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Abstract
Th e Commission has proposed a Directive on the promotion 

of end-use effi  ciency and energy services (ESD) to enhance the 

cost-eff ective and effi  cient end-use of energy in Member States. 

According to the Directive, the Member States shall adopt and 

aim to achieve an overall national indicative energy savings tar-

get of 9% (or beyond) in 2016. Th is target is to be reached by 

way of energy services and other energy effi  ciency measures.

Th e French National Energy Effi  ciency Action Plan to com-

ply with the ESD includes a White Certifi cates scheme (or 

FWC) as one of the important measures to fulfi l the target. 

As the accountings of energy savings in the FWC scheme 

and in the ESD are diff erent (e.g. lifetime-cumulated and dis-

counted kWh for FWC and annual kWh for ESD), an analysis 

of the compliance of both methodologies and a comparison of 

the assessed savings are necessary. 

In this paper, we evaluate the compliance with the ESD re-

quirements of two diff erent end-use actions (insulation, heat-

ing boiler) included in the FWC scheme. Th is is done through 

the concrete case of certifi cates fi led by EDF. Th e main objec-

tive of this evaluation is to assess the contribution of the savings 

of these FWC actions to the target of the ESD. Finally, general 

conclusions are drawn about the use of a White Certifi cates 

scheme as a monitoring and evaluation tool for the ESD pur-

pose.

Introduction
Two main targets of European and French energy policies are 

the security of energy supply and greenhouse gas mitigation. 

Energy conservation is unavoidable in order to reach both 

goals. In this frame, the European Commission has produced 

several directives and in particular a directive on the promo-

tion of end-use effi  ciency and energy services (ESD, 2006). Th e 

objective of this directive is to enhance the cost-eff ective and 

effi  cient end-use of energy in Member States. According to 

the Directive, the Member States (MS) shall adopt and aim to 

achieve an overall national indicative energy savings target of 

9% (or beyond) in 2016. 

Th e French White Certifi cates (FWC) scheme comes under 

the umbrella of this directive as it is one of the components 

of the French strategy for energy effi  ciency. In this context, 

the FWC savings will have to be reported for ESD purposes. 

Nevertheless, the saving accounting methods of the ESD and 

the FWC are diff erent and require a study to assess the FWC 

contribution to the objective of the ESD.

In this paper, we fi rstly present both the ESD and FWC 

schemes. Aft er a general comparison between ESD and FWC 

accounting systems, we then analyse two case studies per-

formed within the EMEEES project and based on FWC end-

use actions: thermal insulation, condensing boilers. Th e main 

questions were to determine if the FWC scheme is an effi  cient 

monitoring tool for the ESD purpose and if both account-

ing systems were compatible. Finally, general conclusions are 

drawn about the use of a White Certifi cates scheme as a moni-

toring and evaluation tool for the ESD purpose.
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The ESD
According to the Directive, MS shall submit periodically their 

National Energy Effi  ciency Action Plan (NEEAP) to the Com-

mission showing how they intend to reach the 9% indicative 

energy savings target by 2016. NEEAP shall describe the meas-

ures already in force or planned (in 2007) and then the progress 

towards the national targets together with an update on the 

portfolio of measures (in 2011 and 2014). 

Th e ESD is the fi rst European Directive for which MS will 

have to report the achieved savings. Th ese savings will be cal-

culated as the sum of the measured or estimated reductions 

in fi nal energy consumption in the year 2016 attributable to 

the reported services, programmes and measures. Th is raised 

concerns about how to monitor and verify energy savings 

from the reported measures in a harmonised way, i.e. taking 

account of the diff erent level of knowledge and experiences 

among the 27 MS. Th e EU-funded project EMEEES (Evalua-

tion and Monitoring for the EU directive on Energy End-Use 

Effi  ciency and Energy Services) (EMEEES, 2008) aims at as-

sisting the European Commission in developing harmonised 

evaluation methods1. In this paper, we use as reference for 

the ESD methodology the proposals made by the EMEEES 

project.

The French White Certifi cates scheme
Th e French law No 2005-781, of 31 July 2005, establishing en-

ergy policy guidelines, holds demand side management as the 

fi rst part of this policy and creates a new market-based instru-

ment to support this policy: French White Certifi cates (FWC). 

As presented in the French NEEAP (French Authorities, 2008), 

the FWC system is dependent on:

Demand for certifi cates: energy savings obligations are • 

imposed on energy suppliers in the residential and service 

sectors. Th ey comply with these obligations by returning an 

equivalent number of certifi cates;

Supply of certifi cates: end-use actions are rewarded with • 

certifi cates (under certain eligibility requirements).

End-use actions are eligible for all energy carriers and all sec-

tors except for the installations already covered by the Eu-

ropean Emission Trading Scheme (ETS). So far 139 types of 

standardized actions were defi ned and validated covering all 

sectors (industry, residential, transport and tertiary) and many 

end-uses or technologies (insulation, effi  cient boilers, etc.). For 

more details about White Certifi cates and evaluation systems, 

see e.g. Bertoldi and Rezessy (2007) and DGEC (2009). First 

results on the FWC scheme are also presented in (3274 Bod-

ineau).

1.  For more details on the project, see (Thomas et al., 2007; Vreuls et al., 2008) 
and www.evaluate-energy-savings.eu.

Comparison of the two accounting methods for 
the ESD and the FWC

FWC ENERGY SAVING ACCOUNTING METHOD

To facilitate implementation of the FWC system, especially the 

registering and crediting of reported actions, standardised end-

use actions have been defi ned according to a standardised form 

including the following details:

Scope of the defi ned action (name, targeted sector and en-• 

ergy end-use, energy effi  ciency technology or service im-

plemented);

Quality requirements (minimum energy performance level, • 

other norms to comply with, other requirements such as 

installation by a professional, etc.);

Data, formula and baseline used to calculate the standard-• 

ised unitary energy savings.

Th e FWC energy savings deal with fi nal energy saved and are 

expressed in kWh cumac, meaning cumulated and discounted 

(in French, cumulés actualisés). Th is value of energy savings 

corresponds to the standardised annual energy savings (in 

kWh/year) summed over the action lifetime and discounted at 

a 4% rate (Ministry of Economics, 2006). 

EMEEES ACCOUNTING METHOD FOR ESD

A general guideline for the bottom-up methods for the ESD 

reporting was defi ned in the EMEEES project based on a four 

step calculation and three levels of evaluations (for more details 

see Broc et al. (2007)). Th e four steps for the calculation process 

in ESD bottom-up evaluation are:

Step 1:1.  unitary gross annual energy savings (in kWh/year 

per participant or unit),

Step 2: 2. total gross annual energy savings (taking into ac-

count the number of participants or units, in kWh/year),

Step 3: 3. total ESD annual energy savings in the fi rst year of 

the actions (taking into account double counting, multiplier 

eff ect, and other gross-to-net correction factors), in kWh/

year,

Step 4:4.  total ESD energy savings achieved in the year 2016 

(in kWh/year, taking account of the timing of the action, 

and its lifetime).

Furthermore, three levels of evaluation eff orts are proposed in 

the EMEEES methodology.

Case study
Th e general approach of the pilot test presented here is to com-

pare the monitoring and evaluation system used for the FWC 

scheme with the EMEEES principles, and to assess the con-

tribution of the FWC savings to the ESD objective. Th e case 

study is based on a programme delivered by EDF and credited 

by FWC savings, accounting for a total amount of 1.16 TWh 

cumac. Th is sample represents 3.2% of the 36 TWh cumac of 

certifi cates already credited at the end of year 2008 (Ministry 

of Ecology, 2009). It contains actions implemented in the resi-
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dential sector, as 88.1% of the actions reported so far for the 

whole FWC scheme.

We use here the EMEEES framework (four calculation steps 

and three evaluation levels) to compare both methodologies at 

the general level. At last, even if the consistency between FWC 

and EMEEES methods should be checked for each calculation 

step (e.g. checking consistency in the baseline defi nition), the 

main remaining diff erence between both methodologies is re-

lated to step 4. Indeed, when assessing the contribution from 

the FWC scheme to the ESD target, the task is to translate the 

FWC savings expressed in kWh cumac into kWh saved in 2016. 

Th is step is mainly done by dividing the kWh cumac by the dis-

counting coeffi  cient to get annual savings (kWh/year). Th is dis-

counting coeffi  cient represents the action lifetime discounted 

at a yearly rate of 4%.

We detail hereaft er the calculations used for the two main 

categories of end-use actions included in this sample (i.e. insu-

lation and condensing boilers). For each one, we fi rst compare 

the calculation models of the FWC and EMEEES methods, 

before performing diff erent calculation scenarios according to 

the three levels of evaluation eff orts defi ned in the EMEEES 

methodology. Finally, conclusions are drawn about the com-

patibility of the FWC accounting system with the ESD report-

ing, and whether it is worth it to use participants’ data (level 

3 evaluations) compared to national reference data (level 2 

evaluations).

THERMAL INSULATION OF BUILDINGS

FWC calculation model
Most of the values used in the FWC calculations are average 

values based on national statistics or past studies. In the case of 

insulation actions, the calculation also takes account of the fol-

lowing parameters registered for each participant: climate zone 

(called: H1, H2, H3) depending on the location of the dwelling 

(postcode registered for each participant) and energy carrier 

for space heating (electricity or fossil). 

Th e formula used to calculate the annual unitary energy 

savings is based on the reduction of heating needs calculated 

by the decrease of thermal losses (ΔU in W/m2.K of insulated 

area) multiplied by normalized heating degree days and cor-

recting climate zone factor2. Th e resulting energy savings are 

then calculated by dividing the space heating needs by the av-

erage heating system effi  ciency of the French building stock3 

(ATEE, 2005).

2.  H=1.1, H2=0.9, H3=0.6.

3.  0.95 for direct electric heating, 0.6 for fossil fuel boilers.

It should be noticed here that the unit of action is the m2 of 

installed insulating material (or insulated surface), and not the 

m2 of net fl oor area of the dwelling. Th e assessed lifetime of 

the insulation actions in the FWC scheme is 35 years, giving a 

discounting coeffi  cient of 19.411. 

Comparison of both calculation models
For step 1 (unitary savings), both formulae are based on the 

heating demand, even if they use distinct parameters to ex-

press it: thermal transmission combined with the heating de-

gree days and the climate zone for the FWC, and directly the 

specifi c heating demand according to a given dwelling typology 

(e.g. building ages, classes, etc.) for EMEEES4. Both methods 

used thus consistent physics considerations. Both models also 

use the same defi nition for the reference situation or baseline, 

i.e. the level of heating demand before implementing the insu-

lation actions. But a diff erence remains when dealing with the 

rebound eff ect5: it is neglected in the FWC calculation, when 

the EMEEES method proposes a default value of 20% (based 

on existing literature). 

Besides, for the unitary savings result, the EMEEES method 

considered that it was not possible to defi ne European default 

values (for level 1 evaluation). So savings should be evaluated at 

least at level 2, i.e. based on national statistics or other national 

reference values. For the level 3 (participant-specifi c values) 

the EMEEES method proposes to use the Energy Performance 

Certifi cates (EPC) for buildings (as defi ned in the EPBD di-

rective (EPBD, 2002)) as data sources for the energy demand 

before and aft er refurbishment. Th e method used for FWC 

corresponds to an EMEEES level 2 evaluation, as the baseline 

is based on average national values for the French building 

stock.

Th e main diff erence between both calculation models relies 

therefore on the two distinct approaches in the analysis of in-

sulation actions: in the EMEEES method, the dwelling is con-

sidered as a whole (i.e. system approach), whereas the FWC 

scheme deals with dwelling components (e.g. roof, windows, 

etc.). Th is diff erence is due to the data registered to account for 

the actions (i.e. for step 2): bills of insulation works for FWC 

vs. EPC for EMEEES. Th is means also two diff erent units of 

action: m2 of insulating material for FWC vs. m2 of net fl oor 

area for EMEEES. In France, EPC are not required in case of 

refurbishment and are not centralised in a database as pro-

posed in the EMEEES method. Finally, even if the EMEEES 

4.  For more details about the EMEEES method see Amman et al. (2008).

5.  E.g. part of the energy effi ciency improvement will be used to increase the inner 
temperature, and not to decrease the energy consumption. 

 
Data scale Main data sources Data processing and documenting 

Level 1 
European default 

values 

existing/available European 

regulation, studies and statistics 

reliability coefficient according to the level of 

reliability of the default value 

Level 2 
National representative 

values 

up-to-date national statistics, 

surveys, samples, registries 

requirements = minimum set of information and 

justifications to be reported  

Level 3 

Programme- or 

Participant-specific 

values 

specific monitoring systems, 

registries, surveys, 

measurements 

requirements to report on the specific data and 

justifications in detail (standard report at least 

available) 

 

Table 1. Three levels of evaluation efforts.
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method recommends using a system rather than a component 

approach, the latter option is also presented as possible in the 

ESD context. Th erefore, although they are diff erent, FWC and 

EMEEES methods are compatible for ESD reporting.

Other diff erences between FWC and EMEEES methods ap-

pear when considering step 3 (i.e. total ESD savings). Multiplier 

and free-rider eff ects are not directly taken into account in the 

FWC calculations. However they could be evaluated ex-post 

through a monitoring of the insulation market. Likewise, dou-

ble counting is to be considered for the ESD reporting, as other 

facilitating measures overlap with the FWC scheme, such as tax 

credits. Th e remaining diff erence between FWC and EMEEES 

calculations is related to step 4 (lifetime cumulated and dis-

counted savings vs. annual savings in 2016). In case of insula-

tion actions, the translation of kWh cumac for FWC into kWh 

saved in 2016 for the ESD is direct by applying the discounting 

coeffi  cient (19.411) the reverse way as presented before.

Possible calculation scenarios
Each distinct type of insulating actions (roof, windows, wall 

and fl oor) was studied one by one. For the pilot test, we calcu-

lated the energy savings according to three levels of possible 

desegregation6 (Table 2) from the detailed to simple one: 

Full desegregation: corresponding to a mix of level 2 and • 

level 3 data (cf. EMEEES methodology).

Medium desegregation• 7: only taking account of the climate 

zone as level 3 data.

No desegregation: meaning a “national representative” level; • 

this would correspond to the level 2 result.

Th e results (Table 3) show that, in the specifi c case of this sam-

ple of insulation actions, the maximal diff erence between the 

diff erent scenarios is always below 10% without specifi c ten-

dency. Th is tends to show that the possible deviations between 

6.  Taking account of what data is registered for each participant.

7.  In the medium desegregation approach we consider that the most accessible 
information is the climate zone (only related to the postcode) which is written on 
the invoice.

the national building stock and the participants compensate. 

Consequently it could be assumed that for a suffi  ciently large 

number of actions, the level 2 result is not signifi cantly diff erent 

from the level 3 results. Th is means that for reporting savings 

for the ESD, level 2 data could be suffi  cient.

CONDENSING BOILERS

FWC calculation model
In the FWC model, the energy savings for a condensing boiler 

is calculated as a set percentage (40%) of fi nal energy consump-

tion (defi ned from national statistics on energy bills) diff erenti-

ated by climate zone, dwelling type, age and size (ATEE, 2006). 

Th e 40% gain is based on the diff erence of effi  ciency between 

a condensing boiler and an old boiler representing the stock 

average. Average annual savings are then cumulated and dis-

counted over the action lifetime (16 years, meaning a discount-

ing coeffi  cient of 12.118) (Ministry of Economics, 2006). 

Comparison of both calculation methods
For step 1 (unitary savings), FWC formula is based on fi nal 

energy consumption (from energy bills), whereas EMEEES for-

mula8 is based on heating needs (calculated from the building 

characteristics). But as the values used for boiler effi  ciencies 

are known, it is easy to switch from one approach to the other. 

A more signifi cant diff erence lies in the defi nition of the refer-

ence situation or baseline. In the FWC model, the baseline is 

an old fossil fuel boiler, assumed to be representative of old 

buildings stock. In the EMEEES method, two baselines are pro-

posed to calculate either “all” or “additional” savings9. EMEEES 

baseline for “all” savings is similar to the FWC one: either the 

average effi  ciency of boilers in the building stock (conservative 

European average for level 1 evaluation, and national average 

for level 2) or the registered effi  ciency of the participants’ boil-

8.  For more details about the EMEEES method see Adnot et al. (2008).

9.  “All” savings means evaluating what would have happened if all equipment 
had stayed at the same energy effi ciency level as before (“before-after” situation). 
Whereas “additional” savings means evaluating what would have happened in the 
absence of the evaluated facilitating measure (“with and without” situation).

Table 2. Calculation scenarios for insulation actions.

Table 3. Assessment of total gross annual energy savings depending of the calculation scenarios.

Level of desegregation Data for climate zone Data for fuel type 

Full Participants’ data  

Possible values: H1; H2; H3 

Participants’ data  

Possible values: electric ; fossil fuel 

Medium Participants’ data  

Possible values: H1; H2; H3 

Weighted average, based on the distribution of the 

national building stock 

No desegregation Weighted average, based on the distribution of the national building stock 

 

Type of 

insulation action 

Default value 

(level 1) 

No desegregation 

(level 2) 

Medium 

desegregation 

Full desegregation (mix 

of level 2 and level 3) 

Maximal 

difference 

roof Unavailable 8,58 GWh. 8,27 GWh 7,93 GWh 8% 

Wall unavailable 1.011 GWh 0.992 GWh 0.965 GWh 5% 

Windows unavailable 10.935 GWh. 10.795 GWh, 10.991 GWh <2% 

floors unavailable 0.423 GWh/y. 0.427 GWh/y 0.421 GWh/y <2% 
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ers (for level 3). For “additional” savings, EMEEES baseline 

is the average effi  ciency of the “non-effi  cient” boilers sold on 

the market, assuming that without the facilitating measure, 

the participants would have bought a new boiler anyway, but a 

“non-effi  cient” one. Th erefore, the FWC values correspond to 

level 2 “all” savings.

For condensing boilers, the EMEEES method proposed a 

conservative European default value (level 1 evaluation) for 

unitary savings, based on the EcoBoiler study (Kemma et al., 

2007) and experts judgement. It is then possible to compare 

FWC values with this conservative benchmark (see scenarios 

below).

For step 2 (total savings), the unit of action is an installed 

boiler for FWC and m2 of heated net fl oor area for EMEEES. 

Th is is again due to the type of data registered (boilers’ bills 

for FWC). However the dwelling size is also taken into ac-

count in the FWC model through the building typology, and 

the number of rooms or the net fl oor area registered for each 

FWC participant. So both approaches (FWC and EMEEES) 

are consistent for step 2. For step 3 (total ESD savings), simi-

lar comments regarding insulation actions apply (see above). 

Likewise for step 4, the FWC savings should be translated into 

ESD savings by applying the discounting coeffi  cient (12.118) 

the reverse way.

Possible calculation scenarios
Th is section presents a comparison of results calculated for a 

sample including 68 condensing boilers. Based on the available 

data, diff erent scenarios were used to analyse to what extent 

increasing the evaluation level would enable the reporting of 

more accurate (and higher) results:

Scenario [level 1 “stock”]: calculations using the EMEEES • 

default values (level 1) for the energy consumption and the 

effi  ciency gain (taking the boilers’ stock as baseline); the 

only level 3 data used (i.e. specifi c to the EDF sample) is the 

number of implemented actions.

Scenario [level 1 “market”]: same as scenario [level 1 “stock”], • 

except that for the effi  ciency gain, the baseline is the average 

effi  ciency from the boilers’ “ineffi  cient” market.

Scenario [level 2]: calculations using national average • 

(i.e. level 2) values for the energy consumption and the effi  -

ciency gain; the only level 3 (i.e. specifi c to the EDF sample) 

data used is the number of implemented actions.

Scenario [level 3]: calculations using as far as possible level 3 • 

data (i.e. specifi c to the EDF sample), meaning using all the 

data registered for each participant in the FWC scheme 

(number of actions, climatic zone, dwelling type, age, size) 

combined with the corresponding level 2 (national) data, 

i.e. energy consumption according to dwelling type and age, 

and correction factors for dwelling size and climatic zone.

Th e fi rst conclusion from these results is that there is a very 

signifi cant gap between both level 1 (“market” and “stock”) and 

other results (levels 2 and 3). Th is highlights that either the 

EMEEES default values may be too conservative, or the na-

tional values used for the FWC scheme overestimate the sav-

ings (for the case of condensing boilers), especially due to the 

very low boiler effi  ciency used for the baseline. For the ESD 

reporting, such a diff erence (between national and benchmark 

values) should be justifi ed, for harmonisation purpose.

Th e second conclusion is that the calculated savings are high-

er, when more participants’ data are used (i.e. level 3 savings > 

level 2 savings). For such a small sample (68 boilers analysed 

here), the possible variations due to the diff erent parameters 

taken into account do not compensate statistically (contrary to 

the previous case of insulation actions). Another reason may be 

that actions were implemented in situations of higher unitary 

savings (e.g. in the coldest climate zone). In these conditions 

(small sample, targeting specifi c situations), a level 3 evaluation 

(i.e. registering more participants’ data) appear to be worth-

while. 

Figure 1. Total gross annual energy savings from the calculation scenarios for condensing boilers.
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Conclusion
Th e EMEEES methodology (4 steps and 3 levels) and the FWC 

methods appear to be consistent. Nevertheless, looking into 

details, some diff erences may occur, mainly due to the type of 

available data. But this does not aff ect the consistency of the 

distinct options, as long as they are well-documented.

Th is test is a case example where the Member-State (France) 

can not directly use the EMEEES method (due to data availabil-

ity), but may take advantage of the EMEEES method to better 

use its own existing evaluation method. Th is is in accordance 

with the harmonisation objective of the ESD: Member-States 

remain free, in a certain extent, to use their own evaluation 

system, but they should use harmonised reporting principles. 

Th erefore, based on this test, this approach appears to be a good 

way to support a learning and improvement process.

Th e results from the calculation scenarios emphasise the im-

portance of the nature of the evaluated sample. In the case of 

large enough samples (here for insulation actions), the results 

do not diff er signifi cantly between level 2 (using national aver-

age) and level 3 (using participants’ data) values. Th is supports 

the assumption that for large enough samples, possible devia-

tions from national averages statistically compensate. But this 

is not valid anymore for a small sample (here for condensing 

boilers). So choosing between a level 2 and a level 3 evaluation 

can depend on the number of actions, and also whether the 

actors focused their eff orts on specifi c targets.

Another conclusion from the calculation scenarios is that 

the diff erence between a level 1 (using European default val-

ues) and a level 2 (using national values) evaluation may be 

very signifi cant. Th is confi rms that defi ning conservative de-

fault values would induce Member States to assess their own 

national values (which seems necessary for defi ning eff ective 

energy effi  ciency policies). At the same time, the comparison 

between default and national values enables to detect too high 

diff erences, which may be due to either a too strong conserva-

tiveness for the default values, or to particular national values 

which would need to be justifi ed (or both).

Finally, the FWC scheme appears to provide a good monitor-

ing system for energy savings, in line with ESD expectations. 

Th e comparison with the EMEEES methodology raised some 

issues, but none would make FWC inconsistent with the ESD 

requirements. However, it enabled to detect some routines 

which would be necessary to translate FWC results (as they are 

accounted so far) into results for the ESD purpose.
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