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Company Introduction GE

Ingenieur AG )

office in Leimen near Heidelberg office in Chemnitz
founded in 1984 founded in 1990

Leading B2B Consultant for Planning District Heating in Germany

. more than 35 years experience with all aspects of planning district heating systems
. staff of 60 highly qualified specialists

. development of economic solutions with focus on the interest of our customers

. independent of construction and manufacturing companies

Part of the international team for IEA Annex 73
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What's the Idea behind Energy System Architectures
Introduction to the Elements of the System Templates
Using System Architectures to illustrate System Transformation (,Flip Book®)

Annex 73 Classification System for Energy System Architectures

i R A

Selecting Technological Components for Scenarios



Idea behind Energy System Architectures

1. Reduction of complexity

Buildings: normal consumers, critical consumers

Energy Sources: natural gas, oil, waste heat, solar energy, ....
Generation Equipment: boilers, heat pumps, CHP, electric chillers, ....
Grids: heating, cooling, electricity, micro grids

Schematic spatial location of equipment, grids, buildings
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Idea behind Energy System Architectures GEF

2. Clear representation of central elements when designing scenarios
— Baseline (current state of system)
— Base case (most probable future system design)
— Alternative 1, 2, 3, ... (energy sources: natural gas, oil, waste heat, solar energy, ....)

3. Schematic representation of system transformation

4. Templates for inspiration when designing new energy systems
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(Medium-voltage (Medum-yiotage mecroand Capabilty
Gig) Gia)
Gas Heating 110°C150°C Gas Heating 70°C140°C
P N (1) [ (1)
Natural Gas (cHP) Matural Gas (CHP)
ooing o'c Coning 5°Ci10°C
Natural Natura
Gas
| —>
Other Energ Buikding Level Other Energy Building Level:
Res H i Resources: Heal i
¥s) Emergency
® @ oM Gensrato
H-D 41— (D-o— @ 1ic
Mission.Crtical Mission-Crical
Cansumeris) Cansumerts)
e ———
Crer @
illea
Waler @—0 —( 9 ﬁ .—(S) ﬁ
e —CD —CD
Otter C

Other Consumer(s)

baseline system possible future system



Energy Supply System Architectures GE

Ingenieur AG )

What's the Idea behind Energy System Architectures
Introduction to the Elements of the System Templates
Using System Architectures to illustrate System Transformation (,Flip Book®)

Classification System for Energy System Architectures

i R A

Selecting Technological Components for Scenarios



System Architecture Elements

Upstream
Network Level:
Useful Energy

Community Level:
Centralized Energy Generation and Storage

iy >
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System Design Template GEF)
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Upstream Community Level: Community Level: Building Cluster Level:
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
Useful Energy

>

Electricity Electricity
(Medium-Voltage

Grid) |
> Gas Heating 105 °C /50 °C
Engine GD
Natural Gas (CHP)

Natural
Gas
Boiler(s)
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'—
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o
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Energy GenerationEnergy Storage and Grids

Superordinate Structure

Energy Carriers (represented by colours)
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1. What's the Idea behind Energy System Architectures
2. Introduction to the Elements of the System Templates

3. Using System Architectures to illustrate System Transformation
(,,Flip Book®)

4. Classification System for Energy System Architectures

5. Selecting Technological Components for Scenarios



System Design Example

Upstream
Network Level:
Useful Energy

District Level:
Centralized Energy Generation and Storage

District Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

- > —
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>
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Upstream District Level: District Level: Building Cluster Level:
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
Useful Energy

>

Electricity Electricity grid
(Medium-Voltage

Grid)
Gas Heating 110 °C/50 °C
P> Engine GD
Natural Gas (CHP)

> .
District Cooling Cooling 5°C/10°C
Natural
Gas
Boiler(s)
Other Energy Building Level:

Resources: @
+T@D

Mission-Critical
Consumer(s)

M
«—QD

Other Consumer(s) 12



System Design Example

Upstream District Level:
Network Level: Centralized Energy Generation and Storage
Useful Energy

District Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

>

Electricity
(Medium-Voltage

Grid)
Engne QD
P> Engine
Natural Gas (CHP)

Electricity grid

Heating 110 °C/50 °C

Natural
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System Design Example

Upstream District Level:
Network Level: Centralized Energy Generation and Storage
Useful Energy

District Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

>

Electricity
(Medium-Voltage

Grid)
Engne QD
P> Engine
Natural Gas (CHP)

Electricity grid

Heating 70°C/40°C

Natural
Gas
Boiler(s)

Other Energy

Resources: Heat

Storage
(Tanks)
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Chilled
Water % @ .
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Cooling 5°C/10°C

Building Level:

5@
+H+CD

Mission-Critical
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System Design Example

Building Cluster Level:
Generation and Storage

Upstream District Level: District Level:
Network Level: Centralized Energy Generation and Storage Energy Distribution
Useful Energy
Electricity > MG Electricity grid with
(Medium-Voltage microgrid capability
Grid)
Gas Heating 70°C/40°C
> Engine GD
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System Design Example

Upstream District Level:
Network Level: Centralized Energy Generation and Storage
Useful Energy

District Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

Electricity > MG Electricity grid with
(Medium-Voltage microgrid capability
Grid)
Gas Heating 70°C/40 °C
P> Engine GD
Natural Gas (CHP)
Cooling 5°C/10°C
Natural
Gas
Boiler(s)

Electric
Boiler .

Other Energy

Resources: Heat

Storage
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System Design Example

Upstream District Level:
Network Level: Centralized Energy Generation and Storage
Useful Energy

District Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

Electricity > MG Electricity grid with
(Medium-Voltage microgrid capability
Grid)
Gas Heating 70°C/40 °C
P> Engine GD
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System Design Example

Upstream District Level:
Network Level: Centralized Energy Generation and Storage
Useful Energy

District Level:
Energy Distribution

Building Cluster Level:
Generation and Storage

Electricity > MG Electricity grid with
(Medium-Voltage microgrid capability
Grid)
Gas Heating 70°C/40 °C
P> Engine GD
Natural Gas (CHP)
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Electric
Boiler .
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Annex 73 Guide

Architecture Description in Appendix E

GEF
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University of California Davis CNPRC No. 2.3.4.4

‘Community Level

Upstream
Centralized Energy Generation and Storage

Network Level:
Useful Energy

Building Cluster Level.
Generation and Storage

Community Level:
Energy Distribution

A 4

Electricity QEJ
(Medium-Voliage
Grid)

Natural Gas
—
Biogas
Bio-/ Gas
Boller(s)

Solar
Thermal

Heat

Storage
Other Energy (Tanks)
Resources:

Useful Energy

Electric
Chiller ©_‘

Electricity

Heating 160 °C/70°C

Cooling  5°C/10°C

Building Level

—(®-0

Mission-Critical
Consumer(s)

*t

= classification

= more than 50 templates

applications, advantages, disadvantages

Emergency
‘Generator

= description, central equipment, capabilities,

Nomendlature: 2.3.4.4

Example No. 4

' Description
[ Central Eguipment

Capabilities

| Applications

' Advantages

Disadwantages

[ Salutions for Generation within the Community | Location of Generation a1

[ Buildings o be supplied from the outside with

Community Level Power + Heating + Cooling

[ Natwral gas and biomethane bodlers and solar thermal community bewel for heating, electrical cool

| Gas/biogas boiler, solar thermal, electric chillers

| Reliabie cooling and heat supply, can supgly DUIGRES WITh high TEMPEraTuTe HOT waler Bnd (0w TEMperature
chilled water

Communities with high and medium heat and cool density

[ Renewabile energy, (n=1) redundancy for heating and coofing at community lewel, heat storage provides peak
shaving for heat and additional resilience, emengency power generation for critical builldings

Egas grid necessary
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Classification by using four digits

Digit 1
1.X.X.X Solutions for Generation within the Community
(on community, cluster, building level or combination)
2.X.X.X Best Practice Examples
3.X.X.X Generation outside the Community
4.X.X.X Solutions for Remote Locations (island solutions)
5.X.X.X Systems with Electrical Enhancement
System Design Example No. 1.3.1.2
.. . . . . . Upstream Community Level: Community Level Building Cluster Level:
D|g|t 2 Spat|a| location of heat generaﬂon with the Commumty fii.?ﬁﬁ"ééxﬂ Centralized Energy Generation and Storage Energy Distribution | = Generation and Storage
X.1.x.x at building level — D
X.2.X.X at cluster level e = -
X.3.X.X at community level — @ pewy wiae
X.4.X.X combination I
Digit 3 Building to be supplied from the outside with .... Bkt @
X.X.1.X power + heating
X.X.2.X power + cooling
Other Energy Building Level
X.X.3.X power Resources: “335 ﬂ
X.X.4.X power + heating + cooling @@ conrar
Mission-Critical
Consumer(s)
Digit 4 No.. of Example
X.X.X.1 example 1 f
X.X.X.2 example 2 0D o eares

21



Classification System GE
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Classification by using four digits Example No. 1.3.1.2
Digit 1 . . o . 1 = Heat Generation within the Community (not outside)
1.X.X.X Solutions for Generation within the Community
(on community, cluster, building level or combination)
2.X.X.X Best Practice Examples
3.X.X.X Generation outside the Community
4.X.X.X Solutions for Remote Locations (island solutions)
5.X.X.X Systems with Electrical Enhancement
System Design Example No. 1.3.1.2
.. . . . . . Upstream ommunity Level: Community Level Building Cluster Level:
D|g|t 2 Spat|a| location of heat genera“on with the Commumty lNJ::hTIérl\:rv;;! entralized Energy Generation and Storage Energy Distribution | = Generation and Storage
X.1.x.X at building level @)
Electricity A Electricity
X.2.X.X at cluster level O utage
X.3.X.X at community level — o= @ et T0CINE
X.4.X.X combination B b
Digit 3 Building to be supplied from the outside with .... B @
X.X.1.X power + heating
X.X.2.X power + cooling p—
ther Eneray Building Level
X.X.3.X power Resources:
X.X.4.X power + heating + cooling
Digit 4 No.. of Example
X.X.X.1 example 1
X.X.X.2 example 2

22



Classification System GE
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Classification by using four digits Example No. 1.3.1.2
Digit 1 1 = Heat Generation within the Community
1.X.X.X Solutions for Generation within the Community
(on commt_mlty, cluster, building level or combination) 3 = Heat Generation at the Community Level (not at cluster level)
2.X.X.X Best Practice Examples
3.X.X.X Generation outside the Community
4.X.X.X Solutions for Remote Locations (island solutions)
5.X.X.X Systems with Electrical Enhancement
System Design Example No. 1.3.1.2
.. . . . . . Upstream ommunity Level: Community Level Building Cluster Level:
D|g|t 2 Spat|a| location of heat genera“on with the Commumty Tii:ﬁﬁ"én'?;;' entralized Energy Generation and Storage Energy Distribution | = Generation and Storage
X.1.X.x at building level ®
Electricit ;E Elediricity
X.2.X.X at cluster level e
X.3.X.X at community level — @ et T0CINE
X.4.X.X combination B | b
Digit 3 Building to be supplied from the outside with .... = @
X.X.1.X power + heating
X.X.2.X power + cooling p—
ther Eneray Building Level
X.X.3.X power Resources: “e""g ﬂ
X.X.4.X power + heating + cooling @@ conrar
’_CI)M\S.S\UH—CHI\H\
Consumer(s)
Digit 4 No.. of Example
X.X.X.1 example 1 f
X.X.X.2 example 2 E
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Classification by using four digits Example No. 1.3.1.2
Digit 1 1 = Heat Generation within the Community
1.X.X.X Solutions for Generation within the Community
(on commt_mlty, cluster, building level or combination) 3 = Heat Generation at the Community Level
2.X.X.X Best Practice Examples
3X.X Generation outside the Community 1 = Building supplied from the outside with power and heating
4.X.X.X Solutions for Remote Locations (island solutions)
5.X.X.X Systems with Electrical Enhancement
System Design Example No. 1.3.1.2
.. . . . . . Upstream ommunity Level: Community Level Building Cluster Level:
D|g|t 2 Spat|a| location of heat genera“on with the Commumty Tiiﬂﬁﬁ"én‘;“;;' entralized Energy Generation and Storage Energy Distribution | = Generation and Storage
X.1.X.x at building level ®
Electricit ;ﬁ Elediricity
X.2.X.X at cluster level e
X.3.X.X at community level — @ et T0CINE
X.4.X.X combination
Digit 3 Building to be supplied from the outside with .... = @
X.X.1.X power + heating
X.X.2.X power + cooling p—
ther Eneray Building Level
X.X.3.X power Resources: “e""g ﬂ
X.X.4.X power + heating + cooling @—@ ]
1 _Ci)mws.smrl—ﬁnhm\
Consumer(s)
Digit 4 No.. of Example
X.X.X.1 example 1 f
X.X.X.2 example 2 g
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Classification by using four digits Example No. 1.3.1.2
Digit 1 1 = Heat Generation within the Community
1.x.x.X Solutions for Generation within the Community
2 Y XX SQ;%ET#C”:EX?[;S;T;Sbu"dmg level or combination) 3 = Heat Generation at the Community Level
3X.X Generation outside the Community 1 = Buidling supplied from the outside with power and heating
. . . . 2 = Example No. 2 for the cl
4.X.X.X Solutions for Remote Locations (island solutions) ample No. 2 for the class
5.X.X.X Systems with Electrical Enhancement
System Design Example No. 1.3.1.2
.. . . . . . Upstream ommunity Level: Community Level Building Cluster Level:
D|g|t 2 Spat|a| location of heat genera“on with the Commumty Tiiﬂﬁﬁ"én‘;“;;' entralized Energy Generation and Storage Energy Distribution | = Generation and Storage
X.1.X.x at building level ®
Electricit ;ﬁ Elediricity
X.2.X.X at cluster level e
X.3.X.X at community level — @ et T0CINE
X.4.X.X combination
Digit 3 Building to be supplied from the outside with .... = @
X.X.1.X power + heating
X.X.2.X power + cooling p—
ther Eneray Building Level
X.X.3.X power Resources: “e""g ﬂ
X.X.4.X power + heating + cooling @—@ ]
1 _CI)M\S.S\UH—EH[\H\
Consumer(s)
Digit 4 No.. of Example
X.X.X.1 example 1 f
X.X.X.2 example 2 g
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How to approach energy system selection

e Start by defining the existing energy system

e Select the architecture that matches the existing energy system

e Consider the relevant technologies for the new energy system

e Find the relevant technologies in the database

e Run energy system model and economic analysis

e New energy system design architecture

- -

baseline

base case & alternatives

27



Data Requirements for Analysis GE
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Major categories of data required for the process of energy master planning and resilience
analysis, which includes:

= General information

= Campus and building level information

= Information on building archetypes and topology
= HVAC systems

= Energy generation systems

= Existing distribution systems

=  Basic fuel availability and potentials

=  Analysis of constraints

= Possible synergies

= Information required for unique building modeling

= Information required for resilience analysis



Example: Selecting renewable energies for DH

table is designed to help with the question ,which renewable energy fits my existing DH system?
1.) which renewables are available? 2.) do | need a CHP plant or a heat only plant? 3. how much thermal/elect. Capacity do
| need 4.) which part of the load curve should be serviced by the plant 5.) which are my grid ( = customer) temperatures

Integration of renewable energy into district heating

v available

not applicable

not available/does not make sense

GEF

Ingenieur AG

Parameter/category
characteristic

woody biomass

biogas

bio synthetic natural
gas

hydrothermal deep
geothermal

solar thermal

heat pump
(sewage)

sufficient availability of renewable energy

Amaount of biomass
procurable?

Amount of biogas available?

Amount of bio synthetic

Geothermal energy locally

solar thermal
installation area

straight sewer section with
=1 mdiameter, flow rate 15

Problems with fine dust natural gas available? available? 1500 m I/= atdry weather [daily
pollution 2t the location? m"armare average)
boiler CHP boiler CHP boiler CHP chp  |flatplate) vacuum
- collector tube
Generator type steam ) cyp | ™ all natural gas CHP ) collector
power | ORC/KC engine gals plants possible heat anly ORC/KC
process turbine

therm. capacity

up to I MW v v [+ v v v v [+ ) fluct. | [+ fluct. w7

lio 5MW v v [ v v v v capacity site specific [} fluct. | [+ fluct. w7

Sto 10 MW v v [ ' n ' v (depending on [+ ) fluct. | [+ fluct. w7

1 1 1 tEITIpEFEturElEVEl’ arger capaci wheh s WaSE

ID to 20 MW J 1(‘ J ["':I V‘ ‘(‘ gE-DthEI’I'I’]H| pdeIJEtiDI'I Iht:.gt |:n:\t::‘ntia.tl!'.[c\chc:\nt\.h\.':.tcr:t

=20 MW i v ) 0 ™ v v rate) indlugtry] ic larger
electr. capacity

up to 1 MW v v v v 3

1io5MW v v v v <3

Sto 10 MW ' v ¥

10 to 20 MW v v

=20 MW v v
load type

peak load [} 3 3 () 3 3 v 3} 1) 3 1)

base load v v v ) v v 7 7 v v 7

{daytime)} summer load v v
temperature level

steam grid v v ()" v v v

high temperature grid (T, > 140 °C) v v ) v v v

hot water grid (140 °C > T, > 110 °C) v v AR v v ./ vl

110°C>T,, =80°C v v [y v v v " site specific v e Ve

LowEx grid v v v )" v v v v v s 7
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Additional Slides

Energy System Architecture Examples with generation on the cluster level



Upstream District Level: District Level: Building Cluster Level:

System Design Example GE
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
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Useful Energy
> Gas
Electricity Electricity CHP
(Medium-Voltage ‘ GD
Grid)

>
Natural Gas Natural
Gas
Boiler(s)
Heating
70°C/40°C
Heat
Storage
< (Tanks)
®
Other Energy Building Level:
Resources:
Emergency
Generator
”~—

Mission-Critical
Consumer(s)

f
—@®D

Other Consumer(s) 33



Upstream District Level: District Level: Building Cluster Level:

System Design Example GE
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
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Useful Energy
— > — Gas
Electricity Electricity ‘ GD Power
(Medium-Voltage Plant
Grid)

>
Natural Gas
Chilled
@ @ Water
< Tank(s)
®
f ’ Electric
[ 3 @ « ) Chier
Cooling %
10°C/15°C
Other Energy Building Level:
Resources:
Emergency
._© Generator
—CD-o @ MG
Mission-Critical
Consumer(s)

— Ol M
—QD

Other Consumer(s) 34



System Design Example GE
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Upstream District Level: District Level: Building Cluster Level:
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
Useful Energy
- > —
Electricity Electricity
(Medium-Voltage
Grid)
>
Natural Gas Natural
Gas
Boiler(s)
Heating
70 °C/40°C
Heat
Storage
< (Tanks)
®
r—) Absorp-
tion
? O\S )&
Chill
Cooling % fler(s)
10°C/15°C
Other Energy Building Level:
Resources:
Emergency
.—{ S } Generator
QD@ VG|
Mission-Critical
Consumer(s)
—( D

Other Consumer(s) 35



Upstream District Level: District Level: Building Cluster Level:

System Design Example GE
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
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Useful Energy
— > — Gas
Electricity Electricity ‘ GD Power
(Medium-Voltage Plant
Grid)

>
Natural Gas Natural
Gas
Boiler(s)
Heating
70°C/40°C
Heat
Storage
< (Tanks)
®
f ’ Electric
[ @ « ) Chier
Cooling %
10°C/15°C
Other Energy Building Level:
Resources:
Emergency
.—{ S ) Generator
——CD-o @1 MG
Mission-Critical
Consumer(s)
—@

Other Consumer(s) 36



Upstream District Level: District Level: Building Cluster Level:

System Design Example GE
Network Level: Centralized Energy Generation and Storage Energy Distribution Generation and Storage
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Useful Energy

- > . Gas
Electricity Electricity ‘ GD CHP
(Medium-Voltage
Grid)

>
Natural Gas Natural
Gas
Boiler(s)
Heating
70°C/40°C
Heat
Storage
< (Tanks)
®
f ’ Electric
[ @ « ) Chier
Cooling %
10°C/15°C
Other Energy Building Level:
Resources:
Emergency
.—{ S ) Generator
——CD-o @1 MG
Mission-Critical
Consumer(s)
—@

Other Consumer(s) 37



