City of Belgrade, residential building fund,
energy performance, improvement possibilities.
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City of Belgrade
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City of Belgrade
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City of Belgrade

City area 322.268 ha
Inner city area 35.996 ha
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City of Belgrade

Inner city

i Source: Google earth




City of Belgrade

New Belgrade

Source: Google earth




City of Belgrade

Source: Google earth




City of Belgrade — building fund

Main questions:

« How does the building fund of Belgrade look like?

*  What are material characteristics of buildings?

«  What is the current state (level of deterioration) of the buildings?
*  How much energy buildings consume (in total)?

* Whatis the potential for improvement?

* How can we estimate the potential investment?

* What are the possible savings in energy and CO2?



City of Belgrade — building fund

Koy years for modifications in dewign
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Expert estimation of building fund
multifamily buildings

Scientific project:

Energy optimization of buildings
in context of sustainable
architecture (NSP 283)
2002-2005.

Source: JoBaHosuh-Monosuh, M. (ed) (2003)
Energy optimization of buildings in context of sustainable
7-The 1690°s architecture - part 1,Belgrade, Faculty of Architecture, (in Serbian)
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City of Belgrade - Building fund
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City of Belgrade - Building fund

TEPMOBU3UJCKU ATAAC BEOTPAAA “IR Atlas of Belgrade”

Research project,
Faculty of Architecture,
Supported by L

.

2010-2012,  beograd

Expert analysis of 32 representative
Building types

(30 multifamily and 2 single family)

* Performance calculation

* Improvement potential calculation
* Investment and payback calculation

Source: Ignjatovi¢, D. Cukovié Ignjatovicé, N. (2012)
Atlas of Belgrade buildings envelope energy characteristics,
Belgrade, Faculty of Architecture, project report (in Serbian)
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National typology of Residential buildings in Serbia - Building fund

oty | e e e e Research project - National level
e g D %. %. | = EU TABULA* project, Serbia only non EU participant

A ookl W i e O | | e Faculty of Architecture

Supported b {7 s s

| Supported by g7 gz,

™ Census of 22 000 buildings

o Development of methodology

. Identification of model buildings

i Calculation of performance (new regulations)
Improvement potential

0 Energy and CO? savings potential

i * http://episcope.eu/building-typology/
Source: JoaHosuh Nonosuh M., Urkeatosuh 4. (yp), (2013).

. National Typology of Residential Buildings in Serbia, beorpaa: ApxuTeKTOHCKM paKkynTeT



http://episcope.eu/building-typology/
http://episcope.eu/building-typology/
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National vs. Local typology of Residential buildings

Problem of local relevance and implementation possibilities of methodology developed for
the National typology

Implementation on the particular building type level
Improvement by packages as defined by TABULA project
No financial aspect of refurbishment analyzed

Municipal level implementation depends on the local building fund characteristics

Need for estimation of single measure impact
Need for estimation of investments and pay back



Building fund of City of Belgrade — performance levels

What are material and energy performance levels of Belgrade buildings?

HP‘ =

nM’"

Calculated consumption: Q , 4= 252 [kWh/m?a], upper floor not heated

Source: Ignjatovié, D. Cukovié Ignjatovicé, N. (2012) , Atlas of Belgrade buildings envelope energy characteristics”, Belgrade, Faculty of Architecture, project report (in Serbian)



Building fund of City of Belgrade — performance levels

What are material and energy performance levels of Belgrade buildings?

e, -
-
- = r

Calculated consumption: Q, 4= 172 [kWh/m?a], Some flats not heated

Source: Ignjatovié, D. Cukovié Ignjatovicé, N. (2012) , Atlas of Belgrade buildings envelope energy characteristics”, Belgrade, Faculty of Architecture, project report (in Serbian)



Building fund of City of Belgrade — performance levels
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Performance? Individual initiative Source: JosaHosuh Monosuh M., Urkeatosuh . (yp), (2013).
National Typology of Residential Buildings in Serbia, Beorpag: ApXxMTeKTOHCKKN dakynTeT



City of Belgrade — Conserve energy

Based on
“IR Atlas of Belgrade”

Expert analysis of 10 representative
Building types — multifamily

Supported by 7 s
*Performance calculation — new
regulations

*Improvement potential calculation —
single measure and package of measures
impact

*Investment and payback calculation

10 steps to refurbishment

Source: Ignjatovié, D. Cukovié Ignjatovicé, N. Conserve energy, working material



City of Belgrade — Conserve energy — example

Building 02

Number of floors: B+GF+5
Construction year: 1953.
Gross area: 4180m2
Heated area: 2182m?2
National typology type: C4
TABULA type: 3_AB

Source: Ignjatovié, D. Cukovié Ignjatovicé, N. Conserve energy, working material



City of Belgrade — Conserve energy

Fagade segment 2: Original segment of thermally non- isnsulated fagade
Cerment chacaae 2: CermeHT OpUrMHOAHE TEPMMYKIN HEMIOAOBaHE chacaae

Typical segment of masonry fagade wall constructed without thermal KOpOKTEPUCTIHHWM CETMEHRT haCaAe 3mAaHNX objekaTa Be3
insulation.

TEpMOMICAQUMIE.
Reinforced concrete ring beams and window lintels are zones of the wall TEpMOrpam MAYCTRYIE M3paanTe rybuTke y 30Hama
that are characterized by highest thermal lasses, on thermogram, with

XOPMIOHTAAHMX OPMUMPCHO-BETOHCKMX CEPKATG 1
temperature difference of almost 3°C compared fo masonry infill.

HOTMPO30PHUX PEAC CO TEMMEPATYPHOM PC3AMKOM OA F*C Yy
Thermogram also illustrates that building has been constructed without NOPERSHYCO IMATHUM ASATM.
vertical reinforcemenis.

HQ TEDMOTPAaMY T& MOXE YOHTH AQ 0Bjexar Hema
BEPTMKOAHE OPMUPDAHO-OETOHCKE SASMEHTE.

Source:
Ignjatovi¢, D. Cukovi¢ Ignjatovicé, N.
,Conserve energy”, working material




City of Belgrade — Conserve energy
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City of Belgrade — Conserve energy

REVIEW OF MAIN ENERGY EFFICIENCY MEASURES
MPETAEA OCHOBHMX MEPA YHAMNPEBEHA EHEPTETCKE EPMKACHOCTH

Necessary  Share in Area
repairs heat

and/or transm.
renovation losses

Energy efficiancy | Unit Total Qh,an EPC Encrgy Annual
improvement price saving savings
maasures

Payback

(%6} [€/m3} KWhim2an] ! fesan [years]

8cm of thermal
i} insulation + new
facade
W | 26 192 PVCwindowsU=13 | 160 30720 12911 F 23 4054
CORRIDOR = Q 412 4cm EPS + new paint 14 5764 161,58 F 4 647
WALLS =
CEILINGTO 7 205 8cm of thermal 12 2463 161,38 F 4 668 4
UNHEATED insulation
ATTIC

COMBINED MEASURES
ESTIMATED INVESTMENT

MPOUEHEHA MHBECTULMJIA
Total for the Per m2 of heated Per flat
building surface
64.722€ 53¢ 2697 €

HEAT LOSSES RELATED TO THERMAL ENVELOPE ELEMENTS
TOMNAOTHM TYBULM KPO3 EAEMEHTE TEPMMHKOT OMOTAYA
FACADE WALLS
WINDOWS
CORRIDOR WALLS

CIELING TO UNHEATED ATTIC

4] 2 45 68 920
W Existing W Refurbished MWh/an

Source:
Ignjatovi¢, D. Cukovi¢ Ignjatovicé, N.
,Conserve energy”, working material




City of Belgrade — Conserve energy

EPSE;’AI;_'I;ING i g:l.ndxel &ma]
S, fles e Current state Q,, 4= 162.08 [kWh/m?a]
<=15 <=10
- <=25 <=18
B D, <=50  <=35

<=100 <=70
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E

Original state
OpUIMHOAHC CTaRE

i ke Improved state Q,, 4= 77.91 [kWh/m?a],

11130 7.9
<=15 <=10
<=25 <=18

<=100 <=70
<=150  <=105 m
=200 =140
Refurbished state =250 <=175
CCoHUPAHO CTaH:E 5350 5175
GHA WM a)) Speciic yeoy builing eremy noed for hantiog Source: )
‘ Ignjatovi¢, D. Cukovic Ignjatovicé, N.
il sl s espsdobi s bl et b M »Conserve energy”, working material

value set by the wgulytions ko cestain type of buiding)




City of Belgrade — Conserve energy — summary

= invesimen! per m2 of heated ares [€) — per llat [100 €) - anergy savings [Jo|

Investment energy annual  paybhack
savings savings
perm2 of per fiat (%19 ?190 ‘g:] [years] 80
heated {100 €]
area [€]

54 34 52 60

53 27 58

81 a5 69 40

84 as 57 :

57 a 66 473 20

19 27 | 48 8 11

74 52 59 337 10 . -

53 as @ a o5 10 B 8 2 10
bl - > G G it ettt o i -~ - PRSI SRN 2 s d

72 43 56 12 1

15 s | 7 7 121

Source: Ignjatovi¢, D. Cukovié Ignjatovicé, N. ,,Conserve energy”, working material




City of Belgrade — needed next steps

?

Building fund :

Belgrade building fund — Typology

Other building typologies (educational, health, public, administrative...)
Refurbishment process:

Procedures explained — manual and guidebook

Financial modalities and support for improvement (funding)

Pilot projects:

lllustrative projects with good practice case explained
Pre and post refurbishment monitoring



Thank you for the attention

lgnjatovic.dusan@arh.bg.ac.rs



