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Abstract

A quality assurance (QA) system for good indooritreriment and energy efficiency has been developed i
Sweden. It has been used only for Swedish conditionorder to obtain experience and to encourage
retrofitting of buildings for good indoor environmeand energy efficiency to become more mainstri@am
Europe, the SQUARE (a System for QUality Assuramben Retrofitting Existing buildings to energy-eféint
buildings) project was initiated. Six European dois (Austria, Bulgaria, Finland, the Netherlan8pain and
Sweden) will participate in the project that is gogied by the Intelligent Energy Europe programime \aill
run from November 2007 until April 2010. As a pafthe SQUARE project the QA-system will be applied
retrofitting of a social housing in Sweden. It iEysashem in Alingsas that are planning to ret/@6i0
apartments. In the first round 18 apartments valrétrofitted with passive house principles. Thergy use for
heating, heating of tapwater and operation elattréze planned to be reduced from 177 to 65 kWh/fiti2s
paper will discuss the QA-system and how it willused in the retrofitting down to passive housadsaed at
Brogarden in Alingsas.

1 Introduction

In the EU about 1-2 % of the building stock is rested every year, which often gives cost-effective
opportunities for major energy efficiency improverte However, in order to achieve significant raauns of
energy use in existing buildings, it is importamperform future large-scale retrofitting of burids in a
systematic and controlled manner. When retrofitirtguilding many aspects must be taken into ac¢such
as local resources, costs, building traditiongslagjon and financing. These aspects will havéngract on
decision-making and on the outcome of the retrofitich will differ from case to case, and so thare no
universal solutions. However, to achieve the ingehgesults of the retrofit requires knowledge, saity and
communication that can be assured by a dynamidlexible quality assurance (QA) system that desgia
systematic and controlled way of working.

1.1 Previous experiences with a QA system

One example of a quality assurance system is aiSlwerA system for indoor environment that was depetl
about ten years ago, and has since then been sfutlyeapplied to multifamily houses/social housisghools,
kindergartens and offices (Samuelson, 2000). Tieatsl are very satisfied with the QA system of imido
environment which has been confirmed by two ingedgibns with questionnaires and interviews of ¢ien
about experiences and satisfaction with the QAesggEmami and Forseaus, 2004; Cedas and Hilmarsson,
2006).

New emphasis on energy conservation (such as iBuhgpean Energy Performance in Buildings Directive
[EPBD, 2002/91/EC]), has added new demands forggnerprovements as well. However, a reduction of
energy use is appropriate only if it does not asllgraffect the indoor environment. In order toigvam
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unbalanced concentration on either good indoorrenment or energy efficiency that might result intoally
adverse effects, the building sector requestedhieaA system should be extended to consider gnesg as
well. Consultants, specialist researchers, propestyers, builders and building managers have thezgbintly
developed the QA system with the objective of idotg energy efficiency assurance (Wahlstrom andrikd-
Tobin, 2005). The system has been extended toedlitapsystem for the total building performanceboth
indoor environment and energy use and covers tmpig, design, construction, commissioning andatjma
phases. It includes methods and routines to cotiteaindoor environment and energy use by usingaat
questionnaires, the building monitoring systemetber methods during operation. A third party dedithe
energy and indoor environment and makes annuatitigms.

The primary objective of the QA system is to waskards continuing improvements and encourage pipper
managers, administrators and occupants to carryrmguibvements that otherwise would not have been
considered. The QA system aims to be flexible apitrcan be used for different building categaraifferent
organisational structures and different parts eftibilding process. In order to obtain a firsttigtly quick
evaluation of the extended system, it was appbdalildings which formed a special case in thaitr tineloor
environments had already been certified with thes@gtem. They therefore needed only the additieleahent
of QA of their energy systems and consequentlyetiauation considers only the operation phase.pllbe
projects were therefore chosen to be a schoolihgil@én office and an area of multi-family houses.

The results show that the QA system is really Bex{Wahlstrém et al. 2006 and 2007). For eacht piloject
it was possible to introduce quantified and medsargoals, action plans for measures and management
systems during operation with authorities, resgalises and awareness for all actors within thegass. All
pilot projects have already shown, with their navgéts and action plans for work, that they areingpv
towards improved energy performance. The projeatg lalso led to a significant improvement in the
systematic work related to the controlling energg,uvhile at the same time maintaining a good indoo
environment.

1.2 Retrofitting of residential buildings

Good management of a building can typically rederoergy use by 5 - 25 % as, for example. shownlat pi
projects for the QA-system. A retrofit of a buildiprovides significant opportunities for introdugicost-
effective measures for major reduction of operai@mergy, often between 30 -70 %. In order to@aahhigh
targets of energy efficiency in buildings, it ist@mough to introduce a QA-system first in the atienal
phase. It is important to refine and apply the Q8tem during the complete retrofit of a buildinbgtplanning,
design, construction and commissioning phase).

Since an important part of the energy efficiencpiiavement potential lies in residential buildinga, the use
of the QA system for retrofit improvements is jiistl as follows:
» there are several million residential buildingsha European Union
* many of these buildings were built before the ades of the 1970s, and therefore use unnecessarily
high amounts of energy
» the need to make up for many years of neglectedter@nce means that both the building envelope
and building services need to be upgraded, whiokiges the owners with an opportunity for cost-
effective energy measures
» since social housing stocks consist of many sinaif@rtments, the measures can easily be replicated
cost-effectively.

The QA system is flexible in terms of organisatieguirements and end energy-efficient solutions by
concentrating more on a systematic way of workibgen though many aspects must be taken into acaount
different European countries, such as local ressyrmosts, building traditions, legislation andfining, it
should be possible to develop a QA-system adoptedd¢h country’s conditions. The QA-system is neady
to be applied in retrofitting of multi-family buildgs in different European countries.
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2 Description of the quality assurance system

The primary objective of the system is to work todgacontinuing improvements and to encourage djent
builders, architects, administrators and occup@anépply improvements that otherwise would not haeen
considered. This requires quantified and measugaés, action plans for measures and managemsiensy
during operation.

Cooperation between all parties, from scientistbfaublic authorities to designers, contractors, agans and
users, is important for the end results. All neelisten to, and to learn from, each other. Goatban
environment and efficient use of energy can beeaeu by creativity, planning and layout design,ichof
materials, general designs and detailed and owdalfns of systems for heating, ventilation, eleity and
water supply. This QA scheme makes sure that tpgnements set out in legislation, standards orraom
codes of practice are fulfilled as intended. Anepeindent third party supervises, evaluates andslibat the
requirements are fulfilled. Measurements show ti@performance requirements have been met. Octgipan
perceptions of the indoor environment are evaluatigiiithe help of questionnaires, while energy igse
evaluated with energy measurements or energy bhis.QA system includes new building and rebuilding
work, as well as improvements of existing buildingsd covers the entire process, from planningdasin,
through the construction stage to final use andatjps. Certification is based on ISO 9000 procedwand is
described in (SPCR 114E, 2007). To ensure thaybiem's rules are accepted, and that they areddgdhe
building sector, the system has been approveddoyremittee consisting of representatives of priate
municipality property owners.

2.1 The retrofitting phase

Certification work for existing buildings that ai@be retrofitted begins with a TPl (Thorough Priyna
Inspection) of the indoor environment and a firgtrgy analysis (FEA). The TPl and FEA consist ofarvey
of the property, with its actual status, aspects@arformance of indoor environment and energy use
(Wahlstrom, 2005). This can be done by examiningsttaction drawings, operational follow-up programs
control systems or other documentation; visualéetipns, interviews with staff and occupants, a6 age
additional measurements. The evaluation of theopadnce of indoor environment is primarily based on
inquires to users while energy use is based orabeteasurements. The procedures are illustratEdjure 1.

Thorough primary First Energy Analyses
ingpection (TPI) (FEA)

Inquiry to users Energy measurements

retrofitting

Action plan for measures

Ferformance of measures

-

Inspection with verifying measurements

Inspection of maintenances routines

aperation

=

Yearly check during operation

Fig. 1 - lllustration of procedures for quality assurance of indoor environment and
energy use
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The results of the TPI and FEA are then used tolgettives to be achieved, including a performance
measurement specification of how the comprehenaigets should be measured and checked. The QAnsche
considers the fact that each building project isjug, and therefore the annual energy use tardidbevset on

the basis of the building’s current condition atsdassociated limitations, rather than on the bafsasspecific
predefined figure. Limitations of energy use tasgate related to building use, climate and exidtiegign of

the building. Targets for indoor environment aréeast the same as set in legislation or authority
recommendations, but may be stronger by requebedbuilding client. Targets for indoor environment
consider the parameters; thermal comfort, air jalentilation, moisture safety, acoustic condisp
airtightness, light and tap water quality.

The next step is to draw up an action plan for messsand carry them out in order to reach theasgets.
Measures for reducing cold bridges and increaditiglatness are crucial for both indoor environmanti
energy use. It is also important to ensure thabthikeling services work together with the buildieigvelope in a
complete energy system. The third party makes brigfections, measurements and evaluations of the
measures regularly during the complete retrofiluding advice and discussions. When the retreftiomplete,
the building system is adjusted until the planneitting performance is researched.

2.2 The operation phase

Experience shows that successful energy efficiameybuilding will be maintained only if the buildj is
efficiently managed, operated and maintained, walitparties steadily improving their performancel avith the
results regularly monitored. This means that thergyntarget must be regularly monitored and revievead
the QA system is therefore based on a managemstetnsynodelled on a Swedish standard (SS 62 77 50,
2003). The standard includes comprehensive routoreenergy management for any organisation, asd ha
therefore been refined and customised to fit thikelimg sector.

Clear and easily understood operating and carauiiiins for the premises are a prerequisite fotinaed
good indoor environment and energy performance.vEheus documents need to be matched to the rméeds
the target personnel concerned: for example, tdtilding operator's staff, to cleaners and/ordoupants and
users. There are instructions for cleaning, anaungons for the heating and ventilating systenscv provide
details of such aspects as the maximum numberrsbpge with which the systems can deal and so on.

Routines for monthly and yearly monitoring and erdion of energy performance with stated actions in
response to deviations from the set targets willlgscontinued energy efficiency. Indoor environtnen
parameters are measured at the end of the retrgffitocess and are followed up by measuremeri8 ¥ of
the apartments every year, so that all the apatseve been monitored over a five-year period.

3  The SQUARE project

In Sweden, about a million apartments were buiiveen 1964 and 1974 in order to tackle the country'
housing shortage. Due to moderate rents, thesénaguats are mainly occupied by low-income familiad a
may be considered social housing. These buildirgsi@w due for renovation of the building envelogpewell
as retrofitting of building services systems. A®sult, an important part of the energy efficiepoyential lies
in the social housing stock.

The QA system of both indoor environment and enesgyis now ready to be applied in retrofittingso€ial
housing in Sweden. However, the QA system has 8eeeloped in Sweden and has been used only for
Swedish conditions. In order to obtain experienu#ta encourage retrofitting of buildings for gaadoor
environment and energy efficiency to become mormsti@am in Europe, the SQUARE project was initlate

The SQUARE (a System for QUality Assurance whend®iging Existing buildings to energy-efficient
buildings) project aims to assure energy-efficretitofitting of social housing with good indoor émnment in
a systematic and controlled way. Six European c@mmfAustria, Bulgaria, Finland, the Netherlan8igain and
Sweden) will participate in the project. The projscsupported by the Intelligent Energy Europegpamnme
and is planned to start in November 2007 and wiilfor 30 months.
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Each country has a unique stock of social housiitly different needs of renovation The QA systemichhis
unique of its kind, could be adopted by other coastto suit their particular conditions sincesiflexible in
terms of organisation, requirements and end eneffigient solutions by concentrating primarily on a
systematic way of working. The Swedish QA systehlva a very good base for other countries to statt
from to develop their own versions adapted to tbeditions, such as regulations, building tradi@and
climate. Within the project, the developed QA sysewill be tested in pilot buildings, which is aistended to
provide good examples for inspiring social housimgners to carry through energy-efficient retrofigfi
projects. An overview of the work packages in thggxt is given in Figure 2.

One example of the developments of the QA systdmiigroduce interviews with each actor beforeytase
contracted in order to check their motivation tog projects goals and working procedures. Thislvélbne
further guarantee for a successful project anddhne target.

WP 1 WP 2 Survey of national WP 9
Manage- conditions Common
ment TKK, Finland dissemi-
and nation
co- A VYP ? | W prg activities
ordina- ppiication WP 3 Break non- OrK-SNOPS 1 | sp sweden
: of the QA - : (co-ordinated
tion : technical barriers .
sp SyStem N EAP Bulgaria with TRECO
Sweden || pilot projects ’ meetings)
TTA, Spain | Trecodome
,(Alingséshrt)em, WP 4 Adoption of a QA lands
Sweden, system
VVO, Finland, SP, Sweden
GIOWOG,
Austria) |
WP 5 Energy
improvement measures
AEE INTEC, Austria
\
WP 8 Communication

and dissemination
activities
SP, Sweden

Fig. 2 — A flow chart with an overview of the work programme for the SQUARE project

3.1 Objectives of the SQUARE project

The SQUARE project aims to promote energy-efficremtofitting with improved indoor environment inagal
housing by using the QA system adopted for eachtcpwith their quite different climatic and soagiical
conditions. An important task is to use the QA eystn pilot projects in order to spread informaténd the
methodology in European countries through pracegpkerience and good examples.

In order to obtain a wider understanding and spof&mowledge of the system, it is important thet Swedish
standard (SS 62 77 50, 2003) should be harmontse&aropean level (i.e. become a CEN standardjetisas
being developed, extended and aligned to the Imglsector. The project will therefore prepare ritesa
future European energy management standard fdruitding sector that will be passed on to CEN.
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The QA system will also be a good example of hoturkilabelling of buildings can be performed. Timalf
results are important for those who buy or renpprties. It means a lot to know that the buildindp¢
occupied has been built or renovated and is opetatensure a healthy indoor environment with mimmuse
of energy.

3.2 Description of the Swedish pilot project at Brgarden in Alingsas

Brogarden is a social housing area consisting 6f&gfpartments. It was built in 1970. There wereuatio
million similar apartments built in Sweden durimg tperiod 1963 to 1973. Alingsashem is here intenth
retrofit the buildings to passive house standahis Will be achieved by:

. Thourough insulation of the building envelope
. Additional air-tightening the building envelope
. Changing to super-insulated windows

. Installing high efficient air-to-air heat recoyer

The traditional heating system consisting of hydreadiators will be substituded with small hydmoni
reheaters, one in each apartment. They will onlgdivated at very low outdoor temperatures.In the
summertime tap water will be heated by solar pamelhe wintertime the tap water will be heateddistrict
heating, as will the reheaters. The goal is thecedhe energy consumption from 216 kWh/m2 to 9hki2
(including household electricity). This means egargnsumption well below the values set for newding in
the Swedish building code.
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Fig. 3 — Sketch of the Brogarden retrofit
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