t i n g  and c o o l i n g  c a p a c i t y  adequate. 
A lexander .  1984; Spethmann. 1977: Haines.  1984. 

AIR MIXING BETWEEN ZONESFOR UTILISATION OF. ZONE EXCESS HEAT 
OR EXHAUST. MAKEUP 
1mprovement lReplace .ent .  
Prov ide  fans ,  rea r range  ductwork  o r  i n s t a l l  dev i ces  t o  promote 
n a t u r a l  a i r  movement between spaces a t  d i f f e r e n t  temperatures 
where excess heat  i n  one o f  t h e  spaces can be used t o  o f f s e t  
heat  l osses  i n  t h e  o t h e r  o r  exhaust a i r  from one zone can 
reduce use o f  f r e s h  a i r  f o r  another  zone. Examples i n c l u d e :  
i )  C i r c u l a t i n g  a i r  between an a t t a c h e d  sunspace a t  t h e  main 
occupied space when t h e  sunspace temperature i s  h i g h e r  than 
t h e  occup ied  space. 
ii) Using a  common r e t u r n  a i r  d u c t  f o r  i n t e r i o r  and e x t e r i o r  
zones i n t h e  same b u i l d i n g  o r  r e t u r n i n g  a i r  from t h e  e x t e r i o r  
zone t o  t h e  i n t e r i o r  zone system and v i c e  ve rsa :  o r  o t h e r w i s e  
t o  promote m i x i n g  o f  i n t e r n a l  and e x t e r n a l  zone a i r .  
i i i )  D ischarge  exhaust  a i r  i n t o  a  p a r k i n g  garage space. 
B u i l d i n g s  where s imul taneous needs f o r  b o t h  h e a t i n g  and 
c o o l i n g  can be i d e n t i f i e d  o r  zones w i t h  l e s s  requ i remen ts  f o r  
f r e s h  a i r .  
P o s s i b i l i t y  o f  more even temperatures between d i f f e r e n t  p a r t s  
o f  t h e  b u i l d i n g .  
Avo id  m i x i n g  a i r  between " d i r t y "  a n d " c 1 e a n "  areas.  I t  may be 
necessary t o  i n s t a l l  smoke sensors  t o  shu t  v e n t i l a t i o n  o f f  o r  
smoke dampers t o  p reven t  sp read ing  smoke from one zone t o  
ano the r .  

T h i s  ECO may be d e s i r a b l e  as p a r t  o f  ECO E.33 (C lose  o f  
b a l c o n i e s  t o  make sunspace/greenhouse).  An a l t e r n a t i v e  
s t r a t e g y  would be t o  i n s t a l l  a  heat  pump h e a t . r e c o v e r y  system 
(see ECO R.43) .  ECO R.17 (M in im ise  s t r a t i f i c a t i o n l  i s  a  
s p e c i a l  case o f  t h i s  ECO where t h e  two zones a r e  n o t  
p h y s i c a l l y  separated and a r e  ar ranged one above t h e  o t h e r .  See 
a l s o  ECO R.16. R.23. R.28. R.41. 
D e t a i l e d  h o u r l y  a n a l y s i s  methods a r e  n o r m a l l y  r e q u i r e d  f o r  
r e l i a b l e  e s t i m a t e s  and shou ld  be under taken  where l a r g e  
c a p i t a l  e x p e n d i t u r e s  a re  concerned. P o t e n t i a l  sav ings  o f  up t o  
20% a r e  p o s s i b l e  (Jones.  1985) if excess heat  f rom i n t e r n a l  
and s o u t h e r l y  exposed areas a r e  u t i l i s e d  e f f e c t i v e l y .  
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COMMENTS: 
REFERENCES: Jones. 1985. 

ECO R.26 INSTALL LOCALISED EXHAUSTIMAKEUP A I R  SYSTEMS 
LEVEL: Improvement/Replacement.  
DESCRIPTION: Replace l a r g e  c e n t r a l  systems w i t h  s m a l l  l o c a l  and 

independen t l y  c o n t r o l l e d  exhaust  systems o r  p r o v i d e  dampers i n  
c e n t r a l  systems a t  p o i n t  o f  e x t r a c t ,  e .g .  garage ( c a r  
e x h a u s t ) .  we ld ing  hoods, fume cupboards. 

APPLICATION: Where l a r g e  number o f  exhaust  s t a t i o n s  a r e  p r o v i d e d  r e q u i r i n g  
o n l y  i n t e r m i t t e n t  use 

SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: Cons ider  a lonu  w i t h  ECO R.26 and R.21. See a l s o  ECO R.9. R.36. 

0 .2 .  
EVALUATION: See AT R.1. Some idea  o f  t h e  f requency o f  use i s  r e q u i r e d  f o r  

an e v a l u a t i o n .  
COMMENTS: 
REFERENCES: G o l d f i e l d .  1985. 

ECO R.27 
LEVEL: 
DESCRIPTION: 

SIDE BENEFITS: 

CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 

REFERENCES: 

DISCONTINUE O R  RELOCATE PRE-HEAT COILS 
Improvement/Replacement. 
Remove p r e - h e a t  c o i l s  o r  r e l o c a t e  a f t e r  m i x i n g  box .  
Fan p l a n t  w i t h  p re -hea t  c o i l s ,  p a r t i c u l a r l y  those  p l a n t s  t h a t  
were des igned f o r  100% o r  l a r g e  pe rcen tages ,o f  o u t s i d e  a i r  and 
t h a t  have o r  a r e  b e i n g  cons ide red  t o  be conver ted  t o  hand le  
l a r g e r  volumes o f  r e t u r n  a i r .  
Reduc t ion  i n  t h e  r i s k  o f  f reeze  up a s s o c i a t e d  w i t h  t h e  p r e -  
hea t  c o i l .  
Ensure danger o f  f r e e z e  up t o  downstream c o i l s  i s  n o t  
i nc reased .  

I f  i n s t a l l e d  e i t h e r  b e f o r e  o r  a f t e r  m i x i n g  box, ensure p r o p e r  
. sequenc ing  (see  ECO R . 7 ) .  ECO migh t  be cons ide red  a long  w i t h  
t h e  i n s t a l l a t i o n l c o n v e r s i o n  t o  a i r  economiser o p e r a t i o n  IECO 
R.18).  Removal may p e r m i t  f a n  s i z e  r e d u c t i o n  ( see  ECO 0 .81 .  

Pre-heat  c o i l s  u s u a l l y  i n s t a l l e d  t o  m in im ise  r i s k  o f  f r e e z i n g  
b u t  o f t e n  can be e l i m i n a t e d  by p r o D e r  m i x i n g ,  i . e .  a v o i d i n g  
s t r a t i f i c a t i o n .  I f  t h i s  s t e p  i s ' n o t  ensured,  f r e e z e  up may 
r e s u l t .  
Ha ines .  1980. 

ECO R.28 INSTALL EMS SYSTEM 
LEVEL: Improvement/Rep.lacement. 
DESCRIPTION: I n s t a l l  energy management systems t o  schedule  equipment 

o p e r a t i o n .  More s o p h i s t i c a t e d  system a l s o  p r o v i d e  a c t u a l  
c o n t r o l  c a p a b i l i t i e s ,  e . g . ;  D i r e c t  D i g i t a l  C o n t r o l  Systems. 

APPLICATION: 
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SIDE BENEFITS: Demand shedding t o  a v o i d  h i g h  energy c o s t  can be ,improved w i t h  
EMS system. 

CAUTIONS: Much o f  t h e  p o t e n t i a l  sav ings  can be l o s t  by u n s u i t a b l e  
programming, p o o r l y  p l a c e d  o r  i n a c c u r a t e  sensors  and f a i l u r e  
by P l a n t  pe rsonne l  t o  use t h e  equipment c o r r e c t l y .  Personnel  
t r a i n i n g  cons ide red  t o  be e s s e n t i a l .  

COST FACTORS: Cost e f f e c t i v e n e s s  and system s o p h i s t i c a t i o n  g e n e r a l l y  
i nc rease  w i t h  number o f  c o n t r o l  p o i n t s .  Can be h i g h  c o s t .  

INTERACTIDNS: Bas ic  EMS f u n c t i o n s  i n c l u d e  ECO Numbers: R.1. R.2. R.4. R.5. 
and R.7. Advanced systems w i t h  c o n t r o l  c a p a b i l i t i e s  can be 
used f o r  implement ing ECO Numbers R.8.:-R.23. R.24. R.25. R.43. 
P.3. 0 .2 ,  C.3 and L .17 .  EMS w i l l  have a p p l i c a t i o n s  f o r  c e n t r a l  
p l a n t .  WAC l i g h t i n g ,  d i s t r i b u t i o n .  ECOs and e l e c t r i c a l  

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO R.29 
LEVEL: 
DESCRIPTION 

APPLICATION 

systems. 
D e s i r a b i l i t y  and t y p e  o f  system s u i t a b l e  w i l l  be most 
i n f l u e n c e d  by t h e  number and t y p e  ( b i n a r y  o r  ana log ,  i n p u t  o r  
o u t p u t )  o f  c o n t r o l  f u n c t i o n s  ( i . e .  amount o f  equipment t o  be 
c o n t r o l l e d  and manner i n  which i t  i s  c o n t r o l l e d ) .  

Haines.  1982: B i r t l e s .  1984; Gardener.  1984: BRE D i g e s t  289. 
1984; 8RE l P . 2 / 8 5 .  1985; BRE I P  3 /83 ,  1983. 

STRATIFICATION SPLITTERS 
I m ~ r o v e m e n t / R e ~ l a c e m e n t .  

: modi fy  m i x i n g ' s e c t i o n  t o  d i r e c t  warmer r e t u r n  a i r  tp h o t  deck 
and c o o l e r  o u t s i d e  a i r  t o  c o l d  deck.  

: A p p l i c a b l e  t o  some types of  d u a l  d u c t  and m u l t i z o n e  systems 
w i t h  b u i l t  up c e n t r a l  s t a t i o n  p l a n t .  

S[DE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 
EVALUATION: D e t a i l e d  h o u r l y  a n a l y s i s  methods a r e  n o r m a l l y  r e q u i r e d  f o r  

r e l i a b l e  e s t i m a t e s  o f  sav ings .  
COMMENTS: 
REFERENCES: Dubin .  1975: 

ECO R.30 CYCLE AIR CONDITIONING 
LEVEL: Improvement/Replacement. 
DESCRIPTION: Cyc le  compressor o p e r a t i o n  10-15 minutes and r u n  f a n  a f t e r  

compressor s tops  t o  r e - e v a p o r a t e  condensat ion formed on t h e  
c o i l  ( b e n e f i t  from e v a p o r a t i v e  c o o l i n g  e f f e c t ) .  

APPLICATION: Smal l  c e n t r a l  a i r  c o n d i t i o n i n g  i n s t a l l a t i o n s  w i t h  f a n  forced '  
a i r  c i r c u l a t i o n .  

SIDE BENEFITS: 
CAUTIONS: Inc reased  space h u m i d i t y  v a l u e  depending on c y c l e  f requency 
COST FACTORS: 
INTERACTIONS: - ~ -~ ~. 
EVALUATION:  See r e f .  
COMMENTS: 
REFERENCES: K insey .  1979. 
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ECO R.31 CORRECT POOR CONTROL VALVE SELECTION 
LEVEL: ImprovementlReplacement.  
OESCRIPTION: C o r r e c t  poor  c o n t r o l  v a l v e  per formance by choos ing v a l v e  w i t h  

c o r r e c t  ' a u t h o r i t y ' .  For l a r g e  c o i l s  i t  may be d e s i r a b l e  t o  
r e p l a c e  a  s i n g l e  v a l v e  w i t h  two v a l v e s  s e l e c t e d  t o  hand le  113 
and 213 o f  t h e  l o a d .  r e s p e c t i v e l y .  

APPLICATION: Hea t ing  and c o o l i n g  c o i l s .  
SlDE BENEFITS: Improved c o n t r o l  s t a b i l i t y .  Pro longed l i f e  o f  steam c o i l s .  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: Load r e d u c t i o n s  can aggrava te  poor  c o n t r o l  v a l v e  s e l e c t i o n  

problems by  f o r c i n g  o p e r a t i o n  more near  t o  t h e  v a l v e  c l o s e d  
p o s i t i o n .  See ECO R.9. 

EVALUATION: 
COMMENTS: Uhen a  v a l v e  w i t h  t o o  low an ' a u t h o r i t y '  i s  s e l e c t e d .  t h e  

c o n t r o l  v a l v e  i s  f o r c e d  t o  o p e r a t e  on a  reduced t h r o t t l i n g  
ranae - c o n t r o l  i s  i n v a r i a b l v  Door where a  v a l v e  i s  t r y i n g  t o  
c o n t r o l  near  t o  i t s  f u l l y  c l o i e d  p o s i t i o n .  

REFERENCES: Trane. 1977: ClBSE B l l .  1985. 

ECO- R .  32 
LEVEL: 
OESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

VAV FAN CONTROL I N  AC SYSTEMS 
Improvement lRep lacement .  
P r o v i d e  o r  improve fan  f l o w l d u c t  ove r  p r e s s u r e  c o n t r o l  by 
p r o v i d i n g  speed c o n t r o l  o r  i n l e t  gu ide  vanes o r  v a r i a b l e  p i t c h  
vane a x i a l  f ans .  : .%: ,, 

VAV systems. 
Lower p ressu res  u i l l  r e s u l t  i n  lower  leakage f rom ductwork  and 
p a s t  dampers. 

U s u a l l y  h i g h  b u t  g e n e r a l l y  good paybacks p o s s i b l e .  
ECO R.40 [Replacement o f  c e i l i n g  dump b o x e s ) .  See a l s o  V A V  
C o n t r o l  f o r  Fume Hoods (ECO R.34) .  ECO R.22 (Convers ion  t o  
VAVI. ECO EL.6 (Motor  speed c o n t r o l ) .  
R V  R.6 g i v e s  t y p i c a l  p o w e r l f l o w  c h a r a c t e r i s t i c s  f o r  a  range o f  
f a n  c o n t r o l  means. A  b i n  l s e e  A T  M.2) o r  h o u r l y  a n a l y s i s  
method i s  n o r m a l l y  r e q u i r e d  t o  e s t i m a t e  f a n  energy sav ings .  

Trane. 1979: Honeywel l .  1976 

ECO R.31 USE COOLING COIL FOR BOTH HEATING AND COOLING OUTIES ~ 

LEVEL: Improvement lReplacement .  
DESCRIPTION: Yhen h e a t i n g  and c o o l i n g  i s  n o t  needed d u r i n g  some p e r i o d .  

remove h e a t i n g  c o i l  and p i p e  h e a t i n g  t o  c o o l i n g  c o i l  w i t h  
a p p r o p r i a t e  c o n t r o l l i s o l a t i n g  v a l v e s .  

APPLICATION: 
SlDE BENEFITS: Lowers a i r  f l o u  r e s i s t a n c e  f o r  p o s s i b l e  f a n  pouer sav ings .  

Louer wa te r  f l o w  r a t e s  f o r  h e a t i n g  f l u i d  may be p o s s i b l e  f o r  
pumping sav ings .  

CAUTIONS: 
COST FACTORS: 



INTERACTIONS: T h i s  ECO i s  one way o f  sequenc ing  h e a t i n g  and m e c h a n i c a l  
c o o l i n g  ( s e e  ECO R.7) 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO R.34 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 

COST FACT'ORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

VARIABLE VOLUME CONTROLS FOR FUME HOODS 
Improvement lReplacement .  
Add v a r i a b l e  a i r  vo lume c o n t r o l s  t o  e x i s t i n g  fume hoods t o  
m a i n t a i n  n o m i n a l l y  c o n s t a n t  sash  o p e n i n g  v e l o c i t y  o v e r  t h e  
r a n g e  o f  such  o p e n i n g  p o s i t i o n s .  A l t e r n a t i v e  - r e p l a c e  o l d  
hoods w i t h  new hoods w i t h  VAV c o n t r o l s .  
A l l  fume hood a p p l i c a t i o n s ,  p a r t i c u l a r l y  t h o s e  where  t h e  fume 
hoods o p e r a t e  c o n t i n u o u s l y  ( hoods  c o n t a i n i n g  t o x i c  equ ipmen t  
o f t e n  have t o  o p e r a t e  c o n t i n u o u s l y l .  

Some d e v i c e s  have p r o v e d  t o  c r e a t e  o p e r a t i o n  p rob lems  and 
n o t e d  p o t e n t i a l  p rob lems  i n c l u d e :  il s e n s i n g  d e v i c e s  i n t e r f e r e  
w i t h  access  t o  hood,  iil l o w  d i s c h a r g e  v e l o c i t y  ( a t  b u i l d i n g  
e x t e r i o r )  can  c r e a t e  r e - e n t r y  p rob lems ,  i i i )  r e l a t i v e  
p r e s s u r e s  r e v e r s e d  be tween ' c l e a n '  and ' d i r t y "  a r e a s ,  and i v )  
i n c o m p l e t e  s c a v a g i n g  o f  a l l  p a r t s  o f  hood a t  t h e  l o w e r  
v e l o c i t y .  
U s e r s  must  be  t r a i n e d  t o  c l o s e  t h e  sashes ,  o t h e r w i s e  t h e  
s a v i n g s  w i l l  be  r e a l i z e d .  
H i g h  payback  p o t e n t i a l ,  p a r t i c u l a r l y  i n  ex t r eme  c l i m a t e s .  
A i r  t o  a i r  h e a t  r e c o v e r y  (ECO HlC.171 can  be  c o n s i d e r e d  a s  a n  
a l t e r n a t i v e .  S u p p l y i n g  p a r t i a l l y  c o n d i t i o n e d  make up  a i r  a t  
t h e  hood (ECO R.20)  can  be  c o n s i d e r e d  c o m p l i m e n t a r y .  See a l s o  
ECO R.32.  
Sash can  be  assumed t o  be  c l o s e d  f o r  most  o f  t h e  t i m e  ( c h e c k  
p r e v a i l i n g  use1  and c a p a b l e  o f  b e i n g  o p e r a t e d  a t  a r o u n d  20% o f  
t h e  r a t e d  e x h a u s t  r a t e .  C a l c u l a t e  s a v i n g s  a s s o c i a t e d  w i t h  80% 
r e d u c t i o n  i n  make up  a i r  c o n d i t i o n i n g  r e q u i r e m e n t s .  The re  w i l l  
a l s o  b e  s m a l l  s a v i n g s  i n  f a n  e l e c t r i c  consump t i on .  Volume 
c o n t r o l  may be  b y  dampers o r  m o t o r  speed c o n t r o l .  See AT R.L.  

Ben t son .  1985:  Y i g g i n .  1985 

ECO R.35 MECHANICAL OEHUMIDIFICATION I N  SWIMMING POOL HALLS 
LEVEL: Rep lacement .  
DESCRIPTION: Reduce v e n t i l a t i o n  t o  s a t i s f y  occupancy  r e q u i r e m e n t s  l n o t  

h u m i d i t y )  and c o n t r o l  h u m i d i t y  u s i n g  h e a t  pump d e h u m i d i f i e r .  
R e j e c t  h e a t  f r o m  condense r  u s e d  f o r  p o o l  w a t e r ,  p o o l  h a l l  
sDace o r  s e r v i c e  w a t e r  h e a t i n a .  ~ ~ 

APPLICATION: ~ i i m m i n g  p o o l s  and spas .  
SIDE BENEFITS: P o s s i b l e  t o  o b t a i n  l o w e r  p o o l  h a l l  h u m i d i t y  a t  ip4er e n e r g y  

c o s t s  t h a n  w i t h  v e n t i l a t i o n .  Water c o n s u m ~ t i o n  and w a t e r  -~ ~~ 

t r e a t m e n t  s a v i n g s  a r e  p o s s i b l e .  
CAUTIONS: Check t h e  r e q u i r e m e n t s  o f  P u b l i c  H e a l t h  o f f i c i a l s  t h a t  w a t e r  

r e t u r n e d  t o  t h e  p o o l  f r o m  t h e  d e h u m i d i f i e r  can  be  c o n s i d e r e d  
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as ' f r e s h  water  make-up'. Avo id  b l o w i n g  ove r  wa te r  i n  p o o l  
h a l l s  as t h i s  w i l l  t end  t o  i nc rease  e v a p o r a t i o n  r a t e s .  

COST FACTORS: 
INTERACTIONS: A i r  t o  a i r  hea t  exchanger (ECD HlC.17)  o r  h u m i d i s t a t  c o n t r o l  

, o f  v e n t i l a t i o n  IECO R.251 would be a l t e r n a t e  o r  compl imentary  
s t r a t e g i e s ,  a l t e r n a t i v e  i f  t h e  same v e n t i l a t i o n  a i r  charge 
r a t e  i s  m a i n t a i n e d  o r  compl imentary  i f  t h e  hea t  exchanger i s  
a p p l i e d  t o  t h e  reduced volume o f  o u t s i d e  a i r  s u p p l i e d .  See 
a l s o  ECO M . l O .  

EVALUATION: See AT R.6 and R.7. 
COMMENTS: I n  w i n t e r  t h e  hea t  f rom t h e  compressor c o n t r i b u t e s  t o  t h e  

space h e a t i n g  o f  t h e  p o o l  h a l l .  
REFERENCES: 

ECO R.36 ADSORPTION FILTERS 
LEVEL: Replacement. 
DESCRIPTION: I n s t e a d  o f  exhaus t ing  v i t i a t e d  a i r ,  pass th rough  adsorpt ' ion 

f i l t e r s  and r e t u r n  t o  t h e  space. A c t i v a t e d  ca rbon  f i l t e r s  a r e  
t h e  most w i d e l y  used t y p e  a l t h o u g h  o t h e r  a d s o r p t e n t s  a r e  
a v a i l a b l e  f o r  s p e c i f i c  a p p l i c a t i o n s .  

APPLICATION: K i t c h e n s  i n  d w e l l i n g s .  
SIDE BENEFITS: 
CAUTIONS: P o s s i b l e  compromise on i n d o o r  a i r  q u a l i t y .  L i f e t i m e  o f  

a c t i v a t e d  carbon i s  l i m i t e d ,  l e a d i n g  t o  a  r e d u c t i o n  o f  
f i l t e r i n g  c a p a b i l i t y ,  a l t h o u g h  r e a c t i v a t i o n  by h e a t i n g  t o  h i g h  
tempera tu res  can r e s t o r e  e f f i c i e n c y  t o  some degree.  Grease 
c o l i e c t i o n .  f o r  examole. when used i n  k i t c h e n  range hoods can 

~ ~ . - .  ~ ~ - 
a l s o  compromise f i l t e r i n g  e f f i c i e n c y .  

COST FACTORS: Can be economic s o l u t i o n  t o  i n t e r n a l  k i t c h e n s ,  where 
i n s t a l l i n g  ductwork  t o  t h e  o u t s i d e  would be d i f f i c u l t  and 
expens ive .  

INTERACTIONS: A l t e r n a t i v e  t o  R.20. R.21, R.26. 
EVALUATION: See AT R.2. - - ~~ 

COMMENTS: Check t h a t  such an o p t i o n  comp l ies  w i t h  b u i l d i n g  codes. 
REFERENCES: Oubin. 1975; ASHRAE Equipment.  Ch. 11.  1983. 

ECO R.37 LOCAL HEATING AND COOLING 
L E V E L :  Reolacement. 
DESCRIPTION: Use l o c a l  h e a t i n g  and c o o l i n g  f o r  c o m f o r t  c o n d i t i o n i n g  o n l y  i n  

those l o c a t i o n s  where i t  i s  r e q u i r e d  i n  p l a c e  o f  c o n d i t i o n i n g  
t h e  complete  b u l l d i n g  space. 

APPLICATION: Most p o t e n t i a l  i n  l a r g e  open spaces w i t h  low occupancy, e.9. 
warehouses. 

SIDE BENEFITS: Can be a d j u s t e d  t o  meet l o c a l  needs. 
CAUTIONS: , . . , : . 
COST FACTORS: 
INTERACTIONS: Cons ider  r a d i a n t  h e a t i n g  (ECO R.381. 
EVALUATION: 
COMMENTS: L o c a l  space d e s i g n  and freedom f rom d r a f t s  a r e  i m p o r t a n t  t o  

ach ieve  a c c e p t a b l e  comfor t  l e v e l s .  
REFERENCES: Azer.  1985 
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ECO R.3B 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 
EVALUATION: 

COMHENTS: 
REFERENCES: 

RADIANT HEATING 
Replacement. 
Replace o r  supplement a i r  h e a t i n g  w i t h  'H igh tempera tu re  s m a l l  
source'  o r  'LOW temperature l a r g e  source '  h e a t i n g .  
O f ten  found advantageous i n  l a r g e ,  h i g h  and open spaces such 
as f a c t o r i e s .  Response i s  r a p i d  (immediate warm up,  q u i c k  c o o l  
down1 making a p p l i c a t i o n  f o r  i n t e r m i t t e n t  h e a t i n g  p a r t i c u l a r l y  
a t t r a c t i v e .  Easy t o  m a i n t a i n  hea t  i n  a  d e s i r e d  l o c a t i o n ,  even 
i n  open spaces, makes i t  s u i t a b l e  f o r  l o c a l  h e a t i n g .  

: M i l l  p e r m i t  lower a i r  temperature a t  e q u i v a l e n t  c o m f o r t  and 
: consequen t l y  w i l l  m in im ise  i n f i l t r a t i o n  and v e n t i l a t i o n  

l osses .  
Not a p p r o p r i a t e  where atmosphere c o n t a i n s  i g n i t a b l e  d u s t .  
gases o r  vapors .  

Can be used as l o c a l  h e a t i n g  ( see  ECO R.371. 
See A T  R.B. Sav ings as h i g h  as 501  compared t o  ' c o n v e c t i o n  
h e a t i n g  systems" a r e  c la imed  t o  be p o s s i b l e .  

F i t z g e r a l d .  1983: Burgess. 1984: Jones. 1965: ClBSE 81.  1986. 

ECO R.39 DIRECT GAS FIRED MAKEUP UNITS 
LEVEL: Replacement. 
DESCRIPTION: Replace i n d i r e c t  f i r e d  equipment w i t h  d i r e c t  gas f i r e d  

equipment ( p r o d u c t s  o f  combust ion pass t o  space b e i n g  h e a t e d ) .  
APPLICATION: Use o n l y  where b u i l d i n g  codes p e r m i t ,  u s u a l l y  o n l y  s u i t a b l e  i n  

make-up a i r  a p p l i c a t i o n s  such as i n d u s t r i a l  p l a n t s ,  p a r k i n g  
garages,  door  en t rance  h e a t e r s  and commercial  k i t c h e n s .  

SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: T y p i c a l l y  20 t o  401 more e f f i c i e n t  than i n d i r e c t  u n i t s .  A lso 

cheaper c a p i t a l  c o s t  than i n d i r e c t .  
INTERACTIONS: ~ o n s l d e r  a iong  w i t h  E C O  R.16 (CO c o n t r o l l e d  v e n t i l a t l o n l  
EVALUATION: See A T  R.4. 
COMHENTS: 
REFERENCES: 

ECO R.40 REPLACE FEILING DUMP BOXES 
LEVEL: Replacement. 
DESCRIPTION: Replace c e i l i n g  dump boxes (Bypass t y p e )  w i t h  t h r o t t l e  t y p e  

volume c o n t r o l  boxes. 
APPLICATION: V A V  systems. 
SIOE BENEFITS: 
CAUTIONS: Care must be e x e r c i s e d  w i t h  d i r e c t  expans ion equipment where 

minimum a i r  f l o w  must be ma in ta ined  over  a . c o i l  t o  p r e v e n t  i c e  
fo rmat ion .  

COST FACTORS: 
INTERACTIONS: See ECO R.32 f o r  f a n  c o n t r o l  o p t i o n s .  F a n l d u c t  p ressu re  

c o n t r o l  may be r e q u i r e d  and i n  most cases i s  d e s i r a b l e .  
EVALUATION: E v a l u a t i o n  o f  f an  energy sav ings  n o r m a l l y  r e q u i r e s  use o f  an 

h o u r l y  energy a n a l y s i s  program. 
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COMMENTS: 
REFERENCES: Pannkoke. 1980 

ECO R.41 RE-COOL COILS 
LEVEL: Replacement.  
DESCRIPTION: Add r e - c o o l  c o i l ( s 1  on zone(s1 w i t h  u r e a t e s t  o r  most 

con t inuous  c o o l i n g  l o a d  a l l o w i n g  system deck- temperature t o  be 
inc reased .  

APPLICATION: A p p l i c a b l e  p r i m a r i l y  t o  r e - h e a t  systems. 
SlDE BENEFITS: Most b e n e f i t  d e r i v e d  where s m a l l  system se rves  a reas  w i t h  

l a r g e l y  d i f f e r i n g  c o o l i n g  requ i remen ts  (e .g .  i n t e r i o r  and 
e x t e r i o r  zones) .  

CAUTIONS: ~~~ ~ 

COST FACTORS: 
INTERACTIONS: P o s s i b l e  i n t e r f e r e n c e  w i t h  ECOs R.7. R.25. Cons ider  a l o n g  w i t h  

ECO R.24. 
EVALUATION: E v a l u a t i o n  o f  energy sav ings  n o r m a l l y  r e q u i r e s  t h e  use o f  an 

h o u r l y  energy a n a l y s i s  program. 
COMMENTS: 
REFERENCES: 

ECO R.42 INDIVIDUAL COILS I N  MULTIZONE SYSTEM 
LEVEL: Replacement. 
DESCRIPTION: Replace systems w i t h  s i n g l e  p a i r  ( h e a t  and c o o l )  c o i l s  w i t h  

systems hav ing  p a i r  o f  c o i l s  pe r  zone. 
APPLICATION: A p p l i c a b l e  t o  m u l t i z o n e  systems o n l y .  
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: Norma l l y  o n l y  economica l  i f  t h e  u n i t  i s  n e a r i n g  t h e  end o f  i t s  

u s e f u l  l i f e .  
INTERACTIONS: A l t e r n a t i v e  ECO R.22. Cons ider  a long  w i t h  ECOs R . 7 .  R.24 o r  

c o n s i d e r  rep lacement  w i t h  an i n h e r e n t l y  more e f f i c i e n t  system 
( E C O  R.431. 

EVALUATION: E v a l u a t i o n  o f  energy sav ings  n o r m a l l y  r e q u i r e s  t h e  use o f  an 
h o u r l y  energy a n a l y s i s  program. 

COMMENTS: 
REFERENCES: Dubin .  1975. 

ECO R.43 SYSTEM REPLACEMENT 
LEVEL: Replacement. 
DESCRIPTION: I n s t a l l  more energy e f f i c i e n t  HVAC system. 
APPLICATION: Norma l l y  o n l y  cons ide red  w o r t h w h i l e  i f  equipment i s  n e a r i n g  

t h e  end o f  u s e f u l  l i f e  and /o r  major  b u i l d i n g  r e t r o f i t  p lanned .  
SlDE BENEFITS: B e t t e r  des igned systems shou ld  p r o v i d e  improved c o m f o r t .  

p o s s i b l y  l e s s  n o i s e  w h i l s t  a v o i d i n 4  t h e  prob lem o f  'add-ons' 
t o  t h e  e x i s t i n g  systems. 

CAUTIONS: 
COST FACTORS: H igh  c o s t .  
INTERACTIONS: See a l s o  ECO R.25. R.42. 
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EVALUATION: E v a l u a t i o n  o f  system o p t i o n s  i s  a  complex process r e q u i r i n g  an 
exper ienced  des igner .  E v a l u a t i o n  o f  energy sav ings  n o r m a l l y  
r e q u i r e s  t h e  use o f  an h o u r l y  energy a n a l y s i s  program. See RV 
R . l l .  

COMMENTS: More e f f i c i e n t  HVAC systems wil.1 n o r m a l l y  have v a r i a b l e  volume 
a i r  d e l i v e r y ,  may u t i l i s e  hea t  pumps f o r  heat  r e c o v e r y  and 
hea t  r e d i s t r i b u t i o n  purposes,  and may u t i l i s e  s t o r a g e  
techn iques .  I n  b u i l d i n g  u t i l i s i n g  recovery  s t r a t e g i e s  i t  i s  
o f t e n  i m p o r t a n t  t o  have central l h u i l d i n q l  cantral 
~ a ~ a b i l i t i e s .  For  example i n  a  b u i l d i n g  t h a t  i s  e i t h e r  on a l l  
h e a t i n g  o r  a l l  c o o l i n g  i t  would be l o g i c a l  t o  have d i f f e r e g t  
h e a t i n g  and c o o l i n g  s e t - p o i n t s ,  e .g .  2 0 ' ~  h e a t i n g :  26 C 
c o o l i n g .  However, f o r  t h e  case where t h e  b u i l d i n g  has 
c o i n c i d e n t  demands f o r  b o t h  h e a t i n g  and c o o l i n g ,  i t ' m g y  be 
b e n e f i c i a l  u n d e r .  c e r t a i n  c o n d i t i o n s  t o  c o o l  down t o  20 C so 
t h a t  more recovered  hea t  i s  made a v a i l a b l e  t o  those p a r t s  o f  
t h e  b u i l d i n g  r e q u i r i n g  h e a t i n g .  

REFERENCES: 



ECO H . l  SHUT BOILER PLANT OFF UHEN NOT REOUIRED 
LEVEL: Opera t ions .  
DESCRIPTION: Close o f f  b o i l e r  p l a n t  and a u x i l i a r i e s  when h e a t  i s  n o t  

r e q u i r e d ,  i . e .  when b u i l d i n g  i s  unoccupied;  when t h e  need o f  
h e a t  i s  zero: o r  when h e a t  s t o r a g e  may cover  t h e  h e a t i n g  need 
f o r  s e v e r a l  h o u r s ~  - - . . . . . . . . . . . 

APPLICATION: A l l  b o i l e r  p l a n t s .  
SIDE BENEFITS: Reduced o p e r a t i o n  o f  system a u x i l a r i e s ,  e .g . .  pumps, fans  
CAUTIONS: Condensat ion i n  b o i l e r  c r e a t e d  by lower  tempera tu res  can 

reduce i t s  l i f e .  Danger o f  f r e e z i n g  by low o u t d o o r  
tempera tu re .  Hay a f f e c t  c o m f o r t  a f t e r  t h e  i n t e r r u p t i o n .  

COST FACTORS: N e g l i g i b l e  c o s t ,  i f  done manua l l y .  a l t h o u g h  u s i n g  au tomat i c  
means ( t i m e  c l o c k s ,  energy management systems)  g i v e  more 
r e l i a b l e  and g r e a t e r  sav ing .  p a r t i c u l a r l y  i f  optimum s t a r t  i s  
adopted. 

INTERACTIONS: Change o f  i n t e r i o r  env i ronment  o f  t h e  b u i l d i n g  i n f l u e n c i n g  i t s  
use.  See R e g u l a t i o n  ECOs. Turn c i r c u l a t i n g  pump o f f  w i t h  
b o i l e r ,  see ECO P.3. P r e c o n d i t i o n i n g  p e r i o d  must be s e t  w i t h  
c o n s i d e r a t i o n  o f  t h e  a b i l i t y  o f  t h e  h e a t i n g  p l a n t  t o  b r i n g  t h e  
b u i l d i n g  back t o  c o m f o r t  l e v e l  i n  t i m e ,  see ECO H.20 ( I n s t a l l  
hea t  s t o r a g e ) .  ECO H.6 (Reset  b o i l e r  a q u a s t a t ) .  ECO H.10 
(Repa i r  b o i l e r  i n s u l a t i o n ) .  ECO H.18 ( I n s t a l l  separa te  SHY 
h e a t e r ) .  

EVALUATION: Cost o f  au tomat i c  c o n t r o l  c o u l d  be compared t o  sav ings  f rom 
reduced s tand-by losses IAP H.2 and RV H.2 ) .  See a l s o  AP H.4. 

rnMMFNT<. - - . . . . - . . . - . 
REFERENCES: 

ECO H.2 TURN PILOT LIGHTS OFF I N  GAS EOUIPUENT WHEN NOT REOUIRED 
LEVEL: Opera t ions .  
DESCRIPTION: Turn gas p i l o t  l i g h t  o f f .  
APPLICATION: Gas b u r n e r s  w i t h  p i l o t  ( a s  opposed t o  e l e c t r i c  i g n i t i o n  

sys tems l .  
SIDE BENEFITS: Can improve l i f e t i m e  o f  equipment 
CAUTIONS: 
COST FACTORS: N e g l i g i b l e  c o s t  i f  done manua l l y .  
INTERACTIONS: 
EVALUATION: Energy s a v i n g  p r o p o r t i o n a l  t o  t h e  power o f  t h e  gas p i l o t  and 

t o  t h e  p e r i o d  o f  t h e  i n t e r r u p t i o n .  
COMMENTS: 
REFERENCES: 

ECO H.3 REDUCE NUMBER OF ON-LINE BOILERS AS LOAD REDUCES 
LEVEL: Opera t ions .  
DESCRIPTION: Turn o f f  t h e  b o i l e r s  as l o a d  reduces and i s o l a t e  ( s e p a r a t e )  

them h y d r a u l i c a l l y  t o  a v o i d  t h e  s tandby l o s s e s .  
APPLICATION: Hea t ing  p l a n t s  w i t h  more than  one b o i l e r .  
SIDE BENEFITS: Improved l i f e t i m e  o f  components. 
CAUTIONS: Avo id  s t a r t s  o f  a d d i t i o n a l  b o i l e r s  j u s t  f o r  v e r y  s h o r t  

p e r i o d s ,  i . e . .  i n  t h e  morn ing,  a f t e r  tempera tu re  r e d u c t i o n  
d u r i n g  n i g h t .  



COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS : 

REFERENCES: 

ECO H.4 
LEVEL: 
DESCRIPTION: 

 APPLICATION^ 
SIDE BENEFITS 
CAUTIONS: 
C O S T  FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS : 
REFERENCES: 

ECOH.5 , 

LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 

CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 
EVALUATION: 
COMMENTS : 
REFERENCES: 
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N e g l i g i b l e  c o s t  i f  done manua l l y .  H igher  c o s t s  f o r  au tomat i c  
o p e r a t i o n .  
Cons ider  i n  c o n j u n c t i o n  w i t h  t h e  sequenc ing o f  b o i l e r  f i r i n g  
(ECO H.23) .  Cons ider  a l s o  i s o l a t i n g  gas s i d e .  See a l s o  ECO 
H.10 (Upgrade b o i l e r  i n s u l a t i o n ) .  
Energy sav ing  determined from t h e  r e d u c t i o n  o f  t h e  s tandby 
losses  o f  t h e  b o i l e r s  IAP H.2 and R V  H . 2 ) .  
W i th  many o v e r s i z e d  h e a t i n g  p l a n t s ,  a d d i t i o n a l  b o i l e r s  can be 
shut  o f f  semipermanent ly .  

CONTROL P R O P E R  ATOMIZATION OF OIL 
Opera t ions l lmprovement .  : 
E f f i c i e n t  combust ion o f  o i l  depends g r e a t l y  on t h e  p r o p e r .  
a t o m i z a t i o n  o f  t h e  o i l  and t h e  c o r r e c t  a i r  t u r b u l e n c e  a t  t h e  
n o z z l e .  P rehea t ing  o f  t h e  o i l  may inc rease  t h e  c o m b u ~ t i o n  
q u a l i t y  and t h e  hea t  o u t p u t .  
Heavy f u e l  o i l  b u r n e r s .  
Decreased soo t  f o r m a t i o n  and d e p o s i t .  

Of most i n t e r e s t  i f t h e  bu rne r  has t o  be changed. 
ECO H.8 ( S e r v i c e  b u r n e r ) .  ECO H.21 (Use f u e l  a d d i t i v e s l .  ECO 
H.22 ( I n s t a l l  oxygen t r i m ) ,  ECO H.17 ( I n s t a l l  more e f f i c i e n t  
b u r n e r ) .  
Check i f  poor  combust ion j u s t i f i e s  a  change o f  b u r n e r .  See AP 
H.1. 

REDUCE BLOYDOYN LOSSES 
Operat ions/ lmprovement .  
M in im ise  blowdown losses by r e p l a c i n g  r e g u l a r  i p e r i o d i c )  
blowdown ~ r a c t i c e s  bv: i) blow ing  down o n l y  when m o n i t o r e d  
suspended ' s o l i d s  l e v e i s  i nc rease  be iond  t h a t  d e s i r a b l e  a n d l o r  
111 r e c o v e r i n g  heat  f rom blowdown t o  p rehea t  make-up wa te r .  . 
Steam b o i l e r s .  
Reduced water  t rea tmen t  c o s t s  i f  t i m e  between blowdowns 
inc reased .  

Automat ic  blowdown system based, on s o l i d s  m o n i t o r i n g  must be 
weighted a g a i n s t  t ime  spent by maintenance pe rsonne l  and 
c o s t s i n v o l v e d  w i t h  t r e a t i n g  b o i l e r  water  t o  reduce  s o l i d s  
f o r m a t i o n .  

Oven. 1983. 



ECO H.6 RESET BOILER AQUASTAT WITH HEAT DEMAND, 
LEVEL: Operations/lmprovement. 
DESCRIPTION: Reduce b o i l e r  aquastat se t -po in t  as demand f o r  heat drops (can 

be automated t o  ad jus t  f o r  c l i m a t i c  v a r i a t i o n s ) .  For water 
systems water temperature can be regu la ted  by r e s e t t i n g  b o i l e r  
aquastat.  Outside a i r  temperature rese t  can a l so  be app l ied  t o  
the c o n t r o l  o f  the pr imary a i r  temperature i n  i nduc t i on  
systems (an a l t e r n a t e  i s  room temperature r e s e t ) .  For steam 
systems t he  same k i n d  o f  c o n t r o l  can be obta ined by: i )  'heat 
t imers '  which vary the  amount o f  steam al lowed i n t n  the  
d i s t r i b u t i o n  system as a  f unc t i on  o f  ou ts ide  temperature; ii) 
'zone c o n t r o l  va lves" .  These are  usua l l y  ONIOFF type  valves 
c o n t r o l l e d  by outdoor temperature sensors: i i i )  va ry ing  the 
vacuum pressure i n  v a r i a b l e  vacuum d i s t r i b u t i o n  systems: i v l  
pressure d i f f e r e n t i a l  c o n t r o l  i n  which the steam supply 
pressure i s  va r i ed .  Th is  system needs proper ly  s ized  i n l e t  
o r i f i c e s  a t  each heat ing u n i t .  

APPLICATION: General.  Most b e n e f i t  f o r  per imeter  heat systems w i t h  no o the r  
form o f  c o n t r o l .  

S I D E  BENEFITS: Reduced d i s t r i b u t i o n  losses ( i n  addit- ion t o  a  very small  
improvement i n  b o i l e r  e f f i c i e n c y ) .  P o s s i b i l i t y  o f  improved 
c o n t r o l  o f  space temperatures ( t e rm ina l  c o n t r o l  va lves al lowed 
t o  perform i n  more f u l l y  open p o s i t i o n s l .  

CAUTIONS: P o s s i b i l i t y  o f  condensation i n  t he  b o i l e r  lead ing  t o  
cor ros ion .  May a f f e c t  comfort i f  outdoor temperature decreases 
and the  increase o f  the  se t -po in t  i s  executed too  l a t e .  
P o s s i b i l i t y  o f  condensation w i l l  l i m i t  t he  lowest temperature 
t o  which the  aquastat might be se t .  Tempe~ature should no t  be 
below dew-po i l t  o f  water. minimum 47 C f o r o o i l  c a s t - i r o n  
b o i l e r s .  57 C f o r  o i l  welded b o i l e r s .  35-60 C f o r  na tu ra l  
gas. 

COST FACTORS: N e g l i g i b l e  cost  i f  done manually. Higher cos t  i f  mautomatic. 
b u t  p re fe red  method o f  c o n t r o l .  

INTERACTIONS: A l t e r n a t i v e  i s  t o  c o n t r o l  temperature o f  hea t ing  f l u i d  t o  
spaces by a  mix ing valve.  See a l so  ECO H . l  (Shut b o i l e r  p l a n t  
o f f  when not  r e q u i r e d ) .  Soph i s t i ca t i ons  inc lude  s o l a r  and wind 
compensation. 

EVALUATION: Most b e n e f i t  i f  t h i s  i s  the  on ly  means o f  space temperature 
c o n t r o l ,  but  may improve c o n t r o l  and reduce heat losses i f  
o ther  forms o f  room c o n t r o l  prov ided,  e.g. i n  i nduc t i on  
systems, fan c o i l s  and u n i t  v e n t i l a t o r s ,  reheat  c o i l s  and 
convectors. 

COMMENTS: 
REFERENCES: Johnson Cont ro ls  L t d .  1982. 8 l oo r  1983. OFAC. 1983. 

ECO H.7 MAINTAIN CORRECT SYSTEM PRESSURIZATION 
LEVEL: Operations. 
DESCRIPTION: Adjust  and main ta in  system f i l l  p ressu r i za t i on  t o  prevent  

b o i l i n g  o f  f l u i d  w i t h i n  the  d i s t r i b u t i o n  and the  subsequent 
loss  o f  heated water throuah pressure r e l i e f  devices.  

APPLICATION: A l l  b o i l e r s .  
SIDE BENEFITS: 
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CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 
COMMENTS: 

REFERENCES: 

ECO H.8 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO H.9 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 
EVALUATION: 
COMMENTS: 

REFERENCES: 

B a l a n c e  o f  t h e  sys tem i s  dynamic  ( s e e  AP P .11  and t h e r e f o r e  
t y p i c a l  c y c l e s  o f  h e a t i n g  s h o u l d  be  o b s e r v e d  t o  g u a r a n t e e  no  
w a t e r  i s  l o s t .  
P r o v i d e d  o r i g i n a l  equ ipmen t  i s  p r o p e r l y  s i z e d  t o  a d j u s t  f o r  
s y s t e m  dynam ics ,  n o t  c o s t  i s  i n v o l v e d .  
I n t e r a c t i o n  w i t h  R e a u l a t i o n  and P i o i n o  i t e m s  c o u l d  a l t e r  
vo lumes i n v o l v e d .  see ECO P .2  (B leed -  a i r ) .  P.4 ( M a i n t a i n  
p r o p e r  w a t e r  l e v e l ) .  P . 1 1  ( A t m o s p h e r i c  p r e s s u r e ) .  
See CAUTION. 
L o r  sys tem p r e s s u r i z a t i o n  c a n  a l l o w  a i r  t o  e n t e r  t h e  sys tem 
r e s u l t i n g  i n  a i r  t r a p s  and  a c c e l e r a t e d  p i p e  s c a l i n g .  

SERVICE BURNER AND ADJUST AIR-FUEL RATIO 
O p e r a t i o n s .  
S e r v i c e  b u r n e r  and a d j u s t  a i r - t o - f u e l  r a t i o  i n  o i l  o r  gas  
b u r n e r s  t o  a c h i e v e  t h e  h i g h e s t  c o m b u s t i o n  e f f i c i e n c y .  
Gas and o i l  b o i l e r s .  
Decrease o f  t h e  a i r  p o l l u t i o n  and t h e  p r o d u c t i o n  o f  s o o t .  
Condensa t i on  i n  t h e  ch imney may cause  damage. T h i s  o c c u r s  if 
t h e  f l u e  gas t e m p e r a t u r e  o r  i f  Lhe r u n n i n g  t i m e  o f  t h e  b u r n e r  
a r e  t o o  l o w .  
B e l o n g s  i n  n o r m a l  ma in tenance  o f  t h e  b u r n e r .  
ECO H.16 (Dec rease  f i r i n g  r a t e  o f  b u r n e r ) ,  see  a l s o  ECO H.22 
(Oxygen t r i m 1  and ECO H . 9  (Remove s c a l e  and s o o t ) .  ECO H.17 
( I n s t a l l  more e f f i c i e n t  b u r n e r ) .  ECO H.19 ( F l u e  gas  h e a t  
e x c h a n g e r ) .  H.21 (Use f u e l  a d d i t i v e s ) .  
P a r t  o f  n o r m a l  ma in tenance ;  c a r r y  o u t  a t  same t i m e  as 
m e a s u r i m  c o m b u s t i o n  e f f i c i e n c y  (AP H . l  and RV H .11 .  
c unction- t i m e  o f  t h e  b u r n e r - b y  each r u n  depends a l s o  on  t h e  
t h e r m o s t a t  s e t t i n g  and i t s  d i f f e r e n t i a l .  

REMOVE SCALE AND SOOT 
M a i n t e n a n c e .  
Removal o f  s c a l e  and s o o t  t o  i n c r e a s e  t h e  h e a t  t r a n s f e r  f r o m  
c o m b u s t i o n  gases  t o  t h e  b o i l e r  and f o r  l o w e r i n g  t h e  f l u e  
t e m p e r a t u r e ,  i . e . , ,  imp rove  e f f i c i e n c y .  
F u e l  f i r e d  b o i l e r s .  

B e l o n g s  as p a r t  o f  n o r m a l  ma in tenance .  

ECO H.8. Soo t  f o r m a t i o n  can  be  m i n i m i z e d  b y  c o r r e c t l y  a d j u s t e d  
a i r - f u e l  r a t i o .  C o n s i d e r  i n s t a l l a t i o n  o f  s o o t  b l o w e r s .  P r o p e r  
w a t e r  t r e a t m e n t  w i l l  m i n i m i s e  b u i l d - u p  on  t h e  w a t e r  s i d e .  
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ECO H . 10 REPAIR O R  UPGRADE INSULATION ON BOILERIFURNACE 
LEVEL: Maintenancel lmprovement .  
DESCRIPTION: Repai r  o r  u ~ a r a d e  t h e  i n s u l a t i o n  o f  b o i l e r .  f u rnace  and p i p i n g  ~-~ ~ ~~ . - ~ - 

t o  reduce r a d i a t i o n  and c o n v e c t i o n  hea t  l osses .  
APPLICATION: 
SIDE BENEFITS: Reduced b o i l e r  room tempera tu res .  
CAUTIONS: Do n o t  b l o c k  up t h e  en t rance  f o r  combust ion a i r .  Do n o t  use 

in f l ammab le  i n s u l a t i o n  m a t e r i a l .  
COST FACTORS: Low c o s t .  
INTERACTIONS: Reduces t h e  e f f e c t i v e n e s s  of  ECO H . l  (Shu t  b o i l e r  p l a n t  o f f  

when n o t  r e q u i r e d l  and ECO H.3 (Reduce number o f  o n - l i n e  
b o i l e r s ) .  See a l s o  ECO P.6. 

EVALUATION: Energy sav ing  e f f e c t i v e n e s s  inc reases  w i t h  o v e r s i z e d  b o i l e r s  
and h i g h  s e r v i c e  tempera tu re .  See AP H.2 and AT P.1. 

COMMENTS: 
REFERENCES: 

ECO H . l l  REPAIR REFRACTORY 
LEVEL: Replacement1lmprove.ent. 
DESCRIPTION: Repa i r  o r  r e p l a c e  r e f r a c t o r y  i n  t h e  b o i l e r .  
APPLICATION: A l l  f o s s i l  f u e l  f i r e d  b o i l e r s  w i t h  r e f r a c t o r y  l i n i n g .  
SIDE BENEFITS: Improve combust ion e f f i c i e n c y :  reduce s o o t  f o r m a t i o n ,  p r o l o n g  

b o i l e r  l i f e .  
CAUTIONS: 
COST FACTORS: Low i f  minor  r e p a i r s  a r e  r e q u i r e d .  Replacement can be v e r y  

expens ive .  
INTERACTIONS: ECO H.24 (Replace o b s o l e t e  b o i l e r ) .  
EVALUATION: Measure combust ion e f f i c i e n c y  (AP H.11. 
COMMENTS: B o i l e r  innerchamber may b e n e f i t  f rom s i z e  r e d u c t i o n  by adding 

a d d i t i o n a l  r e f r a c t o r y  where t h e  bu rne r  has been d e r a t e d .  
REFERENCES: 

ECO H.12 lNSTALL AIR INLET AT FOOT OF CHIMNEY 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  a i r  i n l e t  a t  f o o t  o f  chimney. I f  chimney i s  under 

p ressu re  d u r i n g  bu rne r  o p e r a t i o n  t h e  i n l e t  must be c o n t r o l l e d  
by au tomat i c  damper. 

APPLICATION: Smal l  t o  medium s i z e d  b o i l e r  p l a n t s .  
SIDE BENEFITS: Reduces hea t  l o s s  o f  b o i l e r  by i n t e r n a l  v e n t i l a t i o n  when 

bu rne r  i s  o f f  ( a i r  f l ow  th rough  h o t  b o i l e r  i s  avo ided  as a i r  
passes d i r e c t l y  i n t o  ch imney) .  Helps t o  d r y  up chimneys w i t h  
condensat ion problems. Lowers dew-poin t  o f  f l u e  gas and r i s k  
f o r  condensa t ion  d u r i n g  bu rne r  o p e r a t i o n ;  f u e l  f l o w  r a t e  m i g h t  

b e  lowered. 
CAUTIONS: P o s s i b i l i t y  o f  f l u e  gases pass ing  i n t o  b o i l e r  room. Check 

l o c a l  codes f o r  a c c e p t a b i l i t y .  
COST FACTORS: No c o s t  i f  i n l e t  remains open ( j u s t  remove e x p l o s i o n  s e c u r i t y  

f  l a p ) .  
INTERACTIONS: ~ l t e r n a t i v e  t o  f l u e  dampers (ECO H.13) .  
EVALUATION: 
COMMENTS: 
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REFERENCES: 

INSTALL FLUE DAMPERS 

APPLICATION: 

SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

lmprovement. 
I n s t a l l  f l u e  dampers t o  l i m i t  o f f  c v c l e  hea t  l o s s  uo t h e  
chimney. 
A l l  b o i l e r  p l a n t s  w i t h o u t  power b u r n e r s  o r  u n c o n t r o l l e d  
d raugh t .  P a r t i c u l a r l y  b e n e f i c i a l  on m u l t i - u n i t  p l a n t  where one 
b o i l e r  i s  k e p t  warm. Less b e n e f i t  w i t h  fu rnacees  s i n c e  
r e t a i n e d  fu rnace  heat  l e s s  than r e t a i n e d  heat  i n  t h e  wa te r  
Cvstem -, - - - ... . 
Reduced a i r  i n f i l t r a t i o n  ( c l o s e d  f l u e  decreases s t a c k  induced 
i n f i l t r a t i o n l .  

T y p i c a l  c o s t  f o r  s m a l l  domest ic  b o i l e r  a  few hundred d o l l a r s .  
ECO H.17 ( I n s t a l l  more e f f i c i e n t  b u r n e r 1  and E C O  H.12 ( I n s t a l l  
a i r  i n l e t ] .  
E v a l u a t i o n  must i n v o l v e  on and o f f  c y c l e s ,  t h e r e f o r e  MT H . l  
(Running t ime  of  b o i l e r / f u r n a c e l  o r  AT H . l  (Energy 
s i g n a t u r e ) .  
Energy sav ings  range f rom 1-27. t o  a lmost  10% i n  t h e  i d e a l  
a p p l i c a t i o n .  

ECO H.14 INSTALL TURBULATORS 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  t u r b u l a t o r  t o  i nc rease  hea t  t r a n s f e r  f rom combust ion 

gases t o  t h e  b o i l e r  and t o  decrease f l u e  gas tempera tu re .  
APPLICATION: F i r e  tube  b o i l e r s .  
SIOE BENEFITS: Inc reased  b o i l e r  c a p a c i t y .  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: A l t e r n a t i v e  o r  compl imentary  t o  ECO H.19 ( F l u e  gas hea t  

r e c o v e r y )  and ECO H.15 (Decrease f i r i n g  r a t e  o f  b u r n e r ) .  
EVALUATION: Base p o t e n t i a l  on amount by  which f l u e  aas temoera tu re  exceeds 

2 3 0 ~ ~ 1  Energy sav ing  can r e a c h  up t o  1 8 % . ' b u t  can a l s o  be 
n e g a t i v e !  

COMMENTS: 
REFERENCES: STYA. 1983 

ECO H.15 DECREASE FIRING RATE OF THE BURNER OR FIT SMALLER BURNER 
LEVEL: Improvement. 
DESCRIPTION: Change bu rne r  nozz les  o r  o r i f i c e s ,  a d j u s t  secondary f l o w  f l u e  

r e s t r i c t o r ,  o r  r e p l a c e  bu rne r  w i t h  a  s m a l l e r  one. 
APPLICATION: Overs i zed  combust ion equipment ( h i g h  f l u e  gas tempera tu re ] .  
SIDE BENEFITS: Improved c o n t r o l  and longer  equipment l i f e  ( l e s s  c y c l i n g ] .  
CAUTIONS: F l u e  gas temperature must be h i a h  enouah t o  a v o i d  

~ - 

condensat ion.  ~ a k g e  r e d u c t i o n s  i n  f i r i n g  Fa te  may- requ i re  f i r e  
box s i z e  r e d u c t i o n s .  

C O S T  FACTORS: Low, i f  e x i s t i n g  bu rne r  can be d e r a t e d ,  o t h e r w i s e  h i g h  c o s t .  
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INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO H.8 ( S e r v i c e  b u r n e r ) .  Cons ider  upgrad ing  t o  q u a l i t y  o f  t h e  
bu rne r  (ECO H.24). ECO H.14 ( I n s t a l l  t u r b u l a t o r s ) .  H.16 
( I n s t a l l  dua l  f u e l  b u r n e r l .  
P o t e n t i a l  b e n e f i t  p r o p o r t i o n a l  t o  amount by which f l u e  gas 
tempera tu re  exceeds 230 C. Shor t  c y c l i n g  i n d i c a t i v e  o f  
o v e r s i z e d  bu rne r  ( see  MT H . l  and MT H.2).  See a l s o  AP H.4. 

M a c r i s s .  1985. 

ECO H.16 INSTALL DUAL FUEL BURNER 
LEVEL: Imorovement. 
DESCRIPTION: l n s t a l l  bu rne r  f o r  b o t h  o i l  and gas combust ion,  o r  s o l i d -  

l i q u i d  s o l i d - g a s  comb ina t ion .  
APPLICATION: Yhere b e t t e r  f u e l  t a r i f f  i s  a v a i l a b l e  w i t h  i n t e r r u o t  c lause .  
SLOE BENEFITS: More secure energy s u p p l y .  
CAUTIONS: Ooes n o t  n o r m a l l y  r e s u l t  i n  energy sav ing  u n l e s s  more 

e f f i c i e n t  bu rne r  i s  s e l e c t e d .  ~~ ~~~~ 

COST FACTORS: 
INTERACTIONS: ECO H.15 ( F i t  s m a l l e r  b u r n e r ) .  ECO H.24 (Replace p l a n t ) .  ECO 

H.19 ( F l u e  gas hea t  r e c o v e r v ) .  
EVALUATION: Sav ings can be es t ima ted -  based on d i f f e r e n c e s  i n  t h e  f u e l  

t a r i f f  c o s t .  
COMMENTS: 
REFERENCES: 

ECO H.17 INSTALL M O R E  EFFICIENT BURNER 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  m u l t i - s t a g e  bu rne r  o r  modu la t i ng  b u r n e r .  E l e c t r o n i c  

i g n i t i o n .  A i r  r a t h e r  t h a n  steam a t o m i z a t i o i .  
APPLICATION: A l l  b o i l e r s  excep t  modular b o i l e r  systems. 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: A l t e r n a t i v e s  a r e  ECO H.B ( A d j u s t  a i r - f u e l  r a t i o )  and ECO H.4 

(P roper  a t o m i z a t i o n ) .  
EVALUATION: Es t ima te  o f  improved seasonal e f f i c i e n c y  w i l l  be r e q u i r e d  (see 

AT H.1) 
COMMENTS : 
REFERENCES: 

ECO H.18 INSTALL SEPARATE (SUMMER1 SHY HEATER 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  separa te  h e a t e r  f o r  SHY, f o r  c o n s t a n t  use 

a l t e r n a t i v e l y  o n l y  t o  be used d u r i n g  summer. 
APPLICATION: Combined space hea t  and SHY system (ECO e l i m i n a t e s  h i g h  summer 

s tand-by  l o s s e s ) ,  p r i m a r i l y  l a r g e  systems. 
SIDE BENEFITS: 
CAUTIONS: May n o t  be c o s t  e f f e c t i v e ,  depending on i n d i v i d u a l  system. 

S h u t t i n g  o f f  b o i l e r  p l a n t  when n o t  r e q u i r e d  may be more 
e f f i c i e n t ,  i . e . .  i f  SHY s t o r a g e  e x i s t s .  
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COST FACTORS: E f f e c t i v e n e s s  o f  summer use  o n l y  i n c r e a s e s  w i t h  il o v e r s i z i n g  
o f  s y s t e m  w i t h  r e s p e c t  t o  summer demands, iil d e c r e a s i n g  
d i s t r ~ b u t i o n  efficiency, iiil l e n g t h  o f  n o n h e a t i f l g  season and 
i v l  i n c r e a s i n g  SHY c o n s u m p t i o n .  

INTERACTIONS: ECO H . l  ( S h u t  b o i l e r  o f f ) ,  ECO P.6 ( R e p a i r  o r  imp rove  s t o r a g e  
i n s u l a t i o n l .  ECO P.3 ( T u r n  c i r c u l a t i o n  eou iomen t  o f f l .  ECO . . 
H.20  ( I n s t a i l  h e a t  s t o r a g e ) .  

EVALUATION: C o s t - e f f i c i e n c y  depends on  l o c a l  t a r i f f  s t r u c t u r e  among o i l .  
gas  and e l e c t r i c i t y .  E s t i m a t i o n  o f  differences i n  s t a n d - b y  
l o s s e s  f o r  h e a t i n g  p l a n t  and s e p a r a t e  SHY h e a t e r  r e q u i r e d  (AP 
H.21.  

COMMENTS: 
REFERENCES: D u b i n .  1976:  ERE CP 4 4 / 7 8 .  1978.  

ECO H.19 USE FLUE GAS HEAl EXCHANGER 
LEVEL: Imp rovemen t .  
DESCRIPTION: I n s t a l l  f l u e  gas  h e a t  exchange r  l e c o n o m l s e r l .  
APPLICATION: B o i l e r s  w ~ t h  h l u h  f l u e  uas  t e m o e r a t u r e .  H e a t i n g  svs tems  w l t h  

low t e m p e r a t u r e  - r e t u r n  - f l o w .  ' s t e a m  b o i l e r s  where r e c o v e r e d  
h e a t  can  be  used  t o  p r e - h e a t  b o i l e r  f e e d  w a t e r .  

SIDE BENEFITS: 
CAUTIONS: Condensa t i on  i n  ch imney .  
COST FACTORS: 
INTERACTIONS: ECO H.8 ( A d j u s t  a i r - f u e l  r a t i o ) .  ECO H.14 ( I n s t a l l  

t u r b u l a t o r s l .  ECO H .16  (Dec rease  f l o w  r a t e  o f  b u r n e r ) .  ECO 
H.24 ( R e p l a c e  o b s o l e t e  h e a t i n g  p l a n t ) .  

EVALUATION: G e n e r a l l y  w o r t h w h i l e  i f  f l u e  gas  t e m p e r a t u r e  c a n n o t  be  b r o u g h t  
l o w e r  t h a n  230°c,  by o t h e r  means. See HT H.2 .  

COMMENTS: 
REFERENCES: 

ECO H.20 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

INSTALL HEAT STORAGE 
Improvement/Replacement. 
I n s t a l l  h e a t  s t o r a g e  f o r  h e a t i n g  o r  f o r  SHW w i t h  h i g h  
i n s u l a t i o n  O F  t h e  c o n n e c t i n g  p i p e s  and o f  t h e  s t o r a g e  t a n k .  
General ' .  
C h a r g i n g  h e a t  s t o r a g e  can  o f t e n  be  c a r r i e d  o u t  a t  peak b o i l e r  
e f f i c i e n c y .  

ECO H . l  ( S h u t  b o i l e r  p l a n t  o f f  when n o t  r e q u i r e d ) .  ECO P .3  
( S w i t c h  o f f  c i r c u l a t i o n  e q u i p m e n t ) .  ECO P.6 ( R e p a i r l u p g r a d e  
damage i n s u l a t i o n ) .  ECO H.18 ( I n s t a l l  s e p a r a t e  SHY h e a t e r ) .  
Ene rgy  s a v i n g  c o r r e s p o n d s  t o  s t a n d - b y  l o s s e s  o f  t h e  b o i l e r  
w h i c h  c a n b e  s h u t  o f f  f o r  l o n g e r  p e r i o d s ,  l e s s  s t o r a g e  l o s s e s  
IAP H.2. AT P .11 .  

COMMENTS: 
REFERENCES: 
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ECO H.21 USE FUEL ADDITIVES . 
LEVEL: Improvement.  
DESCRIPTION: Use f u e l  a d d i t i v e s  w i t h .  r e g u l a r  f u e l  o i l  f o r  ( p o s s i b l e )  

imoroved combust ion e f f i c i e n c y  and l e s s  s o o t  f o r m a t i o n .  
APPLICATION: ~ a i g e  o i l  h e a t i n g  p l a n t s .  
SIDE BENEFITS: 
CAUTION: Many f u e l  a d d i t i v e s  have been found t o  be t o t a l l y  i n e f f e c t i v e .  
COST FACTORS: 
INJERACTIONS: ECO H.8 ( A d j u s t  a i r - f u e l  r a t i o ) .  ECO H.14 ( C o n t r o l  p roper  

a t o m i z a t i o n l .  ECO H.17 ( I n s t a l l  more e f f i c i e n t  b u r n e r ) .  
EVALUATION: Measure combust ion e f f i c i e n c y  IAP H . l )  w i t h  and w i t h o u t  f u e l  

a d d i t i v e .  
COMMENTS: Cons ider  f u e l - w a t e r  emuls ions as hav ing  most p o t e n t i a l .  
REFERENCES: 

ECO H.22 ,  INSTALL AUTOMATIC OXYGEN TRIM CONTROLLER 
LEVEL: Maintenance. 
DESCRIPTION: I n s t a l l  au tomat i c  oxygen trim c o n t r o l l e r  ( combus t ion  

o p t i m i s a t i o n  system1 t o  m a i n t a i n  s a f e  excess a i r  l e v e l  over  
v a r y i n g  f u e l  and a i r  c o n d i t i o n s .  

APPLICATION: Commercial and i n s t i t u t i o n a l  s i z e  b o i l e r s  b u r n i n g  f o s s i l  f u e l s  
w i t h  j a c k - s h a f t  o r  pneumatic c o n t r o l s .  

SIDE BENEFITS: 
CAUTION: 
C O S T  FACTORS: Paybacks o f  t h e  o r d e r  o f  l e s s  t h a n  one y e a r  have been c l a i m e d  

f o r  l a r a e  b o i l e r  a o o l i c a t i o n s .  
INTERAClIONS: E l i m i n a t e s  need f i r  ECO H.4 (system compensates f o r  changing 

f u e l  v i s c o s i t y l  and manual ad jus tmen t  o f  f u e l  a i r  r a t i o  (ECO 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO H.23 SEQUENCE FIRING OF MULTI-UNIT BOILER PLANT 
LEVEL: Improvement. 
DESCRIPTION: f i r e  no more b o i l e r s  a t  any one t i m e  t h a n  i s  s u f f i c i e n t  t o  

meet t h e  h e a t i n g  load .  Sequencing c o u l d  be ach ieved  by s e t t i n g  
aquas ta ts  a t  d i f f e r e n t  tempera tu res  i n  each b o i l e r  b u t  sensor  
d r i f t  and t h e  inability t o  d e a l  e f f e c t i v e l y  w i t h  system t i m e  
lags  makes t h i s  method l e a s t  e f f e c t i v e .  

APPLICATION: ~ u l t i - u n l t  b o i l e r  p l a n t .  
S I D E  BENEFITS: 
CAUTION: The sequence shou ld  be v e r i f i e d  th rough  f i e l d  measurements o r  

m o n i t o r i n a  ~ ~~ 

COST FACTORS: 
INTERACTIONS: Compl imentary t o  ECO H.3 ( O n - l i n e  b o i l e r  c o n t r o l ) .  
EVALUATION: Measure r u n n i n g  t i m e  and s t a r t i n g  f requency o f  i n d i v i d u a l  

b o i l e r  ( M T  EL.7) f o r  d i f f e r e n t  loads.  
COMMENTS: The most e f f i c i e n t  b o i l e r  shou ld  be used as t h e  l e a d  b o i l e r .  
REFERENCES: 
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ECO H.24 REPLACE OBSOLETE HEATING PLANT 
LEVEL: Rep lacement .  
DESCRIPTION: Rep lace  o b s o l e t e  and o v e r s i z e d  h e a t l n g  p l a n t  w i t h  new h i g h  

e f f i c i e n c y  c o r r e c t l y  s i z e d  u n i t s  o r  h e a t  pumps. 
APPLICATION: General . .  -Mos t  b e n e f i t  where e x i s t i n g  b o i l e r  p l a n t  n e a r i n g  t h e  

end o f  i t s  u s e f u l  l i f e .  
SIDE BENEFITS: 
CAUTION : 
COST FACTORS: H i g h  c o s t  r e t r o f i t ' .  
INTERACTIONS: ECO H . l  t o  H.3 ( B o i l e r  c o n t r o l ) :  ECO H.8 ( B o i l e r  and h e a t  

p l a n t  imp rovemen ts ) .  ECO H . l l  ( R e p a i r  r e f r a c t o r y l . E C 0  H.15 
(Dec rease  f i r i n g  r a t e ) .  ECO H.16 ( I n s t a l l  d u a l  f u e l  b u r n e r ) .  
ECO HlC.14  (Compressor  c a p a c i t y ) .  ECO R.2 ( S e t b a c k  
t e m p e r a t u r e s . )  

EVALUATION: D e s i r a b i l i t y  o f  r e t r o f i t  i n f l u e n c e d  b y  b o i l e r  and b u r n e r  age.  
combus t i on  e f f i c i e n c v .  e x t e n t  o f  o u t s t a n d i n g  m a i n t e n a n c e .  
c o m p a t i b i l i t y  w i t h  i h e  i n s t a l l a t i o n  o f  a  s o r e  e f f i c i e n t  
b u r n e r .  (See AP H .1 .  AP H.3 and RV'H.3:) 

COMMENTS: 
REFERENCES: K e l l y .  1975.  

ECO H.25 USE OF EXHAUST AIR AS HEAT SOURCE FOR HEAT PUMPS 
LEVEL: lmprovementlReplacement. 
DESCRIPTION: I n s t a l l  h e a t  pump t o  u t i l i z e  e x h a u s t  a i r  a s  h e a t  s o u r c e .  Check 

f o r  p o t e n t i a l  e x t e r n a l  cus tomers  i f  excess  e n e r g y  can  be  
p roduced .  

APPLICATION: B u i l d i n g s  w i t h  h e a t i n g  o r  SHY demand, e q u i p p e d  w i t h  m e c h a n i c a l  
v e n t i l a t i o n .  

SIDE BENEFITS: V e n t i l a t i o n  sys tems w i l l  be  checked .  
CAUTION: SHY demand i s  o f t e n  o v e r - e s t i m a t e d .  Check f l o w l o r e s s u r e  - ~~~ 

c a p a c i t y  o f  e x i s t i n g  f a n s  t o  cope w i t h  i n c r e a s e d  p r e s s u r e  
d r o p .  C o n s i d e r  n o i s e  p rob lems ' .  D i r e c t  e x p a n s i o n  sys tems c a n  
have p rob lems  w i t h  l o n g  r e f r i g e r a n t  t u b e s  i n  l a r g e  b u i l d i n g s  
( o i l  r e t u r n ,  p r e s s u r e  d r o p ) .  Check d u c t  t i g h t n e s s  (AP 0 . 1 ) .  

COST FACTORS: New i n s t a l l a t i o n  i s  c o s t l y ,  e s p e c i a l l y  i f  c o n v e r s i o n  t o  
m e c h a n i c a l  v e n t i l a t i o n  i s  needed. M o s t l y  c o s t - e f f e c t i v e .  
Sav ings  a r e  n o r m a l l y  much g r e a t e r  t h a n  b y  use  o f  h e a t  
exchange rs ,  e s p e c i a l l y  if t h e r e  i s  a  demand f o r  SHY. 

INTERACTIONS: ECOs on  SHY, v e n t i l a t i o n  and c e n t r a l  h e a t i n g  p l a n t .  
EVALUATION: To e s t a b l i s h  t h e  p o t e n t i a l  s a v i n g s  measure t h e  e x h a u s t  a i r  

f l o w  r a t e  (MT 0 . 2  t h r o u g h  D.51, t e m p e r a t u r e  and h u m i d i t y  (MT 
0 . 7 ) .  A l s o  d e t e r m i n e  t h e  SHY consumo t i on  (AP 5 . 5 .  RV 5 .1 )  and  
c a l c u l a t e  t h e  h e a t  l o a d  and t h e  seasona l  pe r f o rmance  f a c t o r  o f  
h e a t  pumps (AT H lC .11 .  T h i s  w i l l  make i t  p o s s i b l e  t o  e s t i m a t e  
t h e  p r o f i t a b i l i t y  o f  t h e  ECO Exhaust  a i r  s h o u l d  be  c o o l e d  as 
much as p o s s i b l e .  

COMMENTS: Dependent on  r e l a t i o n  be tween  c o s t  f o r  d i f f e r e n t  e n e r g y  
s o u r c e s .  

REFERENCES: B e r g s t r o m .  1985 
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ECO H.26 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 

CAUTIONS: 

CDST FACTORS: 

COMMENTS: 
REFERENCES: 

FIREPLACE UPGRADEIREPLACEMENT 
Replacement l lmprovement lRaintenance.  
il Replace e x i s t i n g  f i r e p l a c e s  w i t h  a i r t i g h t  s toves  o f  f i x  
g l a s s  f i r e s c r e e n  doors  o r  hea t  r e c o v e r y  d e v i c e s ,  iil c l o s e  
f i r e p l a c e  dampers when n o t  i n  use.  make su re  dampers a r e  n o t  
d i s t o r t e d  by h e a t ,  i f  so r e p l a c e  w i t h  h e a v i e r  gauge s t e e l .  
Homes w i t h  open h e a r t h  f i r e p l a c e s  t h a t  a r e  used on a  r e g u l a r  
b a s i s .  
Improved secur . i ty  a g a i n s t  f i r e  hazard f rom f l y i n g  sparks e t c .  
can be p r o v i d e d  b u t  n o t  assumed. Comfort  improvement.  
There i s  a  danger o f  c r e o s o t e  c o l l e c t i o n  caus ing  f i r e s  i n  t h e  
f l u e  p i p e  w i t h  some u n i t s .  
M ino r  f o r  damper rep lacement .  
Cons ider  separa te  o u t s i d e  a i r  supp ly  as compl imentary  ECO. 
R V  H.4 g i v e s  t y p i c a l  f i r e p l a c e  e f f i c i e n c y  f i g u r e s .  
O e s i r a b i l i t y  w i l l  depend upon e x t e n t  o f  use a n d t o  a  l a r g e  
e x t e n t  would  be s t r o n g l y  i n f l u e n c e d  by owners p re fe rence .  
Damper rep lacement  w i t h o u t  f u r t h e r  e v a l u a t i o n .  

ASHRAE. Ch. 26. 1983. 

ECO H.21 OUTSIOE AIR FOR FIREPLACE - .  ~~~ - 

~ E V E L :  Replacementllmprovement. 
OESCRIPTION: Supply combust ion a i r  f o r  fireplace d i r e c t l y  f rom o u t s i d e  

u s i n s  i n s u l a t e d  d u c t  w i t h  damper. C lose damper when f i r e p l a c e  
.. 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: T h i s  ECO i s  cons ide red  complementary t o  f i r e p l a c e  management. 

T i g h t e n i n g  o f  t h e  envelope t o  m in im ise  a i r  i n f i l t r a t i o n  may 
r e s u l t  i n  i n s u f f i c i e n t  d r a u g h t .  

EVALUATION: 
COMMENTS: I f  a  f u e l  f i r e d  fu rnace  i s  i n s t a l l e d  w i t h o u t  a  combust ion a i r  

d u c t  t h e r e  i s  a  danger o f  t h e  f i r e p l a c e  d raugh t  i n t e r f e r i n g  
w i t h  fu rnace  o p e r a t i o n  and danger o f  t o x i c  gases b e i n g  drawn 
i n t o  t h e  occup ied  space. and i n  v e r y  t i g h t  houses, f i r e p l a c e s  

may n o t  be a b l e  t o  draw s u f f i c i e n t  draught  w i t h o u t  such a  
measure. 

REFERENCES: OFAC. 1983 
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ECO H l C . 1  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

SEQUENCE OPERATION OF MULTIPLE UNITS 
O p e r a t i o n ~ l I m p r ~ v e m e n t .  
Sequence o p e r a t i o n  o f  m u l t i p l e  c h i l l e r s  and r e f r i g e r a t o r s  o r  
h e a t  pump compresso rs  w i t h  l o a d  v a r i a t i o n s  t o  a c h i e v e  o p t i m a l  
o v e r a l l  p l a n t  p e r f o r m a n c e .  I s o l a t e  o f f  l i n e  c h i l l e r s  when n o t  
r e q u i r e d  and r e d u c e  w a t e r  f l o w  r a t e  and pumping c o s t s .  
M u l t i p l e  c h i l l e r  p l a n t  i n s t a l l a t i o n s .  
R e t u r n  o f  c h i l l e d  w a t e r  t h r o u g h  s t a n d b y  c h i l l e r l s )  w i l l  be 
e l i m i n a t e d  (bypass  w a t e r  has  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  
t e m p e r a t u r e  o f  c h i l l e d  w a t e r  d e l i v e r e d  b y  t h e  c o o l i n g  p l a n t ) .  
S t a r t i n g  c u r r e n t s  a r e  r e d u c e d .  

I s o l a t i o n  o f  o f f - l i n e  c h i l l e r s  i s  a  n e g l i g i b l e  c o s t  i t e m  if 
c a r r i e d  o u t  m a n u a l l y  u s i n g  e x i s t i n g  v a l v e s :  more e x p e n s i v e  i f  
a u t o m a t i c a l l y  o p e r a t e d  v a l v e s  a r e  r e q u i r e d  t o  be i n s t a l l e d .  
C o n t r o l  o f  w a t e r  f l o w  r a t e  may be  e x p e n s i v e  i f  m u l t i p l e  pumps 
a r e  n o t  i n s t a l l e d .  
F o r  v a r i a b l e  pump f l o w  c o n t r o l  see ECO EL .6 .  T h i s  ECO can  be 
imp lemen ted  t h r o u g h  a  c e n t r a l  c h i l l e r l r e f r i g e r a t i o n  c o n t r o l  
lECO C . l O .  Comp l imen ta r y  ECO - Improve c a p a c i t y  c o n t r o l  ECO 
H lC .13 ) .  See a l s o  ECO H lC .15  I R e p i p e I o p e r a t e  c h i l l e r s  or .  
compresso rs  i n  s e r i e s  o r  i n  p a r a l l e l )  and ECOs 0 . 5  and 0 . 7 .  
The sequenc ing  s h o u l d  i d e a l l y  be  v e r i f i e d  t h r o u g h  f i e l d  
measurements a n d l o r  m o n i t o r i n g  s i n c e  c a t a l o g u e  d a t a  a r e  n o t  
a l w a y s  v a l i d  o r  a p p l i c a b l e  a t  p a r t  l o a d s .  Measure  t h e  r u n n i n g  
t i m e  and s t a r t i n g  f r e q u e n c y  IMT E L . ? , )  f o r  i n d i v i d u a l  
compresso rs  as a  f u n c t i o n  o f  l o a d .  Measure s u p p l y  h e a t i n g  o r  
c o o l i n g  t e m p e r a t u r e s  IMT 0 . 7 .  P . 5 ,  P .61  and compare w i t h  
v a l u e s  r e q u i r e d  by h e a t i n g  o r  c o o l i n g  sys tem demand. A  
d i f f e r e n c e  w i l l  r e s u l t  i n  dec reased  compressor  pe r f o rmance  
w h i c h  can  be e s t i m a t e d  f r o m  compressor  d i ag rams .  

D u b i n .  1975 

ECO HlC.2  REDUCE POWER CONSUMPTION OF HEAT PUMP ANCILLARY EQUIPMENT 
LEVEL: O p e r a t i o n s I R e p l a c e m e n t .  
DESCRIPTION: Check power consump t i on  o f .  a n c i l l a r y  equ ipmen t  such  as 1) 

pumps o r  f a n s ,  ii) c r a n k  case h e a t e r s ,  i i i )  s u p p l e m e n t a r y  h e a t  
sources- ,  i v l  d e f r o s t  e u u i m e n t .  . . 

APPLICATION: Hea t  pumps o r  c o o l i n g  u n i t s  
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: N o r m a l l y  c h e a p ,  can  be more e x p e n s i v e  i f  l a r g e  pumps o r  f a n s  

have t o  be changed.  
INTERACTIONS: ECOs on  h e a t  pump f l o w  r a t e s  IECO H IC .81 ,  s t a n d  b y  l o s s e s  IECO 

H lC .101 ,  senso r  f u n c t i o n i n g  IECO H l C . 6 )  and  e f f i c i e n t  
d e f r o s t i n g  IECO H l C . 7 ) .  

EVALUATION: Measure  t h e  power consump t i on  o f  t h e  h e a t  pump sys tem IMT 
EL.61 w l t h  e v e r y t h i n g  r u n n i n g  e x c e p t  f o r  t h e  compresso r .  T h i s  
consump t i on  s h o u l d  n o t  be  more t h a n  maximum 1 0 1  o f  t h e  t o t a l  
consump t i on .  

COMMENTS: 
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REFERENCES: 

ECO H l C . 3  MAINTAIN PROPER STARTING FREQUENCY AND RUNNING TIME OF HEAT 
PUMP 

LEVEL: 
DESCRIPTION: 

APPLICATION: 
SlDE BENEFITS: 
CAUTIONS: 
CDST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO HlC .4  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SlDE BENEFITS: 
CAUTIONS : 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENIS: 
REFERENCES: 

. 
O p e r a t i o n s l l m p r o v e m e n t .  
Check and c o r r e c t  i f  n e c e s s a r y  t h e  s t o r a g e  c a p a c i t y  o f  
d o m e s t i c  h o t  w a t e r  o r  h e a t i n g  w a t e r  and t h e  s t a r t l s t o p  
c r i t e r i a  i n c l u d i n g  d e l a y e d  s t a r t s  and  minimum o p e r a t i n g  t i m e s .  
Hea t  pumps o r  c o o l i n g  u n i t s .  
Less  n o i s e  and b e t t e r  l i f e  e x p e c t a n c y .  
I n c r e a s i n g  s t o r a g e  c a p a c i t y  can  cause  l a r g e r  h e a t  l o s s e s .  . 
Checks and  a d j u s t m e n t s  o f  c o n t r o l l e r s  a r e  cheap.  Changes i n  
s i z e  o f  h e a t  pump o r  s t o r a g e  c a p a c i t y  a r e  c o s t l y .  
ECO H lC .13  ( C a p a c i t y  c o n t r o l l .  HlC.14 (Reduce compresso r  
c a p a c i t y ) .  H lC.7  ( E f f i c i e n t  d e f r o s t i n g 1  and  H l C . 6  ( s e n s o r  
f u n c t i o n i n g ) .  
Use measurement t e c h n i q u e s  o n  s t a r t i n g  f r e q u e n c y  and  r u n n i n g  
t i m e s  IMT EL.71  t o  e n s u r e  t h a t  recommended v a l u e s  f r o m  t h e  
compresso r  m a n u f a c t u r e r  a r e  k e p t .  

HEAT PUMP AIR LEAKAGE 
O p e r a t i o n s .  
Check t i g h t n e s s  o f  d u c t s  o r  c a b i n e t s  on  h e a t  pumps U s i n g  a i r  
as h e a t  s o u r c e  o r  h e a t  s i n k .  T i g h t e n  l e a k s  w i t h  e . g .  woven 
t a p e  o r  s i l i c o n  r u b b e r .  
~ e d t  p m p s  w ~ t h  a u c t e a  a l r  h a n d l l n g  sys tems .  
Dec rease  o f  Lnnecessa ry  a i r  t r a n s p o r t .  
I n  l n r e g r a t e a  h e a r l n g l v e n t l l a t l n g  sys tems D a l a n c l n g  o f  t h e  
sys tems  ;an be  a f f e c t e d  (ECO D.11.  
Ve ry  cheap.  
See CAUTIONS. A l s o  depend ing  o n  where  l e a k s  a r e  s i t u a t e d  HVAC 
c o n t r o l  may be a f f e c t e d .  
Check d u c t  l e a k a g e  by AP D . l  and  c a b i n e t  e x t e r n a l  l e a k a g e  by 
AP H l C . 3 .  A  f i r s t  check  can  be made by compa r i ng  t h e  
t e m p e r a t u r e  d i f f e r e n c e  o v e r  t h e  condenso r  o r  e v a p o r a t o r  w i t h  
t h e  e s t i m a t e d  d i f f e r e n c e  f r o m  power - f l o w  r a t e  
c o n s i d e r a t i o n s .  Leak f l o w  and  t e m p e r a t u r e  d i f f e r e n c e  be tween 
room a i r  and  o u t d o o r  a i r  w i l l  g i v e  t h e  power s a v i n g s .  

ECO H l C . 5  MAINTAIN PROPER EVAPORATING AND CONDENSING TEMPERATURES 
LEVEL: O p e r a t i o n s .  
DESCRIPTION: M a i n t a l n  c o r r e c t  e v a p o r a t i n g  and  condens ing  t e m p e r a t u r e s .  
APPLICATION: Heat  pumps and a i r  c o n d i t i o n e r s .  
SIDE BENEFITS: Lowers  t h e  a b s o l u t e  p r e s s u r e  r a t i o ,  t h e r e b y  r e d u c i n g  d i s c h a r g e  

t e m p e r a t u r e s ,  i n c r e a s e s  s e r v i c e  l i f e  o f  compresso r .  
Unnecessa ry  s h u t  o f f  w i l l  be  a v o i d e d .  
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CAUTIONS: Imp rope r  t e m p e r a t u r e s  may r e s u l t  i n  t o o  s m a l l  p r e s s u r e  
d i f f e r e n c e s  f o r  p r o p e r  f u n c t i o n i n g  o f  e x p a n s i o n  d e v i c e s .  Too 
low condens ing  t e m p e r a t u r e s  may o v e r l o a d  compressor  m o t o r .  

COST FACTORS: Cheap f o r  a d j u s t m e n t s .  Work on  r e f r i g e r a n t  c i r c u i t  e x p e n s i v e .  
INTERACTIONS: ECO H lC .6  (Senso r  f u n c t i o n i n g ) .  ECO H lC .7  ( E f f i c i e n t  

d e f r o s t i n g ) .  ECO HiC.9  ( E x p a n s i o n  d e v i c e ) .  
'EVALUATION: Measure t e m p e r a t u r e s  b y  M I  P.5 o r  MT P.6 .  Compare t h e  

e v a p o r a t i n g  t e m p e r a t u r e  t o  t h e  c o o l i n g  agen t  t e m p e r a t u r e  b y  
measurement o f  e v a p o r a t i n g  p r e s s u r e  iMT P.11. F o r  c h i l l e d  
r a t e r  sys tems compare r a t e r  t e m p e r a t u r e  t o  r e q u i r e d  s u p p l y  
t e m p e r a t u r e .  Compare condens ing  t e m p e r a t u r e  t o  r e q u i r e d  s u p p l y  
t e m p e r a t u r e  o r  e x t e r n a l  a i r  t e m p e r a t u r e .  E s t i m a t e  e f f e c t  o f  
l o w e r e d  condens ing  t e m p e r a t u r e  f r o m  compresso r  d i a g r a m s .  

COMMENTS: F o r  c h i l l e r s  w i t h  condensers c o n n e c t e d  t o  c o o l i n g  t o w e r s  
s a v i n g s  f r o m  l o w e r e d  c o n d e n s i n g  t e m p e r a t u r e s  s h o u l d  be 
compared t o  i n c r e a s e d  l o s s e s  i n  t h e  c o o l i n g  t o w e r .  

REFERENCES: See S e c t i o n  C.4 .  

ECO HlC .6  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE .BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

CHECK SENSOR FUNCTIONING AND PLACEMENT FOR HEAT PUMPS 
O p e r a t i o n s .  
Check f u n c t i o n i n g  o f  senso rs  ( o p e r a t i o n  and c a l i b r a t i o n )  and 
p o s i t i o n i n g  o.f s e n s o r s  ( a r e  t h e y  r e a l l y  m e a s u r i n g  t h e  i n t e n d e d  
p a r a m e t e r ) ,  f o r  example  s a f e t y  t h e r m o s t a t s ,  p r e s s u r e  s w i t c h e s .  
senso rs  c o n t r o l l i n g  o p e r a t i o n  o f  u n i t .  
Hea t  pump and c o o l i n g  sys tems .  
C o r r e c t  senso r  o p e r a t i o n  imp roves  h e a t  pump l i f e .  
Observe  s e n s o r s  i n  p o s i t i o n s  b e h i n d  v a l v e s  t h a t  can  be  s h u t  
o f f .  
Work can  be t i m e  consuming and t h e r e f o r e  c o s t l y .  
ECO HIC.2  ( A n c i l l a r y  e q u i p m e n t ) .  H l C . 5  ( P r o p e r  t e m p e r a t u r e s ) .  
H lC .7  ( E f f i c i e n t  d e f r o s t i n g ) .  
E v a l u a t e  s e n s o r  f u n c t i o n i n g  b y  m e a s u r i n g  t h e  r e s p e c t i v e  
t e m p e r a t u r e s  (MT 0 . 7 .  P .5 .  P . 6 ) .  p r e s s u r e s  IWT P . l  and  0 . 6 )  
and f l o w  r a t e s  ( M I  0 . 2  t h r o u g h  0 . 5  and P .2  t h r o u g h  P.41 and  
compare t h e n  w i t h  t h e  s e t  v a l u e s  and a l s o  compare s e t  v a l u e s  
w i t h  c a l c u l a t e d  o p t i m a l  s e t t i n g s .  

COMMENTS: 
REFERENCES: 

ECO HIC.7  MAINTAIN EFFICIENT DEFROSTING 
LEVEL: O p e r a t i o n s l l m p r o v e m e n t .  
DESCRIPTION: Check f u n c t i o n i n g  o f  d e f r o s t i n g  d e v i c e s .  T ime r  i n i t i a t i o n  

causes  unnecessa ry  d e f r o s t s  and s h o u l d  be  changed t o  a  more 
s o p h i s t i c a t e d  sys tem u s i n g  demand c o n t r o l .  

APPLICATION: A i r  s o u r c e  h e a t  pumps, a i r  c o n d i t i o n e r s  and  h e a t  exchange rs .  
SIDE BENEFITS: M i n ~ m i z i n g  t h e  number o f  d e f r o s t  c y c l e s  w i l l  imp rove  

compresso r  l i f e .  
CAUTIONS: A lways  check  senso r  o p e r a t i o n  c a r e f u l l y .  D r a i n a g e  o f  m e l t e d  

i c e  i s  e s s e n t i a l .  H o l e s  and t u b e s  s h o u l d  be s u f f i c i e n t l y  l a r g e  
and c l e a n .  
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COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO HIC .8  
LEVEL: 

CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO HlC .9  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 

CAUTIONS: 

I f  improvement  i s  c o n s i d e r e d  t h i s  can  become c o s t l y  when work  
has  t o  be  c a r r i e d  o u t  i n  t h e  r e f r i g e r a n t  c i r c u i t .  
ECOs on  p r o p e r  t e m p e r a t u r e s  (ECO H lC .51 ,  p r o p e r  f l o w  r a t e s  
(ECO H l C . 8 ) .  s t a r t i n u  f r e u u e n c v  IECO H I C . 3 ) .  s e n s o r  
f u n c t i o n i n g  IECO H I C . ~ ~  and .powe; consump t i on  o f  a n c i l l a r y  
equ ipmen t  IECO H l C . 2 ) .  
Use AP HIC.5  t o  check  d e f r o s t  f u n c t i o n i n g .  By m e a s u r i n g  
r u n n i n g  t i m e  and number o f  s t a r t s  IMT EL.71  a t  f u l l  l o a d  t h e  
e n e r g y  d e l i v e r y  l o s t  d u r i n g  d e f r o s t i n g  p e r i o d s  can  be  
c a l c u l a t e d .  By measu r i ng  e l e c t r i c i t y  c o n s u m p t i o n  In1 EL .6 )  
d u r i n g  d e f r o s t i n g  t h e  e x t r a  power r e q u i r e d  f o r  d e f r o s t i n g  c a n  
be  d e t e r m i n e d .  

M e r r i l .  1981.  

MAINTAIN PROPER HEAT SOURCEISINK FLOW RATES 
O p e r a t i o n s / M a i n t e n a n c e .  
Check t h e  f l o w  r a t e s  t o  t h e  e v a p o r a t o r  and t h e  condense r .  
Hea t  pumps o r  a i r  c o n d i t i o n e r s .  
C o r r e c t  f l o w .  r a t e s  can  r e d u c e  n o i s e  and imp rove  l i f e  
e x p e c t a n c y  ( d e p e n d i n g  on  w h i c h  way t h e  c o r r e c t i o n s  g o ) .  
I f  f l o w  r a t e s  have t o  be  i n c r e a s e d  c o n s i d e r a b l y ,  p i p i n g  o r  
d u c t  work  may have t o  be  changed t u  a v o i d  n o i s e .  e r o s i o n  and 
e x c e s s i v e  p r e s s u r e  d r o p s .  
Normal  a d j u s t m e n t s  a r e  cheap. Chang ing  pumps, f a n s  o r  p i p i n g  
and  d u c t w o r k  w i l l  be  c o s t l y .  
ECOs on  a n c i l l a r y  equ ipmen t  IECO H l C . 2 ) .  ECO HIC.7 ( E f f i c i e n t  . . .  
d e f r o s t i n g ) .  
Use measurement t e c h n i q u e s  on  f l o w  r a t e s  (MT 0 . 2  t h r o u g h  D.5 
and P .2  t h r o u g h  P .41 .  I f  t h e s e  a r e  n o t  c o r r e c t  f i r s t  check  f o r  
l e a k s .  c l o g g e d  f i l t e r s  i n c o r r e c t l y  s e t  v a l v e s  and f a u l t y  pumps 
o r  f a n s .  I f  n o t h i n g  i s  f o u n d  t o  be  wrong r e a d j u s t  v a l v e s  o r  
speed c o n t r o l s  t o  a c h i e v e  t h e  c o r r e c t  f l o w  r a t e s ,  o t h e r w i s e  
change t o  l a r g e r l s m a l l e r  pumps o r  f a n s .  A l s o  measure power 
c o n s u m p t i o n  o f  f a n s  o r  pumps (MT EL.61. Compare measured 
v a l u e s  w i t h  c a l c u l a t e d  op t imum v a l u e s .  

MAINTAIN FUNCTIONING OF HEAT PUMP EXPANSION UEVlCE 
M a i n t e n a n c e I R e p l a c e n e n t .  
Check o p e r a t i o n  o f  e x p a n s i o n  d e v i c e  o v e r  e n t i r e  o p e r a t i n g  
r a n g e  o f  t h e  h e a t  pump. If c o r r e c t  e v a p o r a t i n g  and condens ing  
t e m p e r a t u r e s  and c o r r e c t  amount o f  s u p e r h e a t  a r e  n o t  o b t a i n e d  
a d j u s t  o r  change t h e  e x p a n s i o n  d e v i c e  t o  more s u i t a b l e  t y p e .  
H e a t  pumps o r  c o o l i n g  u n i t s .  
C o r r e c t  r e f r i g e r a n t  t e m p e r a t u r e s l p r e s s u r e s  imp rove  compresso r  
s e r v i c e  l i f e .  
Any w a t e r  v a p o r  o r  o t h e r  f o r e i g n  m a t t e r  l e f t  e . g .  f r om  s e r v i c e  
can  i m p a i r  f u n c t i o n i n g  o f  e x p a n s i o n  d e v i c e s .  Too l i t t l e  supe r  
h e a t  may cause  l i q u i d  t o  e n t e r  compresso r .  
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COST FACTORS: 

INTERACTIONS: 
EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO HlC.10 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 
EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO H l C . 1 1  

LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 

CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

A d j u s t m e n t s  f a i r l y  cheap.  Chang ing  e x p a n s i o n  d e v i c e s  can  be  
q u i t e  c o s t l y .  
ECOs on  c o r r e c t  t e m p e r a t u r e s  IECO H lC .51 .  
Use a u d i t  p r o c e d u r e  on  e x p a n s i o n  d e v i c e  IAP H lC .4 )  t o  e v a l u a t e  
e x p a n s i o n  d e v i c e  pe r f o rmance .  

.. 

.. - 

CHECK HEAT PUMP STAND BY LOSSES 
Ma in tenance l lmp rovemen t .  
Measure  e l e c t r i c  o r  t h e r m a l  e n e r g y  consump t i on  o f  h e a t  pump 
when i t  i s  i n  a  s t a n d  by mode. I n  p a r t i c u l a r  check  t h e  
f o l l o w i n g  i t e m s :  i )  do c i r c u l a t i n g  pumps l f ans  c o n t i n u e  t o  
o p e r a t e ,  i i )  a r e  c r a n k  case  h e a t e r s  r e q u i r e d  t o  o p e r a t e ,  iiil 
l o s s e s  t h r o u g h  insufficient i n s u l a t i o n ,  i v )  l o s s e s  f r o m  
compresso rs  p l a c e d  o u t d o o r s ,  v )  . a re  w a t e r - c o o l e d  condenso rs  
p l a c e d  o u t s i d e  o f  b u i l d i n g  ( r e q u i r i n g  warm w a t e r  c i r c u l a t i o n  
a t  sub -ze ro  t e m p e r a t u r e s ) .  
A l l  h e a t  pumps and c o o l i n g  u n i t s .  

Never  s h u t  o f f  c i r c u l a t i o n  o f  w a t e r  i n  o u t d o o r  condenso rs  i f  
r i s k  f o r  f r e e z i n g  e x i s t s .  Be c a r e f u l  w i t h  f ans  t h a t  a r e  p a r t  
o f  v e n t i l a t i n g  sys tems .  
C o r r e c t i o n s  a r e  n o r m a l l y  cheap.  Mov ing  o u t d o o r  condenso rs  
( s p l i t t i n g  a  u n i t )  o r  compresso rs  w i l l  be  c o s t l y .  
ECO H l C . 2  ( a n c i l l a r y  e q u i p m e n t ) .  
S t a n d  by l o s s e s  a r e  e a s i l y  e s t i m a t e d  by measu r i ng  power 
consump t i on  d u r i n g  o f f  d u t y  p e r i o d s  IMT E L . 6 ) .  E s t i m a t e  
s a v i n g s  b y  m u l t i p l y i n g  s e a s o n a l  number o f  h o u r s  i n  o f f  d u t y  
mode w i t h  s t a n d  by l o s s e s .  

See Append i x  C.4 

CLEAN AND MAINTAIN COOLING TOYER CIRCUITS AND HEAT EXCHANGER 
SURFACES 
M a i n t e n a n c e .  
C l e a n  and r e p a i r  c o o l i n g  t o w e r  fill and h e a t  exchange r  
s u r f a c e s ,  c l e a n  p a n s  and a i r  l o u v r e s  and.  i f  a p p l i c a b l e .  
p r o v i d e  w a t e r  t r e a t m e n t  t o  m a i n t a i n  w a t e r  q u a l i t y  and l i m i t  
a l g a e  g r o w t h .  
A l l  sys tems w i t h  c o o l i n g  t o w e r s  o r  h e a t  exchange rs .  
Less  p o t e n t i a l  f o r  g r o w t h  o f  h a r m f u l  b a c t e r i a  ( L e g l o n e l l a  
v i r u s ) ,  i n  w a t e r  c i r c u i t s .  D i m i n i s h e d  r l s k  f o r  undue s t o p s  
because o f  c l o g g i n g  o r  e a r l y  shu tdown on  s a f e t y  equ ipmen t .  
Enhanced h e a t  t r a n s f e r .  
Use o f  c h e m i c a l s  f o r  c l e a n i n g  s h o u l d  be  exercised w i t h  c a r e .  
I n  a i r  sys tems c l e a n i n g  1s cheap. L i q u i d  sys tems  w i l l  n o r m a l l y  
have t o  be  s h u t  down. 
T h i s  ECO w i l l  p r o v i d e  l o w e r c o n d e n s i n g  w a t e r  t e m p e r a t u r e s  ( s e e  
ECO C.21 i n  a i r  c i r c u i t s .  See a l s o  ECO D.5 .  0 . 9 .  P .S.  
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EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO HlC.12 
LEVEL: 

SIDE BENEFITS 
CAUTIONS: 

INTERACTIONS: 
EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO HlC.13 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

A l t e r n a t i v e  ECO: Use n a t u r a l  wa te r  sources f o r  condens ing IECO 
C . l l ) . r e p l a c e m e n t  IECO HlC.161. See a l s o  ECO C:12 I M i n i m i s e  
adverse e x t e r n a l  i n f l u e n c e s ) .  

Compare c o s t  o f  manual and au tomat i c  c l e a n i n g  
Burge r .  1980. 

MAINTAIN FULL CHARGE OF REFRIGERANT 
Maintenance. 
Locate and c o r r e c t  l eaks  and add r e f r i g e r a n t  as necessary .  
Coo l i ng  o r  h e a t i n g  systems u s i n g  compressor opera ted  c h i l l e r s .  
a i r  c o n d i t i o n e r s  o r  hea t  pumps. 
Improved s e r v i c e  l i f e  o f  t h e  compressor.  
Loss o f  r e f r i g e r a n t  -has p o t e n t i a l l y  adverse env i ronmenta l  
e f f e c t s .  Overcharg ing can cause l i q u i d  r e f r i g e r a n t  t o  e n t e r  
compressor which can damage compressors and a f f e c t  performance 
o f  a l l  compressor t y p e s .  
E l i m i n a t i o n  o f  l eaks  w i l l  remove c o s t  o f  r e f r i g e r a n t  
r e c h a r g i n g  a l t h o u g h  c o s t  o f  r e p a i r i n g  l eaks  can be c o s t l y .  

Measure r e f r i g e r a n t  condens ing and e v a p o r a t i n g  p ressu res  and 
tempera tu res  IMT P.11 and compare w i t h  o u t g o i n g  tempera tu res  
o f  condenser and e v a p o r a t o r  f l o w s .  Use r e f r i g e r a n t  d e t e c t o r  t o  
l o c a t e  l eaks .  

Stamm. 1978 

IMPROVE CAPACITY CONTROL 
ImprovementlReplacement. 
Improve p a r t  l o a d  e f f i c i e n c y  by more e f f i c i e n t  c a p a c i t y  
c o n t r o l s ;  i . e . :  i) v a r i a b l e  speed c o n t r o l ,  ii) c y l i n d e r  
u n l o a d i n g ,  iiil s o l u t i o n  c o n t r o l ,  and i v l  vane ang le  c o n t r o l  
( l a r g e  c e n t r i f u s a l  u n i t s ) .  
A l l  compressor d r i v e n  equipment and a b s o r p t i o n  c h i l l e r s .  
Pro longed equipment l i f e .  
Capac i t y  c o n t r o l  shou ld  a l s o  i n c l u d e  c i r c u l a t i o n  pumps o r  fans 
t o  a v o i d  u n n e c e s s a r i l y  h i g h  power consumption. 
V a r i a b l e  speed c o n t r o l  t h rough  gearboxes i s  expens ive  and 
r e q u i r e s  l ong  changeover t imes .  S l i p p i n g  d e v i c e  i n h e r e n t l y  
have l o v e r  e f f i c i e n c i e s  as t h e  speed reduces .  Power i n v e r t e r s  
a r e  expens ive b u t  have h i g h  e f f i c i e n c i e s .  V a r i a b l e  number o f  
motor w i n d i n g s  i s  e f f i c i e n t  and cheap. 
C o r r e c t  sequencing o p e r a t i o n  o f  m u l t i p l e  u n i t s  IECO H lC .1 )  
enhances c a p a c i t y  c o n t r o l .  ECO HIC.14 (Reduce compressor 
c a p a c i t y ) .  
RV C.6 g i v e s  compara t i ve  per formance o f  v a r i o u s  t ypes  o f  
c a p a c i t y  c o n t r o l  f o r  d i f f e r e n t  systems. H o u r l y  a n a l y s i s  
methods may be r e q u i r e d  t o  j u s t i f y  c a p i t a l  e x p e n d i t u r e s  o f  
p r o v i d i n g  improved c a p a c i t y  c o n t r o l  means. Measure r u n n i n g  
t ime  and number o f  s t a r t s  IMT E L . 7 ) .  and e l e c t r i c  power 
consumpt ion IMT EL.61. I f  r u n n i n g  t imes  a r e  s h o r t .  u n i t  i s  t o o  
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l a r g e .  F o r  h e a t  pumps, compressor  power consump t i on  and u s i n g  
s u p p l i e d  compressor  d i ag rams  w i l l  g i v e  an e s t i m a t e  o f  t h e  
o u t p u t ,  know ing  t h e  condens ing  and e v a p o r a t i n g  t e m p e r a t u r e s .  
T h i s  can  be compared w i t h  c a l c u l a t e d  h e a t  l o a d s  t o  see i f  t h e  
h e a t  pump i s  t o o  l a r g e .  

COMMENTS: C e n t r i f u g a l  mach ines  n o r m a l l y  o p e r a t e  most  e f f i c i e n t l y  be tween 
40 and 70% l o a d e d .  Maximum s a v i n s s  a r e  o b t a i n e d  when c v l i n d e r  
u n l o a d i n g  ( o f t e n  i n e f f i c i e n t 1  i s  i n  s t e p s  o f  one c y l i n d e r  a t  a. 
t i m e .  F o r  m u l t i p l e  compressor  a p p l i c a t i o n s ,  o n l y  one 
compressor  s h o u l d  be  u n l o a d e d  a t  a  t i m e :  a l .1  o t h e r s  s h o u l d  be  
used  a t  f u l l  c a p a c i t y  o r  shu tdown 

REFERENCES: E r t h .  1980 ;  G a r l a n d .  1980.  

ECO HlC .14  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

REDUCE COMPRESSOR CAPACITY OR F I T  A  SMALLER COMPRESSOR 
ImprovementIReplacement. 
Reduce compresso r  c a p a c i t y  where equ ipmen t  i s  o v e r s i z e d  b y  
r e d u c i n g  speed o f  m o t o r ,  f i t t i n g  a  s m a l l e r  compresso r  o r  
r e d u c i n g  t h e  s i z e  o f  t h e  i m p e l l e r  i n  c e n t r i f u g a l  mach ines .  
Reduce - m o t o r  s i z e  t o  ma tch  r e d u c e d  l o a d  and r e t a i n  t h e  Inow 
o v e r s i z e d )  h e a t  exchange rs .  
Where e x i s t i n g  equ ipmen t  i s  o v e r s i z e d ,  p a r t i c u l a r l y  where  
ene rgy  i n t e n s i v e  c a p a c i t y  c o n t r o l s  a r e  used ,  and where i t  i s  
p o s s i b l e  t o  r e p l a c e  t h e  compressor  o n l y .  
Imp roved  l i f e  e x p e c t a n c y .  

A l t e r n a t i v e  o r  c o m p l i m e n t a r y '  ECOs a r e  H lC .13  ( I m p r o v e  c a p a c i t y  
c o n t r o l .  C:I? ( I n c r e a s e  h e a t  exchange r  s u r f a c e  a r e a s ) .  H lC .16  
(Rep lacemen t )  and,  f o r  h e a t i n g  sys tems ,  b o i l e r  r e p l a c e m e n t  
IECO H.241.  
Measure  r u n n i n g  t i m e  and number o f  s t a r t s  (MT EL.7)  and  
e l e c t r i c  power consump t i on  IMT EL .61 .  If r u n n i n g  t i m e s  a r e  
s h o r t ,  compare e s t i m a t e d  o u t p u t  f r om  h e a t i n g l c o o l i n g  u n i t  t o  
e s t i m a t e d  demand. 

COMMENTS: 
REFERENCES: 

ECO HIC.15 REPIPEIOPERATE CHILLERS OR COMPRESSORS I N  SERIES OR PARALLEL 
LEVEL: ImprovementIReplacement. 
OESCRIPTION: R e p i p e l o p e r a t e  c h i l l e r s  o r  compresso rs  i n  s e r i e s  o r  p a r a l l e l  

a c c o r d i n g  t o  op t imum a r rangemen t  b a l a n c i n g  compresso r  power 
s a v i n g s  w i t h  pumping c o s t s .  

APPLICATION: C e n t r a l  c o o l i n g  sys tems w i t h  m u l t i p l e  c h i l l e r s  and  
h e a t i n g l c o o l i n g  sys tems w i t h  h e a t  pumps. 

SIDE BENEFITS: Reduced s t a r t i n g  c u r r e n t s .  
CAUTIONS: C a u t i o n  r e q u i r e d  i n  D i r e c t  Expans ion  sys tems .  
COST FACTORS: A  check  on  o p e r a t i n g  c o n d i t i o n s  i s  s t r a i g h t  f o r w a r d  and  cheap.  

Changes i n  s t r a t e g y  a r e  n o r m a l l y  cheap u n l e s s  p i p e  work i s  
needed.  
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INTERACTIONS: 

EVALUATION: 

COUMENTS: 
REFERENCES: 

ECO HlC.16 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO HlC .17  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

C o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  e n s u r i n g  c o r r e c t  s e q u e n c i n g .  
see ECO H I C . l  and  ECO C.lO. See a l s o  ECO C . l  ( C h i l l e d  w a t e r  
t e m p e r a t u r e )  
I t  i s  n e c e s s a r y  t o  e v a l u a t e  b o t h  COP and DurnDins d i f f e r e n c e s  
be tween t h e  two  o p t i o n s .  f a i l u r e  t o  do so can  l e a d  t o  
e r r o n e o u s  c o n c l u s i o n s .  S e r i e s  p i p i n g  sys tems a r e  n o r m a l l y  
p r e f e r a b l e  where  t h e r e  i s  a  low c h i l l e d  w a t e r  f l o w  r a t e s  o r  
h i g h  t e m p e r a t u r e  d i f f e r e n c e  ( i . e .  s u p p l y - r e t u r n  t e m p e r a t u r e ) .  

Tao.  1985.  

R E P L A C E  OR UPGRADE COOLING EQUIPMENT AND HEAT PunPs 
Rep lacement .  
Rep lace  o l d  and i n e f f i c i e n t  equ ipmen t  ( c o n d e n s o r s ,  c o o l i n g  
t o w e r s ,  compresso rs ,  h e a t  pumps e t c . 1  w i t h  new more e f f i c i e n t  
t y p e s .  
P r ime  t a r g e t s  a r e  change o f :  il h e a t  pumps, i i )  a i r  c o o l e d  
condenso rs  t o  c o o l i n g  t o w e r s  ( p a r t i c u l a r l y  i n  l o c a t i o n s  w i t h  
f ewe r  t h a n  15  000 wet  b u l b  deg ree  h o u r s . ) .  iiil s i n g l e  u n i t  t o  
m u l t i p l e  p l a n t ,  i v l  upg rade  wood f i l l e d  t o w e r s  t o  c e r a m i c  
t o w e r s ,  o r  r e p l a c e  fill, v l  a b s o r p t i o n  t o  v a p o r  compress i on  
sys tems ,  v i l  s i n g l e  s t a g e  a b s o r p t i o n  c h i l l e r s  t o  two  s t a g e .  
v i i )  h e r m e t i c  w i t h  open compresso rs  (Stamm. 1 9 8 4 ) .  and v i i i )  
h i g h  l i f t  s i n g l e  s t a g e  compresso rs  w i t h  two  s t a g e  w i t h  f l a s h  
i n t e r c o o l i n g  ( P r a s a d .  1981:  K l i n g e r .  1 9 8 0 ) .  

The re  i s  some c o n c e r n  t h a t  ( w e t )  c o o l i n g  t o w e r s .  i f  n o t  
p r o p e r l y  m a i n t a i n e d  can  be  a  cause  o f  L e g i o n a i r e s  d i sease :  
T h e i r  c h o i c e  o v e r  a i r  c o o l e d  condenso rs  i n  c r i t i c a l  s i t u a t i o n s  
such  as h o s p i t a l s  m i g h t  be  r e v i e w e d  c a r e f u l l y .  

ECO H l C . 1 1  ( C l e a n  and m a i n t a i n ) .  ECO HlC.14 (Reduce compresso r  
c a p a c i t y ) .  ECO C.2 ( Lowe r  c o n d e n s i n g  w a t e r  t e m p e r a t u r e ) .  
See C h e c k l i s t  f o r  C o o l l n g .  App. E .  AT C . l  ( S e a s o n a l  
pe r f o rmance  o f  c o o l i n g  s y s t e m s ) .  RV H l C . 1  ( P e r f o r m a n c e  i n d i c e s  
o f  h e a t i n g  and c o o l i n g  e q u i p m e n t ) ,  and AP H I C . l  ( P e r f o r m a n c e  
o f  h e a t  pumps and  c h i l l e r s l .  F o r  check  o f  o v e r s i z i n g  measure 
r u n n i n g  t i m e  and number o f  s t a r t s  (MR E L . 7 )  and  e l e c t r i c  
c o n s u m p t i o n  ( H I  EL .61 .  If r u n n i n g  t i m e s  a r e  s h o r t ,  u n i t  i s  
p r o b a b l y  o v e r s i z e d .  Compare e s t i m a t e d  o u t p u t  f r o m  u n i t  t o  
e s t i m a t e d  demand. 

Stamm. 1984;  P rasad .  1981 :  B a l t i m o r e  A i r  C o i l .  1984:  K l i n g e r .  
1980 :  and H i l l .  1984 .  

AIR TO AIR HEAT RECOVERY TECHNIQUES 
Rep lacement .  
Use a i r  t o  a i r  h e a t  r e c o v e r y  t o  p r e - c o n d i t i o n  make-up a i r .  
O p t i o n  i n c l u d e s  h e a t  w h e e l s ,  e l a t e ,  r u n  a r o u n d ,  h e a t  pump o r  
h e a t  p i p e s .  
A l l  b u i l d i n g s  where m e c h a n i c a l  v e n t i l a t i o n  sys tems  a r e  
p r o v i d e d .  P a r t i c u l a r  b e n e f i t  i n  h e a t i n g  s i t u a t i o n s  where 
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SlDE BENEFITS 

CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO H lC .18  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SlDE BENEFITS 

CAUTIONS: 

COST FACTORS: 

5 INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

e x h a u s t  a i r  i s  h o t  and humid ,  e . g .  l a u n d r i e s ,  b a k e r i e s  and. 
i n d u s t r i a l  d r y i n g  p r o c e s s e s .  
A l s o  p o t e n t i a l l y  v a l u a b l e  r e t r o f i t  i n  c o n t i n e n t a l  t y p e  c l i m a t e  
w i t h  w i n t e r  summer ex t r emes  s i n c e  p l a n t  i s  u s e d  y e a r  r o u n d .  
F r o s t  c o l l e c t i o n  on  t h e  exchange r  can  r e d u c e  e f f e c t i v e  s a v i n g s  
and s t o p  o f f  v e n t i l a t i o n  a i r  u n d e r  c e r t a i n  wea the r  c o n d i t i o n s .  
I f  p o s s i b l e  p u t  h e a t  r e c o v e r y  a f t e r  p r e h e a t i n g  c o i l .  

I n  some i n s t a n c e s ,  a i r  econom ise rs  may b e a n  a l t e r n a t i v e  IECO 
R.181.  See a l s o  ECO R.34.  R.35 .  May r e q u i r e  l a r g e r  f a n s  o r  f a n  
m o t o r s  ow in^ t o  i n c r e a s e d  s t a t i c  P r e s s u r e  d r o p  i n t r o d u c e d  b y  
exchange r  e q u i p m e n t .  
See AP H IC .2 .  RV H IC .2  g i v e s  t y p i c a l  c h a r a c t e r i s t i c s  

Sun. 1979 .  Reay. 1980.  Hamgtong. 1984.  Chauhan. 1985.  K a r y .  
1984.  W r i g h t .  1984.  

REPLACE OR UPGRADE HEAT PUMP SUPPLEMENTARY HEAT SUPPLY 
Rep lacemen t / Imp rovemen t  
Rep lace  e x i s t i n g  supp lemen ta r y  h e a t i n g l c o o l i n g  s u p p l y  w i t h  
more economic  a n d l o r  e n e r g y  e f f i c i e n t  t y p e .  Upgrade 
i n s t a l l a t i o n  t o  r u n  h e a t  pump as base l o a d  and change c r i t e r i a  
f o r  s t a r t i n g  o f  s u p p l e m e n t a r y  h e a t i n g l c o o l i n g  s u p p l i e s .  
R e t r o f i t t e d  b i v a l e n t  h e a t i n g  sys tems where e x i s t i n g  b o i l e r s  
have been u s e d  as supp lemen ta r y  h e a t  s u p p l i e s  t o  h e a t  pumps. 
B o i l e r  c a p a c i t y  can  be r e d u c e d ,  i n c r e a s i n g  b o t h  e f f i c i e n c y  and 
l i f e t i m e  o f  t h e  u n i t .  
A lways  use  t i m e  d e l a y  t o  s t a r t  s u p p l e m e n t a r y  h e a t '  s u p p l i e s .  I f  
e l e c t r i c i t y  w i l l  be u s e d  as s u p p l e m e n t ,  check  d i m e n s i o n i n g  o f  
e x i s t i n g  n e t  wo rk .  
Rep lacement  i s  e x p e n s i v e .  U p g r a d i n g  can  be e x p e n s i v e  if 
e x i s t i n g  p i p e w o r k  has  t o  be changed.  Chang ing  s t a r t i n g  
c r i t e r i a  i s  n o r m a l l y  cheap. 
ECO H.10 (Upg rade  b o i l e r  i n s u l a t i o n ) .  H.17 (More  e f f i c i e n t  
b u r n e r ] .  H.24 ( R e p l a c e  o b s o l e t e  b o i l e r l .  H I C . l  (Sequence 
o p e r a t i o n ) .  H IC.3  ( P r o p e r  s t a r t i n g  f r e q u e n c y ) ,  H lC .5  ( P r o p e r  
t e m p e r a t u r e s ) .  H IC .8  ( P r o p e r  f l o w s l .  
Use AP H.1. H.2  o r  H.3 t o  e v a l u a t e  e f f i c i e n c y  o f  e x i s t i n g  
b u r n e r  o r  b o i l e r .  Check o v e r s i z i n g  and s t a r t i n g  c r i t e r i a  b y  
measu r i ng  r u n n i n g  t i m e  and number o f  s t a r t s  (MT EL.61 o r  
compa r i ng  i n s t a l l e d  power and peak l o a d  (AP H.41 .  



ECO C . l  RAISE CHILLED UATER TEMPERATURE AND SUCTION GAS PRESSURE 
LEVEL: Opera t ions l lmprovement .  
DESCRIPTION: Raise c h i l l e d  water  temperature s e t p o i n t  ( c h i l l e r s 1  and 

s u c t i o n  gas p r e s s u r e  ( d i r e c t  expans ion equipment)  t o  h i g h e s t  
v a l u e  c o n s i s t e n t  w i t h  s a t i s f y i n g  c o o l i n g  and d e h u m i d i f y i n g  
requ i remen ts .  Cons ider  changing s e t p o i n t  manual ly  o r  
a u t o m a t i c a l l y  as l o a d  v a r i e s .  

APPLICATION: Genera l .  
SIDE BENEFITS: Reduced p r e s s u r e  l i f t  on compressors p r o l o n g s  t h e i r  l i f e .  
CAUTIONS: R a i s i n g  c h i l l e d  water  tempera tu re  lowers  c a p a c i t y  f o r  l a t e n t  

c o o l i n g  caus ing  space h u m i d i t y  l e v e l s  t o  r i s e .  Too h i g h  an 
evapora to r  tempera tu re  may compromise p roper  f u n c t i o n i n g  o f  
expans ion d e v i c e s .  

COST FACTORS: No c o s t  u n l e s s  a u t o m a t i c  water  r e s e t  c o n t r o l s  a r e  added. 
INTERACTIONS: ECO HlC.15 ( C h i l l e r  p i p i n g  ar rangement)  c o u l d  complement o r  

i n t e r f e r e  w i t h  t h i s  ~ C O .  - see  E C O  C.10. C e n t r a l  c h i l l e r l r e -  
f r i g e r a t i o n  c o n t i o l .  C.14 (Use o f  d e s i c a n t l .  

EVALUATION: R V  C . l  g i v e s  t y p i c a l  e f f e c t  o f  e v a p o r a t i n g  tempera tu re  on 
c h i l l e r  performance 

COMMENTS: 
REFERENCES: 

ECO C.2 LOUER CONDENSING UATER TEMPERATURE AND HEADPRESSURES 
LEVEL: Opera t ions l Improvement .  
DESCRIPTION: Lower condens ing c o o l i n g  water  s e t p o i n t  l c h i l l e r s l  and head 

p ressu res  ( d i r e c t  expans ion equipment)  c o n s i s t e n t  w i t h  t h e  
c o o l i n g  c a p a b i l i t i e s  o f  t h e  heat  r e j e c t i o n  equipment.  Cons ider  
changing s e t p o i n t  manua l l y  o r  a u t o m a t i c a l l y  as l o a d  and 
o u t s i d e  a i r  c o n d i t i o n s  v a r y  (ECO R . l l .  Lover  tempera tu res  can 
be ach ieved  by :  i l  i n c r e a s i n g  tower  o r  a i r  coo led  condenser 
fan  volumes, iil i n c r e a s i n g  tower water  f l o w  r a t e ,  iiil where 
i n s t a l l a t i o n  opera tes  a t  cons tan t  condenser wa te r  tempera tu re .  
modi fy  c o n t r o l s  f o r  more con t inuous  tower l condenser  o p e r a t i o n  
and, i v l  move condcnscr c l o x r  t o  t h e  compressor t o  m i n i m i s e  
pumping energy.  

APPLICATION: Air c o n d i t i o n i n g  c h i l l e r s  and d i r e c t  expans ion (DX) equipment 
and i n d u s t r i a l  r e f r i g e r a t i o n  systems. Not a p p l i c a b l e  when 
condenser hea t  i s  r e c l a i m e d  u n l e s s  lower  temoera tu re  h e a t i n a  ~~ ~ ~ ~ ~ 

f l u i d  can be t o l e r a t e d .  
- 

SIDE BENEFITS: Inc reased  comoressor l i f e  ( l o w e r  l o a d  and o r e s s u r e s l .  
CAUTIONS: Inc reased  o v ' e r a l l  energy may occu r  i f  i nc reased  tower  energy 

i s  h i g h e r  than  COP improvements. Undercompression i n  screw 
compressors w i l l  reduce t h e  energy sav ing .  Low head p ressu res  
may upse t  l i q u i d  r e f r i g e r a n t  f l o w s  i n  l a r g e  i n d u s t r i a l  
systems. LOW pressures  may a f f e c t  d e f r o s t  o p e r a t i o n  i n  
i n d u s t r i a l  systems. 

COST FACTORS: 
INTERACTIONS: An a l t e r n a t i v e  ECO i s  ECO C . l l  (Use n a t u r a l  water  sources f o r  

condens ing ) .  Complementary ECOs a r e  ECO C.4 (C lean  condenser 
t u b e s ) :  ECO H lC .11  (C lean  and m a i n t a i n  c o o l i n g  tower  c u r c u i t l :  
C.7 (Exhaust  l c o o l l  c o n d i t i o n e d  a i r  over  condensers and 
th rough  c o o l i n g  t o w e r s ) :  ECO C.10 ( C e n t r a l  



EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO C.3 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO C.4 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 

CAUTIONS: 
'COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 

APP. D  ECO l i s t s  ( C l  

c h i l l e r l r e f r i g e r a t i o n  c o n t r o l l :  C.12 ( M i n i m i s e  a d v e r s e  
e x t e r n a l  i n f l u e n c e s  on c o o l i n g  t o w e r  p e r f o r m a n c e ) :  ECO C.8 
( I n c r e a s e  h e a t  exchange s u r f a c e  a r e a s )  and ECO HlC.16 ( R e p l a c e  
o r  upg rade  o b s o l e t e .  o v e r s i z e d  a n d l o r  i n e f f i c i e n t  e q u i p m e n t ) .  
Lower condens ing  t e m p e r a t u r e  may n o t  be c o m p a t i b l e  w i t h  h e a t  
r e c o v e r y  o p t i o n  (ECO C.51.  
RV C.2 g i v e s  t y p i c a l  e f f e c t  o f  c o n d e n s i n g  t e m p e r a t u r e  o n  
c h i l l e r  p e r f o r m a n c e .  

C o l e .  1985 ;  D u b i n .  1975 

SHUT OFF AUXILIARIES WHEN NOT REQUIRED 
~ p e r a t i o n s l f m p r o v e m e n t .  
Shut  o f f  a l l  a u x i l i a r i e s  where c h i l l i n g l r e f r i g e r a n t  p l a n t  i s  
n o t  r e q u i r e d  - equ ipmen t  wou ld  i n c l u d e  c h i l l e d  and condense r  
c o o l i n g  w a t e r  pumps, o i l  h e a t e r s  and c o o l i n g  t o w e r  pan h e a t e r s  
and t r a c e  h e a t i n g  ( t o  c o o l j n g  t o w e r ) .  
C h i l l e r s  and r e f r i g e r a t i o n  u n i t s  w i t h  a - c o n t i n u o u s  
o p e r a t i o n .  

C a u t i o n  i s  needed t o  remove r i s k  o f  f r e e z i n g  when pan and  
t r a c e  h e a t i n g  1s  removed.  
No c o s t  if done m a n u a l l y  b u t  more e f f e c t i v e  i f  au tomated.  
T h i s  ECO can  be  a c h i e v e d  t h r o u g h  C e n t r a l  c h i l l e r  o r  
r e f r i g e r a t i o n  c o n t r o l  (ECO C. lO1 o r  t h r o u g h  g e n e r a l  e n e r g y  
management sys tems ( s e e  ECO R.281 

CLEAN CONDENSER TUBES 
M a i n t e n a n c e l l m p r o v e n e n t .  
C l e a n  condense r  t u b e s  when r e q u i r e d  o r  i n s t a l l  au tom i  l t i c  t u b e  
c l e a n i n g  sys tem ( L e i t n e r .  19801. 
Water  c o o l e d  condense rs ,  g e n e r a l l y  on  l a r g e r  u n i t s .  
Reduced dependence on  c h e m i c a l  w a t e r  t r e a t m e n t  w h i c h  l e s s e n s  
c o r r o s i v e  and e c o l o g i c a l l y  u n d e s i r a b l e  s i d e  e f f e c t s .  

Two y e a r s  c l a i m e d  payback  on  l a r g e  w e l l  u t i l i s e d  u n i t s .  
T h i s  ECO a l l o w s  f o r  l owe r  condens ing  w a t e r  t e m p e r a t u r e s  IECO 
C.21.  
RV C.4 p r o v i d e s  i n f o r m a t i o n  on  t h e  e f f e c t  o f  condense r  f o u l i n g  
and t h e  impac t  o f  aut0mati.c t u b e  c l e a n i n g  b rushes .  

R E F E R E N C E S :  L e i t n e r .  1980.  
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ECO C.5 HEAT RECOVERY Of CONDENSER HEAT 
LEVEL: Improvement/Replacement. 
OESCRIPTION: I n s t a l l  h e a t  exchange rs  o n  condense r  c o o l i n g  w a t e r  o r  h o t  

r e f r i o e r a n t  l i n e s  [Stamm. 19781 o r  i n s t a l l  d o u b l e  b u n d l e  - 
condense r  t o  r e c l a i m  h e a t .  

APPLICATION: F a c i l i t i e s  w i t h  a i r  c o n d i t i o n i n g  o r  p r o c e s s  c o o l i n g .  T h i s  ECO 
i s  a t t r a c t i v e  where t h e r e  i s  v e a r  r o u n d  need f o r  c o o l i n q  
o p e r a t i o n  and a  c o - i n c i d e n t  need f o r  space o r  SHY h e a t i n g .  

SIDE BENEFITS: Less  use  o f  w a t e r .  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: A  t r a d e  o f f  i s  r e q u i r e d  be tween h i g h  g r a d e  r e c l a i m e d  h e a t  and 

i t s  impac t  on  l o w e r i n g  r e f r i g e r a t i o n  COP. [COP f a l l s  w i t h  
i n c r e a s i n g  c o n d e n s i n g  t e m p e r a t u r e .  ECO C.21. 

EVALUATION: Measure  f l o w  and t e m p e r a t u r e  o f  c o o l i n g  w a t e r  t o  c a l c u l a t e  
p o s s i b l e  h e a t  r e c o v e r y .  

COMMENTS: Hea t  s t o r a g e  can  i n c r e a s e  s a v i n g s .  
REFERENCES: Stamm. 1978.  

ECO C.6 ATMOSPHERIC COOLING 
LEVEL: I m p r o v e m e n t / R e p l a c e m e n t .  
DESCRIPTION: O b t a i n  f r e e  c h i l l e d  w a t e r  b y  c o o l i n g  w i t h  o u t s i d e  a i r  u s i n g  

t h e  e x i s t i n g  c o o l i n g  t o w e r ,  an  a u x i l i a r y  h e a t  exchange r  
l o c a t e d  o u t s i d e  o r u s i n g  an  e x i s t i n g  a i r  h a n d l i n g  u n i t  c o i l .  

APPLICATION: I n s t a l l a t i o n  r e o u i r i n q  v e a r  r o u n d  c o o l i n q  w i t h  c o l d  [ c o o l 1  
w i n t e r s  where i t  i s  & b r a c t i c a l  t o  use  o u t d o o r  a i r  d i r e c t l y  
1 i . e .  econom ise r  c y c l e ) .  

ALTERNATIVE: Anv a p p l i c a t i o n  u n s u i t a b l e  f o r  h e a t  pump. e s ~ e c i a l l v  when 
c h ; l l e r a n d  a i r  h a n d l i n g  u n i t s  a r e  r e m o t e l y  l o c a t e d .  

SIDE BENEFITS: 
CAUTIONS: R i s k  f o r  f r e e z i n g .  
COST FACTORS: Can be  a  r e l a t i v e l y  low c o s t  i t e m  compared w i t h  o t h e r  means o f  

g e n e r a t i n g  w i n t e r  c h i l l e d  w a t e r .  
INTERACTIONS: f r e e  c o o l i n g  c h i l l e r s  a r e  on  a l t e r n a t i v e  s t r a t e g y  IECO C.131.  
EVALUATION: H o u r l y  a n a l y s i s  n o r m a l l y  r e q u i r e d  t o  e s t i m a t e  s a v i n g s .  
TOMMFUTC. " ". .. .-,. . . 
REFERENCES: Y i n g e r .  1983 :  A l b e r n .  1984 .  

ECO C .  I EXHAUST [ C O O L )  CONDITIONED A I R  O V E R  CONDENSERS AND THROUGH 
. . . . - . . . 

LEVEL: I m p r o v e m e n t l R e p l a c e m e n t .  
DESCRIPTION: M o d i f y  e x h a u s t  d u c t w o r k  so t h a t  when e x h a u s t  a i r  i s  o f  a  l o w e r  

t e m p k a t u r e  o r  e n t h a l p y  c o n t e n t  t h a n  o u t s i d e  a i r ,  i t  can  be  
u s e d  t o  p r o v i d e  more e f f i c i e n t  c o o l i n g  o f  t h e  h e a t  r e j e c t i o n  
equ ipmen t .  

APPLICATION: Uhe re  e x h a u s t  i s  c l o s e  t o  c o o l i n g  t o w e r  o r  condense r .  Mos t  
b e n e f i t  where o u t s i d e  a i r  t e m p e r a t u r e s  a r e  c o n s i s t e n t l v  much 
h i g h e r  t h a n  m a i n t a i n e d  i n t e r n a l  c o n d i t i o n s .  

SIDE BENEFITS: 
CAUTIONS: 
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COST FACTORS: C a p i t a l  c o s t s  depend on  t h e  e x t e n t  t o  w h i c h  d u c t w o r k  
m o d i f i c a t i o n s  a r e  r e q u i r e d .  E s t i m a t e s  o f  imp roved  COP w i t h  
l o w e r  condens ing  t e m p e r a t u r e s  can  be made u s i n g  d a t a  f rom RV 
C.2 and l o c a l  w e a t h e r  c o n d i t i o n s  u s i n g ,  a s  a  minimum, a  b i n  
method t v o e  a n a l v s i s  (AT M.21.  

INTERACTIONS: A l l o w s  i b w e r  condens ing  t e m p e r a t u r e  ( s e e  ECO C.21.  See a l s o  
ECO C.12 l n i n i m i s e  a d v e r s e  e x t e r n a l  i n f l u e n c e s ) .  

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO C.8 INCREASE HEAT EXCHANGER SURFACE AREAS 
LEVEL: Improvement/Replacement. 
DESCRIPTION: I n c r e a s e  condense r  s u r f a c e  a r e a s  f o r  l owe r  condens ing  

t e m p e r a t u r e s :  e .g .  
a d d i t i o n a l  u n i t l s l .  

l a r g e r  c o o l e r  t owe r  condense r  

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: C o n s i d e r  a l s o  s t e p s  t o  m i n i m i s e  adve rse  e x t e r n a l  i n f l u e n c e s  on  

c o o l i n g  t owe r  lECO C . 1 2 ) .  Where i n s t a l l e d  c o o l i n g  c a p a c i t y  i s  
more t h a n  r e q u i r e d ,  an a l t e r n a t i v e  i s  ' t o  f i t  a  s m a l l e r  
compresso r  lECO HIC . l 4 ) .  l n c r e a s  i n g  condense r  h e a t  exchange r  
a r e a  w i l l  p e r m i t  l o w e r  condens ing  t e m p e r a t u r e s  (ECO C.21. 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO C.9 USE CITY WATER FOR COOLING 
LEVEL: Imp rovemen t /Rep l cemen t .  
DESCRIPTION: I n s t a l l  c o o l i n g  c o i l  u s l n g  c i t y  w a t e r  t o  p r o v i d e  f r e e  c o o l i n g .  
APPLICATION: F a c i l i t i e s  w i t h  l a r g e  and c o n s i s t e n t  c o l d  w a t e r  demand such  as 

l a u n d r i e s  and o t h e r  b u i l d i n g s  u s i n g  w a t e r  f o r  s a n i t a t i o n  o r  
p r o c e s s e s .  

SIDE BENEFITS: H e a t  g a i n  t o  w a t e r  may b e  o f  b e n e f i t  i f  t h e  p r o c e s s  w a t e r  
r e q u i r e s  h e a t i n g .  

CAUTIONS: I t  i s  g e n e r a l l y  n o t  e c o n o m i c a l ,  and i n  many i n s t a n c e s  & 
p e r m i t t e d  b y  wa'ter s u p p l y  a g e n c i e s ,  t o  use  c i t y  w a t e r  f o r  
c o o l i n g  u n l e s s  i t  i s  b e i n g  used  f o r  some o t h e r  Pu rpose .  

COST FACTORS: Can be a u i t e  l ow .  
INTERACTIONS: 
EVALUATION: 
COMMENTS: T h i s  ECO i s  n o t  t o  be  con fused  w l t h  t h e  common p r a c t i c e  o f  

u s i n g  c i t y  w a t e r  f o r  c o o l i n g  condense rs .  
REFERENCES: 
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ECO C.10 CENTRAL CHlLLERlREFRlGERATION CONTROL 
LEVEL: ImprovementIReplacement.  
DESCRIPTION: I n s t a l l  c e n t r a l  c o n t r o l l e r  t o  o p t i m i s e  t h e  o p e r a t i o n  o f  a l l  

c o o l i n g  sys tem components i n c l u d i n g  compresso r  s e q u e n c i n g .  
condense r  and c h i l l e d  w a t e r  r e s e t  and a u x i l i a r i e s  o p e r a t i o n .  

APPLICATION: Most  a p p l i c a b l e  f o r  l a r g e  i n s t a l l a t i o n s .  
SIDE BENEFITS: U n a t t e n d e d  o p e r a t i o n  a l l o w s  t h e  s t a f f  t o  be  u s e d  e l s e w h e r e .  
CAUTIONS: O p e r a t o r s  must  be  a p p r o p r i a t e l y  i n s t r u c t e d .  Hardware  u s e d  t o  

p r o v i d e  f eedback  i n f o r m a t i o n  t o  t h e  c e n t r a l  c o n t r o l l e r  a r e  
e s s e n t i a l  b u t  c a n  be  e x p e n s i v e .  

COST FACTORS: 
INTERACTIONS: Complementary  ECOs: ECD C . l  ( R a i s e  c h i l l e d  r a t e r  t e m p e r a t u r e .  

ECO C.2 (Lower  c o n d e n s i n g  w a t e r  t e m p e r a t u r e ) .  ECD H I C . l  
(Sequence o p e r a t i o n  o f  m u l t i p l e  u n i t s )  and ECO C.3  ( S h u t  o f f  
a u x i l i a r i e s  when n o t  r e q u i r e d ) .  See a l s o  H IC .15  ( O p e r a t e  i n  
s e r i e s  o r  p a r a l l e l l .  

EVALUATION: S m a l l  p e r c e n t a g e  s a v i n g s  can  o f t e n  j u s t i f y  t h e  c o s t  o f  t h e  
c e n t r a l  c o n t r o l l e r .  H o u r l y  a n a l y s i s  i s  d e s i r a b l e .  

COMMENTS: 
REFERENCES: S t o e c h e r .  1980:  B a i l l i e .  1985:  and  Th ie lman .  1983.  

ECO C . l l  USE NATURAL WATER SOURCES FOR CONDENSING 
LEVEL: ImprovementIReplacement. 
DESCRIPTION: Use r i v e r s ,  l a k e s  and  o t h e r  n a t u r a l  w a t e r  b o d i e s  f o r  condense r  

c o o l i n g .  
APPLICATION: I n s t a l l a t i o n s  p r i m a r i l y  w i t h  e x i s t i n g  w a t e r  c o o l e d  equ ipmen t  

c l o s e  t o  n a t u r a l  w a t e r  s o u r c e s ,  most  f a v o u r a b l e  i n  l a r g e r  
i n s t a l l a t i o n s .  

SIOE BENEFITS: I n c r e a s e d  oxygen c o n t e n t  o f  r e t u r n  w a t e r  c a n  imp rove  
c o n d i t i o n s  i n  r i v e r s  and l a k e s  ( s p r a y  c o o l i n g ) .  

CAUTIONS: i l  Use o f  n a t u r a l  w a t e r  s o u r c e  may cause  f o u l i n g  o f  h e a t  
t r a n s f e r  equ ipmen t  r e s u l t i n g  i n  l o s s  o f  p e r f o r m a n c e  and 
r e q u i r i n g  a d d i t i o n a l  m a i n t e n a n c e .  iil I n c r e a s e  o f  t e m p e r a t u r e ,  
due t o  r e j e c t e d  h e a t ,  i n  s m a l l ,  n o n f l o w i n g  w a t e r  b o d i e s  c a n  
UDset w a t e r  eco  sys tem.  

ECOs a imed a t  i m p r o v i n g  e f f i c i e n c y  o f  h e a t  
a l t e r n a t i v e s  t o  t h i s  ECO. ECO H i C . 1 1  ( C l e a n  and 
C.2 ( Lowe r  c o n d e n s i n g  r a t e r  t e m p e r a t u r e ) .  

r e g u l a t i o n  
m a i n t a i n ) .  

a r e  
ECO 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO C.12 MlNlMISE ADVERSE EXTERNAL INFLUENCES ON COOLING TOYER AND AIR 
COOLED CONDENSER 

LEVEL: Improvement .  
DESCRIPTION: P r o v i d e  s h a d i n g  f r om  s o l a r  and  w i n d ,  c o r r e c t  r e c i r c u l a t i o n  o f  

h o t  damn d i s c h a r q e  a i r .  remove any  a i r  f l o w  r e s t r i c t i o n s .  
APPLICATION: G e n e r a l .  
SIDE BENEFITS: P r o l o n g e d  equ ipmen t  l i f e  
CAUTIONS: 



COST FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO C.13 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SLOE BENEFITS 
CAUTIONS : 

COST FACTORS: 
INTERACTIONS: 
EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO C .  14 
LEVEL: 
OESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 

" EVALUATION: 

G e n e r a l  low c o s t  e x c e p t  where r e l o c a t i o n  i s  r e q u i r e d .  
Complementary  ECO t o  ECO HlC.11  ( C l e a n  and m a i n t a i n  c o o l i n g  
t o w e r  c i r c u i t )  and  ECO C.7 ( E x h a u s t  c o n d i t i o n e d  a i r  o v e r  
condense rs  and  c o o l i n g  t o w e r s ) .  E f f e c t  o f  ECO w i l l  be  l o w e r  
p o s s i b l e  condens ing  t e m p e r a t u r e s  (ECO C . 2 ) .  See a l s o  ECO C.8 
( I n c r e a s e  h e a t  exchange r  s u r f a c e  a r e a s ] .  

H e n s l e y .  1983.  

FREE COOLING CHILLERS 
ImprovementlReplacement.  
M o d i f y  e x i s t i n g  c h i l l e r s  o r  i n s t a l l  new c h i l l e r s  t o  make use  
o f  r c f r i g e r d n t  m i g r a l i o n  f o r  g e n e r d t i n g  c h i l l e d  w a t e r .  
F a c i l i t i e s  r e q u i r i n g  w i n t e r ,  s p r i n g  o r  f a l l  c o o l i n g  w h i c h  a r e  
l o c a t e d  i n  c l i m a t e s  w h i c h  have an  a p p r e c i a b l e  number 8f days  
be low  7.5 C  and more t h a n  2 .000 ( h e a t i n g )  deg ree -days  1 C )  p e r  
y e a r . y n d  w h i c h  have low o u t d o o r  we t  b u l b  t e m p e r a t u r e s .  

Space h u m i d i t y  may r i s e  because c h i l l e r s  i n  f r e e  c o o l i n g  mode 
c a n n o t  p r o d u c e  c h i l l e d  w a t e r  t e m p e r a t u r e s  a s  low as when 
compresso rs  a r e  o p e r a t i n g .  
C o o l i n g  t o w e r  may have t o  be  w i n t e r ' i z e d .  
A t m o s p h e r i c  c o o l i n g  (ECO C.61 o r  A i r  econom ise r  (ECO R.181. 
E l e c t r i c  power r e q u i r e m e n t s  O F  pumps and c o o l i n g  t o w e r  need t o  
be l a k e n  i n t o  a c c o u n t .  
F r e e  c o o l i n g  c h i l l e r s  s h o u l d  o n l y  be c o n s i d e r e d  when i t  i s  n o t  
f e a s i b l e  t o  ' f r e e  c o o l '  w i t h  o u t s i d e  a i r  LECO R.181. 
Welsh .  1984 and K a l l e n . 1 9 8 2 .  

USE OF OESICCANT FOR DE-HUMIOIFICATION 
Improvement lReplacement .  
A  d e s i c c a n t  such  as s i l i c a  g e l  can  be  u s e d  t o  r e d u c e  t h e  
m o i s t u r e  c o n t e n t  OF an  a i r s t r e a m ,  t h e r e b y  r e d u c i n g  t h e  o v e r a l l  
c o o l i n g  l o a d .  The r e m a i n i n g  s e n s i b l e  l o a d  can  be  t a k e n  c d r e  o f  
i n  t h e  no rma l  way u s i n g  a  c o o l i n g  c o i l  and  a  c o o l i n g  medium. 
Because t h e  l d t e n t  l o a d  i s  h a n d l e d  b y  t h e  d e s i c c a n t ,  t h e  
c o o l i n g  medium can  be  a t  a  h i g h e r  t e m p e r a t u r e  t h a n  r e q u i r e d  if 
i t  were  t o  h a n d l e  t h e  l a t e n t  l o a d :  c o n s e q u e n t l y  h i g h e r  
t e m p e r a t u r e  c o o l i n g  mediums such  as t o w e r  o r  w e l l  w a t e r  can  be  
c o n s i d e r e d .  
L o c a t i o n s  w i t h  l o n g  p e r i o d s  o f  h i g h  wet  b u l b  t e m p e r a t u r e s .  
h i g h  i n t e r n a l  l a t e n t  l o a d s  o r  h i g h  f r e s h  a i r  l o a d s .  

Where t h e  c o o l i n g  medium i s  c h i l l e d  w a t e r  t h e  s e t p o i n t  can  be 
r a i s e d  t o  make use  o f  h i g h e r  COPS (ECO C . 1 ) .  See a l s o  ECO C.6 
( A t m o s p h e r i c  c o o l i n g )  and C.'9 (Use o f  c i t y  w a t e r  f o r  c o o l i n g ) .  
P rocess  i s  a d i a b a t i c  and  a i r  d r y  b u l b  t e m p e r a t u r e  i n c r e a s e s  i n  
p r o p o r t i o n  t o  t h e  amount o f  w a t e r  removed.  The d e s i c c a n t  
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e v e n t u a l l y  becomes f u l l y  charged and must be regenera ted  by 
d r i v i n u  o f f  t h e  m o i s t u r e  bv h e a t i n a  t h e  d e s i c c a n t .  The enerav -- 
r e q u i r e d  t o  do t h i s  must b g t a k e n  i n t o  accoun t .  

COMMENTS: 
REFERENCES: Dubin. 1975. 

ECO C.15 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 
C O S T  FACTORS: 

INTERACTIONS: 
EVALUATION: 
COMMENTS: 

REFERENCES: 

USE 'PIGGY B A C K '  ABSORPTION S Y S T ~ M  
Improvement/Replacement. 
Make use o f  exhaust  steam f rom t u r b i n e s  t o  genera te  c h i l l e d  
wa te r  u s i n g  a b s o r p t i o n  c h i l l e r ( s 1 .  
B u i l d i n g  w i t h  steam d r i v e n  c e n t r i f u g a l  c h i l l e r s ,  o r  o t h e r  
steam d r i v e n  equipment p a r t i c u l a r l y  i n  b u i l d i n g s  u s i n g  
steam where t h e  condensate i s  not r e t u r n e d  t o  t h e  s u p p l i e r .  

H igh  c o s t  i t e m  a ' l though i t  can y i e l d  good paybacks ( 5  y r s .  o r  
l e s s  i n  f a v o u r a b l e  s i t u a t i o n s l .  

Under p a r t  l o a d  c o n d i t i o n s ,  i t  i s  d e s i r a b l e  t o  genera te  as 
much o l  t h e  l o a d  as p o s s i b l e  w i t h  t h e  a b s o r p t i o n  machine and 
modula te  t h e  t u r b i n e  d r i v e  equipment t o  meet t h e  rema in ing  
load .  A b s o r p t i o n  equipment may r e q u i r e  l a r g e r  c o o l i n g  towers 
and condenser wa te r  p i p i n g .  A i r  coo led  condensers a r e  u s u a l l y  
n o t  a p p r o p r i a t e  w i t h  a b s o r p t i o n  machines. 
Dub in ,  1975. 

ECO C.16 CHILLED WATER AND ICE STORAGE SYSTEMS 
LEVEL: : Improvement/ReplacemenL. 
DESCRIPTION: ' Use water  s t o r a g e  o r  i c e  making t o  s t o r e  c o o l i n g .  Storage may 

be s h o r t  t e rm ( e . g .  h o u r l y / d a i l y l  o r  l o n g  term:  e .g .  seasonal .  
APPLICATION: Seasonal s t o r a g e  systems (K lassen .  1981 and F r a n c i s .  1985) a r e  

a p p r o p r i a t e  i n  l o c a t i o n s  w i t h  c o n t i n e n t a l  t y p e  c l i m a t e s  where 
c o o l i n g  s t o r e  can be genera ted  d u r i n g  w i n t e r  months 
mechanica l  r e f r i g e r a t i o n .  Shor t  t e rm systems ( B a l t i m o r e  A i r  
C o i l .  1984: Tamblyn, 1977 and Landman. 19761 a r e  a p p l i c a b l e  
where e l e c t r i c a l  demand c o s t s  f o r  c o o l i n g  a r e  s i g n i f i c a n t .  

SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: C a p i t a l  c o s t  o f  p r o v i d i n g  s h o r t  t e rm s t o r a g e  w i t h  s m a l l  

c h i l l e r  can o f t e n  be l e s s  than  o r  comparable w i t h  c o s t  o f  
l a r g e r .  machines w i t h o u t  s t o r a g e  p r o v i d i n g  e q u i v a l e n t  c o o l i n g .  
Consequent ly  s t o r a g e  shou ld  g e n e r a l l y  be cons ide red  when 
c o n s i d e r i n g  r e p l a c i n g  e x i s L i n g  equipment .  

INTERACTIONS: 
EVALUATION: D e t a i l e d  h o u r l y  e v a l u a t i o n s  a r e  a lmost  a lways r e q u i r e d .  
COMMENTS: 
REFERENCES: B a l t i m o r e  A i r  C o i l .  1984: Tamblyn. 1977: Landman. 1976: 

K lassen.  1981: and F r a n c i s .  1985. 



App. D  ECO l i s t s  ( D l  

AOJUSTIBALANCE VENTILATION SYSTEM 
OperationalIMaintenance. 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 
REFERENCES: 

A d j u s t  v e n t i l a t i o n  sys tem f o r  p r o p e r  a i r  f l o w s  t o  d i f f e r e n t  
b u i l d i n g  zones .  
A l l  b u i l d i n g s  w i t h  m e c h a n i c a l  v e n t i l a t i o n  svs tems .  SUPDIV a i r  
sys tems ,  s u p p l y  and e x h a u s t  a i r  sys tems and ;upply and e x h a u s t  
a i r  sys tems w i t h  h e a t  exchange rs  
I n c r e a s e d  c o m f o r t .  
S h o u l d  b e  p receded  by c l e a n i n g  o f  a i r  d u c t s ,  l o u v e r s ,  dampers .  
g r i l l s ,  e t c .  A i r  t i g h t n e s s  o f  d u c t s  s h o u l d  be  checked  ( s e e  AP 
D.11. 
N o r m a l l y  c o s t - e f f e c t i v e .  
Shou ld  b e  c a r r i e d  o u t  b e f o r e  a d j u s t m e n t s  o f  t h e  h e a t  
d i s t r i b u t i o n  s y s t e m  (ECO P . l l  and a f t e r  improvement o f  t h e  a i r  
t i g h t n e s s  o f  t h e  b u i l d i n g  e n v e l o p e  (ECO E.71.  See a l s o  ECO 
0 .4 .  

E v a l u a t i o n  o f  a i r  f l o w  b a l a n c i n g  (AP 0.31.  
S h o u l d  be  p a r t  o f  o r d i n a r y  ma in tenance  ( e v e r y  5  y e a r s ) .  

ECO 0 . 2  REDUCE AIR FLOW RATE 
LEVEL: Maintenance/Improvement. 
DESCRIPTION: F l ow  r a t e  may be r e d u c e d  b y :  il t h r o t t l i n g  a i r  f l o w ,  iil 

f i t t i n g  new f an -mo to r  sheaves ,  iiil m o t o r  speed c o n t r o l  o r  i v l  
c y c l i n g  f a n .  

APPLICATION: B u i l d i n g s  w i t h  m e c h a n i c a l  v e n t i l a t i o n  sys tems where :  1 1  
o r i g i n a l  s ys tem i s  o v e r s i z e d .  21 l o a d  r e d u ~ t i o n  i s  c a r r i e d  o u t  
o r  p l a n n e d .  31 v e n t i l a t i o n  r a t e s  a r e  r e l a x e d  o r  41 room s u p p l y  
a i r l r o o m - a i r  t e m p e r a t u r e  d i f f e r e n c e  i s  i n b r e a s e d .  D e s i r a b i l i t y  
i n c r e a s e s  w i t h  c l i m a t e  s e v e r i t y  and p e r i o d  o f  occupancy .  

SIDE BENEFITS: Reduces d r a u g h t s ,  r e d u c e d  n o i s e .  Fan power s a v i n g .  
CAUTIONS: U s i n g  minimum r a t e s  a l l o w e d  b y  codes  may have a d v e r s e  e f f e c t  

on  a i r  q u a l i t y l t h e r m a l  c o m f o r t .  Reduced a i r  f l o w  r a t e  may 
compromise  a i r  d i f f u s i o n  c a u s i n g , d r a u g h t  when c o o l i n g .  C y c l i n g  
equ ipmen t  con  r e d u c e  l i f e .  Some e l e c t r o n i c  speed c o n t r o l l e r s  
c a n  i n t r o d u c e  e l e c t r i c a l  s ys tems  n o i s e  w h i c h  may a f f e c t  
computer  o p e r a t i o n s .  

COST FACTORS:. Cos t  v a r i e s ,  a d j u s t i n g  dampers i s  a  n o m i n a l  c o s t  i t e m ,  
a l t h o u g h  a i r  f l o w  measurement r e q u i r e s  s k i l l e d  t e c h n i c i a n .  

INTERACTIONS: Fan  m o t o r  s i z e  r e d u c t i o n  may be  p o s s i b l e .  ECO D.8 .  P o s s i b l e  
l o s s  o f  f r e e  c o o l i n g  (ECO R.,181: f y c l i n g  p o s s i b l e  w i t h  EMS 
s y s t e m  (ECO R.281. C o n s i d e r  ' u p g r a d i n g  damper s e a l s  and  
r e p l a c i n g  b a c k d r a f t  dampers w i t h  m o t o r i s e d  ones .  See a l s o  ECO 
R.34 ( c o n t r o l  o f  fume hoods ) .  

EVALUATION: Easy when a i r  f l o w  i s  knownlmeasured ( s e e  HT 0 . 2  t h r o u g h  D.5. 
D.8 t h r o u g h  D .11  and AT R.11 .  Compare a g a i n s t  d e s i g n  v a l u e s  
and  t a k e  measurements o n l v  i f  v a l u e s  s i q n i f i c a n t l ~  d i f f e r e n t  
o r  i f  t h e r e  i s  a  s u s p i c i o n  t h a t  v e n t i l a t i o n  r a t e s  n o t  a s  
d e s i g n e d .  F o r  c a l c u l a t i o n  o f  s a v i n g s ,  see  AT R.1 .  

COMMENTS: O f t e n  a  p o s s i b i l i t y  i n  b u i l d i n g s / r o o m s  w i t h  low occupancy  o r  
low p r o c e s s  l o a d .  D e s i g n  f l o w  r a t e s  a r e  o f t e n  o v e r e s t i m a t e d .  

REFERENCES: 



ECO 0.3 REDUCE PRESSURE OROPS I N  DUCTS 
LEVEL: Maintenancel lmprovement .  
DESCRIPTION: i )  Remove obs tac les ,  d i r t  c logged f i l t e r s ,  comb damaged c o i l  

f i n s ,  open dampers on the  index r u n ,  ii) i n s t a l l  t u r n l n g  vanes 
i n  sharp bends. expand narrow passages, e l i m i n a t e  long leng ths  
o f  f l e x i b l e  ductwork o r  r e p l a c i n g  w i t h  s o l i d ,  o r  i i i )  reduce 
a i r  f l o w  r a t e s .  

APPLICATION: V e n t i l a t i o n  p l a n t s  w i t h  work ing p ressure  ,200 Pa. 
SlDE BENEFITS: Noise r e d u c t i o n .  
CAUTIONS: Rebalancing may.be needed. 
C O S T  FACTORS: For the  cases l i s t e d  above: I 1  cheap. 21 h i g h  and 3 )  moderate. 
INTERACTIONS: ECO 0 . 2  [Reduce a i r  f low r a t e s ) .  
EVALUATION: See MT 0.6. 
COMMENTS: Energy use w i l l  i nc rease  unless fan  speed i s  reduced (see ECO 

0.7). ~~.~~ 
REFERENCES: ASHRAE Standard 62.81. 1981 

ECO 0.4 REDUCE A I R  LEAKAGE I N  DUCTS 
LEVEL: Maintenancellmprovement.  
DESCRIPTION: Repai r  a l l  p o s s i b l e  leaks i n  e x i s t i n g 5  d u c t s .  
APPLICATION: A l l  v e n t i l a t i o n  d u c t s ,  e s p e c i a l l y  h i g h  p ressure  systems. 
SIDE BENEFITS: 
CAUTIONS: I f  t h e  leakage has been cons iderab le ,  hydron ic  h e a t i n g  

systemsmay need new ba lanc ing  l see  ECO P . l l .  
C O S T  FACTORS: I n  s t r u c t u r a l  ducts  (esp .  b r i c k w o r k )  t h e  leakage can be 

cons iderab le ,  bu t  the  ECO can be expensive. 
INTERACTIONS: ECO D.9 (Duct i n s u l a t i o n  r e p a i r l u p g r a d e ) .  
EVALUATION: The a i r  volume l o s t  i n  leaks can be d i f f i c u l t  and expensive t o  

measure. Unless i t  c o n t r i b u t e s  t o  space c o n d i t i o n i n g ,  i t  can 
be considered as l o s t ,  and as such the  e v a l u a t i o n  i s  t o  
eva lua te  t h e  p r i c e  o f  the  d e l i v e r e d  c o n d i t i o n e d  a i r  volume 
reduced by the  leakage percentage l see  AP D.1. MT D . l  through 
D.5, MT D.8 through D.11. A T  R . l  and R V  D . 1 ) .  

COMMENTS: 
REFERENCES: 

ECO D.5 CLEAN FAN BLADES 
LEVEL: Maintenance. 
DESCRIPTION: Clean fan b lades ( f o r  reduced fan  ~ o w e r 1  ~-~~ ~ ~ 

APPLICATION: Large f a n  wheels. ~ a r t i c u l a r i ~  of t h e  fo rward  curved 
c e n t r i f u g a l  t ype  i n  d i r t y  environments. 

SlDE BENEFITS: Uneven d i r t  c o l l e c t i o n  can unbalance the  f a n  wheel l e a d i n g  t o  
an excess ive no ise ,  v i b r a t i o n ,  and equipment d e t e r i o r a t i o n .  

CAUTIONS: Avoid g e t t i n g  d i r t  and c l e a n i n g  m a t e r i a l s  i n  t h e  motor o r  i n  
the  fan  bear ings .  

COST F A C T O R S :  h o r n a l  energy i a v i n g s .  
IhTERACTlOhS. See LC0 HlC.1 [ C l e m  and m a l n t a l n l  
EVALUATION: P a r t  o f  r e g u l a r  maintenance. 
COMMENTS : 
REFERENCES: 
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ECO D.6 MAINTAIN DRIVES 
LEVEL: M a i n t e n a n c e .  
DESCRIPTION: A l i g n  m o t o r  and d r i v e n  l o a d ,  c o r r e c t l y  a d j u s t  f a n  b e l t s .  

r e p l a c e  b e l t s  and c o u p l i n g s  ( f o r  r e d u c e d  t r a n s m i s s i o n  losSeS1.  
APPLICATION: A l l  b e l t  d r i v e n  equ ipmen t .  
SIDE BENEFITS: Less  n o i s e ,  p r o l o n g e d  l i f e .  
CAUTIONS: 
COST FACTORS: Low c o s t .  
INTERACTIONS: 
EVALUATION: P a r t  o f  r e a u l a r  ma in tenance  
COMMENTS: 
REFERENCES: 

Nom ina l  e n e r g y  s a v i n g s .  

ECO 0 . 7  CLEAN OR REPLACE FILTERS REGULARLY 
LEVEL: M a i n t e n a n c e .  
OESCRIPTION: C l e a n  o r  r e p l a c e  f i l t e r s  r e g u l a r l y .  
APPLICATION: A l l  v e n t i l a t i o n  sys tems .  
SIDE BENEFITS: O t h e r  i n s t a l l a t i o n s  w h i c h  depend o n  p r o p e r  v e n t i l a t i o n  

s t a n d a r d  w i l l  work  unde r  r i g h t  c o n d i t i o n s .  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: See ECO H l C . 1  ( C l e a n  and m a i n t a i n )  
EVALUATION: Ma in tenance  ( s e e  RV 0 . 2 ) .  - ~ 

COMMENTS: Seen i n d e p e n d e n t l y ,  a  v e n t i l a t i o n  s y s t e m  w i t h  c l o g g e d  f i l t e r  
w i l l  cause r e d u c e d  power consump t i on .  B u t  t h e  e f f e c t  o f  
r e d u c e d  a i r  f l o w  may cause  t h e  r e g u l a t i o n  s y s t e m  t o  s t a r t  
o t h e r  power consuming a c t i o n s  l c o o l i n g ) .  I m p o r t a n t  f o r  sys tems 
w i t h  h e a t  exchangers :  

REFERENCES: 

ECO 0 . 8  REDUCE MOTOR SIZE (FAN POYERI 
LEVEL: Imp rovemen t .  
DESCRIPTION: I n s t a l l  s m a l l e r  m o t o r  on  p r e s e n t  f a n .  T h i s  may be p o s s i b l e  

a f t e r  a l r  f l o w  and d u c t w o r k  r e s i s t a n c e  r e d u c t i o n  (ECO 0 . 2  and 
0 . 3 1 .  I n  i n s t a l l a t i o n s  w i t h  l a r g e  number o f  f a n s ,  i t  may be  
p o s s i b l e  t o  i n t e r c h a n g e  f a n  m o t o r s .  

APPLICATION: V e n t i l a t i o n  sys tems w i t h  m o t o r  o v e r s i z e d  by a  f a c t o r  o f  2  
1100%) .  o r  more .  O v e r s i z e d  m o t o r s  g i v e  h i g h  r e a c t i v e  e f f e c t .  

SIDE BENEFITS: Less  n o i s e .  I n c r e a s i n g  r o o m l s u p p l y  a i r  t e m p e r a t u r e  d i f f e r e n c e  
can  p e r m i t  l o w e r  a i r  f l o w s .  

CAUTIONS: Ensu re  t h a t  t h e  new m o t o r  has  s u f f i c i e n t  t o r q u e  t o  a c c e l e r a t e  
f a n  whee l .  P l a n n e d  o r  e x p e c t e d  f u t u r e  i n c r e a s e  i n  
a i r f l o w l o r e s s u r e  demand must  be checked .  

COST FACTORS: U s u a l l y  k o d e r a t e  - h i g h .  
INTERACTIONS: ECO 0 . 2  (Reduce a i r  f l o w  r a t e s ) .  ECO R.27 ( D i s c o n t i n u e  o r  

r e l o c a t e  o r e h e a t  c o i l s ) .  
EVALUATION: F o r  t h e  c e l c u l a t i o n  o f  f a n  power ,  see  App C.5.  
COMMENTS: 
REFERENCES: 
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ECO 0.9 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS : 

C O S T  FACTORS: 

INTERACTIONS: 
EVALUATION: 

COMMENTS: 

REFERENCES: 

DUCT INSULATION REPAIR/UPGRADE 
ImprovementlReplacement. 
R e p a i r l r e p l a c e  e x i s t i n g  d u c t  i n s u l a t i o n  t o  p reven t  e x c e s s i v e  
h e a t i n g l c o o l i n g  l o s s .  
Ducts  where hea t  exchange w i t h  t h e  env i ronment  i s  unwanted. 
Bo th  f o r  c o o l i n g  and h e a t i n g  systems. Most b e n e f i t  where t h e  
d u c t  l osses  do c o n t r i b u t e  u s e f u l l y  t o  t h e  c o n d i t i o n i n g  o f  
t h e  space. 
Noise r e d u c t i o n ,  l e s s  condensat ion i n  low tempera tu res .  
V a p o r - t i g h t  i n s u l a t i o n  must n o t  be used on leaky  d u c t s .  Leaks 
must be t r a c k e d  down and r e p a i r e d  b e f o r e  i n s u l a t i o n .  I n s i d e  
i n s u l a t i o n  reduces d u c t  c a p a c t t y .  I n s i d e  i n s u l a t i o n  must be 
done w i t h  c a r e ,  because l a t e r  i n s p e c t i o n  i s  d i f f i c u l t .  
Modera te lh igh .  Check l a b o r  c o s t  i n v o l v e d .  Complete upgrad ing  
o f  i n s u l a t i o n  can be v e r y  c o s t l y .  Y i t h  h i g h  l a b o r  c o s t ,  t h e  
c o s t - e f f e c t i v e n e s s  may n o t  be s u f f i c i e n t .  Replacement i s  
p r e f e r a b l y  t o  be done when renewing t h e  d u c t  system. 
Reduce a i r  leakage i n  d u c t s  IECO 0 . 4 ) .  
Check f o r  ample space around d u c t s  f o r  work ing ,  r e p a i r  o r  
rep lacement .  Es t ima te  d u c t  h e a t i n g l c o o l i n g  l o s s  and energy 
sav ing  on bases o f  temperature d i f f e r e n t i a l ,  l e v e l  o f  a i r  
c o n d i t i o n i n g ,  f l o w  r a t e  l see  AP 0 .2 .  MT 0 .7 ,  AT 0 .1  and R V  
0 . 1 ) .  On l a r g e  j o b s ,  measure tempera tu res  i n  d u c t s  and rooms 
and a i r  f l o w  r a t e . .  
A  few degrees tempera tu re  d r i f t  i n  t h e  extremes o f  t h e  
h e a t i n g l c o o l i n g  season has a  heavy i n f l u e n c e  on t h e  
per formance o f  t h e  h e a t i n g l c o o l i n g  p l a n t .  

ECO D. 10 INSTALL BACK-DRAUGHT O R  POSITIVE CLOSURE DAMPER I N  VENTILATION 
EXHAUST SYSTEM 

LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  dzmpers t o  p r e v e n t  unwanted leakage of  c o n d i t i o n e d  

room a i r  o u t  o f  t h e  b u i l d i n g  o r  c o l d  a i r  i n t o  t h e  b u i l d i n g  
d u r i n g  those p e r i o d s  when t h e  f a n  p l a n t  i s  o f f .  

APPLICATION: A l l  b u i l d i n g s  w i t h  mechanica l  v e n t i l a t i o n  systems, b u t  
p a r t i c u l a r l y  h i g h  r i s e  b u i l d i n g s  h a v i n g  s t a c k  v e n t i l a t i n g  
systems and fan  shut-down p e r i o d s .  

SIDE BENEFITS: A i r  p o l l u t i o n  from o t h e r  exhaust  systems w i l l  n o t  e n t e r  t h e  
system d u r i n g  o f f  p e r i o d s .  

CAUTIONS: Dependable o p e r a t i o n  o f  back-draught  dampers i s  i m p o r t a n t .  
S i g n a l  lamps showing o p e n l c l o s e d  a r e  d e s i r a b l e .  F i r e  s a f e t y  
may r e q u i r e  back-draught  dampers t o  open f o r  smoke 
v e n t i l a t i o n .  

COST FACTORS: Back-draught  dampers u s u a l l y  a  low c o s t  ECO. P o s i t l v e  c l o s u r e  
low leakage dampers most e f f e c t i v e ,  b u t  h i g h e r  c o s t  and 
n o r m a l l y  o n l y  j u s t i f i e d  on l a r g e r  v e n t i l a t i o n  systems. 

INTERACTIONS: Combined w i t h  shu t  o f f  d u r i n g  n igh ts lweekends .  See ECO R.3. 
EVALUATION: The back f l o w  of  room a i r  depends on back f l o w  r e s i s t a n c e ,  t h e  

chimney and wind e f f e c t  i . e . .  t h e  tempera tu re  d i f f e r e n t i a l  
i n s i d e l o u s i d e  d u c t ,  system h e i g h t ,  and t h e  l e n g t h  o f  t h e  fan  
o f f  o e r i o d .  
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COMMENTS: Ve ry  o f t e n  u n d e r e s t i m a t e d  i n  l e s s  s o p h i s t i c a t e d  p l a n t s .  
REFERENCES: 

E t O  D.11  RELOCATE MOTOR OUT OF AIR STREAM 
LEVEL: Improvement .  
OESCRIPTION: R e l o c a t e  m o t o r  o u t  o f  t h e  a i r  s t r eam.  
APPLICATION: I n  a i r  c o n d i t i o n i n g  sys tems where t h e  c o o l i n g  l o a d s  a r e  more 

s i g n i f i c a n t  t h a n  t h e  h e a t i n g  l o a d s .  F o r  e x h a u s t  sys tems where  
t h e  f a n  m o t o r  h e a t  m i g h t  u s e f u l l y  c o n t r i b u t e  t o  t h e  space  
h e a t i n g .  

SIDE BENEFITS: I n  h e a t i n g  sys tems f a n  m o t o r s  r u n  c o o l e r  f o r  l o n g e r  l i f e .  
M o t o r  keeps  c l e a n e r  w h e n - a i r  i n  d u c t  i s  d i r t y .  

CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 
EVALUATION: 
COMMENTS: 
REFERENCES: 

E t O  0.12 INSTALL FREEZE LAUNDRY DRIERS 
LEVEL: Rep lacement .  
DESCRIPTION: Rep lace  e x i s t i n g  l a u n d r y  d r i e r s  o f  t h e  h o t - a i r  t y p e  b y  f r e e z e  .~ . 

l a u n d r y  d r i e r s .  - 
APPLICATION: L a u n d r i e s  and m u l t i - f a m i l y  r e s i d e n c e s  w i t h  common l a u n d r y  

a r e a .  
SIDE BENEFITS: If e x i s t i n g  h o t - a i r  d r i e r s  a r e  h e a t e d  b y  h y d r o n i c  sys tem,  t h e  

s u p p l y  w a t e r  t e m p e r a t u r e  o f  t h e  b u i l d i n g  can be  l o w e r e d .  
CAUTIONS: Space h e a t i n g  s h o u l d  be  s w i t c h e d  o f f  d u r i n g  o p e r a t i o n  f o r  

max ima l  s a v i n a s .  - 
COST FACTORS: 
INTERACTIONS: ECO 0.13.  
EVALUATION: M o s t l y  c o s t - e f f e c t i v e .  
COMMENTS: P r o v i d e  r e s i d e n t s  w i t h  manual  o f  o p e r a t i o n  
REFERENCES: Hansson.  1984 

E t O  0 .13  AUTOMATIC SWITCH OFF OF LAUNDRY DRIERS 
LEVEL: R e p l a c e m e n t / O p e r a t i o n .  
DESCRIPTION: I n s t a l l  t i m e r s  f o r  automatic s w l t c h - o f f  o f  f a n s  and h e a t  

s u p p l y  f o r  l a u n d r y  d r i e r s .  
APPLICATION: L a u n d r ~ e s  and m u l t l - f a m l l y  residences w i t h  common l a u n d r y  

a r e a  
SIDE BENEFITS: 
CAUTIONS: Space h e a t l n g  s h o u l d  be s w i t c h e d  o f f  d u r i n g  o p e r a t i o n  o f  

d r l e r s  f o r  m a x ~ m a l  s a v i n a s .  - 
COST FACTORS: 
INTERACTIONS: ECO 0 . 1 2 .  
EVALUATION: M o s t l y  c o s t - e f f e c t i v e .  
COMMENTS: P r o v l d e  r e s i d e n t s  w i t h  manua l  o f  o p e r a t i o n  
REFERENCES: 
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ECO P. 1  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ADJUST HYDRONIC HEAT DISTRIBUTION SYSTEM 
M a i n t e n a n c e l R e p l a c e m e n t l l a p r a v e m e n t .  
C o r r e c t  h y d r o n i c  imbalances i n  systems by r e p l a c i n g  o r  
a d j u s t i n g  v a l v e s  on main p i p e s  and a d j u s t i n g  r a d i a t o r  v a l v e s .  
Sav ings a r e  ach ieved  a f t e r  b a l a n c i n g  by  a d j u s t i n g  t h e  hea t  
c o n t r o l  see App. C.3.2) .  
Medium t o  l a r g e  b u i l d i n g s  w i t h  h y d r o n i c  heat  d i s t r i b u t i o n .  
O f ten  t h i s  ECO i s  necessary  t o  make maximal sav ings  from 
Envelope and R e g u l a t i o n  ECOs. 
Improves c o m f o r t .  
Should be c a r r i e d  o u t  a f t e r  imp lemen ta t i on  o f  o t h e r  ECOs. 
Upgrad ing o f  d i s t r i b u t , i o n  p i p e  i n s u l a t i o n  (ECO P.6) may be 
r e q u i r e d  a f t e r  o t h e r  ECOs t o  ensure adequate c o n t r o l  
c a p a b i l i t y  o f  t h e  system. B a l a n c i n g  must be c a r r i e d  o u t  by 
s k i l l e d  pe rsonne l .  
Moderate c o s t .  M o s t l y  c o s t - e f f e c t i v e ,  dependent on p r e v i o u s  
imbalance o f  system. Pos t -ad jus tmen t  o f  system may be 
necessary .  
Most Envelope ECOs and many R e g u l a t i o n  ECOs. I n c o r r e c t  pump 
s i z i n g  may be p a r t  o f  t h e  prob lem,  see ECO P.14 ( I n s t a l l  zone 
pumping) .  P.10 (Reduce f l o w  r a t e s ) .  ECO P.5 ( C l e a n  f i l t e r s  and 
s c r e e n s ) .  See a l s o  ECO R.14. 
Should o n l y  be cons ide red  i n  b u i l d i n g s  where i n d o o r  
tempera tu res  on t h e  average d e v i a t e  more than  1 K from d e s i r e d  
temperatures.  See AP P.1.  P.5 and MT R.2. 
I f  heat  t e r m i n a l s  a r e  o v e r s i z e d  t h e  number o f  e lements  i n  
r a d i a t o r s  may be reduced o r  t h e r m o s t a t i c  v a l v e s  i n s t a l l e d  (ECO 
R.14). I f  t e r m i n a l s  a r e  u n d e r s i z e d ,  t h e  number o f  e lements  
shou ld  be inc reased .  Carry  o u t  ad jus tmen ts  a t  a  h i g h  f l o w  r a t e  
i f  t h e  system i s  cons ide red  f o r  c o n v e r s i o n  t o  a  low- 
tempera tu re  system. 
CIBSE Guide 811, 1985. 

ECO P.2 BLEED AIR FROM SYSTEM 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: Check a l l  p ipework i s  under p o s i t i v e  p r e s s u r e  ( w i t h  r e s p e c t  t o  

a tmospher i c )  a t  a l l  t i m e s .  Check e s p e c i a l l y  upper f l o o r  
r a d i a t o r s .  

APPLICATION: Hot water  systems w i t h  f o r c e d  c i r c u l a t i o n  and pump on r e t u r n  
p i p e .  

SIDE BENEFITS, Even d i s t r i b u t i o n  o f  water  f l o w r a t e .  Improved heat  t r a n s f e r .  
Helps p reven t  o x i d a t i o n  o f  r a d i a t o r s .  

CAUTIONS. V e r i f v  t h a t  b l e e d i n g  can be done. 
C O S T  FACTORS: ~ e g l i i i b l e .  
INTERACTIONS: Presence o f  a i r  i n  t h e  p i p i n g  may be due t o  bad o p e r a t i o n  o f  

expans ion tank  (ECO P.4)  o r  t o  l eaks  i n  t h e  p i p e s  (ECO P.7) .  
I t  may a l s o  depend on p r e s s u r e  (ECD P .11 ) .  See a l s o  ECO H.7 
(System p r e s s u r i z a t i o n )  and R e g u l a t i o n  ECOs. 

EVALUATION: A p a r t i a l l y  o r  c o m p l e t e l y  c o l d  r a d i a t o r  may i n d i c a t e  presence 
o f  a i r  i n  t h e  p i p e s .  No s p e c i f i c  a u d i t  p rocedure  r e q u i r e d .  

COMMENTS: R a d i a t o r s  may be c o l d .  due t o  o thec  f a c t o r s  ( c l o s e d  v a l v e s .  
o b s t r u c t i o n s  i n  t h e  n e t w o r k ) .  
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REFERENCES: 

ECO P .3  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SlDE BENEFITS 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

SWITCH OFF CIRCULATION PUMPS WHEN NOT REQUIRED 
O p e r a t i o n a l .  
S w i t c h  o f f  pumps t o  save  on  d i s t r i b u t i o n  l o s s e s  and  pumping 
e n e r g y .  T h i s  may be  done m a n u a l l y  o r  a u t o m a t i c a l l y .  
Where t h e r e  i s  r e g u l a r  v a r i a t i o n  i n  demand a n d l o r  where 
r e d u c e d  pumping i s  s u f f i c i e n t  t o  cope.  
I n c r e a s e s  t h e  l i f e - t i m e  o f  t h e  pump. May r e d u c e  m i x i n g  l o s s e s .  
Ensu re  t h e  pump o p e r a t e s  when t h e  b o i l e r  i s  on .  
Low f o r  manua l  c o n t r o l .  Mode ra te  f o r  a u t o m a t i c  c o n t r o l .  
P a r t i c u l a r l y  e f f e c t i v e  if n o t  c o u p l e d  w i t h  r e d u c e d  f l o w  r a t e s  
(ECO P . lO1 .  I f  an  ene rgy  management sys tem i s  i n  use  c o n s i d e r  
t o  s w i t c h  t h e  pumps w i t h  i t  (ECO R.281.  See a l s o  ECO H . l  ( S h u t  
b o i l e r  p l a n t  o f f ) .  
Energy  s a v i n g s  a r e  dependent  on  pump s i z e  and d i s t r i b u t i o n  
l o s s e s  IAP P.3 .  MT P.2 t h r o u g h  P . 6 .  AT P.1 .  P . 2 .  R V  P . 1 ) .  

COMMENTS: 
REFERENCES: 

ECO P.4 
LEVEL: 
OESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: see E C O ' P . ~ .  
CAUTIONS: If open e x p a n s i o n  t a n k s  a r e  u n d e r s i z e d ,  t h e r e  may be  h o t  w a t e r  

l o s s e s  f r om  t h e  c i r c u i t .  V a t e r  i n  n o n i n s u l a t e d  e x p a n s i o n  t a n k s  
i n s t a l l e d  i n  c o l d  rooms may f r e e z e .  t h u s  p r e v e n t i n g  r e g u l a r  

MAINTAIN PROPER WATER LEVEL I N  EXPANSION TANK 
O p e r a t i o n a l .  
Check t h a t  w a t e r  a u t o - f e e d  equ ipmen t  o f  e x p a n s i o n  t a n k  
o p e r a t e s  c o r r e c t l y .  P r o p e r  w a t e r  l e v e l s  w i l l h e l p  a v o i d  a i r  
i n f i l t r a t i o n  i n  p i p e w o r k  and t e r m i n a l s .  
Ooen e x o a n s i o n  t a n k  h o t  w a t e r  sys tem.  

- .  
c i r c u l a t i o n  ( s e e  ECO P.6). 

COST FACTORS: N e g l i g i b l e  ( o r d i n a r y  m a i n t e n a n c e ) .  
INTERACTIONS: ECO P.2 ( B l e e d  a i r  f r o m  s y s t e m l .  H . 7  (Sys tem p r e s s u r i z a t i o n l .  

P . l l  ( A t m o s p h e r i c  p r e s s u r e l .  
EVALUATION: W i t h  p r o p e r  r a t e r  l e v e l s  i n  t h e  e x p a n s i o n  t a n k ,  a l l  r a d i a t o r s  

w i l l  o p e r a t e  c o r r e c t l y ,  t h u s  a l l o w i n g  t o  m a i n t a i n  a l o w e r  
ave rage  t e m p e r a t u r e  i n  c e n t r a l l y  h e a t e d  b u i l d i n g s .  

COMMENTS: Check s i z e  and p o s i t i o n  o f  t a n k .  
REFERENCES: C I S .  Gu ide  01 .  1986 .  

ECO P S  CLEAN FILTERS AND SCREENS -.. . .. ~ ~. ~ - ~~ 

LEVEL: M a i n t e n a n c e .  
DESCRIPTION: C l e a n  f i l t e r s  and s c r e e n s  
APPLICATION: A l l  o i o e w o r k  sys tems 
S lDE BENEFITS: W i l  1. i n c r e a s e  pump l i f e  and r e d u c e  exchange r  f o u l i n g .  
CAUTIONS: W i l l  i n c r e a s e  pump e l e c t r i c  e n e r g y  c o n s u m p t i o n  u n l e s s  pump 

c a p a c i t y  r educed .  
COST FACTORS: N e g l i g i b l e .  
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INTERACTIONS: 

EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO P.6 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS : 
REFERENCES: 

ECO P.7 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

ECO P.1 ( A d j u s t  d i s t r i b u t i o n  sys tem) .  F o r  energy  s a v i n g s ,  pump 
d e l i v e r y .  needs t o  be reduced ,  see ECO P. lO. See a l s o  ECO P.9 
(Reduce f l o w  r e s i s t a n c e ) .  
Do o n l y  i f  f i l t e r s  o r  sc reens  r e a l l y  need c l e a n i n g .  

REPAIRIUPGRADE INSULATION ON PIPES AND TANKS 
Maintenance/Improvement. 
R e p a i r  f a u l t y  i n s u l a t i o n  o r  i n c r e a s e  t h e r m a l  r e s i s t a n c e  o f  
p i p e s  and t a n k s .  
A p p l i e s  t o  a l l  equ ipment  ( p i p e s .  t a n k s .  h e a t  exchange rs ,  e t c . 1  
c o n t a i n i n g  h e a t e d  o r  c o o l e d  f l u i d s ,  e s p e c i a l l y  t o  l a r g e r .  
h i g h e r  t e m p e r a t u r e  d i f f e r e n c e  equ ipment .  where h e a t i n g  (and  t o  
a  l e s s e r  e x t e n t  c o o l i n g 1  tempera tu res  do n o t  v a r y  w i t h  demand 
and where h e a t  l o s s e s  do n o t  c o n t r i b u t e  t o  space c o n d i t i o n i n g .  
On ly  a p p l i c a b l e  t o  e a s i l y  a c c e s s i b l e  equ ipmen t .  
I n c r e a s e s  t h e  d i s t r i b u t i o n  e f f i c i e n c y  and l e s s e n s  m o i s t u r e  
c o n d e n s a t i o n  prob lems if f l u i d  t empera tu re  i s  lower  t h a n  
e n v i r o n m e n t a l  t e m p e r a t u r e s .  
DO n o t  exceed o p t i m a l  t h i c k n e s s  I R V  P .1 ) .  Cons ide r  p o s s i b l e  
m o i s t u r e  prob lems on c o l d  p i p e s .  
Depends on l a b o r  c o s t  and m a t e r i a l  c o s t .  
ECO P.7 ( R e p a i r  l e a k s ) .  ECO P . l  ( A d j u s t  d i s t r i b u t i o n  s y s t e m ) .  
ECO P.4 ( M a i n t a i n  p r o p e r  wa te r  l e v e l l .  See a l s o  ECO 5 . 4 .  5 . 1 1  
and 5 .16 .  
Shou ld  a lways  be pe r fo rmed  if p i p e s  r u n  o u t  o f  t h e  c o n d i t i o n e d  
a r e a .  Sav ings  f r o m  u p g r a d i n g ,  see A T  P .1 .  R V  P.1. See a l s o  AP 
P.Z. F o r  SHY e v a l u a t i o n s  see a l s o  AT 5.2 and RV 5 .2 .  

Energy  E f f i c i e n c y  O f f i c e  B o o k l e t  8 

REPAIR LEAKS - ~ 

Ma in tenance .  
Check if t h e r e  a r e  l e a k s  i n  p i p e s ,  t a n k s ,  o r  o t h e r  p ipework  
comtmnents.  Check f o r  and e l i m i n a t e  f l u i d  leakage P a s t  c l o s e d  
c o n t r o l  v a l v e s .  T h i s  ECO w i l l  p r e v e n t  d e t e r i o r a t i o n  and l o s s  
o f  t h e r m a l  r e s i s t a n c e  o f  i n s u l a n t s .  
A p p l i e s  t o  a l l  t h e  components t h a t  a r e  l i k e l y  t o  be l e a k y  
( u n i o n s ,  f l a n g e s ,  v a l v e s  and pump p a c k i n g / g l a n d s l .  

W i l l  r educe  wa te r  consumpt ion and wa te r  t r e a t m e n t  c o s t s .  
b u i l d i n g  damage, mould  f o r m a t i o n ,  e t c .  May reduce  sys tem 
c y c l i n g  i m p r o v i d i n g  occupan t  c o m f o r t .  
Make s u r e  t h a t  l e a k s  a r e  n o t  produced by  e x c e s s i v e  wa te r  
p r e s s u r e  i n  t h e  c i r c u i t .  
Depends on t y p e  o f  f a i l u r e .  May be v e r y  expens i ve  if s i t e  i s  
n o t  a c c e s s i b l e .  Bes t  pay-back f o r  l a r g e  c o n t r o l  v a l v e s  and 
where h e a t i n g  and c o o l i n g  f l u i d s  a v a i l a b l e  t o g e t h e r  and where 
f l u i d  & r e s e t  a c c o r d i n g  t o  o u t s i d e  c o n d i t i o n s  o r  o t h e r w i s e  
o v e r a l l  l o a d  v a r i a t i o n s .  
ECO P.6 ( R e p a i r / u p g r a d e  i n s u l a t i o n )  and ECO P .2  ( B l e e d  a i r  
f rom sys tem) .  If p i p e s  a r e  l e a k y ,  c o n s i d e r  chang ing  t h e  
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p i p e w o r k  l a y o u t  as a  complementary  ECO. Leaks  f rom c o n t r o l  
v a l v e s  may cause l o s s  o f  space t e m p e r a t u r e  c o n t r o l  (ECO R . l )  
o r  l o s s  o f  sequenc ing  o f  h e a t  and c o o l  p r o c e s s e s  (ECO R . 7 ) .  

EVALUATION: B e n e f i t  d i f f i c u l t  t o  e s t i m a t e .  
COMMENTS: 
REFEXNCES: 

ECO P . 8  MAINTAIN STEAM TRAPS 
LEVEL: Ma in tenance .  
DESCRIPTION: Check t h a t  s team t r a p s  p a s s i n g  condensa te ,  v e n t i n g  gases  and  

r e s t r i c t i n g  s team passage.  A l s o  check  t h a t  bypass  a r o u n d  t r a p s  
a r e  n o t  p a i s ~ n g  steam. 

APPLICATION: Steam sys tems .  
SIDE BENEFITS: A  r e d u c t i o n  o f  s team l o s s  a t  t r a p s  can  make more s team 

a v a i l a b l e  f o r  u s e f u l  p u r p o s e s .  
CAUTIONS: Condensate  l e f t  i n  t h e  sys tem can  cause  n o i s e  ( w a t e r  hammer) 

and damage as a  p l u g  o f  w a t e r  i s  c a r r i e d  a l o n g  i n  t h e '  
p i p e w o r k :  a i r  i n  t h e  sys tem t e n d s  t o  r e d u c e  h e a t  t r a n s f e r :  
c a r b o n  d i o x i d e  fo rms c a r b o n i c  a c i d  w h i c h  causes  c o r r o s i o n :  
c o i l  f r e e z e  up  i n  ex t r eme  c l i m a t e s :  r e d u c e  s team t e m p e r a t u r e  
and p r e s s u r e  ( s e e  AT P . 2 ) .  

COST FACTORS: N e g l i g i b l e .  M a i n t a i n  a l l  f a u l t y  t r a p s  as p a r t  o f  r e q u i r e d  
m a i n t e n a n c e .  

INTERACTIONS: ECO P.16 ( R e p l a c e  s team t r a p s 1  and  P.18  ( S e p a r a t e  f l a s h  
s t e a m ) .  

EVALUATION: Mos t  b e n e f i t  o b t a i n e d  i n  open l o o p  sys tems where condensa te  i s  
d i s c h a r g e d  t o  d r a i n  o r  l o s t ,  o r  where s team i s  p u r c h a s e d  and 
d i s c h a r g e d  w i t h  no o r  l i t t l e  a c c o u n t  g i v e n  f o r  t h e  condensa te  
h e a t  c o n t e n t .  AP P.4 d e s c r i b e s  methods b y  w h i c h  f a u l t y  steam 
t r a p  o p e r a t i o n  can  be  i d e n t i f i e d .  See a l s o  AT P.2 and RV P .2 .  

COMMENTS: Steam i s s u i n g  f rom open v e n t s  u s u a l l y  i n d i c a t e s  t h a t  one o r  
more t r a p s  i n  t h e  i n s t a l l a t i o n  i s  p a s s i n g  s team.  

REFERENCES: S p i r a x - S a r c o .  1985 ;  Ba the rman ,  1982;  CIBS Gu ide  816.  1986.  

ECO P .9  REDUCE FLOW RESISTANCE I N  PIPES AND HEAT TERMINALS 
LEVEL: improvement. 
DESCRIPTION: T h i s  ECO i n c l u d e s  c l e a n i n g  f o u l e d  p i p i n g .  w a t e r  t r e a t m e n t .  

r e m o v i n g  unnecessa ry  equ ipmen t ,  and o p e n i n g  a l l  v a l v e s  on  
i n d e x  r u n .  R e d u c t i o n  o f  f l o w  r e s i s t a n c e  may a l l o w  use  o f  
s m a l l e r  pumps, s m a l l e r  i m p e l l e r s  ( i n  same pump body )  o r  same 
pumps r u n n i n g  a t  l o w e r  speeds .  

APPLICATION: A l l  s ys tems .  
S IDEBENEFITS:  C l e a n i n g  h e a t  t e r m i n a l s  imp roves  h e a t  t r a n s f e r .  
CAUTIONS: If pump i s  n o t  r e p l a c e d  a f t e r  t h i s  ECO i s  imp lemen ted  t h e r e  

w i l l  be a  h i g h e r  pumping e n e r g y  consump t i on .  
COST FACTORS: Depends h i g h l y  on  wh i ch  o f  t h e  above a c t i o n s  i s  s e l e c t e d .  
INTERACTIONS: ECO P.5 ( C l e a n  f i l t e r s  and s c r e e n s ) .  If Pump s u b s t i t u t i o n s  n o t  

f e a s i b l e  ( e . g . .  f o r  c o s t  r e a s o n s )  c o n s i d e r  t h e  p o s s i b i l i t y  t o  
r e d u c e  f l o w  r a t e s  (ECO P . 1 0 ) .  See a l s o  ECD E.23.  

EVALUATION: Check f i r s t  t h a t  a l l  v a l v e s  a r e  open on  i n d e x  r u n .  B e n e f i t  
o b t a i n e d  o n l y  i f  f l o w  r e s i s t a n c e  r e d u c e d  on  i n d e x  r u n ,  o r  pump 
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changed w i t h  one o f  sma l l  s i z e  IECO EL.19).  R V  5 .6  I U a t e r  
q u a l i t y  a n a l y s i s )  may be r e q u i r e d .  P ressu re  d r o p  measurements 
may a l s o  be r e q u i r e d  LMT P.11. 

COMMENTS: 
REFERENCES: 

ECO P.10 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO P . l l  
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFIT5 
CAUTIONS: 

EVALUATION: 

REDUCE FLOW RATES 
Improvement. 
Flow may be reduced by t h r o t t l i n g  o u t p u t ,  au tomat i c  f l o w  
c o n t r o l  v a l v e s ,  r e d u c i n g  i m p e l l e r  s i z e  ( t u r n  o r i g i n a l  o r  f i t  
new o f  s m a l l e r  s i z e ) ,  r e p l a c i n g  pump o r  r e d u c i n g  pump speed. 
Pump speed may be reduced by changing p u l l e y ,  gear  boxes, o r  
by motor speed c o n t r o l .  U i l l  l e a d  t o  s u b s t a n t i a l  sav ings  on 
pumping energy consumpt ion.  
May be a p p l i c a b l e  i n  t h e  presence o f  i n i t i a l  system 
o v e r s i z i n g ,  loads r e d u c t i o n ,  i nc reased  tempera tu re  d i f f e r e n c e  
between feed and r e t u r n .  
Lower f l o w  r a t e s  imp ly  lower f l ow  v e l o c i t i e s :  no i se ,p rob lems  
reduced. 

T h r o t t l e  i s  n e g l i g i b l e  c o s t  b u t  l e a s t  sav ings ,  pump 
rep lacement  h i g h  c o s t .  
ECO P.9 (Reduce f l o w  r e s i s t a n c e s ) .  ECO EL.10 (Replace m o t o r ) :  
may be necessary  t o  ba lance t h e  d i s t r i b u t i o n  system IECO P .1 ) .  
ECO P.3 ( S w i t c h  o f f  c i r c u l a t i o n  pumps). ECO P.5 (C lean  f i l t e r s  
and s c r e e n s ) .  See ECO P.15. 
Do i f  p r e v i o u s  ECOs on t h e  b u i l d i n g  envelope have reduced t h e  
t h e r m a l  l o a d s .  May r e q u i r e  measurement o f  t empera tu re  d rop  
ac ross  r a d i a t o r s  (MT P.5 and P.6.  AP P.31.  

ENSURE SYSTEM OPERATES ABOVE ATMOSPHERIC PRESSURE 
Improvement. 
Where p o s s i b l e  ensure t h a t  t h e  h i g h e s t  t e r m i n a l  i n  t h e  
p ipework opera tes  above a tmospher i c  p r e s s u r e .  T h i s  r i l l  h e l p  
a v o i d  a i r  i n f i l t r a t i o n .  A l t e r n a t i v e l y .  move t h e  pump f rom t h e  
r e t u r n  t o  t h e  feed p i p e  o r  move t h e  expans ion t a n k .  
A p p l i e s  t o  f o r c e d  h o t  water  systems w i t h  t h e  pump on t h e  
r e t u r n  s i d e .  

Imp lemen ta t i on  may r e q u i r e  p l a n t  empty ing.  I f  t h e  pump i s  
moved t o  t h e  feed l i n e  i t s  l i f e  w i l l  be sho r tened  due t o  
h i g h e r  o p e r a t i n g  temperatures.  The e f f e c t  o f  p ressu re  changes 
on t h e  b o i l e r  shou ld  be i n v e s t i g a t e d  i f  t h e  pump remains on 
t h e  r e t u r n  s i d e .  
Depends on a c t i o n  taken .  
B leed a i r  f rom system (ECO P .2 ) .  M a i n t a i n  p roper  wa te r  l e v e l  
I P . 4 ) .  System p r e s s u r i z a t i o n  lH .71  
Do o n l y  i f  a i r  i n f i l t r a t i o n  takes  p l a c e .  May r e q u i r e  p r e s s u r e  
measurements i n  p i p e s  (MT P.11. 
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COMMENTS: 
REFERENCES: ClBSE Gu ide  816.  1986.  

ECO P.  12  CONVERT 3-PIPE SYSTEM TO 2-PIPE'OR 4-PIPE SYSTEM 
LEVEL: Rep lacement .  
DESCRIPTION: C o n v e r t  3 - p i p e  (common r e t u r n 1  s y s t e m  t o  2 - p i p e  ( change  o v e r 1  

o r  4 - p i p e  sys tem t o  a v o i d  f l u i d  m i x i n g  l o s s e s .  
APPLICATION: M a i n  a p p l i c a t i o n  i n  i n d u c t i o n  and  f a n  c o i l  s ys tems .  
SIDE BENEFITS: 
CAUTIONS: C o n t r o l s  must  be  p r o v i d e d  on  4 - p i p e  sys tems  t o  p r e v e n t  

s i m u l t a n e o u s  h e a t i n g  and  c o o l i n g .  
COST FACTORS: Change t o  2 - p i p e  sys tem n o r m a l l y  more  e c o n o m i c a l  t h a n  t o  4-  

p i p e .  
INTERACTIONS: 
EVALUATION: Energy  s a v i n g s  e v a l u a t i o n  r e q u i r e s  d e t a i l e d  compUter a n a l y s i s .  
COMMENTS: Change t o  2 - p i p e  sys tem l i m i t s  a b i l i t y  t o  h a n d l e  d a i l y  

s r i t c h e s b e t r e e n  h e a t i n g  and c o o l i n g  i n  i n t e r m e d i a t e  seasons .  
REFERENCES: D u b i n .  1976.  

ECO P.  13 CONVERT SINGLE PIPE STEAM SYSTEM TO CONDENSATE RETURN SYSTEM 
LEVEL: Rep lacement .  
DESCRIPTION: Do n o t  d i s c h a r q e  condensa te  t o  d r a i n .  r e t u r n  t o  b o i l e r :  

r e p l a c e  s team i n j e c t i o n  h e a t i n g  sys tems i r h e r e  t h e  condensa te  
i s  e s s e n t i a l l y  l o s t 1  w i t h  h e a t  e x c h a n g e r s .  

APPLICATION: Open l o o p  s team sys tem.  
SIDE BENEFITS: Reduced make up  r a t e r  consump t i on  and  w a t e r  t r e a t m e n t  c o s t s .  

P o s s i b i l i t y  o f  f l a s h  s team h e a t  r e c o v e r y .  
CAUTIONS: 
COST FACTORS: Dependent on  d i s t a n c e  o f  r e t u r n  i n d  a c c e s s i b i l i t v  
INTERACTIONS:   eat r e c o v e r y  i s  an  a l t e r n a t i v e  (ECO P.171. See H l s o  AT P .2 .  
EVALUATION: 
COMMENTS: 
REFERENCES: S p i r a x - S a r c o .  1985 :  Energy  E f f i c i e n c y  O f f i c e  B o o k l e t  9 .  

ECO P.14 INSTALL ZONE PUMPING 
LEVEL: Rep lacement .  
DESCRIPTION: I n s t a l l  s e p a r a t e  pumps on  c i r c u i t s  h a v i n g  v e r y  d i f f e r e n t  

p r e s s u r e  d r o p  o r  where d i f f e r e n t  zones have d i f f e r e n t  
r e q u i r e m e n t s .  W i l l  l e a d  t o  pumping  e n e r g y  s a v i n g s .  

APPLICATION: Where i n d e x  r u n  p r e s s u r e  d r o p  much l a r g e r  t h a n  n e x t  h i g h e s t  
p r e s s u r e  d r o p  c i r c u i t .  

SIDE BENEFITS: May imp rove  c o n t r o l  s t r a t e g y .  
CAUTIONS: 
COST FACTORS: Depends on  number o f  pumps t o  be  i n s t a l l e d .  
INTERACTIDNS: ECO P . l  I A d j u s t  d i s t r i b u t i o n  s y s t e m ) .  
EVALUATION: Do o n l y  i f  pumping  c o s t s  a r e  v e r y  h i g h .  R e q u i r e s  p r o c e d u r e s  

a i m i n g  a t  d e t e r m i n a t i o n  o f  f l o w  r a t e s  and p r e s s u r e  d r o p s  i n  
d i f f e r e n t  c i r c u i t s .  

COMMENTS: 
REFERENCES: ClBSE Gu ide  B l l ,  1985.  
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ECO P.15 INSTALL VARIABLE VOLUME PUMPING 
LEVEL: Replacement. 
DESCRIPTION: As an a l t e r n a t i v e  t o  v a r i a b l e  tempera tu re  c o n t r o l ,  c o n s i d e r  

v a r i a b l e  f l o w  c o n t r o l .  P r o v i d e  s taged pumping employ ing pumps 
i n  p a r a l l e l  o r  s i n g l e  pump w i t h  speed c o n t r o l .  

APPLICATION: Most advantages i n  l a r g e r  d i s t r i b u t i o n  schemes w i t h  v a r i a b l e  
l o a d  

SIOE BENEFITS: Pro longed pump l i f e .  
CAUTIONS: Lower f l ow  r a t e s  i nc reases  s u s c e p t i b i l i t y  t o  f r e e z e  up 
COST FACTORS: H igh .  
INTERACTIONS: R e g u l a t i o n  ECOs. A l t e r n a t i v e  . t o  f i x e d  f l o w  v a r i a b l e  

temperature d i s t r i b u t i o n  systems IECO P. lO1.  
EVALUATION: 
COMMENTS: T y p i c a l  power- f low r e l a t i o n s h i p s  a r e  g i v e n  i n  RV EL . l  
REFERENCES: CIBSE Guide 816, 1986. 

EtO P.16 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

REPLACE STEAM TRAPS 
R e ~ l a c e m e n t .  
Reblace e x i s t i n g  steam t r a p s  w i t h  d i f f e r e n t  (more s u i t a b l e )  
t r a p  t y p e  a n d l o r  c o r r e c t l y  s i z e d  t r a p .  
Steam syr tems.  
Improves system performance (see ECO P.8)  p l u s :  1 1  Unders i zed  
t r a p s  can cause condensate back-up a t  t imes  o f  peak loads .  
p a r t i c u l a r l y  a t  p l a n t  s t a r t  up,  and can i n c r e a s e  t h e . f r e q u e n c y  
of  c y c l i n g ,  caus ing  premature f a i l u r e .  ii) Overs i zed  t r a p s  
r e s u l t  i n  excess ive  steam l o s s  when t r a p  f a i l s  and can r e s u l t  
i n  m a l f u n c t i o n i n g  o f  some t r a p s  ( i n v e r t e d  bucke t  t y p e ) .  

Cost b e n e f i t  g r e a t e s t  f o r  open l o o p  systems o r  where steam i s  
purchased and d i scharged ,  o r  l i t t l e  o r  no account  i s  g i v e n  f o r  
heat  c o n t e n t  o f  t h e  condensate. 
Poor t r a p  performance m i g h t  be t h e  r e s u l t  o f  l a c k  o f  o r  poor  
maintenance (see  ECO P.8) .  
C o r r e c t l y  i n s t a l l e d  t r a p p i n g  dev ices  a r e  neccessary  f o r  p roper  
system o p e r a t i o n  and a l l  necessary  changes s h o u l d  be made 
r e g a r d l e s s  o f  d i r e c t  steam sav ings .  J u s t i f i c a t i o n  may. 
however.  be r e q u i r e d  where t h e  o n l y  m a l f u n c t i o n  i s  some steam 
leakage - o b v i o u s l y  wide open t r a p s  need t o  be r e p l a c e d .  See 

AP P.2 f o r  i n s p e c t i o n  o f  t r a p  l o s s e s .  
No s i n g l e  t r a p  i s  i d e a l  f o r  a l l  a p p l i c a t i o n s  and i t  i s  n o t  
uncommon t o  have a  number o f  d i f f e r e n t  t r a p  t ypes  i n  a  s i n g l e  
i n s t a l l a t i o n .  R V  P.2 g i v e s  some gu idance o f  t r a p  a p p l i c a t i o n .  
EMC. 1983: Sp i rax -Sarco .  1985; CIBSE Guide 816, 1986. 

ECO P.17 HEAT RECOVERY FROM CONDENSATE 
LEVEL: Replacement. 
DESCRIPTION: Use f l a s h  steam g e n e r a t o r  o r  hea t  exchanger t o  e x t r a c t  hea t  

f rom condensate.  
APPLICATION: I n  open l o o p  systems l o r  p a r t s  o f  system) and where steam i s  

purchased and l i t t l e  o r  no account  i s  made o f  condensate hea t  
c o n t e n t  



SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 
COMMENTS: 

REFERENCES: 

ECO P .  18 
LEVEL: 
OESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO P.13 (Condensate r e t u r n  system) would be an a l t e r n a t i v e  i n  
open loop systems o r  sub-systems. See a l s o  r e g u l a t i o n  and SHW 
ECOs where t h e  recovered  h e a t  c o u l d  be u t i l i z e d ,  as w e l l  as 
ECO P.18. 

Recovered h e a t  shou ld  i d e a l l y  be used f o r  n o n - c r i t i c a l  h e a t i n g  
a p p l i c a t i o n s  and s t o r a g e  t ype  h e a t i n g  d u t i e s  ( f o r  example. 
s e r v i c e  h o t  water  s t o r a g e  t ype  h e a t e r s ) .  
ASHRAE Systems. Ch. 13. 1984: Energy E f f i c i e n c y  O f f i c e  B o o k l e t  
9 .  

SEPARATE FLASH STEAM FROM CONDENSATE 
Replacement. 
Ensure t h a t  s u f f i c i e n t  hea t  i s  removed f rom t h e  
s teamlcondensate t o  p r e v e n t  f l a s h  steam escaping f rom open 
v e n t s  by u s i n g  F l a s h  Steam g e n e r a t o r s  t o  produce low p r e s s u r e  
steam and by e q u a l i z i n g  p ressu re  between p ressu re  powered 
pumps and t h e  equipment they  d r a i n .  
Open vented r e t u r n  systems. 
Genera t ion  o f  low p r e s s u r e  steam. 

Ensure c o r r e c t  steam t r a p  o p e r a t i o n  (ECO P.8) b e f o r e  
c o n s i d e r i n g  t h i s  ECO. See a l s o  P.17 (Heat  r e c o v e r y  from 
condensate l .  
T h i s  ECO shou ld  be cons ide red  where system ven ts  a r e  
d i s c h a r g i n g  steam and a l l  steam t r a p s  have been checked f o r  
c o r r e c t  o p e r a t i o n  and ma in ta ined  o r  r e p l a c e d  as found 
necessary and where t h e  steam can be e f f e c t i v e l y  u t i l i z e d .  

Sp i rax -Sarco .  1985: Energy E f f i c i e n c y  O f f i c e  B o o k l e t  6 
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APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

REOUCE WATER TEUPERATURE. 
O p e r a t i o n a l .  
Reduce s e t t i n g  s t o r a g e  aquas ta t  o r  h o t  wa te r  supp ly  
tempera tu re  ( i f  p r o v i d e d )  t o  reduce a s s o c i a t e d  d i s t r i b u t i o n  
and s t o r a g e  hea t  l o s s e s .  
A l l  u n i t s .  
Temperature r e g u l a t i o n  enhanced ( reduced  ( m i x i n g  p rob lems l .  
Lower tempera tu re  w i l l  e f f e c t i v e l y  reduce t h e  amount o f  
useable  h o t  water  a v a i l a b l e  i f  s t o r a g e  tempera tu re  i s  reduced. 
V e r i f y  t h a t  supp ly  temperature t o  a l l  u s e r s  i s  s t i l l  above 
minimum. H e a l t h  problems may a r i s e  due t o  p o s s i b l e  b a c t e r i a  
and v i r u s  p r o l i f e r a t i o n  a t  i n t e r m e d i a t e  tempera tu res  (40  t o  
~ 5 ~ ~ 1 .  Check f o r  l o c a l  r e g u l a t i o n s .  
No c o s t .  
I n  c e n t r a l  s t o r a g e  systems, c o n s i d e r  add ing a  b o o s t e r  h e a t e r  
(ECO 5 . 2 )  as a  complementary ECO; a l t e r n a t i v e l y .  m a i n t a i n  t h e  
same s t o r a g e  tempera tu re  and add more i n s u l a t i o n  t o  s t o r a g e  
tank  (ECO P.6) .  A l so  i n t e r a c t s  w i t h  ECO 5.11. ( I n s t a l l  
c o n t r o l s ,  t i m e r s  t o r e d u c e  pump use. )  
Lower tempera tu re  w i t h o u t  f u r b h e r  e v a l u a t i o n .  See R V  5.3 f o r  
suggested s e t p o i n t .  Reduce 5 C a t  a  t i m e  t o  check i f  lower  
tempera tu res  a r e  s a t i s f a c t o r y .  See a l s o  AT S.2. 

Dub in .  1974; G a t t s .  1974 

ECO 5.2 REDUCE USE OF CIRCULATION PUMPS. 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: Turn o f f  c i r c u l a t i n g  pump d u r i n g  p e r i o d s  o f  no demand t o  save 

e l e c t r i c i t y  and p i p e  losses . ,  
APPLICATION: A l l  systems u s i n g  c i r c u l a t i n g  pumps. 
SIDE BENEFITS: Less t i m e  between pump maintenance qnd red lacement .  
CAUTIONS: Causes d e l a y  i n  h o t  water  supp ly  a t  t a p s ,  i . e . .  more c o o l  

water  must be r u n  o f f  b e f o r e  water  becomes h o t .  
COST FACTORS: N e g l i g i b l e .  
INTERACTIONS: Cons ider  i n s t a l l i n g  au tomat i c  c o n t r o l s / t i m e r s  (ECO 5.111.  

A l t e r n a t i v e  i s  t o  r e p l a c e  pump c i r c u l a t i o n  w i t h . s i n g l e  p i p e  
and hea t  t r a c i n g  (ECO 5.151. 

EVALUATION: Check u s e r s '  h a b i t s  and pump r u n n i n g  t i m e .  E v a l u a t e  r e d u c t i o n  
o f  pumps r u n n i n g  t i m e :  t o  e v a l u a t e  energy s a v i n g  p o t e n t i a l .  
r e f e r  t o  R V  5 .2 .  See a l s o  A T  S.2. 

COMMENTS: 
REFERENCES: 

ECO 5.3 USE C O L D  W A T E R  FOR LAUNDRY. 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: S e l e c t  a p p r o p r i a t e  washing and r i n s i n g  programs ( i f  p o s s i b l e 1  

t o  use c o l d e s t  wa te r  t h a t  i s  s t i l l  s u i t a b l e .  
APPLICATION: Laundry machines and d ishwasher  hav ing  reduced tempera tu re  

washing orourams. - .  - 
SIDE BENEFITS: 
CAUTIONS: Use a p p r o p r i a t e  d e t e r g e n t s  f o r  lowered tempera tu res .  
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COST FACTORS: N e g l i g i b l e  
INTERACTIONS: 

EVALUATION: 

~ ~ 

As an  a l t e r n a t i v e ,  c o n s i d e r  c o n n e c t i n g  a p p l i a n c e  t o  SHU s u p p l y  
(ECO 5 . 6 ) .  i f  f e a s i b l e .  
Check a p p l i a n c e  f o r  p o s s i b i l i t y  o f  s e l e c t i n g  a p p r o p r i a t e  

~ ~ 

wash ing  and r i n s i n g '  program;. E v a l u a t e  s a v i n g s  on  t h e  
b a s i s  o f  ave rage  f r equency  o f  use .  See a l s o  AT 5 .2 .  

COMMENTS: 
REFERENCES: 

ECO 5.4 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

HEAT DURING OFF-PEAK PERIODS. 
O p e r a t i o n a l .  
SHU h e a t i n g  i s  p e r f o r m e d  a t  l o w e r  e n e r g y  c o s t  i n  o f f - p e a k  
h o u r s .  
A p p l i c a b l e  t o  e l e c t r i c  h e a t e r s  w i t h  s t o r a g e  and where  f u e l .  
t a r i f f  p r o v i d e s  f o r  low c o s t  e l e c t r i c i t y  d u r i n g  c e r t a i n  h o u r s  
o f  t h e  day ,  o r  where  cha rge  made f o r  demand: t u r n  o f  h e a t e r  
d u r i n g  low-demand p e r i o d s  o n l y  1e .g . .  a t  n i g h t ) .  

Make s u r e  s t o r a g e  i n s u l a t i o n  i s  s u f f i c i e n t  t o  p r e v e n t  c o o l i n g  
o f  SHU and t h a t  s t o r a a e  i s  adeaua te  f o r  needs be tween 
r e h e a t i n g  t i m e s .  

COST FACTORS: N e g l i g i b l e .  Energy  may i n c r e a s e  a l t h o u g h  e n e r g y  & 
s h o u l d  f a l l .  

INTERACTIONS: E C O  5 .10 .  ( I n s t a l l ,  w a t e r  h e a t e r  t i m e r s .  1 .  ECO P .6 .  (Upgrade 
i n s u l a t i o n  o f  t a n k s  and p i p i n g . )  I f  s t o r a g e  c a p a c i t y  does n o t  
ma tch  d a i l y  needs ,  c o n s i d e r  m o d i f y i n g  s t o r a g e  t a n k  (ECO 5 . 1 6 ) .  
See ELECTRICAL ECOs. A l t e r n a t i v e l y ,  c o n s i d e r  e n e r g y  s o u r c e  
s u b s t i t u t i o n  IECO 5 .21 ) .  

EVALUATION: Sav ings  w i l l  be e v i d e n t  i n  e l e c t r i c a l  demand c h a r g e  r e d u c t i o n .  
COMMENTS: 
REFERENCES: G a t t s .  1974 :  CIBSE Gu ide  01 .  1986 .  

ECO 5 . 5  INSTALL OR IMPROVE WATER TEMPERATURE REGULATION. 
LEVEL: O p e r a t i o n l l m p r o v e m e n t .  
OESCRIPTION: To imp rove  t e m p e r a t u r e  c o n t r o l :  I n s t a l l  f l o w  m i x e r s  i n  p l a c e  

o f  e x i s t i n g  t a p s .  If a p p l i c a b l e ,  a d o p t  m o d u l a t i n g  r a t h e r  t h a n  
o n - o f f  b u r n e r .  I n s t a l l  a  m i x i n g  v a l v e  t o  o b t a i n  s t a b l e  s u p p l y  
t e m p e r a t u r e  f o r  v a r y i n g  b o i l e r  t e m p e r a t u r e s  and s u p p l y  demand. 
F i t  s t o r a g e  t a n k  t h e r m o s t a t .  

APPLICATION: A l l  u n i t s  w i t h i n  i m p r o p e r  t e m p e r a t u r e  c o n t r o l .  
SlOE BENEFITS: Imp roved  t e m p e r a t u r e  r e g u l a t i o n  p r e v e n t s  s c a l d i n g  a c c i d e n t s .  
CAUTIONS: Rake s u r e  m i x e r s  a r e  c o m p a t i b l e  w i t h  s u p p l y  w a t e r  p r e s s u r e .  

Make s u r e  m i x e r  can  be i n s t a l l e d  o n  e x i s t i n g  s i n k s ,  showers .  
e t c .  

COSTFACTORS: More c o n v e n i e n t  i f  t a p s  o r  s i n k s  must be  r e p l a c e d  when 
i n s t a l l i n g  f l o w  m i x e r s .  

INTERACTIONS: I f  n e c e s s a r y ,  i n s t a l l  a  p r e s s u r e  s t a b i l i z i n g  v a l v e .  I t  may be  
a d v i s a b l e  t o  i n s t a l l  a  f l o w  r e s t r i c t o r  (ECO S.91  i n  
c o n j u n c t i o n  w i t h  a  f l o w  m i x e r .  

EVALUATION: Check m i x i n g  p r o b l e m s  i n  i n d i v i d u a l  and c e n t r a l  s ys tems .  See 
a l s o  A l  5 .2 .  
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COMMENTS: 
REFERENCES: 

ECO 5.6 USE SHY I N  APPLIANCES. 
LEVEL: O p e r a t i o n l l m p r o v e m e n t .  
OESCRIPTION: C o n s i d e r  u s i n g  s e r v i c e  h o t  w a t e r  i n s t e a d  o f  c o l d  w a t e r  i n  

d o m e s t i c  a p p l i a n c e s .  
APPLICATION: - Laund ry  and d i s h w a s h i n g  mach ines  t h a t  can  be  f e d  w i t h  SHU. 

O n l y  a p p l i c a b l e  if c e n t r a l  SHU s y s t e m  u s e s  cheape r  f u e l  

SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 
EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO 5 . 7  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 

INTERACTIONS: 

EVALUATION: 
COMMENTS : 

REFERENCES: 

APPLICATION: 
SIDE BENEFITS: 

s o u r c e .  

Make s u r e  a p p l i a n c e  i s  e q u i p e d  f o r  a c c e p t i n g  SHU i n p u t ,  o r  i f  
i t  can  be  m o d i f i e d :  
N e u l i u i b l e  i f  a p p l i a n c e s  a r e  e a u i o e d  t o  a c c e p t  SHY. 
ECO 513.  (Use c o l d  w a t e r  f o r  i d u n b r y  . I  
Check ave rage  d u t y  c y c l e  w a t e r  c o n s u m p t i o n  

INSTALL HEAT PUMP WATER HEATER. 
O p e r a t i o n a l l l m p r o v e m e n t .  
I n s t a l l  h e a t  oumo f o r  h e a t i n g  o f  SHY. A l s o  i n v e s t i a a t e  
p O S S l b l l l t Y  o f  using h e a t  pump for h e a t l n g  o r  c o o l 7 n g  

- 
I n s t a l l a t i o n s  producing SHY. 

L a r g e  t a n k s  w i l l  i n c r e a s e  h e a t  l o s s e s .  
U s i n g  s e v e r a l  s m a l l  s t o r a g e  t a n k s  can  somet imes r e d u c e  
i n s t a l l a t i o n  c o s t s  a n d  imp rove  s t r a t i f i c a t i o n .  Add ing  
i n s u l a t i o n  i s  f a i r l y  cheap. C o n n e c t i n g  h e a t  pump t o  a  h e a t i n g  
sys tem ( i f  o n l y  h o t  w a t e r  i s  p r o d u c e d )  i s  n o r m a l l y  n o t  v e r y  
e x p e n s i v e  and i s  m o s t l y  c o s t  e f f e c t i v e .  A d d i t i o n  o f  a  h o t  gas  
c o o l e r  i s  f a i r l y  e x p e n s i v e .  
ECO S .8  [ H e a t  r e c o v e r y  f r om  was te  SHUI. 5 . 2 0  ( I n s t a l !  s o l a r  
w a t e r  h e a t i n g ) .  5 . 19  ( I n s t a l l  m e t e r i n g  d e v i c e s ) .  
See AP 5.5.. 
L a r g e  vo l umes  and c o r r e c t  p o s i t i o n i n g  o f  a q u a s t a t s - w i l l  g i v e  
l o n g e r  r u n n i n g  t i m e s  and f ewe r  s t a r t s ,  t h u s  i m p r o v i n g ' l i f e  
e x p e c t a n c y ,  w h i c h  i s  a l s o  imp roved  b y  k e e p i n g  c o n d e n s i n g  
t e m p e r a t u r e s  l ow .  
B e r g s t r o m .  1985 

HEAT RECOVERY FROM UASTE SHY. 
ImprovementlReplacement. 
I f  t h e  was te  SHU i s  c o l l e c t e d  i n  a  s u i t a b l y  i n s u l a t e d  t a n k .  
t h e  h e a t  c o n t e n t  o f  t h e  w a t e r  may be  r e c o v e r e d  p a s s i v e l $  
u s i n g ,  f o r  examp le ,  a  c o i l  h e a t  exchange r  o r  a  h e a t  pump. The 
h e a t  exchange r  can  be  u s e d  t o  p r e - h e a t  c o l d  w a t e r  f e e d i n g  
e i t h e r  t h e  s t o r a g e  t a n k  o r  an  i n s t a n t a n e o u s  w a t e r  h e a t e r .  



CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO S.9  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS. 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO 5 .10  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 
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Leakage be tween w a t e r  sys tems .must  n o t  o c c u r .  l h e r e  may be 
l e g a l  p rob lems .  
May be  h i g h .  S k i l l e d  manpower r e q u i r e d .  
ECO 5.7 I I n s t a l l  hea t  pump) .  5.70 ( I n s t a l l  s o l a r  w a t e r  

h e a t i n g ) .  
A p p r o x i m a t e l y  25% o f  t h e  u s e f u l  h e a t  c o n t e n t  o f  t h e  w a t e r  i s  
r e c o v e r a b l e .  A p p l y i n g  a  f a c t o r  o f  0 . 25  t o  t h e  u s e f u l  SHY 
e n e r g y  demand ( s e e  AP S.11  p r o v i d e s  a  measurement o f  t h e  
p r o s p e c t i v e  ene rgy  s a v i n g .  Check t h a t  d i s t a n c e  be tween h e a t  
exchange r  and  h e a t e r  c o m p a t i b l e  w i t h  s u p p l y  p r e s s u r e .  See a l s o  
AT 5.2 and  AP 5 . 5 .  

INSTALL FLOW RESTRICTORS. 
Ma in tenance .  
I n s t a l l  f l o w  r e s t r i c t o r s  i n  s u i t a b l e  p o i n t s  o f  p i p i n g ,  l o w -  
f l o w  shower heads ,  a e r a t e d  f a u c e t s ,  e t c . .  t o  c o n s e r v e  use  o f  
SHY. 

Make s u r e  s u p p l y  f l o w  r a t e  i s  n o t  r e d u c e d  be low  minimum 
a c c e p t e d  b y  o c c u p a n t s .  
Low c o s t  b u t  can  r e s u l t  i n  s u b s t a n t i a l  s a v i n g s .  
P r e s s u r e  s t a b i l i z i n g  v a l v e s  may be r e q u i r e d .  C o n s i d e r  a d d i n g  a  
t e m p e r a t u r e  r e g u l a t i o n  d e v i c e  (ECO S.51  a s  a  complementary  
ECO. I n t e r a c t s  w i t h  b e n e f i t s  o f  r e d u c i n g  e n e r g y  c o s t s  b y  
e n e r g y  s o u r c e  s u b s t i t u t i o n  (ECO 5 .211.  A l t e r n a t i v e  t o  
p r o v i d i n g  p r e s s u r e  r e d u c i n g  v a l v e  IECO 5 .141 .  
Compare w a t e r  usage w i t h  RV S . l :  i f  e x c e s s i v e  usage appea rs  t o  
be  caused b y  h i g h  f l o w  r a t e s ,  c o n s i d e r  i m p l e m e n t a t i o n  o f  t h i s  
ECO: e s t i m a t e  w a t e r  usage r e d u c t i o n  based  on  m a n u f a c t u r e r  
d a t a .  See a l s o  AT 5 . 2 .  

SHUT OFF WATER HEATING UHEN NOT REQUIRED 
M a i n t e n a n c e / O p e r a t i o n s .  
Shu t  o f f .  w a t e r  h e a t i n g  when n o t  r e q u i r e d ,  e . g .  when b u i l d i n g  
n o t  o c c u p i e d .  C o n t r o l  h e a t e r  o p e r a t i o n  ( b o i l e r  o r  r e s i s t i v e  
h e a t e r )  t o  ma tch  SHU demand, t h e r e b y  s a v i n g  on  s t a n d b y  l o s s e s .  

See ECO 5 . 4 .  [ H e a t  d u r i n g  o f f - p e a k  p e r i o d s . )  
Mode ra te .  
See ECO 5 .4 .  (Hea t  d u r i n g  o f f - p e a k  p e r i o d s . )  C o n s i d e r  a d d i n g  
s t o r a g e  i n s u l a t i o n  IECO P .61  as an  a l t e r n a t i v e  ECO. 
p a r t i c u l a r l y  if SHY use  i s  e v e n l y  d i s t r i b u t e d  d u r i n g  t h e  d a y .  
S w i t c h i n g  ene rgy  s o u r c e  c o u l d  be  a  complementary  ECO, when 
o f f - p e a k  r a t e s  a r e  a p p l i e d  IECO S.10 and  S.211.  
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I n s p e c t  r a t e r  usage p r o f i l e s  and look f o r  h i g h  and low usage 
p e r i o d s .  E v a l u a t e  s tandby losses  (see  AP H.2. AP 5 . 3  and AT 
P.11 and e s t i m a t e  energy sav ings  a s s o c j a t e d  w i t h  h e a t i n g  t i m e  
r e d u c t i o n .  

COMMENTS: 
REFERENCES: Dubin .  1976. 

ECO S.11 INSTALL CONTROLS T O  REDUCE PUMP USE. 
LEVEL: Maintenance. 
DESCRIPTION: Same as ECO 5 .2  ( reduce  use o f  c i r c u l a t i n g . b u m p s 1  b u t  done 

a u t o m a t i c a l l v .  G e n e r a l l v  r e q u i r e s  magnet ic  v a l v e s  t o  s top  
g r a v i t y  c i r c u l a t i o n .  

APPLICATION: A l l  systems u s i n g  pumps f o r  r a t e r  c i r c u l a t i o n .  
SIDE BENEFITS: See ECO 5.2. (Reduce use o f  c i r c u l a t i n g  PumPs.1 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

. .  . 
Make su re  ECO i s  c o m p a t i b l e  w i t h  r a t e r  use p a t t e r n s  ( i n c r e a s e d  
t i m e  l a g  i n  SHY d e l i v e r y ) .  
V a r i a b l e ,  h i g h l y  dependent upon i n s t a l l a t i o n .  
Reduces b e n e f i t  o f  E C O  P.6. (Upgrade i n s u l a t i o n l .  E C O  5 . 2 .  
( C i r c u l a t i o n  pumps). 
Es t ima te  d i s t r i b u t i o n  l o s s e s  from M T  P.2 th rough  P.6 o r  A T  P . l  
and compare w i t h  RV S.2. C a l c u l a t e  energy sav ings  from pump 
o p e r a t i n g  t i m e  r e d u c t i o n  ( t w o  b e n e f i t s :  reduced d i s t r i b u t i o n  
l osses  and pumping energy consumpt ion l .  See a l s o  AT S.2. 

COMMENTS: 
REFERENCES: Dubin .  1976: H a r r j e .  1983. 

ECO S.12 INSTALL A  WATER SOFTENER. 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  water  s o f t e n e r  on c o l d  wa te r  s e r v i c e  t o  l i m i t  wa te r  

hardness o r  c o n d i t i o n  f o r  a c i d i t y  ( reduces b u i l d - u p  o f  s c a l e  
on f u e l - f i r e d  wa te r  h e a t e r s  m a i n t a i n i n g  h e a t  t r a n s f e r  
o f f i c i e n c y l .  

APPLICATION: 
SIDE BENEFITS: Reduces water  c i r c u l a t i o n  problems. Inc reases  l i f e  o f  system 

components. 
CAUTIONS: May be o b j e c t e d  t o  by l o c a l  water  u t i l i t y .  
COST FACTORS: Can prove v e r y  e f f e c t i v e  i n  sav ing  on soaps and d e t e r g e n t s .  
INTERACTIONS: 
EVALUATION: Look f o r  c h a l k y  d e p o s i t s  on p i p e s  a n d  t a p s :  i f  n e c e s s a r r y .  

pe r fo rm a  water  q u a l i t y  a n a l y s i s  (RV 5.61. 
COMMENTS: 
REFERENCES: CIBSE Guide 87. 1986. 

ECO 5.13 REPLACE PILOTS WITH ELECTRIC IGNITION. 
LEVEL: Replacement. 
DESCRIPTION: Replace p i l o t  f lame w i t h  au tomat i c  e l e c t r o n i c  i g n i t i o n  system 
APPLICATION: Gas u n i t s .  
SIDE BENEFITS: ~ o s s l b l y  s a f e r  o p e r a t ~ o n .  
CAUTIONS: 
C O S T  FACTORS: Moderate .  
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INTERACTIONS: 
EVALUATION: 

COMMENTS: 
REFERENCES: 

EC0.S.14 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 

CAUTIONS: 

COST FACTORS: 

COMMENTS: 

REFERENCES: 

ECO 5.15 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

Cons ider  p a r t i c u l a r l y  i f  SHY system rep lacement  i s  a d v i s a b l e .  
Es t ima te  t ime  i n  which ~ i l o t  i s  on and a s s o c i a t e d  f u e l  
sav ings .  

INSTALL PRESSURE REDUCING VALVES. 
Improvement. 
I n s t a l l  p ressu re  r e d u c i n g  v a l v e s  i n  main 
r e o u l a t e  f l o w .  

SHY or 

 his can b e  done where t h e r e  a re  problems o f  h i g h  p r e s s u i e  
1e.g.  h i g h  r i s e  apar tment  b l o c k s 1  a n d l o r  where s tandard  s i z e d  
p ipework i s  t o  be used and f l ow  i s  t o  be r e g u l a t e d  by t h e  
v a l v e .  
Can reduce water  consumption i n  showers e t c .  Can produce a  
f a i r l y  u n i f o r m  d ischarge  r a t e  ove r  a  range o f  p ressu res  which 
can h e l p  a t  t imes  o f  s imul taneous demand. 
Do n o t  use t o  compensate f o r  an o v e r s i z e d  pump. Y i l l  i nc rease  
t h e  r e s i s t a n c e  t o  f l o w  i n  t h e  system. 
Moderate. 
ECO 5.9 ( I n s t a l l  f l ow  r e s t r i c t o r s l .  
Measure f l o w  r a t e  f r o m o u t l e t  and compare w i t h  t h e  recommended 
va lue  IRV 5.31. Est ' imate sav ing  due t o  reduced consumption. 
Th is  ECO w i l l  n o t  reduce t h e  amount o f  energy used t o  heat  t h e  
water t o  ' f i l l '  baths e t c .  

INSTALL TRACE HEATING ON DEAD LEGS. 
Maintenance. 
Use t r a c e  h e a t i n g  t o  keep h o t  water  a t  temperature i n  p ipework 
r a t h e r  than c i r c u l a t i n g  pumps. T h i s  reduces pumping losses  and 
pumping energy,  a l s o  s h o r t e r  p i p e  runs .  I n o  r e t u r n  p i p e  
r e q u i r e d )  reduces d i s t r i b u t i o n  l osses .  
SHY systems w i t h  l o n g  p i p e  r u n  a n d l o r  h i g h  pumping energy and 
losses  a n d l o r  h i g h  d i s t r i b u t i o n  l osses .  

SIDE BENEFITS: E l i m i n a t e s  pump maintenance. 
CAUTIONS: Ya te r  may be i n  dead legs f o r  l ong  p e r i o d s  if use i s  

i n f r e q u e n t .  
COST FACTORS: High f o r  e x i s t i n g  b u i l d i n g s ,  c o n s i d e r  i f  o t h e r  work i s  b e i n g  

c a r r i e d  o u t .  O f ten  c o s t  e f f e c t i v e  on new b u i l d i n g s .  
INTERACTIONS: ECO 5 .2  ( C i r c u l a t i o n  ~ u m p s l .  
EVALUATION: Saving i n  d i s t r i b u t i o n  l o s s e s  (MT P.2 th rough  P.6 and AT P : l 1  

and pumping energy shou ld  be compared a g a i n s t  t r a c e  h e a t i n g  
energy 

COMMENTS: Modern t r a c e  h e a t i n g  c a b l e  i s  a v a i l a b l e  t h a t  i s  s e l f  
( t empera tu re )  r e g u l a t i n g .  

REFERENCES: 
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ECO 5 . 1 6  OPTIMIZE SIZE OF SHY STORAGE TANK 
LEVEL:  Improvement .  
DESCRIPTION: M o d i f y  s i z e  o f  s t o r a g e  t a n k  t o  a d j u s t  t o  s t o r a g e  needs .  
APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: Check c o m p a t i b i l i t y  w i t h  SHY demand 
COST FACTORS: Comparab le  w i t h  r e p l a c e m e n t  c o s t s .  
INTERACTIONS: A l l  ECOs i m p l y i n g  r a d i c a l  m o d i f i c a t i o n s  t o  sys tem.  I f  s t o r a g e  

u n d e r s i z e d  ( a n d  s t o r a g e  s i z e  c a n n o t  be  m o d i f i e d ) ,  c o n s l d e r  
a d d i n g  a  b o o s t e r  h e a t e r .  I f  m o d u l a r  s t o r a g e  o v e r s i z e d  
e l i m i n a t e  one o r  more modu les .  T h i s  ECO i n t e r f e r e s  o r  i s  an  
a l t e r n a t i v e  t o  o t h e r  ECOs a imed a t  s t a n d b y  l o s s e s  r e d u c t i o n  
(Upgrade i n s u l a t i o n ) .  S.18 (Add  b o o s t e r  h e a t e r ) .  5.4 ( H e a t  
d u r i n g  o f f - p e a k  p e r i o d s ) .  5.12 ( D e c e n t r a l i z e  SHY p r o d u c t i o n ) .  

EVALUATION: Compare a c t u a l  s t o r a g e  s i z e  w i t h  o p t i m a l  v a l u e  based  on  AP 
5 . 2 .  E s t i m a t e  s a v i n g s  due t o  s t a n d b y  l o s s  r e d u c t i o n  IAP H.2  o r  
AT P .1 ) .  See a l s o  AT 5 . 2 .  

COMMENTS: 
REFERENCES: ClBSE Gu ide  8 4 .  1986. 

ECO 5 .17  
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 

CAUTIONS: 
COST FACTORS: 
 INTERACTION^: 
EVALUATION: 

COMMENTS: 
REFERENCES: 

CONSIDER AUTOMATIC SHY TAPS. 
Rep lacement .  
S u b s t i t u t e  o r d i n a r y  t a p s  r i t h  t a p s  a u t o m a t i c a l l y  o p e r a t e d  by 
p h o t o c e l l s ,  i n f r a r e d  s e n s o r s ,  o r  m e c h a n i c a l  means t o  m i n i m i z e  
SHY u s e .  
P r i m a r i l y  s ys tems  such  as p u b l i c  washrooms. 
A d v i s a b l e  f o r  h y g i e n i c  r e a s o n s  a l s o .  P a r t i c u l a r l y  s u i t a b l e  f o r  
communi ty  b u i l d i n g s ,  o f f i c e s ,  f a c t o r i e s ,  s p o r t i n g  f a c i l i t i e s .  
e t c .  

Compare a c t u a l  w a t e r  c o n s u m p t i o n  w i t h  RV 5 . 1 .  C a l c u l a t e  e n e r g y  
s a v i n g s  based  on  e s t i m a t e d  w a t e r  s a v i n g s .  

ECO S. 18  ADD AN INSTANTANEOUS BOOSTER TO STORAGE SYSTEM. 
LEVEL: Imbrovement .  
DESCRIPTION: Add an  i n s t a n t a n e o u s  b o o s t e r  h e a t e r  t o  r a i s e  w a t e r  t e m p e r a t u r e  

f r om  s t o r a q e  t o  d e s i r e d  l e v e l .  I n s t a l l a t i o n  p e r m i t s  s m a l l e r  
s t o r a g e  t a n k  o r  l o w e r  s t o r a g e  t e m p e r a t u r e  f o r  r e d u c e d  s t o r a g e  
l o s s e s .  

APPLICATION: C e n t r a l  s t o r a g e  sys tems .  
SIDE BENEFITS: Reduced t a n k  and d i s t r i b u t i o n  l o s s e s .  
CAUTIONS: 
COST FACTORS: M o d e r a t e  w i t h  r e s p e c t  t o  m o d i f i c a t i o n s  o f  s t o r a g e  c a p a c i t y .  
INTERACTIONS: C o n s i d e r  t h i s  ECO as a complement t o  ECO S . 1  [Reduce w a t e r  

t e m p e r a t u r e s )  and an  a l t e r n a t i v e  t o  ECO 5 .16  ( O p t i m i z e  s i z e  o f  
s t o r a g e  t a n k ) .  If s t o r a g e  i s  i n s u f f i c i e n t ,  c o n s i d e r  t h e  
f o l l o w i n g  o p t i o n s :  Add a  b o o s t e r  h e a t e r .  I n c r e a s e  s t o r a g e  
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c a p a c i t y .  I n s t a l l  a d d i t i o n a l  h e a t e r  a t  p o i n t  o f  u s e .  I n c r e a s e  
s t o r a g e  t e m p e r a t u r e  and add more i n s u l a t i o n .  If s t o r a g e  
e x c e s s i v e ,  r e d u c e  t h e r m o s t a t  s e t t i n g  and add b o o s t e r  h e a t e r .  

EVALUATION: E s t i m a t e  e n e r g y  s a v i n g s  based  on  a n n u a l  SHY r e q u i r e m e n t s  CAP 
S.11  and s t o r a g e  l o s s  r e d u c t i o n .  See AT 5 . 2 .  

COMMENTS: 
REFERENCES: 

ECO S.19 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 

CAUTIONS: 

COST FACTORS: 
INIERACTIONS: 

EVALUATION: 

INSTALL METERING DEVICES. 
Improvement .  
l n s t a l l  SHY m e t e r i n g  d e v i c e s  a t  a p a r t m e n t  o r  b u i l d i n g  l e v e l  
t o  h e i g h t e n  e n e r g y  awareness .  
B u i l d i n g  where a d d i t i o n a l  m e t e r i n g  i s  p e r m i t t e d  ( c h e c k  p l a n t  
l a y o u t ) .  
Occupants  a r e  i n f o r m e d  a b o u t  a c t u a l  SHY consump t i on ,  w h i c h  may 
be  a  v e r y  e f f e c t i v e  a c t i o n  f o r  e n e r g y  c o n s e r v a t i o n .  
V e r i f y  f l o w  senso r  does n o t  i n t r o d u c e  e x c e s s i v e  p r e s s u r e  
l o s s e s .  
C o s t s  may be  s i g n i f i c a n t .  R e d u c t i o n s  f r om  20 t o  40% common. 
Complementary  t o  ECOs r e l a t e d  t o  sys tem s u b s t i t u t i o n  IECO 5 . 7 .  
5 . 2 0 .  S .211.  
s h o u l d  be a p p l i e d  i f  w a t e r  consump t i on  i s  h i g h  ( s e e  RV S.1) .  
See a l s o  AT 5 .2 .  

COMMENTS: 
REFERENCES: 

ECO 5.20  INSTALL SOLAR YATER 'HEATING. 
LEVEL: Improvement/Replacement. 
DESCRIPTION: P o s s i b l e  c o m b i n a t i o n s  t h a t  may be u s e d  t o  l o w e r  h e a t i n g  SHY 

c o s t s  a r e :  il s o l a r  o n l v  iil s o l a r - a s s i s t e d  h e a t  pump ~~~~~ ~ ~ . . 
APPLICATION: E s p e c i a l l y  e l e c t r i c a l  SilY sys tem.  
SIDE BENEFITS: 
CAUTIONS: A l l  f e a t u r e s  o f  sys tems must be  e v a l u a t e d  such a s  c o r r o s i o n .  

wea the r  e f f e c t s ,  e t c .  
COST FACTORS: H i g h l y  v a r i a b l e ,  r e a l i s t i c  l i f e t i m e  f o r  equ ipmeh t  must  be  

f a c t o r e d  i n .  
INTERACTIONS: Mos t  Rep lacement  l e v e l  ECOs. ECOs r e l a t e d  t o  h e a t  r e c o v e r y  

(ECO S.81 .  A l t e r n a t i v e :  ECO 5 . 7  ( I n s t a l l  h e a t  pump) .  5 . 1 9  
( I n s t a l l  m e t e r i n g  d e v i c e s ] .  

EVALUATION: E v a l u a t e  s o l a r  e n e r g y  a v a i l a b i l i t y  and d a l l y  SHY p r o d u c t i o n  
IRV 5 .51 .  C a l c u l a t e  SHY e n e r g y  demand b e f o r e  t h e  r e t r o f i t  IAP 
S.11  and e s t i m a t e  t h e  s a v i n g s  6ased on  sys tem p e r f o r m a n c e  
f i g u r e s  (AT S.11. 

COMMENTS: 
REFERENCES: D u b i n ,  1976 ;  ERE D i g e s t  205.  1977;  ERE D i g e s t  253.  1981 :  8RC 

I P  1 4 / 8 1 ,  1181.  

ECO 5 . 2 1  WITCH FROM STORAGE TO INSTANTANEOUS SHY SYSTEM. 
LEVEL: Rep lacement .  
DESCRIPTIDN: Rep lace  e x i s t i n g  s t o r a g e  sys tem w i t h  i n s t a n t a n e o u s  sys tem 



APPLICATION: 

SIDE BENEFllS 
CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO 5.22 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS 
CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 
EVALUATION: 

Most a p p l i c a b l e  t o  h i g h l y  i n t e r m i t t e n t  use a n d l o r  w i d e l y  
d i s t r i b u t e d  p o i n t s  o f  use.  
SHY s u p p l y  n o t  c o n s t r a i n e d  by s t o r a g e  s i z e .  

P a r t i c u l a r l y  e f f e c t i v e  i f  e x i s t i n g  system needs rep lacement .  
The convenience of  t h i s  ECO w i l l  i nc rease  w i t h :  i) Decreas ing 
d i s t r i b u t i o n  e f f i c i e n c y  o f  t h e  s t o r a g e  system, and i i )  
Decreas inu dveraae amount o f  water  drawn a t  one t i m e .  
M o s t '  Repiacemeni l e v e l  ECOs and ECO 5 .4  (Heat  d u r i n g  o f f -peak  
p e r i o d s ) .  ECO 5.9 ( I n s t a l l  f l ow  r e s t r i c t o r s ) .  5.10 [Shu t  o f f  
water  h e a t e r ) .  '5.19 ( I n s t a l l  m e t e r i n g  d e v i c e s l .  
Es t ima te  s t o r a a e  losses  w i t h  AP 5 .3  o r  AT P.1. C a l c u l a t e  - 
energy sav ings  a s s o c i a t e d  w i t h  reduced d i s t r i b u t i o n l s t o r a g e  
losses  and ( p o s s i b l y )  i nc reased  p r o d u c t i o n  e f f i c i e n c y  (AT 
5 .2 ) .  
I ns tan taneous  systems a r e  m o s t l y  i n d i c a t e d  when t h e r e  i s  
i n f r e q u e n t  and l i g h t  use of  SHY. 

. . I , . .  . 
DECENTRALIZE SHY PRODUCTION. 
Replacement. 
Replace s i n g l e  c e n t r a l  system w i t h  a number o f  s m a l l  
d i s t r i b u t e d  u n i t s  t o  m in im ize  d i s t r i b u t i o n  l osses .  
T y p i c a l l y  i n t e r m i t t e n t  use ,  w i d e l y  d i s t r i b u t e d  p o i n t s  o f  use. 

M o s t l y  e f f e c t i v e  i f  e x i s t i n g  system has low d i s t r i b u t i o n  
e f f i c i e n c y .  
Most Replacement l e v e l  ECOs. 
E v a l u a t e  f e a s i b i l i t y  o f  t h i s  ECO by i n s p e c t i n g  p l a n t  l a y o u t :  
e s t i m a t e  p o t e n t i a l  sav ings  by c a l c u l a t i n g  d i s t r i b u t i o n  
e f f i c i e n c y  

COMMENTS: 
REFERENCES: 
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ECO L . l  SYITCH OFF UNNECESSARY LIGHTS 
LEVEL: o p e r a t i o n a l .  
OESCRIPTION: Sw i t ch  o f f  l i g h t s  i n  unoccupied areas i m a n u a l l y ) .  
APPLICATION: A11 b u i l d i n g s .  
SlDE BENEFITS: Reduced c o o l i n g  l o a d s .  For  incandescent  lamps, l o n g e r  t i m e  

between lamp changes. 
CAUTIONS: Make su re  l i g h t i n g  s u f f i c i e n t  f o r  s a f e t y .  F requen t  s w i t c h i n g  

o f  f l u o r e s c e n t  o r  d i s c h a r g e  l i g h t s  sho r tens  l i f e - t i m e .  
COST FACTORS: N e g l i g i b l e .  
INTERACTIONS: ECOs d e a l i n g  w i t h  l i g h t i n g  c o n t r o l  l L . 1 6 .  L.17. L . 1 9 ) .  
EVALUATION: Check l i g h t i n g  use d u r i n g  non-work ing p e r i o d s :  e s t i m a t e  

p o s s i b l e  r e d u c t i o n s  i n  o p e r a t i n g  t i m e  ( r e f e r  t o  A T  L . l  f o r  
computing energy s a v i n g s ) .  

COMMENTS: 
REFERENCES: ERE D i g e s t  232. 1979 and ERE D i g e s t  272. 1983. 

ECO L . 2  LIMIT LIGHTING NEEOS DURING CLEANING PERIOOS 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: Organize c l e a n i n g  schedules so t h a t  l i g h t i n g  needs a r e  

m in im ized  ( e . g . ,  by c l e a n i n g  fewer spaces a t  t h e  same t i m e ) .  
APPLICATION: Commercial and i n s t i t u t i o n a l  b u i l d i n g s .  
SIDE BENEFITS: 
CAUTIONS: Respect minimum s a f e t y  i l l u m i n a t i o n  l e v e l s  i n  o t h e r  spaces. 
COST FACTORS: N e g l i g i b l e .  
INTERACTIONS: ECO C.17 (add  s w i t c h e s ) .  L .19 ( c e n t r a l  l i g h t  o p e r a t i o n ) .  
EVALUATION: Examine c l e a n i n g  schedules and b u i l d i n g  l a y o u t .  Es t ima te  

energy sav ings  w i t h  AT L .1 .  
COMMENTS: 
REFERENCES: IES. 1981 and BRE D i g e s t  232. 1979. 

ECO L . 3  USE LOU LEVEL LIGHTING FOR SECURITY PERIODS 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: Use low l e v e l  l i g h t i n g  (e .g .  emergency l i g h t i n g )  d u r i n g  

s e c u r i t y  c o n t r o l s .  
APPLICATION: A11 b u i l d i n g s  which r e q u i r e  s e c u r i t y  c o n t r o l s .  
SlDE BENEFITS: 
CAUTIONS: Care must be taken  so t h a t  s a f e t y  i s  n o t  compromised. 
COST FACTORS: N e g l i g i b l e .  
INTERACTIONS: ECO L.17 (add s w i t c h e s ) .  ~ . 1 ' 9  ( c e n t r a l  l i g h t  o p e r a t i o n )  
EVALUATION: Es t ima te  eneruy sav ings  w i t h  AT L .1 .  .. 
COMMENTS: 
REFERENCES: IES. 1981. 

ECO L.4 REDUCE EXTERIOR. GROUNDS. SIGN. DISPLAY LIGHTING 
LEVEL: Operational/lmprovement. 
DESCRIPTION: Reduce l i g h t i n g  o f  e x t e r i o r  spaces, grounds, s i g n s ,  d i s p l a y .  

e t c .  t o  a  minimum. I n s t a l l  an as t ronomic  c l o c k  t o  
a u t o m a t i c a l l y  t u r n  o f f  l i g h t s  a t  p roper  t imes  a l l  y e a r  round .  

APPLICATION: B u i l d i n g s  w i i h  o u t s i d e  l i g h t i n g  systems. 
SlDE BENEFITS: 
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CAUTIONS: Respect minimum s a f e t y  i l l u m i n a t i o n  l e v e l s .  
. COST FACTORS: N e g l i g i b l e  t o  low. 

INTERACTIONS: ECOs d e a l i n g  w i t h  l i g h t i n g  c o n t r o l  l L . 1 6 .  L .17 and L . 1 9 ) .  
EVALUATION: Compare i n s t a l l e d  power and l i g h t i n g  usage w i t h  r e f e r e n c e  

va lues  IRV L .1 ) ;  e s t i m a t e  sav ings  w i t h  A T  L .1 .  
COMMENTS: 
REFERENCES: 

ECO L.5 
LEVEL: 
DESCRIPTION: 

APPLlCATION: 
SIDE BENEFIIS: 
CAUTIONS: 
cosr~ FACTORS:  
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO L.6 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

REARRANGE WORK SPACE TO MAKE BEST USE OF DAYLIGHT 
O p e r a t i o n a l .  
Rearrange work space t o  make b e s t  use o f  d a y l i g h t ,  e.g. make 
use o f  t h e  space c l o s e  t o  windows. 
G e n e r a l l y  spaces up t o  about  7 m f rom window. 
N a t u r a l  l i g h t  p r e f e r a b l e  f rom p s y c h o l o g i c a l  s t a n d p o i n t .  
Shading may be needed t o  a v o i d  g l a r e .  
N e g l i g i b l e .  
ECOs r e l a t e d  t o  l i g h t i n g  c o n t r o l  ( L . 1 6 .  L.171. Delamping 
( L . 6 ) .  Improve f i x t u r e s  a r rangement ' (L .19 ) .  See a l s o  ENVELOPE 
ECOs d e a l i n g  w i t h  f e n e s t r a t i o n .  
Es t ima te  d a y l i g h t i n g  p o t e n t i a l  w i t h  AP L .3 .  E v a l u a t e  r e d u c t i o n  
i n  a r t i f i c i a l  l i g h t  use w i t h  AT L . l  and L . 2 .  

CIBSE. 1984. 

REMOVE LAMPS 
Operational/lmprovement. 
i )  I f  l i g h t i n g  i s  above r e q u i r e d  l e v e l ,  c o n s i d e r  removing some 
of  t h e  l a m p s .  f rom f i x t u r e s ,  iil I f  l u m i n a i r e s  a r e  p r o v i d e d  
w i t h  two low e f f i c a c y  lamps, c o n s i d e r  r e p l a c i n g  by a  s i n g l e  
h i g h  e f f i c a c y  lamp. 
A11 b u i l d i n u s .  
Reduced c o o i i n g  l oads .  
Removing lamps from f l u o r e s c e n t  f i x t u r e s  may leave  b a l l a s t  
connected and consuming energy.  Some f i x t u r e s  (e .g .  two lamp) 
may r e q u i r e  b o t h  lamps t o  be i n s t a l l e d  f o r  o p e r a t i o n .  I f  
a p p l i e d  t o  two lamp l u m i n a i r e s ,  be aware o f  p o s s i b l e  
s t r o b o s c o p i c  a f f e c t s  i n  areas where r o t a t i n g  machinery  e x i s t s .  
Avo id  worsening o f , t h e  power f a c t o r .  
N e g l i g i b l e  i n  i) above. 
Removing lamps may i n c r e a s e  h e a t i n g  load .  See a l s o  HVAC system 
INTERACTIONS. Could  be a p p l i e d  i n  c o n j u n c t i o o n  w i t h  ECOs 
i n c r e a s i n g  t h e  l i g h t i n g  l e v e l  ( e . g . .  main tenance,  most 
Improvement and Replacement ECOs1. 
Check i l l u m i n a n c e  l e v e l s  on work ing  p lane  lMT L . 1 ) .  
A l t e r n a t i v e l y ,  r e f e r  t o  r e f e r e n c e  va lues  f o r  i n s t a l l e d  
l i g h t i n g  power ( see  RV L.11 t o  e s t i m a t e  p o t e n t i a l  f o r  
de lamping.  E s t i m a t e  energy sav ings  w i t h  AT L . 1 .  

COMMENTS : 
REFERENCES: 
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ECO L . 7  LUMINAIRE MAINTENANCE 
LEVEL: Ma in tenance .  
DESCRIPTION. S e t  up a  r e g u l a r  ma in tenance  p r o c e d u r e  i n c l u d i n g  c l e a n i n g  and  

c h e c k i n g  o f  a l l  l u m i n a i r e  components .  Rep lace  lamps when t h e y  
r e a c h  l i f e  l i m i t  ( a s  s p e c i f i e d  b y  m a n u f a c t u r e r ,  i . e .  when 
l i g h t  o u t p u t  < 70% o f  r a t e d  v a l u e ) .  C o n s i d e r  r e d u c i n g  lamp 

w a t t a g e  i f  f e a s i b l e .  C o n s i d e r  r e p a i n t i n u  d i f f u s e  r e f l e c t o r  
s u r f a i e s  w i t h  l i g h t e r  c o l o r .  Do n o t  r e p a i n t - m i r r o r s .  

APPLICATION: A l l  b u i l d i n g s .  
SIDE BENEFITS: Imp roved  l i s h t i n s  u u a l i t v .  . . 
CAUTIONS: 
COST FACTORS: S h o u l d  be  p a r t  o f  o r d i n a r y  ma in tenance .  
INTERACTIONS: T h i s  ECO does n o t  save  e n e r g y  u n l e s s  c o u p l e d  w i t h  a c t i o n s  

a imed a t  l i g h t i n g  power r e d u c t i o n  1e .g .  d e l a m p i n g ,  permanent  
power r e d u c t i o n ,  a u t o m a t i c  v o l t a g e  c o n t r o l ,  e t c . ) .  C o n s i d e r  
c o u p l i n g  w i t h  components r e p l a c e m e n t  (mos t  I I R  ECOs). 

EVALUATION: R e f e r  t o  RV L . 4  f o r  lamp d e p r e c i a t i o n  c u r v e s .  . . 
COMMENTS: C l e a n i n g  r e q u i r e d  a f t e r  a p p r o x i m a t e l y  1000 o p e r a t i n g  h o u r s  

( b u l b s )  o r  2500 h o u r s  ( t u b e s ) .  
REFERENCES: IES .  1981 ,  BRE D i g e s t  232. .  1979 and  ERE D i g e s t  272.  1983 .  

ECO L . 8  CLEAN INTERIOR WALL SURFACES. REPAINT WITH LIGHTER COLORS 
LEVEL: M a i n t e n a n c e .  
DESCRIPTION: I n  o r d e r  t o  make b e t t e r  use  o f  e m i t t e d  l i g h t  f l u x ,  use  h i g h  

r e f l e c t a n c e  m a t t e  p a i n t s  f o r  w a l l s  and c e i l i n g s .  
APPLICATION: A l l  l i g h t i n g ,  e s p e c i a l l y  when r e f l e c t e d  l i g h t  i s  a  s i g n i f i c a n t  

p a r t  o f  t h e  o v e r a l l  l i g h t i n g  l e v e l :  e . g .  i n d i r e c t  l i g h t i n g .  
s m a l l  rooms,  l u m i n a i r e s  w i t h  w ide  a n g l e  d i s t r i b u t i o n .  

SIDE BENEFITS: 
CAUTIONS: A v o i d  e x c e s s i v e  r e f l e c t a n c e s  w h i c h  may cause v e i l i n g  

r e f l e c t i o n s  and g l a r e ' .  
COST FACTORS: May be  p a r t  o f  o r d i n a r y  m a i n t e n a n c e .  
INTERACTIONS: T h i s  ECO does n o t  s a v e .  e n e r g y  u n l e s s  c o u p l e d  w i t h  a c t i o n s  

a imed a t  l i g h t i n g  power r e d u c t i o n  1e.g.  d e l a m p i n g ,  permanent  
power r e d u c t i o n ,  e t c . ) .  

EVALUATION: To e s t i m a t e  p o t e n t i a l  e n e r g y  s a v i n g s ,  r e f e r  t o  RV L . 2  
( I n s t a l l e d  e f f i c a c y  o f  l u m i n a i r e s ) .  

COMMENTS: 
REFERENCES: 8RE D i g e s t  232.  1979.  

ECO L . 9  IMPROVE LUMINAIRES GEOMETRIC ARRANGEMENT 
LEVEL: Improvement .  
DESCRIPTION: M o d i f y  p o s i t i o n  o f  l i g h t i n g  f i x t u r e s ,  a c c o r d i n g  t o  work  

s t a t i o n  l o c a t i o n :  i )  Rear range l u m i n a i r e s  h o r i z o n t a l l v .  ~ ~ - ~ - .  
w i t h o u t  m o d i f y i n g  h e i g h t :  i i )  Lower l u m i n a i r e  m o u n t i n g  h e i g h t .  

APPLICATION: A l l  b u i l d i n g s .  
SIDE BENEFITS: 
CAUTIONS: C o n t r o l  v e i l i n g  r e f l e c t i o n s  and g l a r e .  

COST FACTORS: ECO most a p p r o r i a t e  where l i g h t i n g  r e n o v a t i o n  work  i s  needed.  
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INTERACTIONS: ECO L.5: Rearrange work areas t o  u t i l i z e  d a y l i g h t .  Should be 
coupled w i t h  de lamping o r  power r e d u c t i o n  t o  ach ieve  energy 
sav ings .  A l t e r n a t i v e l y  c o n s i d e r  t a s k  l i g h t i n g  (ECO L. lO1.  

EVALUATION: A u d i t o r  s h o u l d  f i r s t  check i f  i t  i s  p o s s i b l e  t o  r e a r r a n g e  t h e  
space l a y o u t  b e f o r e  d i s p l a c i n g  t h e  l u m i n a i r e s .  Refer  t o  AP L . l  
t o  assess t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  l i g h t i n g  system. 

COYYFNTT I - - . . . . - . . . - . 
REFERENCES: ERE D i g e s t  232. 1979 

ECO L.10 USE TASK LIGHTING 
LEVEL: Improvement. 
DESCRIPTION: Locate work s t a t i o n s  and p r o v i d e  r e q u i r e d  i l l u m i n a n c e s .  w h i l e  

m a i n t a i n i n g  lower  v a l u e s  i n  s u r r o u n d i n g  n o n - c r i t i c a l  areas.  
APPLICATION: 
SIDE BENEFITS: B e t t e r  l i g h t i n g  f o r  a c t i v i t i e s  which r e q u i r e  h i g h  

c o n c e n t r a t i o n .  
CAUTIONS: Lower ing o f  t h e  o v e r a l l  l i g h t i n g  l e v e l  r e q u i r e d  i n  o r d e r  t o  

ach ieve  any energy s a v i n g s .  
COST FACTORS: 
INTERACTIONS: Should be coup led  w i t h  de lamping t o  ach ieve  energy sav ings  . . -. 

A l t e r n a t i v e l y  c o n s i d e r  ECO L .9 .  
EVALUATION: A u d i t o r  shou ld  i d e n t i f y  spaces i n  which a  h i g h .  u n i f o r m  

i l l u m i n a n c e  l e v e l  i s  m a i n t a i n e d  t o  pe r fo rm v i s u a l l y  c r i t i c a l  
t a s k s  i n  s m a l l  a reas .  E s t i m a t e  r e d u c t i o n  i n  o v e r a l l  l i g h t i n g  
power and c a l c u l a t e  energy sav ings  w i t h  AT L .1 .  

COMMENTS: 
REFERENCES: IES. 1981. BRE D i g e s t  232. 1979 and BRE D i g e s t  256. 1981. 

ECO L . l l  USE EFFICIENT BALLASTS 
LEVEL: Improvement/Replaceaent. 
DESCRIPTION: S u b s t i t u t e  e x i s t i n g  b a l l a s t s  w i t h  more e f f i c i e n t  ones:  il 

i n s t a l l  m u l t i - l e v e l  b a l l a s t s  i f  l i g h t i n g  l e v e l  c o n t r o l  i s  
d e s i r a b l e ;  iil i n s t a l l  h i g h  f requency b a l l a s t s .  

APPLICATION: F l u o r e s c e n t  systems. 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: B a l l a s t  rep lacement  o n l y  may n o t  be c o s t - e f f e c t i v e .  Cons ider  

a l s o  complete  l u m i n a i r e  reo lacement .  
INTERACTIONS: ~ u m i n a i r i  maintenance ( E C O  L .71 .  M u l t i - l e v e l  b a l l a s t s  may be 

, an a l t e r n a t i v e  t o  o t h e r  l i g h t i n g  c o n t r o l  ECOs lL .16 .  L.171. 
A l t e r n a t i v e l y ,  c o n s i d e r  l i g h t i n g  rep lacement  (ECO L.13. L .191.  

EVALUATION: U s u a l l y  a  s i m p l e  v i s u a l  i n s p e c t i o n  o f  t h e  b a l l a s t  t y p e  i s .  
s u f f i c i e n t  t o  assess rep lacement ;  a l t e r n a t i v e l y  d e t e c t  h i g h  
tempera tu re  as an i n d i c a t o r  o f  poo r  per formance.  

COMMENTS: 
REFERENCES: BRE O iges t  232. 1979. BRE D i g e s t  272. 1983. ERE I P  14/84.  1984 

and ERE CP 44 /78 .  1978. 

ECO ~ . 1 2  REPLACE i o u  W A T T A G E  LAMPS WITH FEWER HIGH WATTAGE ONES 
LEVEL: Improvement/Replace.ent. 
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DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO L.13 
LEVEL: 
OESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 
INTERACTIONS: 

EVALUATION: 

COMMENTS : 

REFERENCES: 

F o r  most  t y p e s  o f  s o u r c e ,  lamp e f f i c a c y  i n c r e a s e s  w i t h  s i z e :  
use  f ewe r  b u t  l a r g e r  lamps.  
On l y  e f f e c t i v e  f o r  i n c a n d e s c e n t  and l o w - w a t t a g e  f l u o r e s c e n t  
lamps.  

V e r i f y  t h a t  t h e  s p a t i a l  d i s t r i b u t i o n  o f  l i g h t  f l u x  i s  s t i l l  
s a t i s f a c t o r y .  
W i l l  o f t e n  r e q u i r e  new l i g h t i n g  f i x t u r e  o r  b a l l a s t .  
L u m i n a i r e  ma in tenance  (ECO L .71 .  A l t e r n a t i v e l y ,  c o n s i d e r  
l i g h t i n g  r e p l a c e m e n t  (ECO L .13 .  L.191.  - 
R e f e r  t o  RV L .3  f o r  lamp e f f i c a c y  d a t a :  e s t i m a t e  e n e r g y  
s a v i n g s  w i t h  AT L .1 .  

INSTALL MORE EFFICIENT LIGHT SOURCE 
Improvement IReplacement .  
S u b s t i t u t e  lamps w i t h  more e f f i c i e n t  ones 1e .g . .  f l u o r e s c e n t  
i n  p l a c e  o f  i n c a n d e s c e n t ) .  
O l d e r  l i g h t i n g  sys tems  and components .  I n  a r e a s  where c o l o r  
r e n d e r i n g  i s  n o t  a  c r i t i c a l  r e q u i r e m e n t ,  h i g h  i n t e n s i t y  
d i s c h a r g e  l i g h t s  ( o r  o t h e r  h i g h  e f f i c i e n c y  lamps)  may be  used.  

Respec t  c o l o r  r e n d e r i n g  r e q u i r e m e n t s .  Most  f i x t u r e s  have 
l i m i t e d  lamp p o s s i b i l i t i e s :  t h i s  ECO may i m p l y  s u b s t i t u t i n g  
t h e  who le  f i x t u r e .  A l s o  n o t i c e  t h a t  n o t  a l l  lamps have e q u a l  
d imming c a p a b i l i t y .  
Mode ra te .  
C o n s i d e r  as a  c o m p l e m e n t l a l t e r n a t i v e  t o  component o r  l i g h t i n g  
sys tem r e p l a c e m e n t .  M a y b e  c o u p l e d  t o  ECOs L . 6 .  L . 7 .  
R e f e r  t o  t a r g e t  v a l u e s  f o r  i n s t a l l e d  power (RV L . 1 1  t o  
e v a l u a t e  f e a s i b i l i t v  o f  lamp s u b s t i t u t i o n .  E s t i m a t e  e n e r a v  -- 
s a v i n g s  f r om  i n s t a l l e d  e f f i c a c y  d a t a  (RV L . 2 ) .  
Miniature f l u o r e s c e n t  lamps a r e  a v a i l a b l e  a s  a  d i r e c t  
r e p l a c e m e n t  f o r  i n c a n d e s c e n t  lamps.  
IES.  1981.  , 

ECO L .  14  INSTALL MORE EFFICIENT REFLECTORS AND LENSES I N  LUMINAIRES 
LEVEL: Improvement IReplacement .  
OESCRIPTION: I n s t a l l  r e f l e c t o r s  and l e n s e s  a c h i e v i n g  t h e  d e s i r e d  l i g h t  

d i s t r i b u t i o n  w i t h  minimum l i g h t  l o s s .  
APPLICATION: O l d e r  l i g h t i n g  sys tems and components .  
SIDE BENEFITS: 
CAUTIONS: Make s u r e  no d i s c o m f o r t  g l a r e  i s  p roduced .  N o e n e r g y  s a v i n g s  

u n l e s s  c o u p l e d  w i t h  de lamp ing .  
COST FACTORS: M o s t l y  e f f e c t i v e  if e x i s t i n g  l u m i n a i r e s  need r e p l a c e m e n t .  
INTERACTIONS: c o n s i d e r  as an  a l t e r n a t i i e  t o  component o r  l i g h t i n g  s y s t e m  

r e p l a c e m e n t .  May be  c o u p l e d  t o  power r e d u c t i o n  (ECD L . 6 .  L . 7 ) .  
EVALUATION: Use AP L . l  and MT L . l  t o  e v a l u a t e  p o t e n t i a l  imp rovemen ts  i n  

l i g h t i n g  e f f i c a c y  ( s e e  a l s o  RV L .2  f o r  t y p i c a l  i n s t a l l e d  
e f f i c a c y  v a l u e s .  



COMMENTS: Many o l d e r  t y p e  lenses were s u b j e c t  t o  y e l l o w i n g  w i t h  age and 
consequent r e d u c t i o n  i n  l i g h t  t r a n s m i s s i o n .  

REFERENCES: 

ECO L.15 INSTALL AUTOMATIC CONTROL SYSTEM TO MAINTAIN CONSTANT 
ILLUMINANCE 

LEVEL: ImprovementIReplacenent. 
DESCRIPTION: I n s t a l l  a  c o n t r o l  system which a d j u s t s  t h e  l u m i n a i r e  l i g h t  

o u t ~ u t  t o  m a i n t a i n  a  c o n s t a n t  i l l u m i n a n c e .  
APPLICATION: o n l y  f o r  l i g h t i n g  systems t h a t  a l l o w  dimming. 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: Moderate .  
INTERACTIONS: Lumina i re  maintenance IECO L.71: U a l l  r e p a i n t i n g  (ECO L.81 
EVALUATION: 
COMMENTS: I l l u m i n a n c e  i s  kep t  a t  a  c o n s t a n t  l e v e l  over  t h e  e n t i r e  

maintenance p e r i o d .  Energy sav ings  a r e  ach ieved by  a v o i d i n g  
o v e r - i l l u m i n a n c e  when lamps a r e  new. 

REFERENCES: BRE D i g e s t  232. 1979. ERE D i g e s t  272. 1983 and ERE CP 44/78.  
1978. 

ECO L .  16 INSTALL CONTROL TO ENABLE BETTER USE OF DAYLIGHTING 
LEVEL: ImprovementlReplacement. 
DESCRIPTION: il i n s t a l l  c o n t r o l s  which a u t o m a t i c a l l v  reduce a r t i f i c i a l  ~ ~~ 

l i g h t i n g  when d a y l i g h t  i s  a v a i l a b l e ;  ; i )  i n s t a l l  separa te  
s w i t c h e s  f o r  i n n e r  and p e r i p h e r a l  a rea .  

APPLICATION: S ~ a c e s  w i t h i n  about  7  m f rom windows. 
S I D E  BENEFITS: 
CAUTIONS: Can c r e a t e  l i g h t i n g  ba lance  problems i n  deep p l a n  b u i l d i n g s  

(windows appear t o o  b r i g h t  compared t o  s u r r o u n d i n g  luminancel  
COST FACTORS: Cons ider  r h e n  e i t h e r  m a j o r  i n t e r i o r  . r e n o v a t i o n  o r  complete  

w i r i n g  r e n o v a t i o n  i s  p lanned.  
INTERACTIONS: ECO L.5: r e a r r a n g e  work areas t o  u t i l i z e ' d a y l i g h t .  S w i t c h  o f f  

l i g h t s  (ECOs L . 1 .  L . 4 ) .  
EVALUATION: E s t i m a t e  d a y l i g h t  p o t e n t i a l  u s i n g  AP L.3: e s t i m a t e  energy 

sav ings  u s i n g  AT L . l  and L .2 .  
COMMENTS: 
REFERENCES: 

ECO L .  17 ADD SUITCHES. TIMERS. PRESENCE SENSORS. DIMMERS FOR BETTER 
CONTROL 

LEVEL: Improvement/Replacement. 
DESCRIPTION: il Add sw i t ches  t o  enable  b e t t e r  l o c a l  l i g h t i n g  c o n t r o l :  iil 

i n s t a l l  t ime  c l o c k s  t o  reduce l i g h t i n g  i n  p u b l i c  spaces d u r i n g  
unoccupied p e r i o d s :  iiil i n s t a l l  p h o t o - e l e c t r i c  c e l l s  t o  
c o n t r o l  ou tdoor  l i g h t i n g :  i v )  i n s t a l l  t i m e r  sw i t ches  on l o c a l  
c i r c u i t s  i n  i n t e r m i t t e n t l y  occup ied  areas:  v )  i n s t a l l  
movement -sens i t i ve  sw i t ches  t o  t u r n  ou t  l i g h t s  i n  
i n t e r m i t t e n t l y  occup ied  areas:  v i l  i n s t a l l  dimmers f o r  
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a d j u s t i n g  i l l u m i n a n c e  l e v e l ;  v i i )  i n s t a l l  p u l l  sw i t ches  i n  
o f f i c e s .  

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: U s u a l l y  c o s t  e f f e c t i v e  o n l y  when major  i n t e r i o r  r e n o v a t i o n  o r  

r e w i r i n g  i s  p lanned.  
INTERACTIONS: A l l  E C O S  r e l a t e d  t o  l i g h t i n g  c o n t r o l  and occupancy. Cons ider  

m u l t i - l e v e l  b a l l a s t s  as an a l t e r n a t i v e  c o n t r o l  t echn ique  (ECO 
L.11) .  Cons ider  s w i t c h i n g  f u n c t i o n s  a long  w i t h  o t h e r  EMS 
f u n c t i o n s  IECO R . 2 8 ) .  

EVALUATION: P r e l i m i n a r y  e v a l u a t i o n  requires comparison of  a c t u a l  energy 
use w i t h  r e f e r e n c e l t a r g e t  v a l u e s ;  a l t e r n a t i v e l y ,  s i m p l y  
e v a l u a t e  occupancy h a b i t s .  For  more d e t a i l e d  assessments. 
r e f e r  t o  AP L.2 ( l i g h t i n g  use m o n i t o r i n g ) .  

COMMENTS: 
REFERENCES: 

ECO L.18 
LEVEL: 
DESCRIPTION: 

APPLICATION: 
SIOE BENEFITS: 
CAUTIONS: 
COST FACTORS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

SWITCH TO A MORE EFFICIENT LIGHTING SYSTEM 
Replacement. 
Replace e x i s t i n g  l i g h t i n g  system w i t h  one u s i n g  mbre e f f i c i e n t  
l i g h t  sources  a n d l o r  more e f f i c i e n t  l u m i n a i r e s .  
O lde r  systems and b u i l d i n g s .  

Respect, c o l o r  r e n d e r i n g  requ i remen ts .  
Cons ider  i f  major  r e n o v a t i o n  work i s  planned. 
Cons ider  as an a l t e r n a t i v e  t o  delamping (ECO L.61, l u m i n a i r e  
maintenance ( L . 7 )  o r  components rep lacement  ( L . 1 1 .  L .12 .  L.13 
and L . 1 4 ) .  
Es t ima te  energy sav ings  u s i n g  AT L . l :  e v a l u a t e  rep lacement  
f e a s i b i l i t y  from power budget a n a l y s i s  (RV L . 1 ) .  o r  f rom 
energy consumpt ion d a t a  I R V  L .5 ) :  r e f e r  a l s o  t o  R V  L.3 f o r  
lamp e f f i c a c i e s .  
T y p i c a l l y  f l u o r e s c e n t  sodium o r  mercury vapor me ta l  h a l i d e  
lamps i n s t a l l e d  i n  p l a c e  o f  incandescent .  
BRE D i g e s t  232. 1979. 

ECO L.19 INSTALL CENTRAL LIGHT OPERATION CONTROL 
LEVEL: Replacement. 
DESCRIPTION: I n s t a l l  a  c e n t r a l ,  computer based l i g h t i n g  management system. 
APPLICATION: 
SIDE BENEFITS: System may per form o t h e r  c o n t r o l  t asks  (e .g .  HVAC, s e c u r i t y .  

f i r e  s a f e t y ) .  
CAUTIONS: 
COST FACTORS: High:  c o s t - e f f e c t i v e  o n l y  i f  f u l l  c a p a b i l i t y  o f  management 

system i s  a c t u a l l y  needed. 
I N T E R A C T I O ~ :  Occupancy r e l a t e d  ECOs. 
EVALUATION: 
COMMENTS: 
REFERENCES: 



App. D  ECO l i s t s  (EL I '  

ECO E L . l  MOTOR AND DRIVE MAINTENANCE 
LEVEL: Maintenance.  
DESCRIPTION: Car ry  o u t  p r e v e n t i v e  maintenance procedures i n c l u d i n g :  

i) Clean - e s p e c i a l l y  around v e n t i l a t i o n  open ings .  
iil L u b r i c a t i o n  do n o t  overgrease.  
iii) T i g h t e n  t e r m i n a l s .  
i v l  I n s p e c t  d r i v e s  f o r  s i g n s  o f  wear and b e l t  t e n s i o n .  
v l  Measure motor i n s u l a t i o n  r e s i s t a n c e .  

APPLICATION: A l l  mo to rs .  
SIDE BENEFITS: Grea te r  r e l i a b i l i t y ,  l onger  l i f e .  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: See a l s o  ECO EL.3 (Mo to r  and Motor  D r i v e  A l i g n m e n t ) .  
EVALUATION: Should be p a r t  o f  scheduled maintenance. 
COMMENTS: Should reduce motor l oad .  
REFERENCES: CMHC. 1982: Da l r ymp le .  1984: Feldman. 1983; T e d r o r .  1984. 

ECO EL.2 BALANCE PHASE VOLTAGES 
LEVEL: Maintenance.  
DESCRIPTION: Rearrange loads  t o  o b t a i n  a  ba lanced l o a d  and equa l  v o l t a g e s  

on a l l  3  phases. Unbalanced v o l t a g e s  can a f f e c t  motor 
e f f i c i e n c y .  

APPLICATION: P r i m a r i l y  b u i l d i n g s  w i t h  l a r g e  motor l oads .  
SIDE BENEFITS: 
CAUTIONS: E l e c t r i c a l  Codes may demand t h a t  l oads  be ba lanced 

i r r e s p e c t i v e  o f  c o s t  b e n e f i t s  o f  do ing  so where l a r g e  motor 
l oads  a r e  concerned 

COST FACTORS: Low c o s t .  
INTERACTIONS: 
EVALUATION: Measure phases v o l t a g e s  (see MT EL.31: reba lance  i f  v o l t a g e s  

d i f f e r  by more than  1% o f  one ano the r .  
COMMENTS: Source o f  imbalance c o u l d  r e s u l t  f rom b u i l d i n g  l o a d  o r  f rom 

t h e  u t i l i t y .  
REFERENCES: 

ECO EL.3 MOTOR AND DRIVE ALIGNMENT 
LEVEL: Maintenance.  
DESCRIPTION: A l i g n  motor and motor d r i v e .  
APPLICATION: B e l t  d r i v e n  and c l o s e  coupled equipment 
SIDE BENEFITS: Longer b e a r i n g  and b e l t  l i f e .  
CAUTIONS: 
COST FACTORS: Low c o s t .  ~ ~ ~ 

INTERACTIONS: i 

EVALUATION: Check a l i gnment  as p a r t  o f  r e g u l a r  maintenance program. 
c o r r e c t  m isa l i gnment  as r e q u i r e d ;  no f u r t h e r  e v a l u a t i o n  
r e q u i r e d .  

COMMENTS : Should reduce motor l oad .  
REFERENCES: CMHC. 1982. 
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ECO EL .4 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS: 
CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: 

LOAD DEMAND CONTROL THROUGH LOAD SHEDDING 
Maintenance. 
P rov ide  means o f  reduc ing  peak demand i n  a  b u i l d i n g  by e i t h e r  
t u r n i n g  o f f  n o n - e s s e n t i a l  loads over  p e r i o d  o f  peak demand o r  
bv i n s t a l l i n o  s to raoe  svstems t o  s h i f t  demands o f  e l e c c t r i c  - - ~~~ 

h e a t i n g  and c o o l i n g  systems. 
B u i l d i n g s  i n  which e l e c t r i c i t y  t a r i f f  i n c l u d e s  maximal demand 
o r  t i m e  o f  day charges 

Be c a r e f u l  n o t  t o  remove e s s e n t i a l  l oads  o r  c r e a t e  u n d e s i r a b l e  
c o n d i t i o n s .  C v c l i n o  o f  motors can a f f e c t  l i f e  expectancy 
( B e r u t t i .  1984i .  - 
Yhere load  i s  p r e d i c t a b l e  and n o n - e s s e n t i a l  equipment can be 
d isconnec ted  a t  t i m e l s l  o r  peak, a  s imp le  t ime  c l o c k  and 
maximal demand a larm can prove most e f f e c t i v e .  Stand a lone 
load demand m o n i t o r  and load shedding system can be used where 
loads a r e  n o t  p r e d i c t a b l e .  A lso .  most energy management 
systems (EMS1 have f a c i l i t y  f o r  l oad  m o n i t o r i n g  and shedding 
and l o a d  demand c o n t r o l  shou ld  be cons ide red  where an EMS 
system i s  be ing  cons idered.  
See corresponding ECOs under Other  Ca tegor ies ,  p a r t i c u l a r l y  
Energy Management Systems IECO R.281. Note t h a t  improv ing 
power f a c t o r  (ECO EL.51 can reduce kYA demand. See a l s o  ECO 
EL.8. 
P o t e n t i a l  sav ings '  g e n e r a l l y  i nc rease  w i t h  lower  Load F a c t o r s  
(see S e c t i o n  C.10 f o r  d e f i n i t i o n )  and l a r g e  Secondary Loads 
1 i . e .  loads t h a t  can be sw i t ched  o f f  a t  t imes  o f  peak l o a d s ) .  
See AP EL.4 and AT E L . l .  

NECA. 1975: Spethmann. 1981: B e r u t t i .  1984 

ECO EL . 5  POWER FACTOR CORRECTION USING CAPACITORS 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  power f a c t o r  IPFI  c o r r e c t i o n  equipment ( c a p a c i t o r s .  

synchronous motors o r  synchronous condensers) a t  i n d i v i d u a l  
equipment w i t h  poor power f a c t o r  o r  i n  groups o r  banks t o  
c o l l e c t i v e l y  c o r r e c t  poor power f a c t o r .  Fo r  most i n s t a l l a t i o n s  

" '  t he  i n s t a l l a t i o n  o f  c a p a c i t o r s  r i l l  be t h e  most s u i t a b l e  form 
o f  c o r r e c t i o n  dev ice .  

APPLICATION: P r i m a r i l y  i n  those s i t u a t i o n s  w i t h  low power r a c t o r  and where 
the  enerov t a r i f f  ~ e n a l i s e s  Door power r a c t o r .  T y p i c a l l y  
b u i l d i n g  w i t h  t rans fo rmers  and motors ,  p a r t i c u l a r l y  where the  
motor l oad  i s  a  s i g n i f i c a n t  p a r t  o f  t h e  t o t a l  l oad  and t h e  
motors a r e  l i g h t l y  loaded, can be expected t o  have low power 
f a c t o r s .  

SIDE BENEFITS: Small  s a v i n g s  i n  energy losses  i n  t h e  e l e c t r i c a l  d i s t r i b u t i o n  
system: b e t t e r  v o l t a g e  r e g u l a t i o n ;  lower c u r r e n t s  p e r m i t t i n g  

' a d d i t i o n a l  l oad  t o  be added t o  t h e  system ( i f  r e q u i r e d ) .  Th is  
l a s t  s i d e  b e n e f i t  i s  o n l y  r e a l i s e d  i f  power f a c t o r  c o r r e c t i o n  
i s  made a t  the  source o f  poor  power f a c t o r  s i n c e  t h e  c a p a c i t o r  
o n l y  a f f e c t s  the  e l e c t r i c a l  c i r c u i t  t o  t h e  supply  ( n o t  load1 
s i d e  o f - t h e  e l e c t r i c a l  d i s t r i b u t i o n  system. 
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CAUTIONS: 

COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

REFERENCES: 

ECO EL.6 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 
COST FACTORS: 

INTERACTIONS: 

EVALUATION: 

COMMENTS: 

For  grouped c a p a c i t o r s ,  amount o f  p o w e r . ~ f a c t o r  c o r r e c t i o n  may 
need t o  be v a r i e d  if system power f a c t o r  v a r i e s  t o  p r e v e n t  
over-Compensat ion o f  power f a c t o r  which can c r e a t e  lead ing  b u t  
e q u a l l y  c o s t l y  power f a c t o r s .  
R e l a t i v e l y  h i g h  c o s t  i t em - Capac i to rs  can take  up v a l u a b l e  
f l o o r  space and r e q u i r e  v e n t i l a t i o n .  Above about 7  kW ( 1 0  hp)  
i t  i s  no rma l l y  cheaper t o  i n s t a l l  t he  PF c a p a c i t o r  d i r e c t l y  a t  
the  motor .  For  a  l a r g e r  number o f  low power motors  group 
c o r r e c t i o n  becomes more a t t r a c t i v e .  Per u n i t  k v a r  c o s t  i s  
no rma l l y  lower  a t  h i g h e r  r a t e d  kvar  and a t  h i g h e r  v o l t a g e s .  
Power f a c t o r  can a l s o  be improved w i t h  h i g h  e f f i c i e n c y  motor 
upgrade (ECO EL.41, c o r r e c t  match ing o f  motor and d r i v e  load  
IECO EL.10) and i n s t a l l i n g  a  power f a c t o r  c o n t r o l l e r .  (ECO 
EL .7 ) .  
Most p o t e n t i a l  a t  low power f a c t o r  s i n c e  a  c a p a c i t o r  added a t  
low power f a c t o r  w i l l  improve the power f a c t o r  by a  g r e a t e r  
amount than  t h e  same c a p a c i t o r  added a t  a  h i g h e r  power f a c t o r :  
e.g. improvement o f  PF from 0 . 6  t o  0.9 r e q u i r e s  0 .85  kvar/kW 
o f  Load w h i l s t  t o  r a i s e  PF from 0.7 t o  1 . 0 ,  t h e  same inc rease .  
r e q u i r e s  1.02 kvar lkW. (Refer  t o  AP E L . l  and EL .2 . )  A  
knowledge o f  t h e  type o f  e l e c t r i c a l  equipment would p e r m i t  
c a l c u l a t i o o n  b u t  s i t e  measurement i s  i n v a r i a b l y  cheaper and 
more r e l i a b l e .  
Check W i r i n g  Regu la t ions  f o r  requ i rements  concern ing  the  
i n s t a l l a t i o n  o f  c a p a c i t o r s  and synchronous motors /condensers.  
T y p i c a l  maximum s i z e s  o f  c a p a c i t o r s  f o r  i n s t a l l a t i o n  a t  
i n d i v i d u a l  motors a r e  g i v e n  i n  RV EL.6. 
Freeborn.  1980: B e l l  and Hes le r .  1980. 

MOTOR SPEED CONTROL 
Improvement. 
P rov ide  speed c o n t r o l  f o r  motor .  Speed c o n t r o l  may be achieved 
by e i t h e r  c o n t r o l l i n g  motor speed d i r e c t l y  o r  th rough  v a r i a b l e  
speed d r i v e s .  
Those ins tances  where t h e  d r i v e n  l o a d  need n o t  be a  c o n s t a n t  
load.  T y p i c a l  a p p l i c a t i o n s  i n c l u d e  v a r i a b l e  a i r  volume fans 
and v a r i a b l e  speed pumping. 
Inc reased  motor and d r i v e n  equipment l i f e .  8 :  

REFERENCES: E l e c t r i c a l  C o n s t r u c t i o n  and Maintenance. 1983 

U s u a l l y  a  r e l a t i v e l y  h i g h  c o s t  i t em,  d e s i r a b i l i t y  o f  t h e  
r e t r o f i t  improves w i t h  t h e  v a r i a b i l i t y  o f  t h e  d r i v e n  load.  
see those  ECOs i n  o t h e r  c a t e g o r i e s  r e q u i r i n g  v a r i a b l e  speed 
d r i v e s :  i . e .  P.15. R.32. R.22. R.5 and H IC. l  
Refer t o  ECOs l i s t e d  above t o  de te rm ine  t h e  p o t e n t i a l  f o r  
speed c o n t r o l .  AT E L . l  i n d i c a t e s  how a c t u a l  motor sav ings  can 
be c a l c u l a t e d .  R V  E L . l  g i v e s  t y p i c a l  speed c o n t r o l  performance 
f o r  a  range o f  c o n t r o l  o p t i o n s .  
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ECO EL.7 POWER FACTOR CONTROLLERS 
LEVEL: Improvement. 
DESCRIPTION: I n s t a l l  power f a c t o r  c o n t r o i l e r  (PFCI t o  e l e c t r i c  motors .  

These dev ices  d i f f e r  l rom s imp le  c a p a c i t o r s  t h a t  can be 
i n s t a l l e d  f o r  t h e  purpose o f  power f a c t o r  c o r r e c t i o n ,  i n  t h a t  
they  improve t h e  p a r t  l o a d  e f f i c i e n c y  o f  motors .  

APPLICATION: P r i m a r i l y  any motor t h a t  i s  l i g h t l y  loaded and e s p e c i a l l y  
those ins tances  where t h e  motor i d l e s  between d u t y  c y c l e s .  
e .g .  compressors. (where motors  r u n  i d l e  once p ressu re  i s  
reduced l  h o i s t s ,  e l e v a t o r s  and e s c a l a t o r s .  

SIDE BENEFITS: For  new i n s t a l l a t i o n s  o r  rep lacement  motor  s t a r t e r s .  PFC 
f u n c t i o n  can be economica l l y  combined w i t h i n  s o l i d  s t a t e  motor 
s t a r t e r .  

CAUTIONS: These a r e  r e l a t i v e l y  new d e v ~ c e s  and shou ld  be s e l e c t e d  w i t h  
c a r e ,  many e a r l y  dev ices  proved u n s a t i s f a c t o r y .  

COST FACTORS: 
INTERACTIONS: A l t e r n a t i v e  t o  t h e  i n s t a l l a t i o n  o f  h i a h  e f f i c i e n c v  motors (ECO 

EL.91 match ing of  motor and d r i v e  l aad  (ECO E L . ~ O I  and power 
f a c t o r  c o r r e c t i o n  IECO EL.51. 

EVALUATION: Motors  o p e r a t i n s  a t  l ess  than 501 o f  t h e i r  f u l l  l o a d  o r  
o p e r a t i n g  on i d l e  f o r  a  s i g n i f i c a n t  p a r t  o f  t h e i r  o p e r a t i n g  
l i f e  a r e  pr ime a p p l i c a t i o n s .  AP EL.3 g i v e s  gu idance on 
e v a l u a t i n a  sav inas  a s s o c i a t e d  w i t h  motor o o e r a t i n a  e f f i c i e n c v  - - - 
improvements. 

COMMENTS: 
REFERENCES: Freud.  1981: Holmes. 1982. 

ECO EL.8 PEAK SHAVING USING ON SITE GENERATION 
LEVEL: Improvement. 
DESCRIPTION: Reduce t h e  maximum demand of  a  system by s u p p l y i n g  p a r t  o f  t h e  

l o a d  a t  t h e  t i m e l s l  o f  peak demand f rom on s i t e  f u e l  d r i v e n  
g e n e r a t o r s .  

APPLICATION: B u i l d i n g s  i n  which e l e c t r i c i t y  t a r i f f  i n c l u d e s  demand 
component and p r i m a r i l y  b u i l d i n g s  w i t h  e x i s t i n g  emergency 
g e n e r a t i o n  equipment.  

SIDE BENEFITS: Emergency g e n e r a t i n g  equipment needs t o  be ' exe rc i sed '  
r e g u l a r l y  t o  ensure t h a t  i t  w i l l  s t a r t  when r e q u i r e d .  

CAUTIONS: 
COST FACTORS: The i n s t a l l a t i o n  o f  g e n e r a t i n g  equipment s o l e l y  f o r  peak 

s h a r i n g  purposes i s  g e n e r a l l y  n o t  economica l l y  j u s t i f i a b l e  b u t  
t h e  use o f  e x i s t i n g  emergency g e n e r a t i o n  equipment may be v e r y  
c o s t  e f f e c t i v e .  Those p a r t s  o f  t h e  e l e c t r i c a l  i n s t a l l a t i o n  
connected t o  t h e  emergency power source can r e a d i l y  be 
sw i t ched  t o  t h e  emergency genera to r  a t  t imes  o f  peak demand. 

INTERACTIONS: Cons ider  i n  p a r a l l e l  w i t h  ECO EL.4. 
EVALUATION: Compare a d d i t i o n a l  c o s t  o f  s i t e  generated e l e c t r i c i t y  ( h i g h e r  

k i l o w a t t  hour  c o s t  and d e p r e c i a t i o n  o f  emergency g e n e r a t i n g  
equipment)  a g a i n s t  u t i l i t y  demand sav ings .  Some e s t i m a t e  o f  
t h e  t o t a l  t i m e  t h a t  t h e  emergency g e n e r a t i n g  equipment must 
r u n  i s  r e q u i r e d .  

COMMENTS: 
REFERENCES: Cho i .  1982: PME. 1984. 
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ECO EL.9 HIGH EFFICIENCY MOTORS ~ 

LEVEL: Replacement. 
DESCRIPTION: Replace 's tandard '  motors w i t h  ' h i g h  e f f i c i e n c y  type' .  
APPLICATION: Ho to r  d r i v e n  equipment u t i l i s i n g  s tandard  motor d r i v e s .  
SIDE BENEFITS: Q u i e t e r  o p e r a t i o n ,  l onger  l i f e ,  g r e a t e r  s t a l l  c a p a c i t y .  
CAUTIONS: ~ ~ .~ ~~ 

COST FACTORS: Most p o t e n t i a l  when motor n e a r i n g  t h e  end of  i t s  u s e f u l  l i f e  
o r  i s  showing s i g n s  o f  d e t e r i o r a t i o n  a n d l o r  where motor runs  
c o n t i n u o u s l y  o r  f o r  l ong  hours.  A d d i t i o n a l  c o s t  advantage i f  
t a r i f f  i nc ludes  p e n a l t y  f o r  poor power f a c t o r .  

INTERACTIONS: Consider when e x i s t i n g  motor i s  o v e r s i z e d  f o r  d r i v e n  l o a d  lECO 
EL.101. 

EVALUATION: AP EL.3 g i v e s  b a s i s  f o r  de te rm in ing  b e n e f i t  o f  Ho to r  
E f f i c i e n c y  Improvement. RV EL.2 g i v e s  t y p i c a l  e f f i c i e n c y  
imorovement f o r  range o f  motor s i z e s .  

COMMENTS: 
REFERENCES: ECM. 1984: Dau tov ich .  1980. 

ECO EL.10 CORRECT HATCHING OF DRIVEN LOAD.AND MOTOR 
LEVEL: Replacement. 
DESCRIPTION: Replace motors  t h a t  a r e  s i g n i f i c a n t l y  o v e r s i z e d  w i t h  u n i t s  

c l o s e r  matching the  d r i v e n  load: 
APPLICATION: Motor  d r i v e n  equipment u t i l i s i n g  s tandard  motor d r i v e s .  
SIDE BENEFITS: 
CAUTIDNS: Ensure s m a l l e r  motor has s u f f i c i e n t  t o r q u e  t o  a c c e l e r a t e  t h e  

p i e c e  o f  equipment be ing  d r i v e n .  Th is  can be a  problem w i t h  
l a r g e  fans. Refer  t o  RV EL.6 f o r  i n f o r m a t i o n .  

COST F A C T O R S :  Most p o t e n t i a l  b e n e f i t  where d r i v e n  loads a r e  a  f r a c t i o n  ( l e s s  
t h a n  one h a l f )  o f  motor s i z e .  RV EL.3, g i v e s  p a r t  l oad  
e f f i c i e n c v  r e l a t i o n s h i u s  - a n d l o r  where t a r i f f  i nc ludes  
p e n a l t y  f o r  poor power f a c t o r .  I n  c a r r y i n g  o u t  s i g n i f i c a n t  
r e t r o f i t t i n g  i n  l a r g e  b u i l d i n g s  w i t h  many d i f f e r e n t  m o t o r s , t h e  
u o s s i b i l i t v  o f  s w i t c h i n g  motors o f f e r  major  cos t  advantages 
over motor rep lacement .  

INTERACTIONS: Yhere an o v e r s i z e d  motor i s  r e q u i r e d  t o  p r o v i d e ' s u f f i c i e n t  
to rque ,  cons ide r  the  i n s t a l l a t i o n  o f  a  power f a c t o r  c o n t r o l l e r  
(ECO EL.7) t o  improve p a r t  l oad  per formance,  o r  a l t e r n a t i v e l y  
cons ide r  power f a c t o r  c o r r e c t i o n  (ECO EL.5) a l though  t h l s  l a s t  
measure w i l l  mt improve e f f i c i e n c y .  

EVALUATION: The e s t i m a t i o n  o f  motor e f f i c i e n c y  improvement can be made 
u s i n g  AP EL.3. 

COMMENTS: 
REFERENCES: 
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ECO M . l  REDUCE ELEVATOR AND ESCALATOR USE 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: C o n v i n c e  ~ e o p l e  t o  make l e s s  u s e  o f  e l e v a t o r s  a n d  e s c a l a t o r s  ~-~~ ~ . . 
APPLICATION: 
S l D E  BENEFITS:  
CAUTIONS: A d e q u a t e  s t a i r  l i g h t i n g  m u s t  b e  p r o v i d e d  t o  a v o i d  a c c i d e n t s  
COST FACTORS: L o r  c o s t .  
INTERACTIONS: 
EVALUATION: 
COMMENTS: E s c a l a t o r s  m u s t  h a v e  s r i t c h - o f f  f e a t u r e  if e n e r g y  i s  t o  b e  

s a v e d .  
REFERENCES: D u b i n .  1976.  

ECO M . 2  KEEP REFRIGERATORS AWAY FROM HEAT SOURCES 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: K e e p i n g  r e f r i g e r a t o r s  away f r o m  h e a t  s o u r c e s .  P l a c e m e n t  i n  

c o l d  a r e a  a l s o  s a v e s  e n e r g y .  
APPLICATION: 
S l D E  BENEFITS: 
CAUTIONS: 
COST FACTORS: Low c o s t  
INTERACTIONS: 
EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO M . 3  REDUCE CONOENSING TEMPERATURES 
LEVEL: OperationalIMaintenance. 
DESCRIPTION: Reduce  c o n d e n s i n g  t e m p e r a t u r e s  o f  r e f r i g e r a t o r s ,  f r e e z e r s .  

c o o l e r s ,  e t c . .  b y  c l e a n i n g  a n d  v e n t i l a t i n g  c o i l s .  
APPLICATION: A l l  r e f r ~ g e r a t i n g  e q u i p m e n t s .  
SIOE BENEFITS:  I n c r e a s e d  e q u i p m e n t  l i f e .  
CAUTIONS: 
COST FACTORS:  L O W  c o s t .  
INTERACTIONS: 
EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO M . 4  PERFORM AIR ING EFFIC IENTLY 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: Do n o t  l e a v e  w i n d o w s  a n d  d o o r s  o p e n  f o r  m o r e  t h a n  a  s h o r t  

p e r i o d  o f  t i m e .  Open m o r e  t h a n  o n e  w i n d o w  t o  g e t  c r o s s - f l o w  
when a i r i n g .  

APPLICATION: I m p r o v e s  a i r  q u a l l t y  a n d  l i m i t s  m o i s t u r e  b u i l d - u p  
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: 
EVACUATION: 
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COMMENTS: 
REFERENCES: OFAC. 1983 

ECO M.5 INFORM AND INSTRUCT OCCUPANTS 
LEVEL:  O p e r a t i o n a l .  
DESCRIPTION: I n f o r m  and i n s t r u c t  occupants  on t h e  o p t i m a l  use o f  

t h e r m o s t a t s ,  r a d i a t o r  s e t  p o i n t s ,  window b l i n d s  and s h u t t e r s .  
v e n t i l a t i o n  system, e t c .  Supply s h o r t  i n s t r u c t i v e  naoua l .  

APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: O f t e n  c o s t - e f f e c t i v e .  
INTERACTIONS: 
EVALUATION: 
COMMENTS: Needs t o  be repea ted  a t  r e g u l a r  i n t e r v a l s  
REFERENCES: 

ECO M.6 MAKE DISPLAYS LEGIBLE 
LEVEL: Opera t iona l l lmprovement .  
DESCR[PTION: Make d i s p l a y e d  s e t t i n g s  o f  c o n t r o l s  ( t h e r m o s t a t s ,  programmers. 

t i m e - s w i t c h e s ,  v a l v e s ,  e t c . 1  l e g i b l e .  P a r t i c u l a r l y  i m p o r t a n t  
f o r  persons w i t h  impa i red  v i s i o n .  

APPLICATION: 
SIDE-BENEFITS: 
CAUTIONS: 
COST FACTORS: Low c o s t .  
INTERACTIONS: I n t e r a c t s  w i t h  R e g u l a t i o n  ECOs. 
EVALUATION: 
COMMENTS: I n  p r a c t i c e  d i s p l a y s  a r e  o f t e n  i l l e g i b l e  
REFERENCES: 

ECO M.7 MAKE -CONTROL MANIPULATION EASY 
LEVEL: O p e r a t i o n a l l l m p r o v e m e n t .  
DESCRIPTION: Make t h e  p h y s i c a l  m a n i p u l a t i o n  o f  c o n t r o l s  easy.  P a r t i c u l a r l y  

i m p o r t a n t  f o r  e l d e r l y  o r  d i s a b l e d  persons. 
APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: 
COST FACTORS: Low c o s t .  
INTERACTIONS: I n t e r a c t s  w i t h  R e g u l a t i o n  ECOs. 
EVALUATION: 
COMMENTS: I n  p r a c t i c e  c o n t r o l s  a r e  o f t e n  d i f f i c u l t  t o  man ipu la te .  
REFERENCES: 

ECO M.8 EQUIP TENANTS WITH INDOOR THERMOMETER 
LEVEL: OperationalIImprovement. 
DESCRIPTION: Equip  t e n a n t s  w i t h  a  r e l i a b l e  i n d o o r  thermometer w i t h  a  good 

d i s p l a y  f o r  more e f f i c i e n t  c o n t r o l  o f  t empera tu re  s e t t i n g  e t c .  
APPLICATION: 
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SIOE BENEFITS: O f t e n  r e s u l t s  i n  l e s s  comp la in ts  
CAUTIONS: Placement o f  thermometer i s  c r i t i c a l  t o  s u p p l y i n g  accura te  

i n d l c a t r a n  o f  i n t e r l o r  c a n d i t w n i n g .  
COST FACTORS: Law c a s t .  
INTERACTIONS: 
EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO M.9 INITIATE BONUS PROGRAMS 
LEVEL: O p e r a t i o n a l .  
DESCRIPTION: Banus uroarams i n i t i a t e d  w i t h  ouerator lmananer  and w i t h  . - 

occupants t o  encourage energy conserva t ian .  
APPLICATION: 
SIDE BENEFITS: 
CAUTIONS: At  l e a s t  s h o r t - t e r m  e f f e c t i v e .  
COST FACTORS: 
INTERACTIONS: 
EVALUATION: 
COMMENTS: 
REFERENCES: 

ECO M.10 SWIMMING POOL COVERS 
LEVEL: Impravement/Replacement. 
DESCRIPTION: C a n t r a l  heat  and evapora t ion  lasses i n  swimming poo ls  by u s i n g  

poa l  cavers when p a o l  i s  n a t  i n  use. 
APPLICATION: Indoor  and au tdaor  p o o l s .  More a p p l i c d b l e  t o  s m a l l e r  poo ls  

because o f  h a n d l i n g  problems. 
SIDE BENEFITS: Lawer p o o l  h a l l  h u m i d i t y .  Water and water  t rea tment  sav ings .  
CAUTIONS: 
COST FACTORS: 
INTERACTIONS: ECO R.1. R.35. R.36 a r e  complementary o r  a l t e r n a t i v e s  t a  

cans ide r  f o r  i n t e r n a l  uoo ls  
EVALUATION: See AT R.6. R.7. Best 'paybacks where h i g h  r a t i a  o f  non-use t o  

use haurs.  
COMMENTS: 
REFERENCES: 

REPLACE COLD CABINET INTERVAL LIGHTS WITH EXTERNAL ONES ECO M.11 
LEVEL: Replacement 
DESCRIPTION: Replace c o l d  c a b i n e t  i n t e r n a l  l i g h t s  wiLh e x t e r n a l  ones. 

R e p a s i t i o n  e x i s t i n g  l i g h t s  o u t s i d e  c a b i n e t s  a r  i n s t a l l  new 
l i g h t i n g  t o  s h i n e  i n t o  t h e  c a b i n e t .  

APPLICATION: R e f r i g e r a t e d  food d i s p l a y s  w i t h  i n t e r n a l  l i g h t i n g :  p r i m a r i l y  
a s s a c l a t e d  w i t h  res tau ran t ;  and s t a r e s  

SIDE BENEFITS: 
CAUTIONS: May reduce d i s p l a y  e f f e c t i v e n e s s .  
COST FACTORS: 
INTERACTIONS: ECO M.12 and M.13 can be cons ide red  complimentary t a  t h i s  ECO. 
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EVALUATION: 

COMMENTS: 
REFERENCES: 

ECO M.12 
LEVEL: 
DESCRIPTION: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: ~ ~~ ~ 

C O S T  FACTORS: 
INTERACTIONS: 

EVALUATION: 

CDMMENTS : 
REFERENCES: 

APPLICATION: 

SIDE BENEFITS 
CAUTIONS: 

COST FACTORS: 

R e f r i g e r a t i o n  sav ings  can be cons ide red  as b e i n g  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  wat tage o f  t h e  removed lamps u n l e s s  
compressor hea t  i s  r e c l a i m e d  f o r  h e a t i n g .  

PROVIDE NIGHT COVERS FOR OPEN COLD CABINETS 
Replacement1 Improvement 
P r o v i d e  temporary  n i g h t  covers  t o  c l o s e  o f f  open c o l d  c a b i n e t s  
d u r i n g  t h e  unoccupied hours .  
Open r e f r i g e r a t e d  food  c a b i n e t s ,  p a r t i c u l a r l y  a p p l i c a b l e  i n  
supermarkets .  Grea te r  sav ings  w i t h  v e r t i c a l  t han  h o r i z o n t a l  
c a b i n e t s  because o f  g r e a t e r  a i r  s p i l l a g e  f rom v e r t i c a l  u n i t s .  

E C O  M . l l  can be a  compl imentary  ECO. A l t e r n a t i v e  i s  t o  r e p l a c e  
w i t h  c l o s e d  c a b i n e t s  IECO M.13). 
I n  a d d i t i o n  t o  r e f r i g e r a t i o n  sav ings  e f f e c t s  o f  space 
h e a t i n g  and p o s s i b l y  i n c r e a s e 4  space c o o l i n g  shou ld  be t a k e n  
i n t o  account :  A i r  t empera tu re  measurements and s imp le  t e s t s  i n  
t h e  a rea  o f  t h e  c a b i n e t s  can g i v e  an i n d i c a t i o n  o f  t h e  e x t e n t  
o f  t h e  a i r  s p i l l a g e .  

REDUCE COOLING LOSSES FROM OPEN REFRIGERATED DISPLAY CABINETS 
Improvement 
Replace open c o l d  c a b i n e t s  w i t h  c l o s e d  t y p e  o f  r e t r o f i t  
e x i s t i n g  w i t h  doors  o r  s t r i p  c o v e r s .  
R e f r i g e r a t e d  food d i s p l a y  u n i t s  w i t h  open F r o n t .  P r i m a r i l y  
a p p l i c a b l e  t o  s t o r e s  and r e s t a u r a n t s .  

Some r e t a i l s  v iew such a c t i o n  t o  have .an  adverse e f f e c t  on 
s a l e s  o f  p r o d u c t s  f rom t h e  c a b i n e t .  
Replacement o f  c a b i n e t s  can o n l y  be J u s t i f i e d  when e x i s t i n g  
equipment i s  ready  f o r  rep lacement .  R e t r o f i t  can be cons ide red  
w o r t h w h i l e ,  p a r t i c u l a r l y  t h e  s t r i p  c u r t a i n  t y p e .  

INTERACTIONS: 

EVALUATION: 

COMMENTS: 
REFERENCES: Dubin .  1975 

Lower c o s t  l a n d  lower  sav ings1 can be ach ieved  u s i n g  n i g h t  
cove rs  IECO M.121. 
E v a l u a t i o n  can be complex i f  hea t  f rom r e f r i g e r a t i o n  
compressors i s  r e c l a i m e d  f o r  space h e a t i n g .  
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APPENDIX E DATA COLLECTION SHEETS 

E . l  CHECKLIST CRITERIA 

C h e c k l i s t s  have and s t i l l  a r e  b e i n g  developed and used by many o r g a n i s a t i o n s  
and i n d i v i d u a l s  i n v o l v e d  i n  energy a u d i t i n g .  U h i l e  some p r o f e s s i o n a l s  argue 
t h a t  t h e  uniqueness o f  each b u i l d i n g  p rec ludes  t h e  p o s s i b i l i t y  o f  deve lop ing  
such a  s tandard  approach, t h e  c h e c k l i s t  serves a  u s e f u l  purpose f o r  many 
a u d i t o r s .  

C h e c k l i s t s  d e a l i n g  w i t h  energy a u d i t i n g  and w i t h  energy c o n s e r v a t i o n  
p o t e n t i a l  i n  b u i l d i n g s  a r e  b o t h  numerous and v a r i e d  i n  t h e i r  approach. 
c o n t e n t ,  and d e t a i l .  The s i m p l e s t  forms o f  c h e c k l i s t s  a r e  those which p r e s e n t  
a  l i s t  o f  ECOs t o  se rve  as an 'aide-memoire'  t o  t h e  a u d i t o r  o r  those which 
p r o v i d e  a  fo rmat  f o r  c o l l e c t i n g  what m igh t  be cons ide red  p e r t i n e n t  da ta  from 
t h e  s i t e .  The most u s e f u l  ones a r e  cons ide red  t o  be those t h a t  combine b o t h  
f u n c t i o n s  and p r o v i d e  a  methodology f o r  u s i n g  t h e  c o l l e c t e d  d a t a  d i r e c t l y  i n  
t h e  e v a l u a t i o n  o f  ECOs. 

Because o f  t h e  number o f  p o s s l b l e  ECOs i n  l a r g e  b u i l d i n g s  and t h e  
r e l a t i o n s h i p s  and i n t e r a c t i o n s  w i t h  one a n o t h e r ,  t h e  process p r e v i o u s l y  
d e s c r i b e d  i s  o f t e n  t o o  complex t o  be c a r r i e d  o u t  i n t u i t i v e l y  o r  w i t h o u t  a  
fo rma l  f ramework. F u r t h e r ,  because o f  t h e  extreme v a r i a t i o n s  i n  t h e  way 
b u i l d i n g s  a r e  des igned and used. t h e  k i n d  o f  exper ience  r e q u i r e d  t o  make good 
i n t u i t i v e  d e c i s i o n s  demands a  h i g h  l e v e l  o f  e x p e r t i s e  which i s  o f t e n  
i n c o m p a t i b l e  w i t h  c o s t  e f f e c t i v e  a u d i t i n g  a n d l o r  may be beyond t h e  exper ience  
o f  a v a i l a b l e  a u d i t  pe rsonne l .  . ' 

To m in im ise  these prob lems,  a  c h e c k l i s t  t y p e  o f  approach i s  suggested which 
p r o v i d e s  a  fo rma l  framework f o r  c a r r y i n g  o u t  t h e  i d e n t i f i c a t i o n  and 
p r e l i m i n a r y  e v a l u a t i o n  o f  ECOs. Such an approach, i t  i s  f e l t ,  would  o f f e r  t h e  
f o l l o w i n g  advantages: 

i )  The m i n i m i s a t i o n  o f  t h e  r i s k  o f  o m i t t i n g  p o t e n t i a l l y  v a l u a b l e  ECOs. 
ii) The p o s s i b i l i t y  o f  u s i n g  l e s s  exper ienced  a u d i t o r s  w h i l e  s t i l l  

m a i n t a i n i n g  a  s t a n d a r d  a u d i t i n a  s e r v i c e  ( fo rms  can be e a s i l v  checked bv 
more exper ienced  a u d i t o r s  o r  s u p e r v i s o r y  s t a f f ) .  

i i i )  The m i n i m i s a t i o n  o f  t i m e  on repea ted  t r i p s  t o  t h e  b u i l d i n g  s i t e  t o  
c o l l e c t  d a t a  missed on e a r l i e r  t r i p s .  

I n  o r d e r  t o  meet these c r i t e r i a ,  a  c h e c k l i s t  needs t o :  

i )  Serve as an aide-memoire on a l l  t h e  p o s s i b l e  ECOs t h a t  may be 
a p p r o p r i a t e  t o  any s p e c i f i c  b u i l d i n g .  

i i )  P r o v i d e  a  means f o r  o r d e r l y  and c o s t  e f f e c t i v e  c o l l e c t i o n  and r e c o r d i n g  
o f  b u i l d i n g  d a t a  t h a t  i s  necessary f o r  t h e  i d e n t i f i c a t i o n  and s o r t i n g  o f  
F r n ~  

iiil P r o v i d e  a  means of  s o r t i n g  t h e  ECOs based on t h e i r  p r o j e c t e d  v a l u e  w i t h  
as a  minimum l e v e l  o f  d e t a i l  as i s  p o s s i b l e .  
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The use o f  computerised a u d i t  c h e c k l i s t s  i n  which the computer prompts t he  
aud i t o r  f o r  in fo rmat ion ,  searches data bases and a r r i v e s  a t  the  l o g i c  o f  
i d e n t i f i c a t i o n  and s o r t i n g  i n t e r n a l l y  might a l so  be considered. 

The i n t e n t  o f  t h i s  appendix i s  t o  descr ibe  a  methodology by which such 
(manual) aud i t  c h e c k l i s t s  might  be developed. 

E . 2  CHECKLIST FORMAl 

The suggested format f o r  a  c h e c k l i s t  has two p r i n c i p a l  p a r t s :  a  'data 
c o l l e c t i o n  form' and a  'worksheet'. 

The data c o l l e c t i o n  form serves as a  guide t o  what data should be c o l l e c t e d  
i n  o rder  t o  c a r r y  ou t  the  ECO s o r t i n g  process, and as a  medium f o r  the ac tua l  
r eco rd ing  of the  data. 

The worksheet p r i m a r i l y  provides working area f o r  s o r t i n g  ECOs i n  a  number o f  
groups according t o  t h e i r  d e s i r a b i l i t y .  

Data c o l l e c t i o n  forms have been prepared corresponding w i t h  t he  component 
category systems used throughout the  Source Book w i t h  a  General data 
c o l l e c t i o n  form cover ing common aspects t h a t  may be use fu l  i n  more than one 
category.  

A s i n g l e  worksheet has been prepared f o r  the  e l e c t r i c a l  category (see Table 
11 t o  i l l u s t r a t e  the complete proposed methodology. The p a r t i c u l a r  worksheet 
prepared: 

il I d e n t i f i e s  a l l  poss ib l e  ECOs w i t h i n  the  category o f  " E l e c t r i c a l  
Systems'. 

iil I d e n t i f i e s  a l l  i n t e r a c t i o n  between the  var ious  ECOs i n  the category and 
where there  i s  i n t e r a c t i o n  ou ts ide  o f  the  category,  and 

iiil Leaves a  space f o r  adding notes and comments f o r  f u t u r e  re fe rence and as 
an a i d  t o  the s o r t i n g  process. 

For the  i n t e r a c t i o n  p a r t  o f  the  work sheet: 

C i s  used t o  denote complementary ECOs. These ECOs should be considered 
f o r  implementation toge ther .  

A i s  used t o  denote a l t e r n a t i v e  ECOs. These ECOs should be considered as 
a l t e r n a t i v e s  t o  one another, i . e .  on ly  one o r  t he  o the r  should be 
implemented. 

I i s  used t o  denote i n te r f e rence .  These ECOs i n t e r f e r e  w i t h  one another .  
f o r  instance if both  ECOs are  implemented the  r e s u l t a n t  saving may no t  
be the  sum o f  the  i n d i v i d u a l  savings. 

For the  ac tua l  s o r t i n g  o f  ECOs, seven a l t e r n a t e  c l a s s i f i c a t i o n s  are used: 

'DO ' .  E C O  should be implemented w i thou t  f u r t h e r  eva lua t i on  

'DO ( P R I O R  T O  POSSIBLE AUTOMATION)'. E C O  should be implemented manually and 
considered f o r  automation f o r  enhanced savings. 
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'00 IF ' .  ECO shou ld  be implemented s u b j e c t  t o  some c o n d i t i o n  b e i n g  s a t i s f i e d .  
E.g. 'M' s e r v i c e  bu rne r  'K' b o i l e r  i s  n o t  t o  be r e p l a c e d .  The 'Comments' 
column p r o v i d e  a  space f o r  d e f i n i n g  such c o n d i t i o n s .  

'MOST DESIRABLE". ECO shou ld  be cons ide red  f o r  f u r t h e r  e v a l u a t i o n .  

'NEUTRAL'. ECO may be wor th  c o n s i d e r i n g  f o r  f u r t h e r  e v a l u a t i o n .  

'LEAST DESIRABLE'. ECO p r o b a b l y  n o t  wor th  c o n s i d e r i n g  f u r t h e r  

'NOT APPLICABLE'. ECO n o t  a p p r o p r i a t e .  Space i s  p r o v i d e d  on t h e  worksheet t o  
i d e n t i f y  which o f  t h e  f i r s t  s i x  o f  these c a t e g o r i e s  i s  most a p p r o p r i a t e  f o r  a  
g i v e n  s i t u a t i o n  i n  a  b u i l d i n g :  f o r  t h e  seven th ,  "NOT APPLICABLE', t h e  ECO can 
be c rossed  o f f  t h e  form. 

E.3 CHECKLIST USE 

The use of  t h e  forms p a r a l l e l s  t h e  p h i l o s o p h y  f o r  t h e  ECO i d e n t i f i c a t i o n  and 
e v a l u a t i o n  process as d e s c r i b e d  e a r l i e r .  

The process i s  an i t e r a t i v e  one where ECOs a r e  p r o g r e s s i v e l y  ranked o r  
' d i s c a r d e d '  acco rd ing  t o  t h e i r  d e s i r a b i l i t y  o r  l a c k  o f  a p p l i c a b i l i t y ,  u s i n g  
p r o g r e s s i v e l y  more d e t a i l e d  and /o r  l e s s  r e a d i l y  a v a i l a b l e  da ta .  

To summarise t h e  p r e v i o u s  d i s c u s s i o n  i n  t h e  c o n t e x t  o f  t h e  use o f  c h e c k l i s t s :  

Only  those c h e c k l i s t s  shou ld  be s e l e c t e d  f o r  p rocess ing  t h a t  cove r  those 
areas of  t h e  b u i l d i n g  t h a t  have been i d e n t i f i e d  as r e q u i r i n g  a u d i t i n g  e i t h e r  
on t h e  b a s i s  o f  d i s a g g r e g a t i o n  a n a l y s i s ,  o r  s p e c i f i c  c l i e n t  d i r e c t i v e s .  Of . course ,  c h e c k l i s t s  t h a t  cove r  component c a t e g o r i e s  f o r  which t h e r e  i s  no 
co r respond ing  equipment i n  t h e  b u i l d i n g  b e i n g  a u d i t e d  need n o t  be cons ide red .  

I n d i v i d u a l  ECOs o r  groups o f  ECOs shou ld  be d i s c a r d e d  on t h e  b a s i s  o f :  

il C l e a r l y  un favourab le  economics, i . e .  paybacks and c a p i t a l  c o s t  v e r y  much 
g r e a t e r  than  c l i e n t ' s  c r i t e r i a .  

iil I n s t r u c t i o n  from c l i e n t  n o t  t o  pursue c e r t a i n  s p e c i f i c  ECOs o r  ECO 
t y p e s .  

iiil ECO has a l r e a d y  been implemented, and 
i v l  Type o f  system, process o r  occupancy s p e c i f i c  t o  t h e  ECO n o t  p r e s e n t  i n  

t h e  b u i l d i n g .  

York on a  copy of  t h e  worksheet ,  c r o s s  o u t  ECOs t h a t  a r e  cons ide red  
i n a p p r o p r i a t e  and add no tes  t o  a i d  f u r t h e r  e v a l u a t i o n .  

I n d i v i d u a l  ECOs shou ld  then  be c l a s s i f i e d  acco rd ing  t o  t h e i r  p e r c e i v e d  o r  
judged energy sav ing  and economic p o t e n t i a l .  Such d e c i s i o n s  shou ld  i n c l u d e  
t e c h n i c a l  and econpmical c o n s i d e r a t i o n s  as w e l l  as c o n s i d e r a t i o n s  o f  u s e f u l  
r e m a i n i n g  l i f e  o f  a  p i e c e  o f  equipment and c o n s i d e r a t i o n s  such as a  c l i e n t ' s  
d e s i r e  t o  f a v o r  v i s i b l e  as opposed t o  n o n v i s i b l e  r e t r o f i t  a c t i o n s .  These 
c l i e n t  d i r e c t i v e s  shou ld  have been p r e v i o u s l y  reco rded  on t h e  'Genera l  
B u i l d i n g  Data C o l l e c t i o n  Sheet and used i n  t h i s  process.  
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I n  a d d i t i o n ,  any i n t e r a c t i o n s  t h a t  t h i s  ECO may have w i t h  o t h e r  ECOs w i t h i n  
t h e  same component c a t e g o r y  o r  w i t h i n  o t h e r  c a t e g o r y  groups,  o r  any adverse 
o r  s i d e  b e n e f i t s  t h a t  t h e  K O  may have, shou ld  form p a r t  . o f  t h e  
c o n s i d e r a t i o n .  

These processes a r e  n o t  c a r r i e d  o u t  q u a n t i t a t i v e l y  and r e l y  t o  a  g r e a t  d e a l  
on t h e  exper ience  o f  t h e  a u d i t o r .  The process shou ld  be c a r r i e d  o u t  f i r s t  
u s i n g  i n f o r m a t i o n  a t  hand f o l l o w e d  by i n f o r m a t i o n  c o l l e c t e d  a t  t h e  s i t e .  As 
ECOs a r e  d i s c a r d e d ,  t h e  requ i remen t  t o  c o l l e c t  c e r t a i n  d a t a  shou ld  be 
rev iewed.  Yhere d a t a  a r e  c l e a r l y  n o t  r e q u i r e d  t o  be c o l l e c t e d ,  because t h e  
K O  has been d i s c a r d e d ,  t h e  r e l e v e n t  s e c t i o n s  o f  t h e  d a t a  c o l l e c t i o n  forms 
shou ld  be c rossed  o u t .  The process o f  ECO s o r t i n g  can be g i v e n  some f o r m a l i t y  
by work ing  th rough  t h e  anno ta ted  ECO l i s t  as i l l u s t r a t e d  i n  t h e  f o l l o w i n g  
example. I n  t h i s  r e g a r d  i t  i s  most d e s i r a b l e  t h a t  a u d i t o r s  add t h e i r  own 
p a r t i c u l a r  knowledge t o  t h e  ECO a n n o t a t i o n s  on an ongoing b a s i s .  

L e t  us c o n s i d e r  t h e  case o f  ECO R.17 'Min imise S t r a t i f i c a t i o n ' .  A  copy o f  t h e  
anno ta ted  ECO d e s c r i p t i o n  i s  g i v e n  below. 

ECO R.17 MlNIMlSE STRATIFICATION 
LEVEL: Improvement/Replacement.  
DESCRIPTION:- E l i m i n a t e  h i g h  temperatures.  a t  upper l e v e l s  by use o f  f a n s .  

tubes ,  e n t r a i n m e n t  by a i r  j e t s  o r  d raw ing  r e t u r n  a i r  f rom h i g h  
l e v e l .  Make-up a i r  can sometimes be i n t r o d u c e d  i n  t h i s  manner 
w i t h o u t  t h e  need f o r  p r e - h e a t i n g .  

APPLICATION: Large open and h i g h  spaces ( g e n e r a l l y  h i g h e r  than  5  m e t e r s ) .  
U s e f u l  i n  b o i l e r  rooms where h i g h  l e v e l  h o t  a j r c a n  be 
d i r e c t e d  t o  bu rne rs .  

SIDE BENEFITS: lmproved a i r  movement. Improved c o m f o r t  t o  occupants .  
CAUTIONS: D e s t r a t i f i c a t i o n  i n  summer c o u l d  i nc rease  c o o l i n g  l oad .  
COST FACTORS.: 
INTERACTIONS: May reduce peak demand on h e a t i n g  equipment and aggrava te  

o v e r s i z i n g .  See ECO R.25. 
EVALUATION; AP R.5 g i v e s  d e t a i l s  o f  t echn ique  f o r  e v a l u a t i n g  m a r g i n a l  

cases o r  q u a n t i f y i n g  a c t u a l  sav ings .  
COMMENTS: The e f f e c t  o f  s t r a t i f i c a t i o n  c a n - i n  g e n e r a l  be n e g l e c t e d ,  b u t  

f o r  b u i l d i n g s  w i t h  f o r c e d  warm a i r  c o n v e c t i v e  h e a t i n g  and 
c r o s s  f l o w  a t  low l e v e l  t h e  energy consumpt ion may i n c r e a s e  by 
5  t o  15 1 f o r  a  h e i g h t  o f  t h e  heated space between 5  and 10 m 
and bv 15 t o  30 1 f o r  a  h e i a h t  o f  more than  10 m. The ~ ~ 

co r resbond ing  numbers f o r  f o r c e d  a i r  downward f rom h l g h  l e v e l  
a r e  5  t o  10 1 and 10 t o  20 1, r e s p e c t i v e l y .  

REFERENCES: F i z z e l .  1977: 8 e i e r .  1978. 

I n f o r m a t i o n  r e l a t i n g  t o  p o s s i b l e  l i m i t a t i o n s  i n  t h e  use o r  a p p l i c a t i o n  o f - t h e  
ECO can u s u a l l y  be found under t h e  sub heading 'APPLICATIONS', i . e .  t h e  
i n f o r m a t i o n  p r o v i d e d  can often. be used t o  d i s c a r d  ECOs as i n a p p r o p r i a t e .  I n  
t h i s  case we n o t e  t h a t  t h e  ECO i s  o n l y  a p p l i c a b l e  t o  l a r g e  open spaces. 
g e n e r a l l y  i n  excess o f  5  metres h i g h .  
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I f  our  b u i l d i n g  i s  say 4  metres o r  more i n  h e i g h t  we m igh t  w ish  t o  c o n s i d e r  
i t  f o r  p o s s i b l e  imp lemen ta t i on  and i n f o r m a t i o n  found under t h e  subheading 
'EVALUATION' can p rove  u s e f u l  i n  t h i s  regard .  

Based o n  t h e  above i n f o r m a t i o n  a  t e n t a t i v e  d e c i s i o n  can be made as t o  whether 
t h e  ECO i s  a p p l i c a b l e  and t e c h n i c a l l y  v i a b l e .  The sub heading ' C O S T  FACTORS' 
should  then  be checked t o  see i f  t h e r e  i s  i n f o r m a t i o n  r e g a r d i n g  t h e  economics 
o f  t h i s  p a r t i c u l a r  ECO which m igh t  h e l p  a s c e r t a i n  whether o r  n o t  i t  would 
f a l l  w i t h i n  t h e  range o f  t h e  c l i e n t ' s  budget l i m i t a t i o n .  T h i s  budget 
i n f o r m a t i o n ,  a long  w i t h  c o n s i d e r a t i o n  o f  'SIDE BENEFITS'. 'CAUTIONS', and 
'COMMENTS', annotated on t h e  E C O  shee t ,  shou ld  be used t o  f i n a l l y  d i s c a r d  o r  
rank  t h e  ECO. 

Any r e l e v a n t  comments, o r  q u e s t i o n s  t o  be r a i s e d  d u r i n g  t h e  d e t a i l e d  
e v a l u a t i o n  o f  t h i s  p a r t i c u l a r  ECO, c o u l d  be no ted  under t h e  comments s e c t i o n  
o f  t h e  Worksheet. Converse ly ,  o v e r r i d i n g  o r  pr ime reasons f o r  r e j e c t i n g  an 
ECO c o u l d  be no ted  f o r  f u t u r e  r e f e r e n c e  where t h i s  i s  f e l t  w o r t h w h i l e .  

E.4 DEVELOPING YOUR OWN W O R K S H E E T S  . . 

Worksheets can be developed f o r  c a t e g o r i e s  n o t  covered i n  t h i s  t e x t  u s i n g  t h e  
format  and p h i l o s o p h y  adopted and p resen ted  i n  t h i s  p u b l i c a t i o n .  The 
development process i s  d e s c r i b e d  below: 

i )  Us ing  t h e  l i s t  o f  ECOs f o r  t h e  ca tegory  i n  q u e s t i o n ,  s e t  up t h e  
framework o f  an 'ECO i n t e r a c t i o n  m a t r i x '  u s i n g  t h e  l i s t  o f  ECOs t o  
d e f i n e  bo th  t h e  rows and columns o f  t h e  m a t r i x .  Set up a d d i t i o n a l  
columns t o  cover  t h e  rema in ing  component c a t e g o r i e s  ( see  Table  E.1) .  

The l i s t  o f  ECOs shou ld  be rev iewed f o r  re levance  t o  t h e  l o c a t i o n  and 
t y p e  o f  u s u a l  a u d i t i n g  requ i remen ts .  I n  t h i s  way s i m p l e ,  s h o r t e r  
worksheets  and co r respond ing  d a t a  c o l l e c t i o n  forms can be fo rmu la ted :  
v e r y  s imp le  forms can r e s u l t ,  f o r  i n s t a n c e .  where t h e  a u d i t  c h e c k l i s t  i s  
customised t o  d e a l  w i t h  non a i r  c o n d i t i o n i n g  d w e l l i n g s .  

iil Us ing  t h e  Annotated ECO sheets  IApp. D) ,  i d e n t i f y  and mark on t h e  
m a t r i x  a l l  i n t e r a c t i o n s  between i n d i v i d u a l  ECOs and between i n d i v i d u a l  
ECOs and o t h e r  c a t e g o r i e s .  

iiil F i n a l l y ,  a d d i t i o n a l  columns p l u s  a  space f o r  comments shou ld  be added t o  
t h e  m a t r i x  t o  p e r m i t  t h e . c l a s s i f i c a t i o n  o f  ECOs. 



A p p .  E D a t a  C o l l e c t i o n  S h e e t s  

T A B L E  E . l  WORKSHEET FOR E L E C T R I C A L  S Y S T E M S  

ECO E L  I N T E R A C T I O N  ( O T H E R  E C O s )  
.1 . 2  . 3  . 4  . 5  .6 . 7  . B  . 9  .10 

MOTOR & D R I V E  Y A I N T F N A N C E  I C 
~~~ . . 

B A L A N C E  P H A S E  V O L T A G E S  x 
MOTOR 6 MOTOR D R I V E  A L I G N M E N T  C x 
L O A D  DEMAND CONTROL THROUGH L O A D  S H E D D I N G  x C 
POYER F A C T O R  C O R R E C T I O N  U S I N G  C A P A C I T O R S  x A I I 
MOTOR S P E E D  CONTROL x 
POWER F A C T O R  C O N T R O L L E R S  A x A A 

. B  P E A K  S H A V I N G  U S I N G  ON S I T E  G E N E R A T I O N  
. 9  H I G H  E F F I C I E N C Y  MOTORS 
.10 CORRECT M A T C H I N G  O F  D R I V E N  L O A D  6 MOTORS 

I N T E R A C T I O N  ( O T H E R  C A T E G O R I E S )  

E N V E L O P E  ( E )  
R E G U L A T I O N  ( R )  
H E A T I N G  ( H I  
H E A T I N G  AND C O O L I N G  I H I C )  
C O O L I N G  ( C )  
DUCTYORK ( 0 )  
P I P E Y O R K  ( P I  
S E R V I C E  HOT Y A T E R  ( 5 )  
L I G H T I N G  ( L )  
M I S C E L L A N E O U S  ( M )  

FOR E V A L U A T I O N  ( F O R  A U D I T O R S  U S E )  .1 . 2  . 3  . 4  . 5  .6 . 7  . B  . 9  .10 

- ,  -- 
2 .  DO ( P R I O R  TO P O S S I B L E  A U T O M A T I O N )  
3 .  DO I F  
4 .  MOST F A V O U R A B L E  
5. N E U T R A L  
6 .  L E A S T  F A V O U R A B L E  

COMMENTS 
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GENERAL BUILDING DATA COLLECTION SHEET 
( A u d i t  B r i e f i n g  C h e c k l i s t )  

0.  AOMINlSTRATlVE GENERAL OATA 

0 . 1  B u i l d i n g  Address ZIP Town 
s t r e e t  - Nr 

0.2 Ownership t ype  
Ounerlmanager's name 
Address Te l .  
P r i v a t e  owner I I P u b l i c  ( I 
B u i l d i n g  tenan ts :  owner ( ) f u l l y  r e n t e d  ( I mixed ( 1 

0.3 Person responsable f o r  a d m i n i s t r a t i o n  
Name 
Address Te l :  

0.4 Person responsable f o r  t e c h n i c a l  m a t t e r s  
Name 
Address T e l .  

0.5 B u i l d i n g  Category ( B u i l d i n g  f u n c t i o n a l  use)  
(Spec i f y  the  percentage o r  t h e  t o t a l  c o n d i t i o n e d  f l o o r  a r e a l  
R e s i d e n t i a l  O f  r i c e s  Commercial 
School H o s p i t a l  Spor t  Cen t re  
Swimming Pool  C a t e r i n g  Tourism 
C u l t u r a l  B ldg  M i l i t a r y  I n d u s t r i a l  

0.6 B u i l d i n g  Type 
Oetached I I Semidetached ( 1 M i d t e r r a c e  ( ) H i g h r i s e  ( ) Low r i s e  ( 
Number o f  s t o r e y s  - Number of  c o n d i t i o n e d  zones - 
i f  r e s i d e n t i a l :  - Number of  d w e l l i n g  u n i t s  - 

0.7 B u i l d i n g  Year o f  c o n s t r u c t i o n  
Oate of  l a s t  major  m o d i f i c a t i o n  o r  t h e  envelope, i f  any 

m3 Gross Cond i t i oned  Vo l .  m 
3  

0.8 Gross B u i l d i n g  Vol .  - 
0.9 T o t a l  c o n d i t i o n e d  f l o o r  area m 

2 

0.10 B u i l d i n g  P o s i t i o n  
Town Centre ( Suburb ( I Open c o u n t r y  ( I 

0 . H  Mindy S i t e  H i g h (  I M e d i u m (  1 L o w (  I 

0.12 Conven t iona l  HDD CDD 
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1.  OVERALL BUILDING 

1 . 1  Remaining l i f e  o f :  

B u i l d i n a  s t r u c t u r e  y r s .  
~ n v e l o p i  system 

- 
y r s .  

HVAC systems y r s .  
I n t e r i o r  ( p a r t i t i o n i n g )  systems y r s .  

1 . 2  D e t a i l  o f  p lanned changes, major  r e f u r b i s h m e n t s ,  e t c .  

1 .3  P o s s i b i l i t y  o f  A u d i t  recommendations b e i n g  a p p l i e d  t o  o t h e r  b u i l d i n g  
yes  I 1 no ( I 

2. ECONOMIC RESTRAINTS 

2 .1  C a p i t a l  - ve ry  l i m i t e d  I I 
( O M  changes must be implemented t o  genera te  sav ings  t o  f i n d  , r e t r o f i t s )  
C a p i t a l  a v a i l a b l e  I 
( g i v e  d e t a i l s )  

2.2 I nves tmen t  c r i t e r i a  - method o f  e v a l u a t i o n  and va lues  

s i m p l e  payback ( ) t i m e  p e r i o d  - y r s .  
i n t e r n a l  r a t e  o f  r e t u r n  I I Z 

Other  ( 1 d e s c r i b e  

2.3 C u r r e n t  f u e l  t a r i f f s  l g i v e  d e t a i l s )  

S p e c i f i c  D e t a i l s  ( d e s c r i b e  i n t e r e s t  r a t e s ,  d i s c o u n t  p e r i o d s ,  t a x ,  e t c . )  
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2 . 4 -  I n v e s t m e n t  and o p e r a t i o n a l  n e e d s l d e s i r e s '  

t o  save  e n e r g y  ( I 
t o  save  s p e c i f i c  f u e l  t y p e  ( 1 d e t a i l s  
t o  save  maximum demand ( I 
accommodate i n c r e a s e d  l o a d  i n  t h e  b u i l d i n g  I I 
pass  e n e r g y  c o s t  d i r e c t l y  t o  t e n a n t s  I I 
l i m i t  manua l  o p e r a t i o n  ( I 
o t h e r  ( d e s c r i b e )  

2 . 5  A p p l i c a b l e  G r a n t s ,  s u b s i d i e s  and t a x  advan tages  

3 .  BUILDING CONOlTlON 

No te  a l l  p rob lems  

c o m f o r t  ( 1 
b reakdowns ( I 
l a c k  o f  c a p a c i t y  ( I 
appearance ( I 
n o i s e  ( I 
o t h e r  I I 

D e s c r i b e  p r o b l e m s  

4 .  ECO IMPLEMENTATION PLAN 

P r e f e r r e d  

4 . 1  I n  o r d e r  o f  l o a d s ,  d i s t r i b u t i o n  
t h e n  sys tems 6 c e n t r a l  p l a n t  1, 1 

4 . 2  I n  a s c e n d i n g  o r d e r  o f  payback .  ( I 
i n t e r n a l  r a t e  o f  r e t u r n  o r  o t h e r  
l i f e - c y c l e '  c o s t  

4 . 3  Ene rgy  s a v i n g s  used  t o  g e n e r a t e  ( I 
r e t r o f i t  c a p i t a l  f u n d  

E s s e n t i a l  
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4 . 4  I tems c a p i t a l i z e d  ( I ( 

4 . 5  I n  c o n j u n c t i o n  w i t h  p lanned r e t r o f i t  ( 
6 r e f u r b i s h m e n t  - g i v e  d e t a i l s  

4.6 To be assessed I I ( ) 

A d d i t i o n a l  Comments and D e t a i l s :  

5. SPECIFIC REOUEST BY OYNERIMANAGER 

Note detai,ls o f  g e n e r a l  requ i remen ts ,  e .g .  d e s i r a b i l i t y  o f  v i s i b l e  ECO's 
and s p e c i f i c  ECO r e q u e s t s  f rom owner,  manager 

6. OCCUPANCY AND M I S C .  EMS System t y p e  

Normal Occupancy Per iod :  hours  pe r  day I ) 

weeks pe r  yea r  ( 

C leaning and Maintenance l o u t s i d e  o f  normal h o u r s ) :  
days pe r  week I ) 

S e c u r i t y  ( o u t s i d e  o f  normal and c l e a n i n g  h o u r s ) :  
days per  week I 

Occupancy P a t t e r n  : s teady ( I i n t e r m i t t e n t .  
( d e n s i t y )  

u n i f o r m  ( ) 
e .g .  o f f i c e  

days per  r e e k  ( ) 

hours  per  day ( ) 
weeks pe r  y e a r  I ) 
hours  pe r  day ( I 
weeks pe r  yea r  ( I 

e.g.  r e s t a u r a n t  ( I 

i s o l a t e d  I 1 
e.g.  warehouse 

B u i l d i n g l S p a c e  Thermal I n e r t i a  : l i g h t  we igh t  ( ) medium we igh t  ( ) 
heavy we igh t  ( 1 
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ENVELOPE DATA COLLECTION SHEET 

M a t e r i a l s  used: 
M a l l  s u r f a c e  cove red  by  g l a s s  . . . . . . . . . .  1 No o f  windows . . . . . . . . . .  
Number o f  g l a s s  panes . . . . . . . . . . . . . . . . .  Z Are t h e r e  windows t h a t  

. . . . .  . . . . . . . . . . . . . . . . .  X 2  can be c o v e r e d  o v e r ?  
. . . . . . . . . .  ...... E s t i m a t e  t o t a l  g l a s s  a rea  m  Storm windows Z 
. . . . . . . . .  Note :  m i s s i n g  o r  c r a c k e d  g l a s s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p e c i a l  t r e a t m e n t s  a p p l i e d ,  c o a t i n g s ,  e t c .  
. . ....................................................................... 
Can improvements be made, how? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
........................................................................ 

T h e r m a l / s o l a r  f a c t o r s :  
Are t h e r e  shades, s h u t t e r s ,  d r a p e s , . r o l l e r  b l i n d s ,  e t c . ?  . . ............. 
........................................................................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Note  s o l a r  shad ing  env i ronmen t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
........................................................................ 
Can improvements be made, how? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V e n t i l a t i o n  and a i r  leakage f a c t o r s :  
Windows a b l e  t o  be opened ( d e s c r i b e )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e v e l  o f  weather  s t r i p p i n g :  none ( I . p a r t i a l (  I w e l l  done ( I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o n d i t i o n s  o f  l a t c h e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Water prob lems 
Ev idence  o f  wa te r  p rob lems ,  windows 8 mou ld ings  none ( I yes  ( I 
L i s t  d e t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Vents :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Recommendations - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.  DOORS 

E x t e r i o r  d o o r s :  
. . . . . . . .  S u r f a c e  cove red  by  e x t e r i o r  doo rs  . . . .  Z Thermal r e s i s t a n c e  

Are some unnecessarv  and c o u l d  t h e y  be cove red  o v e r ?  .; . . . . . . . . . . . . . . . .  
What e x t e r i o r  doo r  c o n s t r u c t i o n  has been used? 
d o o r s  . . . . . . . . . . . . . . . .  s e a l s  . . . . . . . . . . . . . . . . .  l a t c h e s  . . . . . . . . . . . . . . . . .  
s t o r m  d o o r s  . . . . . . . . . . . . . . . . . . .  c l o s u r e  a p p a r a t u s  . . . . . . . . . . . . . . . . . .  
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Can e x t e r i o r  d o o r  sys tems be  upg raded ,  how? . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n t e r i o r  d o o r s :  
A re  t h e y  p r e s e n t  a t  each  f l o o r  t o  p r e v e n t  f l o o r - t o - f l o o r  v e r t i c a l  a i r  
f l o w ,  d e t a i l s ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Recommendat ions:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :... . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M a t e r i a l  used  I d i s c r i b e l :  
E x t e r i o r  c o l o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E x t e r i o r  s u r f a c e  t r e a t m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n t e r i o r  t r e a t m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E s t i m a t e  o f  t h e r m a l  r e s i s t a n c e  
E s t i m a t e  o f  w a l l  s u r f a c e  a r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :. 
A r e  r a d i a t o r s  l o c a t e d  a l o n g  e x t e r i o r  w a l l s ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Can i n s u l a t i o n  be  added, how? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S t a t e  o f  r e p a i r :  p o o r  ( ) ave rage  ( 1 good ( 1 
E v i d e n c e  o f  a i r  l eakage  s i t e s  ( g a p s ,  c r a c k s ,  e t c . 1  . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .................... E v i d e n c e  o f  t h e r m a l  b r i d g e s  ( d i s c o l o r a t i o n ,  e t c . )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E v i d e n c e  o f  m o i s t u r e  p rob lems  ( s t a i n s ,  r o t ,  e t c . )  . ..................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l n t e r i o r  Soace 
~ - . - ~ -  

Average room h e i g h t  . . . . . . . . . . . . .  m  
I s  i t  f e a s i b l e  t o  l owe r  room h e i g h t s  t o  r e d u c e  c o n d i t i o n e d  vo lume? 

No tes  on  e x i s t i n g  c o n d i t i o n s  and p o s s i b l e  improvements :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  Type IS ize  o f  r o o f  system m 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Type lS ize  o f  a t t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M a t e r i a l s  used, r o o f l a t t i c :  
Yarer  b a r r i e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n s u l a t i o n  l e v e l  L t ype  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Support  m a t e r i a l  
Es t ima te  o f  t he rma l  r e s i s t a n c e  ......................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Can i n s u l a t i o n  be added? S p e c i f y  cho ices  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V e n t s l v e n t i l a t i o n  s i z e  and l o c a t i o n l :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P e n e t r a t i o n s  th rough  r o o f  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Under r o o f  v e n t i l a t i o n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Are v e n t s  s i z e d  p r o p e r l y  and unblocked? 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Y d t e r l w e a t h e r  prob lems:  
I n s i d e  wa te r  l eaks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t e r i o r a t i o n  o f  r o o f  su r face  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ya te r  p u d d l i n g  on r o o f l i c e  dams 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yet  i n s u l a t i o n  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Air p e n e t r a t i o n  under i n s u l a t i o n  

Wood p r o d u c t  d e c a y l d i s c o l o r a t i o n  r o o f l a t t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Roof c o o l i n g :  Can r o o f l b u i l d i n g  b e n e f i t  f rom and suppor t  an 
e v a p o r a t i v e  sp ray  system? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5. FOUNDATIONSILOYER FLOOR 

Type o f  f o u n d a t i o n ,  f l o o r , c o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M a t e r i a l s  used: 
S t r u c t u r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n s u l a t i o n  ( i n s i d e ,  o u t s i d e ,  d e s c r i b e )  
. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sur face t r e a t m e n t s  
Es t ima te  o f  t he rma l  r e s i s t a n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Can i n s u l a t i o n  be added, how? 

Coup l ing  w i t h  main p o r t i o n  o f  b u i l d i n g  
Sha f t s  and s t a i r  system 
I s o l a t e d  from b u i l d i n g ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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F l o o r  immed ia te l y  above f o u n d a t i o n .  
M a t e r i a l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n s u l a t i o n  l e v e l l m e t h o d  
............................ Should  a d d i t i o n a l  i n s u l a t i o n  be added, how? 

Vents and o t h e r  connec t ions  t o  o u t s i d e  . . 
Vent d e s c r i p t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Openings a t  s e r v i c e  p i p e s .  w i r i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Notes on p o s s i b l e  improvements: 
. . . ................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6. AIR MOVEMENT AND EXCHANGE 

A i r  exchange l e v e l  ( a l l  components): 
I s  t h e r e  ev idence o f  b u i l d i n g  d r a f t i n e s s ,  open v e n t s ,  l eak  s i t e s ,  e t c . ?  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Uhat i s  needed i n  terms o f  s e a l a n t s  a n d l o r  c o n s t r u c t i o n  t o  l i m i t  a i r  
exchange? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V e r t i c a l  a i r  movement: 
I s  t h e r e  ev idence o f  p lumbing and e l e c t r i c a l  s h a f t s  e x t e n d i n g  upward 
th rough  t h e  b u i l d i n g ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P o s s i b l e  s o l u t i o n s  
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REGULATION D A T A  COLLECTION SHEET 

1. HEATING DlSTRIBUTlON not  provided ( 1 
(see a l so  PIPES c h e c k l i s t )  

Zones : s i n g l e  ( m u l t i p l e  ( 

Cont ro l  : f i x e d  temperature ( 

v a r i a b l e  temperature w i t h  i )  indoor master s t a t .  ( 

iil outs ide  a i r  s t a t .  ( 
iiil s o l a r  compensation ( 1 
i v )  n i g h t  changeover ( ) 

temperature c o n t r o l  by: m ix ing  va lve  ( 1 r e s e t t i n g  b o i l e r  aquastat ( 
a d d i t i o n a l  room c o n t r o l s  : ( 

2. SPACE HEAT CONTROL 

Zones : i n d i v i d u a l  room I zone I b u i l d i n g  ( 1 

Setpo in ts  : OK ( ) COMMENT'S: 

Comfort Problems 

t oo  h o t  : 
too  co ld :  

Cont ro l  : 

Thermostat Types: 

Heat ing 
Terminals : 

Water and 
Steam C o i l s  : 

overshoot 

always ( 1 s p r i n g l f a l l  ( ) sunny weather ( ) 
always ( ) s p r i n g l f a l l  ( ) e a r l y  morning ( ) 

windows opened f o r  temperature c o n t r o l  ( ) 

when 

setback ( ) 

ONIOFF ( ) a n t i c i p a t o r  ( p r o p o r t i o n a l  ( 
thermosta t i c  r a d i a t o r  valves ( ) 
s t a t i c :  ' e l e c t r i c  ( ) hydronic ( 1 
warm a i r :  e l e c t r i c  and gas 

o r  o i l  ( ) , hydronic ( 1 
(e.g. furnace) 

demand change i n  t a r i f f  ( 
( e l e c t r i c a l  systems o n l y )  

main ly  r a d i a n t  ( I 
( low temperature) 

r a d i a n t  ( 
( h i g h  temperature) 

t h r o t t l e  va lve  ( 3-way mix ing  w i t h  
c i r c u l a t o r  ( -  ) 

s i n g l e  c o n t r o l  va lve  on l a rge  c o i l  ( 1 
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3: SPACE COOL CONTROL n o t  p r o v i d e d  ( l 

Zones : i n d i v i d u a l  room ( l zone I l b u i l d i n g  ( I 

S e t p o i n t s  : OK ( I deadband o r  o t h e r w i s e  sequenced w i t h  h e a t i n g  ( I 
(check r e s u l t s  f rom d i s a g g r e g a t i o n  a n a l y s i s )  ( I 

Comfort  Problems: 

t o o  h o t  : always I sunny weather I I t ime  o f  day 
t o o  c o l d  : a lways ( l d u l l  days ( I t i m e  o f  day 

Thermostat Type : ONIOFF I 1  p r o p o r t i o n a l  I I deadband I I 

C o n t r o l  : temperature se tup  o r  s h u t  o f f  ( I 

Main System T y p e ( s l :  

C o o l i n g  Medium : c h i l l e d  wa te r  I l r e f r i g e r a n t  (Dx, systems) ( I 

4.  MECHANICAL VENTILATION SYSTEMS n o t  p r o v i d e d  ( l 
(Systems s u p p l y i n g  c o n d i t i o n e d  a i r  - see a l s o  GARAGES). 

C u r r e n t  Opera t ion  : con t inuous  I I o n l y  when occup ied  ( l 
on d u r i n g  p r e - c o n d i t i o n i n g  p e r i o d  ( I 

Requi red Opera t ion  : con t inuous  ( I o n l y  when occup ied  I I 

Type : l O O Z  ( o u t s i d e  a i r 1  ( I m i x i n g  system ( I 
a i r  economiser 1 )  h e a t  exchanger I I 
e v a p o r a t i v e  c o o l i n g  I 1  p rehea t  c o i l s  I I 

C o n t r o l  : c o n s t a n t  I I v a r i e d  by t i m e  c l o c k  ( I 
v a r i e d  by C O  m o n i t o r  ( I ( d u r i n g  occupancy1 
v a r i e d  by CO m o n i t o r  I 1  ( d u r i n g  occupancy1 
v a r i e d  by h u i i d i t y . m o n i t o r  
n i g h t  v e n t i l a t i o n  ( I ( f o r  c o o l i n g )  

Hea t ing  : d i r e c t  (gas1 ( I i n d i r e c t  o r  e l e c t r i c  I I 

Volumes : excess ive  I I about r i g h t  ( I lower  than  r e q u i r e d (  I 
n o t  known ( I 

Notes:  
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5 .  MECHANICAL EXHAUST SYSTEMS n o t  p r o v i d e d  ( 1 
(Systems exhaus t ing  a i r  f rom t h e  space. see a l s o  GARAGES). 

C u r r e n t  O p e r a t i o n  : con t inuous  ( o n l y  when occup ied  ( 
as r e q u i r e d  ( l o c a l i s e d  systems o n l y )  ( 1 

Requi red O p e r a t i o n  : con t inuous  ( o n l y  when occup ied  ( 
as r e q u i r e d  ( l o c a l i s e d  systems o n l y )  ( I 

Makeup : i n f i l t r a t i o n  I ) g e n e r a l  v e n t i l a t i o n  ( 1 
l o c a l  v e n t i l a t i o n  ( ) f rom o t h e r  zones ( 1 
d i r e c t l y  a t  exhaust  u s i n g  p a r t i a l l y  o r  
u n c o n d i t i o n e d  a i r  ( 

Type : g e n e r a l  exhaust  I 1 l o c a l  exhaust  ( 1 

Exhaust  Hoods: low v e l o c i t y  ( ) h i g h  v e l o c i t y  I I a c t i v a t e d  carbon ( ) 

6 .  HUMIDlFICATlON n o t  p r o v i d e d  I ) 

C u r r e n t  O p e r a t i o n  : con t inuous  [ 1 o n l y  when occup ied  I 

Requ i red  O p e r a t i o n  : con t inuous  ( 1 o n l y  when occup ied  I 

S e t p o i n t  : ( ) % 
. Open space: ( 1 % 

7 .  SWIMMING POOL HALLS ( A d d i t i o n a l  i n f o r m a t i o n )  

S i z e  : v e r y  l a r g e  Le.g. Olympic)  ( l a r g e (  1 
s m a l l  ( p r i v a t e )  ( 

Type : indoor  ( 1 ou tdoor  ( ) 
Temperature: h a l l  I p o o l  I I 

H u m i d i t y  C o n t r o l  : none ( h u m i d i s t a t  c o n t r o l l e d  v e n t i l a t i o n  ( 
mechanica l  d e h u m i d i f i c a t i o n  ( ) p o o l  b l a n k e t  [ 1 

8. INDOOR GARAGES [ A d d i t i o n a l  I n f o r m a t i o n )  

Type : v e n t i l a t i o n  o n l y  I 1 h e a t i n g  and v e n t i l a t i o n  I 

Makeup A i r  : o u t s i d e  ( ) f rom o t h e r  zones ( 1 

C o n t r o l  : c o n s t a n t  r a t e  I manual( ) C O  m o n i t o r  ( 

Comments : . 
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9 .  HIGH SPACES ( A d d i t i o n a l  I n f o r m a t i o n )  

Space H e i g h t  : 5 - 1 0 m  I 1  10 m I I 

Termina l  Hea t ing  L o c a t i o n  : low l e v e l  I ) h i g h  l e v e l  I I 

10. INDUCTION SYSTEMS n o t  p r o v i d e d  ( I 

n o z z l e  age I I 
tempera tu re  r e s e t  o f  p r imary  a i r  I I 
l o a d  r e s e t  c o n t r o l l e r  I I 

11. DUAL DUCT, MULTIZONE AND REHEAT SYSTEMS 

l o a d  r e s e t  c o n t r o l l e r  I I 
s t r a t i f i c a t i o n  s p l i t t e r s  I 1 ( d u a l  d u c t  and m u l t i z o n e  

o n l y 1  
i n d i v i d u a l  c o i l s  ( I common c o i l s  I 

l m u l t i z o n e  o n l y 1  
r e c o o l  c o i l s  I I 

12.  V A V  SYSTEMS n o t  p r o v i d e d  I I 

Termina l  Types : bypass I 1 t h r o t t l e  I I 

Fan C o n t r o l  : t h r o t t l e  I I i n l e t  o r  o u t l e t  dampers I I 
v a r i a b l e  p i t c h  o r  speed c o n t r o l  I I 

13.  ROOFTOP HVAC (PACKAGED) SYSTEMS 

C o i l s :  d i r t y  I I c l e a n  I ) 

Fan B e l t s :  s l a c k  I I damaged I ok I I 

Leak ing  Sea ls :  yes I I no ( I 

Gaskets (Access Doors1 damaged I I m i s s i n g  I I ok I I 

Covers: mar ine h a t c h  I ) o f  screwed f a s t e n e r s  I I 
secure I I loose  I I 

I n s u l a t i o n :  damaged I 1 OK I I 
t h i c k n e s s  mm 

Condenser: shaded I 1 i n  d i r e c t  s u n l i g h t  I I 

C o o l i n g  C o i l  Trap: b lown ( OK I I 
l a i r  escap ing )  
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HEATING PLANT DATA COLLECTION SHEEI 

1. GENERAL 

Type o f  h e a t i n g  sys tem:  
h e a t i n g  o n l y  ( I combined h e a t i n g  L c o o l i n g  
combined p r o d u c t i o n  o f  space h e a t i n g  and SHY 
combined w i t h  supp lementary  h e a t i n g  sys tem Yes ( 1  No 
if Yes: s o l a r  ( I h e a t  pump I 1 wood I 1  o i l  

LPG ( I n a t l .  gas I I e l e c t  I 1  o t h e r s  

C e n t r a l  h e a t i n g  b u i l d i n g  ( 1  more t h a n  1 b l d g .  I I 

Main f u e l  used:  
n a t l .  gas I I g a s - o i l  ( I heavy o i l  I I e l e c t r i c i t y  I I 
h e a t  c o n t e n t  h i g h  . . . . . . .  low . . . . . . .  
p r e s s u r e  (gas  o n l y 1  . . . . . . .  kPalbar lmm H  0  . . . . . . .  

2 
Number o f  hea t  g e n e r a t o r s  . . . . . . .  o f  wh i ch  . . . . . . .  f o r  r e s e r v e  

H e a t i n g  p e r i o d  . . . . . . .  days 
s t a r t i n g  d a t e  . . .  I... end ing  d a t e  
O p e r a t i n g  schedu le  o f  t h e  h e a t i n g  p l a n t  

t o t a l  h r s l d a y  f rom 
w o r k i n g  days . . . . .  . . . . .  
p r e - h o l i d a y s  . . . . .  . . . . .  

- h o l i d a y s  . . . . .  . . . . .  
Person r e s p o n s i b l e  f o r  t h e  o p e r a t i o n  . . . . . . .  

. . . I... 
t o  f rom t o  
..... . . . . .  . . . .  
..,.. . . . . .  . . . .  

.Maintenance f requency  
. . . . .  b u r n e r  on r e q u e s t  ( I s t a r t l e n d  season ( 1  t i m e s l y e a r  
. . . . .  b o i l e r  on r e q u e s t  I 1  s t a r t l e n d  season I 1  t i m e s l y e a r  
. . . . .  chimney on r e q u e s t  ( 1  s t a r t i e n d  season ( 1  t i m e s l y e a r  

t r e a t m e n t  o f  h e a t i n g  f l u i d  

Person r e s p o n s i b l e  o f  t h e  main tenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; 
There a r e  h e a t  r e c o v e r y  d e v i c e s  i n s t a l l e d  on t h e  f l u e  gas 
exhaus t?  Yes ( 1  No I I .  

B o i l e r  room p i p e  i n s u l a t i o n  
none I 1  damaged o r  i n s u f f i c i e n t  I 1  OK I I 
t h i c k n e s s  I 1 mm t y p e :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Has t h e  c e n t r a l  h e a t i n g  a  wateg s t o r a g e  t a n k ?  Yes ( I No ( I 
s t o r a g e  t a n k  c a p a c i t y  . . . . .  m  s t o r a g e  tempera tu re  . . . .  . O C  
s t o r a g e  t a n k  i n s u l a t i o n :  

none ( I damaged o r  i n s u f f i c i e n t  I 1  OK I I 
t h i c k n e s s  I 1  mm t y p e :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;..... 

Expans ion  t a n k  volume . . .  :.m3 open I 1. c l o s e d  ( 1  
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P r imary  c i r c u i t  t r a n s f e r  f l u i d  
h o t  water  ( I superheated water  ( I steam ( I o i l  ( I 

. . . . .  C i r c u l a t i o n  pump t o t a l  e l e c t r i c  power . . . . .  h p 0 . 7 4  = kU 

I s  t h e r e  a  f u e l  o i l  p re -hea te r  Yes ( I No ( I 

0  
B o i l e r  room ambient tempera tu re  ( C l  

Energy mete rs  i n  t h e  p l a n t  room: 
n a t . g a s / o i l  f low-meter  Yes ( I No ( I 
e l e c t r i c i t y  meter Yes ( I No ( I 
o i l  t ank  l e v e l  gauge Yes ( I No ( I 
o t h e r s  ( s p e c i f y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.  BURNER 

B u r n e r - b o i l e r  system no. 1 2 3  4 
t r a d e  mark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t y p e :  A i r  Pressure j e t .  Steam Pressure j e t .  H igh Pressure Gas. Ro ta ry  cup.  

Atmospher ic  Gas. E l e c t r i c  R e s i s t . .  E l e c t r o d e  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t y p e  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  the rma l  r a t i n g  (kU1 i n p u t  

f u e l  f l o w  r a t e  range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
measured f u e l  f l o w f a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( k g l h r  o r  m I h r l  
n o z z l e  c h a r a c t .  (GPH-am1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f u e l  p r e s s u r e  a t  t h e  n o z z l e  
( i f  a p p l i c a b l e )  . . . . .  Pa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Compressor e l e c t r i c  power ( i f  a p p l i c a b l e 1  . .  
B u r n i n g  mode S i n g l e  f i r e  ( 1  H igh  ( I. L o r  ( I. F u l l y  M o d u l a t i n g  I I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d u a l  f u e l  (NoIYes) ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i f  Yes, what o t h e r  f u e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A i r  f l o w  a d j u s t a b l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E m u l s i f i e r  i n s t a l l e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( o n l y  heavy o i l 1  (YesINol  
I s  f u e l  i n j e c t i o n  ang le  and . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p o s i t i o n  a d j u s t a b l e  (Yes lNo l  
P re -pu rg ing  t i m e  (seconds)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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3 .  BOILER 

Trade mark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Year o f  i n s t a l l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Type: C a s t - I r o n  I 1  S t e e l  I 1  Condensing ( 1  P u l s a t i n g  I 1  Water-Tube ( 1  

F i re-Tubes I I 
. . . . . . . .  

Rated o u t p u t  c a p a c i t y  I k U I  . . . . . . . .  
B o i l e r  j a c k e t  i n s u l a t i o n  . . . . . . . .  

None. I n s u f f i c i e n t .  OK 
t h i c k n e s s  I I mmo t y p e :  . . . . . . .  

Jacke t  s u r f a c e  temp. I C l  . . . . . . . .  
Are t u r b u l a t o r s  o r  b a f f l e s  i n s t a l l e d  i n  

YeslNo . . . . . . . .  
F l u e  damper i n s t a l l e d ?  . . . . . . . .  

None ( 1 G r a v i t y  I 1  
B o i l e r  d r a f t  t o  himney ( P a l  . . . . . . . .  S Aquastat  temp. ( C) . . . . . . . .  
Aquastat  c o n t r o l  ( c o n s t a n t  o r  v a r i a b l e )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  
t h e  b o i l e r ?  ( F i r e  tube  b o i l e r s  o n l y 1  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

Elect romech.  I 1  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Means o f  [Manual.  Automat ic  w i t h  o u t s i d e  a i r 1  

4 .  CHIMNEY 

d iamete r  . . . . . . . .  h e i g h t  . . . . . . . .  
m a t e r i a l  b r i c k  I I c o n c r e t e  ( I tubed  
t r a c e  o f  m o i s t u r e :  Yes ( 1  No ( I soo t  l a y e r :  smal 

I I 
1 I 1  t h i c k  I I 

5. EFFICIENCY 

B o i l e r  combust ion e f f i c i e n c v  d a t a  
C02 c o n t e n t  1%) h i g h l l o w  f i r e  . . .  I . . .  . . .  I... ...  I . . .  . . .  I... 

O 2  c o n t e n t  (%I ' . . .  I . . .  . . .  I... .. .  I . . .  . . .  I... 
C O  c o n t e n t  lppmb ... I.. . . . .  I.. . . . .  I:. . . . .  I... 
f l u e  gas temp. I C l  . .. I... . . .  I . . .  . . .  I... ... I... 
s o o t  IBacharachI  no. . . .  I . . .  ... I... . . .  I... .. .  I... 

combust ion e f f i c i e n c y  ( % I  ... I... . . .  I . . .  . . .  I... . . .  I... 
stand-by  losses  1% r a t e d  kY1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b o i l e r  f u l l  l o a d  e f f .  (Z1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  h e a t i n g  p l a n t  s tand-by losses :  . . . . . . . .  Z . . . . . . . .  kU 
B o i l e r  s h e d u l i n g  ( i f  a p p l i c a b l e )  

No I I Yes: manual I I au tomat i c  ( I 
i f  Yes, s e t t i n g  o f  b o i l e r  cascade ...l...l..bI...l...l 

e x t .  temp. o f  s t a r t i n g  t h e  cascade . . . . .  C 

No. o f  work ing  hours l season  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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CENTRAL ELECTRIC HEATING 
Trade mark . . . . . . . .  model . . . . . . . .  year  . . . . . . . .  

......... Rated t h e r m a l  c a p a c i t y  . . . . . . . .  s t o r a g e  v o l  m 3  

Supply :  s i n g l e  phase ( I 3-phases ( I 
type  o f  t a r i f f  . . . . . . . . . . . . . . . . . . . . . .  
SOLAR SPACE HEATING SYSTEMS 
Trade mark o f  c o l l e c t o r s  . . . . . . . . . . . .  y e a r  ........ 
use: space h e a t i n g  I 1 h e a t i n g  6 SHY ( I o t h e r  ( I . . . . . . . . . . .  
c o l l e c t o r  t y p e :  . p l a n e  ( I vacuum tube ( I c o n c e n t r a t i o n  ( I 

o t h e r  I I .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c o l l e c t o r  f l u i d :  water  ( I a i r  I I a n t i  f reeze  s o l u t i o n  ( I 

o t h e r  ( I ......... 2 . . . d . . . . .  .. 
....... c o l l e c t o r  s u r f a c e  area g ross  . . . . . . .  m n e t  m 

2 

m a t e r i a l :  A1 ( I s . s t e e 1  I I Cu ( 1  p l a s t i c  ( I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o t h e r  I 1  

s e l e c t i v e  t r e a t m e n t  Yes ( I No ( I 
s t o r a g e  t y p e :  wa te r  ( I pebb le  bed ( I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o t h e r  ( I 
c a p a c i t y  (volume1 m 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t h e r m a l  c a p a c i t y  kJ IK  

p o s s i b i l i t y  t o  g e t  a  s o l a r  system i n s t a l l e d  Yes ( I No ( I 

HEAT PUMP FOR SPACE HEATING 
. . . . . . . .  . . . . . . . .  Trade mark . . . . . . . .  model yea r  

t y p e :  a i r l a i r  I I w a t e r l w a t e r  ( I a i r l w a t e r  ( I w a t e r l a i r  ( I 
use: h e a t i n g  ( I h e a t i n g  and c o o l i n g  I I h e a t i n g  and SHY ( I 

o t h e r  ( I . . . . . . . . . . . . . . . . . . . . . . . .  
engine:  ' e l e c t r i c  I I i n t e r n a l  combust ion I I 

i n t e r n a l  combust ion w i t h  hea t  recovery  I I 
... . . . . . . . . . . . . . . . . . . . . .  o t h e r  ( I 

. . . . . . . .  r a t e d  HP t h e r m a l  o u t p u t  c a p a c i t y  kY 
r a t e d  HP i n p u t  power . . . . . . . .  P 
COP a t  nomina l  work ing  tempera tu re  I.... C l  . . . . . . . . . . . . . . . . . . . .  
B i v a l e n t  I I P a r a l l e l  I I A l t e r n a t i v e  ( I P a r a l l e l l l A l t e r n a t i v e  ( I 

D i r e c t  h e a t i n g  I I Sto rage  h e a t i n g  ( I 

OlSTRlCT HEATING 
r a t e d  t h e r m a l  c a p a c i t y  t o  t h e  l o a d  . . . . . . . . . . . . . . . . . .  kY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t y p e  o f  hea t  exchanger 
t y p e  o f  t a r i f f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REGULATION - See R e g u l a t i o n  c h e c k l i s t  
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FIREPLACES 
Es t ima ted  the rma l  c a p a c i t y  . . . . . . . .  kY  
l o c a t i o n  e x t e r n a l  w a l l  ( 1  i n t e r n a l  w a l l  ( I 
t y p e :  open h e a r t h  ( I h e a t i l a t o r  ( 1  

s e m i - a i r t i g h t  ( 1  a i r t i g h t  s t o v e  I I 
does i t  have g l a s s  doors  Yes ( 1  No I 1  
does t h e  damper f i t  p r o p e r l y  Yes ( 1  No ( 1  
i f  no g l a s s  doors ,  i s  i t  p lugged when n o t  i n  use Yes ( 1  No ( 1  
f requency o f  use: o c c a s i o n a l  I I f requen t  I 1  main h e a t i n g  ( 1  
does i t  have a i r  d i s t r i b u t i o n  t o  o t h e r  rooms Yes ( 1  No I I 
does i t  have f r e s h  a i r  supp ly  Yes ( 1  No ( I w i t h  damper Yes ( 1  No ( 1  
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COOLING PLANT DATA COLLECTION SHEET 

1. COOLING EQUIPMENT 

PURCHASED CHILLED YATER ( 1  

CENTRAL CHILLERS (CHILLED YATER DISTRIBUTION) 

No. o f  u n i t s :  s i n g l e  ( m u l t i p l e  ( I g i v e  number o f  u n i t s  . . . . .  
Type: r e c i p r o c a t i n g  ( I s i n g l e  c y l i n d e r  ( ) m u l t i  c y l i n d e r  ( ) 

c e n t r i f u g a l  ( 1  
screw ( 
a b s o r p t i o n  ( 1  

Free c o o l i n g  types:  Yes I ) No ( 1  
Compressors: open ( I c l o s e d  ( h e r m e t i c )  I 

F u e l l H o t i v e  power 
E l e c t r i c i t y  I 1 
T u r b i n e  I I gas I . steam ( 
Engine ( 1  gas I 1 o i l  1 )  
Hot r a t e r  I I ' s i t e  generated ( purchased I 
Steam by p r o d u c t  steam I condensate r e t u r n e d  ( 1  

t o  b o i l e r  o r  u t i l i t y  

INDUSTRIAL REfRlGERATION (REfRIGERANT DISTRIBUTION) I 1 

UNITARY AND SPLIT SYSTEMS 

S p l i t  I ) D i s t a n c e  between e v a p o r a t o r  & condenser.  . ........... 
S i n g l e  package ( 

Type o f  compressor . ................................................ 

ATMOSPHERIC COOLING ( ) 

D e t a i l s  . ..................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CONTROL 

C u r r e n t  s e t p o i n t :  . . . . . . . .  Reset manual ly  Yes ( I No ( 1 
..... Auto r e s e t  c o n t r o l :  Yes I I No ( ) s e t p o i n t s  .................. .. 

C r i t i c a l  h u m i d i t y  c o n t r o l  Yes ( No I ) 
Number ( c o o l i n g  s tages1 F l a s h  i n t e r c o o l i n g :  Yes I 1 No ( ) 
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Capac i t y  c o n t r o l :  V a r i a b l e  speed ( 

S o l u t i o n  c o n t r o l  ' I  
Condenser c o n t r o l  ( ) A b s o r p t i o n  Only  
T h r o t t l e  c o n t r o l  ( 1 
Hot gas bypass ( ) 
Back p ressu re  v a l v e  ( I R e c i p r o c a t i n g  o n l y  
C y l i n d e r  u n l o a d i n g  ( I 
S u c t i o n  damper 

( C e n t r i f u g a l  o n l y  I n l e t  gu ide  vanes I ) 

. . . . . . . . . .  Other  ( d e s c r i b e ) :  . ................................... : . . . . .  
SEQUENCING OF MULTIPLE UNITS 

S e r i e s  ( P a r a l l e l  I connec t ion  
Automat ic  sequencing Yes ( I No I I 
D e t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Manual sequencing Yes ( ) No I I 
D e t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MISCELLANEOUS 

Reasons t o  b e l i e v e  equipment o v e r s i z e d  Y e s '  ( N o '  0 
E.g. u n i t s  o f  m u l t i p l e  p l a n t  n o t  used, equipment c y c l e s  on h o t  days,  e t c .  
D e t a i l s  . .................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHILLED YATERIICE STORAGE PROVIDED Yes ( ) No ( I 
D e t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Es t ima ted  demand charges ( i f  any) 
Assoc ia ted  w i t h  c h i l l e r  o p e r a t i o n  ( I v e r y  s i g n i f i c a n t  

I c o u l d  be s i g n i f i c a n t  
( ) none 

Need f o r  w i n t e r  t i m e  c o o l i n g  Yes ( ) No ( I 
I f  Yes, by o u t s i d e  a i r  o r  c h i l l e d  r a t e r ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 .  HEAT REJECTION EQUIPMENT 

Type: a i r  coo led  condensers ( 1 c i t y  water  coo led  ( 
e v a p o r a t i v e  c o o l e r s  ( 
c o o l i n g  tower  . (  

t y p e  o f  f i l l :  wood ( ceramic ( ) 
n a t u r a l  r a t e r  source ( I 

d e s c r i b e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I s  nearby n a t u r a l  wa te r  body a v a i l a b l e  s u i t a b l e  f o r  c o o l i n g  Yes ( I No ( I 
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CONTROL 

C u r r e n t  s e t p o i n t :  . . . . . . . .  Reset manua l l y  Yes ( ) No ( 1 
Auto r e s e t  c o n t r o l :  Yes ( 1 No ( I s e t p o i n t s  ........... 
MAINTENANCE RELATED 

Condenser age . . . . .  y e a r s  

S e r v i c e  r a t e r  q u a l i t y  prob lem Yes ( No ( 
Time s i n c e  l a s t  c l e a n i n g  . . . . .  months 
Auto t u b e  c l e a n i n g  i n s t a l l e d  - yes ( ) No ( ) 

C o o l i n g  towers age . . . . .  y e a r s  

V i s i b l e  ev idence o f  l a c k  o f  maintenance Yes ( No ( ) 
D e t a i l s  . . . . ................................................................. 
Time s i n c e  l a s t  c l e a n i n g  . . . . .  months 

Give d e t a i l s  b e l o r  
1. s tagnan t  a i r  ( ) 
2. f u l l  s u n l i g h t  I ) 

3 .  o t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MISCELLANEOUS 

E x i s t i n g  h e a t  r e c o v e r y  equipment:  Yes ( I No ( ) 
D e t a i l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P o t e n t i a l  use f o r  recovered  h e a t :  ( D e s c r i b e )  . ............................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.............................................................................. 
EXHAUST A I R  PASSED OVER CONDENSERS Yes ( ) No 1 1 

Changes t o  exhaust  a i r  ove r  condensers would be:  
EASY ( w o r t h  p u r s u i n g  f u r t h e r )  ( 1 
MODERATE ( w o r t h  c o n s i d e r a t i o n )  ( I 
DIFFICULT ( n o t  w o r t h  p u r s u i n g )  ( I 

COINCIDENT DEMAND FOR COOLING L PROCESS WATER Yes ( I No ( ) 

EXISTING EMS SYSTEM Yes ( 1 No ( ) 

System se rves  c o o l i n g  p l a n t  Yes ( I No ( 1 

System p r o v i d e s :  1. C h i l l e d  water  r e s e t  ( 1 
2. Condenser r a t e r  r e s e t  ( I 
3 .  C h i l l e r  sequenc ing ( 1 
4 .  Schedu l ing  o f  a u x i l i a r i e s  1 I 

I S  DESICCANT DE-HUMIOIFICATION PROVIDED Yes ( ) No ( 1 
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3 .  GENERAL 

OPERATION OF 
AUXILIARIES ITEM OPERATION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1. C h i l l e d  water  pumps 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2. Condenser water  pumps 1 . .  
3 .  O i l  h e a t e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .  C o o l i n g  tower  pan and 
t r a c e  h e a t i n g  . . . . . . . .  

5 .  Compressor Age ... Years 
Low l e v e l  o f  r e f r i g e r a n t  Yes 
(Check s i g h t  g l a s s )  . . . . . . . . . .  

6 .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Are pumps and fans c o n t r o l l e d  such t h a t  t h e i r  power consumption i s  reduced i n  
p a r t - l o a d  c o n d i t i o n  ( r e d u c e d r p m  o r  o t h e r  adequate c o n t r o l  mechanisms)? 

Are m i x i n g  losses  p o s s i b l e  between heated and c h i l l e d  wa te r?  I f  y e s ,  what has 
been done t o  a v o i d  them. 

Planned changes, ma jo r  r e f u r b i s h m e n t  e t c .  a s s o c i a t e d  w i t h  o r  p o s s i b l y  
a f f e c t i n g  c o o l i n g  p l a n t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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OUCTYORK DATA COLLECTION SHEETS 

AIR DISTR. SYSTEM NO ... NAME . . . . . . . . . . . . . . . . . . . .  

System t y p e :  V e n t i l a t i o n  ( Hea t ing  ( ) C o o l i n g  ( 1 

A i r  f l ow :  Des ign a i r  f l o u :  . . . . . . . . . . .  Measured a i r  f l o w :  . . . . . ........ 
System s i z e :  Main d u c t  d imensions:  . . . . . . . . . . . .  

Opera t ion :  Cont inuous ( I when occup ied  ( . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Yhen needed f o r  temp. c o n t r o l  ( 

Supply a i r :  Fan: manu fac tu re r  . . . . . . . .  .. ........ t y p e :  .................. 
O r i v e :  d i r e c t  ( I b e l t  d r i v e  ( motor i n  a i r  s t ream I I 

......... Moto r :  m u l t .  speed ( speed(s ) :  . . . . . ... v o l t a g e :  
. . . . . . . . . . . .  Amperes: . . . . . . . .  power: ........ power f a c t o r :  

Fan s t a t i c  p ressu re :  . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  Exhaust a i r :  Fan: manufacturer  t y p e :  . . . . . . . . . . . . . . . . . . .  
D r i v e :  d i r e c t  ( b e l t  d r i v e  ( 1 motor i n  a i r  s t ream ( 

. . . . . . . .  Motor :  m u l t .  speed ( speed(s ) :  . . . . . . . .  v o l t a g e :  
. . . . . . . . .  . ....... . . . . . . . . .  Amperes: power: power f a c t o r :  

. . . . . . . . . . . . . . .  Fan s t a t i c  p ressu re :  

Accessor ies :  l n t a k e  backdraught  damper ( f u n c t i o n  t e s t  ( 1 
I n t a k e  f i l t e r  ( 1 press .  d rop  . . . . . .  
M i x i n g  u n i t  ( 1 f u n c t i o n  t e s t  ( 1 ~ ~~. ~-~~ . 
Heat exchanger ( 1 f u n c t i o n  t e s t  ( ) 
Exhaust backdraught  damper ( 1 f u n c t i o n  t e s t  ( 

I ns t rumen ts :  Thermometer f o r  i n t a k e  a i r  ( u n c o n d i t i o n e d  a i r )  
( 1 r e a d i n g  . . . . . . . .  

Thermometer f o r  supp ly  a i r  ( a f t e r  p l a n t ) (  ) r e a d i n g  . . . . . . . .  
. . . . . . . .  Thermometer f o r  exhaust  a i r  ( r e a d i n g  
. . . . . . . .  Manometer f o r  f i l t e r  ( ) r e a d i n g  

. . 
O the r :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( ) r e a d i n g  . . . . . . . .  
O t h e r :  ( ) r e a d i n g  . . . . . . . .  
Other :  . . . . . . . . . . . . . . . .  ( ) r e a d i n g  :....... 

Duc ts :  Des ign p r e s s u r e  c l a s s :  . . . . . . .  ;... a i r - s p e e d  ( a v r g . 1  . . . . .  
S t r u c t u r a l  ( g a l v a n i z e d  ( f i b r e g l a s s  ( 

Bends: made on s i t e  I 1 p r e - f a b .  ( t u r n i n g  vanes ( 1 
Dampers: f o r  b a l a n c i n g  ( 1 p r e s .  o u t l e t s  f o r  a i r  f l o w  meas.1 1 
I n s u l a t i o n :  t ype :  none ( ) i n s i d e  ( ) o u t s i d e  ( 1 

. . . . .  ..... Supply  a i r  temp. ( i n s i d e  d u c t ) :  summer: w i n t e r :  

. . . . .  . . . . .  Sur round ing  temp: ( o u t s i d e  d u c t ) :  summer: w i n t e r :  
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m v a t i o n s :  

Genera l  maintenance 

I n t a k e  screen 

I n t a k e  backdraught  damper 

A i r  f i l t e r  

Supply  f a n  c a s i n g  c l e a n l i n e s s  

Supply f a n  b e l t  a l i gnmen t  

Supply  fan b e l t  t i g h t n e s s  

Supply f a n  r o t o r  c l e a n l i n e s s  

Supply fan r o t o r  ba lance 

Supply  fan r o t o r  n o i s e  

Supply fan motor tempera tu re  

Supply fan  motor  n o i s e  

Supply fan  motor c l e a n l i n e s s  

Exhaust f a n  c a s i n g  c l e a n l i n e s s  

Exhaust  fan  b e l t  a l i gnmen t  

Exhaust fan  b e l t  t i g h t n e s s  

Exhaust fan  r o t o r  c l e a n l i n e s s  

Exhaust  f a n  r o t o r  ba lance  

Exhaust  f a n  r o t o r  n o i s e  

Exhaust  f a n  motor tempera tu re  

Exhaust  f a n  motor  n o i s e  

Exhaust f a n  motor  c l e a n l i n e s s  

Duct  t i g h t n e s s  

Duct  c l e a n l i n e s s  

Duct i n s u l a t i o n  

(poor ,  f a i r ,  good, e x c e l l e n t )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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PIPEWORK SYSTEM DATA COLLECTION SHEET 

Type o f  system: h o t  water  p ipework system ( ) 

c h i l l e d  r a t e r  p i p e r o r k  system ( 1 
steam p ipework system ( ) 

Type o f  f l u i d :  h o t  r a t e r  ( ) max. temp. . . . . .  
c h i l l e d  r a t e r  ( ) m in .  temp. . . . . .  
superheated water  1 max. temp. . . . . .  
steam I I pressure  . . . . .  
o t h e r  ( ) . . . . . . . . . . . . .  
open l o o p  system ( 1 
c l o s e d  loop  system ( I 
s i n g l e - p i p e  ( I 

s e r i e s  ( ) 
d i v e r t i n g  ( ) 

two-p ipe  ( I 
d i r e c t - r e t u r n  ( I 
r e v e r s e - r e t u r n  ( ) 
d i s t r .  f rom t o p  ( I 
d i s t r .  f rom bo t tom ( 1 

2.  WATER TREATMENT & FILTERING 

Type o f  t r e a t m e n t :  chemica l  c o n d i t i o n i n g  ( ) 
mixed I ) 

Chemical a n a l y s i s  o f  f e e d r a t e r :  yes I ) no ( 1 d a t e  . . . . . .  
B o i l e r  r a t e r  hardness a n a l y s i s :  yes ( I no ( ) d a t e  0  . . . . . . . . .  

Type o f  f i l t e r :  . . . . . . . . . . . . . . . . . . . . . .  
P r e s s u r e - f l o w  c h a r a c t e r i s t i c s  a v a i l a b l e ?  yes ( I no ( I 

. Time s i n c e  l a s t  f i l t e r  rep lacement  . . . . ........ 

D i r t y  f i l t e r s ?  yes I I no ( ) 
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3. EXPANSION TANK 

Location: 

Insulation: 

indoor I 1 outdoor I 
open I I closed I I 
y e s  I 1 no 1 )  material . . . . . . . . . .  

. . . . . . . . . .  thickness 
conductivity ........ 
condition .......... 

Type: open I 1 closed I 1 capacity . . . . . . . . . .  
.......... 
.......... 

Air separator: type . . . . .  

4. PUMPS 

Type: 1 - centrifugal direct-drive I ) 
2 - centrifugal indirect-drive I 
3 - reciprocating I I 

No. Type Manufacturer Pressure Flow Motor Motor Notes 
and model drop rate speed power 

Maintenance: fan good 
bearings good 
fan belt good 
piston good 
brushes good 

Noises 
Leakage 
Fouling 
Misalignment 
Pump position 

I I problems . . . . . . . . . . . . . . . . . . .  
I I problems .......:........... 
I 1 problems . . . . . . . . . . . . . . . . . . .  
I I problems . . . . . . . . . . . . . . . . . . .  
I 1 problems .................... 
I 1 y e s  I 1 . . . . . . . . . . . . . . . . . . .  
I 1 yes 1 . . . . . . . . . . . . . . . . . . .  
I I y e s  I 1 . . . . . . . . . . . . . . . . . . .  
I 1 yes I 1 . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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5 .  PIPES 

M a t e r i a l  s t e e l  1 l 
copper I l 
o the r  I l .................................. 

Locat ion oP outdoor 1 )  
v e r t i c a l  p i p i n g  i n  w a l l  space ( i n s u l a t i o n  on e x t .  s ide1  I l 

i n  w a l l  space un insu la ted  I I 
i n  s o l i d  w a l l  1 )  
indoor I I 

A c c e s s i b i l i t y :  good I I problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i s i b l e  leakage: yes I 1 no I l 
Noise: yes I 1 no I l 

Cond i t ion  o f  p ipes good I l medium ( I bad I l 
expansion j o i n t s  1 )  1 )  I l 
Planges I I I l ( I 

6 .  PIPE INSULATION no ( l yes I l 

p ipe  ex te rna l  diameter . . . .  mm 

7 .  HEATINGICOOLING TERMINALS 

I I Type: r a d i a t o r s  m a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
low-temp. panels I l Ploor I l c e i l i n o  I I 
convector heaters1 l w i t h  fan yes I I no I I 
Pan-coi l  u n i t s  I I 
other  ( l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pos i t i on :  adjacent  t o  ex te rna l  w a l l  I I 
adjacent  t o  i n t e r n a l  w a l l  1 )  
back screens no I l yes I l 

Leaks: no I l yes I I 
Noise: no I l yes I l 
Unnecessary te rmina ls :  no I I yes I I where ? . . . . . . . . . . . .  
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8. VALVES 

Are v a l v e s  i n s u l a t e d ?  no ( I yes I 1 

I n d i c a t e  v a l v e s  t h a t  do n o t  opera te  c o r r e c t l y :  
L o c a t i o n  Reason o f  m a l f u n c t i o n i n a  ( * I  

I e . :  l e a k s ,  n o i s e ,  stem does n o t  t u r n  e a s i l y ,  excess ive  p ressu re  

9 .  STEAM SYSTEMS 

Source o f  steam: 

UTILITY ( I SITE GENERATED I I 

Give d e t d i l s  below 

Condensate r e t u r n  yes I I no I I a l l  c l o s e d  loop I I 

C r e d i t  f o r  hea t  yes I I no ( I predominan t l y  c l o s e d  l o o p  I I 
c o n t e n t  o f  condensate 

p redominan t l y  open loop  ( I 

c o m p l e t e l y  open loop I I 

Type o f  d i s t r i b u t i o n :  

G r a v i t y  I I 

Atmospher ic  I I 
(pumped r e t u r n )  I I 

Constant  vacuum 1  1 

V a r i a b l e  vacuum ( I 

System f e a t u r e s :  

Condensate hea t  r e c o v e r y  ( I 

F l a s h  steam g e n e r a t o r s  ' I I 

V i s i b l e  l eaks  from' v e n t s :  yes ( I 



A p p . . E  D a t a  C o l l e c t i o n  S h e e t s  ( P I  

EQUIPMENT INVENTORY 

I t  i s  n o t  n e c e s s a r y  t o  c o m p l e t e  a l l  p a r t s  o f  t h i s  i n v e n t o r y  d u r i n g  t h e  
i n i t i a l  a u d i t  s t a g e s  u n l e s s  t h e  i n f o r m a t i o n  i s  r e a d i l y  a v a i l a b l e .  . . 

PRESSURE 

DIRECT STEAM USEAGE 

INDIRECT STEAM USEAGE 

TYPE 
n 
m + + 
D ;O 

S I Z E  
- D 
r- T 



App. E  Data C o l l e c t i o n  Sheets ( 5 )  

SHY DATA COLLECTION SHEET 

Number o f  users  served by system: 

Est imated t o t a l  SHY consumption: 
3 ........... (m 

Type o f  SHY account ing:  based on number o f  users ( ) 

i n d i v i d u a l  meter ing ( I 
whole b u i l d i n g  mete r ing  ( ) 

1. DOMESTIC APPLlANCESlSHY USERS 

Spec i f y  number and type  o f  domestic appl iances which may use SHY d i r e c t l y :  
number type 
. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n d i c a t e  if any o f  the  f o l l o w i n g  devices a re  i n s t a l l e d  o r  i f  t h e i r  adop t ion  
would be adv isab le :  

t ype  ; present  absent adv isab le  
Flow r e s t r i c t o r s  1 )  ( ) 1  I 
Mix ing  devices I ) ( 1 ( ) 
Automatic shu t -o f f  I I ( ) ( ) 
. . . . .............. 1 )  ( 1 ( ) 

. . . . . . . . . . . . . . . . . .  ( ) ( 1 ( 1 

DO a l l  t a p s l f a u c e t s  sea l  w e l l ?  Yes ( I No I I 

2.  SHY DlSTRIEIUTlON LAYOUl 

Type o f  d i s t r i b u t i o n :  
Loca l  p r o d u c t i o n  ( ) 
From c e n t r a l  u n i t  (dead l e g )  ( ) 
From c e n t r a l  u n i t  l c i r c u l a t i o n  loop)  ( ) 

3. PIPES 

C h a r a c t e r i s t i c s  o f  SHY d i s t r i b u t i o n  p i p i n g :  
L o c a t i o n  Length Diameter P ipe m a t e r i a l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Type o f  c i r c u l a t i o n :  
G r a v i t y (  Y i t h p u m p ( )  
Can c i r c u l a t i o n  pump be t u r n e d  o f f ?  Yes ( ) No ( 1 

..... Rated power o f  c i r c u l a t i o n  pump (kU) 

C i r c u l a t i o n  pump o p e r a t i n g  t i m e  ..... ( h i d a y )  

5 .  STORAGE 

S to rage  t ype :  
I n d i v i d u a l  e l e c t r i c  h e a t e r  ( 1 
C e n t r a l  w i t h  separa te  tank ( 1  
C e n t r a l  w i t h  s t o r a g e  i n t e g r a t e d  i n  t h e  b o i l e r  ( 1  

S to rage  c a p a c i t y  . . . . .  ( l i t e r s )  number o f  t anks  

Type o f  hea t  exchanger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 .  CONTROLSITIMERS 

Type o f  SHY tempera tu re  c o n t r o l  ( s p e c i f y ] :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0  Temperature s e t p o i n t  i n  s t o r a g e  tank :  . . . . .  ( C I  
B o i l e r  t i m e  c o n t r o l :  Yes ( ) No ( ) 
I f  yes ,  t i m e  on . . . . .  t i m e  o f f  . . . . .  Lh lday )  

7 .  INSULATION 

Pipework i n s u l a t i o n :  
M a t e r i a l  . . ............ Thickness . . . . .  (mm) Leng th  . . . . .  (m) 

. . . . . .  Maintenance s t a t e  . . . . .  Can i n s u l a t i o n  be upgraded? 

Tank i n s u l a t i o n :  
M a t e r i a l  . . . . . . . . . . . . . .  Thickness (mml Area . . . . .  (m 2 . . . . .  
Maintenance s t a t e  . . . . .  Can i n s u l a t i o n  be upgraded? ..... 

8. YATER TREATMENT 

Type o f  t r e a t m e n t :  . .................................... None ( ) 
R e s u l t s  o f  wa te r  chemica l  a n a l y s i s  ( i f  any1 
........................................................ Date . . . ......... 
I s  t h e r e  any s i g n  o f  p i p e  f o u l i n g ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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9. SHY PROOUCTlON SYSTEM 

Source o f  energy employed: 
e l e c t r i c i t y  ( ) o i l  I gas ( o t h e r  ( . . . . . . . .......... 

Type o f  SHY p r o d u c t i o n :  
SHY o n l y  ( 1 Combined SHY-space h e a t i n g  ( ) 
O the r  A l l - y e a r  I I M i n t e r  o n l y  I ) 

Type o f  b o i l e r :  
. ...................................................................... 

Rated h e a t i n g  c a p a c i t y :  
U n i t  1 ..... (kY1 U n i t  2 . .... I k Y I  U n i t  3 ..... (kY1 

. . . . . . . . . . . . . .  Maximum t o t a l  r a t e d  s u p p l y  o f  SHY t o  t h e  system: 1 1 t h )  

I s  t h e r e  any form o f  energy m e t e r i n g ?  Yes ( ) No ( ) 

1s t h e r e  any p o s s i b i l i t y  o f  i n s t a l l i n g  hea t  
exchanger f o r  waste hea t  r e c o v e r i n g ?  yes ( I No ( 
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LIGHTING DATA COLLECTION SHEET 

N.8. Complete one form f o r  each a rea  i n  t h e  b u i l d i n g  w i t h  s i m i l a r  l i g h t i n g  
requ i remen ts .  

. . 
D e s c r i p t i o n  o f  space: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F l o o r  area:  m 

2 . . . . . . . .  
E x t e r i o r  l i g h t i n g :  Yes ( I No ( ) 

I n t e r i o r  l i g h t i n g :  Yes ( I No 1 ) 

I s  t h e r e  any p o s s i b i l i t y  o f  i n s t a l l i n g :  
h e a t  exchanger f o r  Naste hea t  r e c o v e r y  Yes ( 1  No I I 
s w i t c h i n g  t o  a  cheaper f u e l  h e a t e r  Yes I I No I 1 
s o l a r  h e a t e r  Yes ( 1 No ( 1  

Minimum i l l u m i n a n c e :  
h o r i z o n t a l  p lane :  . . . . . . . . . . . . . .  ( l u x 1  
v e r t i c a l  p lane :  .............. L l u x l  
t i l t e d  p lane  ( t i l t  ang le  . . .  O) :  . ............. ( l u x )  

C o l o r  r e n d e r i n g  requ i remen ts :  
. ............. C o l o r  r e n d e r i n g  i n d e x :  ( i f  a v a i l a b l e )  

o r  none ( I average ( 1  s p e c i a l  ( I 

Gla re :  
f rom n a t u r a l  l i g h t i n g :  Yes I ) No I I 
f rom a r t i f i c i a l  l i g h t i n g :  Yes I I No I I 
f rom r e f l e c t i n g  s u r f a c e s :  Yes 1 1 No I I 

2. LIGHTING SYSTEMS 
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Main tenance schedule  
Lamps 
Lumina i res  

C lean ing  
......... 
. . . . . . . .  

3 .  DAYLIGHTING 

E x t e r n a l  o b s t r u c t i o n s :  Yes ( I No ( I 

Per c e n t  o f  workspace s u r f a c e  which can be 
e f f e c t i v e l y  i l l u m i n a t e d  by d a y l i g h t :  . . . . .  I 

S w i t c h i n g  arrangement:  
I n d i v i d u a l  l u m i n a i r e :  Yes ( I No I I 
Zonelroom: Yes ( I No I I 
E n t i r e  s p a c e l f l o o r :  Yes I I No I I 

C o n t r o l  c a p a b i l i t i e s :  
Uanual dimming: Yes I I No ( I 
D a y l i g h t  dimming: Yes ( I No I 1 
Occupancy sensors :  Yes I 1 No I I 

Replacement 
. . . . . . . . . . .  
........... 

U a l l  c o l o r :  L i g h t  I I Medium ( 1  Dark I I 
R e p a i n t i n g  needs: Yes I I No ( I 
Ma jo r  r e f u r b i s h i n g  needs ( s p e c i f y ] :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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ELECTRICAL DATA COLLECTION SHEETS 

1. GENERAL 

I s  t h e r e  a  need f o r  a d d i t i o ' n a l  l o a d  c a p a c i t y  Yes ( I No ( I 
I s  t h e r e  a  prob lem w i t h  ' v o l t a g e  r e g u l a t i o n '  Yes I ) No ( 1 
Has power f a c t o r  equipment been i n s t a l l e d  Yes ( ) No I 1 

2.  TARIFF DETAILS 

Yes No D e t a i l s  

kYh consumpt ion ( I ( 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Time o f  day ( ) ( 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F l a t  r a t e  I I ( I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

..................................... kY demand ( ) ( 1 
Power f a c t o r  1 1 ( 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other  ( I ( I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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4 .  EQUIPMENT INVENTORY (FOR EVALUATION ELECTRICAL DEMAND CONTROL) 
I t  i s  n o t  necessary  t o  complete  a l l  p a r t s  o f  t h i s  i n v e n t o r y  d u r i n g  
p r e l i m i n a r y  s t a g e s  o f  t h e  a u d i t  u n l e s s  i n f o r m a t i o n  i s  r e a d i l y  a v a i l a b l e .  

1 6 .  O v e r s i z e d  motor 
--------------..------------------------------------------------------------- 
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2 2 .  M i s a l i g n m e n t  o f  d r i v e s  
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App. E  Data C o l l e c t i o n  Sheets (EL)  

NOTES: (1 )  E.G. Time c l o c k ,  t h e r m o s t a t ,  p h o t o c e l l .  
( 2 )  Pr imary  l oads  a r e  l oads  t h a t  cannot  o r  shou ld  n o t  be i n t e r r u p t e d .  
( 3 )  D e f e r r e d  loads a r e  l oads  which a r e  n o t  ' l o s t '  when s w i t c h e d  o f .  

mere ly  d e f e r r e d ,  e.g. s t o r a g e  t y p e  water  h e a t e r s .  
( 4 )  Load which c o n t r i b u t e s  t o  t h e  i n t e r n a l  g a i n  o f  a  c o n d i t i o n e d  

space, e.g. l i g h t i n g ,  f a n  moto rs ,  where i n s t a l l e d  i n  t h e  space o r  
i n  t h e  a i r  s u p p l y  s t ream.  
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