ECBCS Annex 49

Low Exergy Systems for High-Performance
Buildings and Communities

Annex 49 Midterm Report

“A framework for exergy analysis at the
building and community level”

Inernatonal Energy Agercy
Energy Conservation in
Buildings and Community

| Sysiems Programme



Edited by:
Dietrich Schmidt and Herena Torio

Annex 49 information based on the single reports of
research items from the project.

Summarized by:
Herena Torio

Contributing authors:
Adriana Angelotti
Politecnical University of Milan (ltaly)

Dietrich Schmidt
Fraunhofer Institute for Building Physics (Germany)

Forrest Meggers
ETH Zirich (Switzerland)

Giacomo Villi
University of Padova (ltaly)

Herena Torio
Fraunhofer Institute for Building Physics (Germany)

Ken Church
NRC Natural Resources Canada (Canada)

Marco Molinari
KTH Building Technology (Sweden)

Paola Caputo

Politecnical University of Milan (ltaly)
Tamés Simén

KTH Building Technology (Sweden)
Xiaohua Liu (as guest)

Tsinghua University (China)

Yi Jiang (as guest)

Tsinghua University (China)

© Copyright Fraunhofer-IBP 2009

All property rights, including copyright, are vested
in the Fraunhofer Institute for Building Physics, Ope-
rating Agent for the IEA ECBCS Annex 49 “Low
Exergy Systems for High Performance Buildings and
Communities”, on behalf of the Contracting Parties
of the International Energy Agency Implementing
Agreement for a Programme of Research and Deve-
lopment on Energy Conservation in Buildings and
Community Systems.

In particular, no part of this publication may be
reproduced, stored in a retrieval system or transmit-
ted in any form or by any means, electronic, mecha-
nical, photocopying, recording or otherwise,
without the prior written permission of Dietrich

Schmidt and the Fraunhofer-IRB Publications.

EcBCs Annex 49 [

Disclaimer Notice:

Disclaimer Notice: This publication has been compi-
led with reasonable skill and care. However neither
the Fraunhofer IBP nor the ECBCS Contracting Par-
ties (of the International Energy Agency Implemen-
ting Agreement for a Programme of Research and
Development on Energy Conservation in Buildings
and Community Systems) make any representation
as to the adequacy or accuracy of the information
contained herein, or as to its suitability for any par-
ticular 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, regula-
tions or standards, and should not be regarded as a
substitute for the need to obtain specific professional
advice for any particular application.

Cover picture:

The building Cultuurcluster "Gen Coel" in Heerlen
(the Netherlands) is one of the main locations for the
Minewater Project and it houses the Energy Station
for that project, which is one of the main communi-
ty case studies in Annex 49.

In April 2009 an international Conference on "The
Future for Sustainable Built Environments - Integra-
tign the Low Exergy Approach" organized by the
Annex 49 has been hosted here.

Picture: Gerd Kleinert, Kassel, Germany



ECBCS Annex 49

PREFACE

International Energy Agency

The International Energy Agency (IEA) was establis-
hed in 1974 within the framework of the Organisa-
tion for Economic Co-operation and Development
(OECD) to implement an international energy pro-
gramme. A basic aim of the IEA is to foster co-ope-
ration among the twenty-four 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 Conservation in Buildings and Community
Systems

The IEA co-ordinates research and development in a
number of areas related to energy. The mission of
one of those areas, the ECBCS - Energy Conserva-
tion for Building and Community Systems Program-
me, is fo 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.

The research and development strategies of the
ECBCS Programme are derived from research dri-
vers, national programmes within IEA countries, and
the IEA Future Building Forum Think Tank Workshop,
held in March 2007. 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 con-
servation fechnologies. The R&D strategies apply to
residential, commercial, office buildings and com-
munity systems, and will impact the building industry
in three focus areas of R&D activities:

¢ Dissemination
® Decision-making
® Building products and systems

THE EXECUTIVE COMMITTEE

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

identified by (*) ):

Load Energy Determination of Buildings (*)

Ekistics and Advanced Community
Energy Systems (*)

Energy Conservation in Residential
Buildings (*)

Glasgow Commercial Building
Monitoring (*)

Air Infiltration and Ventilation Centre

Energy Systems and Design of
Communities (*)

Local Government Energy Planning (*)

Inhabitants Behaviour with Regard
to Ventilation (*)

Minimum Ventilation Rates (*)
Building HVAC System Simulation (*)
Energy Auditing (*)

Windows and Fenestration (*)
Energy Management in Hospitals (*)
Condensation and Energy (*)

Energy Efficiency in Schools (*)
BEMS 1- User Interfaces and System

Integration (*)

BEMS 2- Evaluation and Emulation
Techniques (*)

Demand Controlled Ventilation Systems (*)
Low Slope Roof Systems (*)

Air Flow Patterns within Buildings (*)
Thermal Modelling (*)

Energy Efficient Communities (*)

Multi Zone Air Flow Modelling (COMIS) (*)

Heat, Air and Moisture Transfer in
Envelopes (*)

Real time HEVAC Simulation (*)
Energy Efficient Ventilation of Large
Enclosures (*)

Evaluation and Demonstration of
Domestic Ventilation Systems (*)

Low Energy Cooling Systems (*)
Daylight in Buildings (*)

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 fo 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: Analysis of Micro-Generation & Related
Energy Technologies in Buildings

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 (*)

(*) — Completed
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IEA ECBCS ANNEX 49

The Annex 49 is a three year infernational research
project born as a result of the discussions in a Futu-
re Building Forum held Padova in April 2005. The
project began on November 2006 and runs until
November 2009. It involves 17 research institutions
and universities from 12 countries, many of which
are also members of the International Society of Low
Exergy Systems in Buildings (LowExNet).

The main objective of this project is to develop con-
cepts for reducing the exergy demand in the built
environment, thus reducing the CO,- emissions of
the building stock and supporting structures for set-
ting up sustainable and secure energy structures for
this sector.

Specific objectives are to:

® Use exergy analysis to develop tools, guidelines,
recommendations, best-practice examples and
background material for designers and decision
makers in the fields of building, energy production
and politics

® Promote possible energy/exergy cost-efficient
measures for retrofit and new buildings, such as
dwellings and commercial/public buildings

® Promote the exergy-related performance analysis
of the buildings viewed from a community level

Participating countries in [EA ECBCS Annex 49:
Austria, Canada, Denmark, Finland, Germany, ltaly,
Japan, the Netherlands, Poland, Sweden, Switzer-
land, United States of America

OPERATING AGENT:

Dietrich Schmidt

Fraunhofer Institute for Building Physics
Kassel (Germany)
Dietrich.schmidt@ibp.fraunhofer.de

Further information can be found in inter-
net under: www.annex49.com
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NOMENCLATURE

Main features of the concept

A m? Area

c J/kgK Specific heat capacity
ex J/kg Specific exergy

Ex J Exergy

Fq - Quality factor

h J/kg specific enthalpy

Hr  W/mXK Specific heat

transmission coefficient

m kg Mass

m kg/h Mass flow rate

P J Electrical energy demand

P Pa Pressure

Q J Heat

R J/kgK Specific gas constant
J/kgK Specific entropy
K Temperature

t s Time

Greek characters

Y - mass fraction

3 - Emissivity; Exergy effort figure
n - Energy efficiency

() J Heat

©® - Relative humidity

v m3/kg Specific volume

(o] W/(m2K4)  Stephan-Bolzmann Constant
(] - Sensitivity of exergy analysis
w g/ kg Woater content

M J/kg Chemical potential

6 °C Temperature

¥ - Exergy efficiency

AEx J Exergy destruction (losses)
Index

0 Reference state

a Air

aux Auxiliary energy (electricity)

b Building
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Chemical
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Desired
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Dry

Electricity
Envelope
Generation
Heating

Heating coil
Humid
Component

Inlet

Irreversible, irreversibility
Logarithmic mean temperature difference
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Mechanical
Outlet

Overdll

Constant pressure
Physical

primary
Room-air
Radiation
Rational
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Storage
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Simple
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SUMMARY

The present reports aims at outlining mid-term rese-
arch outcomes within the IEA ECBCS Annex 49
international research project.

Firstly, an introduction into the use of the exergy
concept for the particular case of buildings and
building system's analysis is given. Necessarily, the
introduction begins with a definition of the environ-
mental space for a system to be analysed, so-called
“reference environment” in thermodynamics, which
is of capital importance for exergy andlysis. A brief
discussion on the suitable reference environment for
exergy analysis in buildings is also included. Fur-
thermore, the importance of dynamic exergy analy-
sis for buildings, particularly for the cooling case is
highlighted, as well as the possibility and necessity
of including indoor and outdoor air humidity in
exergy assessments, particularly in the case of hot
and humid climates.

From a literature review on the use of the exergy
concept for buildings and building systems, the
great importance of a unitary and common analy-
sis framework for exergy assessment has been deri-
ved and highlighted. This is one of the main aims
and objectives of Annex 49 research activities. Fol-
lowing, the state of the art of the method for exergy
analysis in buildings as derived and used within
Annex 49 activities is presented. The method for
buildings exergy analysis has been widened within
Annex 49 research activities, so as to be applied to
energy supply structures on a community scale. The
state of the art of an excel tool for community exer-
gy analysis, which will be one of the main outcomes
from Annex 49, is also introduced.

The insight on the development of the method for
exergy analysis is complemented with the descrip-
tion of several case studies, both on a community
and building level. These case studies are study
objects of innovative building technologies or ener-
gy supply structures in whose design the exergy
principles play a key role and where exergy analy-
sis will be applied.



1 INTRODUCTION

The energy-related problems can be mainly grou-
ped into two areas: the ones due to the forecasted
scarcity of non-renewable energy sources like fossil
fuels, potentially causing socioeconomic changes,
and the ones due to the environmental impact of the
use of non-renewable energy sources, ranging from
the release of green-house gases to the nuclear
waste disposal.

The consumption of primary energy in residential and
commercial buildings accounts for about one third of
the total world energy demand. Buildings represent a
major contributor to energy related problems on a
global scale, even though great efforts have been
made to reduce energy use in buildings, for example,
by improving the window glazing or constructing
heavily insulated facades.

Most of the energy in the building sector is used to
mainfain constant room temperatures of around
20°C. In this sense, because of the required low tem-
perature levels for the heating and cooling of indoor
spaces, the quality of the energy demanded for appli-
cations in room conditioning is naturally low. The
quantity of energy is given by the first law of thermo-
dynamics, which allows obtaining energy balances in
a system. The quality of energy, is given, in turn, by
the combined andlysis using the first and second laws
of thermodynamics. From these combined andlysis,
the thermodynamic concept of exergy is derived.
Exergy represents the part of an energy flow which
can be completely transformed in any other energy
form, thereby depicting the potential of a given ener-
gy quantity to perform work or, in other words, its
quality. To do so, some part of exergy supplied to the
system in question has to be “consumed”.

In most cases, however, this low quality energy
demand is satisfied with high quality energy sour-
ces, such as fossil fuels or electricity. Renewable
energy sources, such as thermal solar power or
using the ground as a cooling source, work very effi-
ciently and are profitable for the regarded tempera-
ture levels.

To make energy use in buildings even more efficient
and to open up the possibility of using renewable
energy sources, and supplying energy with low qua-
lity, new low temperature heating and cooling
systems are required. Furthermore, it has been
found that by applying so-called low temperature
systems, thermal indoor comfort is improved at the
same cost level as by using conventional, less com-
fortable building service systems (IEA Annex 37,
2002).
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To allow for a better understanding of energy utilisation
in buildings and how to implement more renewable
energy sources info the built environment, the method
of exergy andlyses is beneficial. A deeper understan-
ding of the nature of energy flow and/or conversion
processes in buildings would enable building designers
and architects to achieve an improved overall design.

Exergy analysis, in this context, can be a necessary
complement to mere energy analysis to achieve the
aim of a more rational use of energy in building-
related processes, as it gives deeper information
about the quality of the energy used. As stated
above, buildings require rather low-quality energy
for space heating and cooling applications. Reduc-
tions in the quality of the energy used for these
applications can be achieved by lowering supply
temperatures to levels as close as possible to the
demand temperature and as well by meeting their
needs with low quality or low exergy energy sour-
ces. Thus, buildings are suitable to be the final part
of an energy cascade, thereby making it possible to
increase the exploitation degree of the energy con-
tained in the source, whatever it may be.

As far as exergy losses are present, not all the ener-
gy potential is used. If a rational energy cascade is
realized, exergy losses decrease and more energy
from the same amount of fuel is utilized. According
to this approach, low-exergy demands for heating,
cooling ventilation and lighting in buildings are a
necessary precondition towards a sustainable ener-
gy supply in buildings.

1.1 Fundamentals of exergy analysis in buildings
As stated above, the exergy of a given energy flow
represents the part of that energy flow which can be
comp|ete|y transformed into any other energy form.
Thus, exergy is the part of an energy flow which can
be transformed into mechanical work (Baehr, 2005).
On the contrary, the part of an energy flow which
cannot be transformed into any other energy form,
is designated as “anergy”. From its definition it can
be easily understood that it is complementary to the
exergy concept. It can be written as follows:

Energy = Exergy + Anergy

The exergy concept allows to depict the potential of
a given energy flow to cause changes in an energy
system. Therefore, an energy flow can be character-
ised by means of its quantity (energy) and its poten-
tial of conversion (exergy)'.

The exergy content of an energy flow depends on
the properties and state of both the system under






























6.3.4. LowEx Highlights and Diagrams

LowEx Highlights

In the building energy regulation developed here use
of “LowEx" technologies is strongly encouraged. Low
temperature heating systems close to room tempera-
ture will be used, meaning that the energy supply will
be very efficient, with minimal losses. Presently, usu-
ally high quality energy sources like oil and gas are
used for heating buildings. These sources produce
high process temperatures and therefore contain
high levels of exergy. This exergy is wasted by using
it for heating purposes that generally only demand
temperatures of up to 60°C. There are, however,
renewable energy sources available in large quanti-
ties that supply energy at low or moderate tempera-
tures, like solar energy and the heating and cooling
potentiq| of undergrouncl heat exchangers. The latter
In particular, have the potential to satisfy demands of
buildings and can be used cost-efficiently. To utilize
these sources, the overall building system has to be
adjusted to low process temperatures in accordance
with the LowExergy approach. Radiant heating and
cooling systems, ground and ground water heat
exchange, solar thermal, as well as building envelo-
pe performance improvement (insulation, thermal
capacity and natural ventilation) are suggested and
economically sustained. The new building energy
regulation is an example of the promotion of
“LowEx” design principles at the community level.

The “LowEx” measures, in this case study, include:

* Low energy demand for heating, good insulation
and air-tightness;

* Radiant heating systems like floor and wall hea-
ting, slab heating, capillary tube systems;

e Solar energy systems for DHW;

® Heat pumps;

* Photovoltaic systems for electricity;

LowEx Diagrams

A graphical representation of the quality levels of
the energy supply and end-use categories that will
be considered in the optimization study is shown in
Figure 58 andFigure 59. An indicative Carnot fac-
tor is reported for each category to allow a better
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Figure 57: Energy system organization.

comprehension of the quality of energy supply and
demand. These assessments are preliminary and
need to be refined further.

The scenarios Parma 2020 and Parma 2050 in
which district heating and cooling were planned,
refer to hypothetical energy plans that are currently
being defined. The charts are for the winter condi-
tion in the two scenarios for the urban neighbour-
hood as already mentioned above.

Quality levels of the demands and energy supplies
are calculated by using simplified steady state equa-
tions assuming a room temperature of 20°C for hea-
ting and 28°C for cooling as well as typical supply
temperatures for the technologies, sources and
demands evaluated.

All calculations are done assuming a reference tempe-
rature of 5°C for winter and 32°C for summer.

Supply and return temperatures considered for the
solar thermal collectors and district heating return pipe
are assumed to be 70/50°C and 50/30°C, respecti-
vely. Supply and return temperatures for the district
cooling refurn pipe are assumed to be 18/25°C.

Figure 58: Diagram of
exergy efficiency of the
systems vs. primary
energy ratio [Scenario 1
- Parma 2020].

Figure 59: Diagram of
exergy efficiency of the
systems vs. primary
energy ratio [Scenario 2
- Parma 2050].



Figure 60: Location of the
building site [source: Goo-

gle].

Figure 61: Basic concept
for the estate develop-
ment.
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6.4 Oberzwehren, Kassel (GER)?

6.4.1 General description

The city of Kassel, situated in the centre of Germany,
is aiming at carrying out an environmentally ambi-
tious housing project within the next couple of years.
The building site is located on the estate of the for-
mer School for Horticulture of the University of Kas-
sel in the city district of Oberzwehren (Figures 60
and 61). It is bordered by access roads and private
estates. To the north, a mixed-use area borders the
site. To the north-west, there is a university campus,
to the west multi-family buildings, and to the south-
west and east single-family houses. The floodplain of
a small river is located due south. Bus and tram con-
nections to the city centre exist.

On the agricultural sample area of the site, an ecologi-
cal nursery was established in 2006. This is to remain.
The new buildings will be developed in two separate
areas, for which different urban and energetic solutions
will be developed. The buildings are to comply with
high ecological standards to sensitise citizens to envi-
ronmentally-friendly living in the city of Kassel.

| S‘I'A.D‘I'§ KASSEL

dooumenta-Stadt

The goal is to develop an ecological building estate
with high urban and architectural quality and to make
an innovative energy supply system possible. In the
year 2005, the planning office of the city council held
a kick-off workshop with eight architectural and two
landscaping offices from Kassel. The workshop resul-
ted in four alternative distinguished urban concepts
that formed the basis for a supply system concept.

The city of Kassel has set the ecological goal of a
CO,-neutral energy supply as the overall concept for
the project. The concept aims at:

Minimizing the CO,-emissions caused by the hea-
ting and DHW energy demand by high energy effi-
ciencies and the use of renewable energy sources to
achieve a neutral CO,-balance.

Reducing the overall material and energy flows over
the life-cycle.

Realising the goals in an economic way and with
reliable and commercially available technology.

The project is meant to lead the way in adapting
urban structures to changing climatic conditions. In
the project, the heat supply for the new houses is
based on the use and extension of the existing infra-
structure. Since the targets were set at an early stage
of the project, legal requirements in the development
plan can be set for the buildings’ side. The amend-
ment of the German Building Code, BauGB (2004),
has brought some new options for setting targets for
CO,-reduction at the community level. The question
whether general climate protection can be addres-
sed by the development plan has not yet been
addressed by courts or legislators. The project
Oberzwehren will provide representative experience
with this issue. The limited size, the “downtown”
location of the building site (recycling of urban buil-
ding sites and redensification) and the general ques-
tions addressed, make the project a good example
of an initial case study.

6.4.2 Technical description

Existing supply structure and energy concept

In the northern area of the building site, the local uti-
lities operate a district heating line that supplies the
buildings of the existing eco-nursery and the Profes-
sional School for Horticulture. The southern area is at
present not connected to the district heating and
because of the long distances and small loads to be
expected, a connection is not an economic option. For
this area, alternative energy supply concepts have to
be developed.



The overall goal of the building development is to
achieve a neutral balance in CO,-emissions caused
by heating and domestic hot water production
(DHW). This is to be realised by renewdble energy
sources and efficient building design. The heating
demand and the use of renewable energy sources
must be adjusted and optimised.

An efficient use of energy is the necessary premise for
low CO,-emissions. To use renewable energy sources
for heating purposes, radiant heating systems are sui-
table because they use low supply temperatures. To
reduce the heating demand, the insulation level of the
buildings will be set close to the passive house stan-
dard with a primary energy demand of about 40
kWh/(m?a).

Currently, there are two different building concepts
under discussion for the project. The basic concept
contains single-family buildings (Figure 62). The alter-
native is a more condensed structure with row-houses.
Estimate of the average energy demand to be used in
the planning process were based on standardised
calculations in accordance with the German Energy
standards for total heat demands and heat loads.
With this data the local utility supplier was able to
estimate the development costs for different energy
supply structures.

The single-family buildings in the south have an
energy demand for heating of about 78 MWh per
year, with an additional 42 MWh per year for
DHW. For the more condensed structure of row-hou-
ses in the north, the heating demand is about 87
MWh per year, while the demand for DHW rises to
about 79 MWh per year because of the larger num-
ber of units. The total energy demand adds up to
approximately 165 MWh per year for heating and
about 121 MWh for DHW.
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Figure 62: Building structure for the energy concept.

In this case, both sites with single-family buildings.

The ideal orientation of buildings to minimize ener-
gy demand is always discussed during the first plan-
ning phases. Thermal simulations show that the buil-
ding orientation is of minor significance for the hea-
ting demand because the solar contribution to hea-
ting decreases with better building insulation. On
the other hand, for active solar energy use with
photovoltaic and solar thermal collectors the buil-
ding orientation and lack of shading by trees and
neighbouring buildings is an important factor. Since
the city has set a zero CO, target the substitution of
the remaining fossil fuel demand by renewable elec-
fricity is an important issue. To achieve the goal the
installation of PV will have to be a mandatory for the
future building owners. Since the planners regard
the east-west orientation of a large number of buil-
dings in the southern building site essential for the
appearance of the urban space, the issue of equal
potential for use of solar radiation for all future buil-
ding owners has to be solved.

Table 18: Energy demand of the buildings in the two building sites, Otto (2007).

Total area [m?] / | Heat Demand Heat Load Domestic Hot
units [kWh] [kw] Water [kWh]

Building site - north 13,430 m?
Row houses 37 87,045.5 40,984.1 78,591.7
Building site - south 11,414 m?
Single-family 20 78,400.0 45,120.0 42,482.0
buildings
Totol (indluding public 85,612 m? 165,445.5 86,104.1 121,073.7
green areas and roads)
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Heating systems will use temperatures close to room
temperature, so that the supply will be very efficient,
with minimal losses. Presently, high quality energy
sources like oil and gas are used for the heating of
buildings. Such sources produce high process tem-
peratures and therefore contain « |arge exergy
potential. This high potential is basically wasted by
using these energy sources for heating purposes that
generally only demand temperatures of up to 60°C.
There are, however, renewable energy sources avai-
lable in large quantities that supply energy at low or
moderate temperatures, like solar energy and the
heating and cooling potential of underground heat
exchangers. These energy sources fit well to the
demands of buildings and can be used cost-effi-
ciently. To make use of these sources, the overall
building system has to be adjusted to the low pro-
cess temperatures. This leads to apply the LowExer-

gy approach.

For the building site, an energy standard is to be

achieved that is significantly lower than the current

legal requirements set by the Energy Conservation

Ordinance. The requirements include:

* Low energy demand for heating, good insulation
and air-tightness

¢ Radiant heating systems like floor and wall hea-
ting, slab heating, capillary tube systems

e Solar energy systems for DHW

® Heat pumps

Innovative approaches for Legionella-prevention in
DHW storages by alternative techniques.

In light of current climate change and the possibili-
ties of rising temperatures and extraordinary hot
summer spells, the cooling of residential buildings is

CO,-emissions

Figure 63: COy-emissions of system alternatives
based on GEMIS 4.4 data, GEMIS (2007).

becoming a significant issue. The cooling of residen-
tial buildings is not common in Germany today and
according fo recommendations in the Energy Con-
servation Ordinance the use of air-conditioning
systems for cooling had to be avoided. In order to
prevent over-heating in summer, the reduction of
window areas and the use of shading devices are
the only means architects have been able to use. The
new Energy Conservation Ordinance, EnEV (2007)
allows the use of technical cooling devices under the
condition that the maximum primary energy
demand for space heating cooling and DHW supply
is not exceeded. In the course of the project, the
exergeticly efficient cooling strategies will be tested
to improve comfort for inhabitant of the new buil-
dings. The use of underground heat exchangers in
connection with the large area exchange systems is
a promising approach.

The northern part of the building site offers the pos-
sibility of having a district heating return line. This
would allow to optimised exergy demand and avoi-
de fossil fuel use. The existing district heating sup-
plies several buildings with a large energy demand.
The temperature level in the return line is high
enough to supply heating energy for all the buil-
dings planned in the northern area. The local utility
providers have shown a great interest in the project,
since the cooling of the overall return temperatures
in the district heating grid would raise the efficiency
of the heating plants. While the size of the building
site in Oberzwehren is too small to significanlily
increase the efficiency in the overall system, the uti-
lity suppliers expect important results for future deve-
lopments from monitoring in this project. So while
the extension of the district heating grid to the sou-
thern area can not be economically realised. the use
of the return line in the north ought to be traced in
greater detail.

The southern area will serve as a “renewable refe-
rence area”. The area will be dedicated to single-
family buildings with passive house standard and
energy infrastructure may be limited to electricity
only. Possible energy supply systems are heat
pumps, thermal solar collectors and efficient ventila-
tion systems with heat recovery. The different refe-
rence systems will be defined in the further course of
the project. Because of the problems with respirable
dust, the use of wood boilers will be avoided, even
though the CO,-emissions (Figure 63) would be very
small using renewable fuels.

In order to be able to balance the necessary energy
for heating and DHW, a certain roof area must be
dedicated to the installation of photovoltaic. The
electricity produced by the photovoltaic panels will



be fed into the network and substitute electricity from
conventional power plants. In this way, building
owners will be able to balance the CO,-emissions
produced by their buildings. The calculations show
that using the district heating concept the necessary
PV-area can well be fitted on the available roof area
(Figure 64).

6.4.3 LowEx Highlights and Diagrams

LowEx Highlights

In the project several “LowEx” technologies will be
used: radiant heating systems, ground heating and
cooling, solar thermal collectors and return water
from a district heating pipe of an already existing
district heating network. Furthermore, building shells
will be optimised to maximise utility of the available
low exergy sources and technologies. Therefore, the
project is a great example of the practical applica-
tion of design principles derived from the “LowEx”
approach.

LowEx Diagrams

A graphical representation of the quality levels of
the energy demand and supply is shown in Figure
65. The height-level of the arrows gives an idea on
the degree of matching between energy supply and
demand. In an ideal case supply and demand
arrows would be equally thick (no energy losses)
and at the same level(no exergy losses).

Quality levels of the energy supply and demand are
calculated by using simplified steady state equations
assuming a reference temperature of 0°C (typical
winter space heating conditions in Germany), as
well as typical supply temperatures for the technolo-
gies, sources and demands regarded. Supply and
return temperatures assumed for the solar thermal
collectors and district heating return pipe are assu-
med to be 70/50°C and 50/30°C, respectively.
Approximate quality levels under these assumptions
are displayed close to the corresponding arrows in
the diagram.

Figure 66 shows the Primary Energy Ratio and Exer-
gy Efficiency for the energy supply options evalua-
ted for the community of Oberzwehren.
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Figure é4: Necessary PV-area to balance the CO,-
emissions of the system alternatives.
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""The author of this case study is Ken Church from NRC Canada {Canada).
“The author of this case study is Ken Church from NRC Canada {Canada).
"The author of this case study is Pacla Caputo, from the Politecnical University of Milan {ltaly).

Reach 2020 goals for EU countries means cutting greenhouse gas emissions by 20% from 1990 levels;
a 20% share of renewable energies in EU energy consumption {17% for ltaly);
cutting energy consumption by 20% through improved energy efficiency.

ZNot totally renewable but almost entirely fuelled by renewable energy.

“The scenario Parma 2007 isn't represented in the charts because the supply of the city is based only on fossil fuels used
for electricity or for heating generation and all the systems are “high exergy”.

This case study is based on an part of o paper by Sager C. Concept for exergy balancing on community level for
enhanced sustainable energy performance in a residential development in Kassel, Proceedings of the Nordic Symposium
of Building Physics 2008, Copenhaguen (Denmark).



7 CONCLUSIONS

This midterm report gives insight in the conducted
work during the course of the Annex 49 project and
an overview over the findings of this team of inter-
national experts

Results from a literature review carried out as part of
the research activities from Annex 49 highlighted
the strong need for a common method of exergy
analysis in buildings and building systems. Exergy
analysis in buildings is very sensitive to the referen-
ce environment and analysis methodology chosen
(e.g. dynamic or steady state; regarding humidity in
indoor and outdoor air or disregarding it). Thus, the
lack to date of such a common framework for exer-
gy assessment in buildings makes the comparison of
conclusions from previous exergy analyses very dif-
ficult. Therefore, one of the main focuses of Annex
49 is to develop and establish a common methodo-
logy for exergy andlysis in the building sector. The
present state of the art of this methodology, both for
buildings and community supply structures has been
presented. The analysis method follows a steady
state approach, which can be implemented as is, or
as a quasi-steady state assessment on top of dyna-
mic energy simulations.

To establish exergy as a parameter for benchmar-
king and clustering the performance of building
energy systems, the exergy expenditure figure has
been proposed. It is a suitable indicator for charact-
erising and comparing the performance of different
energy systems that complements already establis-
hed indicators such as the exergy efficiencies.

On a community level the suggested “Primary Ener-
gy Ratio — Exergy Efficiency diagrams” as well as
the described “Arrow diagrams” enable decision
makers to evaluate and compare a number of diffe-
rent system configurations against each other.

Insights into the method for exergy analysis have
been complemented with the description of several
case studies, both, on the community and building
levels. Objects of these case studies are innovative
building technologies or energy supply structures
where the exergy principles play a key role and
exergy analysis is being or will be applied.

The work of Annex 49 is going to be continued
beyond the scope of this midterm report and will
finally be described in a guidebook, the final Annex
49 report. This extended report which will also inclu-
de an in depth explanation of the method of exergy
analyses within the built environment will be availa-
ble in summer 2010.
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the exergy efficiencies are directly taken
from (Favrat et al., 2008); exergy expen-
diture figures have been taken from (Torio
et al., 2009).

Building design data in the spreadsheet
calculation model.

Main results for the baseline case.

Main results for several options including
cascading as energy supply strategy and
renewable energy sources as energy
generation systems.

General project and system data for
Alderney case study .

General project and system data for Oko-
toks case study.

Table 14:

Table 15:

Table 16:
Table 17:

Table 18:

Table 19:
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Energy characteristics of the three analy-
zed districts. Data from ENIA for year
2007.

Energy demand by end-use of the buil-
dings in the three analyzed districts. Data
processed from ENIA for year 2007.
Scenario 1 Features and its goals.

Scenario 2 Features and its goals.

Energy demand of the buildings in the
two building sites, Otto (2007).

Subtask topics and leaders in Annex 49.
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ANNEX IlI:
SUBTASK STRUCTURE AND LEADERS

Research activities in Annex 49 are divided in four
main subtasks. In each subtask participants from dif-
ferent countries cooperate under the coordination of
a subtask leader. Table 19 shows an overview of the
topics covered in each subtask and the countries and
institutions leading them. In Figure 67 the four sub-
tasks of Annex 49 and their interdependence is
shown graphically.

Table 19: Subtask topics and leaders in Annex 49.

Subtask | Topic Subtask leader
A Methodologies Finland (VTT Finland)
B Exergy efficient community Canada (NRC Canada)
supply structures
C Exergy efficient building Sweden (KTH)
technology
Knowledge transfer and | Germany (Fraunhofer Insti-
D . Lo 1 .
dissemination tute for Building Physics)
Exergy analysis methodologies
Exergy supply
and renewable
resources

Community Level

Knowledge transfer and dissemination

Figure 67: Graphical structure of the Annex 49.
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Annex 49 is a task-shared international research project initiated within
the framework of the International Energy Agency (IEA) programme on
Energy Conservation in Buildings and Community Systems (ECBCS).

Annex 49 is a three year project. About 22 research institutes, universities

and private companies from 12 countries are currently involved.

The main objective of this project is to develop concepts for reducing the
exergy demand in the built environment, thus reducing the CO,-emissions
of the building stock and supporting structures for setting up sustainable
and secure energy systems for this sector.

Annex 49 is based on an integral approach which includes not only the
analysis and optimisation of the exergy demand in the heating and coo-
ling systems but also all other processes where energy/exergy is used wit-
hin the building stock. In order to reach this aim, the project works with the

underlying basics, i.e. the exergy analysis methodologies.

These work items are aimed at development, assessment and analysis
methodologies, including a tool development for the design and perfor-
mance analysis of the regarded systems. With this basis, the work on exer-
gy efficient community supply systems focuses on the development of exer-
gy distribution, generation and storage system concepts.

For the course of the project, the generation and supply is as interesting as
the use of energy/exergy. As a result, the development of exergy efficient
building technology depends on the reduction of exergy demand for the
heating, cooling and ventilation of buildings. Finally, all results of Annex
49 are to be made public information. The knowledge transfer and disse-
mination activities concentrate on the collection and spreading of informa-

tion on ongoing and finished work.
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