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Bevezetes

*» Kihivasok
“» Az energiatermelés és -fogyasztas fenntarthatatlan tendenciai
* A klimavaltozas veszélye
«+ Energiafuggoség, szocialis problémak, stb.
*» Megoldasok
» Az energiahatékonysag az energetikai kihivasok szinte mindegyikére a
legkoltséghatékonyabb valasz
«» Politikai prioritasok az energiahatékonysag es kibocsatascsokkentés
teruleten
» Az épuletszektor, f0leg a lakossagi epuletek

“* A legnagyobb potencial (az alapforgatokonyvhez képest) az atmeneti
gazdasagokban talalhato
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A lakoépuletek szerepe a kibocsatas-csokkentésben 1:
a magyar energia-felhasznalas szektoralis dinamikaja
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A lakoéptuletek szerepe a kibocsatas-csokkentésben:
a hazai CO,-kibocsatas 30%-aert felelosek

CO,-kibocsatas! osztalyozasa a magyarorszagi energia-végfelhasznalok
szerint 2004-ben

40, 4%

21%

Ipar

Kozlekedés
Lakossagi szektor
Kereskedelmi szektor
Mez6gazdasag

BEO0OOOC @O

Atalakitd szektor és nem energiafelhasznal ok

30%

[1] A szektorok &ltal felhaszndlt elektromos energidval kapcsolatos kibocsatadsokat is beleértve.

Forras: az ODYSSEE (2007) alapjan késziilt 3CSEP




A kutatas céljai és feladatai

“» A kutatas alapveto célja:
*» Tudomanyosan megalapozott szakpolitikak tervezése
“* A kutatas céljai:
» A CO, kibocsatas-csokkentési potencial és ennek koltségeinek megbecsulése
» FOkuszban: energiahatékony technoldgiak és gyakorlatok + lehetségek a fito-
anyag cserejére az energiafelhasznalas helyén
“* A kutatas kerdesel:
<+ A magyar lakossagi szektor alapforgatokonyvbeli CO,-kibocsatasa
«+ Kulcstechnologiak a hatékonysagnoveles és széndioxid-csokkentés szempontjabol
» Az egyéni CO,-mérséklési lehetdségek potencialja valamint koltségei
* Atelies CO,-mérséklési potencial a CO,-mérséklési technoldgiak koltségeinek
flggvényekent
A kutatas feladata:

» Egy modell kifejlesztése, amely lehetdvé teszi a kutatasi kérdések
megvalasztasat a jelenleg elérhet6 adatok alapjan
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A kutatas modszertana

Input data
- Population forecast
- Past building and cessation rates
- Past trends in heating and water
heating mode split
- EU trends in persons/household
- Share of occupied dwellings in
the past
- Expected trends in the heating
and water heating equipment
market
- Final energy consumption

Step 1. Buildings stock model for 2008-2025
- Simulation of the Hungarian residential household stock by
different types of buildings

External parameters
- Discount rate
- Heating Degree-Days
- Energy and fuel prices
- Assumption about decrease of
prices of technologies
- Physical constants

Input data

Modelled input components

Modelled components
providing the research
output

BED

- Forecast of the mitigation potential for each advanced
technology intervention
- Calculation of costs of avoided CO- for individual options

L]

il - Modelling split of space and water heating modes Buildings stock geometry and
heating requirement:
v - Assumption regarding geometry
Step 2. Building and calibrating the baseline parameters of different types of
- Estimate of the rate of retrofit households
- Building up the baseline energy use and emission scenario - Estimate of energy requirement for
for the energy end-uses (through satisfying them reference types of buildings
technologies)
- Aggregating energy use and associated emissions of the
technologies in the baseline using the supply curve method Database of baseline and
- Calibrating energy and emission baseline based on local mitigation technologies:
,| lerature, statistics, and other models - Identification of key technologies
3 - Collection and estimate of their
Step 3. Economic evaluati_nn of individual mitigation mﬁaﬁuﬁeﬁgﬂ?ﬂéiuﬂmnw’
options rlfetilne, annual use, and others

- Collection and estimate of their
economic characteristics: capital and
installation costs

Step 4. Supply curve of mitigated CO;
- The options are ranked according to their cost-effectiveness
and applied in the baseline incrementally
- The CO, potential calculated incrementally and estimated
mitigation costs are framed into the supply curve
- The results are compared to other research
- The sensitivity analysis of CO» mitigation costs is conducted
depending on different discount rates and the energy price
forecast

Projection of CO, emission factors
- Identification of CO; EF for primary
fuels based on the Hungarian
National Inventory

- Estimation of CO EF for electricity
and district heat




Hasznalt modszer: a CO,-mérsékleés kinalati gorbéje

Definicio: a CO,-mérseklés kinalati gorbéje a technologiai
merseklési lehetéségeknek egy sorozatanak potencialis

CO,-csOkkentési hatasait mutatja be a megtakaritott CO, -
egysegkoltsegének fiiggvényekent
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CO,-mérséklése szazalékban vagy abszolut egységekben
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Forras: a Rufo and Coito (2002) alapjan készult



Fobb feltételezések és adatforrasok

e FO feltételezések
* Modellezési idGszak 2008-t6l 2025-ig
«» Alapforgatokonyv: lehetOleg kozel a valtozatlan folytatas feltételezéséhez
» Mérséklési forgatokonyv = alapforgatokonyv — technologiai potencial
*» Leszamitolasi kamatlab 6%
<+ FltOanyag- és energiaarak évi novekedése 1,5% realis értékben
<+ Adatforrasok: 161 hivatkozas
* ‘Enciklopédiak’
“* Nemzeti és EU statisztikak és felmerések
* Interjuk
“» Aktualis/folyamatban 1évé projektek
< Cimkézési és standardizald program jelentései
+ Jelentések, piackutatasi eredmények, gyartdszovetsegek és tanacsadok
bemutatasai, készulékkatalogusok és -arlistak
** Mas hasonlo modellek

3CSEP
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A kutatas korlatai

A kivalasztott modellezési modszerrel kapcsolatos hatarok
+» Bemen0 adatok szamottevé mennyisége

+ A potencial az azonositott intézkedések listajahoz kapcsolodik egy
meghatarozott idopontra vonatkozdan

» Az energiaszolgaltatasok felfogasa nem valtozik az idével
*+ Csak a racionalis dontésekre vald tamaszkodasa a minimalis koltség alapjan
A CO,-mérséklés jarulékos hasznai és akadalyai figyelmen kivul hagyasa
A nem-technologiai lehetdségek figyelmen kivul hagyasa
Néhany technologiai mérseklési lehetdség figyelmen kivul hagyasa
e+ Kllonféle készllekek elektromos aramfogyasztasa
i+ A f6zésre és (felvond-)motorokra vonatkozo lehetéségek
«+ Légkondicionalas
i+ Az épulet hétechnikai héja és a flitbrendszer felljitasanak bizonyos lehetGségei
A bizonytalansagok csokkentése és feltételezések tisztazasa
» A HDH és CDH varhat6 csokkenése
“» A haztartasi gépek és fenyek altal kibocsatott ho
» Az energiaarak dinamikajanak kutatasa a 2008-2025-s id0szakra
e Az élenjard és referenciatechnoldgiak ardinamikajanak vizsgalasa
<+ CO,-kibocsatasi tényezok a haztartasi elektromos aramra és a
fogyasztott hdre vonatkozoan
*+ Visszaugrasi hatas 3CSEP
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A kutatas eredmenyei
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A szektor aenergia-felhasznalasanak elorejelzése a
referenciaesetben, 2008 - 2025
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Vetitett szektori CO,-kibocsatas a referenciaesetben,
2008 - 2025
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Megvizsgalt hatekonysagi es flitbanyagcsere-lehetosegek

Epiilet hétechnikai héja

A falak, tet6 és pince szigetelése X X
Ablakcsere X X X
Ablakok idéjaras elleni szigetelése X
Passziv energia tervezés X

Hazkbzponti kondenzacios gazrendszer X X

Lakaskozponti kondenzécios gazrendszer X X
Hoszivattyu X
Pelletkazan X
Szolarflitési rendszer tartalék X

pelletkazannal



Haztartasok a kovetkezo éplletekben:

Hagyo- : . 5 . .
Mérséklési lehetéség manyos Igarl’ tech'nc:- C§alad| 1993 es 2098 ota
. |6giaval épult hazak (1992 2007 épilt  épult
tarsas- \ . e X X
. tarsashazak  elott épilt)  hazak hazak
hazak
Fiités szabalyozasa
Termosztatikus szelepek (tav- és kozponti X X
fatés esetén)
Programozhat6 hdszabalyozok (kivéve tav- és X X
kozponti fiités, szén és biomassza)
Egyéni héfogyasztasmérés (tav- és kdzponti X X
fltés esetén)
Vizmelegités
A kombinalt térfiitési és vizmelegitési rend- X X X
szerek hatékonysaganak javitasa
A kizarolag vizmelegitési berendezések X X X X X
cseréje hatékonyabb berendezésekre
Vizmegtakaritasi felszerelések X X X X X

Hatékonyabb hiitészekrények és mélyhiitok X

Hatékonyabb mosogépek

X X X X
X X X X
X X X X
X X X X

X
Készenléti aram csokkentése (TV és PC) X
X

Hagyomanyos izzok cseréje CFL-re



Az alkalmazott megoldasok potencialjai és
koltségei kulon-kulon, 2025-ben
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A magyar lakossagi szektor CO,-merséklesi
kinalati gorbéje 2025-ben
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Kumulativ végenergia-megtakaritasi potencial a magyar lakossagi
szektorban, 2008 - 2025
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Kumulativ CO, megtakaritasi potencial a magyar lakossagi szektorban,
2008 - 2025
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Forras: Novikova 2008, Novikova és Urge-Vorsatz 2007
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Befektetési igény vs. energiakoltség-megtakaritasok
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Kovetkeztetések

A lakoépuletek a klimavaltozas-mérséklesi politikak kulcsfontossagu célterulete

» 2025-ig varhatdan novekszik a lakossagi energiafogyasztas, a CO,-kibocsatas pedig

valamennyit csokkenhet a kozeljovoben, de utana novekedni fog

Szamos energiahatékonysagi és fltdanyagcsere-lehetéségek léteznek, amelyek
lényegesen csokkenthetik az elGrejelzett CO,-kibocsatast
A CO,-mérséklés koltséghatékony potencialja

% ...szamottev0 az 0sszes megviszgalt épllettipusban

/

<+ ...az alapforgatokonyvbeli CO,-kibocsatas kb. 29%-at tesz ki 2025-ben (alacsony becsles)

* Alegalacsonyabb koltségl mérséklési lehetdségek viszonylag olcsok és egyszerlek

*+ Hatékony vilagitas, f(ités és a vizfolyas szabalyozasa

* A legnagyobb potenciallal rendelkez6 lehetGségek viszonylag dragabbak

» FUtbanyag cseréje és a régi epuletek hotechnikai héjanak javitasa
Az épuletallomany atvaltasa rendkivul lassu

<+ A CO,-mérseklési potencial nagy része be van zarva a meglévé épuletekbe

*» Ezeknek az épuleteknek a felljitasa az egyik f6 prioritas
3CSEP




Koszonjuk a figyelmet!

http://3csep.ceu.hu
Aleksandra Novikova: novikovaa@ceu.hu
Diana Urge-Vorsatz: |orsatzd@ceu.hu
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Dynamics of final energy use in the residential sector of
Hungary, 1990 - 2004
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Source: constructed based on ODYSSEE NMS (2007) 3CSEP




Dynamics of electricity consumption of end-use sectors in
Hungary, 1965-2005
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Dynamics of primary energy demand in the EU-25
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Potential for CO, mitigation in economies in transition at a sectoral
level, 2030

GtCO,eq. Cost categories* (US$/tCO,eq.)
17 <20 O<0 M0-20 M 20-100

0.9 1
0.8
0.7 1
0.6

0.5 1

0.4 -

0.3 1
0.2 1

SN NN R

0 '
Buidlings Industry Agriculture Energy supply  Forestry Waste

NNy
negative costs, at 0-20 US$/tCO,, and 20-100 US$/tCO,. For the industrial, forestry, and energy supk v,'tt?, i
potential is split into two categories: at costs below 20 US$/tCO, and at 20-100 US$/tCO,, \ 4
Source: constructed based on Baker et al. (2007) 3CSEP




Energy use breakdown of the Hungarian residential sector,
1996

Other

Water heating
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Source: constructed KSH 1998. 3CSEP _L




Breakdown of direct CO, emissions by final energy users
in Hungary, 2004

Industry
17%

Source: constructed based on ODYSSEE NMS (2007) S3CSEP M_



Breakdown of electricity consumption in the Hungarian
residential sector, 2004
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Calculation procedures: technical part

FE Z |:ESpaceHeatlngm ji + Z |:E\NaterHeatlngj , + Z |:EAppllances&nghtsj , + Z I:ECooklngJ ,
CO,,, = FE,, xEF,,

UE

FE . SpaceHeating, ;
SpaceHeating, ;i

77SpaceHeating ji

UE =EL

Transmission,, ;

T EI—Infiltrationm,i
EI—Transmissionmi = HDHI X Zul,m X A,m

SpaceHeating, ;

EI—Infiltrationm,i = HDHI X ACHm ><Vm X pair X Cair
F . V xU EWaterHeatlng
E\NaterHeatingj'i o
T]WaterHeating jii
|:ECOIdAppIiancei — UECReference X EEII

|:ECIothesWashingMac:hinei = UECLoadi X Load xTime

FE g, =Wattage,,, xTime

3CSEP




Calculation procedures: economic part

AAIC , —EC..
MCCO, ; = — 2L
| ACO,
AAIC]I — aj X AICJI ~ Areterence X AICReference,i
_ (1+DR)"xDR
' (1+DR)" -1
EC,, =AFE,; xPrice,
- _DAIC,
"AFE,




Thermal component: modeling structure

*+ Buildings are split into 5 categories
* Architectural and thermal characteristics
* Main modeling steps
« Buildings stock model for 2008 - 2025
*» Space heating split for 2008 — 2025
*» Water heating split for 2008 — 2025

3CSEP




The buildings stock model: projected household stock
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== Households in buildings built using industrialized technology =~ == Households in single-family houses built until 1992
== Households in single-family houses built in 1993-2007 =>&=Households in single-family houses built after 2008
A Households in traditional buildings =@=Households in multi-residential buildings built in 1993-2007

=== Households in multi-residential buildings built after 2008




Space heating modes in households of the traditional buildings
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Space heating modes in households of the industrialized buildings

Thousand households

== District Heating
=@= Central Building Heating, Gas
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Space heating modes in old single-family houses

Thousand households =&=District Heating =3iée= Central Dwelling Heating, Gas
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=== DPremise Heating, Biomass

1,000 -

800 4

600 M—\

400

200

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 025

3CSEP




Space heating modes of households in new buildings
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Water heating solutions — the number of systems,
top three

Thousand appliances (for district hot water - thousand households)

==0==District hot water
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Water heating solutions - the number of systems,
excluding top three

Thousand appliances (for central building hot water - thousand households)

400

A A A A A A

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 20%3. 2924 2025
N PR,

=== Central building hot water == Gas istantaneous water heaters, primary ==+ Gas storage water heater, primary

«=&=Electric storage water heaters, secondary =~ ==¥=Gas instantaneous water heaters, secondary === Biomass central dwelling combi-es, primary

==/\=Pellet combi-es, primary ==4#==Solar combi-es, primary === Pymp combi-es, primary
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Estimated energy heating requirements of different

types of buildings
_ : Energy heating

Types of buildings Type of heating requirement, KWh/m?

Central dwelling 230
Old single-family houses

Premise 299

Central dwelling 180
Households in traditional buildings

Premise 234
Households in buildings built with ~ Central dwelling 200
the industrialized technology Premise 260
Multi-residential buildings and Central dwelling 125
family-houses built during the last _
New multi-residential buildings and ~ Central dwelling 105
family-houses Premise 137




Life cycle energy use in buildings

Maintenance and Manufacturing,
renovation transport, and
4% construction

Us

ven

water, and

electricity)
84%

X
Source: Adalberth 1997 .
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Projected emission factors of electricity and heat in
4CO,kwh Hungary, 2005 - 2025

400 7 Source: research forecast based on GKM & KVVM (2007); MAVIR (2005); and Hungarian Ministry
of Environment and Water (2007).

350 -

300 -

250 -

200

150
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

== Electricity consumed (includes electricity produced domestically and imported, emissions of imported electricity = 0 for Hungary) :

== Heat delivered by district heat installations and power plants having cogeneration

il dLESN




Comparison of the sectoral energy balance of the research
o model, national statistics, and the external model

O Gas

50 O] Ekectricity
[0 Heat

45 - M Solids (coal)
M Oil products

40 - = Wood

35

30

25 -

20

15

10

5

0

2004 (ODYSSEE NMS 2007) 2008 (Dissertation) 2005 (PRIMES: Capros et al. 2007)



Energy consumption and associated CO2 emissions: the start year
balance and the forecast for 2008 — 2025 according to different sources

Energy consumption

CO, emissions, total

CO, emissions, direct

CO, emissions, indirect

Energy consumption

CO, emissions, direct

Energy consumption

CO, emissions, total

Energy consumption

Units 2004 2005 2006 2008

The present dissertation

TWh : : : 81.9

1000tCO, - : : 17.4
13.2
42

PRIMES model (Capros et al. 2007)

TWh 76.3

1000 tCO, 10.7

ODYSSEE NMS database (2007)
TWh 69.8

1000tCO, 162

2010

82.2
17.2

13.0

4.1

85.3

11.0

Energy Efficiency Action Plan of Hungary (GKM 2008)

TWh - - 75.7

2015

82.7
16.5

12.6

3.9

93.6

11.3

2020

83.1
16.9

12.4

4.5

98.5

11.4

2025

84.2
17.3

12.3

5.0

101.5

11.3



Energy prices for the residential end-users of Hungary,

December 2007
Energy price,

Fuels EUR/KWh References
Natural gas 0.044 Hungarian Energy Office 2007a
Agripellet 0.030 Estimate based on (DBO 2007)
Brown coal 0.024 Estimate based on (Hungarian Energy Office

2007b)
Firewood 0.012 Estimate based on (DBO 2007)
District Heat 0.041[1 Call Centre (FOTAV 2007)
BB 0.155 Hungarian Energy Office 2007c
energy

[l To be consistent across the methodologies of estimation of energy saving costs of space heating options, it is
considered that the district heat price is 100% flexible. In practice, only half of the district heat price is var"aalg.and it
depends on heat consumption of a building distributed among heat payers. Another half of the price *;‘.’l 0 &alle

‘capacity cost’ and is variable (Sigmond 2007). '
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Potential available through application of options installed

separately, 2025 cont.

Mitigation measure

Buildings constructed using industrialized technology

Installation of thermostatic radiator valves

Wall insulation

Installation of condensing gas central building boilers for space heating
Window exchange

Basement insulation

Roof insulation

Individual metering of district and central heating

Traditional buildings

Installation of thermostatic radiator valves

Installation of programmable thermostats

Installation of condensing central building gas boilers for space heating
Roof insulation

Basement insulation

Individual metering of consumed district and central heat

Window exchange

Installation of condensing central gas dwelling boilers for space heating

CO,
savings

Thousand
s tonnes
CO,lyr.

89
332

236
19
38

177

26
68
35
90
58
51
399
169

Costs of
mitigated
Co,

EUR/tCO,

-240
-115
-97
-81
109
161
203

-249

-183
-91
-61
-54

-21
86

Energy
savings

GWhlyr.

529
1931
30
1369
110
219
1057

131
335
171
449
290
263
1987
837

Costs of
energy
savings

EUR/KWh

0.01
0.03
0.04
0.04
0.07
0.08
0.09

0.01
0.02
0.04
0.04
0.05
0.06
0.05
0.07



Potential available through application of options installed
separately, 2025

Costs of Costs of
CO, " Energy
. mitigated . energy
savings savings .
L CO, savings

Mitigation measure

Thousand

s tonnes EURACO, GWhlyr. EUR/kWh

CO,lyr.
Old single-family houses (constructed before 1992)
Installation of programmable thermostats 255 -213 1261 0.01
Roof insulation 1172 -60 5173 0.04
Wall insulation 1500 -56 6620 0.04
Basement insulation 757 -54 3340 0.04
Weather stripping of windows 4073 27 1447 0.30
Installation of pellets boilers for water and space central dwelling heating 1067 21 4709 0.06
Window exchange 528 54 1347 0.05
Installation of solar collectors for wate_r heating backed up with pellet boilers for 4073 82 6348 0.13
water and space central dwelling heating
Insta}llatlon of condensing gas boiler for water and space central dwelling 1381 134 3206 0.08
heating
Installation of pumps for water and space central dwelling heating 3093 110 14778 0.05

Buildings constructed after 2008
Application of passive energy design 697 9 4651 0.05




Potential available through application of options installed
separately, 2025 cont.

Costs of Costs of
CO, " Energy
. mitigated . energy
savings savings :
L CO, savings

Mitigation measure

Thousand

s tonnes EURACO, GWhlyr. EUR/kWh

CO,lyr.
Appliances and lights
Exchange of incandescent lamps with CFLs 305 -589 935 0.01
Reduction of electricity consumption by TV and PC-related equipment in low 266 582 815 0.01
power and off - modes
Efficient freezers 67 -391 206 0.07
Efficient refrigerators 107 -297 328 0.11
Efficient clothes washing machines 54 -275 167 0.11
Water heating
Installation of V\_/ater saving fixtures on dedicated water heating appliances and 263 508 1231 0.00
water heaters linked to boilers
Installation of water saving fixtures in households with central district hot water 400 -354 1942 0.00
Improved combi- space and water heating systems and dedicated water 217 o8 420 0.14

heating appliances
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Potential and costs of CO2 mitigation estimated with the supply curve

method, 2025 cont.
CO, Cost of Energy Investmen Saved
savingsin  mitigated  savings in ts 2008- energy
1000t Million Million
COyr. EURItCO, GWhlyr. EUR EUR
1 Exchange of incandescent bulbs with CFLs 305 -589 935 73 551
9 Reduction qf eIectr.|C|ty consumption of TV and PC- 266 580 815 20 391
related equipment in low power and off - modes
3 Iqstgllatlon of water saving fixtures in households with 263 508 1931 501 868
district and central hot water
4 Efficient freezers 67 -391 206 239 245
5 Instgllanon qf water saving fixtures on Qed|cated vyater 400 354 1942 78 1905
heating appliances and water heaters linked to boilers
6 Efficient refrigerators 107 -297 328 103 1637
7 Efficient clothes washing machines 54 -275 167 126 2892
8 InsFaIIatl.on of.TRVs in households of traditional multi- 2% 249 131 13 66
residential buildings
9 Installation of TRVg in hqusgholds of buildings 89 240 509 80 058
constructed using industrialized technology
Installation of programmable thermostats old single- )
e family houses (constructed before 1992) A5 A L] AL =
11 Installation of programmable thermostats in households 68 183 335 95 167

of traditional multi-residential buildings



Potential and costs of CO2 mitigation estimated with the supply curve

method, 2025 cont.
CO, Cost of Energy Investmen Saved
savingsin  mitigated  savings in ts 2008- energy
Rank Measure 2025 C02 2025 2025 costs
1000t Million Million

EURICO,  GWhiyr.

CO,lyr. EUR EUR

Installation of central building condensing gas boilers for
13 space heating in households of traditional multi- 31 -70 154 76 77
residential buildings

Roof insulation of old single-family houses (constructed
before 1992)

Window exchange in buildings constructed using
industrialized technology

16 Roof insulation of traditional multi-residential buildings 83 -42 413 276 208

Improved combi- space and water heating systems and

14 1127 -51 4948 2858 2327

15 205 -47 1190 760 825

1 dedicated water heating appliances o 28 420 50 1536

18 Ba.se.ment insulation of traditional multi-residential 50 16 048 166 195
buildings

19 Wall insulation of old single-family houses (constructed 1160 04 5002 —_— 2304
before 1992)

20 Application of passive energy design to single-family and 697 9 4651 — -

multi-residential buildings constructed from 2008
21 Window exchange in traditional multi-residential buildings 326 38 1626 1448 818

Base insulation of old single-family houses (constructed

22 before 1992)

439 80 1926 1905 905



Potential and costs of CO2 mitigation estimated with the supply curve

method, 2025 cont.
CO, Cost of Energy Investmen Saved
savingsin  mitigated  savings in ts 2008- energy
Rank Measure 2025 C02 2025 2025 costs
1000t Million Million

EURICO,  GWhiyr.

CO,yr. EUR EUR

Installation of pellets boilers for central dwelling space
23 heating and water heating in old single-family houses 702 92 258 1336 574
(constructed before 1992)

Installation of pumps for central dwelling space heating
24 and water heating in old single-family houses 386 136 1877 1744 1531
(constructed before 1992)

Installation of central building condensing gas boilers for
25 space heating of households in buildings constructed 2 216 11 607 741
using industrialized technology

Installation of solar collectors backed-up with pellet
boilers for central dwelling space heating and water

A heating in old single-family houses (constructed before 2l S ke G ot
1992)
Installation of condensing gas boilers for central dwelling
27 space heating in old single-family houses (constructed 359 467 773 2109 188
before 1992)
Individual metering of consumed district and central heat
e in households of traditional multi-residential buildings g = & e 2
29 Base insulation of buildings constructed using 8 743 43 131 20

industrialized technology



Potential and costs of CO2 mitigation estimated with the supply curve

method, 2025 cont.
CO, Cost of Energy Investmen Saved
savingsin  mitigated  savings in ts 2008- energy
Rank Measure 2025 C02 2025 2025 costs
1000t Million Million
COyr. EURICO, GWhlyr. EUR EUR
30 Weather stripping of windows in old single-family houses 64 746 419 1367 744

(constructed before 1992)

Installation of central dwelling condensing gas boilers for
31 space heating in households of traditional multi- o6 829 278 715 177
residential buildings

Roof insulation of buildings constructed using

- industrialized technology e e i Sl W
Individual metering of district and central heat in
33 households of buildings constructed using industrialized 65 1113 386 1062 284

technology
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Country/
region

Hungary

Economies
in transition

Developed
countries

Hungary

EU-15

Source

Dissertation

Levine et al.
2007

Szlavik et al.

1998

Joosen and
Blok 2001

CO, mitigation potential as share
of the baseline emission

projections in cost categories Discount
(costs in USD/tCO,) rate
<0 0-20 20-100 >100
29% 4% 8% 9% 6%
35% 3% 0.0% 6% 4%
19% 3% 0.3% 1% 8%
Aggregated
29% 12% 23% n/a results of
studies
which used
27% 3% 2% n/a 3%-10%
31% 9% 0% 5% 5%
1% 6% 2% 3% 4%

Target
year

2025
2025
2025

2020

2020

2030

2010

Sectoral
coverage

Residential

Residential &
commercial

Residential &
commercial

Residential



Sensitivity analysis of mitigation costs

+» Discount rates: 4% and 8%

» Energy price forecast

“» A 35% natural gas price increase by the end of 2008 -> other fuel and energy prices also
change

» After 2008, an increase of all fuel and energy prices by 1.5%/yr.

Share of the reference CO; O<0EURACO2 m@m@O0-20EUR/MCO2 I 20-50 EURACO2 m[I@20- 100 EURACO2
emissions
50% -

45% -

2%

40% - 4%

3%
35% A
30% A

25% A

20% ~

15%

10%

5%

0%

Discount rate 6% Discount rate 4% Discount rate 8% Natural price growth in 2008 by 35%
1 0, .
(Discount rate 6%) ———



