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Introduction

� Challenges
� The unsustainable pattern of energy production and use

� The climate change challenge

� Solutions
� Desirable but unlikely: a reduction of demand for amenities

� OR: revising the model of energy production and consumption

� Energy efficiency can be considered as an energy source

� Priorities for efficiency and mitigation policies
� The buildings sector

� Residential buildings

� Economies in transition?

Looking to the safe and sustainable world tomorrow 

implies reforming our model of development today 

(Laponche et al. 1997)



Aim, goal, objectives, and task 

relative to the Hungarian residential sector

� The overall research aim is 
� To assist the evidence-based policy design

� The research goal is
� To estimate the potential for CO2 mitigation and associated costs 
� Options in focus: energy efficient technologies and practices + fuel 

switch options at the point of energy demand

� Research objectives are
� The baseline CO2 emissions of the Hungarian residential sector
� Key energy-efficient and low-carbon technologies
� CO2 mitigation potential of individual options + their mitigation costs
� Total CO2 mitigation potential as a function of the cost of CO2 mitigation 

technologies

� The task is
� To develop a model which allows answering research questions based 

on the presently available data 



Method used: a supply curve of CO2 mitigation

Definition: the supply curve of CO2 mitigation characterizes 

the potential CO2 reductions from a sequence of mitigation 

technological options as a function of marginal costs per unit 

of mitigated CO2

Source: developed based on Rufo and Coito (2002) 

∆CO
22Marginal cost per unit of CO2



Design of the dissertation research

Database of baseline and 

mitigation technologies:

- Identification of key 
technologies
- Collection and estimate of 
their technical characteristics: 
efficiency, energy requirement, 
end-use lifetime, annual use, 
and others
- Collection and estimate of 
their economic characteristics: 
capital and installation costs

External parameters

- Discount rate
- Heating Degree-Days
- Energy and fuel prices
- Assumption about decrease of 
prices of technologies
- Physical constants Step 4. Supply curve of mitigated CO2

- The options are ranked according to their cost-effectiveness 
and applied in the baseline incrementally
- The CO2 potential calculated incrementally and estimated 
mitigation costs are framed into the supply curve
- The results are compared to other research
- The sensitivity analysis of CO2 mitigation costs is conducted 
depending on different discount rates and the energy price 
forecasts

Step 2. Building and calibrating the baseline

- Estimate of the rate of retrofit
-Building up the baseline energy use and emission scenario for 
the energy end-uses 
- Aggregating energy use and associated emissions of the 
technologies in the baseline using the supply curve method
- Calibrating energy and emission baseline based on local 
literature, statistics, and other models

Step 1. Buildings stock model for 2008-2025

- Simulation of the Hungarian residential household stock by 
different types of buildings
- Modelling split of space and water heating modes 

Step 3. Economic evaluation of individual mitigation 

options

- Forecast of the mitigation potential for each advanced 
technology intervention
- Calculation of costs of avoided CO2 for individual options

Projection of CO2 emission 

factors 

- Identification of CO2 EF for 
primary fuels based on the 
Hungarian National Inventory
- Estimation of CO2 EF for 
electricity and district heat 

Input data

Input data

- Population forecast
- Past building & 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

Buildings stock geometry and 

heating requirement:

- Assumption regarding 
geometry parameters of 
different types of households
- Estimate of energy 
requirement for types of 
buildings

Modelled components 
providing the research 
output

Modelled input 
components



Key assumptions and data sources

� Key assumptions
� The modeling period is from  2008 to 2025
� The reference case - as much as possible close to the business-as-usual 
� The mitigation case = the reference– the technical potential 
� Discount rate 6%
� Fuel and energy prices grow by 1.5%/yr. in real terms

� Data sources: 161 references
� ‘Encyclopaedias’
� National and EU statistics and surveys
� Interviews
� Recent/on-going projects
� Labelling and standardization programme reports
� Reports, market reviews, and presentations of production associations and 

consultancies, equipment catalogues and pricelists
� Other similar models



Research limitations

� Limitations associated with the selected modelling approach
� Significant amount of input data
� Potential is linked to the identified list of measures for a specified point of time
� An understanding of the energy services does not change over time 
� Rely only on the rational decisions on the least-cost basis 

� Disregard of the co-benefits and barriers of CO2 mitigation
� Disregard of non-technological options
� Disregard of a few technological mitigation options

� Electricity consumption of miscellaneous appliances
� Options related to cooking and motors (lifts)
� Air-conditioning
� Some options aimed at retrofitting of the thermal envelope and heating systems

� Reduction of uncertainties and clarification of assumptions
� Expected decrease of HDH and CDH 
� Heat released by domestic appliances and lights
� Research on the energy price dynamics over 2008 – 2025
� Investigation of the price dynamics of the reference and advanced technologies
� CO2 emission factors for electricity and consumed heat in households
� Rebound effect



Research results



Sectoral final energy consumption projected in the 

reference case, 2008 - 2025
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Sectoral CO2 emissions projected in the reference 

case, 2008 - 2025
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Efficiency and fuel switch options investigated in the dissertation research

XThe passive energy design 

XWeather stripping of windows

XXXExchange of windows 

XXInsulation of walls, roofs, and cellars 

Thermal envelope

Buildings 

construct

ed from 

2008

Buildings 

constructed 

from 1993 

to 2007

Single-family 

houses 

(constructed 

before 1992)

Multi-

residential 

industrialized 

buildings

Multi-

residential 

traditional 

buildings

Households in

Mitigation options

XSolar thermal space and water heating 
systems backed-up with pellets

XPellet space and water heating systems

XSpace and water heating pumps 

XXCentral dwelling condensing gas systems

XXCentral building condensing gas systems

Heating efficiency and fuel switch



Efficiency and fuel switch options investigated in the dissertation research . 2

XXIndividual heat metering ( for DH and CH)

XX
Programmable thermostats (except DH and 
CH, coal and biomass systems)

XXTRVs (for DH and CH)

Heating controls

Buildings 

construct

ed from 

2008

Buildings 

constructed 

from 1993 

to 2007

Single-family 

houses 

(constructed 

before 1992)

Multi-

residential 

industrialized 

buildings

Multi-

residential 

traditional 

buildings

Households in

Mitigation options

XXXXXWater saving fixtures

XXXXX
Exchange of dedicated water heating 
appliances with more efficient appliances

XXX
Efficiency improvement of combined space 
and water heating systems 

Water heating

XXXXXExchange of incandescent lamps with CFLs

XXXXXStandby power reduction (TV and PC)

XXXXXHigher efficiency clothes washing machines

XXXXXHigher efficiency refrigerators and freezers

Electrical appliances and lights



Potentials and costs of options installed separately, Hungary, 

the residential sector, 2025

-650

-550

-450

-350

-250

-150

-50

50

150

250

Million tonnes CO2

EUR/tCO2

0

-650

-550

-450

-350

-250

-150

-50

50

150

250

Million tonnes CO2

EUR/tCO2

Lights

Freezers

Standby

TRVs

Water saving fixtures 

Refrigerators
Clothes washing 
machines 

Wall insulation

Thermostats

Water heating systems

Window exchange

Roof 
insulation

Basement insulation

Heat metering

Central bldg 
cond. gas

0.3 0.3

0.1
0.4

0.3

0.3
0.1
0.03

0.1
0.1

0.03
0.01

0.3

0.1

0.2

0.1 1.2

Wall insulation

1.5 0.8 +0.1
0.40.2

0.10

-650

-550

-450

-350

-250

-150

-50

50

150

250

Million tonnes CO2

EUR/tCO2

Lights

Pellet boilers

Solar thermal backed- 
up with pellet boilers

Freezers

Standby

TRVs

Water saving fixtures 

Refrigerators
Clothes washing 
machines 

Wall insulation

Thermostats

Water heating systems

Window exchange

Roof 
insulation

Basement insulation

Passive energy design

Heat metering

Weather stripping 
of windows

Heat pumps

Basement insulation

Roof 

Heat metering

0.3 0.3

0.1
0.4

0.3

0.3
0.1
0.03

0.1
0.1

0.3

0.1

0.2

0.1 1.2

Wall insulation

1.5 0.8 +0.1

0.7

0.4

1.1 4.1

0.5
4.1 0.2

Central dwelling 
condensing gas boilers

3.1

1.2

0.0
1.4

0.02

0.2
0.1

Central bldg 
cond. gas

0.03
0.01

0



Supply curve of CO2 mitigation in 

the Hungarian residential sector, 2025
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Investments versus Saved energy costs
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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.
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Research contribution: practical implications

� One of the keys for designing an influential policy tool

� The solid background information

� The dissertation addresses this gap

� The research results have been used for:

� The Hungarian Climate Strategy for 2008 – 2025 (KVVM 2008) 

� The design of the Green Investment Scheme in Hungary (BME ongoing)

� Potentially the research can assist with

� Setting up the binding commitment for to the post-Kyoto

� Ex., shown that the identified potential may offset c. 4.5% of the Kyoto Protocol base 
year (1985 – 1987) GHG emissions of Hungary 

� Good background for modeling various policy tools

� Capital subsidies and grants, energy performance contracting, the Joint 
Implementation Mechanism of the Kyoto Protocol, an energy efficiency certificate 
scheme and others.



Research contribution: theoretical implications

� Limited research on mitigation opportunities in the CEE & FSU regions 

� One of the key reasons 

� The difficulty to collect input data into the framework of highly detailed bottom-
up technology-rich model

� The modelling framework and the technological database developed in the 
dissertation research can serve 

� As a basis for assessment of opportunities for CO2 mitigation in the residential 
buildings sector other CEE and FSU countries having similar economic and 
climate conditions, in particular Slovakia, the Czech Republic, and Poland

� Can be partially used for similar assessment of the commercial buildings sector 
of Hungary or other mentioned above countries of the region



Conclusion

� The cost-effective potential for CO2 reduction from application of 
technological options

� Is substantial in all studies types of buildings

� Is significant in different scenarios of economic stability

� C. 28% of the reference CO2 emissions in 2025 (low estimate)

� The options with the lowest mitigation costs are relatively cheap and easy

� Efficient lighting, heating and water flow controls

� Options which supply the largest potential are relatively more expensive

� Fuel switch and improvement of the thermal envelope in old buildings

� The buildings stock turnover is extremely slow

� A large share of CO2 mitigation potential is locked in the existing buildings

� Retrofitting of these buildings is one of the key priorities

� The results of the dissertation are comparable with those of other research 

� The research has the number of theoretical and practical implications



Thank you!



Additional slides

Introduction



Cumulative potential CO2 emission reductions, 2008 - 2025
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Dynamics of primary energy demand in the EU-25 

Source: Commission of the European Communities 2006.

Note: “Negajoules” refers to energy savings calculated on the basis of energy intensity in 1971.



Potential for CO2 mitigation in economies in transition at a 

sectoral level, 2030
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CO2 emissions[*] by final energy end-users in Hungary, 2004

[*] Including emissions associated with electricity use consumed by the sectors.

Source: constructed based on ODYSSEE NMS (2007)



Final energy consumption of energy end-use sectors 

in 1990 - 2004, Hungary

Source: constructed based on ODYSSEE NMS (2007)
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Dynamics of final energy use in the residential sector of 

Hungary, 1990 - 2004

Source: constructed based on ODYSSEE NMS (2007)
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Energy use breakdown of the Hungarian residential 

sector, 1996

Source: constructed KSH 1998.
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Breakdown of direct CO2 emissions by final energy users in 

Hungary, 2004

Industry
17%

Transport
33%

Agriculture
4%

Services
17%

Households
29%
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Dynamics of electricity consumption of end-use 

sectors in Hungary, 1965-2005 

Source: constructed based on IEA (2004; 2006a; 2007).
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Breakdown of electricity consumption in the Hungarian 

residential sector, 2004

GFK, 2004
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Best practices: SOLANOVA 

� Energy use for space and water heating
� Before  220 kWh/m2-yr. for space heating 
� Reduction of space heating energy by 200 kWh/m2-yr. or app. 90%

� Numerous co-benefits
� Comfort
� Very high saved energy costs
� Real estate price increase by 18,900 EUR/flat (excl. of VAT)

Source: Hermelnik 2005
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Characterization of a few energy system 

assessment models

Source: adapted from van Vuuren (2008).



Alternative definitions of baselines and 

efficiency potentials

Source: adopted from Koomey et al. (1996) in Vorsatz (1996)



Source: Constructed on the basis of IPCC (2001), Sathaye and Mayers (1995), McFarland et al. (2002), Tol (2000), Krause (2000), Sathaye
(2007), van Vuuren (2008).

Comparison of top-down and bottom-up modelling 

approaches

- Technologies at the energy end-use level
- Economic feedback is not included

- (Historic) behaviour
- Aggregated data in the long term
- Economic feedback is studied. 

Approach

Bottom-up modelsTop-down modelsDifferences

- Energy savings available from application 
of specific technological options and 
associated costs

- Impacts of policy tools and measures on 
macro-economic indicators

Subject of 
modelling

- Short- and medium-term analyses- Applicable for the long-run assessment
Projection 
period

- Models search for optimization of energy 
systems in terms of allocation of the most 
cost-effective technological options

- Models search for the state of equilibrium
- The world without policy intervention was 
efficient

Equilibrium 
versus 
Optimum

- A discrete shift from one technology to 
another assumes efficiency improvement
- Price and factor elasticity are rarely studied

- Efficiencies of technologies are modelled 
through coefficients of production factors
- Elasticity of factors assume fuel switch

Technology 
understanding



Bottom – up models applied in selected country studies and their main 

assumptions. 1 

Final energy 
consumption reduced by 
a factor of 3; CO2
emission reduced by a 
factor of 5 by 2050.

2005/ 
2050

Modelling of technologies is 
based on standards (present Vs 
future). Renovation and new 
constructions. Only space and 
water heating/

N/a
Business-as-
usual 

Energy 
and GHG

Bottom-up
Siller et al. 
2006

Switzerland

Low CO2 tax, high CO2
tax, all high taxes, 
expensive oil shale. 

1995/ 
2025

No limit for fuel import and 
investment, electricity import is 
restricted. Buildings-related 
options are insulation mostly.

6%

Scenario 
with modest 
economic 
growth

Energy, 
CO2, 
NO2

Bottom-Up, 
MARKAL[4]-MACRO

Kallaste et al. 
1999

Estonia

Three scenarios based 
on different definitions 
of incremental cost of 
CO2 abatement.

2000/ 
2010

Climatic zones, age of buildings 
and their size result in 24 
categories of buildings. Based 
on CBA analysis (NPV). 

6%
Frozen 
efficiency

CO2Bottom-Up,  ENPEP
Mirasgedis et 
al. 2004

Greece

The Policies and 
Measures scenario 
(‘Target 2020’)

2005/ 
2020

A moratorium on new nuclear 
power plants and compliance 
with ongoing nuclear phase-out.

3% 
and 
5%

Business-as-
usual

Energy 
and CO2

Bottom-up
Lechtenbohme
r et al. 2005

Three scenarios with the 
EU EPBD[3], extended 
EPBD to buildings > 
200m2, extended EPBD 
to all buildings.

2006/ 
2015

The buildings stock is modelled 
based on climate regions, 
building type, size, and age, 
energy carrier, insulation level, 
and emission factor. 

6%
Frozen 
efficiency

Energy 
and CO2

Bottom-up and 
BEAM[2] model for 
the buildings stcck

Petersdorff et 
al. 2005

Hungary, 
Slovakia, 
Slovenia, 
Estonia, 
Latvia, 
Lithuania, 
Poland, the 
Czech 
Republic

Mitigation scenario
2005/ 
2030

New equipment and retrofitting. 
A wide range of supply side and 
demand side options.

3% 
and 
5% 

Business-as-
usual

Energy, 
CO2

Bottom-Up, ENPEP[1]
Szalvik et al. 
1999

Hungary

Mitigation scenario
1990/ 
2010

New and retrofit separately 
categorized4%

Frozen 
efficiency 

GHGBottom-Up, GENESIS
Joosen and 
Blok 2001

EU-15

Scenarios additionally 

to the baseline

Base/ 

Target 

years

Assumptions interesting from 

the point of view of 

dissertation research

Disco

unt 

rate

Baseline 
Model-

led unit
Model type Reference

Country/ 

region



High efficiency scenario 
1990/ 
2020

Business-as-usual is 
continuation of past trends 
whereas the Baseline is with the 
technologies likely to be used in 
the future

6% 
and 
12%

Business-as-
usual 
scenario and 
Baseline 

Energy 
and GHG

Bottom-Up, 
MARKAL  and 
AHP[8] with imposed 
targets of GHG 
emission reductions 
by- 5,10,15,and 20%

ADB 1998India 

Mitigation scenarios for 
each sector

1995/ 
2030

Rural and urban areas. 
Reduction in specific E- needs 
and intensities, fuel switch. 

10%
Expected 
efficiency 
scenario

Energy, 
CO2

Bottom-Up, LEAP[7]
FEDEMA 
1999

Ecuador

Mitigation scenario
1990/ 
2030

New equipment and retrofit with 
improved technologies are 
modelled (only known 
technologies).

6%
Frozen 
efficiency

CO2Bottom-Up

De Villiers 
2000; De 
Villiers and 
Matibe 2000

South Africa

Moderate and advanced 
scenario.

1997/ 
2020

New energy-efficient 
technologies and new policies

7%
Business-as-
usual

Energy, 
carbon

Bottom-Up, CEF-
NEMS

Koomey et al. 
2001

USA

Scenarios considered for 
different types of 
potential

2000/ 
2020

Residences are split into 15 sub 
sectors in 5 geographical 
regions and 3 household income 
classes

0%, 
15%, 
35%, 
70%

No-
conservation 
scenario

Electricit
y, CO2

Bottom-Up
Almeida et al. 
2001

Brazil

New scenario with 60% 
reduction of carbon 
emissions from 1997 
levels by 2050(‘40% 
House’) 

1996/ 
2050

Technologies are modelled in 
terms of fuel inputs, system 
efficiencies, and energy outputs 
assuming their take-over rates.

N/a??
Reference:  
1997 carbon 
emissions

CO2eq.
Bottom-Up, 
UKDCM[6]

Boardman et al 
.2005

UK

‘Demand side’ scenario 
with the imposed target 
(60%) 

1996/ 
2050

A “notional” dwelling type and 
efficiencies of its envelope and 
systems are modelled based on 
the present and expected 
standards.

N/a
Reference 
and BAU

Energy 
and CO2

Bottom-up, Advanced 
BREHOMES[5]

Johnston et a. 
2005

UK

Scenarios additionally 

to the baseline

Base/ 

Target 

years

Assumptions interesting from 

the point of view of 

dissertation research

Disco

unt 

rate

Baseline 
Model-

led unit
Model type Reference

Country/ 

region

Bottom – up models applied in selected country studies and their main 

assumptions. 2 



1.Imposed targets for 
GHG reductions are 5%, 
10% and 15%; 2. CO2
emission growth rates 
are 0.5%, 1% and 1.1% 
/yr.

1993-
94/ 
2020

Two modelling approaches 
applied: the first one is that CO2
evolution depends on set targets, 
and the second – on growth 
rates of CO2.

10%

BAU as 
extension of 
past trends 
and the 
Baseline

Energy 
and GHG 

Bottom-Up,  
MEDEE/S-ENV[10]

and EFOM-ENV
ADB 1998Viet Nam

1.Scenarios with CO2
reduction by 10%, 20%, 
25%, 30%, and 35% in 
2020 as compared to 
Baseline
2.1st Scenario & 0.5% 
CO2 reduction from 
2010 compared to 
Baseline.

1995/ 
2020

The business-as-usual scenario 
is based on extension of present 
trends; the baseline is with 
policies but no special 
measures.  Technological 
options are presented as 
programs targeted at efficiency 
improvement

10%

Business-as-
usual and 
baseline (see 
assumptions)

Energy 
and GHG 

Bottom-Up, EFOM-
ENV[9]

ADB 1998Thailand

Scenarios additionally 

to the baseline

Base/ 

Target 

years

Assumptions interesting from 

the point of view of 

dissertation research

Disco

unt 

rate

Baseline 
Model-

led unit
Model type Reference

Country/ 

region

[1] Energy and Power Evaluation Program
[2] Building Environment Analysis Model
[3] The EU Directive on Energy Performance of Buildings.
[4] MARKet ALlocation model
[5] The Building Research Establishment’s Housing Model for Energy Studies
[6] UK Domestic Carbon Model
[7] Long-range Energy Alternative Planning System
[8] Analytical Hierarchy Process
[9] Energy Flow Optimization Module-Environment
[10] Sectoral Energy Environmental Demand Analysis Model 

Bottom – up models applied in selected country studies and their main 

assumptions. 3 



Discount rate is 3-5%; The 
projection period is 2005 – 2020. 
Data is for the residential sector.

1.Insulation; 
2.Heating systems, 
fuel switch, district 
heating and 
combined heat and 
power.

n.a. (Not listed in 
the study)

30%41Economic

Improvement in space and water 
heating, appliances and lighting, 
cooling/freezing, air-
conditioning, cooking, motors, 
process heat, renewable 
energies, reduced emissions 
from electricity generation.

Member 
States 
accessed the 
EU in 2004 
(Lechtenbohm
er et al. 2005)

Discount rate is 6%; The baseline 
is frozen efficiency scenario; The 
projection period is 2006 – 2015; 
The whole buildings stock is 
modelled.

1.Windows 
replacement; 
2.Wall insulation; 
3.Roof insulation. 

1.Roof insulation; 
2.Wall insulation; 
3.Floor 
Insulation.

-62Technical

Technical potential from 
measures in building envelope 
esp. insulation of walls, roofs, 
cellar/ground floor, windows 
with lower U-value; and renewal 
of energy supply.

Member 
States 
accessed the 
EU in 2004 
(Petersdorff et 
al. 2005)

Discount rate is 6%; The business-
as-usual baseline; The projection 
period is 1995 – 2025; The whole 
buildings stock is modelled.

1.New insulation 
into houses, 2.Third 
pane for windows, 
3.Additional attic 
insulation.

1.New insulation 
into houses, 
2.Additional attic 
insulation, 
3.Third pane for  
windows.

3% of 
the 
whole 
economy 
emission
s

0.4%Market

Market potential from 4 
insulation measures: 3d window 
glass, new insulation into 
houses, renovation of roofs, 
additional attic insulation.

Estonia 
(Kallaste et al. 
1999)

31%15Economic

Discount rate is 3%-5%;  The 
business-as-usual baseline; The 
projection period is 2000-2030; 
Potential estimates are for public 
and residential buildings; ranking 
of measures is for residences.

1.Post insulation; 
2.Window retrofit; 
3.Appliance 
procurement.

1.Hot water 
metering; 2.Flow 
controllers; 
3.Programmable 
thermostats for 
heating.

45%22TechnicalEconomic potential from 12 
options and measures: building 
envelope, space heating, hot 
water supply, ventilation, 
awareness, lighting.

Hungary 
(Szlavik et al. 
1998)

Base-

line %

Million 

tCO2

Type
Notes

Measures with 

highest potential

Measures with 

lowest costs

Potential

Description of mitigation 

scenarios

Country/ 

region

Review of studies which assess mitigation potential in 

the CEE residential sector
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Calculation procedures
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Calculation procedures
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Calculation procedures
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Calculation procedures
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Messages of CO2 mitigation curve 

CO2 price

� Estimates of the potential are adjusted to double-counting

� Easy-to-read guidance: how CO2 can be avoided 

� Technological options are ranked 

� Can be used to analyze future CO2 emissions in a detailed breakdown 

� The results can be often directly incorporated into follow-up research on modelling 
of mitigation policy tools

� Visualisation of benefits
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Population dynamics in Hungary, 1960 - 2025
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Rate of building cessation and time required for the buildings 

stock to exchange
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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



The buildings stock model: projected household stock
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Space heating modes in households of the traditional buildings 
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Space heating modes in households of the industrialized 

buildings 
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Space heating modes in old single-family houses
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Space heating modes of households in new buildings 
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Water heating solutions – the number of 

systems, top three
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Water heating solutions – the number of systems, 

excluding top three 
 

0

50

100

150

200

250

300

350

400

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

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

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 Solar combi-es, primary Pump combi-es, primary



Additional slides

Baseline modeling



Estimated energy heating requirements of 

different types of buildings

137Premise

105Central dwellingNew multi-residential buildings and 
family-houses 

163Premise

125Central dwellingMulti-residential buildings and 
family-houses built during the last 
fifteen years

260Premise

200Central dwellingHouseholds in buildings built with 
the industrialized technology 

234Premise

180Central dwelling
Households in traditional buildings

299Premise

230Central dwelling
Old single-family houses 

Energy heating 

requirement, kWh/m2
Type of heatingTypes of buildings



Life cycle energy use in buildings

Use (heating, 
ventilation, hot 
water, and 
electricity)
84%

Maintenance and 
renovation
4%

Manufacturing, 
transport,  and 
construction

12%

Source: Adalberth 1997 .



Projected emission factors of electricity and heat in Hungary, 

2005 – 2025 

Source: research forecast based on GKM & KVVM (2007); MAVIR (2005); and Hungarian Ministry 
of Environment and Water (2007).
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Comparison of the sectoral energy balance of the research 

model, national statistics, and the external model
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Sectoral CO2 emissions projected in the reference 

case, 2008 - 2025

  

Cooking (non-electric)
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Energy consumption and associated CO2 emissions: the start year balance 

and the forecast for 2008 – 2025 according to different sources

-----75.7--TWhEnergy consumption

Energy Efficiency Action Plan of Hungary (GKM 2008)

-------16.21000 tCO2CO2 emissions, total 

-------69.8TWhEnergy consumption

ODYSSEE NMS database (2007)

11.311.411.311.010.71000 tCO2CO2 emissions, direct

101.598.593.685.376.3TWhEnergy consumption

PRIMES model (Capros et al. 2007)

5.04.53.94.14.2CO2 emissions, indirect

12.312.412.613.013.2CO2 emissions, direct

17.316.916.517.217.4---1000 tCO2CO2 emissions, total

84.283.182.782.281.9---TWhEnergy consumption

The present dissertation

20252020201520102008200620052004Units
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Energy prices for the residential end-users of 

Hungary, December 2007

Hungarian Energy Office 2007c 0.155
Electric 
energy

Call Centre (FŐTÁV 2007)0.041[1]District Heat 

Estimate based on (DBO 2007)0.012Firewood

Estimate based on (Hungarian Energy Office 
2007b)

0.024Brown coal

Estimate based on (DBO 2007)0.030Agripellet

Hungarian Energy Office 2007a0.044Natural gas 

References
Energy price, 

EUR/kWh
Fuels

[1] 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 variable and it 
depends on heat consumption of a building distributed among heat payers.  Another half of the price is not so called 
‘capacity cost’ and is variable (Sigmond 2007).  



Half-yearly price for domestic electrical consumers 

(including all taxes)
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Half-yearly natural gas price for domestic consumers 

(including all taxes)
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0.0783786169Installation of condensing central gas dwelling boilers for space heating

0.051987-21399Window exchange 

0.06263-151Individual metering of consumed district and central heat 

0.05290-5458Basement insulation

0.04449-6190Roof insulation 

0.04171-9135Installation of condensing central building gas boilers for space heating

0.02335-18368Installation of programmable thermostats 

0.01131-24926Installation of thermostatic radiator valves

Traditional buildings

0.091057203177Individual metering of district and central heating

0.0821916138Roof insulation 

0.0711010919Basement insulation 

0.041369-81236Window exchange 

0.0430-976Installation of condensing gas central building boilers for space heating 

0.031931-115332Wall insulation

0.01529-24089Installation of thermostatic radiator valves 

Buildings constructed using industrialized technology

EUR/kWhGWh/yr.EUR/tCO
2

Thousand

s tonnes 

CO
2
/yr.

Costs of 

energy 

savings

Energy 

savings

Costs of 

mitigated 

CO
2

CO
2

savings

Mitigation measure

Potential available through application of options installed 

separately, 2025 cont.



0.0546519697Application of passive energy design 

Buildings constructed after 2008

0.05147781103093Installation of pumps for water and space central dwelling heating 

0.0832061341381
Installation of condensing gas boiler for water and space central dwelling 

heating 

0.136348824073
Installation of solar collectors for water heating backed up with pellet boilers for 

water and space central dwelling heating 

0.05134754528Window exchange 

0.064709211067Installation of pellets boilers for water and space central dwelling heating

0.301447274073Weather stripping of windows 

0.043340-54757Basement insulation 

0.046620-561500Wall insulation 

0.045173-601172Roof insulation

0.011261-213255Installation of programmable thermostats 

Old single-family houses (constructed before 1992)

EUR/kWhGWh/yr.EUR/tCO
2

Thousand

s tonnes 

CO
2
/yr.

Costs of 

energy 

savings

Energy 

savings

Costs of 

mitigated 

CO
2

CO
2

savings

Mitigation measure

Potential available through application of options installed 

separately, 2025



0.14420-28217
Improved combi- space and water heating systems and dedicated water 

heating appliances

0.001942-354400Installation of water saving fixtures in households with central district hot water 

0.001231-508263
Installation of water saving fixtures on dedicated water heating appliances and 

water heaters linked to boilers

Water heating

0.11167-27554Efficient clothes washing machines

0.11328-297107Efficient refrigerators 

0.07206-39167Efficient freezers

0.01815-582266
Reduction of electricity consumption by TV and PC-related equipment in low 

power and off - modes

0.01935-589305Exchange of incandescent lamps with CFLs

Appliances and lights

EUR/kWhGWh/yr.EUR/tCO
2

Thousand

s tonnes 

CO
2
/yr.

Costs of 

energy 

savings

Energy 

savings

Costs of 

mitigated 

CO
2

CO
2

savings

Mitigation measure

Potential available through application of options installed 

separately, 2025 cont.



16795335-18368
Installation of programmable thermostats in households 
of traditional multi-residential buildings

11

6542041261-213255
Installation of programmable thermostats old single-
family houses (constructed before 1992)

10

25880529-24089
Installation of TRVs in households of buildings 
constructed using industrialized technology

9

6613131-24926
Installation of TRVs in households of traditional multi-
residential buildings 

8

2892126167-27554Efficient clothes washing machines 7

1637103328-297107Efficient refrigerators 6

1905781942-354400
Installation of water saving fixtures on dedicated water 
heating appliances and water heaters linked to boilers

5

245239206-39167Efficient freezers4

8685011231-508263
Installation of water saving fixtures in households with 
district and central hot water 

3

39120815-582266
Reduction of electricity consumption of TV and PC-
related equipment in low power and off - modes

2

55173935-589305Exchange of incandescent bulbs with CFLs1

Million 

EUR

Million 

EUR
GWh/yr.EUR/tCO2

1000t 

CO2/yr.

Saved 

energy 

costs 

Investmen

ts 2008-

2025

Energy 

savings in 

2025

Cost of 

mitigated 

CO2

CO2 

savings in 

2025MeasureRank

Potential and costs of CO2 mitigation estimated with the supply curve 

method, 2025 cont.



9051905192680439
Base insulation of old single-family houses (constructed 
before 1992)

22

8181448162638326Window exchange in traditional multi-residential buildings21

1841392746519697
Application of passive energy design to single-family and 
multi-residential buildings constructed from 2008

20

239437535092-0.41160
Wall insulation of old single-family houses (constructed 
before 1992)

19

125166248-1650
Basement insulation of traditional multi-residential 
buildings

18

153650420-28217
Improved combi- space and water heating systems and 
dedicated water heating appliances

17

208276413-4283Roof insulation of traditional multi-residential buildings16

8257601190-47205
Window exchange in buildings constructed using 
industrialized technology

15

232728584948-511127
Roof insulation of old single-family houses (constructed 
before 1992)

14

7776154-7031
Installation of central building condensing gas boilers for 
space heating in households of traditional multi-
residential buildings

13

Million 

EUR

Million 

EUR
GWh/yr.EUR/tCO2

1000t 

CO2/yr.

Saved 

energy 

costs 

Investmen

ts 2008-

2025

Energy 

savings in 

2025

Cost of 

mitigated 

CO2

CO2 

savings in 

2025MeasureRank

Potential and costs of CO2 mitigation estimated with the supply curve 

method, 2025 cont.



20131437438
Base insulation of buildings constructed using 
industrialized technology

29

591699055817
Individual metering of consumed district and central heat 
in households of traditional multi-residential buildings

28

1882109773467359
Installation of condensing gas boilers for central dwelling 
space heating in old single-family houses (constructed 
before 1992)

27

6002488818300511

Installation of solar collectors backed-up with pellet 
boilers for central dwelling space heating and water 
heating in old single-family houses (constructed before 
1992)

26

741607112162
Installation of central building condensing gas boilers for 
space heating of households in buildings constructed 
using industrialized technology

25

153117441877136386
Installation of pumps for central dwelling space heating 
and water heating in old single-family houses 
(constructed before 1992)

24

574133625892702
Installation of pellets boilers for central dwelling space 
heating and water heating in old single-family houses 
(constructed before 1992)

23

Million 

EUR

Million 

EUR
GWh/yr.EUR/tCO2

1000t 

CO2/yr.

Saved 

energy 

costs 

Investmen

ts 2008-

2025

Energy 

savings in 

2025

Cost of 

mitigated 

CO2

CO2 

savings in 

2025MeasureRank

Potential and costs of CO2 mitigation estimated with the supply curve 

method, 2025 cont.



2841062386111365
Individual metering of district and central heat in 
households of buildings constructed using industrialized 
technology

33

403408589715
Roof insulation of buildings constructed using 
industrialized technology

32

17771527882956
Installation of central dwelling condensing gas boilers for 
space heating in households of traditional multi-
residential buildings

31

744136741974664
Weather stripping of windows in old single-family houses 
(constructed before 1992)

30

Million 

EUR

Million 

EUR
GWh/yr.EUR/tCO2

1000t 

CO2/yr.

Saved 

energy 

costs 

Investmen

ts 2008-

2025

Energy 

savings in 

2025

Cost of 

mitigated 

CO2

CO2 

savings in 

2025MeasureRank

Potential and costs of CO2 mitigation estimated with the supply curve 

method, 2025 cont.



Cumulative potential final energy savings, 2008 - 2025
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Data sources

� Electric energy end-use
� REMODECE 2007
� The Status Report on Electricity Consumption and Efficiency Trends by Bertoldi and 

Atanasiu (2007)
� The task reports of the Ecostandby project (Fraunhofer IZM 2007), and others.  

� Thermal energy end-use
� Numerous publications of the Hungarian Statistical Central Office
� The task reports of the Ecohotwater project (Kemna et al. 2007), the 

EURIMA/ECOFYS report (Petersdorff et al. 2005)
� Interviews with experts (Kovacsics pers.comm., Csoknyai pers. comm., and Sigmond

pers. comm.), and other references. 
� The database of efficiency and low carbon technologies is built based on:

� Levine et al. (2007), Harvey (2006), IEA (2006);
� Labelling and standardization programme reports (ADEME 2000; CECED 2001; 

SAVE 2001a, 2001b, 2002);
� Equipment catalogues and pricelists (Danfoss 2007; Duplo-duplex 2007; Mega-öko

Kazánfejlesztő-gyártó Kft. 2007; Megatherm 2007; ORIS Consulting 2007; Saunier
Duval 2007; Szalontai and Sonnencraft 2007);

� Reports, market reviews, and presentations of production associations and 
consultancies (Adam 2007; Trnka 2004; DBO 2007; EHPA 2007; Weiss et al. 2007);

� Interviews (Kovacsics pers.comm; Csoknyai pers. comm.; Sigmond pers. comm.; 
Hermelink 2005; Kocsis and Beleczki email comm.).
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