
Heat Pumping and Reversible 
Air Conditioning  

Philippe Andre

Jean Lebrun

EBC Annex 48

P
ro

je
c

t 
S

u
m

m
a

ry
 R

e
p

o
rt

P
ro

je
c

t 
S

u
m

m
a

ry
 R

e
p

o
rt



 



EBC Annex 48

Heat Pumping and Reversible Air 

Conditioning

Project Summary Report

Philippe Andre

Jean Lebrun



© Copyright AECOM Ltd 2013

All property rights, including copyright, are vested in AECOM Ltd, Operating Agent for the EBC Executive Commit-
tee Support Services Unit, on behalf of the Contracting Parties of the International Energy Agency Implementing 
Agreement for a Programme of Research and Development on Energy in Buildings and Communities.

In particular, no part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or 
by any means, electronic, mechanical, photocopying, recording or otherwise, without the prior written permission of 
AECOM Ltd. 

Published by AECOM Ltd, AECOM House, 63 - 77 Victoria Street, St Albans,
Hertfordshire AL1 3ER, United Kingdom  

Disclaimer Notice: This publication has been compiled with reasonable skill and care. However, neither AECOM Ltd 
nor the EBC Contracting Parties (of the International Energy Agency Implementing Agreement for a Programme of 
Research and Development on Energy in Buildings and Communities) make any representation as to the adequacy 
or accuracy of the information contained herein, or as to its suitability for any particular application, and accept 
no responsibility or liability arising out of the use of this publication. The information contained herein does not 
supersede the requirements given in any national codes, regulations or standards, and should not be regarded as a 
substitute for the need to obtain specific professional advice for any particular application.

Participating countries in EBC:
Australia, Austria, Belgium, Canada, P.R. China, Czech Republic, Denmark, Finland, France, Germany, Greece, 
Ireland, Italy, Japan, Republic of Korea, the Netherlands, New Zealand, Norway, Poland, Portugal, Spain, Sweden, 
Switzerland, Turkey, United Kingdom and the United States of America.

Additional copies of this report may be obtained from:

ECBCS Bookshop 
C/o AECOM Ltd
Colmore Plaza
Colmore Circus Queensway
Birmingham
B4 6AT
United Kingdom
Web: www.iea-ebc.org
Email: essu@iea-ebc.org

Philippe Andre
ULg/DSGE/BEMS
Campus d’Arlon 185
Avenue de Longwy
B-6700 Arlon
Belgium
Email: p.andre@ulg.ac.be

 



iProject Summary Report  |  www. www.iea-ebc.org

Contents

About EBC 1

General Information 3

Project Outcomes 5

           Project goals                                                                                  5

   Project aims                                                                                             5

           Results                                                                                                  13

   Impact                                                                                          14

Further Information 15

Project Participants 16

Heat Pumping and Reversible Air Conditioning

http://www.ecbcs.org
http://www.ecbcs.org/annexes/annex58.htm


ii Project Summary Report  |  www.iea-ebc.org

http://www.ecbcs.org/annexes/annex58.htm


1Project Summary Report  |  www. www.iea-ebc.org

About ECBCS

International Energy Agency

The International Energy Agency (IEA) was established in 1974 within the framework of the Organisation for 
Economic Co-operation and Development (OECD) to implement an international energy programme. A basic aim of 
the IEA is to foster co-operation among the twenty-eight IEA participating countries and to increase energy security 
through energy conservation, development of alternative energy sources and energy research, development and 
demonstration (RD&D).

Energy in Buildings and Communities 

The IEA co-ordinates research and development in a number of areas related to energy. The mission of one of 
those areas, the EBC - Energy in Buildings and Communities Programme, is to develop and facilitate the integration 
of technologies and processes for energy efficiency and conservation into healthy, low emission, and sustainable 
buildings and communities, through innovation and research. (Until March 2013, the EBC Programme was known as 
the Energy in Buildings and Community Systems Programme, ECBCS.)
The research and development strategies of the EBC Programme are derived from research drivers, national 
programmes within IEA countries, and the IEA Future Buildings Forum Think Tank Workshop, held in April 2013. 
The R&D strategies represent a collective input of the Executive Committee members to exploit technological 
opportunities to save energy in the buildings sector, and to remove technical obstacles to market penetration of 
new energy conservation technologies. The R&D strategies apply to residential, commercial, office buildings and 
community systems, and will impact the building industry in five focus areas of R&D activities:

–  Integrated planning and building design
–  Building energy systems
–  Building envelope
–  Community scale methods
–  Real building energy use

The Executive Committee

Overall control of the program is maintained by an Executive Committee, which not only monitors existing projects 
but also identifies new areas where collaborative effort may be beneficial. To date the following projects have been 
initiated by the executive committee on Energy Conservation in Buildings and Community Systems (completed 
projects are identified in grey):

Annex 1:  Load Energy Determination of Buildings
Annex 2:  Ekistics and Advanced Community Energy Systems
Annex 3:  Energy Conservation in Residential Buildings
Annex 4:  Glasgow Commercial Building Monitoring
Annex 5:  Air Infiltration and Ventilation Centre 
Annex 6: Energy Systems and Design of Communities
Annex 7:  Local Government Energy Planning
Annex 8:  Inhabitants Behaviour with Regard to Ventilation
Annex 9:  Minimum Ventilation Rates
Annex 10:  Building HVAC System Simulation
Annex 11:  Energy Auditing
Annex 12:  Windows and Fenestration
Annex 13:  Energy Management in Hospitals
Annex 14:  Condensation and Energy
Annex 15:  Energy Efficiency in Schools
Annex 16:  BEMS 1- User Interfaces and System Integration
Annex 17:  BEMS 2- Evaluation and Emulation Techniques
Annex 18:  Demand Controlled Ventilation Systems
Annex 19:  Low Slope Roof Systems
Annex 20:  Air Flow Patterns within Buildings
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Annex 21:  Thermal Modelling
Annex 22:  Energy Efficient Communities
Annex 23:  Multi Zone Air Flow Modelling (COMIS)
Annex 24:  Heat, Air and Moisture Transfer in Envelopes
Annex 25:  Real time HEVAC Simulation
Annex 26:  Energy Efficient Ventilation of Large Enclosures
Annex 27:  Evaluation and Demonstration of Domestic Ventilation Systems
Annex 28:  Low Energy Cooling Systems
Annex 29:  Daylight in Buildings
Annex 30:  Bringing Simulation to Application
Annex 31:  Energy-Related Environmental Impact of Buildings
Annex 32:  Integral Building Envelope Performance Assessment
Annex 33:  Advanced Local Energy Planning
Annex 34:  Computer-Aided Evaluation of HVAC System Performance
Annex 35:  Design of Energy Efficient Hybrid Ventilation (HYBVENT)
Annex 36:  Retrofitting of Educational Buildings
Annex 37:  Low Exergy Systems for Heating and Cooling of Buildings (LowEx)
Annex 38:  Solar Sustainable Housing
Annex 39:  High Performance Insulation Systems
Annex 40:  Building Commissioning to Improve Energy Performance
Annex 41: Whole Building Heat, Air and Moisture Response (MOIST-ENG)
Annex 42: The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems 
                           (FC+COGEN-SIM)
Annex 43: Testing and Validation of Building Energy Simulation Tools
Annex 44: Integrating Environmentally Responsive Elements in Buildings
Annex 45: Energy Efficient Electric Lighting for Buildings
Annex 46: Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government Buildings              
                           (EnERGo)
Annex 47: Cost-Effective Commissioning for Existing and Low Energy Buildings
Annex 48: Heat Pumping and Reversible Air Conditioning
Annex 49: Low Exergy Systems for High Performance Buildings and Communities
Annex 50: Prefabricated Systems for Low Energy Renovation of Residential Buildings
Annex 51: Energy Efficient Communities
Annex 52: Towards Net Zero Energy Solar Buildings
Annex 53: Total Energy Use in Buildings: Analysis & Evaluation Methods
Annex 54: Integration of Micro-Generation & Related Energy Technologies in Buildings
Annex 55: Reliability of Energy Efficient Building Retrofitting - Probability Assessment of       
                           Performance & Cost (RAP-RETRO)
Annex 56: Cost Effective Energy & CO2 Emissions Optimization in Building Renovation
Annex 57: Evaluation of Embodied Energy & CO2 Emissions for Building Construction
Annex 58: Reliable Building Energy Performance Characterisation Based on Full Scale Dynamic Measurements 
Annex 59: High Temperature Cooling & Low Temperature Heating in Buildings
Annex 60: New Generation Computational Tools for Building & Community Energy Systems
Annex 61: Business and Technical Concepts for Deep Energy Retrofit of Public Buildings
Annex 62:  Ventilative Cooling
Annex 63:  Implementation of Energy Strategies in Communities
Annex 64:  LowEx Communities - Optimised Performance of Energy Supply Systems with Exergy Principles
Annex 65:  Long-Term Performance of Super-Insulation in Building Components and Systems

Working Group - Energy Efficiency in Educational Buildings
Working Group - Indicators of Energy Efficiency in Cold Climate Buildings
Working Group - Annex 36 Extension: The Energy Concept Adviser
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Environmental damages and scarcity of fossil 
fuel resources motivate search for new solutions 
to satisfy the energy requirements of buildings 
and to develop more efficient energy conversion 
processes.

In many climates, office buildings are most 
often equipped with a heat pump which has 
primarily the function of providing cooling or 
air-conditioning to the spaces; for that reason, 
the energy converter is named “chiller”. The 
existence of this heat pump offers attractive, but 
rarely implemented, opportunities to improve 
the energy performance of the building and to 
reduce the CO2 emissions.

These opportunities consist in using the chiller to 
satisfy, at least partially, the heating requirements 
of the building. This can take place in two ways. 
The first option consists in recovering the 
heat released at the condenser of the chiller 
when it is producing cold; usually the heat is 
released in the atmosphere by a dry cooler or 
a cooling tower, at a moderate but still valuable 
temperature level. The second option uses the 
reversibility capability offered by certain chillers 
or by the (heat and cold) distribution circuits. By 
reversing the thermodynamic cycle of the chiller 
or the heat and cold distributions, the useful 
effect of the machine becomes the production of 
heat (at low temperature) which can be emitted 

Participating 
Countries:

Belgium
France
Germany
Italy

Observer:
P.R. China
Switzerland

General Information
Heat Pumping and Reversible Air Conditioning

Project leader:  Philippe Andre, ULg/DSGE/BEMS, Belgium
Project duration:  2005 - 2011 
Further information: www.iea-ebc.org

Scheme of the 
design process 
developed within 
Annex 48.
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in the building. The potential offered by such 
solutions can be estimated on the basis of hourly 
temperature profiles either measured in the 
real life of buildings or generated by a dynamic 
simulation. A number of technical solutions are 
available and are based upon components that 
are, for most of them, already on the market. 
They require particular approach and attention 
from the sizing phase to the construction and 
commissioning processes.

Substituting a boiler with a heat pump may save 
more than 50% of primary energy, if electricity 
is produced by a modern gas-steam power 
plant (and even more if a part of that electricity 
is produced from a renewable source). The aim 
of this project was to promote the best heat 
pumping techniques applicable in air conditioning 
of commercial buildings. Focus was given to the 
integration of these techniques inside the whole 
air conditioning system. 

Between 2005 and 2010, Annex 48 investigated 
the possibilities to use a chiller to satisfy the 
heating needs of buildings. The work which was 
carried out included the analysis of the heating 
and cooling demands of buildings, developed 
a detailed design strategy to follow, including 
the development of specific design tools to 
compare heat pumping solutions with more 
classical production of heat and cold. A number 

of case studies (11 buildings in 5 countries) were 
analysed by the project partners. 

The project addressed both new building projects 
and retrofit of existing cases. Indeed, the retrofit 
of an existing building and even more, the design 
of a new one, should take all possibilities of heat 
pumping into consideration as soon as possible 
in the project. 

Based the case studies, the research work 
conducted in this project identified a number of 
constraints and obstacles on the route of the 
application of this strategy.

This four-years research project examined in 
details the problems raised when moving to a 
more systematic use of heat pumps for providing 
both heating and cooling to office buildings. Not 
all the problems were solved, but the Annex 
delivers a set of tools, design methodology and 
practical illustrations that will help designers, 
commissioning agents and building operators to 
pay more attention to these new options and to 
reduce, in that way, the environmental impact of 
buildings.

 
 

General Information
EBC Annex 48

Typical plant 
scheme of a 

geothermal system 
with heat and cold 

demand.
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Project goals

Still today, the most common solution to provide 
heating and cooling to office buildings in moderate 
climate is to run a fossil fuel boiler to satisfy the 
heating needs and to use a vapour compression 
chiller to provide cooling and dehumidification. 
This traditional is solution is well mastered by 
design engineers and plant installers but I’s also 
known to generate significant environmental 
impacts and entirely relies on fossil fuels for 
heating.

In office buildings in temperate climates where 
a heating demand is frequently observed 
simultaneously with a cooling demand, boilers 
and chillers run very often at the same time. 
The question which was targeted in this project 
was to analyse whether a chiller could be used 
in order to, at least partially, cover the heating 
needs of the building.

This can take place in two ways. The first option 
consists in recovering the heat released at the 
condenser of the chiller when it is producing cold; 
usually the heat is released in the atmosphere by 
a dry cooler or a cooling tower, at a moderate but 
still valuable temperature level.

The second option uses the reversibility capability 
(also called change-over) offered by certain 
chillers or by secondary circuits (heat and cold 
distributions): by reversing the thermodynamic 
cycle or the heat and cold distributions, the useful 
effect of the machine becomes the production of 
heat (at low temperature) which can be emitted 
in the building. A variant of this solution consists 
in realizing the reversibility at the level of the 
terminal units directly supplied by refrigerant in 
so-called “VRF” systems.

The main goal of Annex 48 was to develop a 
specific design methodology and associated 
design tools in order to take these innovative 
solutions into better consideration in the course 
of a new building project or in case of retrofit 
of the energy system in an existing building. 

Substituting a boiler with a heat pump may 
indeed save a substantial amount of primary 
energy, if electricity is produced by a modern 
gas-steam power plant and even more if a part 
of that electricity is produced from a renewable 
source.

Description of the work done in the 
project

To achieve this goal, Annex 48 addressed 
the following issues. First, the success of the 
solutions proposed in this project is heavily 
depending upon the heating and cooling demand 
profiles observed in a building. Characterising 
these demands was consequently an important 
step in order to assess whether the heating and 
cooling demands were simultaneous or not.

The relative magnitudes of the peak power 
asked for in heating or cooling mode was also 
an important aspect to observe. Therefore, 
a number of typical buildings were defined, 
covering two tertiary sectors: offices on one hand, 
hospitals and rest homes on the other hand. For 
each building type, choices were made about 
the building envelope, operation parameters 
(infiltration, ventilation, heating/cooling setpoint, 
domestic hot water production), HVAC systems 
allowing to calculate the hourly profile of heating 
and cooling demands in 5 typical European 
climates (Paris, Münich, Lisboa, Athens, Torino). 
Hourly simulations were run to generate the 
demands profiles and to analyse the impact 
of different parameters. To produce synthetic 
results, two performance indexes were defined, 
calculating the potential for reversibility and the 
potential of heat recovery. The methodology to 
define those potentials is similar in both cases 
and is based upon the hour by hour comparison 
of the heating demand and cooling demands. 

Figure. 1 shows the calculation principle of the 
reversibility potential while Figure. 2 shows the 
equivalent principle applied to calculate the 
recovery potential.

Project Outcomes
Heat Pumping and Reversible Air Conditioning

Project leader:  Philippe Andre, ULg/DSGE/BEMS, Belgium
Project duration:  2005 - 2011 
Further information: www.iea-ebc.org

http://www.ecbcs.org
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The calculation of these potential was only based 
upon the heating and cooling demands and didn’t 
take the HVAC system into account.

Definition of typical HVAC systems in each 
building type allowed to extend these results to 

global system performances and to compare 
to reference solutions (boiler + cooling only 
chiller). 

In this analysis, focus was given to the simplest 
technical aternative: 

Figure 1. Estimate 
of the space heating 
potential of the 
chiller used in heat 
mode.

Project Outcomes
EBC Annex 48
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Since one assumes the “reversible chiller” is designed based on peak cooling load, the reversibility 
potential depends on the ratio between peak cooling and peak heating loads. The peak cooling load is 
based on sensible cooling load and does not take into account the dehumidification load. The chiller 
will be sized to account for the dehumidification loads (except in case of chilled ceilings) according to 
the sizing rules. Thus, the installed cooling power will be higher than the peak cooling load. This fact 
is not taken into account in this chapter. On Figure 17, one can see for the different simulation cases 
that the peak cooling load is still higher than peak heating load in Athens climate. In Lisbon climate, 
the peak cooling load is almost always superior to the peak heating load. In Torino and in a lesser 
extent in Paris climate, the ratio between peak cooling load and peak is close to 1. In Munich, the  ratio 
ranges between 0.33 and 1.36 according mainly on Building type.  
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1.3 Recovery potential 

 
The recovery potential depends on the simultaneous heating and cooling demand and on the heat 
power available on chiller condenser (only consideration on energy recovery for space heating  is 
taken into account here in office buildings, but heat recovery could also possible for Domestic Hot 
Water and/or humidification). 
The recovery potential is calculated hour by hour (Figure 23) as the percentage of heating demand 
which could be provided by a chiller condenser under the following conditions : 

• the “chiller” is in operation in order to provide the cooling demand; 
• the “chiller” is designed to meet the peak cooling load; 
• The maximum heating power available on the condenser is calculated based on energy 

conservation principle such as (EER+1)/EER × cooling power provided by the chiller at the 
step time, the supplementary heating demand is assumed to be covered by the boiler. 

No consideration on the emitter temperature levels required is done here. The % of recovery is 
calculated as the ratio between the total heat recovery for space heating  and the total space heating 
demand.  
 

 


 
For all the cases, the recovery potential  ranges between 0% and 45%. The solar factor and the 
ventilation rate have a clear impact on the recovery potential (Figure 24). Furthermore, the recovery 
potential is higher in climates (Athens and Lisbon) where the reversibility potential is the lowest 
(Figure 25). Largest differences on the recovery potential are found between the type 3 building 
(lowest potential) and the type 1 a building (highest potential) (Figure 26). If orientation does not have 
a high influence on the recovery potential, the change of set point from 21/24°C to 20/25°C induces 
about 40% decrease of the recovery potential (Figure 27). Higher set points and lower internal 
building loads can reduce the recovery potential to almost zero as in Paris (Figure 28). 
 

Figure 2. Estimate of 
the heating energy 
recovery on chiller 
condenser.
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Project Outcomes
Heat Pumping and Reversible Air Conditioning

1) adding a water cooled condenser to an air-
cooled chiller for heat recovery;

2) reversing the refrigeration cycle without 
adding any technical device other than an 
inverting valve (the condenser becoming an 
evaporator and vice-versa).

The combination of both solution was not 
considered here. In office buildings, such 
reversibility can generate savings in the order 
of magnitude of 20% while the potential of heat 
recovery is very low, due to, among other factors, 
the degradation of the chiller performance to 
produce sufficiently hot water to feed the heating 
system. In health care buildings, the important 
demand for Domestic Hot Water increases the 
savings potential, specially for heat recovery, 
given the heating demand remains high when 
the cooling demand is important.

The different options technically feasible to 
achieve either the reversibility or the heat recovery 
were also deeply analysed. These solutions 
show a high diversity and are characterized by 

the following criteria: heat sources and heat 
sinks, packaged units or direct expansion units, 
possibility of recovery and/or reversibility. The 
project addressed the most common heat pump 
systems: 

• reversible air-to-water heat pump
• reversible geothermal/hydrothermal heat 

pump
• split and multi-split systems
• air-to-air dual duct heat pump
• exhaust air heat pump system
• water-cooled chiller with heat recovery
• dual condenser chiller
• templifier
• reversible water/air-to-water heat pump
• reversible geothermal heat pump with heat 

recovery
• water loop heat pump system
• VRF system.

Two specific design tools (FAST and AHPSAT) 
were developed to assess the performance of a 
number of the technical options listed above. 

Figure 3. View of the 
results presentation 
of the FAST tool.

http://www.ecbcs.org
http://www.ecbcs.org/annexes/annex58.htm
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FAST : A web tool has been developed in the 
aim to give a quick evaluation of the potential 
of reconverting a chiller in a reversible unit in 
commercial buildings. This tool is addressed 
to stakeholders, HVAC consultants, architects 
and installers. This tool can be used in retrofit 
buildings but also in the case of new buildings. 

The online tool allows the user to define in 
few clicks the main parameters concerning 
the building, the climate, the HVAC system 
installed and its current performance, the heat 
pump performance to install and the heating 
consumption of the building. Some default values 
for economic and environmental parameters are 

Project Outcomes
EBC Annex 48

Figure 4. Block-
diagram of the 
AHPSAT design tool.

Figure 5 Scheme of 
the design process 
developed within the 
project.

http://www.ecbcs.org/annexes/annex58.htm
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provided to the user but 
they can be changed at 
any time. 

In AHPSAT, these 
options are evaluated 
using, as input data, 
hourly profiles of heating 
and cooling demands. 
The secondary system 
is not included in the 
calculation. Simple 
control strategies ate 
defined, allowing to 
switch from the heat 
pump system to the classical system (if present) 
and from the heating mode to the cooling mode, 
when applicable.

A significant part of the work consisted in 
developing a detailed design methodology for 
this kind of technical system.

By nature, the technical solutions involving 
reversible and/or recovery-based heat pumps 
are more complex than usual systems; mostly 
if reversible, hydraulic connections are more 
complex requiring a good design and an 
appropriate commissioning; control issues are 
important as well and may generate complex 
problems. Global performances are strongly 
depending upon the boundary conditions on 
both sides of the machine and on all “secondary” 
(fans, pumps…) consuptions.  Therefore, a 
careful design and commissioning procedure 
has to be followed in order to get sufficient 
performances.

The design sequence (Figure.5) elaborated in 
the project includes the following steps:

• collection of basic information
• load analysis
• main concept decision
• life cycle costs and environmental impacts 

preliminary assessment
• detailed system design
• detailed system analysis
• commissioning strategy and fault detection
• operation

The design sequence elaboration as well as 

observations on the cases studies pointed out 
the following observations:

• Control aspects and hydraulic issues are 
essential to guarantee the success of such 
sensible energy systems.

• Selection and sizing of storage systems are 
important steps

• Dynamic simulation is recommended to 
assess the performance of such sensible 
systems

• An appropriate commissioning is mandatory 
to get reliable performance and to achieve 
the expected savings.

The following system types are covered by the 
case studies:

Reversible systems

• Reversible air-to-water HP system 
• Reversible water-to-water HP system
• Reversible water-to-brine ground-coupled HP 

system 
• Reversible groundwater HP system 
• Reversible surface water HP system  
• DX ground-coupled HP system
• Exhaust air HP system  
• Air-to-air HP system    

 
Reversible systems with heat recovery

• Reversible air-to-water HP system  
• Ground coupled HP system with heat 

Project Outcomes
Heat Pumping and Reversible Air Conditioning

Figure 6. Laboratory 
building in Liège,  
Belgium.

http://www.ecbcs.org
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recovery  
• Groundwater HP system with heat recovery
• Surface water HP system with heat recovery
• Split / multi-split / VRF   
• Water-loop HP system    

 
System with heat recovery

• Water-cooled chiller with heat recovery 
• Dual condenser chiller   
• Temperature amplifier    

 
The selected cases studies cover most important 
heat pumping solutions.  Some case studies 
led to the comparison, by simulation, of several 
solutions. Some pictures from the case studies 
are shown below (Figure. 6, 7, 8 and 9).

The case studies provide a lot of very useful 
information, but none of them can be yet 
considered as a convincing demonstration 
project: the practical conclusion in almost each 
case seems to be: “it should work or it would 
have worked, if…”

The following facts and ideas can be extracted 
from these case studies:

• Heat pumping is, unfortunately, in all cases 
an expensive technique which should not be 
introduced in any new or retrofitting project 
before having reduced already as much as 
possible all energy wastes.

• In an existing system with water-to-water 
chillers and cooling towers, it would be cost 
and energy effective to introduce some 
water-to-water heat pump (or “templifiers”) 
in order to recover the condenser heat and 
to up-grade it until the temperature level 
required by the heating system. 

• An existing air-to water chiller can be made 
reversible or have a water-cooled condenser 
added in such a way to allow some heat 
recovery.

• Both reversibility and heat recovery would 
be made more efficient if taking profit of all 
heat transfer areas already available in the 
system. This require some change over: 
(large) cooling coils of air handling and 
terminal units can be very well “re-used” in 
heating mode. 

• Steam humidification could be performed 
with the help of a second heat pump stage; 
this one could use the humidification steam 
as working fluid (no condenser required:  
compressed steam would be directly used for 
air humidification).

• Panel heating and cooling is an attractive 
option, but not applicable in any sort of 
building; it also deserve a careful design and 
use of the control system specially with high 
inertia structures like TABS.

• Manufacturers should optimise more and 
more their machines for the heating, better 

Project Outcomes
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Figure 7. Office 
building in Lyon, 
France.

Figure 8. Office 
building in Germany 
.

Figure 9. 
Administrative 
building in Regione 
Piemonte, Torino, 
Italy.

http://www.ecbcs.org/annexes/annex58.htm
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than for the cooling, mode. This is not yet the 
case and most systems are, unfortunately, 
less efficient in heating than in cooling mode.

• Commissioning of (conventional and 
unconventional) systems stay insufficient.

Results

The main results obtained during this project can 
be summarized as follows.

An improved knowledge of the different technical 
solutions allowing implementing heat pumping 
solutions in tertiary buildings was reached. A 
classification was defined, allowing to clearly 
allocate an example of project to a category, 
whatever the complexity of the system could be. 
Many solutions are feasible, depending upon 
the exploited ambient source: air, water, ground, 
exhaust air. The advantages and drawbacks of 
each solution were identified.

A specific design methodology was developed. 
This was mandatory to help to the success of 
projects where the HVAC solution, may appear 
sensible in many cases. The performance of heat 
pumping solutions is very sensitive to boundary 
conditions and to the technical realizations of 
principle solutions. It was shown in several 
cases that hydraulic and control issues were 
very important, if not crucial, aspects deserving 
a great attention from designers, installers and 
building operators.

The starting point of the development of a 
reversible heat pumping project is a good 
characterisation of the building heating and 
cooling demands. It was shown in the project 
that these demands had to be obtained ideally 
on an hourly basis. The most effective way to get 
these hourly demands profiles is to run a dynamic 
simulation model, which can be calibrated on the 
recorded energy consumptions, in the case of an 
already existing building. These consumptions 
are most often available on a longer time basis 
(eg. monthly values). Both sensible and latent 
demands have to be identified.

More generally, dynamic simulation has to be 
used in such projects, where the performance is 

depending on many factors and where storage 
and control issues have a great impact on the 
final result. 

The selection of a heat pumping solution must be 
considered very early in a buiding/HVAC project. 
Indeed, low temperature solutions have to be 
privileged in the selection of the HVAC system. 
Should irreversible choices be made too early 
(like the sizing of heat exchangers), some 
heat pumping solutions may not be possible to 
consider. 

Economical issues may influence the choice of 
such solutions as well.

Specific tools allowing comparing different 
options, right from the start of a project were 
developed. 

The FAST tool was developed to be easy and 
quick to use and able to provide a very first 
assessment of the expected performance of a 
heat pumping solution for a given project. From 
general characteristics of the building, the tool 
retrieves an equivalent project from a database 
and extracts the performance of this project. 
All data required for that operation are usually 
available very soon in a project.

The AHPSAT tool requires more data and is 
designed to provide a model-based assessment 
of the performances of one or several heat 
pumping solutions, in comparison with the 
classical combination of a boiler and a vapour-
compression chiller taken as reference. 
Performance indicators evaluated by the tool 
include energy performance (in terms of primary 
energy savings), environmental impact (in terms 
of CO2 emissions) and economical aspect 
(in terms of total costs of the system roughly 
evaluated). This evaluation tool only takes the 
primary energy system into account.

For deeper analysis, a detailed dynamic 
simulation, using a tool as TRNSYS can be used 
to give a more complete view of the performance, 
including the impact of the secondary components 
and of the associated control system.

http://www.ecbcs.org
http://www.ecbcs.org/annexes/annex58.htm
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Impact

Theoretical calculations show that in good 
circumstances, a high potential for primary 
energy savings exists. 

In the moderate climates of mid latitudes of 
Europe, where most of the Annex participants 
were located, the constraints of the climate make 
the unique heat recovery option of marginal 
interest: demands are not very often simultaneous 
and when they are, the heat demand is higher 
than the cooling demand, making the energy 
recoverable at the condenser too small to have a 
substantial useful effect.

Only for buildings where an important heating 
demand is still observed in summer (like in 
hospitals and rest homes), the unique recovery 
option offers interesting savings.

Reversibility (combined or not with heat recovery) 
appears to be a much more valuable option. 

The realization of this potential is clearly 
depending on the technical solution which is 
used. Simulations indicate a good correlation 
between the potential performance (based upon 
building demands) and the expected savings 
(considering the primary and secondary HVAC 
system). 

Moving to practice, a number of important 
issues have to be considered: sizing of the heat 
exchangers and of the storage devices if any, 
hydraulic considerations, control devices. 
Overall, an appropriate commissioning of the 
whole system should be carried out.

Calculations based upon typical buildings allow 
an extrapolation of the expected savings at 
European level. An example of results is shown 
by Figure 10 for office buildings and Figure11 for 
health care buildings.
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In terms of heat recovery on chiller condenser  for DHW in health care institutions in Europe - 15, the 
potential is assessed to 430 GWh PE saved and 94 kilotons of CO2 avoided (Figure 114). 
 

Figure 10. Annual 
primary energy 

savings and CO2 
emission reductions 

in air-conditioned 
office buildings in 

Europe-15 based on 
simulation results. 
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In terms of heat recovery on chiller condenser  for DHW in health care institutions in Europe - 15, the 
potential is assessed to 430 GWh PE saved and 94 kilotons of CO2 avoided (Figure 114). 
 

Figure 11. Annual 
primary energy 
savings and CO2 
emission reduction 
in air-conditioned 
health care 
institutions in 
Europe-15 based on 
simulation results.
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