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El-Education on Energy intelligent retrofitting

Introduction
levels the focus are on techniques as well as organisational and fina
In recent years most of the Europdamonscountriesi old and new cial conditions for implementing energy intelligentroditting.
have modified their housing, construction and lasd planning policy
to prioritise the issue of sustainable development. In a number pf cou
tries, projects have been established to showcase and demonstrate th&ou will find the EFEducation guidebook at the Internplatform b-

feasibility of adopting a range of measures to reducedgativeenv- gether withmore information onstrategies planning the energy sa
ronmental impact of hourgy including the reduction inlectricity, heat ings, tools and checklists on how to do. Further more you will find a
and water use. databasef best practice examples ¢ at al eqelogyandenv A T

ronmend, i Pol i cy andfi @anisaidnargdyi h,anandgo. Th
The requirements of the Kyoto Protocol, in relation to reducing CO address of the platform is:
emissions, are reflected in the policies and initiatives to improgeyg
efficiency. The EU has recently (March 2007) egd upon a 20 %ef http://eteducation.aarch.dk
duction of the C@emissions by 2020.

The ElEducation Guidebook and platforhave beerintroducedand

But up till now thefocus has mainly been on new buildings theex- trained at national courses(see the website for further infoation),
isting howsing stock the need for improving of the eneggficiency is they can be used aan fieng/clopedia or for selfstudes in an e
still an djective issue As someof the largest, organideactors in the learning praess.

housing sector in Erope the social housing compani@sd municipat

ties havean importantask ininitiating energy savings in their prape Theimportant thingsi to savesnergy

ties.

Seeing the properties essourcegor the future the question is not only T 7
aboutsaving enmy, but also abouproviding adequate living coird o= ; T
tions and improving living conditions in general to future standards B -t =T
also for low income groups. y
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The strategiesand measur es d eBdacatiorb@uid- i n
booko are i nt endeakeytactorshresbcial hausiry i
sector (housing associations, housing compamasicipalities and
other owners in social housing sector).

e

SR b

The guidebooland the platform
The EFEducation Gidebookgivesan introduction tdhe strategic, the

tactical and ie practical level of energy intelligent mfitting. At all Best practice example as inspiration fréiwederi seechapter 5.



Reading guide Chapter sixs listing typical drivers and barriers for energy intelligent
retrofitting in Europé and recommendations on how to manage the
The EFEducation guidebook is a guidebook that you can print or read, processes and continue the important work.
or you can find it as a virtual guidebook on the int.
In Chaptersevernyou can see references and recommended reading.
The idea with the guidebook is that you can pick what you need in the
chapters.

Chapter ongjives you an overview of the situation in the six partner
countries. This chapter is for your informatibit is not necessary to
read to use the guidebook.

Chapter twaepresents the political and strategic level. It gives you
inputs for the discussions in your organisatidnom general inforra-
tion on the EPBD (Directive on Energy Performance in Buildioger
metering and energy bodeeping to financing concepts.

Chapter threés a presentation of relevant best practicérietogies.

For each technical element is a description of why and how to use it.

The descriptions are meant to be a help in degidow to renovate.

The descriptions can also ben-used as a ATechnical Energy Savings6é E
cyclopedi ao.

Chapter foupresents a number of checklists and tools that can help you
implement energy savings in a concrete project.

In Chapter fiveyou can see a numar of inspirering best practice exa

ples, which have all saved al least 30 % of the energy consuption co
pared with the situation before the ogation. The examples come from
11 different countries in Europe and are categorized in three groups:

1 Technolgy & Environment
1 Organisation & Financing
1 Policy & Strategy
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Short story on renovation status in the six partner
countries 1 an introduction to equalities and
_ _ differences
After the Second World War the rapid growth of population and/gro
ing economy created the need for dwellings and stimulated intensive astria

construction of social housing. Due to the circumstances the Burabi |, 2002 the stock of dwellings in Austria included 3,806, res
ity, energy efficiency ash sustainability were far less important that  yences. This constitutes 412.4 dwellings per 1,000 inhahitahish

the quantity of flats. This tr gNdbsetoetReChefale fdr ESropd? 5620% ofl thkse ldlefingslabe’ 000 €'s
Nowadays this housing stock usually needs technical and functional gwneroccupiedi which is a rather low rate of home ownership in the

renovation as well as social regeneration. wider European context. Singlefamily housesre the most popular

S ) ] ] type of dwelling among this group. In 2002, 81% of Austrian owner

The need for renovation is tefent in the different countries of occupiers lived in dwellings of this type. In 2001, 40.7% of the-Au

Europe. In general, the old member states of the EU have started theyjan housing stock was rented. Disaggregated data regarding the div
renovation process, which considered energy saving measurea-in rel  gjon petween private and sdaiented dwellings are not available.
tion to the first energy crigsis in the 700ies. These countries have

part of the twentieth century. heating system, and 87.3% had central heating. Only 3.3% of main

_ ) residences lacked all thefilities or only had piped water. Thera
The energy performance of the dwellings in the new memlagsst  grage size of Astrian dwellings is close to the average for theneou

lags behind and is in most cases at least twice as high. Especially theyresin Europe. In 2002, 77.8% of main residences had a usable floor
housing blocks build betwae 1960 and 1990 have very highergy area greater than 60 m2.

intensties meaning that the quality of these dwellings from an energy

efficiency viewpoint is very low. Social housing and energy refurbishment

_ ) _ ) ) The renovation of apartment blocks is supported by the Uppsf Au
The available data regarding levels of refurbishment of livgsl in trian government. In 2005, more than 180 miathily buildings were
European countries are few according torthe p ®egilar Niational rerovated, achieving now an average energyagoerance indicator of

Report on Housing Devel oplme®d sn agnwhiid (what is it??? 49 kWh/m2/a for heating only, included
possible to say anything in general on the tendencies obistfiment tap water and electricity?)

in Europe. Countries act very differently concerning refurbishrment

independent on whether thare old or new members of the EU. But

as legislation normally regulates new buildings, there is still a very Bulgaria

large part of the existing housing stock in Europe that needsaenov  after the Seond World War the migration from the villages to the
tion. towns lead to a huge demand for dwellings. To solve this socila pro

lem was implemented the panel type construction of big dwelling

In the following, the situation in the partner countries regarding the pyiidings. In the period 19601995 were erecteti8.900 pael dwel-
renovation of the residential building stock is shorggatibed.



ing buildings with 707441 dwellings. In thesewellings live more
than 2.00M00 people, more than 25% of the population. The organisation of the housing associations is changing thesd years
the housing associations deingmerged developing new and bigger
After 1990 these flats were sdld the tenants and now 97% of the  organisations to meet the challenges of the present and the future.
dwelling stock in Bulgaria is privately owned.
Social housing and energy refurbishment
The lack of organetion of owners in these buildings is one of the  According to the building regulations valid from 1 April 2006 ali-m
main barriers towards the organisation of their refurbishment. In order jor renovation projects need to follow a changed guideline. Renov
to overcome this barrier a new fiobthatinvole morestham 25% sf ithe lpuidding eavelapé @& bost mare e d
February 2006 by experts from the Ministry of Regional Development than 25% of the total value of the building will have to apply to the
and Public Works. This law will support the formation of Associations new and stricter building regulation, implementing the ERBbBe EU
of owners. The same Ministry adopted a National Program forrRefu  Directive on Energy Performance in Buildings
bishment of Dwelling Buildings in Bulgaria. This programroeesees
20% of the cets of the refurbishment of 6&%6 dwelings in big France
residential buildings erected with reinforced concrete panels to be France ischaracterised by a relatively equal distribution between the
subsidized by the state. To get these subsidies, the refurbishmentnumber of home@wners and the number of tenants: in 2004 55% of

should include the implementation of energy saving measures. French people own their own homes (51% in 1984) and there are
slightly more tenants in the private sector (21%) than in the social

Social housing and energy refurbishment sector (18%).

According to the regulations in force since March 2005, all existing

buildings with useful area more thard@0 nf are subject to building France is also characterised by the existence of ardatvhousing

certification at major refurbishment that costs more than 25% of the mechanism (HLM), the primary manager of local housing in the-cou
total value of the building. After the refurbishmehese buildings try (900 organizations, 300 public offices and 340 privataly can-

should meet the new requirements for energy characteristics. panies).

Denmark A thousand or s#iLM organizdaions accommodate roughly 13 Imi
The majority of the social housing stock in Denmark is built after the lion people in France. As well as the 3 400 000 rental properties
Second World War. In thé 9 7 0 @nd eS8 0, the prawar stock owned by the HLM organization, there are 1 300 000 housing units

was renovated to a modern stamtiaith new bathrooms and kitchens ~ which are earmarked for social home ownership.
and central heating. The post war stock was insulated according to the

stendards of the period. 60% of the social housing stock has beenteteprior to the first oil
crisis. The advanced age of this housing stock makes it vulnerable to

The housing stock fromth# 950061 e, 19@® ®issenews a Acgeleratdigobsolescence:

being renovated with focus on the living standard arndto some 9 from a technical point of view (degradation of the structure,

extendi energy savingThe drivers for the renovation are fear af v ageing of construction methods and procedures);

cancies, and fear of ghettoisation.



9 from a design point ofiew (localisation outside city ce
tres, urban and architectural forms which are outdated);

9 from a sociological point of view (degradation of the public
image of the HLM organization, an increased awareness of
environmental issues).

This is the reason fowhich the refurbishment of the HLM housing
stock has been a priority for the government within the framework of
its social housing policy.

Social housing and energy refurbishment

Until recent years, little attention was paid to stimulate energy savings
in the social housing sector. However, in August 2004, the French
gwernment issued the ACIiIi mate PI
in order to respond to the challenge of climate change.

Most actions described in the Climate Plan are addressed Wor ne
buildings but a number of legislative stipulations were issued fot-exis
ing buildings. Thermal regulations will be in effect for the very first
time for all major renovation work on existing buildings. Energy pe
formance thresholds will apply for someerits of equipment when
renovation work is scheduled. The French Agency for Housimg |
provement (ANAH) will grant subsidies as an incentive to carry out
work to improve the overall energy efficiency of residential dwellings.
Over a period of five years 2000 advancegge housing units will

be eplaced with new units that meet the new building codes.

An energy performance diagnosis will be compulsory prior to sale (in
2006) and prior to leasing (in 2007). The diagnosis will help identify
any energy savingqivestment needs. After the diagnosis is complete a
new Energy Label indicating the building energy performance will be
mandatory. Owners who perform work to improve their «Eneggy |

bel» rating will be eligible for a reduction in property tax granted by
the Local Municipality. The 15% tax rebate for owners who purchase
energy efficient equipment (higherformence boilers, double glazing,

solarpowered water heaters, etc.) will be increased to 25% (up to 40%
if renewable energy sources are used). The rebiitbevtailored to
target more energgfficient products.

The Netherlands

Most of the Dutch housing associations exist since the beginning of
the twentieth century, when the Housing Law gave privatepnofit
organisations the possibility to build and nmanage low cost rental
houses, fully financed by the State. The housing associations were
operating at municipal level only. In cities where no housing associ
tion was functioning or where housing associations were not willing to
expand their housing stkcthe municipality was obliged to fulfil the
housing needs.

ano that is an action plan drawn
In the mid1 9 9 Othe heusing associations became financially fully
independenbf the state, and they were allowed to operate a-a r
gional and national level. Many housing associations naeligenany
cases with the independent operating municipal housing departments,
towards large professional bodies, some of them owning more than
50.000 dwellings. In general, they are financially strong.

The majority of the housing stock owned by housisgoaiations is

built after the Second World War. In tie9 7 O, ¢he prewar stock

was renovated on a high level: sometimes enlarged, technieal i
proved, insulated where possible towards the standards of that period,
optimisation of the floor plans. Durig the renovation, the occupants
moved to temporal dwellings.

Social housing and energy refurbishment

The post war stock was insulated in-cadled insulation projects,
where overdue maintenance was combined with insulation according
to the standards of ¢hperiod. In far the most cases the occupants
stayed in their dwelling during the work.

In abstract terms, housing renovation is adapting the house to new
specifications. The original specifications are more or less obsolete.



There are new requirementsoalb energy performance, social stru
ture of the area, comfort of living, etc.

Slovenia

Slovenia, like other central European countries in transition, xas e
perienced major changes in the field of housing. Compared to them,
the privatisation of the soclglowned flats in Slovenia has been the
most extensive. The ratio between individually owned flats and flats
for rent prior to the privatisation of flats was reflected in the ratio
66.9% to 33.1%, and after the privatisation was completed, in the ratio
88%to 12% in favour of individually owned flats.

The classification of flats for rent in Slovenia is somewhat specific.
The Housing Act adopted in 1991 distinguishes between flats that can
be rented freely at market prices, fanofit flats which are partfahe
instruments of social policy in the field of housing and for which the
rent is regulated by statute, and social flats for theitmeme popud-

tion. There is no difference in the quality and the location between
non-profit and social flats since uoifm housingconstruction sta
dards are in force in Slovenia.

Since 96ties the key actors in the area of social housing supply in
Slovenia are municipalities and rprofit housing organisations.cA
cording to the Housing Act, it is the duty of municipeds to build
social flats and allocate them for renting. Nmofit housing organi
tionsi legal persons established with the aim of ensuring the public
interest in the field of housingacquire and let neprofit flats out for
rent.

Important actorsn promotion of energy refurbishment are municipal
housing funds and neprofit housing organisations, which are respo
sible for investments, maintenance and refurbishment of the (social /
non-profit) building stock.

Social housing and energy refurbishrhen
Although the social flats for rent (in the narrow sense of word) are low
in number, one must be aware of the fact

9 that especially older social flats are placed in the buildings
with mixed ownership (private owners occupied and other
type rented flats)rad

9 that also many of private owner occupied flats are subject to

low income problems, that influence investments in eneggy r
furbishment in the buildings.

Thus the efforts for social housing energy refurbishment are oriented
to majority of buildings hilt in the period 1948.980.

The buildings built until 7@ies do not have any thermal insulation. In
addition, compared to the housing stock originating before Second
World War or earlier, the walls are thinner which leads to the poor
energy performane. The situation improved after 1970 when the first
regulation about thermal insulation came into force. The first serious
thermal insulation regulation was promulgated in 1980.

For the last ten years energy advisory programme and state subsidies
are avdable for energy refurbishment. The energy efficiencynsta
dards from 2002 regulation should be met, while EPBD driven aegul
tion (expected in 2007) shall soon impose even more detailed and
demamling requirements for building energy refurbishment.



2. When to renovate

2.1. Introduction , _ _ . .
In spite of the fact that the framework conditions for social housing The increase in number of renovations of social housing and-cons
renovation are different across EU, one can identify common barriers auently the improvement of energy efficiency are subject to favou

that prevent substantial growth in the number of renovation projects able preconditiqns (av_vgr_eness, avail_ability pf tech_nplogies on the
within the so@l housing sector. market, economic feasibility of renovation pretig subsidies) that are

necessary for stimulating the investments and thus meeting the strat

The aim of this chapter is to describe the necessary preconditions for 9ic netional and EU targets in the domain.

renovation of social housirig order to develop a renovation project at ) ) o o ] )
a proper stage in the building lifetime so that they benefit from the Renovation of social housing is hindered by organisational, financial

framework conditions and technical reasons.

In many EU countries the number of refurbished residential buildings Organisational barris need special consideration in new member

is far to low compared to the energy saving potential identified. Andif St ates where in the 19900ies a |arge .

significant contribution to reduction of energy use are rarelyaempl ~ Private owner, what requires a lot of reconciliation in planning and
mented. exeation of maintenance and refurbishment as well as problems in

getting required level of consensus needed for technical improvement.

In spite of the fact that energy efficiency and use of renewables have /N such communities we can often face with a low dazaaital, i.e.
been recognised as a key element of living comfort, affordable energy lack of willingness to implement the changes. The negative attitude to
costs and coribution to reduction of greenhouse gas emissions the renovation of some building owners is a barrier, that can be @-cons
social housing sector has to overcome organisational and financial quence of their low income, age, priorities etc., but as a result the co
bariers in order to foster the renovation of the existing social housing Sensus for renovation in dusituation is not easily achieved.

stock.
The core reason for financial barriers is rather low rent in socia-hou

ing, often administratively prescribed, and far from being sufficient for
maintenance and renovation.

Technical barriers anmainly problems wh overlooking angbrioritis-
ing the refurbishment. fAere are a lot of RES and RUE teclugis
available- that a building ownemust beknow with to somexdend in
orde to be able to go intaqualifieddialogue with acompetent xpert
at an early stagef the refurbishment planning.

Fig. 2.1 Social housing renovation in Ljubljanap8énia
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ADDED VALUE
BUILDING RENOVATION

TECHNICAL UPGRADE 2.2. Drivers and preconditions for renovation

In the following part different ivers and preconditions that create
favourable framework for building renovation projects are described.
NOMINAL BUILDING VALUE '_Fhey have to be considered during fflanning of building renca
........................................................... TR A tion.

MAINTENANCE N
AND REPAIR

DY

2.2.1 Complete renovation of building

Inadequate functionality of building fdiving patterns of a contenop
rary citizen as well as degradation of physical properties of thd-buil
ing envelope may lead to a decision for a complete building retrofit.

VALUE OF BUILDING

INTENSIVE REFURBISHMENT

A Bigger housing companies owning large number of flats have sicces
> fully implementa an approach where the tenants are moved tma te
) TIME porary dwelling, while the entire residential building is going through
PCR'T'CA'- PERIOD T RENOVATION NEEE)ED renovation. The measures can comprise merging and dividing of flats,
\ 2 additional balconies are added in order to improve living cantiti

Fig. 2.2 Regular maintenance and repair as well as investments in technical and to extend the living space.
upgrade of the building elements results in higher value of the buildings

(Source: Building materials, R.Zarnic, 2003). But the most important fact is that in such an intensive renovation
_ . o . there is an opportunity to implement not only insulation measures on
Regular maintenance andpegr of a building is a guarantee for mai the outer envelope (added external insulation and replacemen-of wi

tenance of its nominal value (Fig..2). The negligence of regular  gows) but ako to undertake more ambitious building measures like
maintenance, which often occurs in social housing, leads to daterior proper zoning of dwellings with respect to the location and solaa-radi
tion of the building quality, functionality and value. Only an intensive  tjon and other strategies to use solar energy and to install engrgy eff
refurbishment can return the building to its original value. cient HVAC and renewable energy technologiésnight often be a

, o , more Ocl ever 6 r egatrditingtmeagunes insteadood mbi n e
On the other hand the systematic approach to building refurbishment, j,st doing singlar measures.

following the state of the art in building technology, principles of

whole life costing and the functional requirements of boddusers After the renovation many of such intensively retrofitted buildings

and mantenance costs, reduction of energy use and emissions and 10 gfficiency. Due to the energy savings achieved such retrofitteal-buil

better Iving conditions. Technical upgrade in building renovation j ngs often become fAshinning exampl eso
represents and added value of thdddug renovation process. In many countries subsidies are available to support this approach.

A holistic investigation of the renovation measures in the early-pla  ynfortunately in some countries (mainly new member statelsgre

ning phase can help to find the renovation strategy with the long term the givatisation of the social housing stock has been implemented in
bergfits.
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the 1990ies, this approach resulted in a scattered and mixed private
public ownership of residential buildings.

The specifts in ownership andonsequenci decision making regr
sent animportant barrier for implementation of the above mentioned
holistic approach to building renovation.

2.2.2 New tenant in the flat

The flat is normally renovated when a new tenant is about to rent the
flat. The housing company can at that stage implersente major
refurbishment works related to windows, walls and installations. Due
to the fact that the dwelling is an integral part of the apartmerd-buil
ing there are some measures that can be done for improvement of e
ergy efficiency, like replacement @findows in accordance to aieh
tectural requirements, drougptoofing, reduction of thermal bridges,
implementation of compact devices for mechanical ventilation with
heat ecuperation, local regulation of heating and installation of energy
efficient boile for hot water preparation.

2.2.3 Renovation of building elements at the end of their lifetime

The implementation of energy efficiency measures when the-refu
bishment or replacement of particular building element (window, outer
wall render, boileretc) s needed due to-wi hs
situation. When the service lifetime of the building element or HVAC
system expired, the replacement is needed for functional and safety
reasons. The investment in energy efficient products instead of just
keephg the original technical standaraseans that only incremental
investment in energy efficient technology was needed to reduce the
heat consumption. This approach makes energy efficiency investments
in building renovation economically attractive and cotitjpe.

It is thus important that the renovation measures which include also
investment in energy efficient technologies go along with the building
maintenance, like:

when the building envelope needs refurbishment it is wise to
install additional layeof thermal insulation,

12

when the window frames are at the end of its lifetime, it is a
good opportunity to install new windows with lesvglazing

and

when the boiler is above 15 years old, it is necessary to do
significant renovation and investment inetlwhole heating
system, to improve the energy efficiency.

Often it is difficult to make a decision among different options. A
systematic approach to identification of renovation needs and to
evaluation of refurbishment egarios is needed (see Chapteii 4
Checklists & tools

2.2.4 Major renovation according to EPBD

The EPBD i the Directive 2002/91/ECof the European Parliament
and Council on energy efficiency of buildings was adoptedL6th
December 2002 and entered into force on 4th January 2003. h-is co
sidered as a very imp@nt legislative component of energy efficiency
activities of the European Union designed to meet the Kyoto commi
ment and esponds to issues raised in theemicdebate on the Green

Paper on energy supply sity.

The Directive is set to promote the improvement of energy pesfor
angee of Bulldings twighsfourarequiirdshhehfts to be implemented by the
Member States:

1. General framework for a methodology of calculatidrthe in-
tegrated performance of buildings

2. Setting of minimum standards in new and existindgdigs

3. Energy Certification of Buildings

4. Inspection and assessment of heating and coolingdlatgias.

Member States shall take the necessary measuresuoeethat when
buildings with a total useful floor area over 1 000 m2 undergo major
renovation, their energy performance is upgraded in order to meet
minimum requirements in so far as this is technically, functionally and
economically feasible. Member $ta shall derive these minimum


http://www.buildingsplatform.org/cms/index.php?id=13

energy performance requirements on the basis of the energynperfor
ance requirements set for buildings in accordance with Artioletide
directive The requirements may be set either for the renovated-buil
ing as a whole oior the renovated systems or components when these
are part of a renovation to be carried out within a limited time period,
with the abovementioned objective of improving the overall energy
performance of the buildingwww.buildingplatform.e)t

EPBD Directive set the general framework for refurbishment ot-exis
ing buildings, including social housing, and requested from member
states to implement the minimum requirements for energy efficient
renovation of kildings for inspection of boilers and of airconditio

ing systemsFurthermore a new requirement for establishing energy
certificates can motivate a renovatiespeciallyif the certificate is
visible to thepublic. The background of these requirementdefined

by a sgnificant energy saving potential in existing buildings and by
the fact that intensive renovation of social housing takes place very
rarely in a lifetime of a building.

In the above conditions it is very important to consider a stravégy
building energy restoration and not only the implementation of-min
mum requested measures. The renovation stimulated by EEBD r
quirements are subject to economic feasibilitynwestment, therefore

in case of pending renovation scenarios it is veryortgmt to consider

the owner to the prospective buyer or tenant. Apart from rankimg th
building and its flats into the classes according to energy efficiency,
the energy adificate shall also be accompanied by recommendations
for the costeffective improvement of the energy performance. Social
housing is a very important target group tbe implementation of
energy certifietion and due to a frequent renting of flats there will be
a great demand for certification immediately after the regulation will
be in place. The beneficiaries of the energy certification are not only
the tenants, butlso the social housing association, that will thus get
the guidelines for planning of refurbishment and technical imgrov
ment.

In order to facilitate the investments some countries plan to link the
certification to various incentives.

The transpositiorof energy certificate shall be completed in all EU
member states at latest by Jan. 2009.

2.2.6 Introduction of heat billing and metering according to actual
consumption

Heat billing and metering according to actual energy consuption has
already been seis an important goal in all energy efficiency strategies
from the middle of 94ies. Once a fair accounting of energy costs is
established then building users gain the motivation for changing of the

not only investment costs but also pay back time and life cycle costs of living habits as well as for the use of energy efficieathnology!

the renovated building.

2.2.5 Energy certificate at selling and renting of a flat

Energy certificate of buildings is a new instrument introduced by

EPBD Directivefor promotion of energy efficiency in new and éxis

ing buildings. When buildings are constructed, sold or rented out, an
energy performance certificate must be available to the owner or by

! This information is obtained from the EPBD Buildings Platform, an
initiative from the Intelligent Energly Europe Programme of the European
Commission. For more information, newsletter subscription, disclaimer and
copyright notices,eewww.buildingsplatform.eu
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2.2.7 Energy bookeeping and benchmarking of energy indicators

Good energy book keeping is the basis for a successful management of
apartment buildings and it is often a driver for future investment.

The data on energy consumption can bechenarked with the energy
indicators from previous years in order to identify eventual difficulties

in building operation. On the other hand benchmarking within similar
social housing sector can assist in setting the ambitious but realistic
energy efficieny targets after the building renovation.


http://www.buildingplatform.eu/
http://www.buildingsplatform.eu/

Benchmarking of energy indicators can be done either on the building
level, in order to facilitate the investments in renovation, or on level of
flats, in order to identify the

Once the energy consumption indicators are collected they represent

valuable initial information for a consultant preparing an energy audit,
which is concluded with the list of recommended investment im-refu
bishment.

23.2.8 Benefit from demonstrationopects
Shinning examples give motivation for further replication of sueces
ful energy restoration projects in social housing sector. Currently,

there are quite some demonstration project available in EU, some of

them are also evaluated and presented HEdtication project. The
comparison between fbefore and
sive situation

2.2.9 Information and educational activities

Awareness raising, information and educational activities are very
important in the social housing sect New energy efficiency tle
nologies in buildings require more complex technical understanding.
When the system is well tuned during the operation phase thie max
mum energy savings can be expected.

An educated tenant, that among others understand algotdhaise
energy efficient technology, and trained experts in housing companies,
that understand the energy refurbishment plan (what to implement),
are essential for achievement of energy efficiency targets

2.2.10 Energy performance contractingThird Party Financing
TPF

Energy performance contracting is a very promising financialunstr
ment to overcome the most frequently identified barrier in socia-hou
ing sector, i.e. the lack of money for investment in energy efficiency
and in refurbishment in general

14

Energy performance contracting (also called third party finanting

TPF) is a practical and effective way to finance and install energy
sfpfeicdifdarct ruéeelnohogises 6si mphiavieowhe
and save money and energy.

The basic principl®f contracting schemes is quite simple. An energy
service company (ESCO) provides his kabow and in many cases
also his financial means to a project. Two basic approachesnto co
tracting are: Energy Performance Contracting (EPC) and Delivery
Contracting DC). While EPC reduces energy bills by increasing eff
ciency of the building, Delivery Contracting targets only the pcedu
tion of heat, cold, or electricity through the ESCO.

For an EPC project, an ESCO provides its kdmw for energy sa

anfy measutes ibuddings andscarresoet the fnvegtninest. TheoESECO d e ¢

takes on the performance risk and guarantees that adequate measures
are implemented and the stipulated energy savings are achieved.

The investment is refinanced through the savings (Fig.3.3) gained in
the main phase of the project. Depending on the agreement between
ESCO and the building owner a part of the energy savings carobe all
cated also to the building owner in order to slightly reduce thmeir e
ergy bill and create the motivation for energy sasingnce the ao
tractual period is over the investments as well as the energy savings
belong to the building owner.

Energy performance contracting is widely implemented in public
buildings, where the building owner, investor in refurbishment and the
user @ the building is the same entity.

It is a challenge for a social housing to further develop the contracting
scheme and implement energy efficiency projects which pay for-the
selves by the energy savings, and in principle require no initial-fina
cial investment from the social housing side.

b



The barrier for the implementation of contracting in social housing is
the fact that the renovation costs are to be paid by the building owner,

while the energy savings are demonstrated through lower energy bills 2.2.11.Financing energy efficient renovation in social housing

tha are paid by the users. But assuming some maodifications in the

Existing residential buildings offer large technical energy savimg p

scheme also the social housing owners and users can benefit fromtential comparing to other building sectors. To overcome the financial
contracting.
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Fig. 2.3 Energy performance contractiiigscheme of financial flows
(Source: EnergieeinspaContracting, Ein keitfaden fir Kommunen, ZREU)

To facilitate the use of contracting in social housing the social housing
companies and tenants should conclude an agreement, aboutdhe ben
fits tenants have due to energy efficiency investment (better living

conditions and lever energy costs) and about the payment of these

benefits within the rental.

The investment in energy efficiency and the technical improvement
should reflect in higher rentals of the renovated buildings. Thus the
social housing companies could guararitee refinancing of ESCO
investments.
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barriers ando realize this energy saving potential EU countries ldeve
oped various programmes of incentives to stimulate the buildimg ow
ers to invest not only in standard but also in better RES and RUE
technobgies. This approach contributes to achievement of lowggne
standard also in building refurbishment.

Incentives:
- Subsidies for investment
- Softloans for investment
- Revolving fund for energy efficiency investments

Financial subsidies for selected refurbishment technologies are one of
the most common incentiveeasures for EE refurbishment in housing
sector.

2.2.12Policy plansi future possibilities

Contribution of renovation to achieving the targets of regional energy
strategies or other relevant strategidi&e property development

plan, 10 years plan@tThe aging and deteriorating housing stock
increases the need for refurbishment; so extending the lifetime of the
existing housing stock represents a far cheaper option than building
new houses (INOFIN report). Housing refurbishment and increasing
the erergy performance will make the housing stock more attractive;
possibility to increase rent of rental housing and increase of real estate
value of owneioccupied dwellings (INOFIN report).

A possibility to realizing refurbishment projects is to combimova-

tion projects in order to minimize both the costs and the troubles of the
existing tenants. An example of this is the refurbishmeat@éitch
housing cooperative in the town of Veenendaal where two apartment
buildings each containing 75 dwellings wiHloor area of 98.00 nf



were refurbished. The goal was to replacement of aiofodate het
ing system, lengthen the life span of the buildings with 15 years and to
accomplish major energy savings.

At first, the tenants were not enthusiastic aboutgaiale refurbik-
ments. They were satisfied with their apartments, their neighbourhood
and their comfort. Intensive consultation with tenant reptatiges
showed them the comfort improvement and financial benefits of the
project. Comfort is improved begse of: a more optimal space heating
with smaller radiators, better measure and control equipment, more
living space in the kitchen without boiler or geyser, no toxic emissions
from a geyser in kitchen, unlimited hot tap water and better air quality
becau® of ventilation. Financial benefits came from a decrease in gas
use and no electricity use for hot tap water. Tenants have to pay thei
heat in advance. The cooperative promised beforehand they would
charge less in advance directly after the refurbishnidmns convinced
people that the project would really be beneficial for them. To limit
the nuisance from construction works, all construction work inside a
single apartment was concentrated in two days. To achieve this, the
new heating pipes were not buiiside apartments or boxrooms, but

on top of the building roofs. With this method, a large part of the hea
ing system could be constructed without any discomfort for the te
ants.

The integral and strategic approach is the mdiredfor success in
this project. Energy saving is seen as part of a broader goal to lengthen
the life span of buildinggINOFIN)

2.2.14 ¢
from Bulgaria????

n o g anteres$tingacas&siudyl, no.4 a

References and additional reading

More detailson EPBD can be found dhe following homepages:
www.buildingsplatform.orgThis is an EUJwebsite of the EPBD Pta
form. You can find there aathbase with publications, news brief, etc.

www.epbdca.org- This is a website of the EU Concerted Action on
EPBD. The members are Ministries of Environment and theiruexec
tive organisations. The site is devoted mostly to policy matterssNew
letter available.

www.cecodhas.org

Link to brochure about Energy Contracting (in German):
http://www.energiesparverband.at/esv/fdedn/esv files/Info und S
ervice/Contracting_Brosch_re.pdf

. InoFi t R i th
The total costs for the project no%prme(é p84 |In|E erl'?lqcestb%gvréntsh
aerage costs per apartment were goudaLale b fchirua Lﬁﬁ%&rgpbn B /m
namount ot u -, per apart mefl WA bldicde deféuﬁ px Brf=E@Ro%2y ©
of solar energy. The remaining investments were done by the gousin
cooperative. Their benefit from the refurbishmennanly the lie- Report: OFinancing energy saving
time extension of about 15 years. This means revenues from rents for ingsectorWP2 report t o MheaDohkelaaFi n

an additional 15 years. Because of this integral approach, nmsent i
crease was necessary to finance the refurbishment.
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Y.H.A. Boerakker, B. Jablonska, C. Tigchelda€N-E--06-049
December 2006. Link to report:
http://www.ecn.nl/publicaties/default.aspx?nr=EEN06-049
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3. How to renovate 3.2 Best practicetechnologies
In the following single technologies suitable for renovation aes pr

3.1 Introduction sentedThe examples are based on the Green Catalogue project

This chapter is an introduction to relevant best practice technologies
you can utilise in connection to energy efficient renovation of social
housing projects.

3.2.1Insulation

3.2.2Low-energy Windows

3.2.3Air-tight Constructions

3.2.4Double facades and glazed areas
3.2.5Heat Recovery Ventilation system
3.2.6Condensing boiler

3.2.7District heating systems with low losses
3.2.8Combined heat and power

3.2.9Heat pumps

3.2.10Natural, H/brid and PVassisted Ventilation
3.2.11Solar DHW Heating System

3.2.12 Solawall and air collectors
3.2.13PV-installations

The focus is on how to reduce the energy consumtioheating @-

mesic hot waterDHW, and electricity use for operation of fans and
pumps as much as possible. Also water savings are relevant in general
since it affects the DHW use. Besides needs for circulation of DHW
should be reduced / optimised.

Furthermore it is obvias also to use renewables like solar heating or
PV electricity to cover part of the reduced energy demand. And it is
necessary to introduce an optimised general energy supply solution with
reduced losses like e.g. district heating, gas heating or useabf he
pump. Here it is important to focus on a low level of heat losses from )
distribution of both heating and domestic hot water. Especially in low 3-2.1Insulation

energy renovation projects there can be considerable heating toss co  The most efficient strategipr energy saving in buildings is optirais
pared to the reduced energy use. tion of heat insulation. Thermal insuta reduces the heat losses due to

transmission and is therefore the condition for a low heating energy

The enegy use for heating can be reduced by use of extra insulation of demand.

walls, floors and roofs. Here it is also important to focus on possible _ _ _ o
cold bridges and limit the effect of these. E.g. in concrete housing The extra insulation can be added from the outside or the inside. Both

blocks you often have a balcony where the condsetiirect connected will have different consequences, e.g. insulation on the outside will
without any insulation to the interior of the dwelling. A solution here ~change the appearance of the building facade, and insulation on the
could be insulation with a hard insulation mater#sides it is optimal inside will decrease the living area.

to use energy optimised windows especially windows with low frame _ _ . . .
losses. Finally as ong the most important future solutions it is nece Insulating the roof is a very important measure, which should be given

sary also to consider energy savings in connection to ventilation which SPecial attention in every building. As warm air goes up, the te@mper
can be a very considerable part of the total energy demand. Here new
ventilation solutions with low costnd highefficiency heat receery

are important, also to improve the indoor air climate.

2 Green Catalogue is an Floject funded by the SAVE programme. See
more in chapter 8.
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ture in he upper air layers of heated rooms is always a bit higher. That
is the reason why a lot of heat can be lost through the roof.

The insulation of a steep roof can be implemented in two ways: by ins
lating the ceiling of the top floor if the attic is notated and by insuta

ing theroof construction itselin case of a heated attic. If the lastrme
tioned kind of insulating the roof is applied, five constructional princ
ples have to be differentiated: insulation between the rafters, over the
rafters, betweeand over the rafters, between and under the rafters and
an insulation lying outside.

Floor insula- Ceramic tiles
Fig. 3.1: Different types of insulatidiicCN)

It is also important to insulate the cell@he insulating material can be
implemented either on theeiting of the cellar or under the ceiling of

the cellar. In most cases an additional insulation is used to reduce the

sound propagion due to subsonic noise. Another aspect to be aware of
when isoldéing is avoiding cold bridges and airtight constructiams
order to avoid draught and unnecessary heat losses.
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A measure for a material to transmit heat is the beatluctivity (), a

value that is characteristic for a specific material, independent of the
thickness and the integration of the component. Uihi¢ of the heat
conductivity is therefore W/mK, i. e. it indicates how much heat (W)
passes a component of 1 m2 with a thickness of 1 m and a temperature
difference of 1 Kelvin (K). The lower the heat conductivity of aanat

rial is, the better is its effiency of insulation.

The quantitative heat losses through a component are measured by the
coefficient of thermal transfer, the-talue. Similar to the heat conclu

tivity | it describes the amount of heat that goes through a component
of 1 m2, when the tempa&ture difference between the inside and the
outside is 1 K. Its unit is W/m2K.

Insulating materials are such materials that a characterised by a heat
conductivity below 0,1 W/mK. The best available insulating materials
havel -Values of 0,025. However, tmeaterials that are mostly used

havel -values of 0,04 or 0,035. They are fixed as a thermal envelope
around the area that should be kept warm. Materials that are on the
market have very different consistencies. Only few products ane co
pletely made of a sgle raw material. In general, insulating materials

can be differentiated in inorganic and organic raw materials, whereas
those can again be partitioned in synthetic and natural materials.

Most of the Best Practice Examples presented in Chapteve usd
extra insulation in order to reach the low energy level.

3.2.2Low energy windows

Similar to the insulation of the external wall, the roof and the floor, the
insulation of windows has a high impact on the thermal protection of a
building. Although the dvelopment of the last years is characterised by
a big improvement of the energetic quality, windows still have tive lo
est level of insulation of all external components of a building.

The reduction of the thermal transfer of windows has been reached, as
especially the thermal properties of the glazing, which has the highest
impact on the heat losses, were improved. Generally there arel-the fo
lowing kinds of glazing:



Glazing U-value for Glazing | U-value for Window
(W/m?K) (including frame)

(W/mK)

Single 5,8 34

Double 3,2 2,8

Double low-Energy 1,1 1,51,7

Triple 2,5 2,2

Triple low-Energy 0,7 1,0-1,2

Passiv House (with 0,7 0,8

insulated frame)

Fig. 3.2: Overview of Uvalues for different types of glazing and for the whole
windowi including frame. T values are for standard windows (app. 1x0,7m).

Single glazing (Wvalues up to 5,8 W/m2K) are no longer commimn.

old buildings they might though be found and here it can be efficient to
apply a secondary removable winddva so called double window or
winter windowi on the inside

Efficient glazing consists of two or three layers pane, wiscbepa-
rated from each other by a layer of air. The heat losses due to tsansmi
sion are reduced to the half of a single glazing, but they are still very
high. That is for example the reason why since 1995 efficient glazing is
not allowed any more in Germany to be implemented in a new building.
A substantial improvement is the higffficient glazing with Uvalues
between 0,4 and 1,6 W/m2K. The insulating propsriee again 5060
percent better than those of the efficient glazing. On the inner layer
there is a very thin emissieeducing metal coating, which reflects the
long-waving sunrays back to the room and lets the shaxting rays
pass the glazing. Moreev the space between the two layers of glazing
is not filled with air but with a rare gas, which has lower heat condu
tivity. The gas used in most cases is Argon. The difference to the triple
high-efficient glazing is, that here the heat losses can beeedeven
more through the implementation of a third layer pane and a metal coa
ing on two inner layers.
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Fig. 3.3: example of three layers glazing (ECN).

The best thermal insulation can be reached, if one of the even better
insulating rare gases Krypton or Xenon is used instead of Argoor. Alt
gether the heat loss through a triple héfficient glazing is still one
eighth of the value of a single glazing.

As typical measures of windows consist toi 136 percent of frame, the
heat losseslue to transmission in tHeame are importanio consider.

Here it is both heat losses through the frame (this is not the case for
plastic windows) and heat losses through edges and thermal bridges in
the frame.Frames are typically made ofoad, synthetic material or
aluminium.In new types of insulated frames the heat losseshoagh
beenreduced.

Wood is the material, which is characterised by the longest lifespan and
is best durability against influences from the outside. Usually, fame
made of wood have very good thermal insulating properties. The kinds
of wood that are used in most cases are spruce, pine anéraales
made of synthetic material are mostly made of polyvinylchloride or
polyurethane and can reach values of thermallatisn similar to
woodframes. All in all wood and synthetic materials are those, that
with a market share of 80 percent are sold in most of the cases.

The heat losses through the windows are also measured byvidled)
The Uvalue of the complete winaois calculated in dependency of the
U-values of the frame and the glass, whereby the fidmealue mostly
is the higher one. Another important value is theatye. It indicates



how many percent of the suays with a vertical direction go through
the glaing into the room.

As the windows are an important part of the thermal envelope
efficient windows are used in most of the mentioned Best Practice E
amples in Chaptes.

3.2.3Air tight constructions
There are several reasons, why an airtightémentation of the budr
ing envelope is very important:

1 The reduction of heating demand: Especially during the winter
the thermal lifting results in a high temperature differenee b
tween the inside and the outside of a building. Consequently, in
the uppe part of the building the warmed air flows through
points of leakage to the outside (exfiltration), whilst in the
lower part of the building cold air pours through untightaloc
tions to the inside (infiltration). To assure a convenient indoor
climate, thecold air has to be warmed up, so that the uninte
tional air exchange results in a higher heating demand.

1 The avoidance of infiltration: As a consequence of the thermal
liting, the inward flow of cold air into the building generates
inconveniences. An dight construction avoids infiltration.

1 Prevention of structural damages: A high air humidity results in

the creation of condense, which causes humid areas in the wall
because of lower temperatufieand with it structural damages
in the building envelope

To assure an air tight building envelope, moisture brakes or evesa moi
ture barriers are attached in order to prevent humidity to get into the
construction and the thermal insulation. It is very important, that these
foils are fixed very accurately, bacse otherwise they do not have any
effect. The following table shows values for air change pr. hour (ac/h):
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Air change pr. hour

(ac/h)
International standard 0,5
Ordinary buildings 0,250,4
Low energy houses 0,050,1
Passiv houses 0,6

Note: the givervalues are for 0 pa. When testing i
tightness with a blowerdoor each value has to bé 1
tiplied with a factor 20.

Fig. 34: Air change pr. hour for different kinds of buildings

To guarantee a construction without any leaks it is recommended to
devebp a leak tightness concept and to locate weak points innthe e
velop by a secalled BlowerDoor-Test. In this test a ventilator creates a
constant pressure of +60 Pascal (Pa). Depending on the tightness of
the building the ventilator has to work moreless strong to obtain a
specific pressure in the building. Thus, the measure of untightness can
be deduced and with the help of a mist the untight points can be located.

The verification of an airtight construction can be done by the above
mentioned BloweDoor-Test. The gyvalue indicates how often the
complete air in a room is changed within one hour monitored- &0+/

Pa. In case of a ventilation system applied, this value has to be smaller
than in the case of window ventilation.

For examples of usef air tight constructions se Best Practice Example
no. 1 from Austria and Best Practice Example no. 4 from Denmark.
Both are mentioned in Chapter 5



Fig. 35: Blower Door test in an apartment
(CENERGIA)

Py
e SETANT IR .

T R ol
Fig. 3.6: Example of registration of wiatsmoke movement to trace cracks and
crevices in combination with the blower doastt€CENERGIA).
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Air tight construction§ Practical implementation

The airtightness should be ensured on the inside of external constru
tions by help of a vapour barrief e.g. aluminium foil or plastic film.

On the outside windightness should be ensured to protect the building
construction against bad weather conditiofise first thing one should

do when ensuring the dightness of a building is to check the joints
between the different external constructions, e.g. the windows/doors
and walls. By sealing up joints between the different external ce@nastru
tion a good result can be achieved with low costs.

According to the German Passiv Haus Institut the most imponte
for achieving good aitightness is to seal the whole buildimvith an
air-tight layer (see ig. 3.5).

SN

Fig. 3.7: Air tight layer (in red) wrapping the whole buildifGENER-
GIA).



3.2.4Double fagades and glazed areas
Double glazing facades reqeivery careful use. The climate conditions

Glass and double facades are most common in office buildings as they
here has a number of advantages. As the gab between the wiisdows
heated the glass wall gets an effectefng insulated which makes it

(e.g. air temperature, solar radiation) and the location of the building possible to sit close to the window without experietieefeeling of a
constitute the main parameters for the use in such facades. In Southcold draughtFurthermore office buildings has a special need forivent

Europe the abundance of sun yeaund and the little cloudinesg-r
strict the extensive use (space overheating) contrary to North amd Ce

lation and cooling which both (partly) can be done by the glass wall.
Depending orthe orientation the double glazing facade has different

tral Europe where the overcast and low temperatures during wintertime benefits: thermal protection for the north facades with creation of a

enforce the use of double glazing facades (production of themmal e
ergy).

Double glazing fagades are usually plannethwn adequate width to

i ncor porvaays oi w@afl &r mai nt enance)
shading needs of the interior facade. In some building cases, the inte
mediate air gap is ventilated (naturally or mechanically) for avoiding
space overheating.

air

——— outlet
\
|
=
? glazing
Z 7
~
4 shading device
Z
Z
V=4
I
JJ_‘ I air inlet

o=

Fig. 3.8: Exampleof a double glazing facad€ENERGIA).
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buffer space, thermal protection for the west facades with removal of

the enclosed warm air, and heat production for the southeast &-

cades.

contri

S O

iy =TI e NG & O = 71
Fig. 3.9: Examples obffice buildings with double facades:h& Royal
Library in Denmarkand the Danish insurance company Alm. Brand
(CENERGIA)



Shading consists with the basic requirement for all glazed areas. There
are many sading products that are either external or intermediate and
vary in material and type; the most common are blinds (movable-man
ally or by sensors) and setnansparent membranes.

Double facades and glazed areas can be made in a number of different
waysand every project will have to have its own design according to
the given needs. The two shown Danish examples have diffeeent d
signsi one of the projects has a single glazing on the inner side, the
other has a single glazing on the outer side. In othsscig would also

be possible to use to double glazifigpical glazed areas are made in
order to imit the heat losses and reduce the outside noise. See examples
of glazed areas below.

Fig. 3.11: Example of glazed balconies.

In case of a ventilated intermediate air gap, the inner glazing and the
shading devices pollute, because of the airflowisTaffects the pe
formance of the system (e.g. reduction of the view factor); in order to
avoid unfavourable results the inner glazing must be made in a way so
it is possible to open it.

In very high double glazing facadés.g. over several floordhe main
disadvantage is the overheating of the outgoing air (in the upper part of
the air gap), which creates a heat radiation and therefore increases the
indoor temperature. This can be avoided by air extract on each floor.

Fig. 3.10: renovated building in Bratislava having a glazedaand an exe-
ple of a glazed atriun{ECN).

Another way of using the passive solar heat and a very comman sol
tion is to make glazed balconies which also prolongs the period the
balcony can be used. It is though important to guide the tenants in the
use 3 the glazed balconies may also result in a great heat loss if they
are heated in winters.

The best way to deal with glassnstruction in general, is the collaber

tion of architects and energy consultants with guidance of expert glass
manufacturers. As such, most of the recent large building projects i
corporate glass in innovative ways and double facades (glazed} repr
sentsone of these technique$he performance of a double glazing
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facade is defined by the thermal transmittancevgllie), the light

transmittance) and the reflectance (R) of the Eg_% ‘ga;{«

An example of a glazed facadan be seen in Chapter Best Practice N n::.?r b -

Example no. 1 from Austria. b v st outtet
18°C 2°C

t 4
3.2.5Heat recovery ventilation system

Because of the increased demands forémergy ventilation systems in —X
buildings there has been a great increase in development for heat reco /

ery with mechanicaVentilation systems, where outlet air is used for
preheating of inlet air, is expected in the near future. To reach low value
for energy and especially heat consumptioa buildinga heat rece- Fig. 3.13: Principle of the heat rea@ry unit(ECN).
ery ventilationsystemwith high efficiencyis necessary. E.g. a passive
house can only be realised with high effective heat recovery ventilation. Not only energy consumption is decreased by heat recovery ventilation
systems with low lectricity use, but also the indoor air quality ig-i
proved, which not only is a benefit for the tenants but will also prevent
e.g. moisture damage in buildings.

To meet the demands for energy efficient ventilation system thevfollo
ing requirements shdéaibe satisfied:

V Thedry efficiency of the heat recoveheat exchangeshould be at
least 8090 %.

V Power consumption of the ventilation system should be on#030
W (0,24 W/(n‘f’/hair changd) (Danish Building Regulation demand is
87 W).

V The building shald be complete air tight (natural infiltration
should be @5/h and never higher than 0,1)/h

V The ventilation system should be installed inside the building-env
lope.

V  The noise level should be less than 25 dB.

It has been aimed to improve electricéificiency and the actual the
Fig. 312: lllustration of a heat recovery unit placed in connection to theivent ~ mal efficiency. In a new series of fans with backward curved blades the

lation system in a closet. This solution makes the maintenance easlé+ (CE electricity consumption is decreased considerably from the former no
ERGIA).
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mal level. Also a DC engine has been developed where the electricity 3.2.6 Condensingyasboiler
consumption inclconverter is 20 % below this level. The condensingasboilers are used both in single and central heating
systems An optimaluse combinea condensing boiler, a heating solar
The main focus should be on individual heat recovery units for each panel and a low temperature heating system (floor heating) so as to
apartment, due to risk of malfunction, more simple control anddavoi  achieve an optimal condensation and exchange of latent heat of gas
ance of heat losses in a cold loft room. Here there is a big needder sol fumes.
tions with a documented low electricity use and no nossesolution
with individual 1525 cm thin air to air heat exchangers from the-Da From a technical point of view the condensiasboilers operate in
ish company EcoVent has been developed. These can be integratedwo different fields of temperature with different efficiency: at 50/30°C
along the walls or loft in a simple way and with simple nenance (between sent and return temperature), they achieve a mean efficiency
possibilities (e.g. change of filter). To make it possible to check the low of 105% Best available technology BAT: 107%), while in the field
electricity consumption for ventilation an easy check system for this is between 80/60°C they achieve a mean efficienc§6et (BAT 98%).
foreseen.
The energy efficiency of the condensigasboilers has been increased
There will have to be ventilation with heat recovery if the aim fstal from the variable flame, where the variation of the air flow in the
energy use belv 65 kWh/nf per year for heating and hot water. In all  burner according to instantaneous needs, avoids low efficienoff on
cases a sufficient air change of 0,5 per hour shall be acquired. In case ofcycles. From the ecological améste emission point of view, the emi
mechanical ventilation max. 0,05 /h air change shall be through natural sions are respectively: GO9%, NQ, 40-44 mg/kwh, CO 159

infiltration equal to 1,0 per hour at-#30 Pa blower door test. mg/kWh. The generators available on the market are of various sizes
that cover all the requirements of a traditional heating system, but a
User controlled ventilation can be 126/mor 0,5 /h at normal coid higher initial investment is necessary.

tions and 65 fith as a minimum value when you are away. There is a

need for summer operation with a by pass function and winter operation In the Best Practice Example no. 11 from Austria mentioned in Chapter
with a reduced fresh air amount &rhthe temperature is belowr C. 5 a cadensing boiler is used.

Relative humidity should not exceed 60 % and filtering is needed.

3.2.7District heating systems with low losses
A reduction in energy consumption can best be obtained with a user Djstrict heating is a system that transfers and distributes heat from one
controlled ventilation system and use of energy efficient components in or more leating plants to residential commercial and industrial apasu
optimal designedsolutions. Also service and proper cleaning of the ers for space heating, hot water heating and industrial processes. A di
ventilation SyStem is necessary. The air VeIOCity for ventilation shall be trict heating system consists of heat production unitsi which could be a
below 0,15 m/s in rooms to prevent draught problems for the tenants.  combination of heatingnly plants, combined heand power prodet

tion plants, waste heat recovery plants, peaking and standby heat plants,

See examples of heat recovery ventilation systems in @hapBest primary heat distribution network, substations at the consumer conne
Practice Example no. 1 from Austria, No. 1, 3 and 4 from Denmark, no. tjon points, eneisers secondary networks and installations for space
1 from Sweden and no. 5 from Switzerland. heating and domestic hot tea
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The heat carrier in the heat distribution system can be either hot water The water aiculating in the flow pipes releases its heat to clients via
or steam. The hot water in the distribution system can be generated in heat exchangers. The return pipe conveys the water back to thesprodu
heatingonly boiler plants, in combined heat and power production tion plant for reheating. The temperature of return water from clients to
plants, from industrial waste heat reeovrefuse incineration plants or the production plants ranges in best cases betwgem@ 50 °C. The

sometimes from geothermal sources district heating water in general does not circulate in the space heating
networks of buildings, but also direct connection variants to consumer
District heating is a natural solution for provision of heat in fhuplt equipment exist.

areas. It helps keep the environment clean and increases housing co
fort. District heating also helps conserveesgy and the environment.
This conservation is best realised in combined heat and power (CHP),
which utilises 8090 per cent of the energy value of fuel. Whercele

End users equipment

Clients receive the district heat in the substation,ctwhincludes the

heat exchangers for heating and service water and possibly axheat e

tricity is generated separately, the utilisation rate of fuel energy is a changer also fo_r air conditioning, control devices, pumps, expansion
! and safety equipment, thermometers and manometers angfkhut

mere 4050 per ceh Thanks to the efficiency of .CHP’ emissions to t_he valves and energy metering. Substatians industrially manufactured
environment are about 30 per cent less than in separate generation of

- : units. Clients acquire their district heating equipment and the related
355”!:'[\3//;;}23 rs1(ealaéztct(iroer(;j1 dofn:‘(lj:jfsanbaﬁﬂia(lmzs bilc());:l 4 22‘? tv:/soa?;:zjduced installation work from heating contractors or, as comprehensive delive
9 . ) : gas, » bea, ies, from district heating suppliers. Heat is used in buildings for space
waste wood, or oil while also paying attention to overall economy and

to the impact on the environment. Useable heat from industrial grodu heating for providing hot tap water and for air conditioning. Also leoo
tion can also be utilised for district heating ing of buildings by using district heating supply water in absorption

chillers has been introduced lately.

Heat supply Heat metering
District heat is generated either together withcteleity at combined The amount of heat consumed in the building is measured. Theoeomp

heat and power plants (CHP) or solely as heat at heating plants. Thenentsof the heat meter are: a flow sensor, a temperature sensor pair,
temperature of district heating supply water varies depending on the and a calculator. The flow sensor measures the volume of circulating

country standards and weather, being for examplgl®s C. The tm- district heating water. The temperature sensor pair constantly measures

perature is at its highest inter and lowest in summer, when heat is  the temperatures of water going into the buildamgl coming out of the

only needed for hot service water. building. Based on the readings of the flow sensor and the temperature
sensor pair, the calculator calculates the thermal energy used for space

Heat distribution heating and for hot service water. The calculator automatically takes

District heat is transmitted from production plants to clients as ket w  into account the wat density and specific heat corresponding to the
ter in a closed network consisting of two pipes (flow and return pipes). temperature. The heat consumed is shown by the calculator @ meg
District heatimy pipes are laid in the ground, usually at a depth of 0.5 to watt-hours (MWh).

1 metre. The pipes have effective thermal insulation. On an average,

heat losses in the distribution network account for less than 10 per cent

of the energy transmitted in the pipes.
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is the hydraulic restriction of maximum water flow in existing district
heating transmission pipelines. The heating demand at wintertime limits
the cooling load produced by absorption chillers to about 2096 o
tertime maximum load. In warm climate the annual electric power peak
occurs in summer, partly due to electric@nditioning and refriger

tion. If a part of the aiconditioning cooling demand would be covered
with heat driven cooling machines, thewer peak would be shaved
off.

Incorporation of slar energystorage

Solar district heating with shetéerm and seasonal storage have been
introduced, mostly in Denmark and Germany. Shemn storage s¢

tems are used mainly for the preparation of hatewand able to store
heat for one or two days. Therefore the solar fraction of the total heat
o demand is limited to about 220%. The so called week storage system
Reliability has relatively large collector area per living ared @nf/m?) and po-
Supply of district heat is very reliable. On an average, in large DH jected solar fractin 3640%. An innovative soladistrict heating ss-
systems operation interruptions resulting from damages in the district tem called pulse heating has several buffer tanks connected to solar
heat network and the consequent repair work leave the individual client panels and district heating network. The buffer tanks are heated by solar
WIthOUt heat as an average f0r 0I’I|y one hOUf a yeal’. ThUS, the I’ellablllty energy W|th district heating as backup_ One tank in turn”mfwnh

of supply in district heating is ndar100%. District heating is alsqpe hot DHwater as a pulse and other times the DH circuit is closed for
eration and maintenance free for clieiitas the maintenance is-i reduced pipe losses. The first experiences call for remarkably reduced
cluded in the fee paid by the clients heat losses and 40% annual solar fraction.

Potentials for deelopmeniof district heating systems District heating systems with low losses are used théenfdllowing
Increased temperature difence/ low temperature systers:low and Best Practice Examples mentioned in Chapter 5: no. 1 and 8 frsm Au

medium load times a high temperature difference is desirable because ittria and no. 7 from France.
can save pumping energy and in many cases can reduce distribution
heat losses. Low return temperatures improve also operating conditions 3 2 8 Combined heat and power

and efficiency of CHP. Combined heat and power (CHP), often referred agetmration, is the
joint production of heat (steam or hot watand electricity from a aF
gle fuel sourcewhich can result in the overall efficiency up to 70

Heat driven district cooling _ _ 90%. Some CHP systems produces also chilled water from the heat.
In a cold climate there are in summer months plenty of heating capacity Thjs s often called trgeneration. Conventional electricity production
available in district heating systems, e.g. for fuaten cooling. The plants convert abow0 to 40% of fuel energy into electricity, while the

research issues are how the present one stage water/LiBr absorptionqgt is |ost as waste heat.
process is operated Wwitow temperature district heat. Another problem
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Combined heat and power systems can be implemented on mamy diffe Heat pumps for heating and cooling purposes in buildings can-be d
ent levels. At the largest scale, utility heat production can cover a whole vided into bur main categories depending on their operational function:
city through a district heatingystem and generated power is supplied ¢ Heatingonly heat pumps, providing space heating and/or water

into national electricity grid. Large scale CHP installations, typically heating.
hundreds of MWth and MWe, are found in process industry andsin di  § Heating and cooling heat pumps, providing both space heating and
trict heating of large cities, mainly in northern Europe. Sisedlle cooling.

CHP instllations, typlcally below 1 MWe and installed within the 1 |nteg|’ated heat pump systems, providing Spamiﬂm Coo”ng,
buildings that they serve, are relative common in the middle and south water heating and sometimes exhaust air heat recovery.

Europe. Dimensioning of the CHP plat will be made according to the ¢ Heat pump water heaters, fully dedicated to water heating.
heating load. The electricity output will be used first oube and se
ondly sold to the electricity grid. It is considered that using heat pumps can significantly reduge CO

_ _ _ o emissiors. In some European Countries heat pumps ardetieas a
Powergeneration technologies, which can be applied in small scale (epnewable energy source. This allows obtaining esafanation from

CHP systems, include advanced turbine systems, reciprocating enginesenyironmental dinding. A heat pump does not require chimneys or gas
(Otto and Diesel), micro turbines and fuel cells. or oil installations, and it does not produce any pollutions or wastes.

In large scale CHRystems backressure turbines, gas turbines and  Tpe heat pump is a machine, which caarge heat from a low level of
diesel engines are typically used in power generation. Practical uses fortemperature to a higher one. As a low level temperature heat source the
co-generated thermal energy include process heating, space heating.following are usually used: ground (vertical or horizontal heat exghan
water heating, absorption chillers, engine driven chillerscdest - ers), ground and surface water (open or close loop), outdoorxand e
humification, compressed air and industrial processes. In traditional nayst air. A god idea may be to use waste heat as a low temperature
CHP/DH plants heat is extracted from major power plants and supplied heat source, where the heat is transformed to a higher level of eemper

to city district heating networks or for industrial use. ture by a compressor. The heat sink is usuabentral heating system
_ o _ or/and domestic hot water. It is also possible to make ersile @-

heat and power are being used.

Below are shown two kinds of heat pumps: heat pump using heat from
3.2.9Heat pumps the ground and a heat pump using heat from the outside air. The last
Heat pumps are used for transforming free heat from sustainable mentioned are popular in holiday cottages and patios. The omesho
sources: air, water, ground and waste heat, to useful temperature level.0n the picture is connected to a small-pleint producing the necessary
They are used for residential and commercial roomnshéating, cole electricity for running the pump.
ing anddomestic hotvater heating as welh high number of different
heat pumps exist and they vary in size, price and efficiency depending
on its purpose.
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3 i ’_
Fig. 3.15: Heat pump producing heat for 8 apartments using heat from the

ground(CENERGIA)

Fig. 3.16: Heat pump using heat fronmé air and connected to a small-pv
plant which produces the needed electricity for running the p(OENER-
GIA).
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In the heating mode, the external fluid returns from the ground and
passes through the heat exchanger. Within the heat exchanger tthe inte
nalfluid is allowed to expand and change state into a gas (vaporization)
drawing the heat of vaporization from the external fluid. This gaseous
fluid is then pumped to the compressor which compresses and liquefies
the fluid releasing the heat of vaporizationo the heat sink (heating
system, domestic hot water etc.). The cooled external fluid is then
pumped back into the pipes running outside the house, wherenits te
perature is lower than the temperature of the surrounding soil. It once
again absorbs the &efrom the ground and the cycle repeats.

In the cooling mode, indoor air is drawn through a heat exchanger
where the internal fluid is allowed to expand and evaporate absorbing
the heat of vaporization from the air. The gaseous fluid is then pumped
to the compressor where it is compressed back into a liquid releasing
the heat of vaporization into the external pipes via a second keat e
changer. The fluid in the external pipes is then pumped out into the heat
field where its temperature is higher than temperature of the su
rounding soil. The soil absorbs the heat and the cooled fluid returns to
the house to repeat the cycle.

Nowadays there are also heat pumps with direct evaporation amd acc
mulation in a vertical tank. This can reduce the number af be
changer s, pi pedbs connections and
heat pumps usually consume less energy for pumps and compressors,
gives heat at higher temperature level and because of less cost became
quite popular especially in single family uses.

It can be formulated following limitation in heat pomp using:

1 Because a heat pump operates most effectively when the temper
ture difference between the heat source and heat sink (distribution
system) is small, the heat distribution temperaturegacs heating
heat pumps should be kept as low as possible during the heating
season. For example replacing conventional radiators (80)50



with floor heating (35/30C) may increase COP from 2.5 to 4.0. For ~ perature. The ratio of the actual COPadfieat pump and the ideal COP
more information see description of technologyB.Low Tem- is defined as the Carnefficiency. The Carnegfficiency varies from
perature Heating System. 0.30 to 0.5 for small electric heat pumps and 0.5 to 0.7 for large, very
 Itis quite difficult to control working of heat pumps. In most cases efficient electric heat pump systems.
it is possible only on/off king of control strategy. This is the reason
for additional requirements for central heating and/or domestic hot Performance
water systms. The operating performance of afectric heat pump during the season
§ Continuous access to low level temperature heat source should beis called the seasonal performance facg#H. It is defined as the ratio
provided. In some cases it may be difficult (large ground area for of the heat delivered and the total energy supplied over the season. It
horizontal ground heat exchanger, lack of pond, river or lake) or takes into account the variable heating and/or cooling demands, the

expensive (cost of energy consumption of ground waierp, cost variable heat source and difference in sink temperatures over year, and
of Constructing low level temperature heat exchanger)_ includes the energy demand, for example, for defrosting. The SPF can
Refrigerants should have as low environmental impact as possible be used for comparing heat pumps with conventional heating systems
ozone depletion and global warm potential. (e.g. boilers), with regards to primary energyisgvand reduced CO
emissions. However SPF is very useful in practice it is quite difficult to
COP coefficient obtain.

The heat delivered by a heat pump is theoretically the suimedfeat .
extracted from the heat source and the energy needed to transform thelhe performance of heat pumps is affected by a large numbec-of fa

heat from low temperature level to higher one. The ststatg pe tors. For heat pumps in buildings these include:
formance of an electric compression heat pump at a given sanof te ' _ _ '
perature conditions is referred to as theefficient of performance I the climate- annual heating and ctieg demand and maximum

(COB. It is defined as the ratio of heat delivered by the heat pump and peak loads;
the electricity supplied to the compresgob h o w mu ¢ h o-e n e fl g the tamperafures of the heat source and heat distribution system;
duced by using one amount (kWh) of energi)e COP of a heat pump 1 the auxiliary energy consumption (pumps, fans, supplementary heat

is closely related tohe difference between the temperature of the heat for bivalent system etc.);
source and the output temperature of the heat pump. ThedtipB 1 the technical standard of the heat pump;
with the increasing of condensation temperature. { the sizing of tle heat pump in relation to the heat demand and the

As the heat pump uses electricity it might be necessary also to take into operating characteristics of the heat pump;

account the amourf energy used for producing the electricity. Witha  q  the heat pump control system.

factor 2,3 used for the production of electricity a heat pump with a COP

of 3,0 will have a resulting energy efficiency of 1,2 (3,0/2,5). Thisis an 3 2 10Natural, hybrid and P\assisted ventilation

important aspect to consider when calculating thergnefficiency of With the high demands for ventilation systems, there is a great need for

the house and might be demanded by implementation of EPBD. enery efficient ventilation systems. In connection with this natural,
hybrid and PVassisted ventilation systems are very interesting topics.

The COP of an ideal heat pump is determined by the condensation te o' panish research project has shown that natural ventilation can be
perature and the difference between condensation and evaporation te - enyironmental correct and safe working and alsoabgood solution
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regarding indoor climate. The analyses show that natural ventilation can roof of this space a ventilation chimney has been placed for natural

be sufficient as ventilation in e.g. row houses, if the design and function
of building is integrated in an architectural way that optimises the nat
ral ventilation.Benefits of natural ventilation are listed below:

Provides effective whole house ventilation

Reduced C@emissions and lower fuel bills

Combats condensation and mould growth

Continuous gentle extraction

Improved acoustic quality, < 25dBAompared to nmahanical
ventilation

0 Simple installation

U Unobtrusive

i Minimal maintenance

oo

The most optimal solution for natural ventilation is where all rooms are
located on the same side in a row house. In this way the ventilation will
be dominated by thermal buoyancychase the outdoor air will enter
through the windows to the rooms on south side, and exit through a tall
chimney element on north side that has outlet from kitchen and bath
room.

In an energy efficient demonstration project of a public school,
Egebjerg Skool, in Ballerup in Denmark natural ventilation has been
used. The implemented technologies connected with natural ventilation
are:

0 Advanced EMSsystem with control of heat, ventilation and lkigh
ing.

0 Combined use of natural and mechanical ventilation.

0 Pre-heating of ventilation air through channels in ground and
through aso calledCanadian Solar Wallwith small holes for air
inlet) and convectors in class rooms.

ventilation. The primary drive force is the wind pressure. By hegmof
EMS-system the windows in ventilation chimneys can be opén&zk

side. If there is no wind at all thermal drive forces are activated. The
height is therefore an important factor. When the temperature difference
between inside and outside in summer times is very low an absorber
built in the ventilation chimney pwides the necessary drive pressure.
The amount of ventilation is controlled on background of,-Cahd
temperature sensors in class rooms.

The heat consumption with pheating of ventilation air is 97 kWh#m
and was 181 kWh/frbefore the renovation anders are very satisfied
with the improved indoor air climate.

The electricity saving with natural ventilation, electricity efficient went
lation and EMS control is 13,5 kWhfmper year. Before renovation the
electricity consumption was 36 kWhimer year.Also indoor air dt
mate has been improved and the amount of i€@atisfying'

Regarding PVassisted ventilation PVENT system has been ddve
oped. P¥YWENT combines building integrated PV with high effective
ventilation systems. The PV produces diregtrent (DC) which can

run low consuming Dé&ngines in a new generation of effective
counter flow heat exchanger. In this way energy loss and an expensive
converter installation can be avoided.

Counter flow exchanger is run with an electricity consumptibonly
20-30 W, equal to 15@00 kWh per year. 250 % of this electricity
consumption can be covered by electricity from building integrated PV.
Oriented to south an optimal PV area is assumed to be’(q@rrdwel-

ing for crystalline panels and 2*mper dwelling for amorphous panels.

The ventilation system in a PVENT system shall be with low ale
tricity consumption with counter flow heat recovery, where the outlet
air is used for preheating of the inlet air. The heat recovery of outlet air

In the centre of the area that was chosen for renovation there is a spaceshall be 8890 %. The electricity consumption is as low as42OW per

with double heibgt compared with the rest of the building and on the

31

dwelling.



clearly lagging behind. Factors like general awareness of the eaviro
ment; public support and the ditya of the products/services offered by

the industry have proven to be at least as important as climati¢ cond
tions. The potential for growth in the near future is therefore immense.

:

',l

Fig. 3.17: PV-assisted solar ventilation towers and ®kimney were PV nie
ules are directly operating D@&ns(CENERGIA.

PV-assisted ventilation is also used in the Best PraEtieenple
no. 4 from Denmark, mentioned in Chapter 5.

3.2.11Solar domestic hot water heating system
The European solar thermal market has shown substantial growth over
the past decade, with solar collector sales amounting to 2buillion

m? in 2006 (the total number of installeddwas in 20@ about B mil- Fig. 3.18: Example of installatio of domestic hot water heating system at

lion and the EU target for 2010 is a total of 100 millioA (&stif single family hous€ECN)

200B)). However, Germany, Greece and Austria account for 80% of the

collector area in operation throughout Europe. When the gladkst-c The functionality of a solar system is a result of two factors: the quality
tor area is related to the population, the leading roleSusfria (about of its components (collectors, tank, control units etc.) and the quality of

275 nf per 1.000 capita) anGreece(about 270 rhper 1.000 capita) the system design and installation.
becomes even more evident, compared with the EU averagé rof 2

(Estif 20®). In recent years the marketrfeolar domestic hot water solar collector

systems in Spain, Italy and France has been growing faster than the EU domestic
average, but the market is still largely dominated by tlength of the —
market in Germany (Estif 2005). : gas-fired
boiler
Solar DHW systems can be successfully implementeall datitudes. staragB cold water

Some of the strongest markets (Germany, Austria) are not situated in vessel

particularly sunny regions, whereas for instance Spain and Italy are , , _
Fig. 3.19 Example of domestic hot water heating system (ECN).
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the air solar collector typically built with one layer of gga absorber
Solar collectors can also be used for space heating Wdtisrkind of and insulation. These solutions are often more expensive.
system is mainly used in the northern and central part of Europe: In

Austria they havea market share of 35% (Estif 2005). |
~

- . . \,I\ b A |
Solar DHW heating systems are used in Best Practice Examples no. 11
from Austria, no. 1 from Denmark, no. 1 from Sweden and no. 7 from
France. l
3.2.12Solar wall and air collectors l l T
The potential energy saving of aim solar wall are very high because
the collector enables the active solar heating of the ventilation air while l
minimizing heat losses by transmission through the south wall.

. ~ R . v s , :

The Canadian AnSolarwall o type air sol ar IA‘; k}‘IStS in a met al
outdoorsurface placed in front of a heavy masonry wall that acts as an
accumulator. Fig. 3.21: Example of gnciple of Solar Wall (CENERGIA)

An air solar system, or a solar wall, has an efficiency that vages b
tween 50% and 70% according to the air flux ayigdes about 700
kWh/mz in a year, in condition of low temperature differences between
inside and outside and with high air flow (500 kWh/m2 in a year, with
high temperature differences and low air flow).

Solar wall and air collectors are used both in resideatid industrial
building. Since a high level of energy saving is obtained with the use of
an air solar collector system, this technology is often used in special
buildings as solar or passive houses.

Solar walls are used in the Best Practice Example4 fimm Austria,

- SRS no. 1 and 4 from Denmark, no. 1 from Sweden and no 5 from Switze
Fig. 3.20: Example of a Canadian Solar wall at a land. All mentioned in Chapter 5.

factory building(CENERGIA).

The air between the metallic wall and the masonry gets warmer and is 3.2.13PV-installations

distributed in the buildig in various ways, directly or through a class Photovoltaic means the direct transformation of sunlight into electric
cal ventilation system. Other types of air solar collector are e.g. based current. In general, two types of Pystens can be identified: there are

on the ATrombe wall o principle, RGNS Yvit[h m%ing ﬁogniecéiqn gnd ;S(Hategop?rq,teg ﬁygt(ﬂng gng W?se wal |
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are the type of PA\8ystems standinglone, which means that they have  On basis of this information it will be possible, via a computer and

no connection to the public power supply system and therefore need arelevant software, with considerable accuracy to simulate the yield of a

battery for stoage. certain PV istallation.Simulations like this can be calculated by
knowledge centres and consulting engineers.

The technique of a Pinstallation is based on the photovoltaic effect: if
light (photons) hits a solar cell, electrons are released out of the crystal
structure of the semiconductor material. This process results in a current
flow.

The main components of a Pystem are the solar cell, the solardno

ule and the inverter. The solar cell is the part of the installation, in
which the transformation of lightia electric current takes place. More
than 95 per cent of all solar cells that are produced in the world are
made of Silicium. In order to get a useful performance, mostly 38
solar cells are put together to a solar module. The totality of tlte mo
ulesis called solar generator. The tension of theiffallation -
pends on the number of modules connecteskites whilst the number

of modules connected parallel determines the current intensity.

The inverter creates the connection between the solaragen and the
distribution net. As the produced electric is direct current, the inverter
has to transfer it to alternating current, in order to deliver it to the public
power supply system.

PV installations constitute a losigrm and relatively expensive intes The performance (measured in %) of a-iAstallation depends odif-
ment. Therefore, it is essential that an exact design of arceNai- ferent factors. These factors are apart from the positienslope, the
stallation is carried out. orientation, the performance ratio and the efficiency of the inverter.

In order to be able to design a PV installation extensive and precise

information of a wide range of parameters are required, e.g. climatic | Estimated actual efficiency of modules | Standard | High-
data, characteristics for PModules, configuration of Pganels, ple- (modules with silicon cells) efficiency
ing of P\-panels, load on Pyanels, current inverter data, the wanted Monocrystaline, closepacked 12% 15%
electricity production over a year etc. Polycrystalline, clos@acked 10% 13%
Amorphous /thin film 5% 9%

Fig. 323: Estimated actual efficiency of modules
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The performance ratio is the measure of the system efficiency of the extent of the use of the mentioned technologies determines the energy

PV-installation. With the help of this famt, P\-systems at different
positions can be compared with each other. It is the relation of tlre act
ally produced current to the theoretically expected current of the solar
generator. The agally produced current is leskan the theoretically
expectedpecause it includes occurring losses. The higher the perfor
ance ratio of a PAhstallation is, the better the proceeds of current will

be.

Estimation of system coefficient Detached | Building
integrated

Optimal installation with higtefficient cu- 0,8 0,75

rent inveter

Average installation with standard current | 0,7 0,65

inverter

Less optimum installation, e.g. somedha | 0,6 0,55

OwWSs

Fig. 3.24: Estimation of system coefficient

Other factors characteristic of the energetic efficiency of asydfem
are thenight-consumption, the energy use in stdoydmodus and the
input start. All of these factors are measured in Watt (W). The lower

these values are the less energy is used by the installation.

PV-systems are used in Best Practice no. 11 from Austria@n@ and

4 from Denmark, mationed in Chapter 5.

3.3 Concepts of renovation

When planning a renovation there are numerous technologies to choos
from. Financial aspects, traditions and availability most often decide

which technologies are chosen and akdtions of energy savings e

pared to the necessary investments neglected. There are though goo%
incentives to consider the energy aspect especially in a more future

oriented and sustainable perspective.

There are no general solutions for concepts ofvations but uses of
the technologies mentioned in this chapter are the most common. The

e.

efficiency of the buildingOne of the best known concepts of lomn e
ergy houses is the German 8ige house concepEven though the
passive house standard does not refer to a renovation concepsthe pa
sive house elements can be efficient guidelines when planning your
renovation.The Passive House concept will be presented in theafollo

ing.

3.3.1Passiwe houses

The termPassive house (or PassivhausGerman refers to a specific
construction standard for residential buildings with good comfortieond
tions during winter and summer, without traditional heating systems
and without active cooling. Typitta this includes very good insulation
levels, very goodir tightnessof the building, whilst a good indoor air
quality is guaranteed by a mechanical ventilation system with highly
efficient heat recoveryPassive house is guality level for very energy
efficient buildings of all categories. The specific heating demand is
lower than 15 kWh/mz2a, which means that a 1(3(hpartment needs no
more than the equivalent of 150 litres of oil per y&athe same time a
passive house is characterised by an etfeotand of only 10 W/m2,
which means that heating can be obtained by fresh air he&ting
thermore theéhermal comfort and air quality are much higher than in
Anmomal 6 houses. Since 1991, more than
been realized in many Europeamntries. The principles of the passive
house concept are thdlfmwing:

Minimized transmission losses

Heat, that is kept inside the house need not be replaced by using energy
I this is the most important passive house principle. For this reason the
building envelope has a very high standard of insuldtitypical thidk-

esses for wall and roof are arow@to 40 cm. Typical windows will

e tripleglazed.

In Passive Houses it is also very important to avoid cold bridges and
there must be kept warm surés of the walls also in corners and at
joints.



Minimized ventilation losses

In Passive Houses it ieecessaryo use ventilation witlbalanced

counter flowheat recovery as described in 3.2.5. To reach a sufficient
low energy standard it is though verggortant to use one of the most
efficient ventilationheat exchangers in combination with fans which are
very efficient The fresh, filtered air is always more than 17,5°C warm.
An important preconditiofis that the infiltration losses are reduced as
well. For this reason, the envelopeeds amxcellentair-tightness

equal to 0,6 /h at 50 Pa (see 3.2.3 abottigtitness)

The airtightness is also importabecause HRV is used Passive
Houses and the change of air therefore must be controlledmpas-i

tant to remember that dightness is not the same as diffusion tightness
i gypsum wallboards are airtight but not diffusion tight. Also many
insulation materials are not airtight and are ngpssed to be and the
air-tightness are secured in anothwy. When building an airtight oe
struction it is important to check if the building reaches the planned
goal. This is done with a Blower door test asatibes in 3.2.3.

Passive and active solar
The lower the heat losses, the higher the percentagesii/pasolar

energy. In passive houses, the share of passive solar energy can be 50% Mpor t ant
or more of the heating supply. Although passive solar is of importance,

examples show, that even houses of an energetically unfavouriable or
entation can reach passive hogtsndard. In addition to passive solar
gains, active systems like thermal collectors ordy¥tems can be used.

like special heat pumpsolar energyhigh efficiency gas boilers or
pellet bolers.

Overheating control

As a very high thermal comfort was one of the main goals in thd-deve
opment of pass& houses, overheating control is an important measure.
Passive houses are optimized way thatreduces overheating fro

lems to a minimum. Mainly passive measures like shading devices,
thermal mass andatural (nocturnal) ventilation are usésg mentiored

the passive houses does not only has advantages related to tine low e
ergy use but also the following aspects cam be mentioned:

Thermal comfort

Inhabitants describe both winter and summer thermal coadontich
better, than in normal houses. Passivesearetrofit is aboutrergy
savingi but the perfect thermal comfort is what counts most for te
ants!

Air quality and health

Comfort ventilation gives tenants a very good air quality. The constant

air renewal reduces odours as well as harmful pollut@atsl bridge

minimization and good air tightness avoid mould damagésthough

not to reach temperatures

Low energy costs good funding
Nobody knows the future oil or gas costsheating demand of only
1/10 is the best insurance against rising prices. In many countries good

The use of solar heat is not necessary to get a Passive House certificate funding makes passive house retrofit even more feasible.

(from the German Passivhaus Institute) but it might be an efficeztit h
ing supply.

Efficient energy supply

The primary energy use can not be higher that 120 k#&h/m

Protection of construction
By using thermal insulation, constructiangrotected and lasts longer.

Passive houses have a very low heating demand but still need a heating Minimisation of cold bridges andnprovedair tightness reduces stru

system and a system providing domestic hot water. In order o min

tural damages.

mize energy demand and costs as well as the emission of pollutants, the
energydemand of passive houses is supplied by very efficient systems
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Sustainable building
As PHRbuildings fulfil not only actual but also future recgrirents,
their value will be constant over a long period.

Climate protectioni conservation ofresources

Passive house retrofit reduces emissions of cliolaseging gases and
all other polluting gases to less than 10% of the actual state. Natural
resourcedike oil and gas are conserved as passive housesipaoee
90% of heating mergy.

In the Best Practice Examples which can be found on the homépage
and some in this Chapter Bample of a passive house renovatedduil
ing can be found. In Chapter 5 it regattie Austrian example from
Linz and at the homepa an example from Germany can be found. See
pictures below.

Fig. 3.26: Examples ofttick insulation lagr on the &cade exterior
andnewventilation sgtem(ECN)

References and additional reading
Pedersen 2002: Peder Vejsig Pedersen, Solar Energy and Urbdan Eco
ogy, Ingenigren|Bager, 2002

Estif 2005: European Solar Thermal Industrgée at i onhea- A Sol ar T
mal Markets in EuropeTr ends and mar ket statistioc

Estif 2006: European Solar Thermal Industrgée at i on:r- i Sol ar T
mal Markets in EuropeTr ends and mar ket statistic

www.estif.org - European Solar Thermal lagtry Federation

- e s Text about passive houses: http://www.energieinstitut.at/retrofit/
Fig. 3.25: The social housing in Ludgshafen. Notice the solar cells on the
roof and on the balconies.
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important to consider as they are decisive for the tenants acceptance of
4. Checklists& tools the energy aspects.

4.1. Introduction Regarding possibilities of energy efficient renovation the following
steps are necessary for a holistic approach:

In planning of social housing renovation there is a need for a reliable

method for selection of the most convenient refurbisttnseenario. - Inventory of building condition and technical assessthof
The guidebook aims at identification of checklists and tools applicable building components
for social housing companies and their consultants when prioritizing the - List of measures / investments necessary that are necessary for
concrete refurbishment projects. the building to further comply with 6 essential requirements
(mechanical resistance and stability, safety in case of fire, h
The checklists are used to support the decision making on exafjen giene, health and the environment, safatuse, protection
level and at the initial stage of planning process. The checklists are against noise, energy saving and heat retention); thetinves
useful also in the procurement process and in design competitions, ments are necessary for maintenance of the original building
where the evaluation criteria are needed. condition
- Analysis of energy costs and energy useentification of &-
The tools are intended to support further steps of refurbishmers- mea ergy saving potential
ures planning. Although the project teams responsible for planning the - Energy audit includig economic evaluation of RES and RUE
building renovation aim at a tool that would support technicad; ec measures, feasibility study, if needed
nomic and environmental evaluation of refurbishment scenario, there is - Definition of the targets of building renovation (improvement
a lack of such complete tools. More often thels have to be combined of thermal comfort, prolongation of the building life time, low
in order to get the complete view about the renovation project. energy building, passive house standard refurbishnrent
creased value of the building é)
All checklists and tools can be found on the website: - Evaluation of refurbishment scenarios; methods: life cycle cos
http://eteducation.aarch.dk ing (LCC), LCA, social acceptanceé
- Definition of an action plain list of renovation measures-i
4.2. Steps to successful renovation cluding EE measures and other necessary investments éor ren
vation of a social housing
The renovation will not be successful unless the existing administrative - Design phase

and practical barriers are taken into consideration. An overall screening
and analysis is necessary as well as knowledge of the existingptechn

logical possibilities. The analysis alsmplies establishing the pate

tials of the housing regarding various factors such as its suitability for
housing seniors, the quality of its surroundings, if the sizes of the
apartments appeal to certain kind of groups etc. These potentials are

- Tendering procedure, investigation of financing instruments
- Investment

- Commissioning

- Monitoring and evaluation of investment

- Promotion of goods results
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4.3. Checklists

The checklists define the indicators for kaion of the project and
aggregate them to the level convenient and understandable for decision
making. The indicators for the evaluation of refurbishment projects are
usually weighted according to the local framework conditions relevant
for housing assmation decision making.

The checklists are the following:
4.3.1 Simple evaluation of refurbishment scenarios
4.3.2 Evaluatiorof energy management in housing companies
4.3.3 Evaluation of renovation scenario by sust. indicators
4.3.4 Energy performancemands / Green Catalogue
4.3.5 Additional examples of checklists from the literature

4.3.1 Checklist for simple evaluation of refurbishment scenarios

A checklist for simple evaluation of refurbishment scersagaseful at

an early stage of the plangiprocess, when the concepts are defined. It
is prepared for the us# evaluation of different refurbishment scena

ios. En example can be seen beld¥oposals are evaluated according
to sixindicators each of the indgtors is ranked in a range betweén

to +2 points, where 0 points represent neutral impact of the proposal to
the particular indiator, -2 points represent majémconsistenciesvith

the targets and +2 points indicate well elaborated proposal, proving the
accomplishment of pcularindimt or 6 s t ar get s.

In the Fig. 4.2 there is an example of simple evaluation criteria for the
comparison of energy efficiency renovation projects, such criteria can
be used in the evaluation of design in the framework of architectural
competition.
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DECISION MAKING INDICATORS
PRAQECT |OF RENOVATION PROJECT Ranking
Indicator  [Value 2 |1 |0 [+1|+2
r
1 Environmental performance 1
2 Investment costs of renovation project -1 10
Economic evaluation of energy ef
3 investment (PB, NRZC) +1
4 Additional living space 0
Improved quality of life in a renovate
5 and/or neighbourhood +1
Other criteria, like: easy maitenance
acceptance etc
6 , 2
E 4 0 1 0 B |2
Figure 4.1. Checklists with indicators for evaluation of differentovation

scenarios in the early stage of the planning process with and examplekef ran
ing.

221113 Energy efficiency of building refurbishment

implementation of architectural principles in EE
renovation: principles of passive solar architecture,
bioclimatic buildings, zoning of rooms ...

renovation design takes into account insolation and
shading benefits resulting from urban planning concept
high level of thermal insulation of building envelope,
energy efficient windows and doors, systematic prevention
of thermal bridges, calculation and proofs, certificates
(passive house principles, optionally)

energy efficient windows, parameters (passive house
standard, optionally), shading integated

RES i mplemented, (heating,
other issues, technologies relevant for energy efficient
renovation (also energy

0
e 9

6 ce 0
4 0)o|-1]0]1]|0
Figure 4.2. An example of simple evaluatioitezia for enabling the compéar
son of energy efficiency renovation projects.




4.32 Checklist for evaluation of renovation scenario by sustai
ability indicators

Sustainable renovation project is expected not only to reduce the env
ronmental burden of & building but also to demonstrate favourable

holders in social housing should be used for the ideatibn of their
opinion and acceptance of the particular indicator in the local context.

economic parameters and high social acceptance.

ENVIRONMENTAL

ASRPECT
indicators of environme
to energy flow (RU

indoor comfort (thermal,

indicators of operational costs (€

itectural functionality and
efficiency) ibili

ibility

indicators of service life costs’ of architectural

maitenance and repair

ASPECT

SOCIAL

4.33 Checklist for evaluan of energy management in housingneo
panies

The checklist below (Fig. 4.3) was developed to help the housimg co
panies to evaluate the quality of the energy management in their own
organisations, the capacity to implement the EE renovation project of
sodal housing and to identify the gaps in promotion of energi eff
ciency in social housing-hereby it aims atotivating the hosing ao-
panies to improve their general policy for renovation of social hosising
according to contengoary environmental targets the society.

First of all several sectors given in the checklist are evaluated,daccor
ing to a prepared description. The level of development in the particular
sector is then indicated. The selected cells form a pattern of selected
options. The more ufirm the pattern of answers is and the higher
evaluation notes were allocated, the more developed is the enemgy ma
agement in the housing company.

Fig. 4.4 Renovation measures influence environmental, economic and social
aspects of building sustainability, aggregated indicators on the axes reflect the
acceptance of proposed renovation in the local environment. Successful res

dential building renovation must positively influence all three aspects.

In the Fig. 5.4 a tool for evaluation of sustainability of an apartment
house is presented, developed in fitaenework of ZKG national qua

ity mark scheme (http://gcs-grmk.si/gcs/znak.htm). The indicators are
aggregated according to the area of impact and presented on eight axes,
with relevance to environmental, economic and social aspect ofrsustai
ability. A consensubased method is appropriate for deteration of

the particular indiator value. An open discourse among the developers
(housing association and consultants) and participating stakeholders can
be used for the determination of aggregated atdis values and
weights. If weighting of indicators is used then a pole amongestak
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Level of development

Scope

1

2

3

4

5

Energy policy in municipality

No clear energy policylalvisi

General principle of EE in muni
palities are kwa, no written
commitment exisb systematic
monitoring of energy consumpti
on municipal level

The interest in energy efficierttye i
municipaligxisttheenergy use the
municipality is analgséut there are
no major activities (no support for
renovation of social diog)

An eergy polidgdefined, oee
siorallyEE measures are #apl
mented / stimulated, based on
previous energy analyses

Municipal energy planlalvks,
energy audits afesibility studie
in building sector are common
practice, financing instruments
EE investments available

Organization and interest for EF

topics in housing cani@s

No energy management is avai
inthehousing empany, there is n
formal respsibility appointed to
any of employee

Energy management is not intr
duced, but there are a bottom ul
initiatives from some individuals
employees in h.c. oergly experts
areoccasionally subcontracted {
cover the needs

H.c. has energy manager, but his
authority is unclear in theagament
structure of h.c.

Energy manager in h.c. has cle
responsibility, but the energy is
have not yet the highest priority|
the investment policy

Energy manager in h,cdfafly
integrated role in the memet
structure, Energy manager is
encowage to play a proactive rol
planning of investments and ref|
bishment in agdance to the
general RES and RUE targets.

Motivation for EE and emess

raising at clients (desits in social

housing)

Social housitgnants work-t
gether on EE opportunities and
realization of EBjpcts, they
proactively providedtintes to
housing associations for EE aer
tion

Single representatives rafries
care for EE, includimgcking and
follow up athe energy conspimn
tion and bills. lmiiuals give
proposals for EE renovation an
improvements to housing aemp
nies.

Tenants refer to a housekeeper ar|

to a h.c. representative in case of
increased energy bills and in case

refurbisment and renovation needs

No concte proposals are made.

The tenants complain in case o
high energy bills and/ or high
operational costs

The tenants @perate with energ
managers in idendifizn of energy
problems and in proposing the
measures heirawareness in RE
ard RUE toptcis high and infl
encegheiractivities and habits.

Monitoring of energy peence

and energy use and setting the
targets fomproved energy situati

in social housing

Energy indicators are noitored.

Energy indicators are itoozd, buf
thered no ssgtematic evaluation
them. Themrethe data available
to set up a data base forlpenc
markingfeenergy consumption
indicators.

Energy indisubject tocatore aue re
larly benchmarked as criteria for
prioritizing of future refbmnbést
measures.

Monitored data are used fortber
marking andrfmstant reaction to
identifynissfationing of buildings
and energy systems, repaly.
Large energyrsumers are
subject to energy audit and furt
renovation.

Energy indicators collected by
regular nrotoring of energyneo
sumption are used to create a
reliable benchmarking data bas
Data are used for setting the ta
for new buildings and renovatio
evaluation of investments

Promotion of RES and RUE targ

technologies angpeoaches
in ©cial housing and indiroy
company.

No promotion of RES and RUE
targets.

RES and RUE aiisalissed withir]
housing company.

RES and RUE programmes in h.c
developed, mainly used in plannin
refurbishment measures.

RES and RUE promotionitéesiv
fortenants delaped, no proper
response achieved.

RES and RUE promotion is wel
established, so that a proactive
response fror@nantss achieved.
User habits have been improve

Status of Investment in EE aeno

tion of social rsing

No investment in EBaation,
due to other priorities and main
financial barriers.

Only low cost measuresrapg-
mented

EE measures with low pay back ti
are realised.

EE measures arensideredithin
regular plan of biig maintenang
and refibbishment, often ohasis
of energy audit.

EE measures are em@nted also
on the basis of enminental
targets, as a part of a comprehg
sive h.c. policy for social housi
renovation.

h.a.i housing association, hlwusing company, &.$ocial housing, EEnergfficiency

Fig. 4.3 Checkilist for evaluation of energy management in housing companies
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4.3.4 Energy performance demands based on the Green Catalogue  4.4. Tools

Energy performance demands for seven different building related In the following an overview are given on a selected number of tools.
technologiesan be used both as a dimig tool and as a checklist to

see how good chosen technologies are compared both to different Ep|QR

national standards.of each of the best practice technologies like-ins
lation, low energy windows, heat recovery vktion, solar DHW
heating etc., a numbeof indicators and performance rear -
ments/recommendations have been agreed both oai@nal and Dl_e_;.‘;B ‘?99“”"9 EEISE IS
European basis. =

-
&3, DEMO -G ebiude

“egb'_ziéi-j«iéckmg

In connection to this identification has been made on both reference
values. (REF) and values for best available technologies (BAT)

rarmqoac:s:mhm auf Furkhon, Dichigh.et, Abnutaurg etc

| Typ_ 1 yen2

(which is the best), as well as aimed at values for 2006 (new EPD Fodt s [::«l e &
demands) and 2011 (revised EPD demands after 5 years). it O | i o)
Dechung n saubetem und ) | Dackung n gies ]| Groe Anzal von #l | Dechurg evhebich -
: e . o - (il | tuoballl | Pl | L Myl
The most important technologies in the area of _Ratlo_na_ll Use of Energy| e oo Wy e B eV Sy
(RUE) and Renewable Energy Systems (RES) in buildings are: C e el T W e

1. Insulation ‘ ,
2. Low-energy Windows . R Nk O W~ S| .
3. Air-tight Constructions T T > ;
4. Heat Recovery Ventilation with Low Electricity Use W[ Durch “ankiicken” bewerten Sie den Zustand des Gebiudes L i >
. . . . 7 R Die Textfelder werden automatisch in die Berichte Ubemommen! .
5. Natural, Hybrid and P\assisted Ventilation L e W s
6. Solar DHW Heating System _ — : -
7. PV-installations Scope: Decision aid tool for residential building refurbishment
Link: Dominique Caccavelli, CSTB, Franceatcavelli@cstb.jr
: - . Author(s): European project EPIQR (Joule programme)
Forexampleg of the _mentloned indicator sheets thegrojecthonme- Language: English, French, German
page:http://eteducation.aarch.dk

Availability of tools: public / demo professional

Level of analysistechnical diagnosis, energy performanadpor
environment quality, cost of works

Profile of the expert working with the tool: technicians

Relevance to housing companies and refurbishment of social hsu
ing: high



http://ei-education.aarch.dk/

BREEAM EcohomesXB

Green Diploma

@ ircemet

Scope:Tool for housing associations and stock holders for assessment

and monitoring the environmental performance of their stock,dnclu
ing the help in prioritising maintenance and refurbishment works.
Link: http://www.breeam.org/page.jsp?id=25

Author(s): BRE Building Research Establishment, UK
Language: English

Availability of tools: professional

Level of analysis:environmental performance, tracking of impeev
ments during maintenandgenchmeking of performance, highligh
ing priorities for maintenance and refurbishment

Profile of the expert working with the tool: professionals at housing
companies

Relevance to housing companies and refurbishment of social heu
ing: high

N

Logo from the Green Diploma for housing estates

Scope:The Green Diploma Labelling can be used to pronmte i
proved @ergy saving standards including use of the Danish lew e
ergy class 2 even for large scale renovation. The Green Diplama
sists of a table that has to be filled out, by thesmgucompany, the
owners, the builders or extern consultants. See the tahldnnex 2.
The table make it possible to compare the following standards: A:
Minimum EPBD demands for remation in Denmark (without energ)
frame values), and B: Green Diploma quality where low energy cl
2 is the demand for large scale renovation ptsjevhich affects the
whole building.

Link: The Green Diploma has no internet page. See tables in Anr
Green Diploma Manual (can lbewnloaded in Danish from DCU&
homepage, http://dcue.dynamicweb.dk/Default.asp?ID=22)
Author(s): Danish Housing Assoations in ceoperation with the
Cooperatiorof Housing Associations, BL, Cenergia Energy CoRsu
ants and environmental manager Bettina Fellow
Language:Danish and English

Avalilability of tools: public / demo professionals

Level of analysisProfile of the expert working with the tool: ex-
perts, engineers, architects

Relevance to housing companies and refurbishment of social rssu
ing: high

ASS

ex 2.
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LC -Profit

LEGEP
o a0 o3
Vg "

Coogle[Gv Van i@ 0 ke o o | D nditeon o
Yr ¢ sewch + gl i @y yohanl s in

e _ S .. TS

— <setieten Startseite

Ein fur die 9! L
-
DBU‘(‘& ‘D" o -
\_4

Scope:An integrated life cycle analysis tool

Link: http://www.legoe.de/

Author(s): LEGEP Software GmbH

Language:German

Availability of tools: public / demo professionals

Level of analysiscomplete technical analysis, energy cadtiah,
calculation of investment LCC, environmental impacts

Profile of the expert working with the tool: experts, engineerst-a
chitects

Relevance to housing companies and refurbishment of social rssu
ing: high

Fewnie @) (3 5 a3

P R Ty TR ———— D tseteges

Sewch + fghe CINE @My vatot Sonn

STATSBYGG

© i

Scope:A tool for life cycle costs analysis of new building or mrefu
bishment, from thenvestors and building owners viewpoint.
Link: http://www.lcprofit.com

Author(s): Statsbygg, Norway, now SINTEF

Language: English

Avalilability of tools: public / demo professionals

Level of analysisinvestment, servicéife, energy costs, maintenanc
and refurbishment costs alexjuested as input. Refurbishment scen
ios have to be afysed using another tool in order to determine the
input for LC Profit. The tool can be used for all kirad buildings.
The user must provide the data about building elements and cests
vant fa design, (re)construction and operation phase. The input c
lifetime of elements, frequency of repair and related costs in cons
tion and operation phase of the building lifetime.

Profile of the expert working with the tool: experts, engineers
Relevance to housing companies and refurbishment of social hsu
ing: high

[¢)

5 rel
DVers
[ru
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E-Tool

Scope:to identify energy savings in existing buildings based on th
actual energy consumption (operational rating) and to report the n
effective saving measures to the Hiily owner

Link: www.e-tool.org

Author(s): CENER, Spain in frame of EIE-EOOL project
Language:English

Availability of tool: professional can be downloaded for free from
the ETool homepage, only a registration is required.

Level of analysis:the toolis based on the operational rating metho
The main issues are to obtain the energy consumption data asd b
ing and systems characteristics. The tool analyses the heating an
cooling systems, the water supplying system, the lightind,the
elements ofthe building envelopeBased on the suggested renovatic
measures the energy savings andipagk times for suggested-i
vestments are estimated in order to helpetkmertsto make scenarg
for renovation.

Profile of the experts working with the tool: professional experts
Relevance to housing companies and refurbishment of social heu
ing: high

-

N

nost

uil
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4.5 Inspiring tools from other sectors

Since there are not many tools available specifically for social housing
renovation, the responsible persons for renowati@y use also good
examples from other types of buildings; of course minor adaptation
might be necessary.

AEDET tool (Achieving Excellence Design Evaluation Toolkit) aims

at identification of best practice mesignof healthcare centre bdi

ings. The asessor is requested to answer particular questions about the
design quality indicator by putting a number in the box (1 being very
poor/disagree and 6 being excellent/agree). The topics covered are
impact aspect (character in innovation, form and masershff and
patient environment, urban and social integration), building quality
(performance, engineering, construction) and functionality @msss

and space). The AEDET tool is in English and available for free
download at:
http://design.dh.gov.uk/content/connections/aedet_evolution.asp

BREEAM (Building Research Establishment Environmental Asses
ment Method) is an environmental assessment method for different
kind of buildings (multiresidential buildings, housing associations,
office buildings, industrial units, retail units, schools and homes
(known as EcoHomes). BREEAM method evaluates meeting different
environmental targets. The awarded credits are summarisecan a
tificate indicating performance such as Fair, Good, Very Good, or
Excellent. Thefollowing areas are covered: management, energy use
and emissions, health and wb#ing, pollution,transport land use,
ecology materials and water consumption. More rimftion on
BREEAM is available at BRE website
http://www.products.bre.co.uk/breeajn/

Free preassessment checklis&vailable on the BRE Website allow a
quick evaluation of the likely rating of arfnal BREEAM assesnent.



http://design.dh.gov.uk/content/connections/aedet_evolution.asp
http://www.products.bre.co.uk/breeam/

This guidebook emphasises the importance of holistic approach to
building renovation, where energy and environmental issues are as
important as building functionality and social quafity the building,

all these aspects are setij to economic evaluation. Being aware of
the need for such approach to renovation many examples of tools of
sustainable planning at a larger scale (housing areas, municipal pla
ning) can be useful for housing companies to get inspired wheit deve
oping thér specific approach to building renovation. A comprehensive
survey of the evaluation tools for urban sustainability is available in
FP5 PETUS projecthftp.//www.petus.eu.co/ The tools focus on
different levels relevant for urban sustainability: building component,
building, neighbourhood, city and regional level. Learning about var
ous tools for identification of most suitable approach to design and
renovation of built environment may create also ndeas in ma-
agement of existing social housing stock.

References and additional reading
The following projects are also examples of useful tools and checklists

- BREEAM preevaluation checklists for multesidential
buildings in case of new design aredurbishment; the topics
like management, well being, energy, transport, water, mater
als, land use & ecology and pollution:
http://www.breeam.org/filelibrary/PreAssessmentEstimator
Multi-Res. 2006 _REV00.pdf

- CIBSE Guide F: Energy efficiency in buildings
http://www.cibse.org/index.cfm?go=publications.View&Publ
D=6&L1=164
http://www.cibse.org/pdfs/GPG207.pdf
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- HQE «High Environmental Quality Quality concept applied
the building process
14 targets it families:
F1: Eco construction
F2: Eco management
F3: Comfort
F4: Health

http://www.cstb.fr

- PRIME (Private Investments Move Ecopower) project pr
motes sustainable energy projects in public buildings amd pr
vides cheklist for identification of projects.

www.prime-ecopower.net



http://www.petus.eu.com/index.html
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http://www.cstb.fr/
http://www.prime-ecopower.net/

5. Best practice examples practice examples from all regions, rankgudie spelling of the cou
try name. The examples can be seen at the following pages. rhe nu

bers refer to the mobers in the database at the website: http:/ei
education.aarch.dk
In the frame of this project, the project partners all together collected

5.1 Introduction

60 best practice example$ energy efficient retrofitting of buildings
in their region. The best practice examples are all social housing or Energy savings of most interesting examples
municipality owned housing for low income groups.
100
Examples from the following countries have been collected: 00 L1
A Austria 80T —
A Bulgaria > OT] —
A Denmark S 60 H H — T
A France 2 50 I — IS )y
A Germany 5 ol L LT L L L L L
A Latvia g
A Netherlands SOl mimieEninlm
A Slovenia 20 — M M —
A Sweden P I I O I O B B I O
A Switzerland o 1L .
The best practice examples have all performed an increase of energy %@'o\’ 6@%@9’ é&q’ Q;;\'&“&q,«*\’@*%@&b‘ Q&« é&% & ng“ @Qé@ é\\’o'beé&\’\@ogo
efficiency of 30% minimum. Each example shows a comparisen b Ll Sl N Q,&qoé‘ & & Q*Q’Oe,@ v & © oS & .\4,@‘
tween the Wvalues before and after renovation. To reach th&-min 2 &
mum of 30% energy saving, a comprehensive renovation of the-buil best practice examples
ing is usually necessary. This means insulation of the outside walls,
the top ceiling, the ground floor and the roof. An exchange of the old
by new windows with lowenergy glazing and framg®es along with In many cases, the main reason for the tenants to renovate a building is
the insulation of the outside walls and is very important for the living to improve the appearance of the buildingp smarten up the house in
quality and the energy standards. which they live. Here, an important responsibility falls to the social

housing associations, which are supposed to draw the tenants' attention
The energy performance indicator before and after is one of the main to the need and advantages of a more cehmrsive renovation. The

criteria for the collection and selection of the best praai@mples. advantages are numerous: the conservation of value of the building,
A high amount of energy saving means a high reduction of fuel and the increase of the living quality, the lowering of the heating costs and
therefore considerably less emissions of,CThe following graph thus the more efficient use of natural resources.

shows the percéages of energy savings of the most interesting best
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A comprehensive renovation of a biiilg includes at least the rersv especially interesting or representative for a region, are briefly pr
tion of the facade, the windows, the roof/top ceiling and the ground sented.

floor. This means that the building envelope is fully renovated and

modernized. A comparison of thew@dlues of the mentioned parts of  The choice was made on the basis of matrices, which every partner
the building envelop before and after renovation shows how much filled in for their best practice exnples. By this way, the examples
energy can be saved by intelligent retrofitting of buildings. Thisuealc =~ were evalated by the partner who has collected and written them.
lation is based on the numbers given in the best practice examples, Each partner knows the own examples best, has more background
which are introduced on the next pages. information and can evadte them better than anyone else. After this
first selection, the bépractice examples had to be split in the diffe
ent categories, again by using the matrices and by comparingfthe di
ferent examples. Another criterion in the choice and classification was

Comparison of U-values before and after renovation

350 to have a wide range of best practicerep@si so if there werewo
312 similar examples fitting in one group, criteria like
3,00 - size of the project (humber of apartments),

- building typology (detached, semetached, row house, lerise
apatment, highrise apartment) and the
building environment (urban, semiban, ruralbhelped deternmi-
1,57 157 1 before renovation lng the choice.

1,46 1,47 O after renovation

g
[=]
s)

1

To keep track of the presented examples and the different categories,
the fdlowing tables should help for orientation:

average U-values
=
al
o

g
[=)
S

o
a1
o
9|
N
|
=3
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po

Technology & Environment

facade windows  roofftop ceiling  ground floor This chapter will present best practice examples with special #@anov
tive tecnologies and with a high environmental value (energy sa

The graph indicates thatetaverage Walues of facade, roof/top ¢ei ings, usage ofenewable energy sources).
ing and ground floor are all improved by around 80 %! The average o

U-value of the windows could be halved! The insulation of thedbuil ~ The €xamples presented in this chapter are:
ing envelope and the change of improvement of the windows are some
very importam measures the save energy in social housing buildings. | Example One feature

The following pages are to provide an overview of the most interesting| Austriai Noitzmihle 512 m? thermal solar plant
best practice examples from all regions. The examples are categorize
in three groups: Technology & Environment, OrganisatioRigarc-

ing and Policy & Strategy. In each group various examples, which are

dAustriaT Linz Passive house standard with
91 % energy saving
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Denmarki Osterbro

Solar wall construction

Denmarki Lundebjerg

PV modules integrated in facad
and roof

Denmarki Sundevedsgade

Heat recovery on ventilation air

Francei L'isle d'Abeau

PV for ventilation and lowm
ergy lighting incommon areas

Germanyi Big Heimbau

Solar collectors and solar walls

Switzerlandi Lausanne

Ventilation systeni air distriku-
tion pipes in the first layer of the
facade insulation

sive building standard in social
housing

Swederi Goteborg

Sustainable/bielimate design

Organisation & Financing

The best practice examples presented in this chapter have special i
teresting solutions concerning the organisation and realisation of the

renovation project and/or comming innovative financial solutions.

The examples presented in this chapter are:

Policy & Strategy

This chapter deals with best practice examples wpigkue an ino-

vative or extraordinary strategy and policy in carrying out the r@nov

tion projects.

The examples presented in this chapter are:

Example

One feature

Austriai Steyr

Breakaway of the balconies in g
occupied building

Bulgariai Radomir 2

Pilot project to show possibilitieg
of energy savings in apartment
buildings

Netherland$ Raamsdonk

Rent and energy saving guaran|
given by housing association

Sloveniai Ljubljana, Hermana

Demonstration project for pa

Example

One feature

Bulgariai Sofia, Zaharna
Fabrika

Costs are partly covered by two
new rented flats in the attic

LatviaT Kuldiga, Mucenieku
names

Good financial sckme

Netherland$ Haarlem

During renovation, tenants
moved to "flexflats".

Sloveniai Ljubljana, Einspile-
jeva

Co-operation of flat owners and
their tenants was essential.
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Now, the examples mentioned above are presented briefly, first o
dered by thahree categories and within the categories ordered by the

speling of the country name.




5.2 Technology & Environment ergy saving of 55 %! Due to the installation of thermal solar collectors
(128 m2 on each of the 4 buildings), the costs for domestic hot water

Noitzmihle (Austria) production were significantly decreased.
55 % energy saving Lessons learned and conslons
512 m2 thermal solar plant
Reduction of the total living expenses for the tenants f Two years after the renovatiori the buildings, an increased

satisfaction of the tenants and a larger appreciation regarding
the apartments and the lliilgs could be actually determined.

1 Due to the installation of the large thermal solar plants and the
insulation of the facade, the engy and water costs wergsi
nificantly decreased.

1 The tenants readily agreed to the renovation measures because
they understood that comprehensive renovated buildings mean
better life and living quality.

State-of-the-art

{
-
»
L
L
-
o
-
e
b
i

Before renovation After renovation
Constructions [U-values: W/m?K] Constructions [U-values: W/m?K]
1 Non-insulated roof [0.75] 1 Insulation of roof [0.16]
1 Non-insulated fagades [0.82] 1 Insulation of fagades [0.24]
1 Windows [2.57 2.8] 1  Windows [1.60]
Objectives and Results . )
Installations Installations
- . . " o " 1 Gas heating system 1 Exchange of the old gas boiler i now
Th(_a bq_lldlngs of Helmstatt(_e Wels in the Wels_er quarter "Alte high efficiency condensing gas boiler
Noitzmuhle" are partly occu_pled by souall_y very dlsadvantagad_te 512 m? thermal solar plant (128 m?
ants. For them, the renovation of these buildings and the reduction of on each building)
the total living expenseachieved by it mean a gégine increase in the 1 Renewal of all lavatory cisterns due
quality of life. to high losses
The fagade and the roof of the buildings were insulated and mew wi ~ For more detailed information, please download the besctice example
dows with a much lower Walue were installed. The energy perfer no. 11 from Austria from the project homepage:
ance indicator was cut from 87 to 39 kWh/m#, this meansn a- http://e+education.aarch.dk/.
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Linz (Austria) for achieving such a high energy standard. In each room a mechanical
ventilation system with heat recovery was installed. The enengy pe

91 % energy saving formance indicator was cut from 17914 kwh/mz2,a which is equal to
Anti -skidding coating of balconies an energy saving of %%b. The project is very unique and has already
All tenants are satisfied with the renovation received several awards.

Lessons learned

1 Already in the first heating period, a time lag in switching on
the radiators could be noticed.

1 This is one probthat insulation works.

9 Calculated costs are always met, if there remain reserves, they
are used for additional measures, for example arrangement of
the garden and the surroundings.

.

fal_Jhsgsmlé

State-of-the-art

|
i
1
1]
H
i
)
:

?—!r'] Before renovation After renovation
! n,.l
| _. l
%“ Constructions [U-values: W/m?K] Constructions [U-values: W/m?K]
- !:' M  Outside walls [1.20] 9 Outside walls [0.08]
; 1 Roof[0.90] 1 Roof [0.09]
Objectives and results 1 Cellar ceiling [0.70] 1 Cellar ceiling [0.21]
1  Windows [2.50] 9 Triple glazing of windows [0.86]
The buildingwhich is located at a street with very high traffie-fr _ _
guency was in need for renovatiorthe balconies were nearly wsu Installations Installations
Gas boiler 9 District heating

able because of the heavy traffic resulting in dirt and noise exposure.
High energy costs and the wish to do a pilot project to dodlepei-
ence for other projects also were part of the motivation toveda an

rtment building in ive h tandard. I . .
apartment building in passive house standard For more detailed information, please download the best practice example

. . L . no.1 from Austria from the project homepage:
The passive house standard was achieved by a very high insulation Ofhttp://e'redugaticlnn.aarch.dk}o. : pag

the outside walls by using a-salled "GARsolarfagcade". hsulation
of floors and roof as well as triple glazing of windows was necessary

Mechanical ventilation with heat
recovery for each room
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Osterbro (Denmark) The project was able to show the possibility of making large energy
saving houses with less maintenance costs.

51 % heating saving

Among the most important solar low energy retrofit projects in Lessonsdarned
the housing sector in Denmark
First innovative solar wall construction in Denmark 1 Among the most important solar low energy retrofit projects

in the housing sector in Denmark

State-of-the-art

Before renovation After renovation
Constructions [U-values: W/m°K] Constructions [U-values: W/m?K]
1  Windows with[4,05] 1 Low-energy windows [1,24]
1 Total heating consumption: 1 Total heating consumption:
125 kWh/m* 61 kWh/m?
Installations Installations
No mechanical ventilation 1 heat recovery ventilation system

Objectives and results
. . For more detailed information, please download the best praekaeple
The Oesterbro project managed to achieve some good results. Theng 1 from Denmark from the project homepage:
main aim- reducing the district heating consumption and establishing http://eteducation.aarch.dk/.
low temperature district heating was succeeded. The indoor air climate
was improved by an installation of ventilation systems with heat r
covery in all apartments. A 178 m2 "solar watibnstruction also
helped to reduce the energy performance indicator from 125 to
61 kWh/mz2,a which is equal to 51 % energy saving.
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Lundebjerg (Denmark) is a ventilation air heat exchanger with a high efficiency, an electrical
switch box for using PV electriyi directly for ventilation fans, and
Thermal performance ratio: 1,15 per cent the air for the ventilation system is preheated behind the PV panels
Payback period: 78 years and is cooling the panels for improved efficiency.
PV production matches electricity use for ventilation
First architectural competition with PV in Denmark Lessons learned

9 This project showed that energy savings on ventilationss po

sible and efficien

An efficiency of 8085% was reached on the heat nesry

Good experiences using paative builders for a research and

development project

9 Total cost could be lowered to 3.103.300 Euros (from
5.330 Euros) with further experiences with thaigohs

1 Good way of introducing the RWent system that may be
utilised by others in future projects

1 Different ways of integrating PWENT systems in the budt
ings envelope have been successfully tested and developed

=a =

State-of-the-art

Before renovation After renovation
Constructions [U-values: W/m?°K] Constructions [U-values: W/m°K]
Objectives and results 1 New windows [1,8]
Installations
The objective of this project was to develop lemergy heat recovery 1 Natural ventilation 1 PV-Vent
ventilation systems which are supplied with electricity from P\@mo f  Heat recovery ventilation
ules inegrated in the building facade and roof. Calculatisimsw that f__PVsystem
with PV-ventilation systems it is possible to have an electric t6 the
mal performance ratio of 1.15 (electricity use in relation to heat sa For more detailed information, please download the best practice example
ings), a pay back period of 7 years and a saving of primary energy per no. 4 fom Denmark from the project homepage:
dwe”|ng of about 4’000 kWh per e http://ei'education.aarCh.dk/.

The P\MVent system consists in addition to PV panels of adéoergy
ventilation system with counter flow heat recovery. In the system there
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Sundeveagade(Denmark)

57 % of savings on energy use
Extension of kitchens with integrated solar wall
PV integration, energy efficiency, heat recovery

Objectives and results

The Hedebygadekarréen project encompassed four apaibtoeks.
The housing block renovation is the largest urbahoggoproject in
Denmark. A special contribution of 5.3 Million Euro was given by
Ministry of Housing.

One of the masures included that a 35 m2 solar heating system was
installed on the roof for domestic hot water. 60 m2iRddules were
mounted on the two original stair turrets. Preheating of the air in the
stair turrets cools the back of the \bdules and in this wayhe
transmission loss between the stairs and the apartments is reduced. In
the attic, there are two high efficient counter flow heat recovery units
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from EcoVent, which cover 10 apartments each. A significant amount
of energy and money is saved by usingplution with centrally placed
versus conventionally placed radiators. In a 70 m2 apartment this is
equal to a total saving of the i
which are primary aming from the use of centrally placed riser pipes.

Lessons learned

The Hedebygade housing block renovation is the largest urbkn eco
ogy project in Denmark. A special contribution of 5,3 MEuro was
given from the ministry of haing. Besides funding from European
Green Cities, Ekproject (see: www.europeangreencities.com)

1 The total water consumption is even lower then the 16-% r
duction which was the aim of the project. The monitored
months show a reduction of 65 % comparing to theame
The solar heating system performs very well.

The electricity consumption turned dotbe higher than pr
dicted. This can be due to the fact that the laundry machines
for common use are installed in the monitored netwoxk. E
cessive use of these machines can lead to this high electricity
use. Also the ventilation system and pumps usdralgy.

=a =

State-of-the-art

Before renovation After renovation

1 Single windows Y Double windows

Installations Installations
1 Individual heating (electricity, gas, 1 Low temperature heating assisted by
petroleum) PV and Solar heating system.

1 Heat recovery on ventilation air.

For more detailed information, please download the best practice example
no.3 from Denmark from the project homepage:
http://eleducation.aarch.dk/.

nvest.



L'isle d'Abeau (France)

61 % energy saving.
Reduction of running cost in socidhousing through energy and
water savings.

Objectives and results

Apartments had high running costs, so the retrofit programme was
elaborated in order to increase the level of comfort and decrgase e

penses on water and energy, which is an importeneficial side

effect in social housing. In these buildings there was a lot of turnover
and a high vacancy ratedause of the high level of maintenance costs

for heat (electric heating) and for domestic hot water. The retrafit pr
gramme stands out as aabenvronmental approach, which aims to
lower the energy consumption by some 40% through enhanced heating

Lessons learned

The buildings were erected the seventies and eighties, and can thus
represent a good example to many other European cities with similar
buildings together with social and ecological problems. Although there
were some problems when the installation was started up, it is how
running efficiently. The acceptance by the tenants is obtained. They
feel an improvement of their comfort, especially for heating, and they
are very satisfied with the reduction in maintenance costs. Thre ove
heating due to the former glass roof is also often imeed. The -

side hall is now a comfortable place for the tenants to meet.

State-of-the-art

Before renovation After renovation
Installations Installations
1  Private electric heating system 1  High energy efficient gas boiler

1 165m?2 Solar thermal panels for
domestic hot water and PV oper-
ated pumps

1  50m2 Photovoltaic cells for ventila-
tion and low energy lightning in
common areas

1 Energy Management System

For more detailed information, please download the best practice example
no.7 from France from therpject homepage:
http://eieducation.aarch.dk/.

systems and education of end users. The total maintenance costs were

aimed to be decreased by 35%.
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Big Heimbau (Germany)

50 % energy saving for heating & DHW
35 m2 thermal solar plant

Objectives and results

Two old multistorey buildings in Engelsby, Germany were renovated,
implementing new and innovative solar based techniques. Theannov

tive energy elements are: solar collectors for domestic hot wdter, a

vanced glazed balconies, solar walls, advanced glazed stair@ses, d

mand controlled moisture regulated ventilation. Thesmenhts are
integrated in a new heating and ventilation system for the building.
The energy demand for heating, ventilation aaahestic hot water is
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reduced by more than 50 %. Furthermore, significant improvements of
the thermal comfort and the air giyawere accanplished.

Lessons learned
Following the refurbishment of these blocks, the housing company,

BIG Heimbau, now has a very low vacancy rate and turnover, whereas
before renovation this rate was approximately 30% of apartments.

State-of-the-art

Before renovation After renovation
Constructions [U-values: W/m?K] Constructions [U-values: W/m?K]
1 Poorly insulated roof [0.85] 1 Insulation of roof, 12 cm of polysty-
rene [0.20]
1 Insulated ground floor [] 1 Insulation of ground floor: no
change []
1 Non-insulated wall [1.2] 1 Insulation of blind walls [0.27]
1 Single glazed window [5.1] 1 Aluminum frame double glazed

Low-E window: [2.2]
1 Insulation of thermal bridges

Installations Installations
1  Communal boiler for the tow build- 1 35 m?2of solar collectors (DHW)
ings

For more detailed information, please download the best practice example
no.2 from Germany from the project homepage:
http://eieducation.aarch.dk/.



Lausanne(Switzerland)

62 % energy saving
Moderate rise of total living expenses &ér renovation

1

T

o
:/ y

e weslh
od

Objectives and results .

A frequently upcoming pidem after the replacement of old windows i

with new air tight ones is condensation and mould. The building
owner wanted avoid these problems by installation of a balaneed ve
tilation system, which needs an intervention in apartments. This wis

Lessons learned

energyi high indoor environment quality healthy" Swiss buildings
audited.

Balanced ventitlgon with heat recovery can be achieved even
if interior interventions must be avoided.

Indoor environment quality, healthy buildings and high energy
perfformance are compatible objectives.

Glazed balconies are not used in an optimum way by 100 pe
cent of enants. Some are heated with electrical heaters-to e
tend living area and some are left with open windows aedu
ing the greenhouse effect of the glazegylas.

State-of-the-art

Before renovation

Constructions [U-values: W/m?K]

Poorly insulated roof

Poor facade insulation (3 cm insu-
lation)

Double glazing [3]

not desired by the mants and the owner. The smart solution was ar |,staliations

integral planning of the envelope upgrading and hiding the aiii-distr
bution pipes in the first layer of the facade ingida. The result is a q
high energy performance building with very light inentions in 1
apartments and relatively low costs.

The building was audited in the framework of the Hope European

Natural ventilation not controlled
District heating

After renovation

Constructions [U-values: W/m?K]

1 Insulation of roof [0.2]

1 Insulation of fagades [0.23]

1 High efficiency glazing (HR++) [1.6]

1 Glazed balconies

Installations

1 Balanced ventilation with 83% heat
recovery

1  Low consumption air handling units
(0.6 Wh/m?)

1  Air distribution inside the facade

research project. The planned energy performance is confirmedeven For more deta}iled information, plea_se download the best p_ractice example
years after refurbishment. The indoor environment quality has reached No- 5 from Switzerland from the project homepage: http://ei

satisfactory levels and the building was classified as one of the "low
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education.aarch.dk/.



