TABULA

Typology Approach
for Building Stock Energy Assessment.
Main Results of the TABULA project

— Final Project Report: Appendix Volume -

z BE | IT | PL
Sl | IE _. DEI‘ GR

ATJ@ ES | SE FRI' DK
Eece) EHE)rs)

TABULA Project Team

October 2012
(Deliverable D2)

www.building-typology.eu

Supported by
— INTELLIGENT ENERGY

# EURODPE N

Contract N°: IEE/08/495
Coordinator: ¥ |WU Institut Wohnen und Umwelt, Darmstadt / Germany
Project duration: June 2009 - May 2012

The sole responsibility for the content of this publication lies with the authors. It does not necessarily reflect
the opinion of the European Communities. The European Commission is not responsible for any use that may
be made of the information contained therein.


http://www.building-typology.eu/�

Authors:

Tobias Loga (ed.)
Nikolaus Diefenbach (ed.)
Britta Stein (ed.)

Elena Dascalaki
Constantinos A. Balaras
Kalliopi Droutsa

Simon Kontoyiannidis

Marjana Sijanec Zavrl
AndraZ Rakuscek

Vincenzo Corrado
Stefano Corgnati
Ilaria Ballarini

Charles Roarty
Michael Hanratty
Bill Sheldrick

Marlies Van Holm
Nele Renders

Matgorzata Popiotek
Jerzy Kwiatkowski

Maria Amtmann

Tomas Vimmr
Otto Villatoro

Kim B. Wittchen
Jesper Kragh

Hubert Despretz
Zdravko Georgiev

Karin Spets

Leticia Ortega
Begofia Serrano Lanzarote

Milica Jovanovic Popovic
Dusan Ignjatovic

published by

Iwu

NOA

ZRMK

POLITO

Energy
Action

VITO

NAPE

AEA
STU-K

SBi

ADEME

SOFENA

MDH
IVE

Univ.
Belgrade

Institut Wohnen und Umwelt GmbH
Rheinstr. 65 / D-64295 Darmstadt / GERMANY

www.iwu.de

October 2012

Institut Wohnen und Umwelt /
Institute for Housing and Environment

National Observatory of Athens

Building and Civil Engineering Institute ZRMK

Politecnico di Torino - Department of Energy

Energy Action Limited

Flemish Institute of Technological Research

Narodowa Agencja Poszanowania Energii SA /
National Energy Conservation Agency

Austrian Energy Agency
STU-K

Danish Building Research Institute, AAU
Agence de I'Environnement et de la Maitrise de
I'Energie (ADEME )

Sofia Energy Agency

Malardalens University

Instituto Valenciano de la Edificacidn

University of Belgrade - Faculty of Architecture

TABULA website: www.building-typology.eu

Darmstadt,
Germany

Athens, Greece

Ljubljana, Slovenia

Torino, Italy

Dublin, Ireland

Mol, Belgium

Warszawa, Poland

Wien, Austria

Prague, Czech
Republic

Hgrsholm,
Denmark

Valbonne, France

Sofia,
Bulgaria

Visteras, Sweden

Valencia,
Spain

Belgrade,
Serbia


http://www.iwu.de/�
http://www.building-typology.eu/�

Contents 3

Contents
Appendix A - Elaboration of Residential Building Typologies in the Respective National
Context — Country REPOITS ....cvuiiiuiruiiiniiniineiineiiseiisnineiineiimeisrsrssrssrssisesisssssnssens 7

A.l. <AT> Building TYPoIlOgY in AUSEIiA....cciiiirmuuiiiiiiiiiiiiiiiiiiiiiiiieitssiiiniiresssssisiiitirrssssssssisssiressssssssssssssnee 9
Al.1. Set-up of the national building tyPOIOZIES .......ccueiiiiiiiiiiiieeee e 9
A.1.2. Analysis of the specific building type data and frequenCies.........ccoovierieiinieniii i 10
A.1.3. Example buildings: data sources, definition of refurbishment measures.........c.ccccccoeiieiiiiiiiiincccieenn. 11
A.14. Use of the EPC database ZEUS to attain information about the national building stock....................... 12
A.15. Concept of the typology brochures and utilisation of a Website ..........cccceeeiiiiieciie e, 13
A.1.6. National energy balance CalCUIAtion .........cooceiiii e e e e st e e 14
A.l.7. Perspectives for transfer of findings to non-residential buildings — Existing typology concepts

and draft classification SCNEME .......coicuiiiiceec e e e eseae e e rnreeeas 15

A.1.8. (070 Vol (U1 o] o T3 USRI 16

A.2. <BE> Building Typology in Belgium ..........ccciiiiiiiiiiiiiiiiiiiiiiniininiinnnninsssssssssssssssssssses 17
A.2.1. State of the art on building typologies in Belgium and data inventory........cccccceeceeieeee e e, 17
A.2.2. The Belgian TABULA bUilding tYPOl0gY.....ccccviiiiiiieieiie ettt e e e eeee e st e e et e e e nnneas 18
A.2.3. Outlook towards planned further developments. ..........coeviiiiiiriieiiiee e 23

A.3. <CZ> Building Typology in the Czech Republic..........ccceviiiiiiiiiiiiiiiiiiiiiiinaaes 25
A3.1. Earlier experiences in CZeCh REPUDIIC .......oiiciiiii ettt et e e et e e e ta e e e sae e e e e taeeeeanes 25
A.3.2. (072=Tel ol = TUT | Lo 1T a Y= V7' Yo Lo .Y 2SS 25
A.3.3. (07.2-Te] o T Y/ o To] Lo =4V AN = T o ol a VU 1 YOS S 29
A.3.4. National Energy Balance CalCulation ........oouieeiiiiiieiiieiieeee ettt sttt s 30
A.3.5. Definition of AVErage BUIlAINGS ......cooueieiiiiiiiiieeee ettt et st e s e saae e saee e 31
A.3.6. (00T 1ol (U1 T o ST U SPTURTPTRPRRPON 31

A.4. <DE> Building Typology in GErMaNY ........cceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisisssssss. 33
A.4.1. National Activities during the TABULA PrOJECt.......ueiiiiiieieiieeeiiieeesiteeseite e e svveeeetveessneeessnaeeesnsseeesnnes 33
A4.2. The Classification SCNEMIE .......uiiiiee e s e e st e e st e e s ate e e esate e e enareeeennnees 33
A.4.3. Energy Performance of Exemplary BUildings........c.oooooiiiiieiiii ittt ettt e e e e e 36
A4d.4. BUIIAING DiSPIay SREELS......ueeiii ettt e et e e e e e et e e e e e s e e atbeseeaeseeansteeaeeeeeansasaeeaaaeaan 39
A.4.5. EPC Database EVAlUGLION ..c.ueiiiiiiieciii ettt sttt ettt st ste e st e e sabeesateessteessae e baeensaesares 40
A.4.6. Model of the National Residential BUilding STOCK ...........ecoeiiiiiiiiieeciie et e e 42
A.4.7. Typology of Non-Residential BUildiNgS .......cccuuiiiiiiiiiiiiieecees ettt 43
A.4.8. CoNClUSIONS AN OULIOOK ..cciuviiiiieiieicie ettt st e e st e e sabe e bt e e sbbeesbeesbeesareesas

A.5. <DK> Building Typology in Denmark
A.5.1. Establishing the Danish building tyPOIOZIES .......cccuveieeiiiieceeee et e eaae e e et eeeanes 47
A.5.2. Identifying DUIING TYPES ...vei ettt e e et e e s ba e e s earaeeesabaeeeensaeeeensens 47
A.5.3. Extracting data and knowledge from the ECP SCheME......ccc.ueviiiiieecciieeeeee e 48
A.5.4. S TUT] o Tl a =T oYY [T o T F- - SRR 48
A.5.5. BOUNAArY CONTITIONS. ..cutiiiiieiiie ettt ettt sttt e st e st e e sab e e bt e e beeeseesabeeeneesares 49
A.5.6. EXAMPIE DUITAINGS ettt ettt et e e bt e s b e e nee s b e e eneesanes 50
A.5.7. F Y Yool TUT 1 To [T V=P 51
A.5.8. NatioNal ENEIZY DAIANCES .....cccueiie e e e e et e e et te e e e ba e e s e abaeaesabaeeeensaeeeensens 52
A.5.9. Space heating demand CalCUIAtioN ..........coiiiii ittt e e et e e e ara e e enneeas 53
A.5.10.  CoMPAriSON @djUSTMENTS. ...ciiiiiiieeiiieeeeieeeseee e ste e e eete e e s te e e s et e e e esteeessaeeeasseeeassaeesnseeeessseeeensseeesnnsnes 53
A.5.11. Comparison with official Danish energy statistiCS........ccccvriiieriiiiieece e 54
A.5.12.  Calculated energy-saving potential for the Danish building stock .........ccceecciiiiiiiiiiiieic e, 54
A.5.13.  Display sheets — example BUITAINGS ......cocuiiiiiiiee e s s 55
A.5.14.  Future potential for the TABULA approach - Use in cost optimum calculations............cccceeeeeeeeenneennn. 56

A.6. <GR> BUilding TYPOIOZY iN GrEECE ....cciveereeenriiiiiiiiiiennnisiiiiiiiieeessssisiisiiieesssssssssssimsssssssssssssssssssssssssssssss 58
A.6.1. Status of EPBD implementation iN GIrEECE .....ccccviiiieceeeeeceeeeetee et stee et e e ete e e et e e e sate e e eensaeeeenneeas 58
A.6.2. The TABULA project in Greece — The Hellenic typology ........ooveeeieiiiieiieiieenee e 59
A.6.3. Application of the typology concept in modelling the energy balance of the Hellenic building



4 Final Project Report: Appendix Volume

A.6.4. (00T 1ol (U1 o] o I T o I o 1T 0] o Lo €AV LSS 67
A.7. <IE> Building Typology in Ireland.........ccoeeeeeiiiiiiiiiiiiiiiciniiieeenneieessinesnnssssssssssnsesnnssssssssssssssnnssssssssns 69
A7.1. Selection of Irish Building Types for the Irish TYPOIOZY.......ceeeiiiiiieiee e 69
A7.2. Irish REfUrDISNMENT IMEASUIES ...c.ueeiiiieiieciie ettt sttt st e st esabe e sabeesateesaaeeees 74
A.7.3. IFISH TABULA BrOCKHUIES ....cueieitiiiiieette ettt sttt sttt ettt ettt st e st e st e e sate e sabeesateesateessaeebaeeseesares 75
A.7.4. Use of Energy Certificate Databases for National Building Typologies ..........cceceeriienieinieinieeniieeeene 76
A.8. <IT> Building Typology in Italy .....ccciiiiiiiiiiiiiiiiiiiiiiniiiiiinniinniiiinniisssssssssssssssssssssssssssssssssssssssssssssssssssss 81
A.8.1. The TABULA ProjeCt iN HHalY ..ccvveeeeieie ettt sttt e et e e te e e s tae e e et e e e eata e e eabaeeesataeeenntaeeennnees 81
A.8.2. Project Development and Main RESUILS ......ccc.ueiiiiiee ettt e e e e e sare e e s e e eeanes 82
A.8.3. Conclusions and FULUIE ANAIYSES .....cccueeieiiiiieccies ettt s e s e e et e e snae e e e sate e e esntaeesennaeeesnneeens 89
A.9. <PL> Building Typology in Poland .........ccoeiiiiiiiiiiiiiiiiiiniiiiiiiissssssmssssssssssss 91
A9.1. o T T o TUT] o [T a = o F= o RSP 91
A9.2. DE | = I o 10| ol =1 PP UUP P UPUPPPPTN 93
A.9.3. Standard and advanced MOderNiSAtioN ........ccccicueiriiiiieinii et s 94
A.9.4. Reduction potential according to the calculation made by the TABULA TOOL......cccccvveeirviieeriiieeciieen. 95
A.9.5. 2] o Yol o TU T TSR 96
A.9.6. NON-residential DUIIAINGS ....ccoiie e e et e e e e e et e e e e e e e e antaeeeeeeeeaneaeeaaaaean 97
A9.7. (00T 1ol (U1 [ o - RSP USTTRPRPPON 99
A.10. <SE> Building TypolOgY iN SWEAEN .......cuuuuuuuuurnnnnnnnnnnnneenenenneenteetteeetereerreereerereesereeneesseesssessnesssesssnnessees 101
ALL0. L. BUIIAING BY PO ittt ettt bt et e st e st e e s bt e e s aee e be e e bt e sabeesabeeenbeesabeesneeesareennaeeane 101
ALL0.2.  APPIICATION. .ttt ettt sttt et e bt bt e s be e st e e e bt e s b e e eneeesareennne et 103
PA W0 0 T - | 4 Aol oo ]| [Tt o IO PSP PUPPPRP 103
FA 00 (0 R S 0 Yo ol [N [o o 1 PP PRSPPI 104
A.11.  <SI> Building Typology in SIOVENIA ...cccuuuuiiiiiiiiiiiinniiiiiiiiieiineiiiiiiiieesssssiisiiitssesssssssssssisssssssssssssssssaes 106
A.11.1. Development of Slovenian Tabula Building TYPOIOZY ...c...eerviiriiiiiiiieeiieeee et 106
A11.2. National ENEr8Y BalanCe...c.ueiuiiieiiiiii ettt ettt st ettt e st sat e s e e e bt e e beesabeesabeesanee e 109
A L1133, ENSOS WED TOOI ..ttt ettt e ettt e s st te e e st e e e s bt e e e sabaeesabeeesabeeesnnbaeesansaeesnabeeennn 110
A11.4.  StavbhiX Web APPHCAtioN ........uiiiiii et e e e e e e e e et a e e e e e e e e eanbaaeeaeeeennees 111
O T O 1U | oo 1 LTS PUPP PR 112
A.12.  <ES> Building Typology in SPain.......cccuuiiiiiiiiiiiiimniiiiiiiiieiinniiiiiiiiessssiiiiimmsssesssiiesssssssssne 114
A.12.1.  Spanish studies regarding building typology characterization.........ccccccovveeriiiiiiiniiniieeeceeee, 114
A.12.2.  The Spanish TABULA building tyPOIOgY ..cccco ittt e e e rtre e e e e e e aaeaes 116
A.12.3.  TABULA building elements characterization ............ooccciiieiii et 118
A.13. <RS> Building Typology in Serbia .......ccccceiiiiiiiiimimniiiiiiiiiiniiiiiininessisinrsssssesssessnnressssssssssssssne 121
P00 S 700 S I o 1o = - ol ] =Tt [ o IS 121
A.13.2.  The data analysis and typology definition ..........cccceiriiiriiiiiie e 124
Appendix B -Building Typology Data: Cross-Country Comparison and Synthesis...................... 127
B.1. ANalysis Of data SHEELS.....cciiiiiiieeciiiiiiircrc e s eeessssse e s s eesssnssssssssssseesnnnnsssssssssssesnnnnnnns
B.2. Envelope Areas of Typical Buildings
B.3. Example Buildings: Cross-Country Comparison of Average U-Values by Decades......ccccccceeeeeerrrreennnnee. 132
B.4. Construction Database: Evaluation of U-values by Construction Type and National Period................. 136
B.5. Measures for Upgrading the Thermal ENVelOope .......civeeeeeeiiiiiiiiiineniiiiniiinieenssiniiieesssssessseses 138
B.6. Energy Performance of Typical Heat SUpply SyStems........cccciiiiiiirmeiiiiiiiininenniiiiiierss 140
B.6.1. Description Of the ProCEEAING ......cccuiii ettt e e et e e st e e e b e e e esntaeesnseeeesnreeennns 140
B.6.2. HG — Heating Systems / HEat GENEIatiON ........ccecevieviiieeeteeerecreee ettt et ste e te et e re st sbeesbeenneeaee e 141
B.6.3. HS — Heating SyStems / HEAt STOMaZ@.....cvvieieeeeieieieiere st ettt ettt ettt steseestesneeneeneeneen 142
B.6.4. HD — Heating Systems / Heat DiStriDULION .......ccecvevierieierisereseeceeeee et neas 143
B.6.5. HA — Heating Systems / AUXIlIAry ENEIEY ...cvvecvieeriieeeeeteeeeteeeereeceteeereeeveeeteestveeeaveesteeenseeensesenteeearenan 143
B.6.6. WG — Domestic Hot Water Systems / Heat GENEratioNn.........cceecveiiieeeeeecieeecree et et eeaee e 144
B.6.7. WS — DHW SySt@mS / HEAt STOIAZE ...ccuveiiieeeeeiiiieeeteeceteeetee et e e teesveeeaeeestveeeaeeeteeenteesabeesaseessbeesaneeseas 146
B.6.8. WD — Domestic Hot Water Systems / Heat DistribUtion ........cceccvveiieeiii e 147

B.6.9. WA — DHW Systems / AUXIHTAIY ENEIZY ...cveceeireerieieeeteceteere et eeteetesaesteesteetesaesaeesaeevesneesseesseenneens 148



! Contents 5

B.6.10.  Vent — Ventilation SYSTEMS.....c..ui ittt et et n e s sreenaee s 149

B.7. Benefits of the Data Analyses for Operational PUrpoSes.........ccccveeeeieiiiiiiineenneiiennineennnssssssssseesnssnnes 150
B.7.1. Envelope Area Estimation ProCEAUIE.........cccciiii ittt et e et e e et e e e sta e e e e bt eeeenaeeesareaens 150
B.7.2. Average U-values of different Window tyPes ........ueviiiiie it e ae e et e e 152
B.7.3. Average Energy Performance Values of different Heat Supply System Types.......ccccceevvvvevecvveeecieenne 152
Appendix C -Database and Calculation of Example BUildings ........cccceeueeerreenccrieeencereennnccreennne 159

Appendix D - TABULA WebTo0O0l SCre@nshots .......ccieeeeieeieeeniertennnieeiennnseceeensseeesessssessessssssessnnes 167



Final Project Report: Appendix Volume -mgULH



Appendix A - Elaboration of Residential Building Typologies
in the Respective National Context — Country Reports



Final Project Report: Appendix Volume -mgULH



Appendix A - <AT> Building Typology in Austria 9

A.1.<AT> Building Typology in Austria

(by TABULA partner AEA / Austrian Energy Agency)

A.1.1. Set-up of the national building typologies

When the project started in May 2009, there was no common typology existing for the Austrian residential
building stock. So the main work was to find the most helpful information out of different sources and to
put this information together, to get an overall view of the national building stock. Based on reference
sources, statistical data and the national advisory group, a harmonised approach for a structure of national
typologies was developed. The two basic parameters — building size and construction period — compose the
two principal axes of the matrix of the building typology and are the basis of the TABULA buildings.

e The building size is defined in the four categories:
SFH Single-family houses

TH Terraced houses
MFH  Multi-family houses
AB Apartment blocks

e The construction periods depend on the national (architectural) history and/or national statistics. In
Austria it is a combination of both. In the Austrian Typology the following seven construction periods

are used:

| up to 1918
Il 1919-44
I 1945-60
v 1961-80
Vv 1981-90
\ 1991-00
Vi 2001-10

The second task was to bring all results together by means of the national brochure and the European ty-
pology web tool. The brochure and the web tool can be used by energy experts and by the public as an
information source about

e typical indicators describing each building and heat system type
e the frequency of building types and heating system types in the national respective housing stock.

The building type matrix in total consists of 28 basic reference buildings with common supply systems for
heating and domestic hot water. These reference buildings are presented in the national brochure. For the
WebTool 5 different common supply systems were proposed, so the calculation of the relevant energy indi-
cators and the refurbishment of 140 reference buildings are possible.
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Figure 1: "Building Type Matrix" — classification of the Austrian housing stock

Region Construction  |Additional
Year Class Classification Single-Family Multi-Family | Apartment Block
House House
1%
; Ty

e 2 = : y b A

national generic
1 (Gesamt- ... 1919 (Standard /
Osterreich) allgemein typisch)
AT.N.SFH.0L.Gen ~ AT.N.TH.O1.Gen AT.N.MFH.01.Gen AT.N.AB.01.Gen
national generic
(Gesamt- 1919 ... 1944 (Standard /
Osterreich) allgemein typisch)

AT.N.SFH.02.Gen ~ AT.N.TH.02.Gen  AT.N.MFH.02.Gen  AT.N.AB.02.Gen

national generic
(Gesamt- 1945 ... 1960 (Standard /
Osterreich) allgemein typisch)

AT.N.SFH.03.Gen ~ AT.N.TH.03.Gen  AT.N.MFH.03.Gen

national generic
(Gesamt- 1961 ... 1980 (Standard / 3
Osterreich) allgemein typisch)

AT.N.SFH.04.Gen ~ AT.N.TH.04.Gen

national generic
(Gesamt- 1981 ... 1990 (Standard /
Osterreich) allgemein typisch)
i ™
AT.N.SFH.05.Gen AT.N.TH.05.Gen  AT.N.MFH.05.Gen
national generic
(Gesamt- 1991 ... 2000 (Standard /
Osterreich) allgemein typisch)
AT.N.SFH.06.Gen  AT.N.TH.06.Gen  AT.N.MFH.06.Gen
national generic
(Gesamt- 2001 ... 2009 (Standard /
Osterreich) allgemein typisch)

AT.N.SFH.07.Gen ~ AT.N.TH.07.Gen  AT.N.MFH.07.Gen  AT.N.AB.07.Gen

A.1.2. Analysis of the specific building type data and frequencies

The national statistic dwelling and building census [1] by the Statistics Austria contains the number of
buildings and the living area sorted according to building periods.

As the national statistics make no difference between multi-family houses and terraced-houses, there is no
detailed information available and the category TH is therefore included in MFH. So for the Austrian typol-
ogy, the frequency of buildings and square metres can only be displayed for three building sizes:

e Single-family houses: the numbers are taken out of “residential buildings with 1 to 2 dwellings”
e Multi-family houses: the numbers are taken out of “residential buildings with 3 to 10 dwellings”
e Apartment blocks: the numbers are taken out of “residential buildings with more than 11 dwellings”

The number of residential buildings for each building size and the total area of living space were taken out
of an actualised evaluation of the statistical data, corresponding to the TABULA typology, including all build-
ing periods until December 2010.
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Table 1: The classification of the Austrian building stock according to the TABULA requirements: num-

ber of residential buildings and square metres (living area in m?) on national level

Construction period Bullding size
SFH MFH AB

-1919 number of res.-bui. 235,723 36,025 15,228
Living area (m?) 30,583,052 14,145,992 16,932,197

1919-1944 number of res.-bui. 129,086 18,550 5,025
Living area (m?) 14,350,763 6,161,368 4,318,376

1945-1960 number of res.-bui. 194,442 19,868 7,727
Living area (m?) 22,944,091 7,001,308 7,317,536

1961-1980 number of res.-bui. 489,397 37,104 21,750
Living area (m?) 65,375,704 14,739,613 28,912,454

1981-1990 number of res.-bui. 246,757 17,592 6,058
Living area (m?) 33,945,697 7,728,972 8,345,633

1991-2000 number of res.-bui. 159,118 16,821 4,131
Living area (m?) 22,186,226 7,389,169 4,777,708

since 2001 number of res.-bui. 173,525 18,405 4,636
Living area (m?) 25,978,316 7,985,746 5,620,676

Missing data * number of res.-bui. 116,063 5,617 2,617
Living area (m?) 13,624,483 2,541,389 3,920,095

*The category “missing data” contains buildings of construction periods which are not relatable due to a gap in the data collection.
Nevertheless, it is assumed that the majority of the buildings are part of the construction period 1991-2000.

Beside the two basic parameters — building size and construction period — the energy performance of build-
ings is determined by a number of other parameters including construction elements, geometry of the
building, environment, age and kind of the energy-technical systems, as well as already implemented refur-
bishment measures.

In general, the information within reference sources is quite imprecise regarding the needed detailed in-
formation. In order to find precise buildings data, the Energy database ZEUS as well as input from experts
during presentations and workshops were used.

A.1.3. Example buildings: data sources, definition of refurbishment measures

In order to choose “typical” reference buildings with the right parameters, there are different approaches
possible:

e Example buildings (data of one optional existing building)
e Synthetic representative buildings (virtual building corresponding to statistical data)
e Average representative Buildings (existing building corresponding to statistical data)

For the Austrian typology, the concept of average representative buildings was used, to combine a top-
down and the bottom-up approach. Top-down means that diverse existing general information [2, 3, 4, 5]
on the Austrian building stock were combined and resulted in a draft building typology. Bottom-up ap-
proach means that precise building data was collected via an existing energy performance certificate data-
base [6].
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A.1.4. Use of the EPC database ZEUS to attain information about the national
building stock

The Energy Performance Certificate EPC was first introduced in 2000 in the Austrian Provinces (Bunde-
slander) to gain subsidy schemes for new homes. ZEUS is the biggest national database and is implemented
in three of nine provinces of Austria. The EPCs calculations are carried out by several software programs
and are then uploaded to ZEUS by using a predefined XML format.

The database combines the collection of data with administrative purposes, as it simplifies the application
for local subsidies. So it’s based on the administration of subsidies and includes automated quality checks.
The target group are energy consultants.

Together with a software company and the Provinces concerned, the needed information of the model
buildings for the TABULA categories were analysed. The first step of the evaluation method was the export
of the anonymized EPC data. In 2011 there were about 40,000 EPCs saved in the ZEUS databases, 93% resi-
dential buildings, 60% of them concerning new buildings and 40% reconstructed buildings.

In the second step, the EPC data was analysed based on predefined average values. In the table below, the
average values of essential parameters can be found. According to these scopes of average values, we se-
lected one typical building for each typology out of the database. That means, the average living area and
the average data regarding the thermal envelope (heating demand and U-values) were calculated — and the
most suitable building was declared as reference building to represent the building typology.

Table 2: shows the average values for different parameters in the construction periods | to VII.

| ] n v \" Vi Vil
Construction period
-1918 1919-44 |1945-60 |1961-80 |1980-90 1991-00 |2001-10

SFH Single-family house
Living area
[m?] 125-155 110-140 |110-140 |125-155 140-170 145-175 | 145-175
Heating demand

) 180-300 |200-370 |160-380 |145-280 |100-190 80-130 10-100
[kWh/m?2a]
U-value [W/(mZK)] 1.0-1.8 1.1-1.45 |1.0-1.2 0.6-0.85 [0.35-0.8 0.3-0.7 0.2-0.6
MFH Multi-family house/ TH Terraced house
Living area
(m?] 400-800 |280-680 |280-680 |400-800 |400-800 350-750 |350-750
Heating demand

) 130-230 |140-270 |150-270 |100-205 |80-140 60-100 10-80
[kWh/m?2a]
U-value [W/(mZK)] 1.0-1.8 1.1-1.45 |1.0-1.2 0.6-0.85 [0.35-0.8 0.3-0.7 0.2-0.6
AB Apartment blocks
Living area
(m?] >800 >700 >700 >800 >800 >800 >800
Heating demand

) 120-220 |130-260 |130-260 |90-190 70-130 50-100 10-80
[kWh/m?2a]
U-value [W/(mZK)] 0.9-1.7 1.0-14 0.9-1.1 0.5-0.8 0.35-0.75 0.3-0.7 0.2-0.6
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In the next steps EPCs from before and after the refurbishment were identified. Sample IDs were evaluated
and XML data were further investigated for quality purposes. Then, based on the ID, relevant buildings
were identified. And in the last step all data of the relevant buildings were extracted. Some data informa-
tion, especially the exact data of the building elements could only be taken out of the stored PDF file.

With the extracted data the contents of the database could be visualised and comparisons to the previous
made assumptions were possible. It could be asserted that the database values correspond with the aver-
age values taken out of literature but changed their emphasis within this range. The following graphs show
comparisons of the average heating demand (green bar) of the different construction periods taken out of
the ZEUS EPC database with the range of literature data.

Table3: Example of excel pivot table calculation: comparison of heating demand [kWh/m?2a] of ana-
lyzed ZEUS building stock data (green bar) per construction period — including all building
categories (SFH, TH, MFH, AB) — with literature data.
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A.1.5. Concept of the typology brochures and utilisation of a website

The outcome of the national typology is available as brochure [7]. The datasets for the particular buildings
are shown in the building data sheets. The Austrian brochure consists of 28 double-paged typology building
descriptions. On the first data sheet, the status quo of the building is described. On the second data sheet
two possible refurbishment variants, the final energy demand, its energy savings as well as the CO, emis-
sion reduction potential of different refurbishment measures are shown at the right double-page data
sheet. For the brochure the calculations were checked with an energy certificate software, as well as the
different refurbishment variants.

In the European Web tool [8] there are 140 reference buildings available for Austria, with all the informa-
tion about the building envelope, five different supply systems to choose for each category, the energy-
related indicators and results; for all the variants, the calculation of the possible refurbishment measures
and energy reduction potentials is possible.
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Figure 2: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Austrian building typology brochure)
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A.1.6. National energy balance calculation

The total energy efficiency depends on the type of heat source as well as on the distribution and storage
systems for space heating and domestic hot water. Refurbishment measures that had been carried out
already had been taken into consideration in the selection of model buildings. In the last decades, the en-
ergy system technologies improved significantly. Many of the technical facilities have been renovated in
recent years or have been completely replaced. Therefore a correlation of the supply system with the con-
struction year of the building cannot be expected. This fact has been taken into consideration in the selec-
tion of model buildings. The national distribution of heating system and energy carrier per typology were
defined on the basis of statistical data. For carrying out the calculation, the following sources have been
used:

e The 28 model buildings of the TABULA typology

e the statistical data “Gebadude- und Wohnungszahlung” (dwelling and building census) of Statistics Aus-
tria

o the statistical distribution of heating systems and energy carriers in the Austrian building stock including
already refurbished systems
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Figure 3: Distribution of the national final energy demand per specific construction period (including all
residential building categories)

e before 1919
® 1920- 1944
® 1945 - 1960
e 1961 - 1980
e 1981 - 1990
e 1991 - 2000
e 2000 - 2010

On the basis of the TABULA building typology and the statistical model, the national final energy demand
was calculated for Austria. The national statistic by Statistics Austria contains the number of buildings and
the living area sorted according to building periods as well as information about the heating systems and
energy carriers. For this, the three statistical most common energy carriers and heating systems were used.

To convert the theoretical calculated final energy demand from TABULA into the practical measured na-
tional final energy consumption, the “servicefactor” 0.65 was used. The national final energy consumption
for the sector space heating and domestic hot water results in 61 and a half thousand GWh.

Based on the final energy results, a final energy reduction potential analysis was made. For the calculation
the refurbishment measures are defined on two levels: a “standard refurbishment” according to the guide-
line no. 6 of the Austrian Institute of Civil Engineering, and an advanced stage defined according to the re-
quirements of the national climate protection programme “klima:aktiv”. From the 2 million buildings in
Austria about 1.5 million count among the category of one- and two-family houses, so there is evidence
that the major potential lies in this category.

A.1.7. Perspectives for transfer of findings to non-residential buildings — Existing
typology concepts and draft classification scheme

In Austria little information is available about the energy performance of non-residential buildings. There
are two databases for non-residential buildings available, but because of the lower quantity of entries in
comparison to residential building databases, it’s more difficult to draw conclusions. The ecofacility data-
base is a benchmark database of the national klima:aktiv program [9] and was founded in February 2004. It
is used by the klima:aktiv commercial building consultants for construction and renovation, to perform a
first rough check within an energy consultation. After entering the data, the consultant is able to compare
and evaluate the electricity, water and energy consumption. The online database assists the energy con-
sultant by offering an automatic estimation of the energy efficiency of the building. In a second step, on the
bases of a short report, the energy consultant gives general energy saving advices and then, in a third step,
proposes necessary energy saving measures.

The Austrian Statistical Office provides only little information about non-residential buildings, and the re-
guested data are not available. The Immo-ZEUS EPC-database [10] developed for non-residential buildings,
contained in 2011 1690 data sets of non-residential buildings. Immo-ZEUS is available to all construction
companies, real estate companies and Energy performance certificate advisers. It is an Internet software,
which makes possible that the EPC data from the respective calculation programs is automatically trans-
ferred into an Internet address.

Within the TABULA project, the data of ZEUS and Immo-ZEUS databases were evaluated in order to check
their usability for establishing a non-residential building typology.

It can be appointed that for more representative information from the databases, more buildings will have
to be recorded.
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A.1.8. Conclusions

In Austria the development of a building typology of residential buildings could successfully be accom-
plished by combination of available data information out of the ZEUS EPC database, reference sources and
the national statistics.
The success of the project can specially be noticed because of the already occurred applications of the na-
tional building typology in national projects. For the following national and European projects the Typology
was for example used for

- The "European Buildings under the microscope study’[10],
for on-going projects of the Austrian Energy Agency:

- EPBD Art 5. cost optimal requirements for Austria

- Presumptions for the climate protection requirements calculations

and by energy consultants for showcasing refurbishment requirements in the first energy consultancy
phase.

For the further work, more detailed EPC databases would be very helpful for refurbishment recommenda-
tions. Today on national level the statistical office is starting to integrate an EPC database into the GWR
buildings and residences registry. But this service provider is still in the testing phase. It needs legislative
changes concerning the analogue address system and concerning the notification of the Energy perform-
ance certificates to the GWR system. But this would be a key factor to roll out a national wide qualified EPC
data collection including all provinces.

Table 4: National Activities Austria / Sources and References

Reference shortcut  Short description Reference

[1] National statistics ,Gebaude und Wohnungszahlung”, Statistik Austria 2011

Default-Werte aus ,Leitfaden Energietechnisches Verhalten von

[2] Sclentific paper < psuden®, April 2007

,Leitfaden zum Umgang mit Energieeffizienz und weiteren

[3] Scientific paper Nachhaltigkeitsparametern in der Immobilienwertermittlung®,
Februar 2010
,Atlas Bauen im Bestand”, Hannover 2008, Institut fir Baufor-
(4] Book
schunge.V.
[5] Scientific paper ,Handbuch fiir Energieberater”, 1994; ,Altbaukonstruktionen
pap Musteraufbauten”, Mai 2009, Energieberatung.
[6] Project website http://www.energieausweise.net
http: . . - ktuelle-
7] Project website tt|c.> //www.energyagency.at/gebaeude-raumwaerme/aktuelle
projekte/tabula.html
[8] Project website http://webtool.building-typology.eu/webtool/tabula.html?c=all
[9] Project website http://www.klimaaktiv.at
[10] Project website http://www.immozeus.at

[11] Project website http://www.bpie.eu/eu_buildings_under_microscope.html
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A.2.<BE> Building Typology in Belgium

(by TABULA partner VITO)

A.2.1. State of the art on building typologies in Belgium and data inventory
A.2.1.1 Use of building typologies in policy supporting research in Belgium (1990s — present)

An inventory of studies on building typologies carried out in Belgium prior to the TABULA project reveals
that there currently is no generally accepted or referable Belgian building typology for residential buildings
within Belgium, nor for other types of buildings. One of the impeding factors may be the fact that Belgium
is a federal state which consists of three political entities, i.e. the Flemish, the Walloon and the capital re-
gion of Brussels with energy efficiency of buildings being a regional authority. As a consequence, there are
only few data sources at the Belgian level and there is most often no consistency between surveys carried
out and databases available for the different regions. This evidently impedes the development of housing
typology at the Belgian level.

The inventory of past typology studies in Belgium however reveals several research projects where housing
stock models, reference buildings and building typologies were derived. The national scientific report
[TABULA NatSci BE 2011] provides detailed information on a selection of main building typology studies
carried out for Belgium prior to the TABULA project. The overview provides valuable insights in both the
development and application uses for building typologies and examines the methodology used for deter-
mining dwelling types and for selecting the building envelope and services characteristics. Two different
approaches were identified on the basis of the literature study for Belgium:

- The average dwelling approach involves modelling a set of fictional buildings based on average values
thereby creating a model the entire building stock. The established parameters are then iteratively ad-
justed to correspond to the total building stock energy consumption e.g. by means of data from the re-
gional or national energy balance.

- The typical dwelling approach involves composing a set of typical dwellings closely related to existing
buildings and existing building components, chosen for their reference value compared to the examined
existing building stock. Considering that actual buildings and actual building characteristics are used as a
basis, the typical dwellings allows to examine the impact of various saving measures on a specific indi-
vidual dwelling type and are usually not intended for analyses at building stock level.

In most of the past typology studies examined for the Belgian context, a distinct choice was made to adhere
to one of the approaches described above. In other cases, a more hybrid approach was followed. Within
the course of the TABULA project, VITO has followed the dual approach as outline above. On the one hand,
based on previous experiences with the development of a Flemish housing stock model, VITO has devel-
oped a first version of a Belgian housing stock containing 216 variations and open to further refinement.
Secondly, a set of 29 typical dwellings and 25 corresponding typical housing units was developed in paral-
lel. The housing stock model and the typical dwellings follow the same main division in dwelling types and
age classes and therefore compatible.

A.2.1.2 Data inventory

As a basis for the construction of the Belgian TABULA typology and housing stock model, a detailed inven-
tory of available data for Belgium was carried out. Evaluation of existing data sources demonstrates that
sufficient data are available dealing with general building characteristics, allowing to determine the main
discerning aspects of the building typology (dwelling types, age classes, frequencies). Main data sources in
this perspective are the land registry statistics, the NIS building permit statistics and the NIS General Socio-
Economic Survey from 2001 [VANN 2007].
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For the geometric characteristics related to the building layout and the building envelope, the best avail-
able data sources are the EAP databases from Flanders and Wallonia, containing data from voluntary en-
ergy audits carried out by qualified energy experts. The EAP database of the Flemish Energy Agency con-
tains data on approximately 1000 energy audits. The Walloon database contains data on approximately
10,000 audits. The Brussels Institute for Environment Management manages the data obtained from En-
ergy Audits carried out in Brussels. The database for the Brussels region could however not be made acces-
sible within the time frame of the TABULA project. A unique additional value of the EAP database lies in the
fact that this data source contains both calculated energy performance according to the EAP steady state
energy balance and a record of measured energy consumption based on yearly energy bills. The EAP-data
allow to determine geometric characteristics such as the floor surface area (gross and net), number of sto-
reys of the building, number of housing units, protected volume, transmission loss area of the opaque
building envelope components (roof, floor, facades, doors), transmission loss area and orientation (of
transparent building envelope components (windows, doors).

The EAP databases also allow to determine the thermal and energy performance characteristics for the
building envelope components and building services for the average dwellings within the housing stock
model. Further data related to the energy efficiency of the building envelope and services systems are
available from targeted surveys conducted and commissioned by various parties from the 1990s up to the
present dealing with housing quality and housing conditions. The historical context of building regulations
since the 1990s also serves as a reference for determining building envelope and services characteristics. In
1992, the Flemish Insulation Decree ('92) was imposed and from 2006 onwards the Energy Performance of
Buildings Regulations is in force as a regulatory framework. Available data sources dealing with the per-
formance characteristics of typical building envelope components and the typical services systems are
however particularly scarce. The mentioned available sources do not allow to uniformly define typical con-
structions for roofs, floors and walls, and to assign typical installation components for the various construc-
tion periods. For that reason, the sub-typologies for the typical building envelope and services components
were based both on the available data sources as well as on expert judgement.

The Energy Balances for the Flanders, Brussels and Walloon regions are an additional source of informa-
tion dealing with the total energy consumption of, amongst others, the residential sector. The Flemish En-
ergy Balance is updated on a yearly basis by VITO for the Flemish government [AERN 2008] and forms one
of the foundation stones for the Flemish contribution to the Belgian greenhouse gas inventory, internation-
ally reported as part of the Kyoto protocol. The balances for the Walloon Region and the Brussels Capital
Region compiled by ICEDD are also publically available [ICED 2008] [ICED 2007].

A.2.2. The Belgian TABULA building typology

A.2.2.1 Main typology matrix

For the main typology matrix of the harmonized European typology, VITO has identified 19 dwelling types
defined by the combination of 5 age classes and 4 housing types, minus one. The age classes (pre 1946;
1946-1970; 1971-1990; 1991-2005; post 2005) are commonly used in various Belgian dwelling studies. The
housing types consist of 2 single family housing types, i.e. the detached house and the terraced house and
2 multifamily housing types, i.e. the medium-height apartment building (between 4 and 8 storeys) and the
high rise apartment building (more than 8 storeys). The pre 1946 high rise apartment building is considered
uncommon for the Belgian context, which leads to 19 typical dwellings in the EU harmonized typology. Two
extra variants to the main typology were furthermore defined for all age classes, namely the semi-detached
single family house and the small multifamily house, leading to 29 dwelling types in total. Regional varia-
tions have not been made for the Belgian case, although further division of the main matrix of the typology
per region (Flemish, Brussels, Walloon) has been considered for Belgium. This would make it possible to
provide variants for e.g. specific building styles that are particular to certain regions. However, due to an
absence of data permitting such variants to be clearly defined, a decision was made not to adopt a region-
based division.
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Figure 3: "Building Type Matrix" — Classification of the Belgian housing stock (generic building types)

Region Construction |Additional
Year Class Classification

Single-Family Multi-Family | Apartment Block
House House

national .
1 (Belgie) ... 1945 generic \ P it ﬁ E

BE.N.TH.01.Gen = BE.N.MFH.01.Gen

national .

2 (Belgie) 1946 ... 1970 generic
BE.N.SFH.02.Gen .N.TH.02. -N. .02. BE.N.AB.02.Gen

national ;

3 (Belgie) 1971 ... 1990 generic

BE.N.SFH.03.Gen BE.N.TH.03.Gen

national i

I (Belgie) 1991 ... 2005 generic
BE.N.SFH.04.Gen ~ BE.N.TH.04.Gen .N. .04. BE.N.AB.04.Gen

national .

I (Belgie) 2006 ... generic

-~ _

BE.N.SFH.05.Gen ~ BE.N.TH.05.Gen  BE.N.MFH.05.Gen  BE.N.AB.05.Gen

A.2.2.2 Typical dwellings — Belgian typology brochure

In the national typology brochure featuring typical Belgian dwellings, focus lies on housing units rather than
on the dwelling as a whole. This leads to certain changes in the typology matrix. Within the brochure, 25
typical dwelling units are defined by the combination of 5 age classes and 5 housing unit types. The 5 age
classes (pre 1946; 1946-1970; 1971-1990; 1991-2005; post 2005) remain unchanged. The 3 single family
housing types, i.e. the detached house, the semi-detached house and the terraced house also remain valid.
But for individual apartments a distinction is made between 2 apartment types, namely an enclosed and an
exposed apartment. The enclosed apartment only has a front and back fagade exposed to the outer envi-
ronment, the exposed apartment has two extra outer envelope surfaces, a side facade and a roof. In the
typology brochure, we thus take into consideration two extremes, the energy consumption for apartments
at a different location within the building will consequently lie somewhere in between these two extremes.

The Belgian typology brochure contains 25 dwellings fiches, one for each dwelling type defined. For each
dwelling type general characteristics, geometrical data, typical building envelope components (including
their thermal characteristics) and typical services systems (including energy performance characteristics)
are defined. Within the dwelling fiches, results of energy performance calculations are displayed for the
current dwelling state and for two energy upgrade scenarios. The first energy upgrade scenarios follows
current building energy regulations (EPB 2010), the second energy upgrade scenario is consistent with cur-
rent low energy building standards within Belgium (Low Energy). Moreover, a comfort assessment and a
financial assessment is carried out determining investment costs, reduction in energy costs and simple pay-
back times for the two energy upgrade scenarios. Three classes for the payback times have been defined,
i.e. a first class with a payback time of about 20 yrs (15-25 yrs), a second class with a payback time of about
30 years (25-35 yrs) and a third class with payback time above 35 years.
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For the energy performance calculations, the legally binding Flemish EPW-methodology for new build resi-
dential buildings is followed taking into account energy consumption for space heating, hot water produc-
tion and auxiliaries. A correction factor has been applied to the theoretically derived energy consumption
since especially for older buildings the theoretical energy consumption tends to be much higher than the
actual energy use. In short, occupants of old and badly insulated buildings often consume less energy than
predicted, because they lower their desired comfort level (indoor temperatures, indoor air quality, ...) in
favour of lower utility bills. Vice Versa, the energy savings from energy renovation measures are often
lower than expected: as the building and building systems become more energy efficient, occupants tend
to increase their comfort demands, thus outweighing the expected energy conservations to a large extend.
This mechanism is described in literature as the so-called “rebound effect” [HAAS 1998]. The correction
factor was deduced from the extensive EAP database of 10.000 Walloon dwellings.

Figure 4: Ratio of actual energy use to calculated energy use in function of the average U-value of the
building envelope [TABULA NatSci BE 2011].
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Figure 2 depicts the great divergence between actual energy use and theoretically calculated energy con-
sumption. For buildings with high U-values (poorly insulated), the actual energy use is consistently much
lower than the calculated value. In general, the correction factor becomes smaller (and thus the deviation
between actual energy use and predicted energy use becomes bigger) when buildings are bigger and less
insulated. This is consistent with the presumption that occupants are prepared to give in on their comfort
demands as energy costs rise. The premises for the energy upgrade scenarios, energy costs, investment
costs and the methodology for the financial assessment, comfort assessment, energy performance calcula-
tions and for determining the correction factor are explained in detail in the scientific report [TABULA Na-
tSci BE 2011].
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Figure 5: "Building Display Sheet" — Existing state of an example building and proposed refurbishment

measures (extract from the Belgian building typology brochure [VITO 2011])
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The main tendencies and key conclusions derived from the analysis of the typical dwellings can be summa-
rized as follows:

Results demonstrate that the primary energy consumption for space heating is almost equal for the pre
1946, 1946-1970 and 1971-1990 construction periods when the correction towards actual energy con-
sumption is applied. For the primary energy consumption for space heating, hot water production and
auxiliaries combined slightly higher divergence is noted.

Eight priority dwelling types can be discerned with an above average primary energy consumption, both
specific (kWh/yr.m?) and in total (kWh/yr). Not surprisingly, 6 of these 8 dwelling types are the pre 1990
detached and semi-detached dwelling types.

Relative energy savings potentials prove to be largely independent of the dwelling type. The EPB2010
energy upgrade leads to a reduction of approx. one third (32%) and the Low Energy upgrade of approx.
two thirds (65%) in primary energy consumption compared to the current state corrected current en-
ergy consumption. When we focus only on space heating the reductions achieved are higher, respec-
tively 39% and 76%. These reductions are logically partially annulled by the rise in auxiliary primary en-
ergy, therefore reductions are lower for the total primary energy consumption than for the primary en-
ergy consumption for space heating on its own.

For most dwelling types, the low energy scenario leads to a more beneficial payback time than the EPB
2010 scenario. Only half of the dwelling types however achieve payback times below 35 years. Four out
of eight priority dwelling types have payback times of around 20 years. The enclosed apartments all
have high payback times above 50 years. Clearly cost-optimal renovation scenarios for apartment build-
ings differ from the integral EPB 2010 and Low Energy renovation packages examined within the
TABULA study. Not surprisingly, the post ‘05 dwellings types also demonstrate payback times above 50
years.
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A.2.2.3 Representative typology - energy balance calculations at the Belgian building stock level

Different methodologies exist to forecast the residential energy consumption of a specific region, as de-
scribed in the Belgian scientific report [DUER2008]. VITO has broad and long-term experience with so-called
optimization models and engineering models, incorporating a detailed representation of the building
stock. In these models, average datasets are deployed to identify representative dwelling types. These rep-
resentative types differ significantly from typical dwellings, in the sense that characteristics of the building
geometry, construction elements and technical installations cannot, or can rarely, be mapped with a physi-
cal representation as found in an actual existing house.

To model the energy consumption for space heating and sanitary hot water of the Belgian, residential
building stock VITO started from previous experiences with the development of the ‘Flemish model for
residential energy consumption’ [BRIFF2010]. Within the TABULA project dwelling stock data for the two
other Belgian regions, namely Wallonia and Brussels were collected and integrated into the model. Starting
from an extensive database of housing characteristics, the model calculates the energy consumption for
each of the 216 defined dwelling categories for the base year 2006 following the degree days method. Ac-
cordance with actual energy consumption is achieved by taking into account a correction factor based on
EAP data as described above. Results are furthermore calibrated with the residential energy consumption
from the 2006 Energy Balance. Further development of the Belgian housing stock model is foreseen to re-
fine the results obtained for Wallonia and Brussels.

The Belgian housing stock model allows examination of various forecasting scenarios for renovation and
demolition of existing houses, as well as for additional new built houses up to 2020. For this purpose, as-
sumptions need to be formulated on the future evolutions of the housing stock related to societal drivers
such as the evolution of the number and size of households, the evolution of the number, type and size of
new dwellings and the demolition and refurbishment rates. With 2 year intervals, projections of energy
consumption and related CO, emissions can be made up to 2020.

The subdivision into 216 representative dwelling categories is based on:
e Dwelling age class: <1945; 1946-1970; 1971-1990; 1991-2006;
e Housing unit type: detached, semi-detached, terraced, flat;
o Type of heating installation: collective central, individual central, decentralized;
e Fuel type for space heating: natural gas, fuel oil, electricity, coal, LPG, wood.

The properties of the 216 categories are then aggregated for use within the TABULA project obtaining 6
representative dwelling types, defined by three dwelling age classes (<1970, 1970-1990, 1991-2006) and
two building types (single family or multifamily house). Table 5 summarizes the frequencies of these 6 cate-
gories for Belgium.

Table 5: Frequencies of the 6 aggregated, representative dwelling types within the Belgian stock for
the year 2006 [TABULA NatBal BE 2012].

Age class Number of housing units Frequency (%)
Single Family Houses pre 1970 2,126,913 47%
1971-1990 810,024 18%
1991-2006 392,813 9%
Multi Family Houses pre 1970 656,743 15%
1971-1990 319,895 7%
1991-2006 216,397 5%
Total 4,522,785 100%
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Table 6 presents the final energy consumption for space heating and sanitary hot water for the Belgian
residential sector in 2006 for the 6 dwelling types and for the various fuel types. The results are in accor-
dance with the degree days (15/15) observed in Belgium during the year 2006, namely 1795 degree days.
The pre 1970 single family houses account for almost 60% of the total final energy consumption for heating
and sanitary hot water. This is in correspondence with their large frequency in the Belgian building stock
(47%) and with their higher specific energy consumption compared to housing units in multifamily build-
ings.

Table 6: Final energy consumption for space heating and sanitary hot water for the Belgian residential
sector in 2006 (TJ) [TABULA NatBal BE 2012].

Single Family Houses Multi Family Houses TOTAL % TOTAL
pre ‘70 '71-90 post ‘90 pre ‘70 '71-90 post ‘90

Natural gas | 72.088 24.193 14.429 11.677 5.133 3.599 131.119 41%
Fuel oil 94.371 34.928 11.284 5.764 2.395 341 149.083 47%
Coal 8.990 846 98 176 65 16 10.191 3%
LPG 2.355 647 178 96 34 11 3.321 1%
Electricity 6.906 5.895 1.845 1.678 955 880 18.159 6%
Wood 3.680 1.237 306 89 16 5 5.333 2%
TOTAL 188.390 67.746 28.141 19.480 8.598 4.851 317.206

% TOTAL 59% 21% 9% 6% 3% 2%

The annual consumption of 317 205 TJ corresponds with 19 403 kton of CO, emissions per year directly
linked to the residential sector. Emissions related to the use of electricity as an energy carrier for the con-
sumption for space heating and sanitary hot water are excluded since these have to be accounted for in the
energy sector. The major sources of CO2 emissions are fuel oil (47%) and natural gas (41%) heating installa-
tions.

A.2.3. Outlook towards planned further developments

During the course of the TABULA project, VITO developed both a typology of typical dwellings and typical
housing units as well as a housing stock model for Belgium. The typical dwellings typology is a particularly
valuable foundation stone for executing cost-optimal calculations towards near-zero energy for the various
typical dwellings defined. NAV, the largest professional federation of architects in Flanders with more than
2300 members is committed to convert the Belgian TABULA typology brochure into a WebTool which will
be made accessible from the NAV website (www.nav.be). The launch of the WebTool will be combined with
a broad information campaign targeting their members and other building professionals within Belgium.

The essential element defining the relevance of a typology is the quality of data that form the basis for it.
Data originating from the mandatory energy performance certificates issued upon sale or rental of existing
residential buildings and from the EPCs of newly constructed or renovation dwellings are a particularly
valuable information sources for researchers. The Flemish EPC database is considered as a particularly
valuable information source offering the opportunity to create a much more representative sample of the
housing stock than was ever the case for Flanders. In Flanders around and about 140,000 certificates are
compiled in around one year’s time. The EPC database currently contains information on almost 400.000
housing units, generated by about 3.900 energy experts (status in December 2011). The EPC-procedure for
Wallonia and Brussels on the contrary has only come into force in 2010-2011 [TABULA EPCDat BE 2012].
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Table 7:  National Activities Belgium / Sources and References

Reference shortcut Short description

Reference

[VITO 2011] Belgian Building
Typology Brochure

Van Holm, Marlies; Verbeke, Stijn; Stoppie, Jochem: Belgische woningtypologie.
Nationale brochure over de TABULA woningtypologie. VITO, 2011

D it E2592E-00A9-4F5B-A3F1-1121249F7436/0/TABULA National pdf

[TABULA NatSci BE 2011] National scientific
report of the TABULA
activities in Belgium

Cyx, Wouter; Renders, Nele; Van Holm, Marlies; Verbeke, Stijn: Scientific report. IEE
TABULA - Typology Approach for Building Stock Energy Assessment, VITO, 2011

hitp: ito.be/NR/rdonlyres/EE7E9464-420F-43E7-B139-92318AC4F489/0/TABULA final 20110830 withAnnex3.pdf

[TABULA NatBal BE 2012]

Renders, Nele chapter "Belgium"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic
Report N° 2). Models for the national housing stock of 8 countries: Belgium, Czech
Republic, Denmark, Germany, Greece, italy, Slovenia; IWU, Darmstadt / Germany 2012

http: buildi TABULA TR2 D8 pdf

[TABULA EPCDat BE 2012]

Van Holm, Marlies; Renders, Nele: chapter "Belgium"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic
Report N° 2). Models for the national housing stock of 8 countries: Belgium, Czech
Republic, Denmark, Germany, Greece, italy, Slovenia; IWU, Darmstadt / Germany 2012

hitp: building-typol b TABULA TR2 D8 pdf

[VANN 2007]

Vanneste, D., Thomas, |. and Goossens, L., Sociaal-economische enquéte 2001 - Woning
en woonomgeving in Belgié, FOD Economie, K.M.O., Middenstand en Energie,
Algemene Directie Statistiek en Economische Informatie, 2007.

[AERN 2008] Aernouts, K., et al., The Flemish Energy balance 2008. Energiebalans Vlaanderen 2008,
VEA, 2010

[ICED 2008] The Energy balance of the capital region of Brussels 2007. ICEDD: Energiebalans van het
Brussel hoofdstedelijk gewest 2007; BIM, 2008

[ICED 2007] The Walloon Energy balance. ICEDD: Bilan énergétique de la region Wallonne 2005; RW
DGTRE, 2007

[HAAS 1998] Haas, R., et al., The impact of consumer behavior on residential energy demand for
space heating, Energy and Buildings, vol 27(2), pp 195-205, 2008

[DUER2008] Duerinck J., Schoeters K., Renders N., Beheydt D., Aernouts K., Herold A., Graichen V.,
Anderson J., Bassi S. (2008). Assessment and improvement of methodologies used for
Greenhouse Gas projections, Final report to DG Environment under service
contract.VITO, Oko Institut, IEEP

[BRIFF 2010] Briffaerts, K., et al. Simulatie van het Vlaamse woningpark, het energiegebruik voor

verwarming en sanitair warm water en de CO2-uitstoot in diverse energiescenario’s tot
2020, VEA, 2010
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A.3.<CZ> Building Typology in the Czech Republic

(by TABULA partner STU-K)

A.3.1. Earlier experiences in Czech Republic

The Czech TABULA approach was partly drawn upon the regulatory definition of “reference buildings”.

The National Calculation Method for the energy performance of buildings is described in the de-

cree N° 148/2007. This legal document refers to a number of voluntary technical standards and thus makes
their requirements mandatory. The energy performance evaluation of buildings is based on the “reference
building” principle (the reference building is a building of the same type, shape, dimensions, occupancy
profile, etc. as the evaluated building, but the parameters of its envelope, systems, etc. comply with stan-
dard requirements).

Table 8: Building classes according to the Decree N° 148/2007

Building class / kWh/(m?.a)
Type of building B C D E F
SFH and TH 51-97 98-142 143-191 192-240 241-286
MFH and AB 43-82 83-120 121-162 163-205 206-245

In spite of few overlaps, the following correlations between the proposed Czech TABULA typologies age
bands and building classes (as defined by Decree N°147/2008) have been proved by calculations for unre-
furbished buildings (see Table 9):

Table 9: Building class equivalents to Czech TABULA matrix

Construction year class (Czech TABULA matrix) Building class (Decree N° 148/2007)
Houses built before 1945 F,G

Houses built 1946-1960 E,F

Houses built 1961-1980 E,(D)*

Houses built 1981-1994 D,(E)

Houses built 1995-2005 C,(B)

*The classes in brackets are significantly less frequent cases

The calculated total energy consumption of the actual building has to be equal or lower than that of the
reference building in order to comply with the Decree N° 148/2007. The fulfilment of standard require-
ments is achieved for buildings classified at least C.

A.3.2. Czech Building Typology

There hasn’t been any effort recognized recently to create a building typology for the purpose of evaluation
of energy performance of certain types of buildings, however some reference can be made to the Decree
N° 148/2007 (see above). The building types are ranged in TABULA matrix according to their size category
and the construction period (see Fig.1).

The used construction technology (masonry, precast concrete) is not so much decisive for the energy be-
haviour of the building. The building conditions are considered as original, i.e. prior to the refurbishment.
The definition of systems is more important, the accuracy in definition of systems is high in case of large
panel buildings which were mostly constructed in the period 1957-1992 (MFH and especially AB catego-
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ries). The definition of systems is approximate in case of SFH, TH and some MFH categories; there are no
reliable information sources available.

The data collected was organized and summarized with the purpose of creating a building typology matrix
that represented the Czech residential building stock. The proposed building typology consists of 24 build-
ing types divided into 6 construction periods and 4 building size categories:

Construction Periods
— Before 1920

— 1921-1945
— 1946 -1960
— 1961-1980
— 1981-1994
— 1995 -2005

Building Categories

— Single Family House (SFH)
— Terraced House (TH)

—  Multi-family House (MFH)
— Apartment Block (AB)

A.3.2.1 Example buildings

Each cell of the building type matrix is representing one example building. The example buildings are de-
fined as typical representatives of the building types having features that can be commonly found in houses
of the respective age and size class. The parameters such as building envelope area, the heated area and
volume, and the heat transfer coefficients are not necessarily average values for the buildings in the re-
spective categories. Energy balances were calculated for example buildings (see below). For this purpose
datasets of construction elements, envelope areas and different supply systems were collected in a com-
mon database (TABULA.xIs file).

Two versions of the example building and supply system data were created:

- data according to the Czech national EPC procedure
- data according to the TABULA data structure (to enable cross-country housing stock comparisons)

A.3.2.2 Data availability and sources of information

Most of the acquired data were available in the following sources:

— Energy audits and energy certificates (MRA archives, STU-K archives, internet)

— Czech Energy Agency (CEA) reports

— Czech statistical office (the last national census and micro census ENERGO 2004)
— Czech standards and legislation

— TZB-info web pages (Energy professionals)

—  Ministry of Industry and Trade web pages

— Technical periodicals (Pozemni stavby)
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The national EPC database is run by the Ministry of Industry and Trade (MOIT). The persons in charge of
EPC elaboration are obliged to input data to this database but it is not possible for them to browse the da-
tabase. The database is not publically accessible and unfortunately it is not possible to use it for the pur-
pose of national building stock data acquisition.

A.3.2.3 Data Collection and Analysis

Most of the collected data are secondary quantitative data (figures, statistics presented in tabular or
graphical form). Few data were reported in its original format (e.g. the tables from national standards and
regulations). However most of the data were analyzed and re-interpreted like e.g. data supporting National
Energy Balance Report findings.

Special attention was paid to the following aspects:

— origin of data,

— reliability of information

— age structure of the data

— consistency of data, like with like comparisons

Some of the older energy consumption related data had to be recalculated to achieve compatibility with
new regulations and standards. Unfortunately some statistical data were too old (National census 2001), it
was necessary to use corrections based on expert knowledge and unofficial secondary data.

Scenarios were developed to study the energy performance of each building type in three different situa-
tions: current state, after a typical refurbishment, and after advanced refurbishment. These scenarios were
designed combining each building type with typical building and system components, and were analyzed
using the TABULA.xIs spreadsheet. This analysis resulted in estimations of energy performance and poten-
tial energy saving measures for each case.

A.3.2.4 Limitations found, assumptions taken

Limitations were found especially in gathering data for smaller size categories of the housing stock.

It was necessary to estimate the degree of refurbishment of these buildings for different categories.

Other estimations were needed for the systems, their age, fuel type, and level of maintenance in order to
define their efficiency and primary energy consumption.
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| TABULA

Figure 6: "Building Type Matrix" — classification of the Czech housing stock

Region Construction  |Additional
Year Class Class gle-Family | Terraced House i k
House

national generic i
i (Ceska Republika) " 1920 (Standard) .

CZ.N.SFH.01.Gen ~ CZ.N.TH.01.Gen  CZ.N.MFH.01.Gen

national generic
(Ceska Republika) 1921 ... 1945 (Standard) .
CZ.N.SFH.02.Gen CZ.N.TH.02.Gen  CZ.N.MFH.02.Gen
national generic
(Ceska Republika) 1946 ... 1960 (Standard)
CZ.N.MFH.03.Gen
national generic
(Geska Republika) %6 1989 (standard)
CZ.N.MFH.04.Gen
national generic
S (Ceska Republika) 1981 - 1994 (Standard)
CZ.N.SFH.OS.e?\ CZ.N.TH.05.Gen
national generic
I (Ceska Republika) 1994 ... 2005 (Standard)
CZN.SFH.06.Gen  CZN.TH.06.Gen  CZ.N.MFH.06.Gen  CZ.N.AB.06.Gen
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A.3.3. Czech Typology Brochure

The Czech typology brochure individually presents each one of the building types from the Czech Building
Type Matrix on a double page. The layout was designed to be simple and easy to understand for non-
technical readers for whom the document is targeted.

The left side shows a photograph of a representative building of the corresponding category and construc-
tion period together with a small description and summary of the characteristics of the building envelope:
number of floors, total amount of flats, total heating area and heating volume. Below there is a table that
show the typical construction elements of the building in three stages: original condition and in two differ-
ent levels of refurbishment “typical” and “advanced”. Each construction element is shortly described and
illustrated, together with their typical overall heat transfer coefficient (U-value). The display of this table
allows for fast comparison of the performance of different construction elements and their potential refur-
bishment options. The right side shows a table with the typical heating and domestic hot water systems.
These systems are also shown in three stages: original condition and in two different levels of refurbish-
ment “typical” and “advanced”. Below there are two graphs that represent the results from the analysis of
the building using the TABULA.xIs spreadsheet in terms of heat energy demand and total primary energy
demand. There is a consistent use of colours (dark orange, orange and green) through out the two pages to
guide the reader on what data represent “original”, “typical” and “advanced” conditions of construction
elements, building systems and their respective energy demand calculations.

Figure 7: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Czech building typology brochure [STU-K 2011])
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A.3.4. National Energy Balance Calculation

Based on the analysis of available statistical data and on the knowledge of historical standard require-
ments, six reference building-types were created to represent the housing stock for the purpose of energy
balance analysis. This set of buildings is categorized by size and age as follows:

e single family house until 1979 (“SFH. 1”);

e single family house from 1980 to 2001 (“SFH.2");

e single family house from 2002 to 2010 (“SFH.3");

e multi-family house and apartment block until 1979 (“APT.1"”);

e multi-family house and apartment block from 1980 to 2001 (“APT.2");
o multi-family house and apartment block from 2002 to 2010 (“APT.3");

The national calculation method is based on a simplified dynamic calculation. The energy demand was cal-
culated from monthly values, using the national calculation software tool (NCT). The simplified process of
calculation was divided into two steps:

1) Calculation of energy demand of the synthetic buildings

2) Calculation of the energy required by the energy systems (heating and DHW systems) needed to pro-
duce the necessary heat and domestic hot water. The energy demand was calculated for a standard use
of the buildings.

The following simplified assumptions were made in order to process the calculation:

e each synthetic building consisting of one conditioned zone only

e one climatic zone

e natural ventilation rate fixed at 0,5 h™*

e internal temperature in the buildings considered as constant value

e average efficiency values used for heat generators, storage and distribution and heat emission in each
group

e average annual consumption of DHW 23 m3/occupant

e no air conditioning and mechanical ventilation considered as these systems are marginal for the hous-
ing sector

e partial reduction factors were used to estimate the reduced heat demand due to partial thermal refur-
bishments of the buildings

The total calculated energy used for heating, DHW and lighting of the housing stock is 204.7 PJ.

The total reduced energy consumption is estimated to 20% in the whole group APT2 and 10-15% in the
whole group APT3. These estimations are quite modest with special regards to the fact that relatively many
refurbishment projects did not meet the expectations for multiple reasons.
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A.3.5. Definition of Average Buildings

The statistical data presented in the national energy balance report were used to define the average gross
floor areas of synthetic buildings. The synthetic (average) building is defined as virtual building having geo-
metrical parameters equal to mean values (e.g. the areas of the windows, floors, roofs/ceilings and exterior
walls). These parameters were estimated according to the expert knowledge of the geometrical properties
of real buildings and their frequency. The U values were taken from the Czech standards valid in the period
of building construction.

The average refurbishment state of large panel buildings was successfully estimated using good quality
secondary data from recently conducted study PANELSCAN. On the other hand it was very difficult to esti-
mate the average refurbishment state of single family houses because this is the worst documented part of
the Czech housing stock.

The average refurbishment state of buildings may be estimated through reading the real consumption data
of defined groups of buildings prior and after refurbishment and comparing those data with calculations
(e.g. data from EPC). This task would be quite challenging in the Czech Republic because of impossibility to
use the national database. It seems to be more feasible to extract the data from the archives of housing
companies and big housing co-operatives and perhaps also from the archives of energy specialists. It is es-
timated that average refurbishment state of apartment buildings would have less dispersion in quality of
projects and specific energy consumption figures than the average refurbishment state of single family
houses. This is due to the fact that the refurbishment processes are running under different conditions.
Also user’s behaviour is diverse in the above mentioned building categories. The owners of single family
houses and individually heated flats are generally strongly motivated to reduce their energy consumption.
On the contrary there is a lack of awareness and not enough motivation towards heating energy-saving
behaviour in buildings connected to district heating network because in many cases there is no individual
metering and the energy bills are issued per square meter of apartment. It has been observed that many
apartment buildings do not reach the energy performance target values after refurbishment which can be
partly explained by inappropriate user’s behaviour.

A.3.6. Conclusion

Despite the lack of comprehensive/accessible data, it was possible to define a representative building ma-
trix of the Czech housing stock following the concept of “example buildings” = Building Matrix

For each building type it was possible to assign representative construction and system elements for their
typical conditions of the 24 types of buildings in three stages: original, typical refurbishment and advanced
refurbishment. Comprehensive sub-typologies where created and documented. = Tabula.xls

Using the tools developed within the TABULA project it was possible to analyze those buildings, resulting in
the Czech TABULA brochure that summarized that effort. The three scenarios where analyzed using the
Tabula approach and reported 2 Brochure

The energy balance calculation was performed using 6 synthetic (average) building-types; the results were
compared between the TABULA calculation method and the Czech national method (NKN tool). Results
were comparable. >Energy balance Report

TABULA project deliverables offer possible applications in the energy strategic asset management tasks. It
will enable the housing portfolio key actors to estimate energy saving potential of selected parts of the
housing stock and propose solutions to optimize the energy refurbishment processes. Czech TABULA tool
would enable to provide estimates with reasonable degree of accuracy on the actual energy consumption
and saving potential in the national building stock.
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Table 10: National Activities Czech Republic / Sources and References

Reference shortcut Short description Reference
[STU-K 2011] Czech Building Typology  Villatoro, Otto/Vimmr, Tomas: Pfirucka typologii obytnych budov s pfiklady opatfeni ke
Brochure snizeni jejich energetické naro¢nosti - Ceskd republika; STU-K, Praha, 2011.
http:// building-typol b Z_TABULA_T >_STU-K.pdf
[TABULA NatSci CZ 2012] National scientific Vimmr, Tomas/Villatoro, Otto: TABULA: National Scientific Report - Czech Republic;
report of the TABULA STU-K, Praha, 2012

activities in CR

[TABULA NatBal CZ 2012] National balance report
of the Czech residential
building stock

Vimmr, Tomas: chapter "Czech Republic"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic
Report N° 2). Models for the national housing stock of 8 countries: Belgium, Czech
Republic, Denmark, Germany, Greece, italy, Slovenia; IWU, Darmstadt / Germany 2012

http: building:1 TABULA TR2 D8 pdf
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A.4.<DE> Building Typology in Germany

(by TABULA partner IWU / Institut Wohnen und Umwelt)

A.4.1. National Activities during the TABULA Project

On the national level different tasks have been concluded during the TABULA project in Germany.

>

>
>
>

Y VY

A\

Adapt the classification scheme to fit the harmonised concept.
Transfer data of exemplary buildings to the common structure.
Define consistent heating systems and quantify their typical energy performance.

Define a set of energy refurbishment measures and make energy balance calculations using the national
method (EnEV) and the TABULA reference calculation procedure.

Find factors to adapt the standard calculation to the typical level of measured consumption.

Develop "Building Display Sheets" for demonstration of the energy performance and the potential sav-
ings of the exemplary buildings.

Collect national building stock statistics by use of the common framework for statistical data.

Elaborate a "Building Typology Brochure" including results of calculations, national statistics and build-
ing display sheets in German language.

Use the typology approach for an assessment of the energy consumption of the whole residential build-
ing stock.

Investigate the possibilities to apply a similar concept to the sector of non-residential buildings and de-
scribe the necessary steps.

The details and results of these activities are described in national scientific report from Germany [TABULA
NatSciRep DE].

A.4.2. The Classification Scheme

The construction year classes are oriented at historical breaks, time categories of statistical enquiries and
changes in the energy relevant building codes. These periods have been defined in earlier investigations
[IWU 1990] [IWU 2003]. Following this, the German building stock is subdivided into the following time
bands:
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Table 11: Characterisation of the different construction year classes

N°  Construction Historical

Year Class Period

1860

1919

1949

1958

1969

1979

1984

1995

2002

... 1859

.. 1918

.. 1948

.. 1957

.. 1968

.. 1978

.. 1983

.. 1994

.. 2001

.. 2009

2010...

Characterisation

pre-industrial period, characterised by handcraft; built on experiences;
hardly no legal requirements; use of locally available materials

period of promoterism ("Griinderzeit"), rapid expansion of the cities and
growing industrialisation; standardisation of construction principles; differ-
ent regional manifestations -

increasing industrialised production of building materials; use of cost effi-
cient material-saving constructions; standardisation on national level

simple building techniques of the post-war period; often use of debris mate-
rials; further development of construction standards (introduction of DIN
4108 — "Warmeschutz im Hochbau" in 1952); introduction of social housing
principles

requirements on thermal insulation in force (DIN 4108 — "Warmeschutz im

Hochbau"); further industrialisation of building construction; development of
panel buildings (GDR: "Plattenbauten")

new industrial building techniques (sandwich elements); also introduction of
pre-fabricated single family houses (lightweight constructions "Fertighaus");
thermal insulation becomes more relevant in consequence of the first oil
crisis

1% thermal protection ordinance (1. Warmeschutzverordnung)

2" thermal protection ordinance (2. Warmeschutzverordnung); GDR: further
improved insulation ("Rationalisierungsstufe 111")

market introduction of low energy houses, supported by regional grant pro-
grammes

3" thermal protection ordinance (3. Warmeschutzverordnung); considera-
tion of a bonus in the tax in case of realisation of a low energy house

energy saving ordinance ("EnEV 2002"), considering building and heat supply
system;

KfW grant programmes ("KFW-Energiesparhaus 60 and 40”, Passive Houses)
new requirements of energy saving ordinance ("EnEV 2009") on the level of
low energy buildings

new KfW grant programme regulations ("KFW-Effizienzhaus 70, 55 and 40”,
Passive Houses)

Based on these construction year classes and the four TABULA building size classes the following building

type matrix was developed:
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"Building Type Matrix" — classification of the German housing stock (generic building types)

Region Construction Additional
Year Class Classification

National
1 (nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

National
(nicht regional
spezifiziert)

[N
(=]

... 1859

1860 ...

1919 ...

1949 ...

1958 ...

1969 ...

1979 ...

1984 ...

1995 ...

2002 ...

1918

1948

1957

1968

1978

1983

1994

2001

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Generic
(Basis-Typ)

Single-Family i Apal Block
House

DE.N.TH.02.Gen

P

DE.N.TH.03.Gen DE.N.MFH.03.Gen- DE.N.AB.03.Gen

8

-

DE.N.SFH.06.Gen ~ DE.N.TH.06.Gen  DE.N.MFH.06.Gen  DE.N.AB.06.Gen

&

DE.N.SFH.07.Gen DE.N.T.07.Gen DE.N.MFH.07.Gen
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A.4.3. Energy Performance of Exemplary Buildings

A.4.3.1 Building Data

The building type matrix in Figure 8 displays pictures of real residential buildings which are used for exem-
plary calculations. The datasets of the exemplary buildings were mainly collected by energy consultants
during energy advice campaigns. The envelope datasets have earlier been documented [IWU 2003] and
include the following information (according to the German calculation standards): basic data (floor area,
number of apartments, number of storeys ...), areas of building elements (wall, roof, ground floor, win-
dows), U-values of building elements.

During the TABULA project the existing datasets were adjusted and transferred to the TABULA data struc-
ture. The existing set of construction pictures/drawings ([IWU 2004] [IWU 2005]) was improved and sup-
plemented by a large number of further construction and measure types.

The new construction catalogue and the table of insulation measures are documented in the Appendices of
the national scientific report [TABULA NatSciRep DE]. A table with envelope data are published in the Ger-
man Typology Brochure [TABULA TypBro DE].

A.4.3.2 Supply System Data

As a source for the heat supply system types [IWU 2005] was used which includes tabled values for expen-
diture factors, losses from the supply, generation, storage and distribution system components. The values
were adjusted (correction to gross calorific value and to the reference floor area) and transferred to the
common data structure. The datasets are shown in Appendix D of the national scientific report [TABULA
NatSciRep DE].

The components were combined to heat supply systems representing typical existing systems and refur-
bished systems. Pictures illustrating the respective system types were created.

A.4.3.3 Energy Performance Calculation

The energy performance of the example buildings was calculated according to two methods: the national
energy performance certificate method "Energieeinsparverordnung EnEV 2009" and the TABULA method.
The calculations were performed by use of the Excel applications "EnEV-XL" for EnEV 2009 and
"TABULA.xIs" for the TABULA method.

The following figures are representing the energy performance indicators determined according to the
TABULA method — including an adaptation to the typical level of measured consumption (see below). The
values are related to the heated living space of the buildings.
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Figure 9: Energy use for heating and DHW - before and after modernisation -

example: central heating system / natural gas
Reference area: heated living space; calculation according to the TABULA method, including adaptation to the typical level of con-
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A.4.3.4 Adaptation factors used in the German Building Typology Brochure

Comprehensive studies about the relation of the measured consumption to the calculated energy use for
all building types and standards do not yet exist in Germany. However, there are a number of indications
from field enquiries focusing on building groups; especially an analysis of about 1700 existing buildings in
the project ,,Okologischer Mietspiegel Darmstadt” [IWU 2006] as well as the evaluation of the energy cer-
tificate field test ("Energiepass-Feldversuchs") of the German energy agency dena [Gruber et al. 2005]. The
result was in both cases similar: The measured energy consumption of these existing buildings is — espe-
cially for buildings with low energy standards — systematically much smaller than the calculated energy use.

Figure 10 shows the analysis results from the study [IWU 2006]: For different values of the calculated en-
ergy use the frequencies of the relations measured to calculated consumption are displayed. In case of an
energy use for heating of about 150 kWh/(m?2a) the peak of the distribution is at a ratio of 0.7. For higher
values of the energy use the maximum of the curves are shifting towards 0.5.
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Figure 10: Analysis of the ratio meas-
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data from [IWU 2006b]
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Starting from this analysis the TABULA adaptation factors used for the German building typology brochure
were derived (Figure 11), taking into account a number of further aspects (for details consult [TABULA Na-
tSciRep DE]). The approach should be considered as preliminary since — as mentioned above — the underly-
ing data situation is not sufficient at the moment. In the future more comprehensive and systematical in-
vestigations will be necessary for different building, supply system and utilization types to deliver statisti-
cally verified adaptation factors.

Figure 11: Approach for the factors to

1,2
—O—central heating systems: adapt the calculated energy use to the
fuels and district heating typical level of measured consumption —
—/—central heating systems: . o e
1] electrical heat pumps used in the German Building Typology
—¢manually fired stoves Brochure
—o—direct electric heating
0,8 1
]
Q
8
=
S 0,6
=
3
Q
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]
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0 ; ; ; ; ; |
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delivered energy per m? reference area [KWh/(m?a)]

A.4.4. Building Display Sheets

An important element of the German Building Typology Brochure are the Building Display Sheets, showing
for each exemplary building the existing state and the energy saving potential by implementation of energy
saving measures (see example in Figure 12, the complete catalogue is published in [TABULA TypBro DE]).
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Figure 12: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the German building typology brochure [TABULA TypBro DE])
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A.4.5. EPC Database Evaluation

Different sources can be used to get information about the energy performance of national building stocks.
Among these Energy Performance Certificates (EPC) are promising since the information is mainly relying
on investigations by energy experts and the number of EPCs issued in the past years is rather large, due to
implementation of EPBD. As regards Germany, a registration of energy certificates is not yet mandatory. In
consequence, there is no official database containing all issued EPCs. However, the German energy agency
dena introduced a quality mark for energy performance certificates in 2007 ("dena Gltesiegel En-
ergieausweis"). A condition for participation is the transfer of the respective EPC dataset to an EPC data-
base, run by dena [dena 2012]. An evaluation of the collected datasets was performed during the German
part of the TABULA project (see example in Figure 13), the details are described in [TABULA EPCDataBase
DE 2012].
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As a résumé of the performed analyses it can be stated that an extension of the collected quantities and a
higher grade of formalisation by introduction of further fixed categories (codes) for a number of data fields
can be recommended. This would make it possible to expand plausibility checks of input quantities and to
establish rough parallel computations for the control of the whole EPC calculation procedure.

Since the datasets are neither a random sample nor a complete census, information about the actual state
of the German building stock cannot be drawn. However, some correlations of quantities are valuable in
the context of building stock modelling, especially:

e correlation of the EnEV reference area with the heated living space;
e average envelope areas and their dependency on living space and other geometrical parameters;
e correlation of measured energy consumption and calculated energy use.

As regards the envelope area the respective evaluations described in this chapter have actually been used
to set up the German building stock model (see chapter A.4.6 below and [[TABULA NatBal DE 2012]]).
Unfortunately, the number of datasets containing the actual measured consumption was not sufficient for
an evaluation of the correlation. An extension of the quality assured data collection scheme to a larger frac-
tion of energy certificates could help to provide this information.
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A.4.6. Model of the National Residential Building Stock

The development of the German energy balance model during TABULA was prepared in the course of an
earlier project which provided data about the state of energetic modernisation energy refurbishment in the
national residential building stock by carrying out a countrywide survey of residential house owners [IWU
2010]. Some of the results are documented in the national statistical tables according to the TABULA con-
cept (see [TABULA NatSciRep DE] and German "Country Page" at the TABULA website)

The results of the survey were a major input for the development of the national energy balance model
during the TABULA project. The analysis of the German building stock of the year 2009 was carried out with
a set of six synthetical average buildings which consider two building size classes (SFH: single family houses
with one or two dwellings / MFH: multi family houses with three or more dwellings) and three construction
year classes (I — Ill) according to different levels of energy saving regulations in Germany.

Three main data sources were used to define the synthetical building types:

e Mean values of the element areas (e.g. wall area related to living space) were derived from the energy
certificate data base of the German Energy Agency dena (see clause A.4.5 above).

e The U-values of the not refurbished buildings were calculated as mean values from the respective model
buildings of the German building typology (see clause A.4.3.1 above) considering the different frequen-
cies of generic building types which belong to the same synthetical type SFH | - MFH Ill, respectively.

e The U-values of the refurbished element areas and the percentage of refurbished elements were calcu-
lated by the data of a representative survey of the German building stock [IWU 2010].

From that starting point the national energy balance was calculated. In Table 12 the model results are com-
pared with the national energy balance (mean values of actual consumption of households). The table
shows that the model calculations fit satisfactorily with the values of the national energy balance. The de-
viations of the most important energy carriers gas and oil are about 10 %, some other deviations are higher
(e. g. 22 % in the case of district heating). Related to the total final energy consumption of 590 billion kWh
the deviations are all below 5 %. The deviation of the total value is around 2.7 %. It has to be considered
that — besides the questions of annual climate — the quoted national statistics are to some extent uncertain
because the delivered values can not be measured directly. This applies at least to the break down of the
total values of energy consumption (e. g. of the national gas consumption) to the different consumption
sectors (here: to the household sector).

Table 12: Calculated energy savings by applying the level 1 and level 2 measures to the current (2009)
German residential building stock (from: [TABULA NatBal DE 2012])

energy consumption (10° kWh/a) related to 2009
actual (2009) level 1 level 2 level 1 level 2

useful heat for space heating 428 198 86 46% 20%
distribution losses for space heating 42 31 20 74% 48%
useful heat for hot water 51 51 51 100% 100%
distribution losses for hot water 46 36 26 78% 58%
total heat consumption 567 316 183 56% 32%
total final energy consumption 605 316 149 52% 25%
total primary energy consumption 661 357 179 54% 27%
total CO, emissions (10° t/a) 136 73 36 54% 27%

The described model and the exemplary calculations demonstrate the application of the building typology
concept to energy balance analysis of the German building stock. By defining a manageable number of six
synthetical average buildings which reflect the current state of building modernisation and the current heat
supply structure a satisfactory approximation of the energy consumption of the German building stock
could be attained. Exemplary calculations of technical energy saving potentials were carried out to demon-
strate first steps towards future applications of the model in the framework of scenario analysis.
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A.4.7. Typology of Non-Residential Buildings

In Germany, a few efforts have been made to set up a non-residential building typology. Different ap-
proaches have been developed depending on diverse goals, objectives, and methodologies. An overview of
the status has been described in the German section of the respective thematic report [TABULA NonRes
DE].

As only very few reliable data on the quantities of non-residential buildings are available, no qualified re-
sults can be drawn yet for the entirety of non-residential buildings. Another difficulty is the complex calcu-
lation method used for non-residential buildings. For setting up a building typology that is supposed to be
comparable to other countries a simplified and harmonized calculation method is needed. It is therefore
important not only to gather more information about the existing non-residential building stock through
studies and surveys, but also to explore how the obtained data may contribute to an applicable building
typology.

In consequence, IWU proposes three major steps to set up a non-residential building typology in Germany
(for details see [TABULA NonRes DE]):

1. Definition/Review of building categories
The building categories defined in earlier studies seem to be a good basis to proceed, but they have to
be consolidated and modified. Further research is necessary to identify the most important energy in-
fluencing factor for each of the buildings categories. Since a significant share of the non-residential floor
area in Germany seems to be located in buildings with mixed uses a combination of different categories
must also be taken into account.

2. Determination of quantities
In Germany there is a need to gather substantial data concerning the quantities of buildings (in total and
according to building categories and construction year classes), quantities of floor spaces, cubatures,
building equipment, the state of the current building stock, the share of already refurbished buildings,
building elements respectively renewed technical equipment, and current refurbishment trends. With
respect to the statistical aspects a better, centralized and compatible structure for the data is required.
Needed data might be derived from large surveys like the German census or e.g. the "Datenbasis Ge-
baudebestand" [IWU 2010]. A further development of the geographic information systems accom-
plished by a simultaneous improvement of the accessibility at least for scientific purposes would support
in reducing the existing deficits. In any case, the introduction of a regular inquiry will be necessary to
monitor the development and effects of the applied measures.

3. Assessment of energy performance indicators (example buildings)
For each of the buildings categories, example buildings are to be identified. For the assessment of com-
parable energy performance indicators, the calculation of energy balances will be necessary. The Ger-
man method to calculate energy balances for non-residential buildings is complex, and very detailed
knowledge — especially about the technical equipment of the building — is needed. For the typological
approach a simplified calculation method is needed (for detailed proposals consult [TABULA NonRes
DE].
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A.4.8. Conclusions and Outlook

The German residential building typology is consisting of the above described concerted elements. Since it
is an open concept, further aspects can easily be attached or generated:

inclusion of further exemplary buildings, reflecting other geometries, special construction elements or
measure types;

exemplary refurbished buildings ("best practice examples"), including description and photographs of
measures and achieved measured energy consumption;

extension to new buildings, reflecting national requirements, depending on the type of heating system;
inclusion of further indicators in the catalogue of refurbishment measures: costs, production energy and
emissions;

creation of typologies for local / regional stocks or for building portfolios, based on a similar concept,
defining exemplary buildings for showcasing, and providing frequencies and average states for analogue
building stock models;

development of concepts for the continuous monitoring of building stock entireties, including the peri-
odical collection of information about refurbishment processes and actual energy consumption of build-
ings before and after modernisation.

During the elaboration a number of items have been noticed which would be worth to be considered in
future concepts and projects:

The correlation of measured and calculated energy consumption should be investigated in more detail,
which would require an elevation of a large number of buildings. The vision is to continuously monitor
the measured consumption in combination with typological information for the whole stock.

As regards the existing energy certificate database an extension of the plausibility checks by considering
the results of statistical analyses is recommended. Also certain further quantities should be included in
the datasets in order to enforce the quality assurance concept and to enable a parallel control comput-
ing of the certificate calculation.

For the sector of non-residential buildings a national survey is needed to provide the necessary statisti-
cal information. The definition of the indicators to be collected should be determined by considering a
simple energy balance model for non-residential buildings.
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Table 13: National Activities Germany / Sources and References

Reference shortcut

Short description

Reference

[DATAMINE FR 2009]

final report of the IEE
project DATAMINE,
addressing the topic of
data collection by use of
energy performance
certificates, including
the common definition
of datafields and a
cross-country
comparison of collected
datasets

Loga, Tobias; Diefenbach, Nikolaus (ed.): DATAMINE — Collecting Data from Energy
Certification to Monitor Performance Indicators for New and Existing Buildings. Final
Report; IWU / NAPE / ESD / BuildDesk / POLITO / NOA / Vito / AEA / ZRMK / Ecofys SL /
Energy Action / SOFENA; Darmstadt/Germany, January 2009
http://www.iwu.de/fileadmin/user upload/dateien/energie/

DATAMINE Public_Final Report.pdf

[dena 2012]

description of the
quality mark for energy
performance
certificates of the
German energy agency
dena

http://www.zukunft-haus.info/de/planer-handwerker/energieausweis/dena-
guetesiegel.html|

[Gruber et al. 2005]

evaluation of the
energy certificate field
test of the German
Energy Agency dena

Gruber, Edelgard; Mannsbart, Wilhelm (Fraunhofer-Institut fiir System- und Innovati-
onsforschung (ISI)); Erhorn, Hans; Erhorn-Kluttig, Heike (Fraunhofer-Institut fir Bauphy-
sik (IBP)); Brohmann, Bettina; Rausch, Lothar; Hiinecke, Katja (Oko-Institut e.V. - Institut
fir angewandte Okologie): Energiepass fiir Gebiude - Evaluation des Feldversuchs.
Zusammenfassung der Ergebnisse flr die Deutsche Energie-Agentur; Karlsruhe 2005

[IWU 1990] First definition of the Ebel, W. et al.: Energiesparpotential im Gebaudebestand; IWU, Darmstadt 1990
German Building
Typology / application
for scenario calculations

[IWU 2003] German Building Deutsche Gebdudetypologie: Systematik und Datensatze, Institut Wohnen und Umwelt,
Typology: Systematic Darmstadt, 2003
and datasets, revised
version of typology
used in [IWU 1990]

[IWU 2004] method for the EP Loga, T.; Diefenbach, N.; Born, R.: Energetische Bewertung von Bestandsgebauden.
certificate field test in Arbeitshilfe fir die Ausstellung von Energiepassen; Broschiire erstellt im Auftrag der
Germany, developed Deutschen Energieagentur GmbH (dena); Darmstadt/Berlin, Marz 2004
and documented on
behalf of the German
Energy Agency dena:
including U-values of
typical construction
elements and efficiency
values of typical supply
system types

[IWU 2005] Simplified Energy Profile  Loga, Tobias; Diefenbach, Nikolaus; Knissel, Jens; Born, Rolf: Kurzverfahren
Procedure; developed Energieprofil. Ein vereinfachtes, statistisch abgesichertes Verfahren zur Erhebung von
methods: (1) envelope Gebaudedaten fiir die energetische Bewertung von Gebduden; IWU, Darmstadt 2005;
area estimation Bauforschung fiir die Praxis / Band 72; Fraunhofer IRB-Verlag, Stuttgart 2005
procedure / (2) typical
U-values / (3)
efficiencies of typical
supply systems

[IWU 2006] study addressing the Knissel, Jens; Roland Alles; Rolf Born; Tobias Loga; Kornelia Miller; Verena Stercz:
simplified energy Vereinfachte Ermittlung von Primarenergiekennwerten — zur Bewertung der warme-
assessment of buildings;  technischen Beschaffenheit in 6kologischen Mietspiegeln; Institut Wohnen und Um-
includes inter alia a welt; Darmstadt 2006
comparison of http://www.iwu.de/fileadmin/user upload/dateien/energie/
measured and werkzeuge/Vereinfachte Ermittlung von Primaerenergiekenwerten-1.0.pdf
calculated consumption
for a building sample

[IWU 2010] documentation of a Diefenbach, N.; Cischinsky, H.: Rodenfels, M.; Clausnitzer, K.-D.: Datenbasis Gebdudebe-

national survey of
energy related building
features based on a
random sample (ca.
7500 house owners)

stand — Datenerhebung zur energetischen Qualitdt und zu den Modernisierungstrends
im deutschen Wohngebaudebestand, Institut Wohnen und Umwelt, Darmstadt, De-
zember 2010
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[TABULA EPCDataBase DE
2012]

Evaluation of the quality
assured EPC database of
the German Energy
Agency dena

TABULA
Loga, Tobias: chapter "Germany"

in: Loga, Tobias (ed.): Use of Energy Certificate Databases for National Building
Typologies; with contributions by: AEA / Austria; VITO / Belgium; IWU / Germany;
ADEME / France; Energy Action / Ireland; POLITO / Italy; NAPE / Poland; TABULA
Thematic Report N° 1; IWU, Darmstadt 2012
http://www.building-typology.eu/tabulapublications.html|

[TABULA NatBal DE 2012]

Set-up of a Residential
Building Stock Model
for Germany

Diefenbach, Nikolaus: chapter "Germany"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic
Report N° 2). Models for the national housing stock of 8 countries: Belgium, Czech
Republic, Denmark, Germany, Greece, italy, Slovenia; IWU, Darmstadt / Germany 2012
http://www.building-typology.eu/downloads/public/docs/report/TABULA TR2 D8 NationalEnergyBalances.pdf

[TABULA NatSci DE]

national scientific
report of the TABULA
activities in Germany

[TABULA NonRes DE 2012]

Review of existing
typology approaches for
non-residential
buildings in Germany
and recommendations

Stein, Britta: chapter "Germany"

in: Britta, Stein (ed.): Simplified Energy Assessment of Non-Residential Building
Portfolios by following the Building Typology Approach (TABULA Thematic Report N° 3).
Experiences and recommendations for the countries Austria, Germany, Greece, Poland;
IWU, Darmstadt / Germany 2012
http://www.building-typology.eu/downloads/public/docs/report/TABULA TR3 D9 NonResidentialBuildings.pdf

[TABULA TypBro DE]

German Building
Typology Brochure

Loga, Tobias; Diefenbach, Nikolaus; Born, Rolf: Deutsche Gebaudetypologie.
Beispielhafte MaRnahmen zur Verbesserung der Energieeffizienz von typischen
Wohngebauden; IWU, Darmstadt 2011

http://www.building-typology.eu/downloads/public/docs/brochure/DE TABULA TypologyBrochure IWU.pdf
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A.5.<DK> Building Typology in Denmark

(by TABULA partner SBi /Danish Building Research Institute)

A.5.1. Establishing the Danish building typologies

A Danish typology for residential buildings was established in the TABULA project. Three different main
building types were used: Single-family houses, terraced houses and block of flats. Each main building type
was again split up in nine construction periods representing typical building tradition and insulation levels.

Within each main building type and construction period, a typical building has been selected from the en-
ergy labelling scheme database as a real example building. The selected buildings are buildings that have
not yet been through any major energy upgrading (except windows and doors), since they were con-
structed. These model buildings can be used for promoting energy-saving potentials for homeowners.

Another main purpose of the building typology was to establish a tool capable of calculating different en-
ergy-saving scenarios for the entire residential building stock. To facilitate such a calculation average build-
ings were constructed. These theoretically designed building models are based on statistical data obtained
from the Danish Energy Labelling Scheme and other sources of knowledge.

A.5.2. Identifying building types

The Danish building stock were divided into three types and nine periods of construction (Kragh & Wit-
tchen, 2010). The building typology and construction types were judged to be uniform for each period of
construction. Furthermore, building usage has been used to identify the three most common residential
building types, namely: Single-family houses, terraced houses and block of flats. The reason for selecting
these building types was that these types were the dominant building types in the EPC (Energy Perform-
ance Certification) database containing information collected in the course of building energy surveys since
2006. The construction periods were identified from acknowledged changes in building tradition in the
early periods and from changes in the energy requirements stated in the Danish Building Regulations in
more recent periods. The nine periods of construction and their corresponding energy-related changes in
building tradition or the Danish Building Regulations’ energy requirements are shown in Table 14.

Table 14: Building periods

The Danish building stock can be divided into 9 different age classes — depending on shifts in building tradition or shifts in energy requirements in
the Danish Building Regulations. Each class is somewhat uniform with respect to construction principle and initial, specific energy standard.

Building period Comment

Before 1850 shift in building tradition

1851 -1930 shift in building tradition

1931 -1950 cavity walls introduced

1951 -1960 insulated cavity walls introduced

1961 -1972 first energy requirements in BR61"

1973 -1978 tightened energy requirements in BR72"
1979 - 1998 tightened energy requirements in BR78"
1999 - 2007 tightened energy requirements in BR98"
2007 - 2011 tightened energy requirements in BR06/08"

1
) BR is a reference to the Danish Building Regulations and the following digits refer to the year when the BR came into force.
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A.5.3. Extracting data and knowledge from the ECP scheme

Denmark has had a mandatory EPC scheme since 1997 when owner-occupied residential houses and flats
needed a valid EP certificate (based on a calculated energy performance) when sold. Additionally, all large
buildings (+1500 m?) needed to be certified every year based on a measured energy performance. From
1997 to 2006, a total of approx. 770 000 certificates were issued, including approx. 18 000 certificates for
large buildings. Over the period, approx. 55 000 single-family houses were certified each year.

In the current EPC scheme (since 2006), the number of issued certificates (all based on calculated energy
performance) is a total of approx. 258 000*. The total number of issued certificates in Denmark, since certi-
fication was initiated in 1997, is over 1 million.

Figure 14: Label distribution® on Danish dwellings as registered in the current (since 2006) EPC scheme

35%
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25% W
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15%
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Farm houses Single family Row houses Blocks of flats Student hostels Residential home Other dwelling

A.5.4. Building envelope data

The main source of information used to establish the typology buildings is the official handbook of the Dan-
ish EPC scheme (Danish Energy Agency, 2008). This handbook contains all knowledge necessary for issuing
EP certificates for typically buildings. A complete list of constructions is found in the TABULA Excel sheets.

! December 2010.
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Table 15: Examples of envelope constructions

Description Illustration U-value, [W/m3K]

30 cm brick (cavity wall), not insulated E E 1.60

Boards / rafter, 50 mm insulation . . 0.60

Farm-house window, wood profiles, glazing bars, dou-

ble glazing 2.8

A.5.5. Boundary conditions

For Denmark only one climate zone is being used in the energy performance calculations. The specific cli-
matic data are shown in the table below.

Table 16: Climate data of Denmark

Heating base temperature: heat demand is calculated in case that the daily average external tem- 12 °C
perature is below this value (TABULA standard value: 12 °C)

Number of days per year during heating season with an average daily temperature is below or 246
equal to the base temperature

Average outdoor air temperature during the heating season 4.2°C
Average global irradiation on a horizontal surface during the heating season 447 kWh/a
Average global irradiation on a vertical surface oriented East during the heating season 313 kWh/a
Average global irradiation on a vertical surface oriented South during the heating season 524 kWh/a
Average global irradiation on a vertical surface oriented West during the heating season 313 kWh/a
Average global irradiation on a vertical surface oriented North during the heating season 150 kWh/a

Some of the boundary condition for the Danish typology was adjusted for Danish conditions. Table 17 com-
pares the adjusted values and the EU standard values.
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Table 17: Comparison of boundary conditions

s

Boundary conditions Single unit houses (SUH) Multi-unit houses (MUH)
EU.SUH DK.SUH_19 DK.SUH DK.SUH_21 EU.MUH DK.MUH
Internal temperature [°C] 20 19 20 21 20 21
Reduction factor, considering the effect
of night setback and unheated space. 0.9 0.9 0.9 0.9 0.95 0.95
value at h_tr =1 W/(mZK).
Reduction factor, considering the effect
of night setback and unheated space. 0.8 0.8 0.8 0.8 0.85 0.85
value at h_tr =4 W/(mZK).
Average air change rate, due to use of
L 0.4 0.45 0.45 0.35 0.4 0.7/0.6/0.5
the building [1/h]
Room height (based on internal dimen-
. 2.5 2.8 2.8 2.8 2.5 2.8
sions) [m]
Average internal heat loads per m?
3 5 5 5 3 5
reference area
Reduction factor due to horizontal,
. 0.8 0.8 0.8 0.8 0.8 0.8
external shading
Reduction factor due to vertical, exter-
0.6 0.6 0.6 0.6 0.6 0.6
nal shading
Frame area (fraction of total window
0.3 0.3 0.3 0.3 0.3 0.3
area)
Reduction factor. Considering radiation
. . 0.9 0.9 0.9 0.9 0.9 0.9
non-perpendicular to the glazing
Internal heat capacity per m? reference
45 100 100 100 45 100
area [Wh/(m?K)]
Net energy demand for domestic hot
10 15 15 15 15 18

water [kWh/(m?a)]

A.5.6. Example buildings

The real example buildings exist in reality and were selected from the EPC database as typical examples
from the building period with respect to heated area, constructions, energy label etc. The selected build-

ings are shown in Figure 15.
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Figure 15: "Building Type Matrix" — classification of the Danish housing stock
Region Construction [Additional
Year Class Classification Single-Family
House House

national Generic
a (Hele Denmark) - 1850 (Standard)

DK.N.SFH.01.Gen  DK.N.TH.01.Gen

national Generic
(Hele Denmark) 1851 ... 1930 (Standard)
DK.N.SFH.02.Gen DK.N.TH.OZ.Ge
national 1931 .. 1950 Generic
(Hele Denmark) (Standard)

DK.N.SFH.03.Gen ~ DK.N.TH.03.Gen

national Generic \
B o o ﬂ u

DK.N.SFH.04.Gen ~ DK.N.TH.04.Gen DK.N.AB.04.Gen

T 3 _—

national Generic
(Hele Denmark) 1961 ... 1972 (Standard)
DK.N.SFH.OS.Gén DK.N.TH.05.Gen DK.N.AB.05.Gen
national 1973 . 1978 Generic
(Hele Denmark) (Standard)
DK.N.TH.06.Gen DK.N.AB.06.Gen
national 1979 ... 1998 Generic
(Hele Denmark) (Standard)
DK.N.SFH.07.Gen DK.N.TH.07.Gen
national 1999 ... 2006 Generic
(Hele Denmark) (Standard)
DK.N.TH.08.Gen
national 2007 ... 2010 Generic
(Hele Denmark) (Standard)

oo =] s
DK.N.SFH.09.Gen ~ DK.N.TH.09.Gen

A.5.7. Average buildings

The average buildings (SyAv) were composed by average U-values extracted from the EPC database. U-
values of ceilings, walls, floors, and windows were calculated within each building period and building type
by using the equation:

Ai * Ui

Atotal

Where “i” is the reference to the specific construction.

Uavg =
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The corresponding areas of the building envelope constructions were obtained from the Danish energy
balance method (Wittchen et al., 2011), which uses the same approach for the average U-values as de-
scribed above. The calculated area-weighted U-values are shown in Table 18.

Table 18: Calculated area-weighted U-values for each building type, building period and main thermal
envelope construction

Average area-weighted U-values [W/m?2K]

Single-family houses Building period Floor Wall Ceiling Window
Before 1850 0.48 0.78 0.39 2.59
1850-1930 0.71 0.85 0.42 2.55
1931 -1950 0.91 0.85 0.42 2.50
1951 -1960 0.68 0.85 0.36 2.50
1961 -1972 0.39 0.63 0.28 2.52
1973 -1978 0.31 0.49 0.26 2.47
1979 -1998 0.25 0.35 0.20 2.38
1999 - 2006 0.16 0.27 0.15 1.79
After 2007 0.12 0.21 0.12 1.58

Terraced houses Building period Floor Wall Ceiling Window
Before 1850 0.53 0.91 0.32 2.52
1850-1930 0.83 1.00 0.43 2.56
1931 -1950 1.12 0.95 0.39 2.48
1951 -1960 0.73 0.94 0.41 2.50
1961 -1972 0.42 0.63 0.3 2.46
1973 -1978 0.32 0.46 0.29 2.45
1979 -1998 0.26 0.32 0.20 2.51
1999 - 2006 0.17 0.28 0.16 1.78
After 2007 0.13 0.23 0.13 1.55

Block of flats Building period Floor Wall Ceiling Window
Before 1850 0.51 0.83 0.32 2.61
1850 -1930 0.98 1.12 0.52 2.65
1931 -1950 1.18 1.22 0.53 2.63
1951 -1960 1.04 1.07 0.34 2.64
1961 -1972 0.71 0.77 0.30 2.48
1973 -1978 0.59 0.53 0.25 2.69
1979 -1998 0.30 0.35 0.22 2.51
1999 - 2006 0.22 0.28 0.16 1.72
After 2007 0.19 0.24 0.17 1.59

A.5.8. National energy balances

National energy balances have been calculated using the TABULA tool for each building typology (average
buildings) and results multiplied by the total heated floor area representing each of the building typologies
in Denmark. In this way, it was possible to establish an estimate for the national energy balance within each
building typology (building type and building age class).

The total heated floor area of the Danish building stock has been extracted from the Danish Dwelling and
Building Stock Register (BBR) supplemented with information from Statistics Denmark.

In Denmark, a national energy balance method already exists. The model has been used in several studies
of the energy-saving potential (Wittchen et al., 2011). The knowledge of the different input data has been
used to make a similar energy balance calculation model using the TABULA approach and the artificial aver-
age model buildings. The results from the existing energy balance model and the TABULA approach were
very convergent.
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A.5.9. Space heating demand calculation

The results obtained by applying the TABULA standard methodology and the Danish boundary conditions
are shown below. Energy consumption for hot water is not included in the presented results of energy de-
mands for space heating.

Table 19: Calculated energy consumption for space heating (not including DHW)
[kWh/m? (internal floor area)]

[Slf\zlche/;iz]:\tmg demand f\g\i:—sfamny ;erSa::d Blocks of flats
Building period DK.SUH DK.SUH DK.MUH
Before 1850 177 176 159
1851-1930 182 192 173
1931-1950 206 211 173
1951-1960 208 198 155
1961-1972 166 153 139
1973-1978 126 131 134
1979-1998 108 87 123
1999-2006 66 67 86

After 2007 54 54 71

A.5.10. Comparison adjustments

When comparing the national statistic energy use statement with the TABULA approach, the calculated
total energy use for heating was climate adjusted according to the number of degree-days. Table 20 com-
pares the number of actual heating degree days in 2010 with the climatic data used in the TABULA tool.

Table 20: Number of heating degree days

Statistics (2010) 3,221
TABULA approach — DK 3,118
Difference 33%

To calculate the total energy consumption the unit consumption in kWh/m? (internal floor area) was con-
verted to external area using a net- to gross-area factor of 1.18 (according to the TABULA methodology).
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A.5.11. Comparison with official Danish energy statistics

Using data on the total building stock area for three residential building types, calculation results were
compared with the 2010 Danish national statistics on energy consumption (Danish Energy Agency, 2010) in
order to verify the model. The results are shown in Table 21.

Table 21: Calculated net energy usage compared with the corresponding national statistics on energy
consumption in residential buildings

Net energy demand for heating and Single-family houses Block
domestic hot water [PJ] and terraced houses of flats
Statistics Denmark 2010 109.5 43.4
TABULA approach — DK 113.3 44.5
Difference TABULA approach — DK 3.4% 2.4%

A.5.12. Calculated energy-saving potential for the Danish building stock

The technical energy-saving potential is calculated without taking into account different barriers such as
economy, technical limitations or architecture.

The different measures follow the recommendations given by the Danish Knowledge Centre for Energy
Savings in Buildings [www.byggeriogenergi.dk]. Standard recommendations comprises recommendations
that building owners should implement as a minimum to meet the Danish Building Regulations or are being
considered as good practice when renovating the building anyhow. Ambitious recommendations are meas-
ures that should be implemented if the building owner wishes to upgrade the building to near the Danish
low energy standard. Recommendations for specific energy-saving measures are shown in Table 22.

Table 22: Recommended energy-saving measures

Building envelope Standard Ambitious
Ceiling 300 mm 400 mm

Wall (outside) > 100 mm > 200 mm
Wall (inside) 50 mm 50 mm

Cavity wall Filled Filled

Slab on ground 250 mm 250 mm

Floor above basement > 100 mm >200 mm
Windows \elzvr:?rgdyoglzlz?ng \elzvrimtehr;r/izll(a?zing

The energy-saving potential is calculated for both scenarios: Standard and Ambitious. The results are pre-
sented in the Table 23.
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Table 23: Calculated theoretical/technical energy saving potential

Net energy demand for heat- Single-family houses Block of flats
ing and domestic hot water and terraced houses

[PJ]

Reference (TABULA approach) 113.3 43.7
Standard measures 60.8 24.5
Ambitious measures 57.1 22.4

The total theoretical potential of energy savings for the three building types in whole Denmark are approx.
72 and 78 PJ for the standard and the ambitious measures, respectively. The corresponding CO, reduction
is 3.1 and 3.4 million tons CO, respectively assuming the current mix of energy sources.

The energy-saving potential is a theoretical figure and not fully achievable for the whole building stock due
to previously mentioned barriers of economy, technical and architectural limitations.

A.5.13. Display sheets — example buildings

Each of the real example buildings are presented in a brochure called display sheets. The intention is that
the display sheet should be used in Denmark for promoting energy upgrading and therefore the descrip-
tions are in Danish. The display sheets give a brief and easy-to-understand overview of the energy upgrad-
ing possibilities for each of the example buildings. The display sheet contains information of the envelope
constructions (area and U-values) at the current state and the possible savings at the two levels of meas-
ures given in Table 22. A corresponding overview is given with regard to the current state of the heating
and ventilation installations.
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Figure 16: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Danish building typology brochure)
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A.5.14. Future potential for the TABULA approach - Use in cost optimum calcula-
tions

According to the Energy Performance of Buildings Directive (Directive 2010/31/EU) (EPBD), European
Member States (MS) are obliged to use reference buildings (building typologies) to evaluate cost-optimal
energy-saving measures in new and existing buildings. Article 5 of the EPBD requires MS to establish the
comparative methodology framework in accordance with EPBD Annex Il and to differentiate between dif-
ferent categories of buildings. Annex Il states that MS must define reference buildings that are character-
ised by and representative of their functionality and geographic location, including indoor and outdoor
climate conditions. The reference buildings shall cover residential and non-residential buildings, both new
and existing ones.

Application of the TABULA building typologies and building models represent a golden opportunity for kick-

starting the establishment of a collection of reference buildings in the European MS (Wittchen, et al.,
2011).
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Table 24: National Activities Denmark / Sources and References

Reference shortcut Short description

Reference

[SBi 2011] Denmark Building
Typology Brochure

Kragh, Jesper; Witchen, B. Kim: Dansk bygningstypologi. Eksempel bygninger med
typiske forslag til besparelser; SBi, Hgrsholm 2011

D build T TABULA T SBi.pdf

[TABULA NatSci DK 2012] national scientific
report of the TABULA
activities in Denmark

Kragh, Jesper; Witchen, B. Kim: National scientific report of the TABULA activities in
Denmark, SBi, Hgrsholm 2012.

o bi.di/milio-og: building-typologies -the-tabula-project/sbi-2012-01

[TABULA NatBal DK 2012]

Kragh, Jesper; Witchen, B. Kim: chapter "Denmark"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic
Report N° 2). Models for the national housing stock of 8 countries: Belgium, Czech
Republic, Denmark, Germany, Greece, italy, Slovenia; IWU, Darmstadt / Germany 2012

http: buildi TABULA TR2 D8 pdf
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A.6.<GR> Building Typology in Greece

(by TABULA partner NOA / National Observatory of Athens)

A.6.1. Status of EPBD implementation in Greece

The main legislative instrument for improving the energy efficiency of buildings in Greece is the national
law N.3661/2008 (FEK 89/A 19.5.2008), which basically adapts the European Directive 2002/91/EC on the
energy performance of buildings (EPBD), providing the general framework, with all major provisions man-
dated by EPBD. Among the landmark decisions in the development of N.3661/2008 was the agreement to
follow the European standards.

Transposition of the European Directive 2006/32/EC on energy end-use efficiency and energy services took
effect in June 2010 by the national law N.3855/2010 (FEK 95/A 23.6.2010), introducing various energy effi-
ciency improvement measures, energy service companies (ESCOs) and third party financing (TPF) arrange-
ments, in order to achieve by 2016 an overall national indicative target of 9% energy conservation. The
national law on renewable energy sources - RES (N.3851/2010), in accordance to the European Directive
2009/28/EC on the promotion of the use of energy from renewables, mandates as of 2011 that new build-
ings have an annual solar fraction of 60% for domestic hot water (DHW) production from solar thermal
systems. Accordingly, all public buildings by 2015 and all new buildings by 2020 should cover their primary
energy consumption from RES, combined heat and power, district or block heating or cooling, and energy
efficient heat pumps. In addition, N.3851/2010 sets some very ambitious national targets by 2020: reach a
contribution of 20% from RES in the national gross final energy consumption (from 5% in 2007), 40% in
gross electricity generation (from 4.6% in 2007) and 20% in final energy consumption for heating and cool-
ing. In addition, N.3851/2010 extends the obligation to perform an energy design study to all new buildings,
regardless of their size in accordance to the EPBD recast (Directive 2010/31/EC) and allows audits in indi-
vidual units (properties) of a building (e.g. an apartment). The national law N.3889/2010 on the Green Fund
(FEK 182/A/14.10.2010) mandates that residences with an annual use of less than four months (e.g. sum-
mer residences) should also comply with N.3661/2008 thus extending EPBD implementation to all types of
buildings over 50m”.

The relevant Hellenic technical governing document is the “Regulation on Energy Performance in the Build-
ing Sector — KENAK” that was issued by the Ministry of Environment, Energy and Climatic Change (YPEKA),
Ministerial Decision MD6/B/5825 (FEK 407/B/9.4.2010). KENAK outlines the general calculation method in
compliance with the European standards and EN ISO 13790 (2008) and overall approach towards issuing an
energy performance certificate (EPC). KENAK introduced lower U-values that replace the previous Hellenic
Building Thermal Insulation Regulation - HBTIR (FEK 362/4.7.1979), which had been in use for 30 years
without any adaptation. KENAK was supplemented by four technical guidelines (TOTEE 20701/1-4/2010)
that were developed by the Technical Chamber of Greece (TEE) and approved by YPEKA (MD 17178 FEK
1387/B/2.9.2010). The technical guidelines were revised in May 2012, and published a new one on cogene-
ration (TOTEE 20701-5/2012).

Since October 2010, all new buildings must be at least class-B to obtain a building permit. Existing buildings
that undergo major renovation ought to rate B or as close to B as possible given the restrictions imposed by
technical, operational and economical factors that need to be clearly documented and well substantiated in
the energy study that precedes the building retrofit action. An EPC is issued upon completion of the build-
ing that has been designed and constructed according to KENAK. Accordingly, all new buildings that have
been constructed or renovated as of the end-2010 in Greece are audited by an energy inspector after their
construction, in order to issue an EPC, assuring that they are at least class-B. As of January 2011, the EPC is
compulsory for all buildings that are being sold. The requirement for an EPC for an entire building as well as
for a building unit (e.g. an apartment) that is being rented out for the first time to a new tenant (in compli-
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ance with the EPBD recast) was enforced in January 2012. As of May 2012, the number of EPCs issued ex-
ceeds 120,000.

A.6.2. The TABULA project in Greece — The Hellenic typology

The Hellenic residential building typology includes 24 building types (Figure 17). The classification was
based on three main parameters: the building age, size and climate zone. According to the year of building
construction three categories were defined:

(1) Buildings constructed before 1980 (pre-1980), which is considered the border line for buildings with-
out thermal insulation since they were constructed before the implementation of the first Hellenic
Building Thermal Insulation Regulation (HBTIR)

(2) Buildings constructed during the period 1981-2000, which are considered to be partially or insuffi-
ciently insulated. Despite the introduction of the HBTIR since 1980, the integration of thermal insula-
tion was problematic during the first decade of its implementation. For example, only recently the new
buildings have thermal insulation on the load bearing structure to eliminate thermal bridges. Ordinary
double glazing is also common practice in all new buildings and the most frequent refurbishment activ-
ity in existing buildings

(3) Buildings constructed after the year 2000. These are relatively new buildings with proper envelope
thermal insulation, including the load bearing structure. Consequently, these buildings would not
mandate major renovations but most probably they will not be in compliance with the new energy
regulation — KENAK.

According to the building size, two categories were defined: single family houses - SFH (low-rise buildings
with one or two floors) and multifamily houses - MFH. Climatic variability in Greece affects the regional
construction trends regarding the energy performance of buildings. In line with KENAK and the related
technical guidelines (TOTEE 20701-3/2010), there are four climatic zones defined on the basis of the heat-
ing degree days (HDD), namely: Zone A (601-1100 HDD), Zone B (1101-1600 HDD), Zone C (1601-2200
HDD) and Zone D (2201-2620 HDD). The classification of residential buildings, according to the time of con-
struction (pre-1980, 1981-2001 and 2002-2010), type of building (SFH or MFH) and the four climatic zones
resulted in a total of 24 different classes.

Supplementary sub-typologies regarding building elements and systems were prepared in accordance to
the construction and system installation trends in the Hellenic residential building sector throughout the
three age classes. The Hellenic “building element” sub-typology consists of 107 types of roof, floor, wall and
window elements reflecting the most common construction types in the residential building stock. For each
element type, the thermal transmission coefficient (U-value) is specified along with the corresponding pe-
riod of application to the residential building sector. The U-values of the opaque elements are specified for
three levels of thermal insulation (no insulation, partial and full) in accordance to the national technical
guideline (TOTEE-20701-1/2010). The Hellenic “system” sub-typology consists of generation and distribu-
tion systems as well as auxiliary systems for space and DHW heating. The heat generation systems include
boilers (condensing/non condensing, constant/low temperature), heat pumps, electric heaters, stoves,
district heating and cogeneration systems. Boilers are differentiated according to the type of fuel
(oil/natural gas), maintenance level and insulation degree. Expenditure coefficients are specified for a total
of 67 heat generation systems for space heating and 50 for DHW production. Heat losses (kWh/m? refer-
ence area) are specified for 32 space heating and 25 DHW heat distribution systems. Typical values of auxil-
iary energy demand are supplied for the heating systems. Details on the supplementary sub-typologies are
givenin [1].

An example building was assigned to each of the 24 classes of the Hellenic building typology. Buildings in-
cluded in the typology are actually real (existing) examples each considered to be representative of all
buildings in the particular class. Datasets of the typology buildings were fed into the TABULA common da-
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tabase. They include general features (i.e. number of storeys, living area), geometrical data (i.e. building
volume, envelope areas) and thermal properties of the envelope as well as heating system features. Details
on the thermal characteristics of the building envelope and installed systems in the Hellenic typology build-
ings are elaborated in [1] along with the corresponding minimum requirements imposed by KENAK.

Two levels of refurbishment scenarios were defined for each building type: a “standard” and an “ambi-
tious” scenario. Both scenarios include a combination of energy conservation measures (ECMs) on the
building envelope and the installed heating systems. The standard scenario includes interventions on each
building component (envelope and systems) in order to comply with the minimum requirements of KENAK
foreseen in the case of major renovation. In the case of buildings constructed after 2000, major renovations
are rather unlikely. Therefore, the standard scenario in this case includes a set of interventions upgrading
the building to class-B. The ambitious scenario involves all the standard scenario interventions combined
with an incorporation of RES technologies and innovative systems and techniques (solar collectors for DHW
and space heating, geothermal heat pumps where possible) to further upgrade the building energy per-
formance and environmental quality. A description of the measures included in the Standard and Ambitious
scenarios is given in [1].

The calculations were performed using the official national software available by the Technical Chamber of
Greece (TEE) for the assessment of the energy performance of buildings TEE-KENAK [2]. The software was
used in order to assess the present state as well as the potential of the Standard and Ambitious scenarios
proposed for each building typology.

Figure 18 summarizes the energy demand calculated for the 24 buildings of the Hellenic typology. Overall,
the SFH present higher energy demand for space and DHW heating than MFH of the same age in the same
climatic zone. This could be attributed to the fact that the majority of SFH are free standing buildings, while
the majority of MFH are more sheltered as one or two of their facades are in contact with neighbouring
buildings. Comparing buildings of the same age class it is obvious that, as expected, the colder the climate
the higher the energy demand regardless their size.

Figure 19 and Figure 20 illustrate the impact of the two energy saving scenarios on the primary energy con-
sumed by the Hellenic typology buildings for space and DHW heating along with the corresponding simple
payback period (SPBP), estimated using fuel costs reported for the year 2010. As expected, in both cases,
the highest energy savings are achieved for the buildings of the first age band that are older and have a
poor initial energy performance. Interventions on these buildings exhibit the lowest SPBP. The lowest en-
ergy savings are achieved for buildings of the third age band, with energy related features close to the re-
guirements of the new regulation. This fact combined with the high investment cost make these interven-
tions less attractive for these buildings, as the corresponding estimated simple payback periods often ex-
ceed 20 years. Therefore, individual measures could prove more cost effective for this building category.
The CO, emission reduction ranges from 17% to 80% for the Standard scenario and from 62% to 98% for
the ambitious scenario.

Two-page display sheets (Figure 21) were prepared for each of the 24 Hellenic typology buildings. The first
page of the display sheet includes a presentation of the building at its present state (photo, architectural
features, envelope and system characteristics) and the corresponding energy performance indicators (en-
ergy demand, primary energy consumption, final energy consumption breakdown per fuel type, opera-
tional cost, CO, emissions) calculated using TEE-KENAK. The second page illustrates the calculated impact of
the Standard scenario (upper half) and the Ambitious Scenario (lower half) on the energy performance (re-
duction in energy demand, final and primary energy consumption, operating cost) and the environmental
profile (reduction of CO, emissions) of the building. The display sheets are included in the Hellenic Typology
Brochure (in Hellenic). The first part of this report includes a description of the most
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Figure 17: "Building Type Matrix" — classification of the Hellenic housing stock (4 climatic zones)
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common energy-retrofit interventions in the residential building sector along with their pros and cons [3].
This material along with the 24 two-page brochures for the buildings of the Hellenic typology is available for
public access (www.energycon.org/tabula.html) in the form of an electronic booklet (in Greek).

Figure 18: Calculated thermal energy demand for space and domestic water heating for Single Family
Houses (SFH) and Multi Family Houses (MFH)
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Figure 19: Impact of the Standard and Ambitious Scenarios on the Single Family Houses of the Hellenic
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Figure 20: Impact of the Standard and Ambitious Scenarios on the Multi Family Houses of the Hellenic
typology.
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Figure 21: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Greek building typology brochure [3])
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The TABULA calculation tool was used to assess the energy performance of all 24 buildings included in the
Hellenic typology as well as the impact of the Standard and Ambitious scenarios on their performance. Re-
sults were compared with the corresponding results from the Hellenic EPC method (TEE-KENAK). The dif-
ferences in the calculation results given by the two tools (TABULA and TEE-KENAK) are attributed to the
assumptions they are based on. A very important issue to take into account when comparing the results is
the input related to climate. TABULA uses average values per climatic zone, whereas TEE-KENAK uses na-
tional climatic data that are based on meteorological measurements in the locations of the buildings. Thus,
higher differences between the two methods are observed in the cases where the local climate significantly
deviates from the average climate of the respective climatic zone. The differences are accentuated in the
cases of non-insulated buildings, as they are more sensitive to the impact of the weather. Further discus-
sion on the comparison of TABULA calculation method and the Hellenic EPC method can be found in [1].

A.6.3. Application of the typology concept in modelling the energy balance of the
Hellenic building stock

In order to form a building stock model it is necessary to determine frequencies for each building type. The
main data sources for the derivation of the statistical data required for this analysis include: The Hellenic
Statistical Service, Existing and on-going studies, National standards and regulations providing information
on building construction types and heat supply systems, Empirical data for the Hellenic building stock.

Most of the statistical data on the residential building sector come from the latest Censuses carried out in
1990 [4] and 2000 [5]. These data include number and size of buildings as well as floor area per building age
band and geographic region. Further analysis based on this data [4] resulted in frequency distributions of
buildings according to their level of thermal insulation, the installed systems for heat generation and the
presence of solar systems for hot water heating.

The derivation of the national energy balance was based on “typical” buildings defined for each of the 24
typology classes. In order to define the characteristics of the “typical” buildings in all the building classes of
the Hellenic typology, it would be necessary to have detailed statistical data regarding the construction and
system installations in the building stock. Due to the lack of official national data in the required level of
detail, it was decided that the “typical” buildings used in this study would have the same architectural fea-
tures as the “real examples”. The thermo-physical properties of the envelope, as well as the expenditure
coefficients per “typical” building, were derived as weighted averages per building class. The weighting
factors for each category were well educated guesses derived in collaboration with the national advisory
group (NAG) experts active in the field of construction and currently constitute a realistic estimate of the
evolution of the construction and renovation trends over the years. “Typical” values of the thermal trans-
mission coefficient for the main components of the building envelope as well as “typical” expenditure coef-
ficients (using the Higher Calorific Value) for the systems installed in each of the 24 building classes of the
Hellenic residential building typology are given in detail in [1].

The TEE-KENAK software was used for the calculation of the heating energy consumption of the 24 “typi-
cal” buildings representing each of the classes included in the Hellenic typology. The results were then used
with the estimated frequencies in the building stock in order to estimate the national energy balance of the
residential sector. Average climatic data were used for each of the four climate zones. The TABULA method
focuses on the heating energy for space and DHW, which represents the greatest part of the total energy
consumed by the residential sector. Therefore, the balance calculations are restricted to the heating energy
consumption.
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Despite the penetration of solar collectors for DHW preparation, the most common energy carrier serving
as the main source or as an auxiliary source for DHW heating in Greece is electricity. A small percentage of
buildings use a central oil boiler for DHW production. Among the 24 buildings included in the Hellenic ty-
pology only three use oil for water heating; the rest use electrical heaters. Moreover, in the available data
from the published national energy balances, the electrical energy consumption is not reported per energy-
end use. Consequently, the officially reported electricity consumption includes additional energy consumed
for lighting and household appliances and it is not possible to separate the part that corresponds to the
consumption for space and/or DHW. Therefore, the energy balance was calculated taking into account only
thermal energy consumption; electricity as well as the part covered by renewable energy sources, were
excluded.

Only permanent dwellings with continuous occupancy throughout the year were considered in the energy
balance model. Permanent dwellings average about 68% of the total dwellings stock throughout the coun-
try. The floor area of permanent dwellings for each of 24 residential building categories [1] is based on
available information from: a detailed register of 6550 dwellings, which was performed during the period
1987-1988, results of the 1990 census, and the construction activities after 1990. The corresponding data
for the period 2000-2010 was estimated based on the assumption that the annual growth rate of the num-
ber of dwellings during 2002—-2010 is equal to the average of the two previous decades. During the 1980s,
the average annual growth rate of the number of dwellings was 1.65%, while during the 1990s it dropped
to 1.46% [4].

In order to account for unheated areas, e.g. corridors, stairwells, cellars as well as basements that are usu-
ally unheated spaces, it was assumed that the percentages of the total floor area that is actually heated are
70% and 80% for SFH and MFH buildings, respectively. Furthermore, the calculated consumption and CO,
emission results were adjusted to take into account the actual operating hours of the buildings. Given that
there is no official statistical data available, the following assumptions were derived in collaboration with
experts who are active in the field of building construction and maintenance. They are considered to be a
realistic approximation of the Hellenic residential building stock operating patterns:

e SFH buildings: 10% have an 18 h and 90% have a 12 h operation per day
e MFH buildings: 10% have a 12 h and 90% have a 9 h operation per day

Details on the assumptions made for the calibration of the balance model to make it more representative
of the Hellenic building stock are given in [7].

Comparison of the calculated thermal energy balance with the officially reported value revealed an overes-
timation of 4.2%. The CO, emissions were found to be underestimated by approximately 5%. These devia-
tions are considered to be acceptable for the level of detail of the study.

According to the transposition of the European Directive 2006/32/EC that took effect in June 2010 by the
national law N.3855/2010, there is a national obligation to implement various ECMs in all energy end-use
sectors, including buildings, in order to achieve by 2016 an overall national indicative target of 9% energy
conservation. Accordingly, the national indicative target of 9% for 2016 applied to the thermal energy con-
sumption of permanent residential buildings requires savings of 0.54 MToe from 2005 data. Savings can be
achieved through energy efficient ECMs. Application of the Standard and Ambitious scenarios could lead to
a significant reduction in the energy consumption of the residential building sector. However, application of
such scenarios on the entire building stock is not practical due to the associated high investment cost.
Therefore, a more realistic assessment was attempted by considering the potential application of these
scenarios on a percentage of the residential building stock with different energy savings potential. Indica-
tively, it was found that the national target could be reached by applying the Standard scenario in 15% of
the residential buildings of the first age band (built prior to 1980) and 30% of the buildings of the second
age band (built between 1980 and 2000). Apparently, it is possible to derive different combinations that
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could satisfy the national indicative target of 9% energy conservation by 2016. In a more strategic ap-
proach, a cost-benefit analysis could indicate the most appropriate combinations of building classes in
which the adoption of such scenarios would maximize savings for different investment costs, based on fund
availability and national priorities.

Extension of the typology concept to the non-residential building stock

An investigation of the possibility to extend the typology concept in the Hellenic non-residential building
stock revealed that the TABULA typology concept could be expanded to apply to non-residential buildings.
As there is a large variety of building uses and operational characteristics in the tertiary sector, it is neces-
sary to classify buildings according to their use rather than their size. Accordingly, a preliminary classifica-
tion could include the following building categories:

Schools

- Offices / Commercial

Hotels

- Hospitals

Additionally, the three construction year bands: pre-1980, 1981-2000 and 2001-2010 could be used, as in
the case of residential typology, to reflect the different trends in the envelope construction before and
after the national Thermal Insulation Regulation that came into effect in 1980. The four climatic zones A, B,
C and D defined in the national regulation (KENAK) could also be used. Therefore, each typology related to
a building use would include a total of 12 building classes (3 age bands x 4 climatic zones).

The most important barrier in expanding the typology concept to the non-residential building sector is the
lack of official data on the building stock. Existing knowledge on the non-residential building stock is sum-
marized in [8] with special focus on schools, a building use with complexity similar to that of residential
buildings; limited operating hours, simplicity in installations and envelope construction.

Figure 22: eKIA: a web-based multimedia tool (www.energycon.org/ekia.html)

In an effort to facilitate dissemination of the typology con-
cept in Greece, NOA has prepared eKIA, a web application in
Greek, addressed mainly to home owners who wish to have
a first assessment of the energy performance of a building
and its potential for improvement through energy efficient
measures.
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Further refinement is possible by providing some basic in-
formation related to the:

actual envelope construction
heating system

e cooling system

e solar collectors and PVs

The tool permits the user to derive a pre-assessment of a
building’s energy rating, along with the related performance
indicators including energy demand, consumption (final and
primary energy), operational cost and CO, emissions. Fur-
thermore, the user can define energy saving meas-
ures/scenarios and assess their cost effectiveness. For each
scenario, eKIA calculates the reduction in the energy con-
sumption, CO, emissions, operational cost, as well as the
corresponding investment cost and simple payback period.
More detailed presentation of eKIA can be found in [1].

A.6.4. Conclusions and perspectives

The building typology concept was documented to provide a flexible tool for estimating the impact of en-
ergy saving scenarios on the energy performance of the Hellenic residential building stock. A major strength
of the overall approach is that a building typology can be used for initial energy advice activities to give
residential building owners a quick overview of the energy performance of a building similar to their own
and demonstrate the effect of possible ECMs. The Hellenic typology can be used by the owners on their
own or by a consultant in counselling sessions. On a national level, the typology concept has proved to pro-
vide a flexible tool for energy balance modelling. At present, the accuracy of such a model is prohibited by
the lack of knowledge and limited statistical data availability. Some of the most important sources of uncer-
tainty are related to the definition of: building classes, typical buildings, thermal characteristics of the typi-
cal buildings, system expenditure coefficients of the typical buildings, operational characteristics, e.g. oper-
ating hours of the heating system, estimation of the heated floor area for each typology class, refurbish-
ment rate of residential buildings.

The TABULA methodology can support national efforts towards defining reference buildings required by
the EPBD recast for deriving cost-optimal energy saving measures for the residential building stock. The
overall approach can also be extended to include the non-residential building stock. YPEKA, the Hellenic the
ministry responsible for national EPBD implementation and its representatives involved in NAG have ex-
pressed a very strong interest about TABULA and its possible adaptation to facilitate the national efforts.
The main barrier in this respect is the lack of information on Hellenic tertiary sector buildings. In the future,
as more information on the residential building stock becomes available through the exploitation of the
new data from the ongoing building energy audits and generation of EPCs throughout the country, it will be
possible to minimise the above sources of uncertainty and feed the model with updated official statistical
data.
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Table 25: National Activities Greece / Sources and References

Reference shortcut

Short description

Reference

1]

National scientific report

E. Dascalaki, C.A.Balaras, P. Droutsa, S. Kontoyiannidis, National
Scientific Report, D6.2, TABULA project, May 2012.

[2] Software TEE-KENAK, v.1.28.1.67, Technical Chamber of Greece, Athens,
February 2011
[3] Typology Brochure (booklet) E. Dascalaki, P. Droutsa, C.A.Balaras, S. Kontoyiannidis Hellenic
Building Typology Brochure, 88p., WP3, D5.2 National Typology
Brochures, Final, May 2012
[4] Publication of the National Hellenic Statistical NHSS. Results from the census of constructions—buildings of the
Service December 1, 1990. Athens: National Hellenic Statistical Service;
2000 [in Hellenic].
[5] Publication of the National Hellenic Statistical NHSS. Results from the census of constructions—buildings of the
Service December 1, 2000. Athens: National Hellenic Statistical Service;
2010 [in Hellenic].
[6] Scientific paper C.A. Balaras, A.G. Gaglia, E. Georgopoulou, S. Mirasgedis, Y.
Sarafidis, D.P. Lalas. “European Residential Buildings and Empirical
Assessment of the Hellenic Residential Building Stock, Energy
Consumption Emissions and Potential Energy Savings”, Building &
Environment, 42/3, 1298-1314 (2007).
[71 Hellenic contribution to the common report (E. N. Diefenbach, T. Loga (eds) Application of building typologies for
Dascalaki, C,A, Balaras) modelling the energy balance of the residential building stock, 72p,
Thematic Report 2, WP3, D8, February 2012.
[8] Hellenic contribution to the common report (E. B. Stein (ed.) Typology Approaches for non-residential buildings in

Dascalaki)

four European countries — Existing information, concepts and
outlook, 33p., Thematic Report No3, WP3, D9 Final, May 2012.
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A.7.<IE> Building Typology in Ireland

(by TABULA partner Energy Action)

A.7.1. Selection of Irish Building Types for the Irish Typology

Prior to the TABULA project, no formal building typology has been compiled in Ireland on either a national
or regional level.

However, several reports published within the last 10 years such as ‘Homes for the 21% Century’ in 1999
(UCD Energy Research Group/ Energy Action) and ‘The Irish National Survey of Housing Quality 2001-2002’
(ESRI) contained useful building typology data. The Irish Census also contains some building-related na-
tional statistics. The introduction of the Irish Building Energy Rating (BER) method known as Dwelling En-
ergy Assessment Procedure (DEAP) by the Sustainable Energy Authority of Ireland (SEAI) in 2007 following
implementation of the Energy Performance of Buildings Directive also provided a natural reference point
for the development of an Irish typology. In addition, the natural growth of BER/ EPC data within SEAI’s
central Irish database of BER certificates over the duration of the project from 2009 to 2012 would prove a
further source of reference data.

The Irish building typology was developed by combining data from both existing and new research sources,
many of which have evolved since the legal requirement for the production of BER certificates for existing
dwellings when sold or rented from 1 January 2009.

The Irish census (2006) gives a good summary of the number of Irish Dwellings based on year built. In addi-
tion to the 1.46 million Irish dwellings recorded in the 2006 census, approximately 160,000 further dwell-
ings were built in the period 2007-2011.

The 2006 Irish census also gives a breakdown of the types of residential dwellings such as detached houses,
semi-detached houses and apartments etc. It is important to note, that the Irish approach is to record each
individual apartment or flat as a single dwelling. Similarly, the Irish method for calculating the energy per-
formance of buildings produces an individual rating for each apartment unlike the practice elsewhere in
Europe, where the apartment building is given a rating rather than individual apartments or flats.

Table 26 shows the breakdown by dwelling type of Irish residential buildings for different age bands pro-
vided in the 2006 census.
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Table 26: Dwelling Type by Age Band (Census 2006)

s

Dwelling Total Detached Semi- Terraced Flat or Flat or apart- Bed-sit Not
Type house detached house apartmentin ment in con- stated
house apurpose- verted house
built block or commercial
building
Before 1919 154,352 82,951 15,748 37,111 3,037 11,235 2,678 1,592
1919 to 1940 107,645 48,394 22,056 29,146 2,552 3,339 978 1,180
1941 to 1960 142,414 49,140 40,935 43,461 4,634 2,300 661 1,283
1961 to 1970 112,969 41,777 40,435 22,727 5,248 1,369 486 927
1971 to 1980 212,382 98,182 67,698 37,306 5,763 1,348 417 1,668
1981 to 1990 166,021 85,700 45,064 24,337 7,977 1,134 396 1,413
1991 to 1995 93,086 43,071 30,232 8,341 9,604 927 243 668
1996 to 2000 154,774 71,973 51,327 11,455 17,093 1,450 355 1,121
2001 or later 249,443 94,408 71,378 32,957 44,991 2,230 783 2,696
Not stated 69,210 10,392 13,487 10,681 8,967 4,674 1,754 19,255
Total 1,462,296 625,988 398,360 257,522 109,866 30,006 8,751 31,803

National energy efficiency programmes which part fund or fully fund thermal upgrades have been under
way in Ireland for more than 10 years. Data on measures completed from 2000-2011 is provided in the

table below.

Typically low incomes homes will have received one or two measures, e.g. roof insulation and cavity wall
insulation. Private homes and social housing units will have received typically two to three upgrade meas-
ures, e.g. roof insulation, wall insulation and heating boiler and controls.

Table 27: Refurbishment Levels

Low Income Houses Private Houses Social Housing Total Measures as % of
Units Total Housing

(1.6m)

2000-2006 11,000 11,000 0.7%
2007 4,000 4,000 0.3%
2008 5,000 5,000 0.3%
2009 15,000 20,000 1,200 36,200 2.3%
2010 20,000 40,000 1,800 61,800 3.9%
2011 25,000 50,000 3,000 78,000 4.9%
Totals 80,000 110,000 6,000 196,000 12.3%

Source: SEAI (2012) and DOECLG (2012)

When determining appropriate construction age bands for the lIrish typology, the concepts developed
within the Irish DEAP method were adopted. The age bands within Appendix S of the Irish DEAP method are
shown in Table 28. These age bands are used for the purposes of assigning U-values and other data.
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Table 28: Construction Age Bands for Irish Dwellings

Age band

Years of construction

A

before 1900

1900-1929

1930-1949

1950-1966

1967-1977

1978-1982

1983-1993

T O|m|m|O|0O|w

1994-1999

2000-2004

2005 onwards
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The construction age bands in Table 28 are directly related to the Irish thermal insulation standards that
were first introduced in the mid 1970s via the Building Regulations. The dates of the first draft regulations

and subsequent revisions are shown in Table 29.

Table 29: Building Regulation Summary

Year of Regulations

Applicable age band

U values (W/m2K)

Roof Wall Floor

1976 (Draft) F 0.4 1.1 0.6

1981 (Draft) G 0.4 0.6 0.6
1991 H 0.35 0.45 0.45/0.6
1997 I 0.35 0.45 0.45/0.6

2002 J 0.25 0.27 0.37

Aside from construction age, wall type is also a significant distinguishing characteristic is Irish residential
buildings. Table 5 below shows the spread of wall construction types across the age bands within the Irish
DEAP method (Appendix S).

Table 30: Appendix S— Wall U values

Age Band A B C D E F G H I J
Before | 1900- | 1930- | 1950- | 1967- | 1978- | 1983- | 1994- | 2000- 2005
Wall type 1900 1929 | 1949 | 1966 | 1977 1982 1993 1999 | 2004 | onwards
stone 2.1 2.1 2.1 2.1 2.1 1.1 0.6 0.55 0.55 0.37
225mm solid brick 2.1 2.1 2.1 2.1 2.1 1.1 0.6 0.55 0.55 0.37
325mm solid brick 1.64 1.64 1.64 1.64 1.64 1.1 0.6 0.55 0.55 0.37
300mm cavity 2.1 1.78 1.78 1.78 1.78 1.1 0.6 0.55 0.55 0.37
300mm filled cavity 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.55 0.55 0.37
solid mass concrete 2.2 2.2 2.2 2.2 2.2 1.1 0.6 0.55 0.55 0.37
concrete hollow block 2.4 2.4 2.4 2.4 2.4 1.1 0.6 0.55 0.55 0.37
timber frame 2.5 1.9 1.9 1.1 1.1 1.1 0.6 0.55 0.55 0.37
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By clustering the age bands with the same default wall U values (as shown in Table 30 above), five distinct
building construction age bands were selected (Table 31) to categorise Irish dwelling types within TABULA.
For example, the 1994-2004 age band code 04 combines both the 1994-1999 and the 2000-2004 periods as
the element U values were the same in both the 1991 and 1997 Building Regulations.

Table 31: Construction Age Bands — Irish Typology

Construction Year Class

Code

1800-1977

1978-1982

1983-1993

1994-2004

2005-onwards

g wWN |-

In order to examine the frequency of houses with wall types within all the Appendix S categories, data was
provided from SEAI's BER National Administration System in September 2010 for 115,00 BER (EPC) certifi-
cates that had been published by that date. The data provided was aggregated for the 5 construction age
bands selected and the results in percentage terms (Table 32) helped identify the most common and least

common construction types.

Table 32: Published Existing Dwelling BER Certificates by Wall Type Percentages (Sept. 2010)

Age Band A-E F G H-I J
Wall type/ period 1800-1977 1978-1982 1983-1993 1994-2004 2005-onw
stone 31% 9% 9% 9% 4%
255mm solid brick 8% 2% 2% 3% 2%
325 solid brick 9% 2% 2% 1% 1%
300 cavity filled/empty 32% 72% 73% 68% 52%
solid mass concrete 9% 1% 2% 3% 7%
concrete hollow block 8% 11% 7% 4% 2%
timber frame 1% 1% 2% 8% 15%
other 2% 2% 2% 3% 17%
Total 100% 100% 100% 100% 100%

In table 7, in the first age band up to 1977, most wall types were selected for the Irish typology as each has
a distinct U value (except timber frame which was not common). In the other 4 age bands, the wall U values
are identical for different wall types. For these 4 age bands, the 2 most common wall types were selected
as the most representative to create the Irish typology.

In total, 29 Irish house types were created in TABULA and their distribution with the age bands and wall
types are illustrated in Table 8 below.
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Table 33: Distribution of the 29 House Types in the Irish Typology

Age Band A-E F G H-I J
Wall type/ period 1800-1977 1978-1982 1983-1993 1994-2004 2005-onw

stone 3,4

255mm solid brick 5,6

325 solid brick 7,8

300 cavity filled/empty 1,2 14,15 18,19 22,23 26,27
solid mass concrete 9,10

concrete hollow block 11,12,13 16,17 20,21

timber frame 24,25 28,29

One generic apartment type was created for each age band. The wall constructions selected were solid
brick (1800-1977), cavity walls (1978-2004 inclusive) and concrete (2005 onwards).

An overview of all national building typologies in TABULA is provided by the “Building Type Matrix” that
forms the presentation format of the TABULA webtool (Figure 22).

In the Irish Matrix, the generic types of single family houses, terraced/semi detached houses and apart-
ment blocks are presented on the first page of the building type matrix as shown below. The generic build-
ing is a typical representative of the building type, meaning that it has features which can commonly be
found in houses of the respective age and size class. There were no Irish entries made under multi-family
houses.

As the first age band of Irish typology covers an extended period (1800-1977) due to the absence of Build-
ing Regulations, a second page of the Building Matrix was created to include these types in addition to the
generic matrix types.
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Figure 23: "Building Type Matrix" — classification of the Irish housing stock
Region Construction  [Additional
Year Class Classification Single-Family
House House

1 national ... 1977 generic

IE.N.SFH.01.Gen IE.N.TH.01.Gen

IE.N.AB.01.Gen

2 national 1978 ... 1982 generic
IE.N.SFH.02.Gen ) IE.N.AB.02.Gen
3 national 1983 ... 1993 generic Al
IE.N.SFH.03.Gen  IE.N.TH.03.Gen IE.N.AB.03.Gen
I national 1994 ... 2004 generic
IE.N.SFH.04.Gen IE.N.TH.04.Gen IE.N.AB.04.Gen
|
national 2005 ... generic
Ll s i
IE.N.SFH.05.Gen IE.N.TH.05.Gen IE.N.AB.05.Gen

A.7.2. Irish Refurbishment Measures

As well as indentifying national residential building types, two stages of refurbishment of each dwelling
type are examined in TABULA.

The first stage of refurbishment for Irish dwellings is broadly based on the standard for roof and wall insula-
tion and heating system upgrades contained in the current national energy efficiency grant programmes
(SEAI Better Energy Homes Scheme). The Stage 1 refurbishment also includes measures which are not part
of the SEAIl standard but which would be recommended for comprehensive refurbishment of existing build-
ings, namely the replacement of uninsulated wooden floors, the replacement of windows and the provision
of spray foam cylinder insulation. The Stage 1 refurbishment measures are listed in Table 34.

Table 34: Stage 1 Refurbishment

Stage 1 Measures Upgrade Standards
Roof U-Value 0.13W/m’K
Flat Roof U-Value 0.22 W/m’K
Wall U-Value 0.27 W/m’K
Wooden Floor (replace) 0.25 W/m?’K
Window U-Value 2 W/m’K
Door U-Value 2 W/m’K
Space heat generator efficiency 90% gas, 90% oil
Water heat generator efficiency 90% gas, 90% oil
Heating controls Full zone control
Cylinder Insulation 50mm, spray foam
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The second stage of refurbishment is for a more advanced level of refurbishment. The measures for the
stage 2 refurbishment are detailed in table 10 below. The U values for flat roofs, walls and windows have
been reduced to match the backstop levels in the 2011 Building Regulations (Technical Guidance Document
Part L) and renewable technologies are included for water heating and space heating.

Table 35: Stage 2 Refurbishment

Stage 2 Measures Upgrade Standards
Roof U-Value 0.13 W/m2K
Flat roof 0.2 W/m*K
Wall U-Value 0.21 W/m’K
Windows U-Value 1.3 W/m’K
Doors (PVC) 2 W/m?K

Space heat generator efficiency

Heat pump: 380% min air, 400% ground

Water heat generator efficiency

Heat pump: 380% min air, 400% ground

Plus Solar thermal (4m? to 6m?)

40% contribution of total energy (10% electric immersion)

Heating controls

Full zone control

Cylinder Insulation

50mm, spray foam

Mechanical Heat Recovery Ventilation 90% minimum efficiency

A.7.3. Irish TABULA Brochures

Individual brochures have been prepared for the 30 Irish dwelling types (29 house types and one apartment
type) within the Irish typology in the form of double sided A4 sheets. All 30 individual brochures have also
been compiled into one National Irish Typology brochure.

The energy analysis within the brochures is based on the Irish DEAP method. For each building type, sec-
tional drawings and sketches are provided to illustrate many of the typical wall and roof constructions for
both the original state and the refurbished state. These sectional drawings and sketches should provide
homeowners, in particular, with some basic information relating to their dwelling that will enable them
engage fully with potential refurbishment projects.

As well as indentifying these national house types, data on the two stages of retrofit are contained in each
of the thirty brochures. In the case of the apartment type, a different approach was adopted for refurbish-
ment analysis. Two variants on the main heating system were used, namely a gas boiler and an electric
storage heating system. Standard refurbishment details for both heating systems are contained in the bro-
chure for this dwelling type only.

The impact of the refurbishment measures are shown in each of the individual dwelling brochures in terms
of reductions in primary energy use, carbon dioxide emissions and the corresponding BER grade (i.e. Ato G
rating band). The impact of each individual measure is shown separately to show the likely results from
partial upgrades.

For each dwelling type, the cost of the recommended measures is shown as well the associated payback
periods. The cost of measures are full costs and do not include any possible grants that may be available.
The costs used are average industry costs gathered from a short survey of market prices in 2011. It was
decided to use payback periods and not to include actual yearly running costs as the former can vary with
regular energy price movements and make the brochure appear less relevant. The payback information can
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give a better impression of the value for money aspect of particular refurbishment measures. It must be
noted, however, that the paybacks are based on calculated (asset-based) energy consumption values and
not measured values. Research data from Belgium and Denmark indicates that measured consumption is
typically just 50% of the calculated consumption for poorly rated dwellings. While published research data
of this type is not available in Ireland, a similar relationship is expected. Thus, actual measured consump-
tion and energy savings may be less in reality and payback periods would be longer.

Figure 24: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Irish building typology brochure)

S Typical roof upgrade (standard/advanced) Heating system upgrade
LA oli : alle e Jane
| 4. End of terrace, solid brick walls, pre-1978 | £ i e Fyr. E—— S v —
— . Heat generator | Rezular condensing | Air sowrce heat pump
Building elements : Insulation |U - value boder
Walls | Solid brck, 225 mm, ome 21 Efficiency: 90% 380%
4 none. 13 i
Roofs Pitched. insulaticn between joists 50mm 068 Fuel: Mains gas Electricity
none.
Floors | Suspended tiber oot oz 05 SH Controls | Full zone confrol | Full zone confral
Sold floar nooe 078 Tt ol = — = trpe:
wall g
Windows | Sage gazet wooden e [ 43 S pemde ( =) Hotwater | Primary besting | Primary heating system
Single lazed, me fame: n2 37 Before source (HW): | system and solar thermz] panels
Door: | S0k wooden Nan 3 providing 50% of HW
Wooden, balf glazed none ) demand
Heating systems characteristics: | Fuel Efficiency S | HW Cylinder: | 120 litre, factory | 200 litre combized cylin-
— Primary | Cental heating boier, pipework unizsulated. | Mains g5 % Uy o Foenl tourds msulated der, factory imsulated
Description = P o 52 0025 tak | [HW Controls | Tiose and thermo- | Time and thermastatic
Solid brick fonted house with solid block walls fo side and. | | Secondary | Op fiem gate o " frpe: statie
rear. Very common in older parts of Dublin, Limerick, Hotwater | Fom, Centilation: — MIVER, 35-90% efficient
Conk. ke Bultn he sarly 19005 and vp o he 19405 Sus- | (== T — = Ventilation:  |N: 5-90%
pended timber floars fitted in most of the property. ylinder | Isulated wity g jacket 25mm, o cimdsr hermost
3 _ Prim ezergy | Carbon Dioxide
PN Few— Refurbishment steps — advanced k\'l."h"mz'sry i Energy
0 Building fabric upgrade steps: Expected 461 % c
Refurbishment steps — standard el | RSl kel - v c
3¢ i amiss Unvalues | (actual state) | - (actual state)
1 |Roofi ion and Add | 250 mam of mineral wool berween and over the ceilinz| .13 18 89 F
0 Building fabric upgrade steps: Expected 164 9 c standard package® Jost
Usvalues | (actual state) | (achual state) — -
2 |Wall insulation A [ 625 o of el wall o apowr coomol | .27 282 60 D2
! |Roof insulntion and | A4 [ 250 mam of mivesal wool etween and over e calinz | 0.13 418 8 F - -
standard package* Joss 3 |Windows and Doors | A | hsulard PVCrwooden doass. 20 246 52 DI
Triple glarsd, argon filled, low-e windows 13
T [Wall insulation A 513 ot e pow ] | 027 %2 ) D2 + [Supended floor YRS P —————rpTr— Ry 26 = )
y phenoliciurstime boxrds
3 [Windows and Doors | Fapsc | Soute et ows windows. 2 B Iozmzm | 20 250 53 DI Systems upgrade:
5 |Space and water heat- | Replace | Aif souce heat puap 390% eficen, two sepurted boting moes 9 2 B
Systems upgrade: ing system and con- with fimé and thermostaric coutol. independent wate hasting solr
trals HW cylinder. Mechanical ventilation with heat recavery (MVHE).
4 d water heat. | Replace | Condensing boiler 80% eficient. foo separated heing 2ones with 125 u B3 . : : : -
is:ga:-stm:d con- time aed thermestatic control, independent waler heatug ! Y ™ | Estimated costs and payback time**
‘Hot water cylinder insulaed with 50 mm: foam
trals = Measure | Estimated costs | Payback (¥)
- Refurbishment S Advanced Measure
‘0o Ingzing jacket for HW cylinder and low energy bubs. Estimated costs and payback time** Step 1 €133 38
PP Somdand ML Measure | Estimated costs | Payback (v} Step2 €10560 123
<! Steps— easures Step 3 £8.350 369
Step 1 €1330 39
Step 4 £2.130 184
Step2 €10,560 123 Sep s FITET] 188
Step3 €6.230 3L Total: €35470 158
Stepd €3.000 25 Advanced upgrade summary
- Consumption of primary en- 371 kWh/m*y
Totak: €21,120 9.3 ey vednced by
Standard upgrade summary ° ' : . N : Emmission of carbon_ dioxide | 77 keCOym'ly
pera ‘Primary Energy: KWy, Catbon Diowids emissions: kg/w'y reduced by- N
Consumption of primary en- 339 KWh/m®y .
i by **Note: 1. Costs are indicative only, based en typial prices (2011). 2. Measures analysed are one of many eptions, esperially for the rnewable heating systems.
Emission of carbon  dioxide | 75 kg COym’ly Analysis conducted in association with [HER, Energy Services, worw iher ie
. i reduced by-
Primary Energy- KWh'm*y, Carbon Dioxide emissions: kg/m''y IMTELLIGENT ENERGY
*"Note: 1. Costs are indicafive only, based on typical prices (2011). 2. Measures. analysed are ope of many options, especially for the enswable heating systems " EUROPE g
18 18

The Irish TABULA brochure has been circulated to key Government Departments and agencies. Three of the
dwelling types within the Irish TABULA typology are being included in the new Irish Retrofit Code of Prac-
tice that will be launched by the Department of Environment, Community and Local Government later in
2012.

A.7.4. Use of Energy Certificate Databases for National Building Typologies
All of the Irish house types were analysed using the Irish DEAP method.
The result of the DEAP analysis on the 29 house type and the one pre 1977 apartment type (entry no. 14)

are shown in Table 36 below. The stage 1 refurbishment brings the houses (and apartment) to C1-B2 range.
The stage 2 refurbishment brings the houses (and apartment) to B3-A3 range.
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Table 36: BER Results Summary

no Age Band: House type Current State Stage 1 Stage 2
1 1900-1977 SFH.01.Gen G B3 B1
2 1900-1977 TH.01.Gen G B3 B1
3 1900-1977 SFH.01.Stone G C1 B1
4 1900-1977 TH.01.Stone G C1 B2
5 1900-1977 SFH.01.225SB G Cc1 B3
6 1900-1977 TH.01.225SB G B3 B1
7 1900-1977 SFH.01.325SB G B2 B1
8 1900-1977 TH.01.325SB G C1 B2
9 1900-1977 SFH.01.MassConc G C1 B3
10 1900-1977 TH.01.MassConc F B2 B1
11 1900-1977 SFH.01.Hblock G B3 B1
12 1900-1977 TH.01.HBlockFBF G B3 Bl
13 1900-1977 TH.01.HBlockHBF G B2 B1
14 1900-1977 AB.01.Gen G B3 (Var 1) C1 (Var 2)
15 1978-1982 SFH.02.Gen E2 B3 B1
16 1978-1982 TH.02.Gen El B2 B1
17 1978-1982 SFH.02.Hblock El B3 B1
18 1978-1982 TH.02.Hblock E2 B2 B1
19 1983-1993 SFH.03.Gen E1l B3 B2
20 1983-1993 TH.03.Gen D2 B3 B2
21 1983-1993 SFH.03.Hblock D1 B2 B1
22 1983-1993 TH.03.Hblock D2 B2 A3
23 1994-2004 SFH.04.Gen D2 C1 B3
24 1994-2004 TH.04.Gen Cc2 B2 B1
25 1994-2004 SFH.04.Tframe Cc3 B3 B2
26 1994-2004 TH.04.Tframe Cc3 B3 B2
27 2005-onw SFH.05.Gen C1 B2 B1
28 2005-onw TH.05.Gen B3 B2 B1
29 2005-onw SFH.05.Tframe C1 B2 B1
30 2005-onw TH.05.Tframe B2 B2 B1

The Irish TABULA project created its typical buildings from an existing store of research data. The EPC data-
base was not used as the data available from that source was limited in the early stages of the TABULA
project in 2009.

All of the EPCs (BER certificates) for the residential and non-residential buildings are registered and stored
on the National Administration System (NAS). All energy assessors must be registered with SEAIl in order to
conduct surveys and issue EPCs.

The Irish TABULA project team worked with the SEAI management team responsible for NAS to examine
how the EPC database resource could enhance the Irish building typology created within TABULA. SEAI un-
dertook a redesign of its NAS database query tool in mid 2011 for this purpose. This redesigned query func-
tion produced some interesting results in October 2011 that allowed TABULA results to be cross-referenced
with the national EPC database.

With the data provided from the National EPC database in October 2011 (based on 233,000 EPCs), it was
possible to compare the research-based primary energy values (in kWh/m2/year) for each of the 29 house
types (note that the Irish apartment type was not considered in this analysis) within the Irish building ty-
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pology to average primary energy values (in kWh/m2/year) for those house types extracted from EPC data-
base (Table 37).

Table 37: TABULA & EPC Primary Energy Comparisons (DEAP method)

TABULA Typical Pri- EPC Database Av. Variation as % of
TABULA House type mary Energy Value Primary Energy Variation TABULA typical Primary
(kWh/m2/a) Value (kWh/m2/a) Energy Value

SFH.01.Gen 483.85 365.91 117.94 24%
TH.01.Gen 489.08 314.14 174.94 36%
SFH.01.Stone 618.18 440.14 178.04 29%
TH.01.Stone 607.41 410.36 197.05 32%
SFH.01.225SB 634.04 443.34 190.70 30%
TH.01.225SB 463.56 390.24 73.32 16%
SFH.01.325SB 453.53 383.00 70.53 16%
TH.01.325SB 631.70 381.47 250.23 40%
SFH.01.MassConc 656.59 507.00 149.59 23%
TH.01.MassConc 398.14 364.00 34.14 9%

SFH.01.Hblock 549.40 398.18 151.22 28%
TH.01.HBlockFBF 499.43 333.92 165.51 33%
TH.01.HBlockHBF 456.75 333.92 165.51 33%
SFH.02.Gen 365.73 237.96 127.77 35%
TH.02.Gen 317.67 262.15 55.52 17%
SFH.02.Hblock 321.72 258.70 63.02 20%
TH.02.Hblock 346.16 270.13 76.03 22%
SFH.03.Gen 302.52 271.60 30.92 10%
TH.03.Gen 293.97 260.88 33.09 11%
SFH.03.Hblock 250.87 232.27 18.60 7%

TH.03.Hblock 265.12 267.16 -2.04 -1%
SFH.04.Gen 292.27 244.87 47.40 16%
TH.04.Gen 179.55 227.11 -47.56 -26%
SFH.04.Tframe 214.70 265.98 -51.28 -24%
TH.04.Tframe 203.99 220.44 -16.45 -8%
SFH.05.Gen 171.12 162.20 8.92 5%

TH.05.Gen 149.74 167.26 -17.52 -12%
SFH.05.Tframe 162.37 147.36 15.01 9%

TH.05.Tframe 123.21 154.26 -31.05 -25%

Source: SEAI NAS (2011)

For the 13 dwelling types in the first age band (1800-1977), the average primary energy values of the EPCs
within the NAS database are 27% lower than the TABULA typology values for the same dwelling types. In
the next age band (1978-1982), the difference is similar at 24%. For the three most recent age bands, the
variance is within 10% approx. and is less significant.

The differences of 27% and 24% in the two older age bands arise due to several factors including:
e the EPC database includes EPCs for many dwellings that have been retrofitted with energy up-
grades. (In order to avail of grants from the Government for refurbishment works, post works
EPCs are required.) Thus, many of the EPCs for the old dwellings will have better primary energy
values than typical buildings of this age would have.
e each TABULA house type is based on a selected primary heating fuel type only. The average pri-
mary energy values within the EPC Database include all fuel types.
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For the years 2007-2011, approximately 196,000 Irish dwellings (Table 27) had refurbishment measures
installed under SEAI's energy efficiency programmes. Approximately 50% of these dwellings will have had
EPCs published based on the post works primary energy values.

The chart inFigure 24 shows the range of published BER (EPC) scores (source SEAI: October 2011) for a Type
11 house, a pre 1978 terraced hollow block wall house. It is interesting to note that many of these dwellings
have B, C and D ratings indicating that these properties will have already had some refurbishment meas-
ures carried under the current energy efficiency schemes. It is notable that there is a spike in the numbers
of published BER certificates at the D1, D2 grades and a falling off thereafter. It is also interesting to note
that within the brochure for type 11, the standard refurbishment of the building fabric brings the TABULA
dwelling from a G to a D1 rating.

This pattern showing a spike of published BER certificates at the D1, D2 bands was consistent for all thir-
teen prel977 dwelling types.

Figure 25: Analysis of Type 11 BER Scores from NAS, October 2011

Terraced house, hollow block walls pre-
1978
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With regards to the further development of the Irish building typology, the following key recommendations
are proposed.

— National EPC Database: The statistics produced from the EPC database in October 2011 for 233,000
EPCs specifically for the TABULA project are extremely interesting and require deeper analysis, espe-
cially when cross-referenced to TABULA dwelling types.

The Irish EPC database is a growing data source. However, it must be noted that it is not a scientific
source of research data and indeed it is skewed in terms of the overall stock of dwellings because many
of the EPCs refer to refurbished dwellings. (Note: More than 50% of EPCs published for existing dwell-
ings in 2010 were for refurbished dwellings). A revised version of the Irish EPC software (DEAP) was is-
sued in December 2011 that will enrich future EPC database information. In future, EPCs can be cate-
gorised by their purpose, e.g. if they were required for sale or rental purposes, for public housing or for
grant purposes.

Recommendation: A further study should be carried out in December 2012 or soon after as the auto-
matic categorisation of EPCs by purpose will have been in effect for one year. This should demonstrate
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the average BER scores for refurbished and non-refurbished buildings respectively. The study should
then examine what additional refinements should be made to the Irish building typology analysis con-
ducted within TABULA.

— National Energy Balance: Further studies will be required to enable the creation and updating of na-
tional energy balance calculations as outlined above. Most importantly, as Ireland embarks on a major
retrofit programme of its housing stock over the next 10 years, it is critical that a robust national energy
balance calculation methodology is established.

Recommendation: A national energy balance calculation should be completed by combining Irish build-
ing typologies developed in TABULA with frequency data for individual building types.

— Irish Census Housing Data: The building type related data in the Irish Census does not correspond to
the Irish EPC methodology (DEAP) in terms of age bands. It also fails to query fuel types used for heat-
ing. This should be rectified in any future Irish Census. The Irish building type Census data as it currently
stands has very limited use when conducting meaningful analysis on the energy performance of the
Irish housing stock.

Recommendation: The 2016 Irish Census should, as a minimum, revise the building age bands to match
those in DEAP. The 2016 Irish Census should also include questions on the fuel used for heating. These
two extra pieces of information will greatly enhance future national energy balance and typology stud-
ies.

— House Condition Survey: In order to get an accurate snapshot of the energy performance of Irish dwell-
ings, a national house condition survey needs to be established and be conducted at regular intervals,
e.g. every 5 years. The Scottish House condition was based on a survey of 15,000 dwellings every 5
years. This is now done via an annual rolling survey of 3,000 housing units.

Recommendation: A national Irish House Condition survey should be designed and implemented on an
ongoing basis to get an accurate assessment of the energy performance of the Irish housing stock.

— Comparison of Measured and Calculated Consumption: There is no published research data comparing
measured (via meters) and calculated (asset-based BER method) consumption data for Irish dwellings.
This data should be researched and made available to provide more accurate refurbishment informa-
tion to building owners and building energy professionals.

Recommendation: A research project should be conducted to establish an accurate calibration factor
to enable a comparison of measured and calculated energy performance consumption.

— Typology of Irish Commercial Buildings: A typology of commercial buildings in Ireland has not been
developed. Several European partners in TABULA have developed non-residential building typologies.

Recommendation: An initial scoping study should be conducted to examine the parameters relating to
a building typology of commercial buildings in Ireland.

Table 38: National Activities Ireland / Sources and References

Reference shortcut Short description Reference

[Tabula Broch IE 2012] Building Typology Badurek, Marcin; Hanratty, Michael ; Sheldrick, Bill. A detailed study of the energy
Brochure Ireland performance of typical Irish dwellings; Energy Action, Dublin 2012

[Tabula NatSci IE 2012I] TABULA Scientific Badurek, Marcin; Hanratty, Michael ; Sheldrick, Bill. A summary report of the Irish

Report Ireland TABULA project 2009 - 2012; Energy Action, Dublin 2012
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A.8.<IT> Building Typology in Italy

(by TABULA partner POLITO / Politecnico di Torino - Dipartimento Energia / Department of Energy)

A.8.1. The TABULA Project in Italy

The aim of the TABULA Project in Italy has been the improvement of the existing residential building typol-
ogy and its adaptation to the harmonised approach. A methodology was identified which allowed to define
the building-types, as reference buildings functional for the assessment of the energy performance of the
residential building stock and the evaluation of the impact in terms of potential savings of energy conserva-
tion scenarios at national or regional or local level.

In particular, the Italian contribution has been addressed to:

the development of the harmonised structure of the Italian typology and the definition of input data
of buildings, constructions and heating/DHW systems, which constitute the main data of the webtool;
the application of the typology concept for the assessment of the energy performance of residential
buildings and for the evaluation of the impact of energy conservation measures, through the calcula-
tion of the energy performance of the building-types;

the use of the typology concept to create a model for the estimation of the national energy balance of
the residential building stock using national statistical data;

the use of energy performance certificate databases to identify the main features of the residential
building stock by means of statistical analyses;

the elaboration of the Italian Building Typology Brochure.

The research has been mostly addressed to the following target groups:

national and international experts (e.g. scientists, energy managers, energy consultants);
building designers (architects, building engineers, mechanical engineers);

constructors;

public bodies (local and national policy makers);

local energy agencies;

real estate holders (public, private).

The key actors of the project have been POLITO researchers and members of the National Advisory Group
(NAG) which was set up at the beginning of the project. The NAG is a group of national experts in the field
of energy and building technology that contributed to the development of the project by means of advices
and supply of data. The Italian NAG includes experts from the following institutions:

the Italian Ministry of Economic Development and the Italian Ministry of Environment;

the Italian National Agency for New Technologies, Energy and Sustainable Economic Development
(ENEA);

the local governmental bodies (e.g. Piedmont Region, Province of Torino, City of Torino);

the main Technical Universities involved in past research projects on energy conservation in buildings;
the local Orders of Engineers and Architects;

the local constructors association;

the local Social Housing Agency;

the associations of energy auditors;

the real estate holders.
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A.8.2. Project Development and Main Results

A.8.2.1 Statistical data of the Italian building stock

The classification of the Italian residential building typology and the identification of building-types have
been supported by statistical data about frequency distribution of the residential buildings, number of
apartments in buildings split by construction period, frequency of building constructions and system ty-
pologies, most used energy carriers, etc. This information was got from national sources of statistical data,
as the National Institute of Statistics (ISTAT, Report 2004 from Census 2001), CRESME (Centre Economical,
Social and Market Surveys in the Building Sector, CRESME, Report 2006) and the National Agency for New
Technologies, Energy and Sustainable Economic Development (ENEA, Energy Report 2008). The statistical
data are usually referred to the national territory, but other data from National Institute of Statistics are
also available split by Italian regions. At national level the following general information is reported:

- the whole Italian residential building stock is made of 11,226,595 buildings;

- the total amount of apartments is 27,291,993;

- the average floor area of an Italian dwelling is 96 m*.

A.8.2.2 Italian Building Typology classification

As the TABULA Project is strictly aimed at assessing and improving the energy performance of the existing
buildings, the typological concept focuses on building parameters related to energy consumption. The na-
tional “building typology” has been classified according to the following criteria:

- region/climatic area;

- building age;

- building size.

Italy is characterised by six different climatic zones according to Presidential Decree no. 412/1993, ranging
from “A zone” to “F zone” according to the number of heating degree-days. Three climatic zones were con-

sidered to classify the National building typology in TABULA; they originate by grouping some climatic
zones:

- Middle climatic Zone, corresponding to “E zone”;
- Alpine Zone, corresponding to “F zone”;
- Mediterranean Zone, corresponding to “A zone”, “B zone”, “C zone” and “D zone”.

Eight age classes were identified for each climatic zone. Each building age class defines a precise historical
period that mirrors significant geometrical and construction typologies from the energy point of view. The
building age classes are the followings:

class I, up to 1900 — the Nineteenth Century;

- class I, from 1901 to 1920 — the beginning of the Twentieth Century;

- class lll, from 1921 to 1945 — the period between the two World Wars;

- class IV, from 1946 to 1960 — the Postwar period and the Reconstruction;
- class V, from 1961 to 1975 — towards the oil crisis;

- class VI, from 1976 to 1990 — first Italian regulations on energy efficiency;

- class VII, from 1991 to 2005 — recent regulations on the energy performance of buildings in Italy (from
Law no. 10/1991 to Legislative Decree no. 192/2005);

- class VIII, after 2005 — more restrictive energy performance requirements (implementing decrees of
Legislative Decree no. 192/2005 and regional laws).

Each age class is represented by building size classes. They refer to specific dimensional typologies, i.e.
buildings characterised by a certain size and shape. The following classes have been identified:

- single-family house, one or two floors single flat, detached o semi-detached house;
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- terraced house, one or two floors single flat, terraced;

- multi-family house, small building characterised by a limited number of apartments (e.g. from 2 to 5
floors and up to 20 apartments);

- apartment block, big building characterised by a high number of apartments (e.g. more than 4 floors and
more than 15 apartments).

Figure 26: "Building Type Matrix" — classification of the housing stock of the Italian Middle climatic Zone

Region Construction  |Additional
Year Class Class i Single-Family Multi-Family Apartment Block
House House

Middle Climatic
Zone )
. (Zona climatica - 1900 generic

media - ZONA E)

IT.MidClim.SFH.01.Gen IT.MidClim.TH.01. IT.MidClim.MFH.01.Gen IT.MidClim.AB.01.Gen

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

1901 ... 1920 generic

IT.MidClim.SFH.02.Gen IT.MidClim.TH.02.Gen

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

1921 ... 1945 generic

IT.MidClim.SFH.03.Gen IT.MidClim.TH.03.Gen I

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

1946 ... 1960 generic

B d
IT.MidClim.SFH.04.Gen IT.MidClim.TH.04.Gen

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

1961 ... 1975 generic

IT.MidClim.SFH.05.Gen 1T.MidClim.TH.05.Gen

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

1976 ... 1990 generic

IT.MidClim.SFH.06.Gen

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

1991 ... 2005 generic

IT.MidClim.SFH.07.Gen IT.MidClim.TH.07.Gen IT.MidClim.MFH.07.Gen IT.MidClim.AB.07.Gen

Middle Climatic
Zone

(Zona climatica
media - ZONA E)

2006 ... generic

IT.MidClim.SFH.08.Gen IT.MidClim.TH.08.Gen IT.MidClim.MFH.08.Gen IT.MidClim.AB.08.Gen

The elements defined to classify the building typology compose the axes of the so-called “Building Type
Matrix”. Each climatic zone is characterized by a matrix and each matrix consists of rows, representing the
building age classes, and columns, representing the building size classes. Each cell in the matrix is filled with
a “building-type”, i.e. a building that is considered representative of that specific condition (climatic zone /
construction age / building size).

The ltalian “Building Type Matrix” has been developed for the E zone (Middle climatic Zone) that includes
4250 Italian municipalities on a total number of 8100 (see Figure 25).
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A.8.2.3 Methodology for the definition of the Italian “building-types”

IM

A representative building could be defined “typical” both for its geometrical features and for its construc-
tion and system typologies. These two different aspects have been considered separately for the definition
of the building-types of the Italian “Building Type Matrix”. Table 39 shows all the possible approaches iden-
tified for choosing the representative buildings. The approaches adopted for the Italian building-types are
the ones in the highlighted cells of Table 39. Each representative building is chosen both from the point of
view of its geometrical features and from its associated construction and thermal system typologies
[TABULA NatSci IT 2012].

Table 39: Approaches used for defining Italian building-types

BUILDING-TYPES

(GEOMETRICAL FEATURES)

Real building
(chosen according
to statistical
analysis)

Theoretical building
(chosen according to
statistical analysis)

Real building
(chosen according
to experience)

Real technology
in the real
building chosen

Technology
chosen
according to
experience

Multi-family houses Terraced houses

and Apartment blocks (classes from 1 to 8)

(classes from 1 to 7) Multi-family houses and
Apartment blocks [class 8)

Technology
defined from
statistical
analysis

CONSTRUCTION AND
THERMAL SYSTEM TYPOLOGIES

All the technological features (construction and thermal systems) of the Italian building-types were defined
according to the experience, also taking advantage of the advices from experts of the sector, with the sup-
port of scientific-technical literature, statistical data and technical standards. A database of typical walls,
windows, floors, heat generators, etc. was created and listed, considering the age of construction and the
values of the performance parameters (e.g. U-value, system efficiency, etc.). The criterion of association of
a technology to a building-type was based both on the building size class, if a given technology is related to
dimensional aspect, and on the building age class, considering the period of greatest diffusion of a given
technology in the country.

As regards the building-types definition from the geometry point of view (heated volume, floor area, com-
pactness factor, etc.), it was performed according to both statistical analysis (identifying archetypes, named
also Theoretical Buildings) for some building classes and by experience (identifying Real Example Buildings)
for the others (see Table 39). The choice to take into account the experience was due to the lack of consis-
tent statistical data in some cases.
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A.8.2.4 Definition of refurbishment measures

Some refurbishment measures were considered for the building-types, except for those belonging to the
eighth building age class (built after 2005). The retrofit actions on the building envelope and the retrofit
actions on the thermal systems (heating and domestic hot water) were considered separately. The energy
improvement measures were evaluated on two levels:

“standard” refurbishment, considering the application of measures commonly used in the country;

“advanced” refurbishment, considering the application of measures that reflect the best available tech-
nologies.

The following refurbishment measures were considered for the building envelope:

- application of insulation material on walls to reach an U-value of 0.33 W/(m2K) for the standard refur-
bishment and of 0.25 W/(m2K) for the advanced refurbishment;

- application of insulation material on floors and roofs (or ceilings) to reach an U-value of 0.30 W/(m2K)
for the standard refurbishment and of 0.23 W/(m2K) for the advanced refurbishment;

- replacement of windows and doors to reach an U-value of 2.00 W/(m2K) for the standard refurbishment
and of 1.70 W/(m2K) for the advanced refurbishment.

The considered U-values correspond to the requirements established by the new regulations on energy
performance of buildings in Piedmont region (D.G.R. no. 46-11968), which is considered one of the most
representative regions of the Middle climatic Zone.

As regards the refurbishment of the thermal systems, the following measures were considered both for the
standard and for the advanced level:

- replacement of radiators with radiant heating panels;
- insulation of the distribution subsystem;
- replacement or new installation of a heat storage (high insulation level);

- in some cases, replacement of individual thermal systems (per apartment) with a central thermal sys-
tem.

Condensing boiler, district heating and air-to-water heat pump are the heat generator types taken into

account for the standard refurbishment of the heat generator subsystem, while geothermal heat pump

(also coupled with thermal solar plant), condensing boiler coupled with thermal solar plant and air-to-water

heat pump coupled with thermal solar plant are those considered for the advanced refurbishment.

A.8.2.5 Energy balance of the residential building stock

Six reference building-types, suitably chosen within the “Building Type Matrix”, were used for the energy
balance analysis of the residential building stock [TABULA NatBal IT 2012]. They are the followings:

- single-family house up to 1900 (“SFH.01”);

- single-family house from 1921 to 1945 (“SFH.03");

- multi-family house from 1946 to 1960 (“MFH.04");

- apartment block from 1961 to 1975 (“AB.05”);

- apartment block from 1976 to 1990 (“AB.06");

- apartment block from 1991 to 2005 (“AB.07").

In order to choose the six reference buildings, the statistical data were analysed for the Middle climatic
Zone, which groups all those regions characterised by prevalent classification of the municipalities in the E
Zone (from 2100 to 3000 heating degree-days). In those regions, the number of the municipalities falling in
E Zone ranges from 58% (Marche region) to 87% (Lombardia region). In particular, Piedmont region is com-
prised within this group of regions with a percentage of 74% municipalities in E Zone. Each reference build-
ing is defined as the most frequent building-type in the age of construction that it represents, according to
statistical data [ISTAT 2004].
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The official national calculation method (Technical Specification UNI/TS 11300) was applied for the evalua-
tion of the energy demand of the selected reference buildings and to assess the potential energy saving
due to energy retrofit actions according to two different scenarios (standard and advanced retrofit actions).
The obtained results have been statistically enlarged to the whole building stock of the Middle climatic
Zone according to the available frequency data on dwellings split by construction age.

The results of the energy balance are reported in Table 40 (for the standard refurbishment) and Table 41
(for the advanced refurbishment).

Table 40: Calculated energy saving and CO, emission reduction potentials by standard refurbishment
(both for the reference building-types and the residential building stock of the Italian Middle

climatic Zone)
STANDARD REFURBISHMENT
Reference building-type (RBT) Projection to the residential building stock (RBS) Comeciea resultj’:;sctzr‘r)s::gr gealopenizon
REFERENCE Agn FREQUENCY | Aq H,p,RBT AQyprer |AQuw,prer| AQupres | AQuw,pres | AQuw,pres| Atcozres | AQuw,pres,corr | Atcozres,corr A%

UL [m?] (umber of [kWh/m? | [kWh/m?] | [kwh/m?] [ [10°Gwh] | [10° Gwh] | [10°Gwh] | [10°1] [10° Gwh] [10°] savings

buildings)
SFH.01 139 1,046,278 392 14.1 406 57.0 2.1 59.0 12.0 38.8 7.9 -76.7%
SFH.03 116 559,336 421 3.5 425 27.3 0.2 27.6 5.6 17.8 3.6 -80.6%
MFH.04 827 707,563 208 33.8 242 121.7 19.8 141.4 28.7 98.2 19.9 -77.2%
AB.05 2,450 869,056 183 23.6 207 389.4 50.2 439.7 89.3 301.2 61.2 -71.8%
AB.06 3,506 1,214,773 71 25 73 300.7 10.6 311.3 63.2 204.4 415 -56.1%
AB.07 2,879 358,765 43 3.5 46 44.0 3.6 47.6 9.7 32.0 6.5 -41.8%
4,755,771 940.1 86.6 1,026.7 208.4 692.5 140.6 -65.3%

Table 41: Calculated energy saving and CO, emission reduction potentials by advanced refurbishment
(both for the reference building-types and the residential building stock of the Italian Middle

climatic Zone)
ADVANCED REFURBISHMENT
Reference building-type (RBT) Projection to the residential building stock (RBS) Comecico result;}:;scz:;s;izjr gealopeniion
REFERENCE Agn FREQUENCY |  AQ, cor | AQuprsr |AQuwprst| AQuprss | AQupres | AQuwpres| Atcozmss | AQuwprsscons | Atcosssscors | A%
(number of A
AU [m?] buildings) | [KWh/m’] | [kWh/m’] | [kwh/m’] | [10°GWh] | [10°Gwh] | [10°Gwh] | [10°1 [10° GWh] [10°1] savings
SFH.01 139 1,046,278 419 24.4 443 60.9 35 64.4 13.1 42.8 8.7 -84.6%
SFH.03 116 559,336 455 6.4 461 29.5 0.4 29.9 6.1 19.4 3.9 -87.8%
MFH.04 827 707,563 227 343 261 132.6 20.1 152.7 31.0 105.5 21.4 -83.0%
AB.05 2,450 869,056 196 38.0 234 417.3 80.9 498.2 101.1 349.9 71.0 -83.4%
AB.06 3,506 1,214,773 79 8.8 88 338.2 37.5 375.6 76.3 255.4 51.9 -70.1%
AB.07 2,879 358,765 57 4.0 61 59.3 4.1 63.4 12.9 423 8.6 -55.3%
4,755,771 1,037.8 146.6 1,184.3 240.4 815.4 165.5 -76.9%

In Italy in general, and in the Italian Middle climatic Zone in particular, the statistical distribution of the
number of buildings as a function of the construction age shows a high amount of buildings dated before
the enactment of energy performance regulations: as a consequence they are characterized by low energy
performance and also the application of basic energy renovations may provide significant increases of the
energy performance and consequent reductions of CO, emissions. In fact the standard refurbishment level
already shows a high potentiality of energy savings, up to 80%.

The calculated energy consumption (i.e. annual value of primary energy need for heating normalised to the
useful floor area) in the original state can be compared with the available statistical data of the residential
building stock [ENEA 2008]. The calculated values based on conventional climate, use, surroundings and
occupant-related input data (Qu pres,caic) and the measured values (Qupresstat) are quite different (see Ta-
ble 42); this is mainly due to a difference in the system operation time. In fact the calculation of the energy
need for heating (according to national technical standards) considers a continuous system operation (24
hours every day), while in reality the system is operated with intermittency. In order to compare the calcu-
lated value of energy consumption and the measured one (statistical value), a reduction factor was applied



to the calculated values according to EN ISO 13790. This factor (called ay eq4) considers both the real hours
of heating operation (14 hours a day for E Zone) and the seasonal heat gains to heat losses ratio and the
building thermal inertia. The corrected calculated value (Qupres,corr) is reported. The difference between
the corrected calculated value and the statistical value can be explained considering the internal set-point
temperature: the value used in the calculation is 20 °C, while the real set-point temperature is often 1.5-2
°C higher, due to thermal comfort requirements.
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Table 42: Comparison between the calculated value and the statistical data of primary energy for space
heating with reference to the residential building stock of the Italian Middle climatic Zone

ORIGINAL STATE - Comparison with statistical data of energy consumption

Buildi k -
Building stock - Calculated results uilding stoc ,CO"ECtEd Building stock - Statistical
results to consider real
(RBS,CALC) ) data (RBS,STAT)
operation (RBS,CORR)
FREQUENCY
LIS A nmean Qupres,caic | Qupres,caic Qp,p,Res, CORR Qp,p,Res,STAT
(number of
buildings) [m’] [10° GWh] [kWh/m’] [kWh/m?] [kWh/m?]
4,755,771 1,728 1,223 149 96 111

3.11.2.6. Use of energy certificate database and statistical analysis approach

As shown in Table 39 (Section 3.11.2.3), the building-types belonging to the classes of multi-family houses
and apartment blocks of the VIl age class (after 2005), and to the single-family houses and terraced houses
of all the building age classes are Archetypes or Theoretical Buildings as regards their geometrical features.
The archetypes are characterised by average dimensional properties (gross heated volume, compactness
factor, net floor area, number of floors, number of apartments) of a representative building sample accord-
ing to statistical analysis. With reference to the Middle climatic Zone, the analysis was performed on the
energy performance certificates database of Piedmont region, one of the most representative regions of
the E climatic zone. The energy performance certificates database of Piedmont region contains records of
more than 66,000 houses rated across Piedmont, resulting from the collection of EP certificates.

The database contains information on physical characteristics and energy use of each house. Each submis-
sion includes more than 40 information fields among which the following ones:

- location;

- construction period;

- compactness factor (ratio of thermal envelope area to gross heated volume);
- gross heated volume;

- net floor area;

- average thermal transmittance of windows;

- energy performance indicators (resulting from standard energy calculations).

The purpose of the EPCs database is also to gather the individual energy analyses data. Once an energy
advisor successfully completes the energy assessment of a house, the resulting energy analysis data is col-
lected and stored into the regional database.

The energy performance index (the energy performance of the building is defined as the calculated or
measured amount of energy needed to meet the energy demand associated with a typical use of the build-
ing) is evaluated by means of software tools based on the EPBD CEN Standards and on Italian technical
specifications UNI/TS 11300.

In order to keep the quality of the data high, the global amount of data was restricted to only 7,104 EP cer-
tificates. Moreover, to harmonize the analysis, the EPCs were grouped into apartment blocks, multi-family
houses, terraced houses and single-family houses.



88 Final Project Report: Appendix Volume

In particular, three approaches were investigated to define the reference buildings [TABULA EPCDat IT

2012]:

- the first approach identifies the real building having geometrical and thermo-physical characteristics
close to the average of the building sample;

- the second method provides a building having the most probable features;

- the third approach makes groups containing buildings having similar profiles.

A.8.2.6 Italian Building Typology Brochure

The main outcome of the research at national level is the Building Typology Brochure, a project deliverable
that contains information on the Italian residential building typology, its classification, the definition of
building-types, the representation of types of construction elements and systems, the identification of re-
furbishment measures to be applied to the building envelope and systems. Each building-type is repre-
sented through a display sheet (see Figure 26), showing its construction and system features and the calcu-
lated energy performance. The calculation is carried out according to the official national calculation
method, and it is referred to before and after the application of two levels of refurbishment measures
(standard and advanced).

Figure 27: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Italian building typology brochure [POLITO 2011])
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A.8.3. Conclusions and Future Analyses

According to the objectives of TABULA, the building typology concept will have many impacts at national
level.

The building typology can be used by consultants for preliminary energy advice activities and it can be an
appropriate instrument for housing companies to assess the energy performance of their building portfolio.
It offers the possibility to supply a wide range of information for individual reference buildings, to assess
their importance by projection to the whole stock or to subsets of the stock, and to quantify the potential
of energy savings due to refurbishment actions. In this way it could address energy policy at national or
local level.

The performed study has shown the high potentiality in terms of energy savings related to retrofit actions
on existing buildings for the Italian Middle climatic Zone, grouping the highest portion of the Italian residen-
tial building stock. The assessed energy consumptions and savings are sufficiently accurate when compared
with actual energy consumptions based on National or Regional statistics. A possible increase of the accu-
racy of the results can be obtained enlarging the building-types used as a reference for the “National En-
ergy Balance”: to this aim statistics at national level are required for a more detailed division of the number
of buildings according to the building typology. Moreover the same methodology can also be applied to
other Italian climatic zones (Alpine and Mediterranean) and can also be performed for a deeper analysis at
regional level where more detailed data are available for a better description of the building-type used for
“Regional Energy Balance”.

The building typology concept is the basis for future developments in this research field. For example, the
following topics can be concerned:

- updating of the national residential building typology;
- extension of the analysis to other Italian climatic zones;
- extension of the building typology concept to non-residential buildings;

- use of reference buildings for performing “cost-optimal analyses”, i.e. analyses addressed to investigate
optimal refurbishment actions and the energy performance level corresponding to the lowest cost dur-
ing the estimated economic lifecycle of a building.
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Table 43: National Activities Italy / Sources and References

Reference shortcut

Short description

Reference

[ATI 2010] The Typlogy Approach Corrado, Vincenzo; Corgnati, Stefano Paolo; Ballarini, llaria: L’approccio tipologico per la
of TABULA project valutazione della prestazione energetica del parco edilizio nazionale: il progetto di
ricerca TABULA; In Proceedings of 65th ATl National Congress, Chia Laguna Resort,
Domus De Maria (CA), 13-17 September 2010
[POLITO 2011] Italian Building Corrado, Vincenzo; Ballarini, llaria; Corgnati, Stefano Paolo; Tala, Novella: Building
Typology Brochure Typology Brochure — Italy. Fascicolo sulla Tipologia Edilizia Italiana; Politecnico di Torino,
Torino 201
http:, building-1 T IT_TABULA_ POLITO.pdf
[ROOMVENT 2011] Definition of building Ballarini, Ilaria; Corgnati, Stefano Paolo; Corrado, Vincenzo; Tala, Novella: Definition of

typologies

building typologies for energy investigations on residential sector by TABULA IEE-
project: application to Italian case studies; in Proceedings of Roomvent 2011,
Trondheim (Norvegia), 19-22 June 2011

[BUILDING SIMULATION
2011]

Development of
archetype buildings

Ballarini, Ilaria; Corgnati, Stefano Paolo; Corrado, Vincenzo; Tala, Novella: Improving
energy modeling of large building stock through the development of archetype
buildings, in: driving better design through simulation, Proceedings of Building
Simulation 2011, Sydney (Australia), 14-16 November 2011

[TABULA NatSci IT 2012]

National scientific
report on the TABULA
activities in Italy

Corrado, Vincenzo; Ballarini, llaria; Corgnati, Stefano Paolo: National scientific report on
the TABULA activities in Italy (TABULA Deliverable D6.2); 2012

[TABULA NatBal IT 2012]

TABULA project
deliverable (D8)

Corrado, Vincenzo; Corgnati, Stefano Paolo; Ballarini, Ilaria: chapter "Italy"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic
Report N° 2). Models for the national housing stock of 8 countries: Belgium, Czech
Republic, Denmark, Germany, Greece, Italy, Slovenia; IWU, Darmstadt / Germany 2012

http: building:1 TABULA TR2 D8 pdf

[TABULA EPCDat IT 2012]

TABULA project
deliverable (D7)

Corrado, Vincenzo; Corgnati, Stefano Paolo; Ballarini, llaria; Tala, Novella: chapter
“Italy” in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Use of Energy Certificate Databases
for National Building Typologies (TABULA Thematic Report N° 1). ...

[ISTAT 2004]

Statistical data

National Institute of Statistics (ISTAT); Report 2004, from Census 2001

[ENEA 2008]

Statistical data

National Agency for New Technologies, Energy and Sustainable Economic Development
(ENEA); Energy Report 2008

[CRESME 2006]

Statistical data

Centre Economical, Social and Market Surveys in the Building Sector (CRESME); Report
2006

[UNI/TS 11300]

National technical
specification

Italian Organisation for Standardisation (UNI): UNI/TS 11300. Energy performance of
buildings

- Part 1: Evaluation of energy need for space heating and cooling; 2008

- Part 2: Evaluation of primary energy need and of system efficiencies for space
heating and domestic hot water production; 2008

- Part 4: Use of renewable energy and other generation methods for space heating
and domestic hot water production; 2012

[EN 1SO 13790]

International technical
standard

European Committee for Standardization (CEN): EN ISO 13790. Energy performance of
buildings - Calculation of energy use for space heating and cooling; 2008

[PIEDMONT DGR 46-11968]

Regional regulation
(Piedmont Region)

Piedmont Region: D.G.R. 46-11968. Regional regulation on energy performance
requirements of buildings; 2009
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A.9.<PL> Building Typology in Poland

(by TABULA partner NAPE)

Polish typology for residential buildings established for the TABULA project based on four different main
building categories: single-family houses (SFH), terraced houses (TH), multifamily houses (MFH) and apart-
ment blocks (AB). Each category was split up between seven periods of buildings representing typical build-
ing tradition and insulation levels.

Main purpose of typology is:

1. to develop general overview of the Polish buildings energy performance

2. to allow certification experts compare their calculation of EP index with the average data for the similar
building (it is important in the situation that in Poland we do not have any verification system of the
certificates)

3. to help building managers, housing associations and housing owners make a decision about building
modernization

4. to help energy auditors making choice of thermomodernisation measures proposed to the investors

For the purpose of the typology two types of buildings can represent the set of national buildings stock:

¢ average building - is a virtual building, composed “constructed” of the most typical elements for defined
kind of building (e.g. brick, concrete, timber-frame, etc. with average insulation thickness).

¢ example building is a real building, representative for defined kind of building (according to the type and
age).

The average building can be used to analyse the energy-saving potential for the entire building stock in a
country or region by multiplying the heated floor area or number of buildings in the country/region. These
results can be used by policymakers to make decisions on the implementation of various incentives to pro-
mote energy savings. The main purpose of the example building is the calculation of (cost-optimal) energy-
saving measures for one real building, more or less similar to the example building. This information can for
example be used to validate implementation of energy performance requirements for existing buildings.

A.9.1. Polish building matrix

Polish idea comprises both ideas mentioned above — average and existing building.

For each main building type and building period, an average building has been defined. Due to the agree-
ment with Build Desk company NAPE received access to database of building certificates (made with Build Desk
software). At the moment about 60000 buildings are registered in this database, in which about 10 000 repre-
sent existing buildings. Another 2 000 buildings are registered in NAPE database of buildings for which energy
audits were done during last 10 years. All the considered buildings are buildings that have not been the sub-
ject of thermomodernisation.
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When the average buildings for all buildings categories and construction age was defined, in the database
most similar building has been found as a example building and used for the creation of building matrix.

At the same buildings presented in building matrix are real (example) and simultaneously average buildings.

Polish building stock was divided into four types and seven periods of construction. Four types buildings are
the same as adopted by the TABULA consortium, and represents most typical buildings in the Polish build-
ing set:

¢ single family (SF) — buildings with 1 apartment

¢ terraced (TH) — buildings with 2 — 4 apartments,

¢ multifamily (MFH) — buildings with more than 4 apartments — up to 8 floors

e tower buildings — apartment blocks (AB) - buildings higher than 8 floors

The construction periods were identified based on the building tradition in the early periods and from
changes in the energy requirements defined in Polish regulations. Seven periods of construction and their en-
ergy-related requirements are presented in the figure 21.

Figure 28: "Building Type Matrix" — classification of the Polish housing stock

Region Construction Additional
Year Class Classification Single-Family Multi-Family | Apartment Block
House House
s =

1 national ... 1945 generic

PL.N.TH.01.Gen

2 national 1946 ... 1966 generic
PL.N.MFH.02.Gen
3 national 1967 ... 1985 generic u
PL.N.AB.03.Gen
national 1986 ... 1992 generic !
PL.N.SFH.04.Gen PL.N.AB.04.Gen
5 national 1993 ... 2002 generic
PL.N.SFH.05.Gen
national 2003 ... 2008 generic
: £ sitin
PL.N.SFH.06.Gen PL.N.TH.06.Gen
7 national 2008 ... generic
i . i
PL.N.SFH.07.Gen PL.N.TH.07.Gen PL.N.MFH.07.Gen PL.N.AB.07.Gen
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A.9.2. Data sources

From 1989 the official statistics about building stocks do not exists in Poland. Main Statistics Office presents
each year data about new apartments (number, area) constructed but without information about their
location (rural, urban), building type (single, multifamily). Construction of the walls, used windows or heat-
ing systems are not the subject of the statistics.

NAPE’s knowledge of the buildings in the residential sector comes from three main sources:

* energy audits done by NAPE for the purpose of the Thermomodernisation Act during last 10 years —
more than 2000 building in our database

e European projects NAPE was involved in - DATAMINE, InoFIN, GreenBUILDING

e certificates done by NAPE

e certificates registered in the Certificates database managed by the BUILD-DESK company

e data coming from the Save Il project “Technical and economic assessment of possible improvements of
energy efficiency of the residential building/heating systems in Poland - 2002”.

Table 44: Building statistics for 2010

construction period | number of buildings | number of apartments | living space (1000 m?)
up to 1944 865913 865913 69 424 228
1945-1970 1168 340 1168 340 95621 198
>FH 1971-2002 1831142 1831142 218 138 583
2002-2010 496 269 496 269 59 552 280
up to 1944 156 206 312 412 20486 590
1945-1970 114 042 228 084 14 889 989
™ 1971-2002 108 890 217 780 16 676 935
2002-2010 4487 8974 807 660
up to 1944 176 859 867 558 46 506 695
1945-1970 42 166 200 347 10 343 469
MPHL 1971-2002 32310 160 784 9487 010
2002-2010 33370 286 507 21 488 025
up to 1944 42 444 700 719 35462 223
1945-1970 42994 1574 491 67 325934
MPH2 1971-2002 85 965 3585 142 185 664 884
2002-2010 13931 617 800 43 246 000
total 5215328 13 122 262 915 121 703
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A.9.3. Standard and advanced modernisation

In the Polish Tabula project “standard modernisation” means the modernisation corresponds to the current

technical requirements for new buildings, presented in Table 45 and Table 46.

Table 45: Energy efficiency requirements for new and modernized buildings — required by standard
modernisation

Lp. Envelope Ujmax) W/(mM’K)

1 External walls 0.30

2 Roofs 0.25

3 Floors 0.45

4 Windows 1.7

5 External doors 2.6

Advanced modernisation is modernization at least 25% over present requirements — see table below.

Table 46: Requirements for advanced modernisation

Lp. Envelope Ujmax) W/(mM’K)
1 External walls 0.22

2 Roofs 0.18

3 Floors 0.33

4 Windows 1.3

5 External doors 1.9

List of modernization measures considered in the analysis was as follows:

Window replacement — replacement of old windows with poor U coefficient with energy efficient win-
dows. Additional effect is the reduction of the air infiltration into the building.

Main door replacement — replacement of old main door with poor U coefficient with the new ones.
Wall insulation — additional layer of insulation on the outer side of buildings’ walls, considered insula-
tion is the Styrofoam.

Roof insulation — additional layer of insulation under the roof to reduce the U value.

Ground floor insulation — insulation of ground floor means adding a layer of insulation to the building
foundations or basement to reduce the U value.

Valves — installation of thermostatic valves on the radiators.

Heat source — modernisation of the heat source, improvement of the heat source and transmission
efficiency. Potential energy savings represent maximum savings in case of modernisation of the heat
source only and minimum savings in case of full scale modernisation.

Ventilation — installation of windows with different air inlets is considered. Windows are equipped with
a self-acting inlet (responding to differential pressure). This measure allows to reduce air infiltration
into the building, with protection of good indoor climate conditions.
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Reduction potential in single family buildings
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Reduction potential in terraced houses
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Reduction potential in apartment blocks
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This means that in Poland, despite the thermomodernisation programme, is still a great space for further
thermomodernisation, and energy reduction can reach about 40-50% of present consumption.

A.9.5. Brochure

For each building category a brochure has been developed. Each of them give a short and easy-to-

understand overview of the energy upgrading possibilities for each example buildings, presenting informa-

tion about envelope constructions (area and U-values), heating and hot waters system at the current state

and the possible savings at two levels of measures — typical (in accordance to the “Technical Condition of
the Buildings”) and advanced.
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Figure 29: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Polish building typology brochure [PL_N_SFH.05])

Kod budynku : PL.N.SFH.05.gen MODERNIZACJA STANDARDOWA
PRZEGRODY
Dane ogolne wartode U__
ra POWa
typ budynku jednorodzinny (SFH) faciarry |10 cm izolacii 055 | 03wk [ Waunkitech, 2002)
okres budowy 1993-2002 Jdach cm zolacy 04 025 mK__|(Warunki tach, 2002)
fpodioga |10 cm zolaci 11 | 045 |wimk |(Waumdfach_ 200)
| llosé pigter 2 jokna— Jtypowe POV 14 11 R |(Warunki tech, 2002)
liosé mieszkan 1 OGRZEWANIE
Kubatura ogrzewana: 450 m® wytwerzanio zasohnik
Powierzchnia ogrzewana 160 m” kociol gazowy bez zascbnka Centrale, rary Zoiawane
_ Ll = w1
STAN WYJSCIOWY (przed modernizacia) GIEPLA WODA
— o =
warfosé U kociol gazowy dwuunkcyjy ez zaschnika centrale, rury izolowane
= ] = 087 = = 085
e | : <=2 - 055 | Wl MODERNIZACJA ZAAWANSOWANA
T . PRZEGRODY
dach ST dach skoiny, wentylowany 04 | wimk =0
L stra | nowa
podoga | T T |podpmiczony R s — ||4cmm|aq| 055 | 022 |Wimk
L Jiach |10 cm izolacji 04 0, mK dostepnych mazlwosc
ckna é PCV. jedhokomarows 14| Wik Jpodioga [14 om izolagi |;| oi K " technicznych
SYSTEMY Jpkna polropym =z, 14 | 11 fwek
OGRZEWANIE OGRZEWANIE
wytwazane ZH0nik przesyf WytharZanie Zasoonik

uwagaEP | EX palizzone wy polskie] metodykl spormazanta | -
Swiadect Charakieysykd enegetyCzne Budymiow

A.9.6. Non-residential buildings

Official statistics presented by the Main Statistics Office is relatively poor- Annual Statistics Bulletin gives
information only about new construction. Any information about energy quality of these buildings is not
officially available.

NAPE’s knowledge on the non-residential building sector comes mainly from:

e energy audits done for the purpose of the Thermomodernisation Fund. That fund was created on the
basis of provisions of the Thermomodernisation Act, dating from 1998 (full name: "Act on Support for
Thermomodernisation Investment in Buildings"), covers the rules for providing investors (building own-
ers or administrators) with financial support, in the form of a premium which can cover up to 25% of a
credit loan granted for the realization of thermal modernization investments,

¢ involvement in European projects related to this subject over the past 15 years (DEMOHOUSE,
DATAMINE)

* Build-Desk certificates database.

In the available dataset of building most of buildings are schools and hospitals. Very poor information refers
offices and industrial buildings, since they are not subject of energy audits.



98 Final Project Report: Appendix Volume

Table 47: Non-residential building statistics in 2000 and 2010

number of units in number of buildings in
2000 2010 2000 2010

Trade 430 656 371000 143 552 123 667

in which over 400 m2 3838 8 946 3838 8 946

Restaurants 55 242 71679 55 242 71679

Schools in which: 33944 28 538 46 794 38874

primary schools 16 766 13922 16 766 13922

secondary 16 868 14 216 25378 18 952

universities 310 400 4 650 6 000

Health care in which: 6 854 18171 18 748 33405

Health care institutions 5685 16 608 6822 19930

Hospitals 767 818 9463 9979

chronic medical care 126 327 378 981

Nursing homes 49 126 49 126

Hospices 26 59 26 59

Health resort treatment 201 233 2010 2330

Culture objects in which: 10 344 9 808 11 866 11430

Libraries 8900 8 400 9790 9240

Museums 632 782 1264 1564

Theatres 125 183 125 183

Cinemas 687 443 687 443

Hotels and similar facilities 5413 7 206 8120 10 809
Offices n/a

total \ \ 284322 | 289 863

presents the number of buildings in 2000 and 2012. Since from 2002 the new energy efficiency require-

ments were introduced to the Polish Buildings regulation it can be assumed that all the buildings con-

structed after 2000 fulfil present obligation and energy standards. Buildings constructed before 2000

should be a subject of major or minor modernisation.

Percent of non-residential building constructed in the chosen time period is presented in the table 2.

Table 48: Non-residential buildings by constructed year (in %)
before 1945- 1971- 1979- 1989- 1966- 1989- after
1945 1970 1978 1988 1995 1988 2000 2000
PerFer\t 28.1 28.9 17.8 14.9 4.9 1.5 2.0 1.9
of buildings

For the future proceedings it is suggested to include, as a first step, only some categories of buildings:
1. school buildings - 50 in the NAPE database

2. hospitals — 31 in the NAPE database

For the chosen type of buildings the following data are available:

1. construction year

cubature

heating area

U-value for all building envelopes

arwDn

Heating system
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Therefore the first draft typology for non-residential building typology will contain:
1. Building types:
* schools
e hospitals
2. Construction year classes
* before 1945
e 1946 -1985
e 1986-2000
» after 2000
3. Heating systems
e central DHS
* local gas boilers

A.9.6.1 Proposed proceeding / link with current national activities

It is expected that the introduction of the EPBD Recast into Polish legal system:

1. makes the certificates for public buildings obligatory

2. the official database of issued certificates with free access will be establish

This should allow to widen the database and create in nearest future the consistent non-residential build-
ings typology.

A.9.6.2 Conclusions with respect to non-residential buildings

The following steps have to be implemented in the future to create non-residential buildings typology:
1. Create, based on different available sources, database for non-residential buildings;
2. Analyse of data to build up the typology, relevant to TABULA tool;
3. Create final building matrix for defined buildings category.

A.9.7. Conclusions

Estimated outcome of input of heat energy index that is a result of introduced obligation of heat energy
certification of buildings shows great potential for possibilities of changes in field of heat energy efficiency
and reducing heat energy consumption of buildings. All that gives possibility in the future of reducing costs
of heat energy used for heating and preparation of usable, hot water.

Concluded research shows that significant majority of existing buildings, despite from thermomodernisa-
tion procedures like: replacing window and door carpentry, better isolation of external walls, do not fulfil
rigorous requirements included in Infrastructure Ministry’ Decree of 06 November 2008 [Dziennik Ustaw
Nr 201, poz. 1240].

More complicated actions like better isolation of highest storey (alternatively loft), walls of heated base-
ment or floor on the soil and remake of ventilation system that allows recycling heat of air removed from
rooms, give chance to achieve appointed level of maximum heat energy use.
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Proper execution of every pointed in heat energy audit solutions can contribute to reducing costs of heat
energy delivery to the building by even 60-70%. Modification of supporting thermomodernisation govern-
mental programs in way that facilitate grating the thermomodernization bonus in detached buildings, to-
gether with executing thermomodernisation processes of multiple family structures, will reduce signifi-
cantly use of heat energy sources and at the same time will contribute to reduction of greenhouse gases
emission.

Table 49: National Activities Poland / Sources and References

Reference shortcut Short description Reference

1 Statistics data Statistical Yearbooks 2000-2010

2 Statistics data Construction — activity results 2000-2010 — Main Statistic Office

3 Scientific paper ,SOCOOL” project - tri-generation units in offices, hospitals and commerce
buildings

4 National scientific TABULA report for Poland

TABULA report

5 Technical paper Laskowski L., Ochrona cieplna i charakterystyka energetyczna budynku;
Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa 2008

6 Technical paper Strzeszewski M Wereszczyniski Nowa norma obliczania projektowego
obcigzenia cieplnego, poradnik, Warsaw 2008,

7 Technical paper Robakiewicz M., Ocena cech energetycznych budynku, Wymagania, Dane,
Obliczenia, Poradnik; Biblioteka Fundacji Poszanowania Energii, Warszawa
2009

8 Legal Act * Rozporzadzenie Ministra Infrastruktury z dnia 17 marca 2009 r. w sprawie

szczegotowego zakresu i form audytu energetycznego oraz czesci audytu
remontowego, wzoréw kart audytéw, a takze algorytmu oceny optacal-
nosci przedsiewziecia termomodernizacyjnego;

9 Legal Act Rozporzadzenie Ministra Infrastruktury z dnia 17 grudnia 2008 r. w sprawie
zmiany rozporzadzenia zmieniajgcego rozporzadzenie w sprawie warunkow
technicznych, jakim powinny odpowiadac¢ budynki i ich usytuowanie

10 Legal Act Rozporzadzenie Ministra Infrastruktury z dnia 6 listopada 2008 r. w sprawie
metodologii obliczania charakterystyki energetycznej budynku i lokalu
mieszkalnego lub czesci budynku stanowigcej samodzielng cato$¢ techniczno-
uzytkowa oraz sposobu sporzgdzania i wzoréw swiadectw ich charakterystyki
energetycznej

11 Legal Act Directive 2002/91/EC of the European Parliament
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A.10. <SE> Building Typology in Sweden

(by TABULA partner MDH / Méilardalens University)

A.10.1.Building type

The Swedish building types in the Tabula project are divided into single family and multi-family houses and
five different age groups. The division into the five age groups is made on the basis of official statistics
available for Swedish building envelopes, see the BETSI report [Mattson 2010]. The study published in the
report gives an average U-value for different parts of the building divided into the five different age groups.
Buildings in Sweden are very much characterized by typical properties regarding the thermal insulation
depending on the approximate year of erection, and this is very much explained by the change of the build-
ing regulations over the years. For this reason it is found more accurate to use typical U-values for five dif-
ferent periods of age instead of using different typical specific constructions.

The size of the buildings is selected on the basis of the BETSI survey. A typical single family house according
to BETSI is a house with a heated floor area of 160 m®. In Sweden a floor area of 125 m? is also commonly
used in energy calculations as a "normal single family house". According to BETSI a typical multi-family
house in Sweden has one basement and three floors above the ground and a heated floor area of 1426 m?;
in Tabula 1420 m*was used.

The building types in Tabula have also been divided into the three different climate zones in Sweden ac-
cording to Boverket’s Building Regulations, BBR 2012. For the different climate zones in Sweden, there are
different requirements for the building's specific energy use (kWh per m? floor area and year). This “specific
energy use” basically refers to all purchased energy except for household electricity. The floor area used in
the regulations is called Aemp and has a specific definition, but basically it is the total floor area inside of the
outer walls heated to more than 10 °C.

Figure 30: Climate Zone |, Il and Ill in Sweden [Ambrose 2010]
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Figure 31: "Building Type Matrix" — classification of the Swedish housing stock (3 zones)
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A.10.2. Application

Based on the calculation program tabula.xls a brochure has been prepared. The brochure, which can be
used by energy advisors, will give examples regarding how to lower the energy consumption. It contains in
the first version one variant of each building type.

For each type of building the U-values and the area of the building envelope is shown. Monthly statistics for
each building type is also based on a standard version of the ventilation, heating and hot water systems,
see also the figure below. Two improved alternatives regarding the building envelope and the technical
systems in the building are used for each building in order to demonstrate possibilities to lower the energy
consumption.

Tabula WebTool offers possibilities to change the conditions regarding improvements for each building
type for the building envelope as well as for the technical systems for ventilation, heating and hot water.

A.10.3. Statistics collection

The building types are chosen based on the statistical data of the existing building stock that is made in the
BETSI report. In 2010 the National Board of Housing, Building and Planning (Boverket) published the report
from the BETSI project (Byggnaders energianvindning, tekniska status och innemiljé which means “Build-
ing’s energy use, technical condition and indoor environment”). The project used base information from
the previous research program "Electricity conservation in existing buildings" (ELIB), published 1991.

The BETSI report gives information of the technical condition / status for the Swedish building stock=and
also provides information of the energy consumption as well as the design of the buildings. A lot of the
information regarding Swedish buildings in the Tabula project comes from the BETSI report. The BETSI re-
port also indicates that the data collected can be used for further studies in research and other projects.

Table 50: Example from the BETSI report — Average U- values for the concrete floor slab on grade in
Multi-family houses during different time periods [Mattson 2010]
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Figure 32: Example from the BETSI report — Total area for the concrete floor slab on grade in Multi-family
houses during different time periods. The total floor area is 62 million m? [Mattson 2010]
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Statistics for Tabula has also been taken from the Swedish Energy Agency's official statistics. One example
of statistics is from the survey of energy statistics in 2009 for one family and two family houses "Energy
statistics for one family and two family houses in 2009”, ES 2011:01.

Other sources have been the SCB, Statistics Sweden, which is a government agency that produces official
statistics of Sweden.

A.10.4.Conclusions

These tools are useful in order to evaluate a variety of improvements for a building. In order to obtain an
even more comprehensive tool, more data can be added into the tool.
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Figure 33: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Swedish building typology brochure)
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Table 51: National Activities Sweden / Sources and References

Reference shortcut Short description Reference

[Ambrose 2010] Ambrose Dodooa, Leif Gustavssona, Roger Sathrea, 2010: Building energy-efficiency
standards in a life cycle primary energy perspective. Energy and Buildings Volume 43,
Issue 7, Pages 1511-1810 (July 2011)

[Mattson 2010] Bjorn Mattsson, Anders Carlsson, Meng Seng Te och Suzanne Pluntke, 2010: Energi i
bebyggelsen — tekniska egenskaper och berdkningar — resultat fran projektet BETSI.
Boverket, Karlskrona
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A.11. <SI> Building Typology in Slovenia

(by TABULA partner ZRMK)

Some attempts to assemble building typologies have been made in the past. First there was a study in mid
90’s. Study was concentrated on energy restoration of buildings. Then we had building typology that was
used for statistical purposes and another that is used for CO, scenarios. The later is composed by only 2
types of construction (single family houses and apartment building) and multiple years of construction
classes which correspond to energy efficiency levels. Not one of these tree typologies involves building
systems.

A.11.1. Development of Slovenian Tabula Building Typology

Slovenian TABULA Typology was elaborated with 4 building typologies (SFH - single family house, TH - ter-
raced house, MFH - multifamily house and AP - apartment block) and 6 age classes:

- until 1945 (1) — pre WWII period

- 1945 -1970 (2) — after WWII period, no thermal regulations

- 1971 -1980 (3) —first national regulation on energy saving protection of buildings

- 1981 — 2002 (4) — revision of regulation

- 2003 - 2008 (5) —first energy performance calculation methodology based on European standards
- from 2009 (6) — latest energy performance regulations
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Figure 34: "Building Type Matrix" — classification of the Slovenian housing stock

Region Construction  [Additional
Year Class Classification Single-Family Multi-Family | Apartment Block
House House
!

national generic
i (Slovenija) - 1945 (Tipi¢na)
SI.N.TH.01.Gen
national generic
2 (Slovenija) 1946 ... 1970 (Tipi¢na)
TSIN.TH.02.Gen ~ SI.N.MFH.02.Gen  SI.N.AB.02.Gen
national generic
(Slovenija) 1971 ... 1980 (Tipicna)
SI.N.TH.03.Gen SI.N.MFH.03.Gen SI.N.AB.03.Gen
national generic
(Slovenija) 1681 ... 2001 (Tipi¢na)
SI.N.SFH.04.Gen SI.N.TH.04.Gen SI.N.MFH.04.Gen SI.N.AB.04.Gen
national generic
(Slovenija) 2002.... 2008 (Tipi¢na)
SI.N.SFH.05.Gen SI.N.TH.05.Gen [ SI.N.AB.05.Gen
national generic
(Slovenija) 2009 ... (Tipicna)
SI.N.SFH.06.Gen SI.N.TH.dG.Ge SI.N.MFH.06.Gen SI.N.AB.06.Gen

Several sources for acquisition of building data were foreseen. As the official national energy certification
data base (planned as preferable source of data) hasn’t been implemented yet) the reserve plan was acti-
vated:

The relevant building data were collected from:

- National real-estate Registry by National Surveying and Mapping Authority of the Republic of Slovenia
(includes: the registry of buildings and registry of flats with some additional technical and renovation in-
formation),

- REUS survey — Energy use in households - (REUS from June 2010 is the 2nd annual survey of Sinergija
group - public & commercial partnership of 40 partners) — the poll was made by exhaustive question-
naire on energy characteristics of building and user habits (1000 questions on energy-building-HVAC-
electricity-renovation-behaviour-habits-values, in a representative sample for Slovenia N=1009, per-
sonal interviews — field survey), REUS also joined TABULA NAG

- classification of whole building stock is based on the National Real-Estate Registry (building type, age).
The energy characteristics of the particular class are modelled based on several sources: REUS data, ex-
isting database of pilot energy certificates and energy audits; energy saving studies, partner expertise
and statistical data.

Geometry of real example building was used to represent each building type. Envelope elements and sys-
tems installed where selected according to the period of building construction.
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Figure 35: "Building Display Sheet" — existing state of an example building and impact of refurbishment
measures (extract from the Slovenian building typology brochure [ZRMK 2011])
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Table 52: Frequencies of 24 building types in 2009
Building type number of number of living space TABULA reference
buildings apartments in 1000 m2 area in 1000 m2
SI.N.SFH.01.Gen 140,605 150,283 13,474 14,822
SI.N.SFH.02.Gen 91,163 99,013 8,996 9,895
SI.N.SFH.03.Gen 82,684 88,604 8,919 9,811
SI.N.SFH.04.Gen 114,561 118,970 12,043 13,247
SI.N.SFH.05.Gen 21,567 22,093 2,571 2,828
SI.N.SFH.06.Gen 99 102 9 10
SI.N.TH.01.Gen 12,974 14,897 1,214 1,336
SI.N.TH.02.Gen 11,383 12,800 1,108 1,218
SI.N.TH.03.Gen 7,505 8,354 799 879
SI.N.TH.04.Gen 8,301 9,078 939 1,032
SI.N.TH.05.Gen 2,394 2,575 273 300
SI.N.TH.06.Gen 47 56 4 5
SI.N.MFH.01.Gen 10,693 60,531 3,647 4,011
SI.N.MFH.02.Gen 5,142 39,591 2,031 2,235
SI.N.MFH.03.Gen 2,105 16,238 866 953
SI.N.MFH.04.Gen 2,248 18,320 1,010 1,111
SI.N.MFH.05.Gen 1,152 9,233 562 618
SI.N.MFH.06.Gen 14 84 5 6
SI.N.AB.01.Gen 930 43,683 2,184 2,402
SI.N.AB.02.Gen 885 35,085 1,482 1,630
SI.N.AB.03.Gen 1,060 50,667 2,350 2,585
SI.N.AB.04.Gen 826 38,962 1,899 2,089
SI.N.AB.05.Gen 256 12,397 712 784
SI.N.AB.06.Gen 4 1,077 66 72
Building Stock total 518,598 852,693 67,164 73,881

Source: Registry of buildings [REN]
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A.11.2. National Energy Balance

For calculation of national energy balance only 2 condensed building typologies (single unit buildings - SUB
and multi-unit buildings - MUB) were used, thus combining SFH + TH into SUB and MFH + AB into MUB re-
spectably. Furthermore first to age classes were grouped into single year class (until 1970) living us with 5
age classes. This gives us 10 primary building types.

Primary building types describe original state of buildings at the time of erection. Since then buildings have
changed and for the calculation of current national balance we have to take into consideration changed,
refurbished, present buildings. Thus we investigated sub typologies. Subdivisions ware made according to
a) level of refurbishment (un-refurbished, medium or full refurbishment) or b) level of thermal protection
of building at the time of erection (standard level, high standard level, or low energy level).

28 building typologies where calculated in Slovenian national balance. Buildings representing this typology
types where “real” example buildings (10 real geometries, ReEx) with assigned different “real” thermal
insulation thickness and windows types to represent subdivisions.

|II

For each of 28 building types total energy use and primary energy consumption was calculated with soft-
ware according to National methodology based on CEN standards [PURES] (Heating and cooling demand is
calculated with monthly method according to EN ISO 13790:2008).

For comparison purposes different statistical data for different time periods were investigated. These data
includes also energy use for cooking and other home appliances that is not calculated in energy balance
model. Methodology for energy performance calculation uses climatic data aver-ages for last 30 years. To
compare results of our model and national statistical data we took aver-age of three available sources.

Table 53: Comparison of model results with national energy statistics

Energy carrier National Action Final energy Energy balance Average Calculated Deviation

Program consumption by households

2001 — 2005 energy source, 2007 — 2009
(average) households (average)
[AP] 2002 [STAT]
[STAT]

oil 4,943 GWh 5,462 GWh 3,477 GWh 4,627 GWh 4,506 GWh -3%
Gas 1,049 GWh 805 GWh 1,268 GWh 1,041 GWh 1,066 GWh 2%
District heating 1,203 GWh 1,339 GWh 1,120 GWh 1,221 GWh 1,254 GWh 3%
Electricity 2,873 GWh 2,821 GWh 3,117 GWh 2,937 GWh 3,986 GWh 36%
Other RES 0 GWh 0 GWh 0 GWh 0 GWh 2 GWh -
Biomass 3,847 GWh 3,770 GWh 3,768 GWh 3,795 GWh 3,084 GWh -19%
Coal 58 GWh 219 GWh 0 GWh 92 GWh 0GWh -
Total 13,972 GWh 14,415 GWh 12,750 GWh 13,713 GWh 13,898 GWh 1%

There is large deviation in electricity and biomass consumption. This originates in DHW preparation (elec-
tricity, model calculates not realistic energy needs for DHW) and cooking (biomass is used in Slovenia for
stoves for cooking).

Then 2 scenarios where investigated: normal scenario and ambitious scenario. In 2010 1.9 % of residential
building stocks walls where insulated (only 0.14 % with national subsidies). This was taken as a normal sce-
nario. On the other hand more ambitious rate of 6 % was proposed. Algorithm based on past experiences
and National Energy Program was built that describes fluctuation of buildings between building sub types.
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Table 54: Comparison between energy use in 2011 and for two scenarios in 2020
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Energy carrier 2011 2020 2002
1,9% 6%

oil 4,506 GWh 3,889 GWh 3,453 GWh
Gas 1,066 GWh 1,186 GWh 1,120 GWh
District heating 1,254 GWh 1,463 GWh 1,346 GWh
Electricity 3,986 GWh 3,913 GWh 3,864 GWh
Other RES 2 GWh 10 GWh 10 GWh
Biomass 3,084 GWh 2,812 GWh 2,491 GWh
Coal 0 GWh 0 GWh 0 GWh
Total 13,898 GWh 13,272 GWh 12,284 GWh
0.0% -4.5% -11.6%

Analyse of saving potentials related to refurbishment of existing buildings external walls showed that we
can achieve up to 11 % of savings. For these we would have to refurbish 6% of residential building stock
each year. In other words until 2020 more than 54 % of building stock would have a new facade. This could
only happen with large scale subsidies. It is an ambitious goal which should be considered, since refurbish-
ments not only bring energy savings, but also economic growth, employment and lower CO2 emissions thus
lower emission penalties.

A.11.3.EnSoS Web Tool

EnSos Web Tool is an online application at http://gi-zrmk.eu/ensos/. Its users are energy advisors and
home owners. They can in a few quick steps calculate energy consumption for their house and apply differ-
ent refurbishment measures. Basic idea for the application was developed in Tabula project (Tabula Web
Tool) with further modifications. In EnSos user first picks a building from Slovenian Tabula Typology that is
similar to his own. In next step, he can change envelope elements and modify element envelope areas.
There is a restricted list of envelope elements and systems installed from which a user can choose from.
They are typical. Calculation is done according to Tabula methodology. User can save the building and then
modify it and so make two different variations, different refurbishment scenarios.

By compression of existing state and refurbishment state, user can observe the impact of different meas-
ures and thus make preliminary decisions. Using Tabula developed typology for buildings, elements and
systems enables a tool that doesn’t require expert knowledge and extra time thus appropriate for general
population. Its main outcome is a dissemination of refurbishment measures on existing buildings.
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Figure 36: “EnSOS” Web Tool - screenshots
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A.11.4.StavbiX Web Application

There is a large number of existing buildings and new constructions in Slovenia, for which the owners don’t
know what energy properties their buildings are showing. In comparison to new constructions, the bigger
problem are proving to be with existing buildings, where the problems are in obtaining information and
details of the analysis for the calculation of these properties. The goal of this application StavbiX [StavbiX] is
to be used by the general public and that it offers information about the energy performance of building,
using the building typology.

When designing the application, a key assumption was that the user supplies only information which is not
already contained in existing public databases in order to facilitate the process of obtaining results. Precise
details of buildings were obtained from the databases of the Geodetic Administration of the Republic of
Slovenia. The obtained data were properly structured and a data model of buildings was designed, which
the application offers to the user. A further procedure requires from the user only a basic description of the
thermal building envelope. For example it is necessary to define the materials in structural elements of
roof, wall and floor. Based on the data entered by the user and acquired from the model of buildings, the
application seeks for a specific typical building, which is showing similar characteristics to the user one.

A thorough review of typical buildings from project Intelligent Energy Europe Tabula was made, which
represents the latest building typology in Slovenia. The results of the project Tabula were used to design a
specific procedure to search for a most appropriate typical building based on data specified by the user.
This procedure takes into account the construction period of the building as well as building size. With all
collected data, the building is first categorized in one of the six periods of construction and then on the
basis of surfaces of structure elements and its heat transfer coefficient, seeks for the most similar typical
building and assigns its energy indicators as a final result. We adapted the OntoWiki system to the algo-
rithm requirements and made a prototype application. The last part of the application compares the actual
data on delivered energy, derived from the E-TOOL project [E-TOOL], with results given by the application,
with which we evaluated the nature of such allocation of energy indicators and gave reasons for the devia-
tions.
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Figure 37: "Stavbix Web Application" — operation process
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A.11.5. Outcomes

Tabula approach brought new concept to building typology and national balance calculations. By defining
subtypes we were able to describe building not only at their original state but also in present modernized
state. This was taken as a starting point for calculating different refurbishment scenarios on a national resi-
dential building fund.

At the end of Tabula project a national EPC database in Slovenia is starting to form its shape (ZRMK being
its developers). 12,000 assets rating EPC for residential buildings and measured EPC for non-residential
buildings will be collected each year. This data will allow us future definition of average buildings for resi-
dential buildings and with it we will get better insight into our national residential fund. Based on Tabula
project experiences we proposed that extra necessary data about the building is collected with the EPC
(e.g. refurbishment measures, actual energy consumption).



Appendix A - <SI> Building Typology in Slovenia 113

Table 55: National Activities Slovenia / Sources and References

Reference shortcut

Short description

Reference

[TABULA Sl Bro]

Slovenian Building
Typology Brochure

Rakuscek, Andraz; Sijanec Zavrl, Marjana; Stegnar, Gasper: Tipologija stavb: energetska
ucinskovitost in tipicne stavbe v Sloveniji, ZRMK, 2012, Ljubljana

[TABULA NatBal]

National Balance
report

Rakuscek, Andraz; Sijanec Zavrl, Marjana: chapter "Slovenia"

in: Diefenbach, Nikolaus / Loga, Tobias (ed.): Application of Building Typologies for
Modelling the Energy Balance of the Residential Building Stock (TABULA Thematic Report
N° 2). Models for the national housing stock of 8 countries: Belgium, Czech Republic,
Denmark, Germany, Greece, italy, Slovenia; IWU, Darmstadt / Germany 2012

http://www.building-
typology.eu/downloads/public/docs/report/TABULA TR2 D8 NationalEnergyBalances.pdf

[TABULA NatSci] National scientific
report of the TABULA
activities in Slovenia
[PURES] Rules on efficient use PURES 2010, Pravilnik o Pravilnik o u¢inkoviti rabi energije v stavbah in Tehni¢na smernica
of energy in buildings za graditev TSG-1-004 U¢inkovita raba energije (Ur.l. RS, $t. 52/2010, 30.6.2010)
[E-TOOL] IEE Project E-TOOL IEE E-TOOL - Energy toolset for improving the energy performance of existing buildings,
sofinancerji: EC pogoda $t. EIE/04/182/507.38670, MOP pogodba §t. 2511-05-930229 in
2511-06-730153, izvajalci: koordinator Naturgas Midt-Nord, slovenski partner Gl ZRMK,
(2005-2007).
[StavbiX] An application of Stegnar, Gasper: Uporaba tehnologije OntoWiki pri tipizaciji stavb v Sloveniji, 2012,

OntoWiki technology
to typification of
buildings in Slovenia

Ljubljanja, Univerza v Ljubljani, Fakulteta za gradbenistvo in geodezijo
http://drugg.fgg.uni-lj.si/3751/
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A.12. <ES> Building Typology in Spain

(by TABULA associated partner IVE / Instituto Valenciano de la Edificacion (IVE))

A.12.1.Spanish studies regarding building typology characterization

In relation to the typological characterization of the housing stock in Spain, there have been no too much
detailed studies that include the entire Spanish territory. Spain is divided into autonomous regions that
enjoy some autonomy and for this reason studies carried out in typology characterization field usually are
autonomous, i.e. encompassing only one autonomous community, not the country as a whole. The climate
variety of Spanish territory also influences because the types are not exactly the same in the whole country.
The differences in building typologies are more pronounced in the rural architecture, but not so much in
the multifamily buildings. Although a typological characterization with real data about the volume of build-
ings that are currently of each typology has not been made, an approximation of possible typologies has
been carried out in two different projects: Retrofit (Intelligent Energy) and Rehenergia (Spanish Ministry of
housing).

A.12.1.1Current Spanish typology studies: Rehenergia project

The Rehenergia Project was a study to assess the existing building retrofit from an energy standpoint car-
ried out in order to assess energy retrofit policies. It was an initiative promoted by the Institut Cerda, along
with various public and private institutions from different regions, including Comunidad Valenciana. The
results of simulations carried out in 1730 buildings reflect very positive results: with a correct energy retro-
fit we could achieve reductions in CO, emissions from 10 to 30% and energy savings from 5 to 20%, which
can be equivalent to cost savings from 500 to 2000 € in the energy bill of each apartment building.

To accomplish the objective of the project it was necessary to know the building stock. The definition of the
building stock was based on the characterization of buildings, both from the architectural point of view as
existing facilities. To characterize all existing buildings was found impossible, so the most representative
types were reflected in order to expedite the study and allow replication of results. The criteria from which
the types of building were established, responded to factors that can influence the energy demand of resi-
dential buildings as well as parameters that must be known to calculate the claim. There were established
nine type buildings. The characterization of the type buildings was carried out by defining the components
of the building envelope and their facilities.

Figure 38: Building typologies characterization. Rehenergia Project. Institut Cerda

Fijacion de los | Seccidn constructiva fachada Er T —
9 edificios tipo factores variables < Seccidn constructiva cublierta P :?ili io ti
para cada tipologia | Huecos arquitecténicos (edificio tipo)

L

- acs (acs - [acs
36 tipologias edificatorias dF;]::_mor[*; { Calefaccion |_,| Fijacién b Calefaccion F;]afc |ontde Calefaccion
(edificio tipo) deltipo de Refrigeracidn del equipo | Refrigeracidn afuente Refrigeracion
instalacion Numinacién energética

\ Muminacién luminacion

The materials of the facade vary by region and period construction of buildings, and with them their ther-
mal behaviour.
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The most representative facades were established:
e F1:stone masonry
e F2: brick factory
e F3: cavity wall made of perforated or hollow brick
e F4: cavity wall made of perforated or hollow brick with thermal insulation in the cavity
e F5: concrete blocks
e F6: Precast concrete panels
The thermal transmittance constructive front sections considered were:
Table 56: Fagade U-values. Rehenergia Project. Institut Cerda

Seccion fachada Composicion U (WimZK)
F11 Mamposteria de piedra granitica 222
F12 Mamposteria de piedra calcarea 198
F21 Ladrillo maciza 1.75
F31 Ladrillo perforado, camara de aire y tabique ceramico 158
F32 Ladrillo hueco, camara de aire y tabique ceramico 141
F41 Ladrille perforado, camara de aire, aislante térmico y tabique ceramico 083
F42 Ladrille perforado, camara de aire, aislante térmico y tabigue ceramico 0.60
F51 Blogues de hormigon 152
F&1 Paneles prefabricado de hormigdn tipo sandwich (aislante incorporado) 043

As in facades, in the project were established different types of roofing. The U-values of roofs were:
Table 57: Roofing U-values. Rehenergia Project. Institut Cerda

Seccion fachada Composicion U (W/m2K)
c11 Pesada y no aislada 068
c12 Pesada y aislada 0.34
C13 Pesada y ventilada 1.74
c23 Ligera y ventilada 194
c22 Ligera y aislada 049
ci21 Inclinada, ligera y no aislada 1.7
Ci22 Inclinada, ligera y aislada 049

In the project they also performed the characterization of the doors and windows.
The result of the characterization is an array of building types:
Table 58: Building types characterization. Rehenergia Project. Institut Cerda

Factores variables

Disposicion del Forma arquitectdnica
ciEr = Seccion constructiva fachada

Seccion constructiva
cublerta

Mamposteria de piedra granito
Fi1 Ligera ventilada
€23

Wamposteria de piedra calcarea
Madera Persiana madera

c23

Pesada ventilada
C13

Fabrica de ladrillc macizo
F21

Fabrica ladrilo hueco, camara de are, tabique
cerdmico
=1 Pesada no aislada

T5 - Simple
Fabrica ladrilo husco, camara de are, tabiqus

Bajo
Enire Medianeras o
Fa2 Metlico sin
rotura de
Fat s Duente Persiana blanca
Fa2 térmico

Fabrica ladrillo perforado, camara de aire, aislants
érmico, tabiqus ceramico
Fa1 Pesaca aislada

Fébrica ladrilo hueco, camara de aire, aisiante
témico, tabique cerémica F42

The characterization of the facilities was focused on defining equipment and energy sources for heating,
cooling, DHW and lighting of common areas. The characterization was developed based on: availability of
facilities in the building stock, facility type, type of equipment and energy source used.
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A.12.1.2 Current Spanish typology studies: Retrofit Project

Retrofit was an Intelligent Energy project carried out from January 2006 to December 2007. The aim of this
project was to develop a web-based tool-kit for passive house retrofitting applied to social housing. The
main goals achieved in this project were:

e A web-tool for each of the 14 countries participating: Austria-Belgium-Czech Republic-Denmark-
Germany-France-Italy-Lithuania-Luxembourg-Portugal-Slovenia-Spain-The Netherlands-United King-
dom.

e For each country were described typical residential building categories.

e Typical energy saving measures, energy savings and economic feasibility are described in passive
house retrofitting “packet solutions” for each building category.

The web-tool can be seen on: www.energieinstitut.at/retrofit

Typical examples are given for three building types (big multifamily house, small multifamily house, terrace
house) and for three periods of construction (before 1960, from 1960 to 1979 and after 1970).

After the building categories of the tool-kit had been identified, the tool-kit gives information on: actual
state, energy savings, PHR-Measures and energy costs and incomplete PHR.

The conclusions with regard to Spain were:

«For both energy savings for heating and cooling and for energy costs the oldest buildings in-
cluded have the highest potential for savings due to bad energy standard before retrofitting.

The poorest result on both energy savings for heating and cooling and for energy costs reduc-
tions is for more new compact buildings.»

A.12.2.The Spanish TABULA building typology

A first version of a Spanish regional residential building typology was already developed by Valencia Insti-
tute of building in 2011 on the basis of the knowledge achieved during the past two decades through dif-
ferent research projects developed in the Valencia Region. The Spanish building typology was updated by
Valencia Institute of building in 2012 according to new developments.

The new Spanish building typology contemplates three Figure 39: Spain climatic zones. Source: ISFTIC
different climate regions, the Atlantic, Continental and Images banc

Mediterranean climatic zones. This is because Spain has
a very diverse climate throughout its territory. The cli-
mate of the southern and eastern coasts is called Medi-
terranean climate: mild temperatures and abundant
rainfall except in summer. As we move into the interior
the climate is more extreme, we find the Continental
climate, which covers almost the entire peninsula: low
winter temperatures, high and irregular rainfall in sum-
mer. The north regions have an Atlantic climate charac-
terized by an abundance of rainfall throughout the year
especially in winter and cool temperatures.

OCEANO

ATLANTICO

The current Spanish building type matrix consists of 72 residential building types, 24 in each climate zone,
classified by construction year and building size (see Figure 39).
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Figure 40: Spanish Building Type Matrices
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A.12.3.TABULA building elements characterization

A reduced number of publications on typical construction elements exist in Spain in which U-values are
listed, classified by construction year, type, materials etc.

The Valencia Institute of Building has developed different retrofit guides for inspection and intervention.
During the course of this research characterize the constructive components by periods has been neces-
sary. Each component have been assigned a U-value to permit an energy evaluation and thus to study the
best energy saving measures. The table figure below shows a summary of the work carried out by IVE in
this field:

Figure 41: Building components and U-values
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Besides, the Valencia Institute of building has defined six different example buildings that allow the TABULA
WebTool to be operative for these types of building.

The building datasets of these types are contained in TABULA.xIs and include the following information:
= Climatic data of the different climatic zones established.

= Basic data of the building types (floor area, number of apartments ...).

= Areas of building elements (wall, roof, ground floor, windows).

= Characteristics of building elements by age (U-values, components...).

= Characteristics of the different supply systems by age (heating, domestic hot water and ventilation sys-
tems).

= Refurbishment measures in two levels: standard and advanced measures.
= Calibration to the typical level of measured consumption for the different climatic zones.
= Information about the Spanish calculation method.

Figure 42: Spanish example buildings

Single family house from 2007 located in the Terraced house from 1980 to 2006 lo- Multifamily house from 1960 to 1979 located in
Mediterranean climatic zone cated in the Mediterranean climatic zone the Mediterranean climatic zone

Multifamily house from 1901 to 1936 lo- Apartment block from 2006 located in the Mediterranean Apartment block from 1980 to
cated in the Mediterranean climatic zone climatic zone 2006 located in the Mediter-
ranean climatic zone
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Table 59: National Activities Spain / Sources and References

Reference shortcut

Short description

Reference

La energia en Espafia 2009

Gobierno de Espafia, Ministerio de Industria, Turismo y Comercio, Secretaria general de
energia, 2009

Consumo de energia'y
crecimiento econémico

CJN Consultores, Comisicion nacional de energia, Club espafiol de la energia, 2002

Memoria anual 2008

Gobierno de Espafia, Ministerio de Industria, Turismo y Comercio, Secretaria general de
energia, Instituto para la diversificacion y Ahorro de la Energia IDAE, 2009

Boletin Mensual de
Estadistica. Junio 2010

Instituto Nacional de Estadistica INE, Junio 2010

Cener Centro nacional de
energias renovables

CTE Plus. El potencial de ahorro de energia y reduccién de emisiones de CO* en
viviendas mediante incremento del aislamiento Espafia 2005-2012

Gobierno de Espafia,
Ministerio de Fomento.

CTE - Documento Basico HE seccion 1. Limitacién de demanda energética

Intelligent Energy Europe

E-Retrofit-Kit. Tool-Kit for “Passive House Retrofit”

WWEF, 2010

Potencial de ahorro energético y de reduccién de emisiones de CO2 del parquet
residencial existente en Espafia en 2020
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A.13. <RS> Building Typology in Serbia

(by TABULA associated partner University of Belgrade / Faculty of Architecture)

Serbia, represented by the Faculty of Architecture University of Belgrade, has joined the Tabula project as
an associative partner in February of 2011, and has committed itself towards the developing the adequate
national typology based on the principles defined in the TABULA project. The analysis process needed for
gathering the relevant data for formulation of typology is somewhat different than postulates defined by
the project mainly due to the specificity of Serbia characterized by the lack of adequate building data and
appropriate energy polices.

Serbian new Law on Planning and construction from 2009 has, for the first time, introduced the need for
building Energy Performance Certificates (EPC) issuance for new as well as for existing buildings. In the pe-
riod to follow, a set of sub-low documents was developed in order to facilitate the procedure and, starting
from September 2012, EPCs are to be included as the part of the obligatory construction documentation
needed for obtaining the building permit for the new constructions and major renovations. Regulations can
be considered as the framework for design, but the impact that the implementation phase will have espe-
cially in the on existing buildings treatment is largely unknown. Construction activity in Serbia has de-
creased dramatically in the last period with less than 1% [RZS 2003] of new buildings being constructed
annually shifting the interest of energy efficiency implementation towards the treatment of existing build-
ings. Serbia has not structured its building fund nor defined the respective typology and it has been realized
that such an activity has to be performed in order to define a starting point for the evaluation the potential
of energy savings through the process of rehabilitation.

Some work in this field has been done through the research project in 2002, by the Faculty of Architecture
[AF 2003], with focus on the multifamily houses of Belgrade.

A.13.1.The data collection

Developing the typology of building fund depends largely on the availability of relevant data. In Serbia the
most accurate data could be derived from the National Census which has been conducted every ten years.
The methodology of census has been defined in the 1950s and improved ever since, but it but does not
reflect the full spectrum of information needed for analysis of building fund. Last census (conducted in the
autumn 2011) partly covered the building characteristics data. Data collection process was organized in two
ways: to be collected in conversation with tenants usually giving the information about the structure of the
residential units: the construction year of the apartment (building), the area of the apartment, the number
of rooms, installation status (types of installation equipped: electrical, plumbing, sewage systems), fuel
used for heating, and by direct observation of the building by the enumerator: type of the building (free
standing single family house, free standing duplex house, semi-detached house, terraced house with at
least three attached residences each with own entrance, multifamily house with 3-9 apartments, apart-
ment block with 10 or more apartments) and external wall material (rigid or soft). Although, for the first
time, census set some building categories and has gathered other valuable data (availability of the data for
the public is planned for the December 2012) it had not facilitated the assessment of the quality of energy
performance of buildings nor has it provided necessary information for deriving more detailed building
typology. It was, therefore, decided that an independent survey (micro census), based on statistically rele-
vant sample should be conducted enabling the creation of national residential building typology upon
which the energy performance of the building stock can be assessed. It was also realized that this activity
will have to try to structure and evaluate all specific architectural and urban parameters in design and con-
struction reflecting the local characteristics of Serbia.

In the design phase of the survey it has been decided, due to the limited financial resources, that a two step
procedure is to be applied. The design of the sample was done in the way that it respected the uneven dis-
tribution of housing in urban and rural areas yielding a certain percentage of investigation to the urban
zones in order to get the adequate results.
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Phase A of the survey has been conceptualized as an ad hoc survey conducted by the trained enumerators
on site, equipped with the explanatory charts derived by the Faculty of Architecture in order to explain the
nature and structure of the data.

Figure 43: Explanatory chart for urban disposition of the houses

1 FREE-STANDING HOUSE

One-family house or a family house with 1-4 apart-
ments.

It is a free-standing structure on a separate lot.
The house is fully detached.

TERRACED HOUSE — CENTRAL

One-family house or a family house with 1-4 apart-
ments.

It is located on a separate lot in a row of similar
structures.

It shares two side walls with neighbouring houses.

TERRACED HOUSE - END-TERRACE

One-family house or a family house with 1-4 apart-
ments.

It is located on a separate lot at the end of a row of
similar structures.

It shares one wall with the neighbouring house.

SINGLE-FAMILY AND FAMILY HOUSES

FREE-STANDING HOUSE

/ Multi-family house with more than 4 apartments with
N one entrance.

T; It is a free-standing structure on a separate lot.

The house is fully detached.

FREE-STANDING HOUSE

Multi-family house comprising two or more identical
units with separate entrances.

It is a free-standing structure on a separate lot.

The house is fully detached.

TERRACED HOUSE — CENTRAL

Multi-family house with more than 4 apartments with
one entrance.

It is located in a row of different structures in a city
block.

The house shares two side walls with neighbouring
houses.

TERRACED HOUSE — END-TERRACE

Multi-family house with more than 4 apartments with
one entrance.

It is located in a row of different structures in a city
block.

The house shares one or two side walls with
neighbouring houses.

MULTI - FAMILY HOUSES

FREE-STANDING HIGH-RISE TOWER 10+

Multi-family house with more than 4 apartments with
one entrance.

It has more than 10 floors above the ground level.

It is a free-standing structure on a separate lot.

The house is fully detached.

For this purpose the territory of Serbia was divided into zones defined by the census principles (6 zones, 25
administrative districts).The sample itself consisted of approx. 6000 residential buildings throughout Serbia
(excluding the territory of Kosovo), and it was based on 2002 census migration data as well as ISM’s popu-
lation estimation for 2009. Stratification according to the type of settlement urban/rural has also been pre-
formed for all 25 administrative districts of Serbia. In this phase basic information about buildings have
been recorded: address, type of the dwelling unit (Figure 43), complexity of ground plan (resulting in three
categories: compact, elongated, non-compact), number of floors, number of apartments, total area of the
building (estimation), opening ratio and type of openings (small percentage of individual openings (less the
50% of the facade), high percentage (more than 50%) and window ribbons (typical appearance of the con-
struction from 1960s and 1970s), construction of the windows, photograph of the building (according to
the preset principles) (Figure 44).
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Phase B of the survey was considered as more in depth approach towards the data collection and it in-

cluded interviews with residents. For this phase every 5th building which had been identified in the phase A

was, in detail, analyzed, resulting in sample of approx. 1200 buildings. Questionnaires with explanatory

charts were also derived for this phase, structuring the data that had to be collected in six sections accord-

ing to the type:

e Building/House data: year of construction (in accordance to the predefined periods), existence and using
of the loft and basement space

e Roof: type of the roof, has it been thermally insulated, thickness of insulation, type of the roofing (by
material applied)

e Quter walls: main building material, average thickness of walls, existence of thermal insulation, thick-
ness of insulation, completion of the facade

e Windows: age, condition (estimation), type, material, existence of the shutters/blinds

e Heating system: total area of the apartment, heated area, main heating system, number of fur-
naces/boilers, additional heating, fuel used for heating, are temperatures being kept at desired level
during the heating period, has any part of the heating system been replaced in last five years and what
would contribute to better heating in your apartment

e Demographic profile: number of household members, age profile

In this phase actual usage of the house has been recorded mainly through the utilization of loft and base-

ment spaces (Figure 45) and what was also important for analysis size of the heated area corresponding to

the overall area of the house.

Figure 44: Complexity of the ground plan, Figure 45: Utilization of attic and basement level
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A-4 B- tip krova
B 2] B 2 8 7\ : D\ g PN
! D ' : F
1
18 2+ o PN X
ulaz I ulaz =
2 A
KOMPAKTNI OBJEKTI ~ ulaz KOMPAKTNI OBJEKTI RAZUDENI OBJEKTI OBJEKAT SA RAVNIM KROVOM | OBJEKAT SA KOSIM KROVOM | OBJEKAT SA KOSIM KROVOM | OBJEKAT SA KOSIM KROVOM
N . 5 Potkrovni prostor se NE Potkrovni prostor se delimiéno | Potkrovni prostor se u
Objekat jednostavne, Objekat jednostavne, | Objekat slozene razudene Karisti <a Sanovange Koristh 2 Sanovange potpunosts keristi 2a
kompaktne forme u osnovi, kompaktne forme u osnovi, forme u osnovi, sa razligitim stanovanje
sa odnosom strana 1/1 - 1/2 | sa odnosom strana > 1/2 odnosom strana
B- podrum
A-9 ﬂ ﬂ /\ ﬂ /\ ﬂ /\
1] 2] [+] P
nne oooo [T ’ ’ ]
<50% >50%
] ooom I OBJEKAT SA BEZ PODRUMA | OBJEKAT SAPODRUMOM | OBJEKAT SA PODRUMOM | OBJEKAT SA PODRUMOM
Podrumski prostor se NE Podrumski prostor se Podrumski prostor se u
Koristi za stanovanje delimiéno koristi za potpunosti koristi za
stanovanje stanovanje
OBJEKTI SA MALO OTVORA OBJEKTI SA DOSTA OTVORA OBJEKTI SA DOSTA OTVORA
Otvori na fasadama su Otvori na fasadama su Otvori na fasadama su
organizovani pojedinatno organizovani pojedinaéno organizovani u vidu prozorskih
i zauzimaju manje od 50 % | i zauzimaju vide od 50 % traka i zauzimaju vise od
povréine fasade. povrgine fasade. 50 % povréine fasade.

Construction year classes, analyzed in this phase, do not directly influence performance nor classification
but provides a cross referencing towards the significant regulations and construction techniques applied
and give direct connection to the statistical data gathered by the national census. In details, classification
has been characterized by the introduction of thermal regulations. Special attention has been paid to
socio—political events that have marked the creation and development of the building fund defining the
relevant periods: World War | and I, especially period from 1945-70 which has been characterized as the
most dynamic and fruitful changing the face of country. Transformation of economic system and breakup
of Yugoslavia from the early 1990s meant that state controlled construction process was not in force and
that whole construction activity has shifted towards individual initiative. Changing of the planning doctrine
from large scale development (mass construction) to single building construction followed by reaffirmation
of traditional city matrix.

The chosen periods were therefore chosen as: before 1919, 1919-1945, 1946-1970, 1971-1980, 1981-1990,
1991-2000, and 2001 to present.
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A.13.2.The data analysis and typology definition

Statistical analysis of data has proved that standard procedures and methodology do not enable the formu-
lation of a typology, but only provide the starting point for such activity. For this reason, additional analysis
of the formed database has been executed using the newly created software. By performing a deeper
analysis process it was possible to structure the data in the desired manner and to produce the projection
charts and illustrative tables consisting of representative objects (Figure 46).

Figure 46: Building database analysis software (screen shots)

B

AT

This activity has been performed for every defined region and local typology charts have been developed.
In this way it was possible to “capture” the local characteristics of the building fund which, due to the dif-
ferent historical, cultural and constructional background, appeared to be very distinctive in certain periods.
Selected buildings shown in this charts were considered as a representations, the visual illustration of sta-
tistical averages and detailed surveys of their characteristics were performed on site. In this way some 120
buildings were in detail analyzed and all needed data were gathered. Although it does not influence the
typology spatial composition through the typical layout has also been defined and analyzed.
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Figure 47: Typical building display datasheets
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By interpolating all six local typologies and cross referencing them with available statistical data from other
sources a preliminary residential building typology of Serbia has been defined. This typology can be seen
at Figure 47.

The defined typology is considered as preliminary since it was discovered that an additional statistical cross
work has to be performed especially in the field of multifamily houses where representation percentages in
analyzed survey were considered to be insufficient. Density and diversity of urban fabric requires a more in
depth analysis which is the focus of current research.

The consumption properties of the defined types and improvement levels using the Tabula methodology is
an activity that is currently in process and it is estimated that by the end of 2012 Serbian National building
typology will be fully defined and elaborated.

Some changes to preliminary typology, as the result of new statistical findings and setting the benchmark
for representation percentages are expected to take place modifying the typology but giving it more realis-
tic and usable connotation.
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Figure 48: "Building Type Matrix" — classification of the Serbian housing stock

Region Construction  |Additional
Year Class Classification Single-Family
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——
RS.N.SFH.04.Gen
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RS.N.SFH.05.Gen RS.N.TH.05.Gen RS.N.AB.05.Gen

RS.N.SFH.06.Gen
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RS.N.SFH.07.Gen ~ RS.N.TH.07.Gen ~ RS.N.MFH.07.Gen  RS.N.AB.07.Gen

Table 60: National Activities Serbia / Sources and References

Reference shortcut

Short description

Reference

[RZS 2003 ] { Statistical yearbook of Serbia {Statisticki godisnjak Srbije 2003., Republicki zavod za statistiku. }
2003 }

[AF 2003 ] { Energy optimization of buildings  {Jovanovi¢ Popovi¢ M., ur., 2003. ,Energetska optimizacija zgrada u kontekstu odrzive
in the context of sustainable arhitekture - deo 1, Arhitektonski fakultet Univerziteta u Beogradu. }
architecture — study part |, AF}

[AF 2004 ] { Energy optimization of buildings  {Jovanovi¢ Popovi¢ M., ur., 2003. , Energetska optimizacija zgrada u kontekstu odrZive
in the context of sustainable arhitekture - deo 11, Arhitektonski fakultet Univerziteta u Beogradu. }
architecture — study part Il, AF}

[AF 2010] { Energy efficiency in buildings: {Jovanovi¢ Popovi¢ M., ur., 2010. ,,Energetska efikasnost zgrada, procena energetskih
assessment of energy performansi gradevinskog fonda Srbije, interni izvestaj, Arhitektonski fakultet
performances of the Serbian Univerziteta u Beogradu. }
building stock }

[AF 2011 ] { Residential buildings in Serbia, {Jovanovi¢ Popovi¢ M., ur., 2011. ,,Stambene zgrade Srbije, preliminarna tipologija“,

preliminary typology }

interni izvestaj, Arhitektonski fakultet Univerziteta u Beogradu. }
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B.1. Analysis of data sheets

During the TABULA project the partners from 13 countries provided data of exemplary buildings and sys-
tems for showcase calculations representing different national building and system types. The following
data tables were used to collect this information:

Table 61: Analysed data sheets of the Excel workbook TABULA.xls

Sheet

Tab.Building.Constr
Tab.Building.Measure

Tab.System.HG
Tab.System.HS
Tab.System.HD
Tab.System.HA
Tab.System.WG
Tab.System.WS
Tab.System.WD
Tab.System.WA
Tab.System.H
Tab.System.W
Tab.System.Vent
Tab.System.EC
Tab.Building
Calc.Building.Set
Calc.System.Set

Content

national definition of construction elements + U-values
national definition of insulation measures + thermal resistance
heating system / generation

heating system / storage

heating system / distribution

heating system / auxiliary energy

domestic hot water system / generation

domestic hot water system / storage

domestic hot water system / distribution

domestic hot water system / auxiliary energy

datasets of heating system types

datasets of domestic hot water system types

datasets of heating system types

datasets of energy carrier specifications

datasets of national building types

definition of variants and calculation of the energy need for heating
definition of variants and calculation of the system efficiency

These sheets are part of the workbook TABULA.xls which was used as a database and programming tem-
plate for the TABULA WebTool?.

After the collection of these data an evaluation was performed which is documented in this report. At the
time of the analysis the TABULA database comprised data from 12 countries: 429 datasets of real buildings

and 1203 datasets of heat supply components.

The intention of the evaluation was:

Make a comparison of energy related features of typical buildings from different countries:

Show characteristics of the envelope areas, the thermal performance of construction elements, the
typical and advanced insulation measures, the supply system efficiency. What is common? What is dif-
ferent?

Generate default values for rough estimations on supranational level:

In some cases components differ only slightly from country to country. Here the determination of aver-
ages seems an appropriate approach to deliver "common" values. These numbers can be used as default
values in the case that national values have not (yet) been determined. In the future this might be help-
ful especially for experts of countries which did not participate at the TABULA project. Also simplified
supranational considerations could rely on the default values.

Contribute to a high data quality:

Data acquisition and transformation is prone to errors. Especially the determination of the thermal en-
velope area and the conditioned floor area of a building is problematic: Double counting or omission of

Information about the workbook: http://www.building-typology.eu/tabulapublications.html /
acess to the webtool: http://webtool.building-typology.eu/
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areas, copy-paste errors, uncertainties as regards the correct position of the thermal envelope (e.g. in
case of unheated spaces). The definition of key figures and the determination of their typical ranges and
dependence of the main geometrical parameters may help in the future to flag implausible datasets.
The knowledge about typical area relations may not only help to improve the data quality of the TABULA
example building database but can also be useful in national EPC issuing.

B.2. Envelope Areas of Typical Buildings

The following table shows the conditioned floor areas and the thermal envelope areas of the example
buildings from the different countries, averaged over all construction year classes and differentiated by
building size class.

In addition the envelope areas per conditioned floor area were calculated for each envelope type. These
indicators can be useful for a first quality assurance since they are usually positioned in a certain range.
Apart from that, they also can serve as a preliminary basis for the definition of synthetical average buildings
for the energy assessment of building stocks (as far as no deeper empirical investigation of the building
stock is available).?

®  see: TABULA Thematic Report N° 2

http://www.building-typology.eu/downloads/public/docs/report/TABULA TR2 D8 NationalEnergyBalances.pdf
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Table 62: Average thermal envelope areas of the example buildings per country and building size class

and derived floor area related values

[ AT BE cz DE DK FR GR IE 1T PL RS SE SI | Common |
|
SFH (single family houses)
A _C_Ref 173 214 107 177 124 118 167 121 154 136 145 121 233 153 [ m2
average thermal envelope area
A_Roof 159 159 79 128 132 95 120 103 98 88 75 142 109 114 | m2
A_Window 31 46 22 31 23 13 36 22 19 29 26 25 35 27 | m?
A_Wall 226 209 144 167 122 103 233 131 226 113 184 200 173 172 [ m2
A_Floor 113 136 64 97 123 91 104 102 89 79 74 142 112 102 [ m2
average thermal envelope area related to the conditioned floor area
2‘20324 0,97 0,75 0,78 0,74 1,06 081 082 0,88 0,64 066 052 1,18 0,59 0,80 | m2/m2
2 \CN'E‘;?W’ 0,18 022 020 018 019 012 022 018 013 021 018 021 0,16 0,18 | m2/m2
ﬁ"\évile/f 1,33 098 138 09 09 08 142 109 151 087 127 168 078 1,17 | m2/m2
A ElOF(Q);f/ 0,69 064 064 057 09 079 070 08 057 059 051 118 058 0,72 | m#/m=
TH (terraced houses)
A_C_Ref 193 175 101 124 111 108 - 97 114 285 - - 178 149 | m2
average thermal envelope area
A_Roof 135 95 68 70 99 87 - 60 73 201 - - 116 100 [ m2
A_Window 31 32 13 25 21 10 - 18 14 59 - - 30 25 | m2
A_Wall 291 121 59 75 82 37 - 83 96 242 - - 126 121 [ m2
A_Floor 123 82 65 61 89 86 - 59 68 169 - - 113 92 | m2
average thermal envelope area related to the conditioned floor area
2—20324 0,75 0,54 0,69 0,57 0,88 0,80 - 0,62 0,64 0,71 - - 0,69 0,69 | m2/m2
ﬁ \é‘"g‘;?‘”/ 017 018 013 019 019 009 - 018 013 02 - - 016 0,16 | m2/m2
A_Wall / 2/m2
A C Ref 1,57 0,69 0,59 0,59 0,70 0,35 - 0,85 0,83 0,86 - - 0,70 0,77 | m2/m
A_Floor /
A C Ref 0,62 0,47 0,65 0,50 0,78 0,79 - 0,61 0,59 0,60 - - 0,67 0,63 | m2/m2
MFH (multi-family houses)
A_C Ref 422 960 639 911 - 2072 946 - 884 2186 - 1207 1258 1148 | m2
average thermal envelope area
A_Roof 212 280 251 327 - 304 254 - 357 602 - 470 281 334 | m2
A_Window 61 410 90 154 - 572 248 - 116 469 - 180 179 248 | m2
A_Wall 400 440 481 679 - 928 751 - 996 1509 - 800 772 768 | m2
A_Floor 206 270 234 310 - 288 246 - 357 602 - 470 350 333 | m2
average thermal envelope area related to the conditioned floor area
pRoor! 0,49 043 047 040 - 016 029 - 041 020 - 039 02 0.36 | m2/m2
ﬁf\é\"g‘i‘f"’" ! 0,15 051 015 018 - 027 026 - 013 022 - 015 017 0,22 | m2/m2
A_Wall /
A C Ref 1,03 0,60 0,93 0,75 - 0,52 0,85 - 1,15 0,74 - 0,66 0,76 0,78 | m2/m2
AC Ref 0,49 042 043 036 - 015 029 - 041 029 - 039 034 0,36 | m#/m=
AB (apartment blocks)
A _C Ref 971 12392 3412 6055 1200 3573 - 1064 2201 6384 - - 6042 4329 | m2
average thermal envelope area
A_Roof 353 735 458 566 415 547 - 367 490 780 - - 1023 573 | m2
A_Window 170 5074 732 924 272 850 - 179 326 1614 - - 1154 1130 | m2
A_Wall 787 4168 1646 4268 590 1218 - 761 2354 3756 - - 2618 2217 | m?
A_Floor 341 1148 458 591 405 516 - 342 473 674 - - 863 581 | m2
average thermal envelope area related to the conditioned floor area
2 5"32? 037 010 019 017 040 016 - 034 023 012 - - 014 0,22 | m2/mz2
2—!"'2‘;‘;‘” ! 0,18 0,44 020 017 0,22 0,24 - 0,17 015 0,25 - - 0,21 0,22 | m2/m2
A_Wall /
A C Ref 0,82 0,36 0,58 0,70 0,57 0,39 - 0,70 1,07 0,62 - - 0,56 0,64 | m2/m2
': E'O’g;f/ 0,36 023 019 016 038 015 - 032 022 010 - - 013 0,22 | m2/m2
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B.3. Example Buildings: Cross-Country Comparison of Average U-Values
by Decades

The example-building database offers the opportunity to compare typical U-values for different time bands

between countries. To attain this goal the following analysis has been conducted:

e For each example building average U-values have been determined for the four envelope types: roof,
window, wall, and floor.

e Mean U-values have then been calculated for all relevant decades by averaging over the example build-
ings representing the four building size classes. In case that a change of construction year class occurs
during a decade the average was based on the concerning two construction year classes weighted by
the respective share of years.

The following mean U-values have been calculated by use of this procedure (data source: sheet
"Tab.Building"):
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Table 63: Average U-values of example buildings by country and decade

decade AT BE cz DE DK FR GR 1E 1T PL SE Sl

U-values of roofs [W/(m=2K]

... 1900 1,46 2,42 1,55 1,46 0,52 0,85 2,88 1,01 2,15 0,83 0,34 1,63
1901 ... 1910 1,46 2,42 1,55 1,23 0,63 2,48 2,88 1,01 2,28 0,83 0,34 1,63
1911 ... 1920 1,39 2,42 1,55 1,20 0,63 2,46 2,88 1,01 2,28 0,83 0,34 1,63
1921 ... 1930 1,10 2,42 1,59 1,08 0,63 2,45 2,88 1,01 2,38 0,83 0,34 1,63
1931 ... 1940 1,10 2,42 1,59 1,08 0,82 2,45 2,88 1,01 2,38 0,83 0,34 1,63
1941 ... 1950 1,13 2,56 1,50 1,13 0,82 2,48 2,88 1,01 2,16 0,70 0,34 1,38
1951 ... 1960 1,15 2,70 1,40 1,14 0,42 2,30 2,88 1,01 1,95 0,57 0,34 1,14
1961 ... 1970 0,78 2,70 0,75 0,63 0,30 2,18 2,88 1,01 1,88 0,58 0,20 1,14
1971 ... 1980 0,78 0,90 0,75 0,54 0,30 2,08 2,88 0,82 1,45 0,60 0,20 1,11
1981 ... 1990 0,48 0,90 0,48 0,42 0,18 1,52 1,79 0,40 1,03 0,59 0,17 0,43
1991 ... 2000 0,29 0,55 0,40 0,38 0,18 1,40 1,79 0,34 0,70 0,48 0,12 0,43

U-values of walls [W/(m=2K]

... 1900 1,10 2,20 1,34 1,68 1,10 1,60 2,30 2,04 1,39 1,73 0,70 1,83
1901 ... 1910 1,10 2,20 1,34 1,83 1,12 2,45 2,30 2,04 1,48 1,73 0,70 1,83
1911 ... 1920 1,25 2,20 1,34 1,79 1,12 2,22 2,30 2,04 1,48 1,73 0,70 1,83
1921 ... 1930 1,84 2,20 1,37 1,63 1,12 2,13 2,30 2,04 1,56 1,73 0,70 1,83
1931 ... 1940 1,84 2,20 1,37 1,63 1,21 2,13 2,30 2,04 1,56 1,73 0,70 1,83
1941 ... 1950 1,50 1,95 1,39 1,55 1,21 2,10 2,30 2,04 1,57 1,67 0,70 1,56
1951 ... 1960 1,27 1,70 1,40 1,24 1,03 2,42 2,30 2,04 1,58 1,60 0,70 1,29
1961 ... 1970 1,29 1,70 1,06 1,15 0,64 2,34 2,30 2,04 1,27 1,42 0,38 1,29
1971 ... 1980 1,29 1,12 1,06 0,92 0,47 1,06 2,30 1,78 1,04 1,15 0,34 1,02
1981 ... 1990 0,83 1,12 0,63 0,61 0,37 0,52 1,44 0,74 0,80 1,10 0,28 0,48
1991 ... 2000 0,39 0,60 0,50 0,47 0,35 0,46 1,44 0,61 0,60 0,41 0,27 0,48

U-values of windows [W/(m=2K]

... 1900 2,2 5,0 2,4 3,0 2,7 4,4 4,7 53 51 5,0 2,3 2,4
1901 ... 1910 2,2 5,0 2,4 3,1 2,7 3,8 4,7 53 51 5,0 2,3 2,4
1911 ... 1920 2,1 5,0 2,4 3,2 2,7 3,8 4,7 53 51 5,0 2,3 2,4
1921 ... 1930 1,8 5,0 2,4 3,5 2,7 3,8 4,7 53 51 5,0 2,3 2,4
1931 ... 1940 1,8 5,0 2,4 3,5 2,6 3,8 4,7 5,3 51 5,0 2,3 2,4
1941 ... 1950 2,3 5,0 2,6 3,5 2,6 3,7 4,7 53 5,0 4,6 2,3 2,2
1951 ... 1960 2,7 5,0 2,8 3,5 2,7 3,7 4,7 53 4,9 4,2 2,3 2,1
1961 ... 1970 2,2 5,0 2,7 3,5 2,6 4,1 4,7 53 4,9 3,6 2,3 2,1
1971 ... 1980 2,2 3,9 2,7 3,5 2,6 3,8 4,7 4,8 4,1 2,6 2,1 2,2
1981 ... 1990 2,0 3,9 2,3 3,4 2,4 2,6 5,0 3,3 3,3 2,6 1,9 1,7
1991 ... 2000 1,3 3,5 1,9 2,4 2,3 2,2 5,0 2,9 2,8 1,8 1,9 1,7

U-values of floors [W/(m=2K]

... 1900 1,25 0,90 2,00 1,47 0,84 3,34 2,88 1,44 1,70 2,07 0,34 1,80
1901 ... 1910 1,25 0,90 2,00 1,20 1,00 2,20 2,88 1,44 1,95 2,07 0,34 1,80
1911 ... 1920 1,21 0,90 2,00 1,16 1,00 1,97 2,88 1,44 1,95 2,07 0,34 1,80
1921 ... 1930 1,05 0,90 1,50 1,00 1,00 1,87 2,88 1,44 1,95 2,07 0,34 1,80
1931 ... 1940 1,05 0,90 1,50 1,00 1,32 1,87 2,88 1,44 1,95 2,07 0,34 1,80
1941 ... 1950 1,57 0,90 1,45 1,17 1,32 1,93 2,88 1,44 1,71 1,88 0,34 1,62
1951 ... 1960 1,92 0,90 1,40 1,78 0,75 2,00 2,88 1,44 1,48 1,70 0,34 1,44
1961 ... 1970 0,88 0,90 1,28 1,48 0,65 1,61 2,88 1,44 1,65 1,60 0,30 1,44
1971 ... 1980 0,88 0,90 1,28 0,95 0,42 0,63 2,88 1,35 1,33 1,45 0,30 0,97
1981 ... 1990 0,61 0,90 0,98 0,65 0,27 0,62 2,47 1,14 1,00 1,35 0,27 0,69

1991 ... 2000 0,40 0,70 0,74 0,52 0,25 0,55 2,47 0,94 0,80 0,94 0,22 0,69
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Figure 49: Comparison of average U-values of roofs and upper ceilings
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Figure 51: Comparison of average U-values of windows
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Figure 52: Comparison of average U-values of floors
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B.4. Construction Database: Evaluation of U-values by Construction Type
and National Period

The construction catalogue (sheet "Tab.Building.Constr") was analysed in the following way:

e For each building average U-values have been determined for the four construction types: roof, upper
ceiling, wall, and floor. If the information was available a differentiation was made between massive
(structures of masonry, concrete, steel, ...) and wooden (timber frame, wooden beam ceilings, rafters,
...) constructions.

e Mean U-values have then be calculated for each national construction year class by averaging over the
example buildings representing the four building size classes of the respective time band.

The following table shows the results:
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Table 64: Evaluation of the construction catalogue / opaque elements

Country Construction Year Class Roof Upper Ceiling Wall Floor
Code Code from ... to massive / wooden | massive / wooden | massive / wooden | massive / wooden
U-Value [W/m2K]
AT AT.01 ... 1918 1.4 1,50 1,50 1,25
AT.02 1919 ... 1944 0,95 1,70/ 1,05 1,73 1,55
AT.03 1945 ... 1960 0,90 1,70/0,78 1,27 2,30
AT.04 1961 ... 1980 0,60 1,67 1,18 0,95
AT.05 1981 ... 1990 0,49 0,65 0,83 0,70
AT.06 1991 ... 2000 0,29 0,30 0,31 0,50
BE BE.O1 .. 1945 3,50/1,70 - 2,13 1,43
BE.02 1946 ... 1970 3,50/ 1,80 - 1,70 0,85
BE.O3 1971 ... 1990 1,10 - 1,53/0,50 0,85
BE.O4 1991 ... 2005 0,59 - 0,68 /0,50 0,75
cz cz.01 ... 1920 2,60 1,20 1,42 2,02
Cz.02 1921 ... 1945 2,12 2,20 1,43 1,50
Cz.03 1946 ... 1960 1,23 1,45/1,30 1,43 1,24
Cz.04 1961 ... 1980 0,71 1,53 1,15 1,26
Cz.05 1981 ... 1994 0,41 0,60 0,76 0,85
CZ.06 1994 ... 0,30 - 0,38 0,49
DE DE.O1 ... 1859 1,95 1,00 2,10 2,90/1,20
DE.02 1860 ... 1918 1,95 1,00 2,10 2,90/1,20
DE.O3 1919 ... 1948 1,68 0,80 1,55 1,05
DE.04 1949 ... 1957 1,40 1,85/0,80 1,27 1,77
DE.05 1958 ... 1968 1,10 1,85/0,80 1,27 1,57
DE.06 1969 ... 1978 0,60 0,60 1,07 /0,60 1,00
DE.O7 1979 ... 1983 0,50 0,50 0,77 /0,50 0,80
DE.08 1984 ... 1994 0,40 0,40/ 0,30 0,63/ 0,40 0,60
DE.09 1995 ... 2001 0,35 0,35/0,27 0,53 /0,30 0,45
GR GR.01 ... 1980 2,27 - 2,72 1,91
GR.02 1981 ... 2000 1,82/ 0,68 - 0,86 1,21
GR.03 2001 ... 0,67 - 0,80 1,25
IE IE.01 ... 1977 2,30/1,49 - 2,04 1,41
IE.02 1978 ... 1982 0,40 - 1,10 1,15
IE.03 1983 ... 1993 0,40 - 0,60 1,15
1E.04 1994 ... 2004 0,35/0,31 - 0,55 0,84
IT IT.01 ... 1900 1,80 2,37 1,61 1,93
1T.02 1901 ... 1920 1,80 2,41 1,61 1,82
IT.03 1921 ... 1945 2,03/1,80 2,00 1,31 1,65
1T.04 1946 ... 1960 2,03 1,65 1,82 1,65
IT.05 1961 ... 1975 2,03 1,65 1,82 1,65
I1T.06 1976 ... 1990 1,08 /0,95 0,97 0,79 1,11
1T.07 1991 ... 2005 0,72/ 0,64 0,69 0,60 0,85
PL PL.01 ... 1945 0,90/0,77 - 1,75/ 0,40 2,00
PL.02 1946 ... 1966 0,53 - 1,29/0,40 1,65
PL.03 1967 ... 1985 0,53 - 1,29/0,40 1,45
PL.04 1986 ... 1992 0,43 - 0,98 /0,40 1,25
PL.05 1993 ... 2002 0,43 - 0,29 0,90
SE SE.O1 ... 1960 - 0,33 0,83/0,53 0,32
SE.02 1961 ... 1975 - 0,21 0,36 0,30
SE.03 1976 ... 1985 - 0,16 0,27 0,28
SE.04 1986 ... 1995 - 0,14 0,20 0,25
SE.O05 1996 ... 2005 - 0,13 0,20 0,20
Sl S1.01 ... 1945 2,70 1,40/ 1,00 1,50/ 0,70 2,05
S1.02 1946 ... 1970 1,80 1,23/1,00 1,60 1,40
S1.03 1971 ... 1980 0,90 1,00 1,10/ 0,26 0,96
S1.04 1981 ... 2001 0,43 0,46 0,48 /0,21 0,65

The analysis of the windows was based on the same procedure. In this case the differentiation concerns the
numbers of panes, the type of glazing (standard / low-e) and the frame type (see Table 65). The column
"Common" is reflecting the average of the available values.
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Table 65: Evaluation of the construction catalogue / windows

s

Number

Special

of panes | glazing Frame type AT BE cz DE DK FR GR IE IT PL SE Sl | Common
U-Value window [W/m2K]
1 - not specified - - - - 4,7 - - - - 4,7
- wood 4,6 5,0 - 3,9 4,4 4,2 - - 4,9 4,5 52 4,6
- plastic - - - 3,8 - 4,8 - - - 4,3
- metal - 5,7 - 6,0 6,1 57 5,7 - - 5,8
2 - not specified 2,5 - 2,6 2,7 - 2,8 - 2,6 - 2,6
- wood 2,3 3,5 - 3,1 2,8 2,8 2,7 - 2,8 1,8) 2,4 2,8
- plastic (1,4) (3,5) - (3,5) - 3,1 3,1 - 1,4 2,6 2,9
- metal - 4,3 - 4.3 - 3,9 3,7 37 - - 4,0
- ;E‘:tr?r']al break - 35 - 35 - 33 3.4 3.4 - - 3.4
low-e not specified - - 1,3 - - 1,9 - - - 1,6
low-e wood - 1,6 - 1,5 1,7 - 2,3) - 2,2 - 1,5 1,7
low-e plastic 1,2) 1,7 - 1,7 - 2,9) - - - 1,2 1,5
low-e metal - - - - 40 - - - 1.5 -
low-e gleetr?rl{al break - - - 1,7 - 2,9 - 2,4 - - 2,3
3 - wood 1,4 - - - - - - 1,9 - 1,7
low-e wood - 11 - 1,0 1,0 - - - - - 0,8 1,0
low-e plastic - 1,1 - 1,0 - - - - - 0,7 0,9
low-e metal - - - - - - - - 0,9 0,9
lowe | Insulated 08 0.9 - 08 - - - - - - 08

("passive house window")

Remarks

Values which deviate more than +/- 30% from the average are listed in brackets and are not considered in the column "Common".

The values are mostly very close, however in some cases large deviations can be observed. The deviations
can in principle be explained by different window sizes, glazing distances, gas fillings and glass spacer types.
Nevertheless, also errors might have occurred when entering the information into the data sheet.

This should be clarified by the partners during future data revisions.

B.5. Measures for Upgrading the Thermal Envelope

The TABULA concept includes the definition of two levels of insulation measures:
» Refurbishment Package 1: "Standard"

Package of measures for upgrading the thermal envelope and the heat supply system
which are commonly realised during renovation;

» Refurbishment Package 2: "Advanced":

Package of measures for upgrading the thermal envelope and the heat supply system,
that are usually only realised in very ambitious renovations or research projects.

The insulation measure catalogue contains information about the type of measure and the thermal resis-
tances. These values were transformed into equivalent insulation thicknesses in order to get more illustra-
tive values (by applying a standard thermal conductivity of 0,035 W/(m-K)). The result is displayed in the
following charts.
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Figure 53: Comparison of standard and advanced refurbishment measures for each envelope type
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B.6. Energy Performance of Typical Heat Supply Systems

B.6.1. Description of the Proceeding

The evaluation of supply system characteristics was performed on the basis of 1203 datasets from 12 coun-
tries. The values had been determined by each partner on the basis of national methods.* The following
components were considered:

e HG - Heating Systems / Heat Generation

e HS - Heating Systems / Heat Storage

e HD - Heating Systems / Heat Distribution

e HA - Heating Systems / Auxiliary Energy

e WG - Domestic Hot Water Systems / Heat Generation

e WS —DHW Systems / Heat Storage

e WD - Domestic Hot Water Systems / Heat Distribution

e WA - DHW Systems / Auxiliary Energy

e Vent— Ventilation Systems

e EC- Assessment Factors of Energy Carriers

For each of these components the data analysis comprised the following steps:

> Overview of existing data:
A data analyses was performed by use of the programme "R". Minimum, maximum and average values
were determined for different subgroups differentiating between single and multi-family houses.®

» Condensed values:
In order to reduce the complexity some of the existing subgroups of component types were merged in
so called "condensed values" The averages and extreme values are now referred to as "poor", "medium"
and "high" energy efficiency.

» Simplified common values / default values:
As a last step the averages of each subsystem were transferred into a separate table ("default values /
simplified common values"). These tabled values can in the future be useful for rough supranational es-
timations or in case that national values are not available. Nevertheless, the respective values should be
provided for each country finally in order to reflect the specific national technology. It is intended to re-
repeat this evaluation after a possible future update of the database in order to improve the reliability
of the derived common values.

see national scientific reports at: http://www.building-typology.eu/tabulapublications.html
For details consult the specific work report available at the TABULA WebSite.
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B.6.2. HG - Heating Systems / Heat Generation

Figure 54: Heat generation expenditure factors of heating systems (1)
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Figure 55: Heat generation expenditure factors of heating systems (2)
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Figure 56: Heat generation expenditure factors of heating systems (3)
gas-fired instantaneous water heaters: <G_IWH_NC> non-condensing, <G_IWH_C> condensing; <G_SH> gas-fired space heater;
<Stoves> stoves; <OpenFire> open fires; <TS> district heating transfer station
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B.6.3. HS - Heating Systems / Heat Storage

Figure 57: Annual storage heat losses of heating systems
<BS> buffer storages
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B.6.4. HD - Heating Systems / Heat Distribution

Figure 58: Annual distribution heat losses of heating systems /
central heating: <C_Int> all pipes inside of thermal envelope; <C_Ext> fraction of pipeline outside of thermal envelope
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B.6.5. HA — Heating Systems / Auxiliary Energy

Figure 59: Annual auxiliary electricity demand of space heating systems /
<C> central heating systems
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B.6.6. WG — Domestic Hot Water Systems / Heat Generation

Figure 60: Heat generation expenditure factors of DHW systems /
boilers: <B_NC> non-condensing, <B_C> condensing, <B_WP> wood-pellets
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Figure 61: Heat generation expenditure factors of DHW systems /
<E_Immersion> electric immersion heaters, <E> or <E_IWH> electric instantaneous water heaters, electrical heat pumps, heat
sources: <HP_Air> external air, <HP_Ground> ground, <HP_ExhAir> exhaust air, <HP_Cellar> cellar air
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Figure 62: Heat generation expenditure factors of DHW systems /
gas-fired instantaneous water heaters: <G_IWH_NC> non-condensing, <G_IWH_C> condensing; <G_Tank> gas burner for directly
heated DHW tank (not including storage losses), <TS> district heating transfer station
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B.6.7. WS - DHW Systems / Heat Storage

Figure 62: Annual storage heat losses of DHW systems + recoverable fraction
<S_D> decentral electric hot water storage; <S_C_Ent> central hot water storage, inside of thermal envelope; <S_C_Ext> central hot
water storage, outside of thermal envelope; <S_Gas> directly gas heated hot water storage
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B.6.8. WD - Domestic Hot Water Systems / Heat Distribution

Figure 63: Annual distribution heat losses of DHW systems + recoverable fraction
<D> decentral DHW system; <C_NoCirc_Int> central DHW distribution, all pipes inside of thermal envelope, no circulation;
<C_NoCirc_ext> central DHW distribution, fraction of pipeline outside of thermal envelope, no circulation; <C_Circ_Int> central DHW
distribution with circulation, all pipes inside of thermal envelope; <C_Circ_Ext> central DHW distribution with circulation, fraction of
pipeline outside of thermal envelope
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B.6.9. WA - DHW Systems / Auxiliary Energy

Figure 65: Annual auxiliary electricity demand of DHW systems /
<D> decentral DHW system; <C_NoCirc> central DHW system, no circulation; <C_Circ> central DHW system with circulation;
<C_NoCirc_Sol> central DHW system with solar thermal system, no circulation; <C_Circ_Sol> central DHW system with solar thermal
system and circulation
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B.6.10. Vent — Ventilation Systems

Figure 65: Recovered fraction of ventilation heat losses + annual auxiliary energy demand

of ventilation systems
<Exh> exhaust air system; <Bal> balanced ventilation system; <Bal_Rec> balanced ventilation system with heat recovery;
<Bal_GroundRec> balanced ventilation system, preheated by ground heat exchanger + heat recovery
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B.7. Benefits of the Data Analyses for Operational Purposes

B.7.1. Envelope Area Estimation Procedure

In addition to the above described evaluations an analysis of the correlation of the thermal envelope areas
with the main geometrical parameters has been performed. The idea is to derive a procedure for the esti-
mation of the thermal envelope area on the basis of the main factors as conditioned floor area, number of
storeys, number of neighbours and heating situation of attic and cellar (which could be useful for plausibil-
ity checks during data intake and also for the rough energy assessment of large housing portfolios).

The general assumption is a linear dependency of
e window and facade areas on the conditioned floor area of the whole building;
e floor and roof areas on the conditioned floor area of a (complete) storey.

In case of conditioned cellar or attic areas the number of complete storeys has been supplemented by a
fraction representing the heated area in these spaces:

e supplement of 1.0 for a completely and 0.5 for a partly conditioned cellar.
e supplement of 0.75 for a completely and 0.5*0.75=0.375 partly conditioned attic.

A one-storey single-family house with a completely heated attic would for example be considered as a
building with 1.75 effective storeys.

The "reference area per effective storey" used in the charts below is the TABULA reference floor area Ac ref
divided by the number of effective storeys, as defined above.

Table 66: Intercepts (b) and slopes (m) of the simplified model

Envelope type Independent variable Specification b [m?2] m[-]
flat roof (no attic) 5 1,20
attic not conditioned 5 1,20
AL A_C_Storey attic partly conditioned 10 1,40
attic completely conditioned 15 1,60
Window A_C_Ref 0 0,18
0 neighbours 50 0,70
Facade A_C_Ref 1 neighbours 25 0,70
2 neighbours 5 0,70
Floor A_C_Storey 5 1,20

The following charts illustrate how the simplified model lines are approximating the data points. Logarith-
mic scales are used for both axes in order to make the dependence also visible for smaller buildings®.

On double logarithmic charts straight lines appear curved (with exception of the bisecting line).
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Figure 67: Data points and simplified model lines (double-logarithmic plots)
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B.7.2. Average U-values of different window types

The averages of the window U-values from all countries can also serve as default values in case that no
values are available in the database. However, it is strongly recommended to supply and use the respective
national values, if any possible. During the revision process of the next years further datasets and classifica-
tions should be provided by the partners. Also information should be supplemented from which time on (a)
metal windows were typically fabricated with thermal breaks and (b) low-e glazing was dominant.

Table 67: Default U-values of different window types (averages of the values from all countries)

Number of Glazing type Frame type Default U-value
panes [W/(m=2K)]
not specified 4.7

1 conventional wooq 4.6
plastic 4.3

metal 5,8

not specified 2,6

wood 2,8

conventional plastic 2,9

metal 4,0

2 metal, thermal break 3,4
not specified 1,6

low-e wood 1,7

plastic 1,5

metal, thermal break 2,3

conventional wood 1,7

wood 1,0

3 low-e plastic 0,9
metal 0,9

insulated (“passive house window") 0,8

B.7.3. Average Energy Performance Values of different Heat Supply System Types

In a similar manner the average energy performance values of the different heat supply component types
were determined on the basis of the national values. These tabled values can in the future be useful for
rough supranational estimations or in case that national values are not available.
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e = ':-,-,-._:ﬂ bl e~ 8 ‘—--._3] i

Table 68: Heat generation of heating systems /
derived default values (simplified common values)

- 1,31 1,13 1,06 - - .
- 2,12 1,52 1,31 - - .
- 1,27 1,24 1,20 - - .
- 1,17 1,13 1,10 - - .
- 1,50 1,41 1,29 - - .
- 1,08 1,03 1,00 - - .
- 1,25 1,02 1,00 - - .
- 0,50 0,37 0,30 - - .
- 0,52 0,31 0,21 - - .
- 0,36 0,33 0,31 - - .
- 2,96 1,92 1,40 - - .
B saa 33 24 - : :
- 1,34 1,13 1,06 - - .
- 1,67 1,67 1,67 3,33 3,33 3,33
- 0,00 0,00 0,00 - - .




™ ™
- % ) =ittt ey % , it
g RS A | = M o hadeal . T =] VR -
154 ] - Final Project Report: Appendix Volume e
= Bl = L 54'_::“ el = Bl = L %k

Table 69: Annual heat loss of the space heating storage /
derived default values (simplified common values)

Table 70: Annual heat loss of the space heating distribution /
derived default values (simplified common values)

B o0

0,0 0,0
-_ 21,4 6,5 1’7

Table 71: Annual auxiliary electricity demand of space heating systems /
derived default values (simplified common values)
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e = ':-,-,-._:ﬂ bl e~ 8 ‘—--._3] i

Table 72: Heat generation of dhw systems / derived default values (simplified common values)
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Table 73: Annual heat loss of the dhw heat storage /
derived default values (simplified common values)

Table 74: Annual heat losses of the dhw distribution /
derived default values (simplified common values)
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Table 75: Annual auxiliary electricity demand of DHW systems /
derived default values (simplified common values)

Table 76: Performance of ventilation systems /
derived default values (simplified common values)
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Appendix C- Database and Calculation of Example Buildings
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Figure 68: Data sheet of example buildings

Appendix C - 2BDatabase and Calculation of Example Buildings
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Figure 70: Data sheet of heat supply components (heat generators)
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Figure 71: Spreadsheet for calculation of the energy need for heating of building variants
(last columns of the row-by-row calculation)
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Figure 72: Calculation Sheet

LA Thermal Insulation Measures U-values

TABY

building code DE.N.MFH.05.Gen.ReEx.001

Roof 1 ~ Roof2  Wall 1 Wall 2 Wall3  Floor 1  Floor 2 Window 1 Window 2 Door 1

envelope area Acnvii

0 971 2039 0 0 971 0 507 0 2 m2
Construction Element
DE.Ceilin DE.Wall.R DE.Floor. DE.Windo DE.Door.
code g.ReEx.0 eEx.04.0 ReEx.05. w.ReEx.0 ReEx.01.
6.01 1 01 6.03 01

U-value original state Uoiginal 060 | 120 1,60 3,50 3,00 |W/(m2K)

included insulation Chrestigam

thickness 5,0 0,0 1,0 cm

border type Unh Ext Cellar

additional thermal Radd,i

resistance 0,30 0,00 0,30 m2K/W
Refurbishment Measure

code

thermal resistance of Rmeasure,i 0.00 0.00 0.00 0.00 000 'm2K/W

refurbishment measure ! ! ! ! '
Result

type of refurbishment

thermal resistance before  Rpefore,i 197 0.83 0.93 0.29 033 m2K/W

measures ' ! ! ! )

Ractualj 1,97 0,83 0,93 0,29 0,33 'm2K/W
Vacualj 0,51 1,20 1,08 3,50 3,00 |W/(m2K)
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Figure 73: Calculation Sheet
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LA Energy Balance Calculat

TABU

ion

Building Performance

Standard Reference Calculation - based on: EN ISO 13790 / seasonal method

TABULA

building DE.N.MFH.05.Gen.ReEx.001 (1958...1968) reference area Acrer 3129,1 m2
climate DE.N (Germany) (conditioned floor area)
code original measure applied refurbishment actual area adjustment
construction U-value type measure U-value (basis: external factor soil
element dimensions)

UYoriginal,i Uactual,i Aenvi byri Her,i

W/(m2K) W/(m?2K) m2 W/K
Roof 1 X X =
Roof 2 0,60 0,51 @ x 971,1 X 1,00 = 493,8
Wall 1 1,20 1,20 | x 2039,0 X 1,00 = 2446,8
Wall 2 X X =
Wall 3 X X =
Floor 1 1,60 1,08 | x 971,1 X 0,50 = 524,9
Floor 2 X X =
Window 1 3,50 3,50 | x 507,5 X 1,00 = 1776,2
Window 2 X X =
Door 1 3,00 3,00  x 2,0 X 1,00 = 6,0

AUy, Z Aenv,i Hiro
thermal bridging: surcharge on the U-values 0,10  x 4490,7 x 1,00 = 449,1
Heat transfer coefficient by transmission Hy, sum
volume-specific air change rate room height

heat capacity air by use by infiltration (standard value)
Cp,air Nair,use Nair infiltration Ac,ref hroom
Heat transfer coefficient Wh/(m?3K) 1/h 1/h m2 m W/K
by ventilation H,, 0,34 x( 0,40  + 0,20 )x 3129,1 @ x 2,50 = 1596
internal temp. external temp. heating days
9 9 Ohns
°C °C d/a Kd/a
accumulated differences between —
20,0 = 4,4 x 222 = 3463
internal and external temperature ( ) :[
temperature
reduction factor
Hr Hee red x 0,024
W/K W/K (hy=_1,82 W/(m?K)) KKh/a kWh/a
Total heat transfer Qp, ( 5697 |+| 1596 |)x| o092 |x| 831 |=[559250
reduction factors solar energy window solar global
window external frame area non-perpen-  transmittance area radiation
hading F. i i Auindow, Il
. shading Fsh fraction Fg dicular Fyy 9gin ndol‘fvnlz k\AISft:ljl(mza) KWh/a
1. Horizontal 0,80 =< (- 0,30 )x 0,90 x 0,75 =x x 403 =
2. East 0,60 x (- 0,30 )x 0,90 x 0,75 x 222 x 271 = 1709
3. South 0,60 = (1- 0,30 )x 0,90 x 0,75 x 243,2 x 392 = 27032
4. West 0,60 x (- 0,30 )x 0,90 x 0,75 x 222 x 271 = 1709
5. North 0,60 = (1- 0,30 )x 0,90 x 0,75 x 219,8 x 160 = 9968
Solar heat load during heating season Qg sum| 40418
internal heat sources heating days
@i hs Ac ref
kh/d W/m2> d/a kWh/a
Internal heat sources Qi 0024 x| 300 |=x| 222 |x| 31291 | =] 50015 |
internal heat capacity per m2 Ac ¢ Cm Wh/(mzK) i
heat balance ratio
e EamsEn( for the heating Than= M = 0,162
on Qnt
of the building _CmAcet = h mode
Hy + Hye
Tl i ili 1 H
=a,,+ — _ gain utilisation _d= _
parameter R Tho 1,44 factor for heating "hon Ao o - 0,94
kWh/a

Energy need for heating Qy ng

th - nh,gn x (Qsol + Qint) = 474344
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Calculation Sheet

A Energy Balance Calculation System Performance
TﬂguL Standard Reference Calculation - based on: EN 1SO 15316 / level B (tabled values)
. code Acret
building DE.N.MFH.05.Gen.ReEx.001.001 conditioned floor area 3129,1 m2
system DE.<Oil.B_NC_LT.MUH.01>.<EIL.E_IWH.Gen.01>.<-.Gen.01>.<Gen>

Domestic Hot Water System

code
system DE.EL.LE_IWH.Gen.01
energy need hot water Jnaw 15,0 thereof recoverable for space heating:
+ losses distrib. DE.D.Gen.02 Qow 1,4 > dgwn 0,8
+ losses storage 0w 0,0 >  dawn 0,0
Agw,out = Ondw + daw + Qs 16,4 Ow,h = Gdwh + dswh 0,8
kWh/(m?2a) kWh/(m?2a)
heat combined heat and power
energyware for heat generator generator expenditure  delivered expenditure factor  electricity
domestic hot water output factor energy electricity production
generation
code code Olnd,w,i Jg,w,out €g,w,i Adelw,i €.l w,i Oprod,elw,i
1 El == DE.E_IWH.Gen.01 == 100% x x| 100 = 16,4 ———>: 0,00 = 0,0
2 = == 0% x 16,4 x 000 = 00 =—>: 0,00 = 0,0
3 = == 0% | x x 000 = 00 =—»: 0,00 = 0,0
kWh/(m?2a) kWh/(m?2a)
auxiliary
energy code Odel,w,aux
aux el == DE.D.Gen.01 = 0,0
kWh/(m2a)
Heating System
code
system DE.Oil.B_NC_LT.MUH.01 gain utilisation
factor for
heating
energy need space heating Gna,nl 151,6 [kwh/(m2a) Nh.gn ventilation heat recovery
— usable contribution of hot water system Qwn 0,8  [kwh/(m2a) 94% x Mverec Ahtve
— usable contribution of ventilation heat recovery Guenrec 0,0  KWh/(m2a) 94% x 0% x 391
4 losses distribution DE.C Ext.MUH.03 Qan 15,1 kwh/(mza) kWh/(m2a)
and heat emission = ’ !
+ losses storage Gsn 0,0  kwh/(m2a)

Gghout = Ondh = Awn = Qvenrec + an + Osn 165,9 kwh/(mza)

heat combined heat and power
energyware for heat generator generator expenditure  delivered expenditure factor  electricity
space heating output factor energy electricity production
generation
code code Olnd,h,i g,h,out €g.h,i del,h,i €g.el,h,i Gprod,el,h,i
1 oil == DE.B_NC_LT.SUH.03 == 100% x x 1,23 | = 204,1 ==—>: 0,00 = 0,0
2 o == 0%  x 1659 x 000 = 00 =—>: 0,00 = 0,0
3 o == 0% @ x x 000 = 00 =—>»: 0,00 = 0,0
. kWh/(m2a) kWh/(m2a)
auxiliary energy
heating system  code el h,aux
aux el == DE.C.MUH.01 18
ventilation system code Yael.ve aux
aux el == DE.-.Gen.01 = 0,0

kWhi(m?a)
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Figure 75: Calculation Sheet

LA Energy Balance Calculation Energy Carriers

BY

code Ac et
building DE.N.MFH.05.Gen.ReEx.001.001 conditioned floor area 3129,1 m2
system DE.<Oil.B_NC_LT.MUH.01>.<ELE_IWH.Gen.01>.<-.Gen.01>.<Gen>

Assessment of Energywares codge
version of energy carrier specification Gen

delivered | total primary non-renewable | carbon dioxide energy costs

Standard Calculation energy energy primary energy emissions
Qdel,i fototali  Optotali |Tononren,i |Gpnonren,if fcozi ' Mcozi [ Pi Ci
: ot = doeli = doeli =0 [energywar = due
Heating (+ Ventilation) System oo o i |Nmes) o
QOil 204,1 1,40 2858 1,40 2858 433 88,4 6,0 12,25
0,0 0,00 0,0 0,00 0,0 0 0,0 0,0 0,00
0,0 0,00 0,0 0,00 0,0 0 0,0 0,0 0,00
Auxiliary Electricity 1,8 3,31 6,0 3,14 57 617 1,1 15,0 0,27
Electricity Production / Export 0,0 1,30 0,0 1,30 0,0 420 0,0 8,0 0,00
Domestic Hot Water System
El 16,4 3,31 54,3 3,14 51,5 617 10,1 15,0 2,46
0,0 0,00 0,0 0,00 0,0 0 0,0 0,0 0,00
0,0 0,00 0,0 0,00 0,0 0 0,0 0,0 0,00
Auxiliary Electricity 0,0 3,31 0,0 3,14 0,0 617 0,0 15,0 0,00
Electricity Production / Export 0,0 1,30 0,0 1,30 0,0 420 0,0 8,0 0,00
KWh/(m?a)
heat need
Summary Ond Z0del €ptota Uptotat  |€pnonren  Opnonren |feozneat  Mcozi | Pheat c
and Expenditure Factors :_gm = 20t =—:u = 20 nonen) :T& = Eifoy, :Z— =3
Ind Ind. Ind. Ind.
heating (+ ventilation) system 151,6 | 205,9 1,92 2917 1,92 2914 590 89,5 8,3 12,52
domestic hot water system 15,0 16,4 3,62 54,3 3,43 51,5 675 10,1 16,4 2,46
total 166,6 | 222,3 2,08  346,0 2,06 3429 598 99,6 9,0 14,98
kwhi(m?a) | kwh/(m?a) KWh/(m?a) kwh/(m?a))  glkWh  kg/(mfa)| CentkWh Eurol(m?a)

Typical Values of the Measured Consumption - Empirical Calibration

The empirical calibration factor describes a typical ratio of the energy uses determined
code DE.M.O1 by measurements for a large number of buildings and by the TABULA method for the
given value of the TABULA method.

application field central heating systems: fuels and district heating
determination method experience values
accuracy level C | = estimated (e.g. on the basis of few example buildings)
delivered energy (without auxiliary electricity) Elpucalichanon currentvelue
according to standard calculation method 0 100 200 300 400 500 220,5
adaptation factor 1,10 1,00 0,84 0,70 0,60 0,50 3 0,81
Standard Calculation Typical Measured Consumption
Summary (including subcategories) heating dhw sum heating dhw sum
Gas Odel,zgas 0,0 0,0 0,0 0,0 0,0 0,0
Qil el zoil 204,1 0,0 204,1 165,6 0,0 165,6
Coal Odel,scoal 0,0 0,0 0,0 0,0 0,0 0,0
Bio el bio 0,0 0,0 0,0 0,0 0,0 0,0
El Jel,zel 0,0 16,4 16,4 0,0 13,3 13,3
DH Ogel,zdh 0,0 0,0 0,0 0,0 0,0 0,0
Other el Zother 0,0 0,0 0,0 0,0 0,0 0,0
Auxiliary Electricity el zaux 18 0,0 1,8 15 0,0 1,5
Produced / Exported Electricity Qexp,sel 0,0 0,0 0,0 0,0 0,0 0,0
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Appendix D - 3BBTABULA WebTool Screenshots

Figure 76: WebTool: Building Types and Exemplary Buildings
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Figure 77: Exemplary Heat Supply Systems
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Figure 78: Energy Balance of Variant 1 / "Existing State"
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Appendix D - 3BBTABULA WebTool Screenshots

Figure 80: Energy Balance of Variant 3 / "Advanced Refurbishment"

Tabula WebTool

BT

Edl webtool buiding-typology. euwebtalftabuls. bt

]

1ABULA

WebTool
~ Types
¥ Variants

Existing State
Ususl Refurbishment
Advanced Refurbishment

~ Comparison
A Data

# Calculation Detsils

Buikling
DE N1 05 Cen R 001

Heating System
DEOILE_NC_LTMUHI!

Hot Water System
DEOILE_NC_LTMUHI!

Ventilstion System:
DE-Cen!

T liennt enrney
F e

Thermal Envelope

Heat Supply System

Selected Building:

Roof Windaw Floor Hesting System Ventilation System DHW System
|
: | am
! e m
+-F e
L Buiding Size Class:
WFH
U=009 u=08 U=023 . o R
Wi Wity Wit Wiy pn= o= onstruction Perio
1958..1968
Energy Balance Building Energy Balance System Reference Floor Area
Energy need for heating 38 kIWh/(m?o) 3129.07 m*

Primary energy demand 40.6 kUh/(m*a)

200 00
s
a5 -
s
=1
oo
o= s "
£
El =0 domestic
S o0 25 hot woter
H =300 produced
2w £ sleciricity
£ W transmission Z s
3 losses feor ¥ m other
2w 8 zs0
£ W transrission 2
5 lnsses window H == eleciricliy
D oms . % 200
k] W fransmission
i} Iosses wal e W bionass
EAE W tronsrission o
3 lesses roof district
] = heating
s W ventilation
lasses o  fossi
fuels
50 W energyrnesd B
For haofing primary
= i L energy
= m uscble infernal 0o for heating
| heat load
o prevany
o - usable solar [am—— Erergrcaniers  Hon Renewatle energy
Heatlases. Heat o heat lood primary energy for hol water
Standard ealculation, not adapted. Standard calculation, not adapted
‘Country: Incnarge: ChEmE - DIy noErE IEpiEy PEgEs VanETE Camers: Bulkng:
Gemany oy e ]
bulkdng

Figure 81: Data Overview for the selected Building
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Figure 82: Online Calculation Sheets
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