
HAL Id: hal-02154034
https://edf.hal.science/hal-02154034v1

Submitted on 13 Jun 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Switching from fossil fuel boilers to heat pumps: A
multi-perspective benefit-cost analysis including an

uncertainty assessment
Felix Suerkemper, Dominique Osso, Stefan Thomas, Paul Baudry

To cite this version:
Felix Suerkemper, Dominique Osso, Stefan Thomas, Paul Baudry. Switching from fossil fuel boilers
to heat pumps: A multi-perspective benefit-cost analysis including an uncertainty assessment. eceee
2011 Summer Study, ECEEE, Jun 2011, Presqu’île de Giens, France. pp.1685-1695. �hal-02154034�

https://edf.hal.science/hal-02154034v1
https://hal.archives-ouvertes.fr


	 ECEEE 2011 SUMMER STUDY • EnERgY EffiCiEnCY fiRST: ThE foUnDaTion of a low-CaRbon SoCiETY 1685

Switching from fossil fuel boilers to heat 
pumps: a multi-perspective benefit-cost 
analysis including an uncertainty assessment

felix Suerkemper
wuppertal institute for Climate, Environment and Energy
Döppersberg 19
42103 wuppertal
germany
felix.suerkemper@wupperinst.org

Stefan Thomas
wuppertal institute for Climate, Environment and Energy
Döppersberg 19
42103 wuppertal
germany
stefan.thomas@wupperinst.org

Dominique osso
EDf-R&D 
Site des Renardières – avenue des Renardières 
Ecuelles 
77818 Moret-sur-loing cedex
france
dominique.osso@edf.fr

Paul baudry
EDf-R&D 
1 avenue du général de gaulle
92141 Clamart Cedex
france
paul.baudry@edf.fr

Keywords
cost benefit, cost effectiveness, energy efficiency programmes, 
white certificates, heat pump

Abstract
The paper presents the evaluation of a regional energy efficien-
cy programme in France dedicated to space heating in the resi-
dential sector. The large French energy company EDF provides 
refurbishment advice and financial incentives to the end-users 
as well as training courses and certification to local installation 
contractors and building firms. Due to the pilot character of 
the programme the evaluation is particularly important, both 
in terms of saved energy and programme costs. Such data were 
monitored right from the beginning of the programme. 

In this study, heat pumps for space heating that replace inef-
ficient fossil fuel boilers are analyzed. A billing analysis with 
temperature normalisation is used to calculate the savings at-
tributed to the programme. Around 90 households were in-
terviewed regarding their individual energy consumption and 
building as well as household characteristics. Actual data of 
installation and equipment costs as well as financial incentive 
payments to customers are provided by EDF. The cost-effec-
tiveness is determined from the perspective of the participant 
and society as well as EDF. All cost and benefit components are 
calculated in Euro/kWh, which allows a direct comparison of 
levelized costs of conserved energy with the avoidable costs of 
the energy supply system. Results are also expressed in benefit-
cost ratios. Critical parameters like the future energy and car-
bon price development are considered to achieve the most ac-
curate and reliable estimates. Uncertainties are assessed using 
Monte Carlo simulations. Energy savings and cost distributions 
are crossed with random probability distributions of the under-

lying assumption parameters such as the growth rates of future 
energy and carbon prices. The results indicate how reliable the 
cost-effectiveness of the programme is from each of the three 
evaluated perspectives.

Introduction
The improvement of energy efficiency is an important task 
to reduce emissions of greenhouse gases (GHG), to improve 
the security of energy supply and to increase the economic 
competitiveness. Energy efficiency improvement measures in 
the building sector provide a huge potential to save energy 
and CO2 emissions, as buildings account for more than 40 % 
of the whole European energy consumption (Lechtenböhmer 
and Schüring 2010). Manifold barriers hinder market agents 
to put several investment opportunities into practice, although 
many of the existing building refurbishment measures are 
highly cost-effective (Golove and Eto 1996, Schleich and Gru-
ber 2008).

In order to cope with these challenges, the European Un-
ion adopted various directives to improve energy efficiency, 
increase the use of renewable energy and reduce GHG emis-
sions. Against this background, France initiated a white cer-
tificate scheme that commits energy suppliers to deliver energy 
savings and verify certified amounts of saved energy. Obliged 
actors have the option to trade the certificates (Bertholdi et al. 
2010, Baudry et al. 2011). 

From 2006 onwards, Électricité de France (EDF), the largest 
electricity generation and retail supply company in France, has 
promoted a regional energy efficiency programme dedicated 
to space heating in the residential sector. The programme has 
recently attracted much interest due to its pilot character.
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This study contributes to the discussion of energy efficiency 
programme evaluations by assessing the cost-effectiveness of 
the installation of heat pumps, which is a particularly impor-
tant energy efficiency improvement action of the above men-
tioned refurbishment programme. Fuel switching from fuel 
boilers to heat pumps for space heating allows energy efficiency 
improvements, the use of a renewable energy source and the 
reduction of GHG emissions.

The benefits and costs of this subprogramme are analysed 
in this paper for different market actors as each evaluation 
perspective provides different information. Programme evalu-
ations from different perspectives are widely known from the 
Californian evaluation practice. The reference methodology for 
these types of evaluations is described in the California Stand-
ard Practice Manual (CPUC 2001) as well as in the IPMVP 
(EVO 2007). First, from the perspective of programme partici-
pants the evaluation shows if the promoted measure types are 
economically attractive for customers. Second, energy com-
panies operating in countries with white certificate schemes 
need to know if the measures they promote are cost-effective 
for them to comply with their saving obligations. Finally, an 
evaluation from the societal perspective is of importance for 
energy policy and provides information if societal objectives 
for energy efficiency will be met.

In the next section the paper presents background informa-
tion of the refurbishment programme. Afterwards, the calcula-
tion method of the energy savings as a result of the measure 
implementation is pointed out. A billing analysis is used to de-
termine the savings due to the installation of heat pumps that 
replace inefficient fossil fuel boilers. The evaluation of the costs 
of the programme is explained subsequent to that and infor-
mation on the principles of the cost-effectiveness calculation 
is presented. Finally, the results are discussed for each of the 
three evaluation perspectives and uncertainties are assessed us-
ing Monte Carlo simulations.1

In this paper a particular energy efficiency improvement 
action, i.e. heat pumps replacing fossil fuel boilers, is studied 
following a publication by Suerkemper et al. (2011), in which a 
portfolio of energy efficiency measures of the mentioned pro-
gramme is evaluated. This paper is a more in-depth study of 
this particular energy efficiency action and a new contribution 
to the uncertainty assessment in the field of energy efficiency.

Programme	background
The ambitious residential sector pilot programme has been of-
fered by EDF for 5 years in two ‘départements’ located in the 
east of France. EDF agreed with the local authorities to invest 
several million Euros in this region by implementing the so 
called ‘MDE 52-55’ energy efficiency programme in order to 
save a substantial amount of energy. EDF disseminates infor-
mation of energy saving opportunities for households and pro-
vides refurbishment advice as well as financial incentives, i.e. 
soft loans and bonus payments, to the end-users for different 

1. Textbooks such as huynh et al. (2008) or newman & barkema (1999) provide 
background information of the method of Monte Carlo simulations. Practical infor-
mation for the application of Monte Carlo simulations are for example supplied by 
software providers such as Palisade asia-Pacific Pty limited with the tool @Risk 
(www.palisade.com.au) or by Structured Data, llC with the tool Riskamp (www.
riskamp.com).

types of energy efficiency improvement actions. Households 
are provided with interest free loans if the refurbishment ac-
tions meet certain energy performance levels and with bonus 
payments that depend on the specific type of end-use action. 
Besides the heat pumps analysed in this paper, energy efficien-
cy actions promoted are building shell improvements (roof or 
wall insulation, double-glazed windows), condensing boilers, 
wood stoves, wood boilers and solar water heating systems.

The promotion of efficient heat pumps is seen by EDF of spe-
cial importance due to the expected energy saving potential of 
the technology, the use of renewable heat and the opportunity 
of helping customers to reduce their energy bills while selling at 
the same time more electricity. Historically, EDF was in France 
since the 1980s deeply involved in the development of the heat 
pump, by enhancing the development and diffusion of heat 
pumps associated with oil boilers on the French market. More 
recently, EDF has developed in collaboration with an industrial 
company a high performance heat pump dedicated to existing 
buildings that are characterised by a high level of energy needs 
for space heating.

Moreover, EDF is rewarded with white certificates in return 
for the achieved end-use savings. These certificates are used to 
meet the saving obligations imposed by the French White Cer-
tificate (FWC) scheme on energy supply companies (Bertholdi 
et al. 2010, Baudry and Osso 2011).

The primary motivation of EDF to implement the MDE 52-
55 programme was to implement a pilot programme on energy 
efficiency as a demonstration case that is accompanied with a 
detailed evaluation, and not explicitly to achieve the most cost-
effective energy savings in the residential sector. A detailed 
economic evaluation of this pilot programme is of importance 
since EDF intensifies the promotion of heat pumps to achieve 
its saving obligations imposed by the FWC scheme2. Until the 
end of 2010, around 120 heat pumps were installed in Haute-
Marne and Meuse that can be assigned to the programme.

Calculation	method	of	energy	savings
The evaluation of the savings due to the heat pump installations 
is based on two surveys of around 90 programme participants 
collected in 2009 and 2010 out of the installed heat pumps as 
a result of the MDE 52-55 programme (figure 1). By checking 
the whole sample for plausibility it turned out that a large share 
of the data were incomplete or implausible and, thus, had to be 
excluded.3 67 useful data sets remained for this study.

For the calculation of energy savings as a result of energy 
efficiency programmes several methods such as engineering 
models or the analysis of billing data exist. In the sample of the 
MDE 52-55 programme pre-retrofit and post-retrofit billing 
data (i.e. electricity and fuel consumption from 2006 to 2009) 
are available, whereas technical data of heat pumps are not suf-

2. EDf website dedicated to households: http://bleuciel.edf.com/energie/chauff-
age/energie-pompe-a-chaleur.htm

3. Data were excluded due to incomplete data sets and thus missing values for 
the calculations, and if the energy consumption of a household was affected due 
to significant other factors than the measure implementation. Such factors include 
changing numbers of persons living in the household, completely new residents in 
the specific building during the timeframe of the study, or the implementation of 
further energy efficiency actions than the assessed one. 
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ficiently available.4 A billing analysis is, consequently, used to 
determine the programme savings.5 Beyond the overall data 
preparation and check for plausibility, the evaluation consists 
mainly of the following steps:

1. Temperature normalization of the pre-retrofit and post-
retrofit energy consumption in order to avoid that weather 
variations affect substantially the evaluation results. The 
annual energy consumption of a specific year is multiplied 
with the ratio of normalized heating degree days of a typical 
meteorological year and year specific heating degree days 
(which differ between the two ‘départements’ Haute-Marne 
and Meuse);

2. Quantification of the energy impacts: electricity and fuel 
(gas, oil, wood) consumption before and after the installa-
tion of the heat pumps are compared to each other in order 
to determine, ceteris paribus, how many kWh per unit or 
participant are saved annually. Since fuel consumption data 
is not expressed in kWh but in other energy units or even in 
energy costs (Euro/year), conversion factors are applied to 
allow a comparison with electricity consumption.6

Equation (1) and (2) illustrate the basic calculation steps to de-
termine the average energy savings of heat pumps:

 (1)

 (2)

ES: Average energy savings per participant due to the imple-
mentation of heat pumps

ESi: Average energy savings of customer “i” from the billing 
data

Ei
pre: Average pre-retrofit energy consumption of customer “i” 

from the billing data

4. The electricity bills of programme participants were directly available to EDf 
R&D. for all other fuel types, programme participants were asked in the survey to 
indicate their annual fuel consumption based on their bills.

5. The average CoP value of the installed heat pumps cannot directly be deter-
mined from a billing analysis due to varying annual climate conditions and possible 
behaviour changes of households.

6. wood consumption was expressed in stères in the survey. one stère is converted 
to 1,680 kwh according to Ministère de l’Emploi, de la Cohésion Sociale et du 
logement (2006).

Ei
post: Average post-retrofit energy consumption of customer “i” 

from the billing data
HDDpre: Département specific heating degree days in the pre-

retrofit year
HDDpost: Département specific heating degree days in the post-

retrofit year
HDDnormal: Normalized heating degree days of a typical me-

teorological year
n: number of programme participants in the sample (i =1,...,n)

The average annual electricity and fuel consumption changes 
per participant due to the heat pump installation are shown in 
figure 2. Incremental savings are evaluated for heat pumps as it 
can be expected that in absence of the MDE 52-55 programme 
many end-users would have installed low temperature boilers 
instead of the more efficient heat pumps.7 Consequently, the 
energy consumption of heat pumps is compared with the fuel 
consumption of low temperature boilers in order to determine 
the incremental savings.

As a result of the 120 heat pumps that received financial sup-
port from EDF’s programme, a total of 2,883,800 kWh/year 
of fuel (2,312,000  kWh incremental fuel savings) have been 
replaced according to our calculations by 607,500 kWh/year 
of electricity plus ambient heat. The fuel savings correspond 
to reduced CO2 emissions of 627 tons per year (502 tons per 
year incremental CO2 savings).8 The increased electricity con-
sumption leads to additional CO2 emissions of 109 tons per 
year considering an emission factor of 180 g/kWh for electric 
heating (ADEME 2005). The emission factor for electric heat-
ing is significantly larger than the average emission factor for 
the French electricity mix to account for seasonal effects of 
electric heating. Overall, 517 tons per year of CO2 emissions 
will annually be saved due to the 120 heat pumps installed in 
Haute-Marne and Meuse.

The calculated savings should, in principle, be rather con-
servative estimates since programme participants often in-
crease their level of comfort after the refurbishment action, i.e. 
use their heating system more intensively because they know 
that energy is used more efficient. This effect is known as the 
rebound effect, widely discussed and quantified in numerous 
studies, such as in Greening (2000) and Sorrell et al. (2009). 

7. it is assumed that low temperature boilers represent currently the standard 
technology on the market.

8. Co2 factors of fuels are specified according to Ministère de l’Emploi, de la Cohé-
sion Sociale et du logement (2006).

 
 
Figure 1: overview of the programme participants’ heating systems (before and after situation) from the two surveys.
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The rebound effect is included in the consumption measured 
after the implementation of the energy efficiency measure and 
is, thus, “automatically corrected” in the results of a billing 
analysis.

The degree of uncertainty of the evaluation results with re-
spect to this billing analysis is comparably large because of the 
moderate sample size and due to the inability of comparing the 
results with a control group of similar customers who did not 
participate in the programme (due to a lack of data). Conse-
quently, the results of this analysis should be considered cau-
tiously. 

Gross-to-net correction factors (Wuppertal Institute 2009) 
are not taken into account since no surveys regarding the free-
rider and spill-over effect are available for this programme. 
Moreover, the assessed energy savings could, in principle, be 
influenced by governmental incentive payments, like tax cred-
its in force at the moment of the programme, that led to further 
refurbishment measures than the heat pump installation within 
the same time frame of this study (Broc et al. 2010). Due to the 
limited evaluation resources of this study, the assessed savings 
are not corrected for double-counting, and for the free-rider as 
well as spill-over effect. Concluding, the underlying assump-
tion of this study is that the net savings are consistent with the 
calculated gross savings.9

Programme	costs
The cost-effectiveness of energy efficiency programmes de-
pends largely on the programme costs and the specific costs 
of the energy efficient technologies that are promoted by the 
programme. In order to promote heat pumps, incentive pay-
ments are offered by EDF to customers in the residential sector. 
Provided that the heat pumps meet specific minimum energy 
performance levels10, households receive interest free loans and 
fixed bonus payments. The level of incentive payments depends 
on the costs and specific type of heat pump implemented. The 

9. This need not necessarily be the reality, but there is no other way to assess it 
in this study.

10. a minimal coefficient of performance (CoP) depending on the type of heat 
pump is required (air/air >3.6, air/water & water/water >3.5, geothermal >4.5). 
Moreover, an additional bonus is available for variable speed (inverter) heat pump.

costs for EDF of providing the interest free loans are deter-
mined by calculating the net present value (NPV) of the capital 
income that cannot be gained anymore by EDF due to the pro-
vision of the interest free loans. These costs depend on the level 
and length of the soft loan and the imputed interest rate of EDF.

Beyond incentive payments, overhead costs such as admin-
istration, labour, marketing, evaluation costs of the MDE 52-55 
programme, and specific transaction costs related to the FWC 
system are borne by EDF as the programme operator. These 
overhead costs should be considered in the cost-effectiveness 
analysis. The specific overhead costs of the MDE 52-55 pro-
gramme are not determined yet. Typically, overhead costs of 
similar programmes range between 10 % and 30 % of total in-
centive payments provided to programme participants (Mun-
daca 2007; Lees 2008). Thus, an average share of 20 % of total 
incentive payments is specified as overhead costs in this study.

Finally, tax credits that are provided by the French govern-
ment for heat pump installations are considered in the cost-ef-
fectiveness analysis from the perspective of the customer. It is 
assumed that all households demanded such tax credits as the 
scheme is well known by end-users in France. The specific level 
of tax credits provided by the state is calculated as a share of the 
pure equipment costs of heat pumps not including the labour 
cost of the installation. The level of tax credits was reduced 
from 40 % in 2008-2009 to a reduced rate of 25 % for air/wa-
ter heat pumps. Air/air heat pumps were completely excluded 
from the scheme. The 40 % rate remains further for water/water 
and geothermal heat pumps.

The investment costs of heat pumps are an important cost 
component included in the cost-effectiveness analysis from the 
participant and societal perspective. Overall costs are available 
in the sample for each participant. These costs comprise all 
costs that accumulate until the work is completed and include 
costs of the efficient technology, additional material expenses 
and further costs of the local installation contractors such as 
labour costs. Using the sample data, an average cost value is 
determined. For the evaluation of heat pumps, incremental 
costs are relevant as it can be assumed that in absence of the 
MDE 52-55 programme house owners would have installed 
low temperature boilers instead of the more efficient heat 
pumps. Consequently, the additional savings are compared 

 
 Figure 2. Increased electricity consumption and fuel savings.
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with the incremental costs in the analysis. They are determined 
by calculating the price difference of the efficient and the stand-
ard appliance, which are the costs of a low temperature boiler. 
Figure 3 summarizes the level of each cost or financial incentive 
component.

Benefit-cost	analysis

GenerAl	method

The cost-effectiveness is determined from the perspective of 
the participant, the society and the energy company in charge 
of the programme as each evaluation provides different infor-
mation about the impacts of this energy efficiency measure on 
stakeholders. By taking the evaluation results of all perspec-
tives into account, most information about distributional ef-
fects between stakeholders is provided. All cost and benefit 
components are calculated in Euro/kWh, which allows a direct 
comparison of levelized costs of conserved energy (LCCE) with 
the avoidable costs of the energy supply system. For the calcu-
lation of LCCE, the cost stream of energy efficiency improve-
ment measures is discounted using an appropriate discount 
rate to yield the net present value (NPV). The discount rate 
depends on the specific stakeholder perspective.11 By multiply-
ing the NPV with a capital recovery factor (CRF), the NPV is 
converted (levelized) to an equal annual payment. This annual 
cost value is divided by the annual energy savings to obtain 
LCCE in Euro/kWh. The principle calculation is described by 
formula (3) and (4):

 (3)

11. as three different stakeholder perspectives are assessed, a discount rate as-
sumption for each cost-effectiveness test is necessary. The average lending rate of 
private individuals is appropriate from the participant perspective as it reflects the 
debt costs an average household would pay to finance an investment in energy 
efficiency. it is assumed to be 8 %. The interest rate that is relevant from the energy 
company perspective is reflected by the weighted average cost of capital (waCC). 
The waCC of EDf is approximately 8 %. a lower discount rate of 3 % is used from 
the societal perspective.

 (4)

i: real discount rate
n: lifetime of the energy efficiency improvement measure
CRF: capital recovery factor (annuity factor)

Table  1 compares the cost and benefit components that are 
monetized for the cost-effectiveness evaluation of the heat 
pump installation from the three perspectives. The cost and 
benefit components are calculated with data of EDF-R&D, 
EEX, IEA and Eurostat. Purely qualitative impacts as well as 
costs and benefits that may be relevant in other programme or 
energy market contexts are not included in this table.

Future	develoPment	oF	enerGy	And	CArBon	PrICes

For the calculation of energy bill savings, energy supply system 
costs and external environmental costs over the entire lifetime 
of heat pumps, assumptions about the future development of 
energy and carbon prices need to be made. In this study, it is 
assumed that energy and carbon prices will increase over time 
according to table 2.12 

A reasonable solution to account for increasing avoided costs 
and energy prices over time in levelized cost calculations is to 
adjust the current energy and carbon prices for their expected 
future escalation in order to determine the annual average 
avoided costs during the lifetime of energy efficiency improve-
ment measures. Average avoided costs during the measure 
lifetime are calculated by multiplying the current energy and 
carbon prices with a factor described in formula (5).13 Mean 
factors are calculated specifically for each energy efficiency 
improvement measure in dependency of the relevant discount 

12. growth rates of oil, natural gas and Co2 prices are calculated according to the 
fossil fuel price assumptions in the Current Policies Scenario of the world Energy 
outlook 2010 for the year 2035 (iEa 2010b). as there is no appropriate study 
available, in which future electricity prices of france are estimated, it is assumed 
that future electricity prices will behave as the electricity price development in 
france between 1990 and 2009 (iEa 2010a). for wood it is assumed that prices 
will increase in future according to the price development in france between 2003 
and 2008 (SoES 2010).

13. The application in cost-effectiveness calculations of energy efficiency meas-
ures is explained in more detail in Müller and walter (1994).

 
Figure 3. Incremental (vs. reference technology: low-temperature boiler) investment costs  

of heat pumps, incentive payments (bonus payments and interest free loans).
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rate, the expected future energy price development, the meas-
ure lifetime and the capital recovery factor (annuity factor).

 (5)

m: mean factor
i: real discount rate
e: annual growth rate of real energy prices
n: lifetime of the energy efficiency improvement measure
CRF: capital recovery factor

unCertAInty	AnAlysIs

Several methods exist that address uncertainty and risk in 
cost-benefit analysis. A sensitivity analysis is a simple method 
that shows how the result of a cost-benefit analysis changes 
if one input parameter is varied. The technique is called sce-
nario analysis if two or more variables are changed at the same 
time. Limitations of these methods are that the variations of 

the input variables are arbitrary14 as probabilities remain un-
considered.

This weakness is addressed by Monte Carlo simulations that 
take ranges of possible values as input variables into account 
instead of fixed estimates. The output of the model is, therefore, 
transformed from a deterministic single value estimate to an 
interval estimate in the form of a probability distribution that 
shows how likely the outcomes of the analysis are. In order to 
understand the risk and uncertainty of the cost-benefit analysis 
of this study, a Monte Carlo simulation is applied. The follow-
ing nine key variables are regarded as uncertain in the underly-
ing cost-benefit model of this study:

• Incremental investment costs of heat pumps,

• Incentive payments received by programme participants,

• Incremental fuel savings,

• Additional electricity consumption,

• Annual growth rates of real prices of electricity, oil, gas, 
wood and CO2.

14. Depending on the knownledge of the evaluator.

table	1.	Benefit	and	cost	components	included	in	the	cost-effectiveness	evaluation.

Perspective Benefits Costs 
Energy company - integrated 
electricity generation and retail supply 
company under French regulatory 
conditions 
 

Additional electricity sales revenue (net 
of taxes and T&D tariffs) 
Avoided penalties of the FWC scheme 
or avoided costs of acquiring white 
certificates 
 

Additional electricity costs and network 
tariffs (wholesale prices, T&D tariffs) 
Incentive payments to programme 
participants (bonus payments and capital 
costs of interest free loans) 
Programme overhead costs 

Programme participant Fuel bill savings (incl. taxes)  
Incentive payments (received bonus 
payments and avoided capital costs of 
interest free loans) 
Tax credits 

Increased electricity bills (incl. taxes) 
(Incremental) costs of the energy 
efficiency improvement measure (incl. 
VAT) 

Society Avoided fuel supply system costs  
(wholesale prices, losses) 
Avoided external environmental costs  

Additional electricity supply system costs 
(wholesale prices, T&D grid losses) 
(Incremental) costs of the energy efficient 
improvement measure (excl. VAT) 
Programme overhead costs 

 
table	2.	energy	and	Co2	prices	and	assumed	future	growth	rates	of	real	prices.

 Electricity Natural gas Light fuel oil Wood CO2 

Unit Euro/kWh 
Euro/107 

kilocalories 
GCV 

Euro/1000 
litres Euro/kWh Euro/ton 

End-user prices in France 2008 - 2009 0.113 619.93 705.61 0.032 17.65 

Source IEA (2010a) IEA (2010a) IEA (2010a) SoES (2010) 
Bluenext 

(2008 & 2009) 

Annual growth rate of real prices (%) 0.30 2.59 3.14 2.51 2.52 

Source IEA (2010a) IEA (2010b) IEA (2010b) SoES (2010) IEA (2010b) 

 

 

m =
1+ i e

1+ e
 
 
 

 
 
 
n

1

i e
1+ e
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n CRF  
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Each of these parameters is assigned a suitable continuous 
probability distribution.15 The first four variables follow a nor-
mal distribution. The mean and standard deviation are directly 
calculated from the sample of each variable to be used in the 
Monte Carlo analysis. For the modelling of growth rates of en-
ergy and carbon prices a Beta-PERT distribution is used, as it 
is simply based on the most likely value as well as on the upper 
and lower limits of a variable, whereby the most likely value is 
emphasized in favour of the assigned minimum and maximum 
values.16 5000 Iterations are simulated in the cost-benefit model 
in order to obtain a probabilistic view of the benefit-cost ratios. 
The outputs of the Monte Carlo analysis are shown in the next 
section as histograms. The histograms illustrate the likeliness of 
achieving a specific BCR level, i.e. showing on the Y-axis how 
often a specific BCR was calculated during the 5000 iterations 
of the simulation. The overall objective of the Monte Carlo 
analysis is to provide decision-makers with more information 
than only one single point estimate to support the interpreta-
tion of possible BCRs.

Calculation	results

the	ProGrAmme	PArtICIPAnt	PersPeCtIve

The installation of heat pumps will be cost-effective from the 
perspective of the programme participants if the achieved cost 
savings over the expected measure’s lifetime outweigh the costs 
of the specific energy efficiency measure. A benefit-cost ratio 
(BCR) above one indicates that an energy efficiency measure 
is cost-effective. An evaluation from the perspective of the 
programme participant is essential since customers will be un-
likely to participate in an energy efficiency programme if their 
benefits are lower than the (incremental) investment costs of 
the energy efficiency improvement measure and the increas-
ing electricity bills.17 Benefits quantified in this study include 
the fuel bill savings achieved by using the heat pump over the 
expected lifetime, the incentive payments received by EDF and 
the governmental tax credits. Beyond the quantified impacts 
of this study, investments in building energy efficiency yield 
numerous further benefits for residents such as comfort gains 
or an increasing property value that could be of decisive im-
portance for their investment decisions. These co-benefits are, 
however, not further discussed in this study.

The deterministic result of table 3 illustrates that the imple-
mentation of heat pumps is clearly profitable for customers, 
since avoided energy bills and received tax credits as well as 
incentive payments outweigh the incremental investment costs. 
The result is supported by the findings of the Monte Carlo sim-
ulation. The histogram in figure 4 shows that the likeliness to 
achieve a BCR larger than one is comparably large. The most 
frequently calculated value of BCR in the iterations is, however, 

15. a first check if a probability distribution is compatible with the sample data can 
be done graphically by comparing the histogram of the sample data with a specific 
distribution function. Moreover, goodness-of-fit test statistics such as kolmogorov-
Smirnov and anderson-Darling can be calculated to determine if a sample arises 
from a specific probability distribution.

16. Most likely values of growth rates of energy and carbon prices are specified ac-
cording to iEa 2010 and Pégase 2010 shown in table 2. The lower limit is specified 
for electricity -1 %, for gas, oil, wood and carbon 0 %. The upper limit is specified 
for electricity 3 %, for gas, wood, and carbon 5 % and for oil 6 %.

17. Considering that individuals act as purely rational agents.

with 1.14 significantly lower than the BCR of the deterministic 
analysis. The reason for this is that the histogram is skewed to 
the right, i.e. there’s at the same time a comparably large proba-
bility to achieve a significantly larger BCR in the area of 2 to 2,5.

The deterministic calculations have been executed also a 
second time without considering the tax credits provided by 
the French government. In this case the BCR is 1,19. The in-
stallation of heat pumps is, however, not cost-effective for end-
users if they receive neither the governmental tax credits nor 
the incentive payments by EDF (BCR: 0,85). Concluding, the 
calculation results show that currently some financial incen-
tives are needed for end-users as long as the technology costs 
of heat pumps remain at the current levels. Increasing market 
shares of heat pumps may lead in future to decreasing technol-
ogy costs allowing gradual reductions of the current levels of 
subsidies (see table 318).

the	soCIetAl	PersPeCtIve

The economic impact on the entire society is measured by 
comparing the sum of incremental investment costs of the 
heat pumps (including the additional system costs due to the 
increased electricity consumption) and programme overhead 
costs with the avoided energy supply system costs of fuels. 
Moreover, the avoided external costs associated with the end-
use consumption of fossil fuels are incorporated as a benefit in 
the evaluations. CO2 emissions from end-use consumption of 
fuels are not covered by emission allowances and, consequently, 
represent external costs. The avoided CO2 emissions are mon-
etized by taking the expected average carbon price during the 
lifetime of heat pumps and the specific CO2 factors of fuels into 
consideration.19 The incentive payments provided by EDF and 
the governmental tax credits are not relevant from the perspec-
tive of the society as they represent transfer payments, which 
do not create added-value. In contrast to the energy company 
and customer perspective, a societal discount rate of 3  % is 
used in the calculations. According to this analysis, the sum of 
avoided energy supply system costs and external environmen-
tal costs do not clearly outweigh the incremental investment 
costs and programme overhead costs. The BCR of heat pumps 
is 0.96 according to the deterministic analysis and thus slightly 
lower than one. The relatively widespread histogram in figure 5 
shows that the results are sensitive with respect to the uncertain 
variables that are specified for the Monte Carlo simulations. 
No clear decision can, therefore, be made regarding the cost-
effectiveness from the societal perspective. The visualization of 
the findings may support policy makers in assessing the BCRs. 
As further societal benefits of energy efficiency improvements 
such as health improvements, the creation of new jobs and the 
reduction of other negative energy externalities are not taken 
into account in the calculation, they need clearly be identified 
and communicated to decision-makers.

The high initial investment costs of heat pumps may decrease 
over time due to economies of scale, technological learning as 
well as experiences in production processes. Future cost reduc-
tion potentials of heat pumps are for example estimated by 

18. lifetimes of heat pumps are specified according to the saving lifetimes of the 
fwC scheme.

19. Co2 factors of fuels are specified according to Ministère de l’Emploi, de la 
Cohésion Sociale et du logement (2006).
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Weiss et al. (2008) with the experience curve approach. They 
derived learning rates for heat pumps that show a decrease of 
production costs of 25-42 % with each doubling of cumula-
tive production. In addition to production cost reductions, the 
efficiency of heat pumps may improve over time. Weiss et al. 
(2008) constructed an experience curve for costs per kWh heat 
production that combines cost reductions and COP improve-
ments. For each unit of heat produced, they estimate a learning 
rate of (27.7 ± 0.8) %. Both, the decreasing investment costs 
and the improving energy efficiency over time indicate that 
heat pumps will turn out to be cost-effective from the societal 
perspective in future.

the	enerGy	ComPAny	PersPeCtIve

The most important driver for energy companies operating 
in liberalized electricity markets is to increase their profits. 
Therefore, the main objective for EDF is to minimize the 
costs of saved energy in order to achieve its saving obligations 
imposed by the FWC scheme in the most cost-effective way. 
From the perspective of EDF, incentive payments including 
the provision of the bonus payments as well as the capital 
costs of the interest free loans are considered as a cost fac-
tor in the evaluation. In addition, the overhead costs of EDF 
resulting from the programme implementation and the addi-
tional electricity system costs are considered as costs. Among 

table	3.	levelized	cost	and	benefit	components	per	kWh	of	fuel	saved	and	benefit-cost	ratios	from	end-users’	perspective	(interest	rate	8%,	

lifetime	16	years).

 Incremental 
investment 
costs including 
additional 
electricity 
consumption 
[Euro/kWh incl. 
VAT] 

Bill savings 
fuels 
[Euro/kWh] 

Incentive 
payments 
[Euro/kWh] 

Tax credits 
[Euro/kWh] 

Total benefits 
[Euro/kWh] 

Benefit-cost 
ratio 

Heat pumps 0.0864 0.0733 0.0288 0.0285 0.1307 1.51 

 

 
Figure 4. Results of the Monte Carlo simulation: histogram of BCR from the end-user perspective.

table	4.	levelized	cost	and	benefit	components	per	kWh	of	fuel	saved	and	benefit-cost	ratios	from	societal	perspective	(interest	rate	3%,	

lifetime	16	years).

 Incremental 
investment costs 

including 
additional 

electricity system 
costs [Euro/kWh 

excl. VAT] 

Overhead 
programme 

costs 
[Euro/kWh] 

Total costs 
[Euro/kWh] 

Avoided 
system 

costs fuels 
[Euro/kWh] 

Avoided 
external CO2 

costs from fuel 
emissions 
[Euro/kWh] 

Total 
benefits 

[Euro/kWh] 

Benefit-
cost ratio 

Heat 
pumps 0.0490 0.0034 0.0524 0.0455 0.0047 0.0502 0.96 
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price.23, 24 The level of BCRs clearly depends on the type of op-
portunity cost that is considered in the calculations. On the one 
hand, it would be more cost-effective for EDF to buy the white 
certificates at the market than to subsidize the installation of 
heat pumps in order to comply with its saving obligations. As 
pointed out above the acquisition of the certificates on the mar-
ket is so far only a theoretical option due to the limited liquidity 
of the FWC market. On the other hand, it is more cost-effective 
for EDF to promote heat pumps in order to comply with its sav-
ing obligations than to pay the penalties. The simulation results 
of the Monte Carlo analysis show that 60 % of all iterations 
yielded a BCR larger than one if the penalties are considered 
as opportunity costs (figure 6). An explanation why the imple-
mentation of energy efficiency measures is in general costly for 
obliged actors in the FWC scheme is the lack of a cost-recovery 
mechanism, while at the same time regulated electricity prices 
for domestic customers exist in France. It is, consequently, not 
possible for obliged actors to pass their costs of compliance on 
to the end-users.

23. in order to allow a comparison of the costs per kwh saved with the avoided 
penalties and the average market price of white certificates, the specific avoided 
penalties and the average market price of the fwC scheme that are expressed in 
kwh cumac must be calculated in Euro/kwh per year and expressed in relation to 
the savings calculated from the billing analysis.

24. The additional electricity costs and network tariffs are expressed in relation 
to the fuel savings.

the monetized benefits are the increasing revenue of electric-
ity sales due to fuel switching.20 More important, the oppor-
tunity costs of obliged energy companies in white certificate 
schemes, i.e. the costs to be paid if the energy savings would 
have been not realised, need to be considered in the calcula-
tions. In white certificate schemes, these are the costs of ac-
quiring the white certificates on the market or the penalties 
to be paid by obliged actors in the case of non-compliance. As 
the penalties in the FWC scheme of 20 Euro/MWh cumac21 are 
much larger than the average white certificate market price of 
3.2 Euro/MWh cumac22, an obliged actor would rather buy the 
white certificates on the market instead of paying the higher 
penalties. However, in the first and intermediate period of the 
FWC scheme, the liquidity of the white certificate market was 
limited, thereby conditioning the fulfilment of the obligation 
to support the customers in improving their energy efficiency 
(Baudry and Osso 2011).

Table  5 shows the deterministic results of the cost-effec-
tiveness evaluation for both values of opportunity costs, i.e. 
the avoided penalties and the average white certificate market 

20. Concerning the benefit of additional electricity consumption, the calculations 
assume that the households remain customers of EDf.

21. Cumac stands for cumulated over the measure lifetime and discounted at a 
rate of 4 %.

22. average weighted market price of certificates exchanged in the national reg-
istry between March 2009 and november 2010, a time frame in which the price 
fluctuations was relatively low (Emmy 2010).

 
Figure 5. Results of the Monte Carlo simulation: histogram of BCR from the societal perspective.

 

Incentive 
payments 

[Euro/kWh] 

Overhead 
programm

e costs 
[Euro/kWh] 

Additional 
electricity 
costs and 
network 
tariffs 

[Euro/kWh] 

Total 
costs 

[Euro/kWh] 

Additional 
electricity 

sales 
revenue 
(net of 

taxes and 
T&D tariffs) 
[Euro/kWh] 

Avoided 
penalties of 

the FWC 
scheme / 

avoided costs 
of white 

certificates 
[Euro/kWh] 

Total benefits 
[Euro/kWh] 

Benefit-cost 
ratio 

Heat 
pumps 0.0288 0.0058 0,0227 0.057 0.0228 

0.0408 / 
0.0065 

0.064 / 0.029 1.11 / 0.51 

 

table	5.	levelized	cost	and	benefit	components	per	kWh	of	fuel	saved	and	benefit-cost	ratios	from	the	energy	company	perspective	(interest	

rate	8%,	lifetime	16	years).
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posed by the FWC scheme in the most cost-effective way. 
Cost factors for EDF include incentive payments, programme 
overhead costs and additional marginal electricity costs and 
network tariffs. Among the monetized benefits are the addi-
tional marginal electricity revenues due to higher electricity 
sales and, more importantly, the opportunity costs of obliged 
energy companies in white certificate schemes, i.e. the costs 
to be paid if the energy savings would have not been realised. 
These are either the costs of acquiring the white certificates 
on the market or the penalties to be paid in the case of non-
compliance. Since the penalty price is much larger than the 
certificate price, the evaluation results strongly depend on 
the type of opportunity costs taken into account in the cal-
culations. On the one hand, the evaluation shows that it is 
more cost-effective for EDF to promote the installation of 
heat pumps than to pay the penalties. On the other hand, the 
results indicate that it would be more cost-effective for EDF 
to buy the white certificates at the market than to promote 
heat pumps. The acquisition of white certificates is in France, 
however, only a theoretical alternative for EDF to comply with 
the obligations. In practice, this is currently not feasible, as the 
market liquidity is limited.

A general finding is that the implementation of any ener-
gy efficiency measure is costly for obliged actors in the FWC 
scheme due to a lack of a cost-recovery mechanism. In France, 
it is not possible for obliged actors to pass their costs of com-
pliance on to the end-users, as the energy prices for domestic 
customers are regulated. This is a unique feature of the French 
system of energy savings obligations: In all other countries that 
have energy savings obligations for energy companies, these 
are given the possibility to recover the compliance costs. With 
such a mechanism, all the measures assessed here would be 
cost-effective for EDF. The authors, however, point out that 
even if energy efficiency measures are not cost-effective from 
the energy company perspective, it should not be generalised 
that energy efficiency programmes are no meaningful business 
strategy. A central motive for many energy companies to of-
fer energy efficiency programmes is to increase their customer 
loyalty and to improve their corporate social responsibility in 
order to generate additional revenues.

Conclusion
This paper presents the evaluation results of an energy effi-
ciency programme promoted by EDF in two ‘départements’ of 
France. The cost-effectiveness of the installation of heat pumps 
is determined from the perspective of the programme partici-
pant and society as well as the energy company in charge of 
the programme. According to the results of a billing analysis, 
substantial fuel and CO2 savings have been achieved in the two 
‘départements’. It is, however, emphasized that the degree of 
uncertainty of the calculated savings is comparably large due 
to a moderate sample size in combination with a lack of data of 
a control group. In order to partly overcome this issue, an un-
certainty analysis was done on the basis of Monte Carlo simula-
tions for nine key variables.

The evaluation results point out that the implementation of 
heat pumps is profitable for customers, since avoided energy 
bills, received tax credits and incentive payments clearly out-
weigh the (incremental) technology costs. If the tax credits pro-
vided by the French government are neglected in the evaluation, 
the installation of heat pumps will remain profitable for custom-
ers. The installation of heat pumps will, however, not be cost-
effective for end-users if they receive neither the governmental 
tax credits nor the financial incentives from EDF. Non-energy 
benefits such as comfort gains and an increasing property value, 
which are an important motivation for many end-users to refur-
bish their building, are not evaluated in this study.

The economic impact on the entire society is measured in 
this study by comparing the sum of incremental investment 
costs of heat pumps and programme overhead costs with the 
avoided energy supply system costs and the avoided external 
environmental costs. The calculation results show that the in-
stallation of heat pumps is currently not cost-effective, but close 
to it, mainly due to the high technology costs. However, the 
histogram of the Monte Carlo simulation is widespread, show-
ing a comparably large sensitivity with respect to the uncertain 
variables. A BCR of at least one is reached at 35 % of all itera-
tions of the simulation from the societal perspective. In addi-
tion, learning rates for heat pumps show that investment costs 
tend to decrease and energy efficiency to improve over time.

The main objective for EDF is to minimize the costs of 
saved energy in order to achieve its saving obligations im-

 

 

 

 
Figure 6 and 7. Results of the Monte Carlo simulation: histogram of BCR from the energy company perspective (calculation results in 

figure 6 consider avoided penalties; results in figure 7 take costs of acquiring the white certificates on the market into account)
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