
newsECBCS Annex 49

Low Exergy Systems for High-Performance
Buildings and Communities

N e w s l e t t e r  N o .  7  M a r c h  2 0 1 0

International Energy Agency
Energy Conservation in 
Buildings and Community 
Systems Programme
www.ecbcs.org

This is the last issue of the LowEx News the biannu-
al newsletter published during the working phase of
IEA ECBCS Annex 49. The main results of Annex 49
are described here together with the formats of the
final products of the Annex 49.

GUIDEBOOK FOR LOW EXERGY SYSTEMS

The results of Annex 49 are presented in the form of
a booklet, which includes the LowEx Guidebook in a
CD-ROM format. It contains all the material produ-
ced within the project: newsletters, publications, the
exergy analysis tools and the full version of the gui-
debook (also as a printable .pdf version). In addi-
tion, the same information can be found in the
Annex 49 webpage: www.annex49.com.

Main objectives and layout of the final report
In this context, the main objectives Annex 49 were: 

• to develop design guidelines regarding exergy
metrics for performance and -sustainability

• to create open-platform exergy software for buil-
ding design and performance assessment 

• to show best practice examples for new and retro-
fit buildings and communities

• to document benefits of existing and developed
demonstration projects 

• to set up a framework for future development of
policy measures and pre-normative work inclu-
ding the exergy concept

The topics mentioned are treated in detail in the fol-
lowing chapters: 

• Following the introduction in Chapter 1 Chapter 2
gives a detailed description of the first unitary
methodology for performing dynamic exergy ana-
lysis on building systems. Fundamental concepts
and the thermodynamic background of the exergy
approach are highlighted, as well as detailed equa-
tions for the analysis of several building systems.

• In Chapter 3, the tools developed within the work
of Annex 49 are presented. A detailed description
of the main features, calculation approach and
usability of each tool is also given. 

• Chapter 4 highlights and summarises main strate-
gies for optimised exergy design of buildings and
community systems. 

• Chapter 5 presents the main parameters develo-
ped or used for characterising exergy performan-
ce of any building or community. Based on these
parameters, first discussions and bases for setting
pre-normative proposals which include the exergy
concept are also included. 

• Chapters 6 and 7 show the main building and
community case studies analysed within the rese-
arch activities of Annex 49.  
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Figure 1: The final products of Annex 49 will be
published in many formats.
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Table 1: Details table of contents of the annex 49 guidebook
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Excel pre-design tool
The concept and structure of the tool are based on
the MS-Excel tool developed within the IEA ECBCS
Annex 37 (it can be downloaded at www.lowex.org)
and represent a further development of that tool.
Main newly implemented features are:

• two different energy sources, or energy supply
systems for DHW and space heating demands
can be combined, e.g. solar thermal collectors
and heat pumps, boilers, etc.

• renewable energy flows are accounted for, both
in energy and exergy terms, in the generation
and primary energy transformation subsystems

• renewable and fossil energy and exergy flows are
regarded separately, allowing good traceability
of different energy sources in the energy supply
chain

Cascadia tool
A MS-Excel based tool for community analysis, cal-
led “Cascadia”, has been developed. The model
implemented in this tool represents the building as a
simple thermal load and emphasises more, the form
of the energy supply and its distribution network.  

For the evaluation process the district energy supply
temperature has been selected, based upon the

TOOLS FOR EXERGY ANALYSIS

Tools to facilitate exergy analysis of buildings
In building design, both the energy and exergy perfor-
mance of the building and its building systems should
be taken into account. As a part of the work done in
Annex 49, a variety of software tools have been deve-
loped to facilitate the use of exergy analysis in building
design. These tools have different levels of complexity
and can be used in various applications.

They are at the forefront of the use of exergy in the
building sector, providing a unique viewpoint that
simple analysis based on energy balances alone
might overlook. These tools provide designers with a
range of options for producing results pertaining to
the exergetic performance of a particular design.
Table 2 shows an overview of the main features of
the tools developed as part of the project.

Table 2: Summary of
tools for exergy analysis
in the built environment
developed during the
Annex 49 project

Figure 2: Screenshot from DPV tool with spider
graph for comparing the performance of different
parts of a building design.

capabilities of the supply technology. Five technolo-
gies were included within the model:

1.a medium efficiency gas fired boiler
2.a high efficiency, condensing gas fired boiler
3.a reciprocating gas fired engine based co-gene-

ration system
4.an electrically driven ground source heat pump
5.flat plate solar thermal collectors

SEPE an Excel calculation tool for exergy-based
optimisations
SEPE, or “Software for Exergy Performance“ is a
MS-Excel based software that utilises the iteration
features of Excel to perform steady-state exergy eva-
luations and optimisation of different cooling and
heating systems.  The tool provides insight on the
exergy processes at the component level of building
supply systems.

Tool Ideal User Calc Level Interface Programming Availability Manual Repository

Annex 49 pre-
design tool

Eng/Arch Building Excel BASIC Public Yes Annex 49

Cascadia Eng/Planer Community Excel BASIC Public No Annex 49

SEPE Eng System Excel BASIC Public Yes Annex 49

DPV Arch/Eng Building GUI C# Private Yes (DE) Keoto

Human Body Eng Occupant GUI FORTRAN Public Annex 49

Decision Tree Owner/Planer System/Building Graphical -- Public Yes Swiss BfE

Design performance viewer
For the first time, a building exergy calculation has
been implemented in a Building Information Mode-
ling (BIM) tool. A new energy and exergy tool called
the Design Performance Viewer (DPV) has been
developed based on the Excel tool developed in the
IEA ECBCS Annex 37, and it is currently being
expanded in Annex 49. The tool, which is integra-
ted with Autodesk Revit software, allows planners,
designers, and architects to obtain an easy-to-
understand graphic display of the energetic and
exergetic performance of their buildings. 
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Figure 3: Example of an arrow diagram.

Including exergy analysis in energy legislation is
useful for two reasons: it supports meeting the
objective of reducing primary energy consumption,
and it supports the design of intelligent energy sup-
ply systems based on renewable energy, which will
also become important in the future. 

The benchmarking proposals from Annex 49 are
based on the following parameters:

The exergy expenditure figure is calculated as the
ratio between the exergy input (effort) required to
supply a given energy demand and the energy
demand itself (use). Auxiliary energy for operating
the component is also included as input (i.e. effort)
in the parameter. Exergy expenditure figures can be
used to characterise the performance of components
in energy supply systems. This figure can be seen as
an enhanced version of the quality factors (exergy to
energy ratio), where both the energy and exergy
losses in a certain energy conversion unit are depic-
ted

Quality factors are defined as the ratio between the
exergy and energy of a given energy system. They
indicate the convertibility of an energy flow into
mechanical work, i.e. high valued energy with high
exergy content. Thereby they characterise and
distinguish high exergy sources and demands from
low exergy sources and demands. They allow a sim-
ple but thermodynamically correct representation of
the matching in the quality levels between energy
supplied and demanded, and are used for this pur-
pose in the “arrow diagrams” used to depict the
performance of community case studies.

Exergy efficiency defined as the ratio between the
obtained output and the input required to produce
it. Exergy efficiencies help identifying the magnitude
and point of exergy destruction within an energy
system. Therefore they quantify how well the poten-
tial in the energy and exergy inputs to the system
are used. 

Primary energy ratio (PER) is calculated as the ratio
between the useful  energy output, i.e. the energy
demand to be supplied, and the fossil energy input
required for its supply. High PER values indicate that
the proportion of fossil energy in the supply is low,
thereby meaning that a greater share of renewable
energy sources is present in the supply.

Based on the last three parameters two diagrams for
depicting the performance of community supply
systems have been developed. 

Arrow diagrams
The arrow diagram shows the matching between the
quality levels of the energy supplied and demanded.
The diagram is a qualitative representation of the
quality and quantity of energy demands and supply
in buildings. Figure 3 shows an arrow diagram as
an example.

The position of the arrows on the Y-axis (i.e. “Ener-
gy quality, q”) represents the quality factor of the
energy supplied and demanded and thereby depicts
the exergy content of the energy flow. On a scale
from zero to one, quality factors for different energy
flows are represented. 

The thickness of the arrows represents the amount of
energy demanded or supplied. In this way, both the
quality and quantity of the different regarded ener-
gy flows is shown. Thus the matching between the
quantity and quality levels of the energy supplied
and demanded can be seen.

PER – Exergy efficiency diagram
The (PER)-exergy efficiency diagram characterises
the exergy performance and use of renewable ener-
gy in the supply of a community. An example of such
a diagram can be seen on Figure 7. White dots
show both parameters for different supply concepts,
characterising the performance of the case study.
Dots in the upper right corner indicate good exergy
performance and high use of renewable energy
sources. Consequently, these supply concepts corre-
spond to “LowEx” community concepts. In turn, dots
close to the lower left corner depict case studies with
low exergy efficiency and high fossil fuel share on
the energy supply. 

BENCHMARKING FOR COMPONENTS OF BUILDING SYSTEMS AND COMMUNITIES
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The industry standard design is to provide a single
temperature chilled water supply. Water cooled
chillers are normally configured with evaporators
in parallel and condensers in parallel. The supply
to return temperature differential for both evapora-
tor and condenser water chiller flows is typically
between 5.6°C and 6.7°C. The industry large scale
chiller plants average approximately 0.267 system
kWelectric/kWcooling at 24.2 °C ambient tempe-
rature.The improvement potential achievable with
an innovative chiller design consisting on a series
connection of several chillers is investigated here.
Figure 6 shows schematically the conventional
design (left) and the innovative configuration pro-
posed here (right). Temperature levels assumed for
the performance of both designs are also shown in
the diagram. The forecasted electrical energy
demand for the chillers is then reduced from the
conventional value of 0.267 system
kWelectric/kWcooling to 0.135 kWelectric/
kWcooling at 24.2°C ambient air temperature.
Ideal exergy efficiencies for both configurations
amount 8.33 and 12.14 respectively. This repre-
sents an improvement of 47%.
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INNOVATIVE BUILDING CASE STUDIES

An overview of the main building components whose performance was analyzed within the research activi-
ties of Annex 49. 

Figure 5: Principle of the chiller    

Figure 6: Conventional parallel configuration of chillers for cooling energy
supply (left) and innovative series configuration for high efficiency cooling
supply (right).

Exergy recovery from
wastewater in small
scale integrated
systems

Application
c For heating
c For cooling

State of the art
c Innovative concept
c Prototype
c Commercially 

available

In this case study, the recovery of waste energy
has a strong influence on the performance of the
heat pump, By increasing the source temperature,
and consequently the COP, the demand of electri-
city decreases.

Adjustment of the ven-
tilation rates based on
the variation in time of
the actual needs

Application
c For heating
c For cooling

State of the art
c Innovative concept
c Prototype
c Commercially 

available

Energy use for air circulation in air unit systems is
a relevant part of the overall energy balance. To
overcome the pressure drops in air ducts, which
implies slight exergy destruction, electricity-driven
fans are needed as their exergetic efficiency is
very low. This approach limits the electricity con-
sumption for air circulation by making use of the
natural pressure differences in the environment
that would be otherwise supplied. Furthermore,
active systems, such as chillers, can be switched
off to maintain IAQ comfort requirements. As a
result, in intermediate seasons, it is possible to cut
off the electricity consumption, that is exergy, and
make use of available environmental sources. 

Innovative configura-
tion for cooling pur-
poses: series design
for chillers

Application
c For heating
c For cooling

State of the art
c Innovative concept
c Prototype
c Commercially 

available

Seasonal heat stora-
ge with ground sour-
ce heat pump system

Application
c For heating
c For cooling

State of the art
c Innovative concept
c Prototype
c Commercially 

available

The main precondition for the exploitation of many
renewable sources is the possibility to store energy,
due to their inconsistent availability. The exploita-
tion of renewable sources is considered as a low
exergy approach. Even though solar radiation has
a theoretically great exergy potential, the exergy
destruction of the solar radiation would take place
anyway, regardless of human exploitation, and its
use replaces high-exergy fossil fuels. 
Seasonal heat storage has a two-fold positive effect
on exergy consumption in buildings: it allows the
massive exploitation of solar energy in an efficient
way – thus collecting freely available exergy - and
it improves the performance of active, electricity-
driven systems, such as heat pumps.   

Temperature and
humidity independent
control (THIC) air-con-
ditioning system

Application
c For heating
c For cooling

State of the art
c Innovative concept
c Prototype
c Commercially 

available 

This system allows the control of both humidity and
temperature by splitting the management of them into
two independent systems. Due to the increased tempe-
rature for cooling from 7° to 18 °C, much better per-
formances in terms of exergy can be obtained. Refer-
red to an outside reference environment at 25 °C, the
exergy content is respectively 6.4% and 2.4% of the
produced and delivered heat. Similarly, a chiller ide-
ally working in the same environment would perform
almost three times more effectively. Consequently, rele-
vant amounts of exergy can be saved, while still assu-
ring good comfort conditions in the cooled areas

Figure 4: View of the system
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community country LowEx highlights

Alderney Gate Canada
Sea water cooling coupled with borehole thermal ener-
gy storage

Andermatt Switzerland geothermal energy systems

Heerlen Netherlands
low temperature emission systems, low temperature
district heat from old coal mines

Letten Switzerland geothermal energy systems

Oberzwehren  Germany
utilisation of a low exergy supply source, i.e. waste
heat from CHP

Okotoks Canada
solar thermal heating systems, coupled with seasonal
ground thermal energy storage

Parma Italy
low temperature heating systems coupled with  efficient
ventilation systems

Twin cities 
Minnesota  

USA co-generation and district heating

Ullerød Denmark
low energy district heating, ground source heat pump
(GSHP) and air-to-water heat pump (AWHP)
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Table 3 gives a summary of all community case stu-
dies analysed within Annex 49. 

In many of the community case studies on the planning
phase, the performance of all possible supply options
considered at the beginning of the project is analysed.
The simple benchmarking diagrams developed within
Annex 49 and presented in chapter 5 are used to
show, at a glimpse, how suitable the different supply
options are. Figure  7 shows, as an example, the PER-
exergy efficiency diagram for the case study of Ober-
zwehren. The great exergy performance of low tem-
perature district heating supply as compared to the
other options can be easily seen. Following, this was
the supply option chosen for the project. 

However, in terms of primary energy the performan-
ce of district heating supply could still be improved by
using renewable energy fuels to power the CHP units
providing waste heat to the district network. This was
done for example in the city of Parma. The target was
to transform Parma into a renewable city by the year
2050, adopting today’s best available technologies.
A renewable-fuelled CHP unit was therefore also con-
sidered. The improved PER performance of the district
heating supply option powered by renewable energy
sources can be clearly seen in the PER-exergy effi-
ciency diagram for that case study (see Figure 8). 

Table 3: Summary of community cases for exergy
analysis in the built environment developed during
the Annex 49 project. 

Figure 8: Diagram of exergy efficiency of the systems
vs. primary energy ratio [Scenario 2 - Parma 2050].

Figure 7: PER ratio vs exergy efficiency diagram
for the different energy supply options under consi-
deration for the community of Oberzwerhren,

INNOVATIVE COMMUNITY CASE STUDIES
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This newsletter is a product of the Annex 49 working group
and has not been submitted for approval of the ECBCS
Executive Committee. ECBCS is the refore not responsible
for the contents of this newsletter

CONFERENCE

The Future for Sustainable Built Envi-
ronments with High Performance
Energy Systems

19th - 21th October 2010
Oskar von Miller Forum
Munich, Germany
www.conference.annex49.com

The conference is the final event of the Annex 49
“Low Exergy Systems for High-Performance Building
and Communities” which is part of the Energy Con-
servation in Buildings and Communities Programme
of the International Energy Agency, carried out in
close cooperation with the European COSTeXergy
project.

This conference about the future for sustainable built
environments and energy systems integrating a
maximum amount of renewable energies provides
front-edge technologies and solutions for buildings,
communities and energy supply. In addition to the
presentation of new results and technologies this is
an opportunity for personal exchange with partici-
pants from politics, research institutions and indu-
stry. The conference therefore creates the chance for
an open interdisciplinary discussion on how to
address the upcoming challenges of energy transi-
tion.

PUBLICATIONS ANNEX 49 

Besides the main Guidebook from Annex 49 present-
ed in this Newsletter, 6 further Newsletter were relea-
sed biannually. Each newsletter deals in detail with a
specific topic on the focus of Annex 49 activities. 

Additionally, a mid-term report has also been
published. It compiles the main mid-term outcomes
of Annex 49 research activities and can be freely
downloaded at www.annex49.com. 

Another report on the exergy aspects of human
body and thermal comfort has also been published
within the scope of Annex 49. 

On the Annex 49 website we have collected infor-
mation about Annex 49:
background, activities, members, material, contact
and links information on participants, meetings and
publications. The website is updated continuously,
so the latest information can be found on the websi-
te. There you can find:

• Contact information
• Status reports
• Technical presentations 
• Annex 49 issues in ECBCS ExCo
• Meetings
• Links to other sites
• Newsletters
• General information

The Annex 49 tools, guidelines, recommendations,
best-practice examples, pre-normative proposals
and background material developed within the fra-
mework of Annex 49 will be oriented and made
available to designers, planners and decision
makers in the fields of building, energy production
and politics. 

Figure 10: Low Exergy
Systems for High-Perfor-
manc Buildings and
Communites were relea-
sed in Working Report
and Midterm Report.

Figure 9: In addition to
regular meetings techni-
cal reports and conferen-
ce papers, newsletters
were released.

Figure 11: The annex 49 group at the last meeting
in Espoo, Finland, September 2009.

ECBCS Annex 49

Low Exergy Systems for High-Performance
Buildings and Communities

START OF THE WORK

As a result of the discussions at the Future Building
Forum “Low-E3-Building Systems, Low Energy, Low
Exergy, Low Environmental Impact”, in Padova in
April 2005, and with the encouragement of the
ECBCS ExCo members, the International Society of
Low Exergy Systems in Buildings (LowExNet) had
the initiative to propose a new annex collaborative
work. After that, a one year preparation phase star-
ted. Germany agreed to lead the annex and offered
to provide the operating agent for it. Two prepara-
tion phase meetings were held, one in Berlin (Ger-
many) in May, and one in Stockholm (Sweden) in
October 2006. During the preparation period, a
complete programme of activities, structure and deli-
verables was compiled.

The First Expert Meeting of Annex 49 takes place in
Padova (Italy), March  19 - 21, 2007. 

PREPARATION PHASE

Participants from 8 countries attended the first pre-
paration phase meeting in Berlin. Moreover, during
this meeting in Berlin, several other potentially inter-
ested countries were contacted. There are currently
participants from 12 countries engaged in the pro-
ject. In Berlin, the main possible inputs and expected
outputs were identified by the participants of the
annex. These were used as starting points in defi-
ning the working program, which was reviewed,
discussed and agreed upon during the second mee-
ting, in October 2006 in Stockholm.

MILESTONES

The key deliverable of Annex 49 is a report on inte-
gral optimisation strategies encompassing both buil-
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dings and supply structures. During the preparation
phase, the participants agreed that a concrete defi-
nition of grades and categories for LowEx compo-
nents and buildings must be fixed. Hence, as a result
of discussions within the first expert meeting, a first
draft of these definitions is to be produced.

In order to cover a wider climatic scope, technology
transfer between countries will take place, focusing
on the performance of light structures for warm cli-
mates.

In total, 25 deliverables have been identified, which
have further been divided into smaller reports to be
provided by the participants.

The First Expert

Meeting of

Annex 49

takes place in

Padova (Italy),

March 19 - 21,

2007

Participants of the preparation phase meeting in
Stockholm (Sweden) in October 2006

newsECBCS Annex 49

Low Exergy Systems for High-Performance
Buildings and Communities

LOWEX CONCEPTS 
Christina Sager1 and Mia Ala-Juusela2

Looking at the energy efficiency of buildings, the
current discussion is focused on quantitative aspects.
This is caused, of course, by the available and
“state-of-the-art” approaches to energy evaluation
and legal requirements. Today, the primary energy
demand is widely accepted and used in indicating
the environmental impact of domestic energy con-
sumption. The current standardised procedures are
therefore based on the first law of thermodynamics
combined with primary energy factors, which are
based on the fossil energy demand. First of all, this
approach leads to a saving policy that can help in
reducing the consumption of fossil fuels and help
draw attention to renewable energy sources.

The neglected aspect within this discussion is the
question of energy qualities. So far, this quality
aspect of energy based on the second law of ther-
modynamics is implied in the common experience of
“energy loss” by using energy for heating and coo-
ling purposes. Contrary to the first law of thermody-
namics, energy resources are being consumed, and
have to be replaced and paid for. Energy in the form
of indoor air warmth transmitted through exterior
walls and windows, is irretrievably lost for our hea-
ting purposes.
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The exergy balance puts these losses into figures and
allows for the minimization of losses which occur
over the energy transformation chain. By taking into
account the quality aspects of energy sources it beco-
mes possible to match not only energy quantities,
something which must be done in any case to ensu-
re thermal comfort, but, in addition, to provide com-
fort using energy sources with similar qualities. 

Almost exclusively nowadays, we meet our heating
and cooling requirements by supplying fossil fuels or
electricity. These are among the most high quality
and potent energy resources available on earth.
Then, we use them to provide nothing more than
warm water of about 40° to 70°C for heating or
DHW. The energy balance veils these tremendous
quality losses. Nevertheless, the word exergy, for an
average engineer, still sounds like a misspelling,
despite its in-depth meaning. 

The question of how to define the term “LowEx” in
the context of various applications in the building
sector still awaits consensus among the LowEx-
experts’ community. In the following the main topics
will be outlined and existing positions stated. This
may serve as a starting point for finding appropria-
te solutions in the near future. The forum that hosts
these strategy discussions evolved from the consor-
tium of IEA ECBCS Annex 49.

LowEx as “…a

system able to pro-

vide the best mat-

ching between the

quality levels of the

energy demand and

of the energy supply

on a single building

or community level”

(P. Caputo and 

A. Angelotti). 
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Fig. 1: Energy utilisation within a typical building for various uses at different quality (exergy) level and the
common satisfaction of the demand with high exergy sources only.   
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BENCHMARKING OF LOW “EXERGY”
BUILDINGS
Dietrich Schmidt1

The growing concern of environmental problems,
such as global warming, which have been linked to
the extended use of energy, has increased both the

importance of all
kinds of so-called
“energy saving
measures”, and
the necessity for
an increased effi-
ciency in all
forms of energy
utilisation. Despi-
te the efforts
made to improve
energy efficiency
in buildings, the
issue of gaining
an overall assess-
ment and compa-
ring different

energy sources still exists [1]. Today’s analysis and
optimisation methods do not distinguish between dif-
ferent qualities of energy flows during the analysis.
An assessment of energy flows from different sources
is first carried out at the end of the analysis by weigh-
ting them against the primary energy factors inclu-
ded in the building codes of a number of countries.
Primary energy factors are based neither on analyti-
cal grounds nor on thermodynamic process analy-
ses, yet they have been derived from statistical mate-
rial and political discussion. 

As described above, all our energy assessment of
energy utilisation in buildings is based on quantita-
tive considerations alone. By weighting different
energy sources against primary energy factors,
some aspects of a somewhat qualitative assessment
are taken into consideration. Yet, principally, the
design of supply structures is founded on the satis-
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faction of the quantitative demand within buildings.
With the so-called LowEx approach, a further step
is to be taken. Not only are the quantitative aspects
of demand and supply considered, but the qualitati-
ve aspects are also included ([2], [3], [4], [5]). 

To clarify these ideas, different uses of energy within
buildings are explained: if we heat indoor space up
to 20°C, we have to supply heat at a temperature
slightly higher than 20°C. An exergetic analysis
shows that the required energy quality, the exergy
fraction or quality factor q, for this application is
very low (q ⊕ 7% only). If the production of domestic
hot water is considered as heating water up to tem-
peratures of about 55°C, the necessary energy qua-
lity is slightly higher (q ⊕ 15%). For cooking or hea-
ting of, for example, a sauna, we need an even hig-
her quality level (q ⊕ 28%), and for the operation of
different household appliances and lighting we need
the highest possible quality (q ⊕ 100%). 

On the other hand, our energy supply structures are
not as sophisticated as the use. Energy is commonly
supplied as electricity or as a fossil energy carrier.
The energy quality of the supply is the same for alll
different uses are the same and unnecessarily high
(q ⊕ 100%). 

An adaptation of the quality levels of supply and
demand could be managed by covering, for exam-
ple, the heating demand with suitable energy sour-
ces, as there is available district heating with a qua-
lity level of about 30%. There is a large variety of
technical solutions on the market to supply buildings
with the lowest possible supply temperatures (q ⊕
13%) on the market. Commonly known waterborne
floor heating systems is one of these solutions. 

In Germany, the typical primary energy efficiency for
the heating of newly erected dwellings, equipped with
good building service systems, is about 70%. If exer-
gy is considered, the picture changes: the exergetic
efficiency of the heating process is only about 10%.
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Figure 1: Calculated 
primary energy demand
(fossil and renewable) 
for the chosen variants 
of the building service
equipment (steady state 
calculation)
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Figure 1: Scope of ener-
gy sources investigated
within the scope of
Annex 49 to provide
demands with different
quality levels on building
and community scales.

1 Fraunhofer Institute for Building Physics, Kassel, Germany

LOW-EXERGY BUILDING TECHNOLOGIES
AND COMMUNITIES
Herena Torío1

The work and focus of IEA ECBCS Annex 49 are
based on an integral approach which includes the
analysis and optimisation of the exergy demand in
the heating and cooling systems and all other pro-
cesses where energy/exergy is used within the buil-
ding stock. In addition to building related technolo-
gies, optimization of community energy supply
structures is also pursued.  

For this aim, different energy uses such as lighting,
electricity demand for appliances, process heat, etc.
need to be regarded and managed. Available ener-
gy resources on the community area need to be
assessed and classified according to their potential
or quality, giving special regards to possible local
renewable energy sources. In this sense, the work
from Annex 49 enhances results from earlier rese-
arch activities, widening the scope to different ener-
gy uses and community structures. 

Following the LowEx approach means to organize
the available energy sources according to the dem-
anded uses: environmental heat/coolness or process
waste heat might be used for supplying low-exergy
demands such as space heating or cooling, whereas
high exergy resources such as wind power or high

Figure 2: Exergy flow through subsystems of the
energy supply chain.
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temperature heat might be used for electricity pro-
duction and industrial processes. For managing sup-
ply and demand together, generation, storage and
distribution structures in the community play a major
role. Thus, the development of advanced concepts for
generation, storage and distribution systems on a
community scale is a key objective of the research
activities. 

In Figure 2 an assessment of the exergy flows
through the building energy supply chain are shown
for different building systems. In the “energy transfor-
mation” and “generation” subsystems, the transfor-
mation of energy sources into end energy for cove-
ring a specific use is assessed. Thus, energy supply
structures and systems such as district heating, power
plants, boilers, CHP units, etc. are regarded here. In
turn, in the emission system, building technologies for
supplying the space heating or cooling demands on
buildings are addressed. These are the steps where
greater exergy losses arise (see Figure 2). Thus,
assessing both building and community energy sup-
ply structures research is focused on the steps of the
energy supply chain where major exergy losses
occur, i.e. where greater improving potential is
found.

Communities

Ambient Conditions

Energy
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1 This article is based on the World Sustainable Building Conference 2008 paper “Profit of exergy in the built environment“.

Introduction
Since stated by the World Commission on Environ-
ment and Development in 1987, sustainable deve-
lopment receives world wide attention. In the buil-
ding industry the term sustainable building is used to
address all techniques and approaches in terms of
source efficiency, quality improvements and pollu-
tion reduction, which not compromise the ability for
future generations to meet their own needs [1].

Within sustainable development and sustainable
building the reduction of energy use has much atten-
tion. E.g. in the Dutch building industry innovative
techniques, like solar chimneys, heat pumps and
mechanical ventilation systems with heat regenera-
tion, are introduced to supply heat efficiently during
winter and to keep the heat inside as long as possi-
ble by using new types of insulation and heat
exchangers. It is even possible to build houses that
offer comfortable temperatures without the necessity
of any external energy infrastructure to supply them
of resources or heat at all; autarkic houses.  

The building industry is rather reluctant to apply
these necessary energy saving techniques. Contrac-
tors often do not know which broad range of ener-
gy saving techniques is available and the direct costs
of some of these existing techniques are simply too
high, so it seems. Research is needed to explain the
financial benefits of lowex techniques.

Research objective
The project research is aimed to contribute to the
adoption of exergy saving techniques in the built
environment by giving insights in their financial con-
sequences. These techniques will help to lower the
amount of harmful emissions and can provide the
correct quality (in terms of the ability to generate

mechanical work) and quantity of energy, expressed
by exergy, in a more effective way. The relation bet-
ween thermodynamics, economics, and sustainable
development has been described most challenging
by Valero et. al. [2].

Developing techniques for designing efficient and
cost-effective energy systems is one of the foremost
challenges energy engineers face. In a world with
finite natural resources and increasing energy
demand by developing countries, it becomes incre-
asingly important to understand mechanisms which
degrade energy and resources and to develop syste-
matic approaches for improving the design of ener-
gy systems and reducing the impact on the environ-
ment. The second law of thermodynamics combined
with economics represents a very powerful tool for
the systematic study and optimization of energy
systems.

RESEARCH ON THE FINANCIAL ASPECTS OF EXERGY IN THE BUILT ENVIRONMENT1

A.G. Entrop, H.J.H. Brouwers

Thermodynamics Economics

Building
processes

Figure 1: The research is conducted in an interdi-
sciplinary field relating thermodynamics and eco-
nomics in interaction with the building process.
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For the first time a building exergy calculation has
been implemented in a Building Information Mode-
ling (BIM) tool. A new energy and exergy tool called
the Design Performance Viewer (DPV) has been deve-
loped in the Building Systems Group at the ETH in
Zurich based on the Excel tool developed in the IEA
ECBCS Annex 37 and currently being expanded in
the Annex 49. The tool integrates with the Autodesk
Revit software allowing planners, designers, and
architects to obtain an easy-to-understand graphical
display of the energetic and exergetic performance of
their building. The tool can be implemented in all pha-
ses of design and most importantly, allows the user to
observe potential impacts of changes during the ear-
liest and most influential phases of the design process.
This facilitates an awareness of energy and exergy
performance throughout a project, instead of energy
analysis just being an afterthought.

It is not easy to design
a modern building,
and as buildings have
become more com-
plex so have the tools
used to design them.
Nearly all buildings
today rely on some
form of Computer
Aided Design (CAD)
tool in their creation.
The need for higher
performance buil-
dings has led to the
development of ener-
gy simulation tools
that show not just the
construction of a buil-

ding, but also its operation. But often  these simula-
tion systems require complicated inputs making ana-
lysis of various constructions or multiple design pos-
sibilities very difficult. The development of object
orientated CAD models has facilitated the growth of
more accessible energy analysis systems. These Buil-
ding Information Models (BIM) include both geome-
tric data as well as other information about various
components of the building such as wall thermal
resistance and room orientations. The information
stored in the BIM can be used directly to do calcula-
tions about the design such as shading and lighting
as well as energy calculations.

The DPV tool takes information by using an API from
a Revit building model and uses it to determine per-
formance factors for a building and display them in
a simple graphical interface. The first version of the

Figure 1: Screenshot from DPV tool with spider graph for comparing the perfor-
mance of different parts of building design.

TOOLS FOR EXERGY PERFORMANCE EVALUATION

THE DESIGN PERFORMANCE VIEWER
Forrest Meggers, Arno Schlüter and Frank Thesseling1
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