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Summary

Energy consumption in housing in France – 
the residential sector included 31 million 
housing units in metropolitan France in 
2006, of which over 26 million were primary 
residences – amounts to 560 TWh annually, 
equal to 30% of total energy consumption in 
the country. Heating ranks first among en-
ergy uses in primary residences, accounting 
for 70% of consumption, while sanitary hot 
water represents 10% of residential energy. 
Average unitary consumption (proportional 
to habitable surface area) for heating comes 
to 160 kWh/m2 and to 23 kWh/m2 for sani-
tary hot water (final energy), in buildings 
constructed prior to 2001.1

The residential sector accounts for a smaller 
proportion of total CO2 emissions than of en-
ergy consumption due to a lesser dependence 
on fossil fuels compared to other sectors such 
as transport. Out of total CO2 emissions of 
close to 400 million tonnes, 21%, or 85 mil-
lion tonnes, come from the residential sector. 
Against this backdrop, this report identifies 
different itineraries that could be followed 
to reduce carbon dioxide emissions due to 
energy consumption in primary residences 
in France by 75%, considering the two main 
uses (heating and sanitary hot water) and the 
best technologies and techniques currently 
available or likely to be widely available be-
fore 2050. The goal is to reduce CO2 emis-
sions from heating and hot water to 19-20 
million tonnes per year over the next four 
decades, for a growing number of units in a 
housing pool with a very low rate of renewal. 
This research identifies three main levers for 
action: reducing heating needs (demand), 
using more efficient devices (efficiency) 
and less carbon-intensive energy resources 
(substitution). 

Trends in housing stock up to 2050

Housing stock in France has a renewal rate 
close to nil, with a very low destruction rate, 
on the order of 20,000 to 30,000 units per 
year. Growth in housing stock is due primar-
ily to new construction, and has remained 
stable at 1% to 1.5% per year over recent de-
cades. The growth rate will tend to diminish 
in the long term, as the increase in the total 
number of households that drives new con-
struction gradually levels out. Even as popu-
lation growth slows, housing stock will con-
tinue to increase as the average household 
size falls, reaching a projected two people 
per household in 2050. The residential sec-
tor is expected to total just over 35 million 
primary residences in 2050, of which 25 mil-
lion units already exist today. For cities in 
metropolitan France in 2050, 70% of hous-
ing stock on average will have been built no 
later than 2005. These figures underscore the 
importance of existing housing stock and the 
evolution of its energy performance. 
While certain trends go against the target of 
greater energy efficiency – e.g. the increase 
in habitable surface area, from 38 m2 per 
person in 2006 to close to 45 m2 per per-
son in 2050 – other more favourable changes 
can be introduced, notably in terms of urban 
spaces. The assumptions made here refer to 
urban development following the recom-
mendations for new construction formulated 
at the Grenelle environmental conference in 
France. This vision calls for massive deploy-
ment of district heating in denser urban ar-
eas, as opposed to continued urban sprawl. 
In addition to construction, energy efficiency 
in urban areas will be attained by reducing 
heat losses in housing, by creating district 
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heating networks, and by harnessing solar 
power to produce sanitary hot water and 
photovoltaic electricity, as in positive-energy 
buildings.

New construction and rehabilitation  
of existing housing stock

All the scenarios considered in this report are 
based on the Grenelle conference targets for 
new construction, i.e. widespread adoption of 
low-energy housing units starting in 2012, and by 
2020 primary energy consumption that is lower 
than the amount of renewable energy produced 
in these positive-energy buildings (production 
included in primary energy accounts). Ambitious 
objectives are also adopted for rehabilitation of 
existing housing. The main targets for rehabilita-
tion are identified by analysis of existing units 
and their heating consumption by date of con-
struction. Single-family houses built before 1949 
represent one-third of units, but 45% of heating 
energy. Likewise, multi-family residences built 
between 1949 and 1974 represent a preponder-
ant share of units (44%), and consume over half 
of all energy used for residential heating. 
The preferred approach for rehabilitation is 
to encourage integration of the most efficient 
retrofitting measures (structure and systems) 
when conventional upkeep work is done: these 
measures are applied once for the building 
envelope (roof, ground floor, doors and win-
dows, exterior walls), while energy systems are 
renewed twice by 2050. Exterior thermal insu-
lation for all pre-2001 buildings is given prior-
ity over interior insulation when architectural 
features permit; controlled ventilation systems 
(with heat recovery on exhaust air as the case 
may be) and highly insulating glazing can re-
duce heating needs by 60% in both single-fam-
ily and multi-family dwellings. 
Advanced technologies are introduced in new 
construction and when heating systems are 
replaced: electric heat pumps (gas-fired heat 
pumps are introduced only in new housing after 
2010–2015) replace existing boilers and electric 
convection heating; gas-fired cogeneration; mini 
district heating networks using biomass fuel. For 
buildings constructed before 2000 the average 
cost per unit would be between €12,700 and 
€24,200 (ex VAT), not including renovation of 
ventilation and energy systems.

The main assumptions  
of future scenarios

While the performance of new construction is 
projected according to the standards of new ther-
mal regulations in France (low-energy buildings, 
then positive-energy buildings), rehabilitation 
of existing buildings is projected under a single 
linear progression that reduces heating energy 
needs by a factor of 2 to 2.5 on average after 
four decades of application of renovation mea-
sures. The objective is to evaluate the maximum 
potential of different energy solutions; fuelwood, 
gas or electric heating are differentiated by gen-
erating efficiency and by carbon content of their 
emissions. Solar thermal energy, that can con-
tribute 50% of energy used to produce sanitary 
hot water in a housing unit, is applied to 30% of 
existing stock on average, and to 100% of new 
construction, excepting units equipped with fu-
elwood heating, gas-fired, Joule (resistive) heat-
ing or heat pump back-up systems depending 
on the type of energy system. Photovoltaic en-
ergy generated in new positive-energy buildings 
is assumed to be generally applied as of 2020, 
and recorded as primary energy production.
Of existing fossil fuels, only natural gas is re-
tained in the long term, as a back-up to wood-
fired and electric systems. The proposed sce-
narios are distinguished by different priorities 
accorded to the three forms of energy for heat-
ing and hot water that remain present in hous-
ing in 2050 – fuelwood, gas and electricity. 
In the four contrasting energy scenarios pre-
sented here the choice of heating energy is a 
determining factor. Fuelwood is the preferred 
form of energy, either as the primary source, 
with back-up provided by gas and electricity 
(in two variant scenarios, depending on which 
resource occupies the second and third ranks), 
or as a secondary source after gas or electric-
ity. These combinations yield four scenarios 
for heating energy options:
•	FUELWOOD/GAS/ELECTRICITY
•	FUELWOOD/ELECTRICITY/GAS
•	GAS/FUELWOOD/ELECTRICITY
•	ELECTRICITY/FUELWOOD/GAS
Electricity heating scenarios are based on heat 
pump systems which are always applicable in 
new or renovated housing in the long term, 
except when an existing independent heat-
ing system is maintained, eventually retrofit-
ted, with Joule heating backing up fuelwood 
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systems if necessary. Under these distinct as-
sumptions and scenarios we seek to ascertain 
which technological conditions are most fa-
vourable to achieving Factor 4 reductions. The 
three energy resources considered – fuelwood, 
natural gas and electricity – are run through 
scenarios in which each is generalised in turn, 
according to rules based on location (rural/
urban setting) and the presence or absence 
of district heating and natural gas networks. 
Distribution in housing stock varies widely 
among the scenarios, in which fuelwood in-
cludes conversion of independent heating 
boilers and district heating to biomass fuels.
•	FUELWOOD/GAS/ELEC (43%, 26%, 31%)
•	FUELWOOD/ELEC/GAS (43%, 57%; 0%)
•	GAS/FUELWOOD/ELEC (43%, 25%, 32%)
•	ELEC/FUELWOOD/GAS (94%, 6%, 0%).

Attaining energy and CO2 emission 
targets
We look at scenarios that describe several ex-
treme hypotheses. Within the bounds of these 
extremes several different itineraries could lead 
to Factor 4 goals in terms of CO2 emissions, in 
addition to reducing energy consumption.
Given the projected rise in habitable surface 
area (+40% between 2005 and 2050), total 
heating and hot water needs (useful energy) 
do not show the same sharp reduction in 
consumption as the per m2 gains obtained by 
rehabilitation of existing buildings: the use-
ful energy reduction factor between 2005 and 
2050 is on the order of 1.5. 
Greater reductions in final energy use are 
obtained with improved heat generation effi-
ciency, although they remain modest for the 
FUELWOOD/GAS/ELEC scenario (factor 2) and 
the GAS/FUELWOOD/ELEC scenario (factor 
2.3, after deduction of gas-fired cogeneration 
of electricity, 61 TWh/year). The high perfor-
mance coefficients of electric heat pumps give 
higher factors for the FUELWOOD/ELEC/GAS 
scenario (factor 3) and the ELEC/FUELWOOD/
GAS scenario (factor 8.8). In all cases photo-
voltaic power generation offsets electricity 
consumption – after deduction of cogeneration 
– for housing built after 2020, attaining 7 to 
10 TWh/year depending on the scenario. 
The scenarios differ less in terms of primary 
energy, due to the conventional conversion 
coefficients used, 1 for fuelwood and gas, 

and 2.58 for electricity consumed or gener-
ated. These factors range from 2.5 for the FU-
ELWOOD/GAS/ELEC scenario to 5 for ELEC/
FUELWOOD/GAS scenario. The strong con-
tribution of gas-fired cogeneration (close to 
160 TWh/year in primary energy) under the 
GAS/FUELWOOD/ELEC scenario leads to a 
factor of 4.7. 
The gains obtained in terms of CO2 emissions 
depend on the methodology used. First of all, 
only direct emissions are assessed, and indi-
rect emissions during the production cycle 
for different energy resources are excluded. 
Secondly, in the absence of reference studies 
no figure is given for the CO2 content of elec-
tricity in 2050 (per kWh), as this quantity is 
likely to vary considerably in this time frame, 
particularly for the two uses considered, heat-
ing and hot water. To address this uncertainty, 
the sensitivity of the projected results to strong 
variation in the CO2 content of electric heating 
has been studied.
In the absence of other conventionally agreed 
values, comparison between the scenarios are 
based on an average figure of 180 g CO2 per kWh 
of electricity (kWhe) consumed for heating, and 
40 g/kWhe for hot water production, as set forth 
in an ADEME–EDF note in 2005. To account for 
decentralised electricity generation in the over-
all CO2 assessment, 70 g CO2 per kWh of pho-
tovoltaic electricity and 180 g CO2 per kWh of 
gas-fired cogeneration electricity are deducted, 
assuming that this production replaces cen-
tralised power production that has the same 
per-kWh CO2 content as electric heating. In this 
outlook the scenarios that favour fuelwood and 
electricity show good output efficiency (thanks 
to heat pumps) and/or a high level of no-car-
bon substitution (thanks to fuelwood). Emission 
reduction factors exceed 12 for the ELEC/FU-
ELWOOD/GAS scenario and 16 for the FUEL-
WOOD/ELEC/GAS scenario. A reduction factor 
of 4 is obtained for the FUELWOOD/GAS/ELEC 
scenario, while the factor for the GAS/FUEL-
WOOD/ELEC scenario is no higher than 2.5.
Analysis of the sensitivity of results to the val-
ue retained for CO2 per kWh of electric heat-
ing (2050 levels compared to 2005) confirms 
that the reduction factor for the FUELWOOD/
GAS/ELEC scenario is only slightly affected 
by variation in the CO2/kWh content of elec-
tric heating, due to the low use of electricity 
in this scenario. Scenarios that involve high 
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electricity use (FUELWOOD/ELEC/GAS and 
ELEC/FUELWOOD/GAS) show gains in terms 
of emissions that fall off fairly rapidly, while 
ensuring a reduction factor greater than 4 
when CO2 content for electric heating is equal 
to 500 g/kWh. Inversely, emissions gains pro-
gressively rise under the scenario that includes 
a high level of decentralised power production 
(GAS/FUELWOOD/ELEC), reaching a factor of 
4 for CO2 content of electric heating in excess 
of 400 g/kWh.
Consequently, and within the limitations of 
this exercise linked to the method used to es-
timate the CO2 content of electric heating, a 
factor 4 reduction in CO2 emissions does not 
necessarily require a factor 4 reduction in fi-
nal energy or in primary energy use, as long 
as low-carbon resources are available to meet 
energy needs. Nonetheless, given the possible 
competition between residential, commercial, 
industrial and transport uses for biomass ener-
gy, lowering energy consumption must remain 
a priority to be sure that the factor 4 reduction 
is achieved.

The transition to 2020–2030  
and future outlook
Assuming a linear pace of rehabilitation in 
housing stock between 2005 and 2050, the 
two scenarios FUELWOOD/GAS/ELEC and 
FUELWOOD/ELEC/GAS remain highly depen-
dent on biomass resources, with fuelwood 
consumption peaking at 190 TWh/year around 
2030. This amounts to about 100 TWh/year 
more than current consumption, approximate-
ly doubling use of biomass resources by 2030. 
This is feasible for the country as a whole, but 
involves regional disparities that must be an-
ticipated, in particular with regard to the im-
pact of transport.
Other options should be explored for the post-
carbon city: use of geothermal energy, better 
management of habitable surface area, and 
adapting the rate of rehabilitation to the pace 
of energy conversion, notably to fuelwood. In 
addition to biomass for district heating, which 
is the preferred solution in dense urban ar-
eas, the range of technical options should be 
broadened to include ambitious integration of 
renewable resources in gas networks (biogas) 
and the electricity grid (photovoltaic power, 
wind energy, wood-fired cogeneration).
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Introduction

Focus on Factor 4
This report focuses on the Factor 4 objective of reducing CO2 emissions by 75% by 2050, 
compared to the 1990 level. This target is contained in the Energy Policy bill (Programme 
d’Orientation de la Politique énergétique française, POPE) enacted 13 July 2005 in France. To 
achieve this goal it is necessary to pursue the previous studies published by Cahiers du CLIP on 
the outlook for housing in metropolitan France in 2050. These earlier reports highlighted:
•	the importance of thermal rehabilitation of existing housing, along with increasingly stringent 
thermal performance regulations for new construction;2

•	the contribution of solar thermal energy to lowering the amount of energy used to produce 
sanitary hot water;3

•	the contribution of low-power decentralised cogeneration to reducing CO2 emissions;4

•	the potential for the development of electric heat pumps for heating and sanitary hot water.5

The aim of this report is to identify possible ways to achieve this 75% reduction of CO2 emis-
sions due to energy consumption in primary residences, making use of the best techniques cur-
rently available or likely to be widespread before or by 2050. The time frame of 2050 is retained 
because this interval (2005–2050) spans not only two cycles of renewal of heating equipment, 
but also a full cycle of major renovation of the entire stock of existing housing, given the lapse 
of time required for the necessary upkeep (thermal renovation of facades, roofing, etc.). With 
the main work of rehabilitation spread out over four or five decades, the reservoirs of energy 
efficiency and reduction of CO2 emissions will be thoroughly exploited by 2050, and the curves 
will flatten out a bit before this end date. 
Performance levels for new construction are set in reference to regulatory thermal standards. For 
housing built before 2005, building renovation includes “customised” measures without aiming 
for a uniform performance level. Contrasting energy scenarios have been elaborated by vary-
ing the proportions of the main energy resources used for heating and hot water production 
(fuelwood, natural gas, electricity) in both new construction and renovated housing stock. We 
look at scenarios that describe several extreme hypotheses. Within the bounds of these extremes 
several different itineraries could lead to Factor 4 goals in terms of CO2 emissions, in addition to 
reducing energy consumption.
While all areas covered by thermal performance regulations are considered, this report fo-
cuses primarily on heating and sanitary hot water. Ancillary uses for ventilation, circulation fans, 
pumps, and lighting are included in work defining low-energy consumption buildings and in an-
nual offsets introduced by the construction of positive-energy buildings. While use of air condi-
tioning is growing, it remains limited in housing, and is not included in the scope of this report. 
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Working assumptions
To realistically evaluate the impact of air conditioning it would be necessary to project sum-
mertime temperature trends by climate zone up to 2050. This projection is beyond the scope of 
this study. Winter conditions, for estimating heating needs, are considered to be invariable from 
2005 to 2050.6  T1 

Simulations were carried out under the following assumptions:
•	constant climate conditions;
•	strict compliance with regulatory requirements for new construction, without substandard 
implementation of technological improvements in either new construction or rehabilitation work;
•	constant behaviour of household occupants (no rebound effect);
•	housing units occupied by steadily smaller households (number of persons per unit) according 
to projections from INSEE; 
•	continuation of current occupancy trends (without adjustment of habitable surface area for 
multiple tenants, price effects, etc.);
•	new construction that maintains the current low rate of housing renewal, at a pace of 30,000 
units removed from existing stock per year.
By contrast, this study assumes a significant change in urban development, breaking with urban 
sprawl and favouring a dense urban fabric and new construction that allows widespread deploy-
ment of district heating.
The hypothesis of massive demolition and reconstruction of housing along the lines of urban 
renewal as practised in the 1960s has been rejected. While it is tempting to call for rapid de-
molition and replacement of “thermal wrecks” to remove them from existing housing stock, the 
overall energy and carbon balances would have to consider the grey energy incorporated in 
building materials and components. From this point of view it can be argued that it is preferable 
to maintain buildings with a long life span in housing stock. Criteria for conservation or demoli-
tion should also take location into account, considering the distances to be travelled and the 
modes of transport required.  

Initial orientation
Two levers for action can be used to attain the Factor 4 objective: reducing energy consumption, 
which requires strong proactive measures to renovate, retrofit and rehabilitate existing housing, 
and recourse to energy resources that contain less carbon by including significant amounts of 
renewable energy with low greenhouse gas emissions in the energy mix. It follows that a factor 
4 reduction in CO2 emissions does not necessarily require a factor 4 reduction in energy use, as 
long as low-carbon resources are available to meet energy needs. For instance fuelwood, rep-
resenting 7.5 Mtoe (87 TWh net heating value), currently supplies 20% of residential heat needs 
(space heating and hot water) and will continue to play an important role in reducing CO2 emis-
sions, especially in existing buildings where the possibilities for reducing energy consumption 
may be limited. Nonetheless, given the possible competition between residential, commercial, 
industrial and transport uses for low-carbon energy resources, lowering energy consumption 
must remain a priority to be sure that the Factor 4 reduction is achieved.

Table 1
Climate assumptions for estimating heating needs in three reference climate zones

h1 h2 h3

Dh = degree-hours of heating in 103 h.°C 63 52 37

E = vertical solar radiation for southern exposure during heating 
season, in kWh/m2 410 440 460
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Renewable energy, in particular solar and fuelwood energy, and also heat pumps, are among 
the prime solutions to be promoted to help meet the European 20-20-20 commitments in the 
residential sector. The conditions necessary to the development of other forms of biomass – bio-
fuels, biomass to liquids and gasification – are not yet sufficiently well known to be included in 
the present report.

The main assumptions of future scenarios
The Grenelle environmental conference set ambitious objectives: all new construction is to be 
positive-energy buildings after 2020, energy consumption in existing housing is to be reduced by 
38% by 2020. Given these goals future scenarios were elaborated on the following basis:
•	performance of new construction projected according to the standards of new thermal 
regulations; 
•	a single rehabilitation pathway is proposed for existing housing, yielding on average a 
reduction factor of 2 for heating needs;
•	technological evolution of energy systems in keeping with the best available techniques (BAT) 
that have been identified to date and that can potentially be adopted in a significant portion 
of the residential sector by 2050; the improved performance of these new systems by 2050 is 
factored in.
To evaluate the maximum potential of each proposed energy solution, our scenarios assume 
systematic rehabilitation of all buildings in existing housing stock (for each building type all 
possible measures will be taken by 2050) coupled with replacement of energy equipment by the 
best available technology.
The preferred technologies in the long term are:
•	wood-fired boilers and district heating networks using biomass or residual heat recovery; 
•	electric and gas heat pumps; 
•	cogeneration; 
•	solar thermal energy for sanitary hot water and photovoltaic power offsetting consumption in 
new positive-energy buildings, the rule in new construction as of 2020.
The proposed scenarios are distinguished by different priorities accorded to the three forms of 
energy for heating and hot water that remain present in housing in 2050 – fuelwood, gas and 
electricity. In each of the four contrasting energy scenarios one energy resource is assumed to 
be dominant in its area of application.
In all cases consumption is assumed to follow a conventional behaviour pattern for heating 
(temperature set at a constant 19°C during heating season), based on explicit application of 
technological systems, without correction for substandard implementation or an eventual re-
bound effect.
This exercise does not produce predictions; it yields results for comparison between different 
options, in relative terms and not in absolute values.
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Scope of the study:  
housing stock  
in metropolitan France

Characteristics of primary residence 
housing stock

Units
The residential sector in metropolitan France 
(not including overseas departments and ter-
ritories) includes 31.3 million housing units, 
broken down as 26.3 million primary resi-
dences, 3.1 secondary residences and 1.9 va-
cant units (2006 figures). The number of pri-
mary residences increased by 387,000 units in 
one year (2005–2006) due to new construc-
tion activity that was still strong, while the 
number of secondary residences rose only 
slightly. The number of vacant housing units 
has been gradually falling since 2000.  T2 
The majority of primary residences are sin-
gle-family homes, 14.8 million units that con-
stitute 56.3% of the total number of primary 
residences. The proportion of single-family 
homes has been rising since 1995, but at a 
slower pace since 2004. The number of pri-
mary residences in multi-family dwellings is 
11.5 million.

New construction and shifts  
in housing stock
New housing construction, on the order of 
380,000 units per year during the period 2005–
2007, represents 1.5% of primary residences 
in an average year. This proportion illustrates 
the growth rate in housing stock; few units are 
removed from the existing housing stock per 
year, at an annual pace of 0.1% to 0.2% (this is 
essentially demolition of units, as reflected in 
the net housing figure). The pace of renewal 
of housing stock is therefore quite slow.
Urban areas continue to sprawl with the mul-
tiplication of low-density single-family homes 
in regions where construction activity is stron-
gest. One-third of new units, for the most part 
single-family dwellings, are built in rural areas, 
where land costs are low.

Demographic projections for 2050
As of 1 January 2009 the population of metro-
politan France was 62.45 million people. The 
population has grown by 400,000 people per 

Table 2
Housing units in metropolitan France (2000–2006)

Metropolitan France 
(thousands of units) 2000 2001 2002 2003 2004 2005 2006

Primary residences 24,241  24,555  24,866  25,184  25,519  25,876  26,263  

Secondary residences 2,934  2,959  2,985  3,010  3,038  3,070  3,106  

Vacant units 1,969  1,957  1,944  1,931  1,919  1,908  1,899  

total number of units  29,144   29,471   29,795   30,126   30,477   30,854  31,267 

Units counted in July of each year. Source: Comptes du logement, 2006
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year on average since 2000, an annual rate 
of 0.6% to 0.7%. The number of households 
stood at 25.69 million in 2005, representing a 
population of 59.67 million people. The aver-
age household numbered 2.32 people in 2005. 
In this study we have reintegrated the popu-
lation groups that do not live in households 
in the primary residences category, as tertiary 
sector lodgings are not included in housing 
stock.7 The number of households is calcu-
lated on the basis of the total population, and 
the evolution of household size extrapolated 
to 2050. This gives for 2005 a total of 26.27 
million households (total population divided 
by average household size).  T3 
According to recent INSEE projections the pop-
ulation of metropolitan France will reach 70.0 
million in January 2050, 9.1 million people more 
than in 2005 (central scenario).8 The number of 
households rises faster than total population, 
however, due to the steady drop in the num-
ber of people in the average household.9 Two 
main factors are behind this decrease: the age 
pyramid – the number of households of elderly 
people is rising, with a smaller than average 
household size – and cohabitation patterns, as 
single-parent households grow in proportion to 
households comprising couples.
INSEE has drawn up two scenarios for the 
evolution of average household size. We have 

used scenario L, positing a “low” number of 
households with a “high” average size. This 
scenario shows average growth of 236,000 
households per year for the period 2005–
2030. Average household size falls from 2.37 
persons per households (24.7 million house-
holds) in 2000 to 2.08 persons per household 
in 2030.  T4   F1 

Table 4 
Projected average household size according to two hypotheses

1990 1999 2005 2010 2015 2020 2025 2030 2040 2050

household size (L) 2.57 2.4 2.31 2.25 2.2 2.16 2.12 2.08 2.04 2.01

household size (h) 2.57 2.4 2.31 2.24 2.19 2.14 2.09 2.04 1.99 1.96

1990–2030 figures: INSEE Première 1106, based on INSEE census figures from 1982 to 1999, the 2005 annual 
census survey and projections.  
2040–2050 projections: CLIP study (extrapolation by polynomial approximation of the 2005–2030 trend)

Table 3 
General population trends 2000–2009

year 2000 2001 2002 2003  2004 2005 2006 2007 
(p)

2008 
(p)

2009 
(p)

Population  
as of 1 January
(in thousands)

58,858 59,267 59,686 60,102 60,506 60,963 61,400 61,771 62,106 62,449

(p) Population figures for 2007, 2008 and 2009, civil statistics for 2008: provisional figures recorded at the end of 
2008. Scope: metropolitan France
Source: INSEE, population estimates.

Figure 1 
Population projections for 2050:  
total population and number of households
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Dynamic housing stock model

Estimation of demolition,  
vacancy and new construction rates
The model of the future stock of primary resi-
dences is based on the assumption that the an-
nual increase in the number of housing units is 
driven by the increasing number of households. 
New construction is assumed to respond to the 
rising number of households, with total demoli-
tion and net movements between primary resi-
dences, secondary residences and vacant units 
factored in. The elimination rate is the ratio of 
eliminated units to primary residences, equal 
to 0.12% in metropolitan France for the period 
prior to 2000.

Trend assumptions 
We have retained the values observed for 
1990–2004 as trends in our model:
•	a demolition rate of 0.12% in existing 
primary residence housing stock;
•	the proportion of single-family to multi-
family dwellings in new construction follows 
the 1990–2004 trend for each municipality. 
Following these assumptions habitable surface 
area in 2050 will attain 50 m2 per person in 
single-family homes and 35 m2 in multi-family 
dwellings, increasing heating needs propor-
tionally in our scenarios.  F2 

Sustainable urban development and prime sectors 
for new construction: a break with existing trends
The Grenelle conference confirmed that urban 
development policy must fight urban sprawl, 
give municipalities incentives to build eco-
neighbourhoods and encourage municipal 
actors to develop renewable energy in newly 
developed areas, by connecting to existing 
heating/cooling networks that use renewable 
resources and energy recovery, or by building 
new networks.
In our scenarios we prefer continuous urban 
development because it ensures the feasibil-
ity of heating networks. Future systems must 
also be compatible with different forms of 
energy (gas, fuelwood or electricity) and 
allow conversion to fuelwood for heating 
networks and for building-wide boilers in 
multi-family buildings (fuelwood heating is 
not feasible for individual systems in multi-
family buildings). 
Consequently, in our scenarios we adopt the 
principle that the following sectors are not 
touched by new construction:
•	Single-family homes other than in rural areas, 
and multi-family dwellings in low-density 
development;
•	Multi-family dwellings equipped with individual 
central heating systems for each unit.
Accordingly in our scenarios all new construc-
tion in urban areas is considered to be the out-
come of planned operations in which it is pos-
sible to create collective or community heating 
systems. These assumptions outline a situation 
in which no new single-family homes would 
be built in low-density development areas (ex-
cepting rural areas), a significant change from 
the current situation.

Housing built from 2005 to 2050,  
and final housing stock
Total housing stock is projected to come to 
35.5 million units in 2050, 30% of which would 
have been built between 2005 and 2050. It fol-
lows that, due to the low renewal rate, most of 
the housing that will exist in 2050 has already 
been built. The number of positive-energy 
buildings constructed from 2020 to 2050 is 
projected to be 5.8 million units, over 16% of 
housing stock in 2050. Total habitable surface 
area would be 3,340 million m2 in 2050, an in-
crease of 32% over the area estimated for 2010 
(2,530 million m2).  T5   F3 

Figure 2 
Projected habitable surface area per person (m2) 
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Figure 3 
Housing stock trends (in thousands of units)
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Table 5 
Outlook for total housing stock in 2050 (in thousands of units)

Primary residences 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

2005 stock 25,847 25,693 25,658 25,512 25,344 25,326 25,083 24,962 24,841 24,847

2050 stock 25,847 27,577 29,066 30,350 31,512 32,736 33,620 34,429 34,999 35,506
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Energy consumption  
and CO2 emissions 

Major statistical figures

Energy consumption in buildings
Energy use in buildings accounted for 43.6% 
of final energy consumption in France in 2007, 
with 70.6 Mtoe, equal to close to 820 TWh, 
divided between 560 TWh in the residential 
sector (about 70%) and 260 TWh in the com-
mercial/institutional (tertiary) sector. Energy 
consumption in buildings has increased 25% 
since 1973, but the current trend is to stability 
at the present level. Energy use in the trans-
port sector is increasing more rapidly, and has 
practically doubled since 1973.
Total final energy use came to 547 TWh for the 
residential sector alone in 2004, under normal 
climate conditions. Coal has practically disap-
peared from the residential sector, use of home 

heating oil dropped from 44% in 1975 to 19% 
in 2004, and fuelwood continues to represent 
between 16% and 20% of the market. Natu-
ral gas use has grown strongly, from 12.5% to 
32.5% in this period. The strongest increase is 
in electricity use, that tripled over 30 years, ac-
counting for 25% of final energy consumption 
in housing in 2004.  F4   T6 

CO2 emissions from energy combustion
Total CO2 emissions from energy combus-
tion in metropolitan France amounted to 397 
million tonnes in 2007.10 The large increase 
in transport emissions (+15.3% since 1990) 
has wiped out emission reductions achieved 
in other sectors such as industry and agricul-
ture. Emissions vary widely depending on 
sector of activity: transport represents the 

Table 6
Final consumption by energy type in primary residences 1973–2006

1973 2006

in Mtoe in % in Mtoe in %

heat * 0.7 1.8% 1.5 3.5%

Fuelwood 6.8 17.2% 6.5 15.2%

Electricity 2.5 6.3% 11.6 27.2%

Gas 4 10.1% 14 32.8%

Oil (including LPG) 20.2 51.1% 8.9 20.8%

Coal 5.3 13.4% 0.2 0.5%

Total 39.5 100% 42.7 100%

* Heat from district heating networks
Source: ADEME/CEREN, climate-corrected data
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largest source of emissions, at 136 Mt CO2 
(34%), followed by residential and tertiary 
buildings (excluding electricity grid and 
heat network emissions that are recorded 
in energy sector accounts) with 84 Mt CO2. 
These proportions have remained relative-
ly stable since 1990. Industrial combustion 
is the source of 96 Mt of CO2 emissions; 
energy conversion represents 70 Mt CO2. 
Agriculture and waste treatment emit only 
10 MT CO2, 2% of total emissions.
Considering all greenhouse gas emissions 
from buildings (including overseas depart-
ments), close to two-thirds of emissions are 
directly linked to residential energy use, 

essentially heating, hot water and food refrig-
eration. These emissions rose by more than 
15% between 1990 and 2007. In our study 
we refer only to CO2 emissions for metro-
politan France, that have remained divided 
in relatively stable proportions between the 
residential and tertiary subsectors.  T7 
Including emissions from heat networks 
and the electricity grid, that are reported 
by the energy industry, we estimate that 
energy consumption for the buildings sec-
tor causes roughly 120 million tonnes of 
CO2 emissions (85 Mt for residential build-
ings and 35 Mt for commercial/institutional 
buildings).

Table 7
Direct GHG emissions in France in Kyoto “Climate Plan” format 
(Metropolitan France + overseas departments)

Emissions in kt CO2 eq

CO2 CH4 N2O HFC PFC SF6

Residential 56,456 1,779 973  

tertiary 27,413 39 363  

Consumption of fluorinated gases 0 0 0 6,720 0 11

Solvents and other miscellaneous products 438 0 0  

Total Residential/Commercial/Institutional/Tertiary 84,307 1,818 1,336 6,720 0 11

Source: CITEPA/UNFCCC inventory, December 2008

Figure 4
Final energy consumption in the residential sector (TWh)
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Breakdown of energy consumption  
in residential buildings
Despite the significant increase in the num-
ber of housing units between 1973 and 2006 
(rising from 17 million to over 26 million in 
the category of primary residences alone), 
total energy consumption rose only slightly. 
The proportion of energy used for heating 
decreased slightly, while energy for sanitary 
hot water and specific electricity uses grew 
steadily, tripling for hot water in this period 
and expanding nearly fourfold for specific 
electricity.11 Heating continues to be a prime 
target for action in existing housing, however, 
for even if the proportion has dropped, heat-
ing still accounts for 70% of final energy con-
sumption in housing.  T8 

Housing stock and energy consumption

Unit energy consumption for heating  
by climate zone
Unit energy consumption for heating 
(in kWh/m2/year) depends on the type of 
building (single-family home, multi-family 

building), climate region, and the heating 
system used. The difference between single-
family and multi-family dwellings varies with 
the climate zone: single-family homes con-
sume about 60% more than multi-family units 
in zones H1 and H2, and 75% more in the H3 
zone.  T9   F5 

Unit energy consumption  
for sanitary hot water production
Total energy consumption for sanitary hot 
water has risen faster than population in re-
cent decades, from 40.7 TWh for a popula-
tion of 55 million in 1985, to 47.6 TWh for a 
population of 58.8 million in 2000. Four types 
of energy were used to produce hot water 
in 2003: electricity (44%), natural gas via dis-
tribution network (31%), home heating oil 
(18%) and LPG (6%).
Sanitary hot water (in final energy) is assumed 
to be consumed for personal uses. Two types 
of needs are distinguished:
•	theoretical needs based on a standard level 
of hot water use per person and per day, 
which depend on water temperature, and 
therefore on season and location;

Table 9
Average energy consumption for heating in 2005

In kWh fe/m2 hSa/year Zone h1 Zone h2 Zone h3 average

Single-family home 212 169 112 187

Unit in multi-family dwelling 126 102 64 113

Average 180 156 91 163

HSA: habitable surface area
Source: Énergies Demain

Table 8
Breakdown of energy consumption in primary residences in 2005 (TWh final energy)

Use / Energy 
resource Coal

home 
heating 

oil
LPG Gas Electricity Fuel-

wood RE total in %

heating 3.00 93.20 9.10 151.8 34.8 87.90 3.90 383.70 70.4%

Sanitary hot water 0.4 11.40 2.30 19.8 19.5   0.2 53.60 9.8%

Cooking   9.80 12.8 11.1     33.70 6.2%

Specific electricity         73.7     73.70 13.5%

Total 3.40 104.60 21.20 184.40 139.10 87.90 4.10 544.70 100%

Source: DGEMP 2003 and alignment of EDF/GDF SUEZ figures based on CEREN data
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•	real or actual needs, that reveal hot water 
use to be lower than the theoretical needs.
Today observed hot water consumption is 30% 
lower than predicted needs based on standard 
use, meaning that the satisfaction coefficient 
is only 0.7. In our estimates we assume that 
the satisfaction coefficient will be 1 in 2050, 
but that at the same time installation of pres-
sure reducers and water-saving showerheads 
will cut consumption in the same proportion 
(-30%). Applying this progressive reduction 

in consumption, we obtain a final rate that 
is applied to reference (theoretical) needs 
to obtain effective energy use for hot water 
production.  T10 
Theoretical hot water needs (in kWh of useful 
energy per year and per housing unit) are cal-
culated using the average cold water tempera-
ture and habitable surface area. On the basis 
of an average 37 m2 per person, theoretical 
needs can be differentiated according to cli-
mate zone.  T11 

Table 11
Estimated annual energy needs for hot water production in three climate zones (useful energy per capita)

Climate zone Cold water 
temperature (°C) l/person/day hot water 

temperature Needs/year (kWh)

h1 10.5 45 50 693

h2 12 45 50 666

h3 14.5 45 50 622

Table 10
Projected satisfaction coefficient and reduction of hot water needs

 1985 1990 2000 2010 2020 2030 2040 2050

Satisfaction coefficient (SC) 0.55 0.58 0.66 0.73 0.80 0.87 0.94 1

Savings and reduction coefficient (RC) 1 1 1 0.98 0.93 0.85 0.78 0.7

Final coefficient (SC*RC) 0.55 0.58 0.66 0.71 0.74 0.74 0.73 0.7

Figure 5
Average unitary consumption for heating in 2005 (per m2 HSA) by climate zone,  
building type and heating system
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Outlook of energy demand 
by 2050 in a Factor 4 
reduction perspective

Energy performance in new construction
Thermal standards and regulations for build-
ings have been instituted since 1974 in France 
to progressively lower energy consumption 
in new buildings, particularly heating energy, 
because on average this use represents two-
thirds of building energy consumption and the 
major share of CO2 emissions. 
The legislation enacted in France to adopt 
Grenelle conference objectives (Grenelle 1) 
sets ambitious targets for new housing, pro-
posing a veritable technological break with the 
past.12 In this study we have chosen to posit 
future thermal regulations along the assump-
tions of the initial Grenellestudies, i.e.
•	2012: new housing complies with low-
energy standards, 50 Wh pe/m2 HSA on a 
national average for heating, air conditioning, 
hot water, ventilation, lighting, and heating/
hot water auxiliary devices.
•	2020: new construction complies with 
positive-energy building standards, meaning 
primary energy consumption is lower than 
the amount of renewable energy generated by 
the building; building envelope and heating 
systems comply with low-energy standards, 
and residual consumption is offset by locally 
produced renewable energy.

Reducing energy demand for heating  
in existing housing

Public policy measures
Grenelle working Group 1 set targets in sev-
eral successive stages for reducing heating en-
ergy demand in existing housing, via complete 

rehabilitation and retrofitting of 400,000 units 
per year starting in 2013. The ultimate goal is to 
achieve a 70% to 80% reduction compared to 
today’s levels, that is 50 to 80 kWh pe/m2/year 
in 2050.
The preferred rehabilitation approach in our 
study is to encourage integration of the most 
efficient and most widely applicable retrofit-
ting measures (structure and systems) and to 
quantify the savings obtained, without impos-
ing any single or universal rehabilitation so-
lution. According to our calculations this ap-
proach yields a reduction factor greater than 2 
for heating energy (in useful energy).

Estimated needs in 2005
Rehabilitation and retrofitting (envelope 
and systems) concerns housing built before 
2001, i.e. prior to effective application of 
the standards enacted in thermal regulations 
2000 and 2005.
For most existing housing in 2005 standard 
unitary heating needs (or useful energy) can 
be estimated at 255 kWh/m2 HSA/year for sin-
gle-family homes and 128 kWh/m2 HSA/year 
for multi-family dwellings, reflecting the state 
of the construction and air renewal.13 Signifi-
cant variations appear depending on the date 
of construction.  T12 
The main targets for rehabilitation are iden-
tified by analysis of existing units and their 
heating consumption by date of construction. 
Single-family homes built before 1949 repre-
sent close to one-third of units, and 45% of 
heating energy consumption. For multi-fami-
ly buildings, 44% of units date from the pe-
riod 1949–1974 when large estates were built 
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during the post-war reconstruction, and this 
share represents over half of heating energy in 
this category (regulatory thermal standards for 
new housing were introduced in 1975).  T13 

Rehabilitation and retrofitting  
(envelope and ventilation systems)
Different types of work can be envisioned to 
significantly reduce heating needs, depending 
on building type. Buildings that justify major 
rehabilitation, involving exterior thermal insula-
tion (ETI), include notably housing estates built 
between 1949 and 1975. They are to be differ-
entiated from housing for which lighter reha-
bilitation work is appropriate, based largely on 
today’s techniques for interior thermal insulation 
(ITI). This second solution should nonetheless 
be adopted as a last resort, because it can intro-
duce problems by restricting “breathing” of old 
masonry or reducing thermal inertia that is use-
ful to maintain comfort in the summer. Interior 
insulation is called for when exterior insulation is 
impossible due to matching stonework, mould-
ings, special architectural features, etc.
Building envelope performance is the prime 
target, until all the possibilities of DSM via in-
sulation are exhausted. In our scenarios build-
ing envelope rehabilitation progresses steadily 

up to 2050 at the rate of 1/40th of existing hous-
ing per year, without specifying how long this 
work will take for the buildings individually. 
Even for less extensive rehabilitation, certain 
measures are always feasible:
•	roof insulation (exterior for flat roofs, interior 
for frame/roof structures);
•	installation of advanced window and door 
frames;
•	controlled or distributed mechanical ventilation 
systems associated with new window/door 
frames to ensure proper air circulation in 
addition to natural ventilation.  T14 
The choice of interior or exterior insulation 
applies in general to three types of walls: 
the front facade, the rear facade and gable 
walls. 
Most types of single-family homes are not well 
suited to exterior insulation. Once non-coated 
facades made of traditional materials (stone, 
brick) are excluded, only pre-fabricated houses 
and houses with coated exterior walls have 50% 
or more of vertical walls that are suitable for ex-
terior insulation. Application of exterior insula-
tion is more feasible for multi-family buildings, 
given the materials used (excluding decorative 
front facades) on gable and rear walls that are 
often coated, especially in urban areas.

Table 13
Heating energy consumption in 2005 by date of construction and building type (single-family or multi-family)

Breakdown in 2005 Prior to 1949 1949–1974 1975–1989 1990–2005 total

Single-family homes
Units * 32% 22% 27% 19% 100%
heating consumption 45% 25% 18% 12% 100%

Multi-family dwellings
Units * 23% 44% 18% 14% 100%
heating consumption 32% 51% 10% 7% 100%

* The breakdown of units is calculated on the basis of habitable surface area.

Table 12
Weighted average unitary heating energy needs according to conventional standards 
and by period of construction in 2005

kWh (useful energy)/m2/year Single-family homes Multi-family dwellings

Pre-1975 314 143

1975 to 1989 160 105

1990 to 2000 131 74

Average 255 128.5

Source: Énergies Demain
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Evolution of heating needs (in useful energy)  
in existing housing up to 2050
Rehabilitation of existing buildings by in-
terior insulation (the default solution) or 
exterior insulation (according to solutions 
outlined in the BAT table) is completed by 
measures to improve ventilation by instal-
lation of mechanical ventilation systems 
(single or double flow). Progressively ap-
plied to rehabilitate all housing stock, at 
a pace of 500,000 to 600,000 units a year, 
these steps would reduce annual heating 
needs for existing housing built before 2001 
to between 60 and 90 kWh ue/m2 HSA in 
single-family homes, and to between 42 and 
55 kWh ue/m2 HSA in multi-family buildings 
by 2050.  T15   T16 
Total rehabilitation to reduce building envelope 
and ventilation losses in all housing built be-
fore 2001 would yield gains of 60% on average, 
in both single-family homes and multi-family 
dwellings. The levels of savings would vary 
between 45% and 66% depending on building 
type and date of construction. If some interior 
thermal insulation is excluded, average build-
ing envelope gains would come to about 50%, 
the desired order of magnitude, before imple-
mentation of advanced technological solutions 
to renew heating equipment and systems.

Technological trends: heating  
and hot water systems

Assumptions:  
choice of best available technology (BAT)
We assume that the best available tech-
niques matching our scenarios will be 
widely adopted as they become available, 
for all energy types and in new and existing 
buildings alike. Our simulations use output 
figures that are closer to nominal ratings 
than to actual average efficiency under re-
al-use conditions. In energy scenarios that 
emphasise fuelwood, building-wide central 
heating systems may be linked to district 
heating networks.
Condensation gas boilers are gradually re-
placed by more efficient systems. Heat pumps 
are the preferred option for electric heating 
and hot water production.

Fuelwood systems
Wood-fired cogeneration could be introduced 
in back-up systems for multi-family buildings 
equipped with building-wide central heating as 
early as 2015, and later in single-family homes, 
but this hypothesis has not been studied here.
A typical annual fuel mix of 60% fuelwood, 
20% back-up natural gas and 20% back-up 

Table 14
Best available techniques (BAT) selected for building rehabilitation

Opaque exterior walls thickness of 
insulation (m)

Conductivity 
(W/m.K)

thermal resistance 
(m2.K/W)

Polystyrene ItI 0.10 0.032 3.13

Extruded polystyrene+coating ItI 0.15 0.03 5.00

Roof      

Rockwool attic insulation ItI 0.20 0.035 5.71

Rockwool sloped /stairwell ItI 0.18 0.035 5.14

Polyurethane flat roof ETI 0.15 0.03 5.00

Ground floor      

Polyurethane over unheated space 
(basement or accessible crawl space) 0.10 0.03 3.33

Dirt floor or existing foundation upgraded to 
low-temperature in-floor heating 0.08 0.032 2.50

Frames/glazing   U coefficient  
(W/m2.K) 

high-insulation glazing (low emissivity,  
argon) Wood or PVC frames   1.5 0.67
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electricity has been adopted for hot water 
production associated with wood-fired build-
ing-wide central heating systems. Solar ther-
mal hot water production is not included in 
our model.

Gas systems
The basic gas-fired system is made up of a 
condensation boiler for space heating, with 
hot water produced either by a double-func-
tion condensation boiler or by back-up gas 
systems, depending on the stringency of reg-
ulatory requirements for new construction. 
Advanced technologies (micro-cogeneration 
boilers, gas heat pumps, etc.) are assumed 
to replace condensation boilers as the new 
solutions become commercially available. 
The efficiencies of each technological sys-
tem are assumed to be constant over the pe-
riod in question.
In our scenarios gas-fired condensation boilers 
that represent the totality of the market prior 
to 2010 are gradually replaced by more ad-
vanced technology. Gas heat pump systems 
are relevant only to new construction. Micro-
cogeneration (eco-generator) and fuel cell 
systems are already emerging for large-capac-
ity systems, and will begin to be installed in 
multi-family buildings in 2015, then ten years 
later in single-family homes.
In our scenarios condensation boilers 
(with generating efficiency of 95% for 
heating) will totally disappear from new 

construction (both single-family and multi-
family buildings) as of 2015. Gas-fired 
heat pumps, that offer higher generating 
efficiency (144%) than gas-fired condensa-
tion boilers, will attain a maximum market 
penetration of 50% for gas systems in new 
construction during the period 2015–2030. 
Cogeneration represents 100% of the re-
habilitation market as early as 2020, and 
75% of the market for new single-family 
homes, before being replaced by fuel 
cell systems as the dominant option in all 
housing segments. The increasing market 
share of the most advanced technological 
options causes the average generating ef-
ficiency of energy equipment to rise. At 
the same time the preference is to associ-
ate power production with heating and hot 
water systems.

Electric heating systems
The basic electrical heating system is the heat 
pump, that can take different forms depend-
ing on the environment: ground source (soil 
or water table) or air source systems. Under-
ground extraction pipes may be horizontal or 
vertical, depending on housing density and 
urban fabric (continuous or discontinuous). 
Underground pipes are preferred where cir-
cumstances permit.
In addition, hot water is supplied by a solar 
thermal hot water tank with heat pump back-
up starting in 2012.

Table 16
Evolution of unitary heating needs in kWh ue/m2 HSA, Multi-family buildings

Multi-family dwellings 2005 2010 2015 2020 2025 2030 2035 2050 GAIN

Prior to 1975 154 144 129 118 115 114 111 55 -64%

1975 to 1989 77 72 65 61 61 62 62 41 -46%

1990 to 2000 83 76 66 61 62 63 64 42 -49%

Table 15
Evolution of unitary heating needs in kWh ue/m2 HSA, Single-family homes

Single-family homes 2005 2010 2015 2020 2025 2030 2035 2050 GAIN

Prior to 1975 267 248 224 204 187 171 154 90 -66%

1975 to 1989 131 124 113 107 102 98 93 72 -45%

1990 to 2000 120 110 95 89 86 84 82 62 -48%
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As for other energy technologies, heat pump 
performance coefficients correspond to the 
best available technologies and to nominal rat-
ings; they are assumed to rise over the period 
in consideration.14

Different types of heat pumps are options for 
new construction, and replace Joule heating, 
that disappears from electricity options as of 
2012, as low-energy building standards take 
effect. As a consequence of the new construc-
tion segments considered:
•	All heat pump solutions are options for 
single-family homes in low-density areas 
(rural only). 
•	Vertical underground extraction piping 
for heat pumps is the preferred solution 
for single-family homes in dense areas 
(applicable to part of housing stock in rural 
areas, and to all units in urban areas); air-to-
air systems are possible. 
•	Heat pumps are also the electric heating 
option chosen for multi-family buildings 
(with building-wide central heating only, as 
individual central heating is excluded from 
our scenarios). The preferred solution is to 
share underground extraction piping between 
buildings, as has been demonstrated at some 
sites in France, or air-to-air systems if ground-
to-air systems are not feasible. 
For the period 2015–2050 air-to-water heat 
pumps continue to dominate electric heating 
in single-family homes and multi-family build-
ings (with building-wide central heating only, 
as individual central heating is excluded from 
our scenarios).
In 2050 the different types of heat pumps 
represent equal shares of electric heating 
systems in rehabilitated existing stock, out-
side of Joule heating that continues to be 
used to back up wood-fired individual heat-
ing boilers.

Principles for transition to solar energy  
for hot water production 
Our study is based on a model of widespread 
adoption of solar thermal energy in buildings 
for hot water production only, assuming
•	100% solar hot water heating in new 
construction, except when hot water can be 
produced by a wood-fired boiler or a heat 
pump system;
•	in existing housing as urban and architectural 
features permit.
The potential integration of solar energy 
is capped at 20% to 50% of housing units, 
depending on building type and urban set-
ting, because exploitation of solar energy is 
highly dependent on characteristics of the 
built environment such as roof orientation, 
obstacles on flat roofs, building height and 
shading.  T17 
Projections for solar panel sizing assume an 
area of 0.75 m2 per person. Under these as-
sumptions there will be in 2050 9 million hous-
ing units built after 2010 and all equipped with 
solar thermal energy, plus roughly 30% of the 
26 million pre-2010 primary residences also 
equipped with solar thermal systems, amount-
ing in all to nearly half of all housing in 2050, 
not including units equipped with wood-fired 
hot water systems.

Table 17 
Projected solar thermal energy systems (in % of existing housing units)  
according to urban fabric and building type

Rural Urban

Single-family home 30% 20%

Multi-family dwelling, flat roof 50% 40%

Multi-family dwelling, sloped roof 30% 20%

Percentage attained at the end of the rehabilitation cycle for pre-2005 housing
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Four energy scenarios

Underlying assumptions:  
choice of heating energy resource  
is the decisive factor
As from 2012 the only variables that can modify 
heating energy demand and CO2 emissions in 
new housing are the heating system and type of 
energy used. From 2010 onwards natural gas is 
the only fossil fuel retained in new and existing 
heating systems (to the exclusion of coal, heat-
ing oil and LPG), as a back-up fuel for fuelwood 
and electric space heating and hot water pro-
duction, as solar thermal energy is progressively 
introduced for sanitary hot water production.
Fuelwood is the preferred resource for space 
heating systems:
•	either as the main fuel (with two back-up 
scenarios, GAS/ELEC or ELEC/GAS);
•	or as a secondary fuel if it is not technically 
possible to integrate fuelwood as the primary fuel.
Three scenarios are elaborated, positing domi-
nant use for each of the three fuel resources, 
fuelwood, natural gas and electricity. Heat 
pumps are the preferred system under the 
electricity scenario, with Joule heating as back-
up to fuelwood systems if necessary. 
Seeing that in all cases electricity can be used 
for heating, it is not necessary to consider a 
lower-level energy as back-up resource for 
electrical systems. Consequently there are four 
possible scenarios for housing in 2050, repre-
senting the following combinations:
•	FUELWOOD/GAS/ELECTRICITY
•	FUELWOOD/ELECTRICITY
•	GAS/FUELWOOD/ELECTRICITY
•	ELECTRICITY
Under these distinct assumptions and scenar-
ios we seek to ascertain which technological 
conditions are most favourable to achieving 
Factor 4 reductions for emissions directly tied 
to energy consumption in housing.

Scope of application for each energy type

Fuelwood systems in new housing
All municipalities are assumed to possess ad-
equate fuelwood resources within a limited 
area, given the low volume of fuelwood re-
quired in new construction.

Natural gas systems in new housing
The natural gas distribution network served 
roughly 25% of municipalities in France 
in 2005. In terms of population, 80% of the 
French population lives in a municipality that 
is at least partly covered by the gas network.

Assumptions for fuelwood
1. Fuelwood systems are installed in all buildings in rural 
areas, both single-family and multi-family dwellings. 
2. In urban areas, shared systems create mini heating 
networks between a small number of buildings, with 
natural gas as a back-up fuel for heating and hot water. 
Fuelwood heating is not an option for single-family 
homes, as a precautionary principle due to particulate 
emissions that are harder to control in small wood-fired 
systems. 
In all cases sanitary hot water (in useful energy) is 
supplied for 60% by fuelwood, 20% by gas and 20% by 
Joule heating.

Assumptions for natural gas
1. It is assumed that no new municipalities will 
be included in the gas network in 2050 (this is a 
simplification, as the network will continue to expand, but 
only a small fraction of new construction will be in newly 
covered zones). 
2. In municipalities covered by the gas network, all new 
housing (single-family and multi-family) in areas built up 
between 2005 and 2050 is assumed to be fully connected 
to the gas supply network, even though this is not the 
case today. It is assumed that newly urbanised areas 
will be located so that they can be connected to the gas 
network. 
3. Natural gas is always an option when this resource is 
available, initially in condensation boilers, with techniques 
evolving to meet low-energy building standards.
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Electric energy in new construction  
and under the four scenarios
As electric heat pumps are always an option 
prior to 2050, all housing segments (single-
family, multi-family, rural and urban) are fully 
covered before the end of the period, without 
the need for a back-up fuel (wood or gas).

Different energy resources for heating  
in existing housing
The four scenarios outlined above (FUEL-
WOOD/GAS/ELEC; FUELWOOD/ELEC/GAS; 
GAS/FUELWOOD/ELEC and ELEC/FUEL-
WOOD/GAS) are conditioned by several as-
sumptions, related to the presence or absence 
of district heating and gas supply in a given mu-
nicipality. These principles are the following:
•	fuelwood is used in urban areas only in 
building-wide central heating systems;
•	fuelwood can be maintained in independent 
heating devices for single-family homes in 
rural areas, with Joule heating for back-up;
•	conversion to fuelwood is not an option for 
single-family homes in urban areas, even in 
central heating boilers, as wood-fired home 
heating represents a high risk for air quality 
due to the particulate emissions of available 
equipment;
•	fuelwood is not an option for individual 
central heating in multi-family buildings, even 
in rural areas, due to the lack of space for 
storing fuelwood;
•	Joule heating (all-electric) may be maintained 
or converted to air/air heat pump systems, the 
latter being the preferred option;
•	conversion to Joule heating is not considered 
to be an option, even when heat pump 
technology is not yet available (for example in 
multi-family buildings in 2005); in this case the 
existing fossil fuel is assumed to remain in use 
until the electric heat pump solution becomes 
available.
Conversion to one or another of the three pre-
ferred resources – fuelwood, gas or electrici-
ty – depends on the initial heating installation, 
independent heating device, individual cen-
tral heating system, or building-wide central 
heating. For individual central heating with 
water circulation (radiators), high-temperature 
heat pump systems are already available for 
single-family homes today, but will not be 
available for multi-family buildings until 2020. 
Prior to this date, the following grid of fuel 

substitution is applied for conversion to elec-
tricity in multi-family buildings:
•	in the absence of natural gas, LPG and home 
heating oil remain in use (few units);
•	where natural gas is available, natural gas 
remains in use.

Evolution of heating energy use in primary 
residences (existing + new) under the four 
scenarios
The breakdown of heating energy in 2050 var-
ies greatly between scenarios for new primary 
residences built between 2010 and 2050. 
Under the assumptions of the FUELWOOD/
GAS/ELEC scenario (FGE) all new multi-fam-
ily buildings are equipped with wood-fired 
building-wide central heating systems. When 
single-family homes are included fuelwood 
is the primary fuel for two-thirds of new 
housing units. The preference for construc-
tion of new single-family homes clustered in 
existing hamlets or built-up areas (excepting 
rural areas where wood-fired boilers are an 
option) favours extension of existing natural 
gas networks. Accordingly few single-family 
homes use electric heat pumps (a projected 
3% on average for all new housing).
Under the FUELWOOD/ELEC/GAS scenario 
(FEG) wood-fired systems equip the same 
number of units as in the previous scenario, 
and the remaining third is equipped with elec-
tric heating. Natural gas is totally absent from 
this scenario.
Under the GAS/FUELWOOD/ELEC scenario 
(GFE) that favours gas use, this resource is 
used in three-quarters of new housing units, 
and in close to 90% of new multi-family dwell-
ings, with the remainder equipped with elec-
trical systems, representing 3% as in the previ-
ous FGE scenario.
Under the ELEC/FUELWOOD/GAS (EFG) sce-
nario all new units are equipped with heat 
pumps.  F6 
The number of housing units heated by dis-
trict heating remains stable, but the heat-
ing networks are gradually converted to 
biomass energy. New wood-fired networks 
that supply single-family homes equipped 
with central heating systems and multi-fam-
ily buildings equipped with building-wide 
central heating are included in the fuel-
wood category for their respective heating 
types. Given the useful life of 15 to 25 years 
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for heating equipment, all fossil fuels will 
have disappeared by 2050 under the FUEL-
WOOD/ELEC/GAS and ELEC/FUELWOOD/
GAS scenarios.  F7 
The rules assigning energy type by location 
(rural/urban), presence or absence of heating 
network and gas supply result in very different 
distributions of heating energy in housing in 
2050, depending on the scenario:
•	FUELWOOD/GAS/ELEC 43% of units are 
heated with fuelwood, 26% use gas in individual 
central heating (in single-family or multi-family 
dwellings), and the remaining 31% use electric 
heating systems.

•	FUELWOOD/ELECTRICITY fuelwood heating 
is used in the same proportion as in the 
preceding scenario, and the rest of homes use 
electricity (gas is totally absent).
•	GAS/FUELWOOD/ELEC: fuelwood energy 
falls to just over 25%, gas is used in roughly 
43% of units, and electricity is used in the 
same segments as in the FUELWOOD/GAS/
ELEC scenario. 
•	ELEC/FUELWOOD/GAS gas is totally 
absent; fuelwood is used in 18% of units 
in independent space-heating devices with 
back-up electric heating, and in heating 
networks; electric heat pumps are used in 

Figure 7
Breakdown of single-family units by heating energy under the four scenarios
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Figure 6
Breakdown of new housing units (2010–2050) by heating energy under the four scenarios
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53% of units with individual central heating, 
in 14% of units with building-wide central 
heating; Joule effect heating persists in 
under 15% of units.

Summary of results up to 2050 

Net final energy use balance of heating/hot water 
consumption and electricity generation
The strong effort devoted to building reha-
bilitation makes up for the non-evolution of 
total sanitary hot water needs. Heating rep-
resents the major share of final energy use, 
with 88.5% of total consumption for heating 
plus hot water. This share falls slightly by 
2050. In the scenarios where fuelwood and 
gas are the dominant energy resources, the 
reduction factor for these two uses together 
is close to 2, after deduction of electricity 
produced by cogeneration and photovoltaic 
systems. By contrast, widespread conversion 
to electric heat pumps gives a reduction fac-
tor of 3 under the FUELWOOD/ELEC scenar-
io, and of 8.8 under the ELEC/FUELWOOD/
GAS scenario.  T18 
Under the FUELWOOD/GAS/ELEC scenario 
total final energy consumption falls slowly 

from 2005 to 2050, and is halved over this 
period, when electricity generation is add-
ed in (74% gas-fired cogeneration and 26% 
photovoltaic). The share of fuelwood en-
ergy grows strongly, to over 190 TWh, be-
tween 2020 and 2025, and then falls back 
to 130 TWh in 2050, equal to 50% of total 
consumption. The proportion of gas en-
ergy in final energy consumption stands at 
40% in 2050 (before deduction of electricity 
generation).
Under the FUELWOOD/ELEC/GAS scenario 
total final energy consumption falls more rap-
idly from 2005 to 2050, by 67% in this period, 
factoring in only PV electricity production 
(7.3 TWh) because after fuelwood nearly all 
housing is equipped with electric heating sys-
tems. As in the preceding scenario, the share of 
fuelwood energy grows strongly to 190 TWh 
between 2020 and 2025 before falling back, 
and represents 74% of total consumption in 
2050. Electricity represents 18% of final energy 
consumption in 2050.
The distinguishing feature of the GAS/FUEL-
WOOD/ELEC scenario is the significant share of 
gas-fired cogeneration electricity, equal to 88% 
of 69 TWh (final energy) generated in 2050. 
This improves the reduction factor for total 

Table 18
Reduction factors for net final energy balance of heating/hot water consumption and electricity generation 
(2005–2050) 

Scenario  F/G/E F/E/G G/F/E E/F/G

 (TWh fe) 2005 2050 2050 2050 2050

Fuelwood 88.1 129.2 115.2 52.9 8.9

Coal 3.0 0.0 0.0 0.0 0.0

District heating 16.1 5.8 5.8 5.8 5.8

Electricity 56.2 16.5 28.1 16.2 45.2

home heating oil 102.4 0.4 0.4 0.4 0.4

Gas 167.8 101.0 5.7 191.1 0.6

LPG 11.3 0.0 0.0 0.0 0.0

tOtaL heating + sanitary hot water 444.9 252.9 155.3 266.5 61.0

Cogeneration electricity (*)
PV (**)   

0.0
0.0

-19.3
-6.9 -7.3

-61.1
-8.2 -10.6

NET BALANCE 444.9 226.8 148.0 197.3 50.4

Reduction factor 2005/2050   2 3.0 2.3 8.8

(*) Gas-fired cogeneration for F/G/E and G/F/E scenarios; wood-fired cogeneration is not taken into account. 
(**) Photovoltaic electricity offsets energy consumption to comply with thermal regulations in positive-energy 
buildings for the period 2020–2050, in addition to gas-fired cogeneration as the case may be.
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consumption, which falls by 55% from 2005 to 
2050. Gas represents about 190 TWh final en-
ergy use from 2030 to 2050, and 72% of total 
consumption in 2050 (before deduction of elec-
tricity generation), given the significant use of 
cogeneration, fuel cells and heat pumps. Fuel-
wood stays at 20% of final energy consumption 
in 2050.
Under the ELEC/FUELWOOD/GAS scenario 
total reduction comes to 88% from 2005 to 

2050, with 100% PV electricity generation 
of 10.6 TWh (final energy). The share of 
electricity holds steady at about 70 TWh fe 
during the period 2015–2025, before falling 
from 2030 to 2050, and represents about 
72% of total consumption in 2050 (before 
deduction of electricity generation). Fuel-
wood stays at 20% of final energy consump-
tion in 2050.
 F8   F9   F10   F11 

Figure 8 - 9 - 10 - 11
Net final energy balance of heating/hot water consumption and electricity generation 
in primary residences under the four scenarios

Scenario “Fuelwood/Gas/Elec” 

Scenario “Fuelwood/Elec/Gas” 

Scenario “Gas/Fuelwood/Elec” 

Scenario “Elec/Fuelwood/Gas” 

2000 2010 2020 2030 2040 2050

500

400

300

200

-100

0

TWh ep

Fuelwood
Coal

District heating
Electricity
Oil

Gas
GPL
Cogeneration electricity + PV

Total

2000 2010 2020 2030 2040 2050

500

400

300

200

-100

0

TWh ep

2000 2010 2020 2030 2040 2050

500

400

300

200

-100

0

TWh ep

2000 2010 2020 2030 2040 2050

500

400

300

200

-100

0

TWh ep



 30 | Facteur 4 in Housing in France | Les Cahiers du Clip n°20 | December 2011  

Net primary energy balance  
of heating/hot water consumption  
and electricity generation
The scenarios vary less in terms of primary 
energy use, as electric heat pumps and gas- 
and wood-fired boilers have much the same 
primary energy efficiency. In addition, primary 
electricity production is assigned a coefficient 
of 2.58 for conversion to final energy, which 

improves the balance sheet for scenarios in 
which gas has a significant role.15

Factor 4 reductions of heating and hot wa-
ter consumption measured in primary energy 
are easily attained and exceeded under the 
GAS/FUELWOOD/ELEC and the ELEC/FU-
ELWOOD/GAS scenarios, demonstrating the 
need to broaden the range of energy solutions 
considered if Factor 4 goals are established in 

Table 20
Conversion factors for CO2 emissions by type of heating energy

heating energy g CO2/kWh fe 

Coal 355

heating oil 271

LPG 231

Gas 205

District heating networks (2005–2050*) 200 to 40

Fuelwood 0

Electricity (heating/hot water) 180 / 40

(*) New heating networks are included in the fuelwood category, i.e. 0g CO2/kWh as of 2010. Heating networks are 
assumed to use gas as a back-up fuel for 20% of production, giving a conversion factor of 40g CO2/kWh when 
biomass resources are used for 80% of heating network output.
Sources: CITEPA for fossil fuels; AMORCE for heating networks, following annual branch survey, SNCU 2007;17 
ADEME–EDF for electricity, excluding upstream emissions for fossil fuels and fuelwood; excluding upstream and 
downstream emissions for electricity.

Table 19
Reduction factors in the net primary energy use balance of heating/hot water consumption 2005–2050

Scenario  F/G/E F/E/G G/F/E E/F/G

(TWh fe) 2005 2050 2050 2050 2050

Fuelwood 88.1 129.2 115.2 52.9 8.9

Coal 3.0 0.0 0.0 0.0 0.0

District heating 16.1 5.8 5.8 5.8 5.8

Electricity 145.0 42.6 72.5 41.9 116.7

home heating oil 102.4 0.4 0.4 0.4 0.4

Gas 167.8 101.0 5.7 191.1 0.6

LPG 11.3 0.0 0.0 0.0 0.0

tOtaL heating  
+ sanitary hot water 533.7 279.0 199.7 292.2 132.5

Cogeneration electricity (*)
PV (**)   

0.0
0.0

-49.9
-17.7 -18.8

-157.6
-21.1 -27.3

NET BALANCE 533.7 211.5 180.9 113.5 105.2

Reduction factor 2005/2050 2.5 2.9 4.7 5.1

(*) Gas-fired cogeneration for F/G/E and G/F/E scenarios; wood-fired cogeneration is not taken into account. 
(**) Photovoltaic electricity offsets energy consumption to comply with thermal regulations in positive-energy 
buildings for the period 2020–2050, in addition to gas-fired cogeneration as the case may be.
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these terms alone. For the scenarios that fa-
vour fuelwood use, primary energy reduction 
factors are lower than 3.  T19 

CO2 emissions due to heating  
and sanitary hot water production
Our assumptions regarding CO2 content fol-
low current conventions, taking into account 
only “direct” emissions (combustion of fossil 
fuels, power plant operation for electricity), 
excluding upstream emissions for fossil fu-
els and wood, and excluding both upstream 
and downstream emissions for electricity (fuel 
preparation and post-processing, transport, 
grid distribution). The CO2 content of emis-
sions for electricity use differs by type of use 
(heating or hot water production) and in the 
present work is based on a seasonal aver-
age CO2 content per kWh using figures from 
2005.16  T20 
No conventional conversion factors currently 
exist for CO2 emissions avoided by decen-
tralised electricity generation. Insofar as most 
decentralised electricity takes the form of co-
generation in heating systems, we assume that 

the average CO2 content of avoided emissions 
(per kWh) is identical to that of electric heat-
ing. This considerably reduces emissions for 
natural gas use, that are recorded under gas 
consumption for heating and hot water pro-
duction, including for electricity generation. 
Photovoltaic electricity is assigned an average 
avoided emissions content of 70g CO2/kWh fe 
(in direct emissions), which corresponds to a 
fuel mix of about 20% combined cycle gas at 
350g CO2/kWh fe and 80M renewable energy 
and nuclear power (at 0g CO2/kWh fe, in di-
rect emissions).  T21 
In the scenarios where natural gas is widely 
used, this fuel is the main source of CO2 emis-
sions in 2050, at a high level of 20 Mt CO2 
under the FUELWOOD/GAS/ELEC scenario, 
before deduction of avoided emissions due 
to cogeneration (3.5 Mt CO2), and nearly 
40 Mt CO2 when gas is the main energy source, 
under the GAS/FUELWOOD/ELEC scenario 
(before deduction of avoided emissions due 
to cogeneration (11 Mt CO2). Under these con-
ditions and assumptions, a reduction factor of 
4 is achieved for the FUELWOOD/GAS/ELEC 

Table 21
Reduction factors for net CO2 emissions balance of heating/hot water consumption  
and electricity generation (2005–2050)

Scenario  F/G/E F/E/G G/F/E E/F/G

(Mt CO2) 2005 2050 2050 2050 2050

Fuelwood 0.0 0.0 0.0 0.0 0.0

Coal 1.1 0.0 0.0 0.0 0.0

District heating (*) 3.2 0.2 0.2 0.2 0.2

Electricity 7.1 2.1 3.7 2.1 6.3

heating oil 27.8 0.1 0.1 0.1 0.1

Gas 34.4 20.7 1.2 39.2 0.1

LPG 2.6 0.0 0.0 0.0 0.0

tOtaL heating + hot water 76.2 23.0 5.1 41.5 6.7

Cogeneration electricity (**)
PV (***)   

0
0

-3.5
- 0.5 -0.5 -11.0

-0.6 -0.7

NET BALANCE 76.2 19.1 4.7 29.9 6.1

Reduction factor 2005/2050 4.0 16.3 2.5 12.5

(*) The CO2 content of heating network emissions falls steadily between 2015 and 2050, from 200g CO2/kWh to 40g 
CO2/kWh.

(**) Gas-fired cogeneration for F/G/E and G/F/E scenarios; wood-fired cogeneration is not taken into account. 

(***) Photovoltaic electricity offsets energy consumption to comply with thermal regulations in positive-energy 
buildings for the period 2020–2050, in addition to gas-fired cogeneration as the case may be.
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scenario, but seems unlikely for the GAS/FU-
ELWOOD/ELEC scenario. Given the high level 
of gas-fired cogeneration, however, the analy-
sis is sensitive to the generation conditions for 
the electricity that would be displaced by de-
centralised production (see below). 
The combination of fuelwood and electricity 
gives better results. Using a carbon content per 
kWh based on 2005 values, a reduction factor 
of 16 is exceeded under the FUELWOOD/ELEC/
GAS scenario, that combines an advantageous 
conversion factor for emissions from fuelwood, 
good energy performance for electric systems, 
thanks to heat pump technology, and higher PV 
generation than in other scenarios due to offsets 
recorded as primary energy for new construc-
tion. When electricity is preferred to fuelwood, 
under the ELEC/FUELWOOD/GAS scenario, the 
emissions reduction factor is 12.5.
Under all scenarios emissions from exist-
ing district heating networks (before exten-
sion) are quite low, thanks to renovation of 
the buildings connected to the networks 
and a falling emissions rate for district heat-
ing, reduced by 80% after conversion from 
fossil fuels to biomass resources or residual 
waste (household waste incineration) in 2050, 
with gas-fired back-up energy for 20% of 
output.  F12   F13   F14   F15 

Decentralised electricity generation (cogeneration 
and photovoltaic)
Decentralised electricity is generated in two ways: 
•	by cogeneration in gas-fired heating/hot 
water installations that are sized according to 
system needs; 
•	by photovoltaic systems sized to offset 
consumption under thermal regulations, other 
than fuelwood and thermal solar energy, for 
positive-energy buildings only built between 
2020 and 2050.
As a consequence cogeneration electricity is 
highest under the GAS/FUELWOOD/ELEC 
scenario, with close to 61 TWh fe generated in 
2050, for total gas consumption of 191 TWh fe 
for heating, hot water and electricity produc-
tion. As a consequence cogeneration electricity 
is highest under the GAS/FUELWOOD/ELEC 
scenario, with close to 19 TWh fe generated in 
2050, for total gas consumption of 101 TWh fe 
for heating, hot water and electricity produc-
tion. For these two scenarios it is worth noting 
that the net balance for cogeneration electricity 

is positive for the scopes studied, with quite a 
large margin for the GAS/FUELWOOD/ELEC 
scenario (61 TWh generated, 16 TWh con-
sumed for heating and electric hot water pro-
duction) and a margin of a few TWh for the 
FUELWOOD/GAS/ELEC scenario. These two 
scenarios should help reduce the CO2 content 
of electricity generation.
As gas is absent from the two other scenarios 
(FUELWOOD/ELEC/GAS and ELEC/FUEL-
WOOD/GAS) in 2050, there is no cogenera-
tion electricity.  T22 
Under these four scenarios photovoltaic elec-
tricity offsets the five uses specified under 
thermal regulations for positive-energy build-
ings as from 2020, excluding renewable en-
ergy used for heating and hot water, and as a 
back-up resource for cogeneration when this 
technique is used. The balance is measured 
in terms of primary energy. PV generation 
is highest under the ELEC/FUELWOOD/GAS 
scenario, where electric heat pumps are used 
to supply most heating and hot water needs, 
producing over 10 TWh fe for over 80 mil-
lion m2 of panels installed in 2050.  T23 

Use of renewable thermal energy  
(fuelwood, solar, heat pumps)
Three renewable energy resources are used 
for heating and hot water production in our 
scenarios: 
•	fuelwood, mainly for heating, and to a lesser 
extent for hot water; 
•	solar thermal energy;
•	heat extracted from the surrounding 
environment by heat pumps.18

Solar thermal energy, restricted to hot water pro-
duction, is used in 30% of housing stock built 
before 2005, and in all new housing built from 
2010 to 2050, excepting units where hot water 
is produced by electric heat pump or wood-
fired boiler. The method adopted for renewable 
energy extracted by heat pumps is to attribute 
to the environment that part of the coefficient 
of performance which is greater than 1 (COP 
expressed in final energy/useful energy). This 
gives a share equal to 1.2 to 4 for electric heat 
pumps, 0.44 for gas-fired heat pump heating and 
0.11 for gas-fired heat pump hot water heating.
The contribution of renewable thermal en-
ergy, in final energy, is highest for energy 
scenarios that prefer fuelwood and electric-
ity, as the efficiency of electric heat pumps 



December 2011 | Les Cahiers du Clip n°20 | Facteur 4 in Housing in France | 33 

Table 23
Photovoltaic offsets in positive-energy buildings, cumulative surface area in 2050 

 F/G/E F/E/G G/F/E E/F/G

PV panels installed for positive-energy buildings (million m2 ) 52.7 56.0 62.8 81.5

Table 22
Electricity consumption (heating and hot water) and cogeneration/PV generation in 2050

Scenario F/G/E F/E/G G/F/E E/F/G

Electricity consumption 
heating and hot water (tWh fe) 16.5 28.1 16.3 45.2

Cogeneration electricity (tWh fe) 19. 3 0 61.1 0

PV electricity (tWh fe) 6.8 7.3 8.2 10.6

TOTAL electricity generation (TWh fe) 26.2 7.3 69.3 10.6

NET BALANCE (TWh fe) -9.7 20.8 -53.0 34.6

Negative balance: Decentralised electricity from cogeneration and PV systems is greater than electricity 
consumption for heating and hot water needs.

Figure 12 - 13 - 14 - 15 
Net CO2 emissions balance for heating/hot water consumption and electricity generation,  
under the four scenarios
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(expressed in terms of final energy/useful 
energy) is higher than 3 as early as 2015. 
This would yield thermal production of over 
200 TWh under the FUELWOOD/ELEC/GAS 
scenario.  T24 
The share of renewable energy in final energy 
use can reach 84% in 2050 under the FUEL-
WOOD/ELEC/GAS scenario when wood-fired 
boilers and electric fuel pumps are the main 
heating/hot water systems used, even if solar 
energy is limited to just over 8 TWh in this sce-
nario.19 In primary energy terms the scenarios 
vary widely, from a minimum of about 33% 
under the scenario that favours gas use, and 
a maximum of 71% under the FUELWOOD/
ELEC/GAS scenario.  T25 

Share of RE in energy consumption in 2020
Renewable thermal energy for heating and 
hot water needs is expected to help fulfil the 
objective of 20 Mtoe of renewable energy in 
total annual energy consumption in France in 
2020. This objective includes other energy-
consuming sectors (industry, transport, com-
mercial/institutional, etc.) and sets a goal of 
23% renewable energy in final energy con-
sumption in France, in keeping with the Euro-
pean Union climate/energy package. 
According to the Grenelle Renewable Energy 
operational committee, this objective calls for 
nine million housing units equipped with in-
dividual wood-fired heating systems and for 
a doubling of the number of units connected 

Table 25
Share of decentralised renewable thermal electricity (final energy and primary energy) 
under the four scenarios for heating/hot water and electricity production in 2050

RE share in 2050 (*) F/G/E F/E/G G/F/E E/F/G

In final energy 61% 84% 37% 73%

In primary energy 
(**) 56% 71% 33% 53%

(*) The share of renewable energy in electricity generation, centralised or decentralised, is not taken into account.
(**) Renewable energy resources are included with a conversion coefficient of 1.

Table 24
Renewable thermal energy (final energy) under the four heating/hot water scenarios for 2050

RE in 2050 (tWh fe) F/G/E F/E/G G/F/E E/F/G

Fuelwood (final energy) 119.0 105.5 48.4 8.9

heating 71.5% 52% 53% 6%

Renewable energy extracted by electric heat pumps (in tWh fe) 7.8 49.9 8.0 82.0

heating % 5% 25% 9% 58%

Renewable energy extracted by gas-fired heat pumps (in TWh fe) 0.9 0.0 1.9 0.0

heating + hot water % 0.5% 0% 2% 0%

Fuelwood (final energy) 10.1 9.7 4.5 0.0

hot water % 6% 5% 5% 0%

Renewable energy extracted by electric heat pumps (in tWh fe) 14.2 29.7 11.8 45.8

hot water % 8.5% 15% 13% 33%

Solar (tWh fe) 14.2 8.4 16.9 3.6

hot water % 8.5% 4% 18% 3%

Total RE (in TWh fe) 166.3 203.2 91.5 140.2

in % 100% 100% 100% 100%

total consumption (tWh fe)  (heating + hot water, other than gas 
attributed to cogeneration electricity) 235.5 155 211.5 61
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to heating networks (94%) that use mostly 
renewable energy resources and household 
waste incineration. The number of units using 
fuelwood heating is higher than this level in 
the two fuelwood scenarios, but lower under 
the other two scenarios.  T26 

Table 26
Share of renewable thermal energy in final consumption for heating/hot water and electricity production 
and homes equipped with fuelwood heating (2020)

F/G/E F/E/G G/F/E E/F/G

RE share (%) 52% 64% 36% 42%

housing units with 
fuelwood heating (in 
millions) 

11.3 11.3 5.6 1.8

Renewable resources: fuelwood, solar thermal, share of renewable energy extracted by gas-fired and electric heat 
pumps 
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Analysis of results  
and perspectives

Common issues raised by all scenarios: 
the important role of rehabilitation

The cost of rehabilitation, including labour
Our scenario includes an initial estimate of 
the cost of building rehabilitation. Using best 
available techniques according to the method-
ology outlined above, the total cost of building 
rehabilitation would be between €345 and 656 
billion (ex VAT), amounting to between €8.6 
and 16.4 billion annually if rehabilitation work 
is spread out over 40 years.20

This estimate includes the standard jobs of 
building renovation work: for example the 
cost of conventional facade refurbishing is aug-
mented to include exterior thermal insulation. 
Expenditures for windows and doors amount 
to between €3.1 and 5 million a year. Estimat-
ed expenditure for roofs varies from €1.775 to 
2.950 million, including a cost premium for 
insulation on the order of 20%, according to 
the OPEN study (Club de l’Amélioration de 
l’Habitat, France).

Assuming that all housing constructed before 
2000 is covered, the average cost per unit 
would be between €12,700 and €24,200 (ex 
VAT), not including renovation of ventilation 
and energy systems.
 T27   F16   F17 
Total expenditure for housing (including 
new construction) came to €415.9 billion 
in 2006. This included €128.7 billion in in-
vestment costs, for close to 30 million units, 
including secondary residences and vacant 
units, for all of France (including overseas 
departments).21 In our scenario the aver-
age annual expenditure for housing reha-
bilitation, between €8 and €16 billion, is 
in part covered by current investment for 
major upkeep and improvements (€40.4 bil-
lion). Expenditure for housing upkeep and 
improvements would increase by 15% to 
35%. Costs for renovation and replacement 
of energy equipment (not estimated in our 
study) would have to be added to the total 
estimate.

Table 27
Estimated cumulative rehabilitation costs by construction component (2005–2050)

Roofs Floors Windows Walls total

Minimum cost (billion € ex Vat)
in %

71
21

23
7

124
36

127
37

345
100

Maximum cost (billion € ex Vat)
in %

118
18

47
7

200
30

291
44

656
100

Number of housing units (million) (*)
in %

27,145
100

21,877
81

27,145
100

27,145
100

(*) Vacant units are included in the number of units to rehabilitated, and are reintegrated into total housing stock over 
the rehabilitation period (2005–2050). Likewise vacant units in multi-family buildings are included in building-wide 
rehabilitation work (thermal insulation, window/door frames, ventilation systems, etc.). 
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Scale and pace of rehabilitation work
Housing rehabilitation must take occupancy 
and ownership status into account. Housing 
stock falls into three main categories:
•	single-family homes, representing 57% of all 
primary residences in 2006; 80% are owner-
occupied, and most are in the private sector, 
only 3.4% are subsidised housing; 
•	government-subsidised rental housing, for the 
most part in multi-family buildings, representing 
13% of all housing;
•	separately owned units in multi-family 
buildings, representing 29% of all housing 
(approximately 11% owner-occupied and 18% 
rental units).  T28 
In any event, preference should be given to:
•	rehabilitation on the largest scale possible, 
from clusters of buildings, and then single 
buildings, before work in individual units;
•	major renovation work executed under a 
one-time rehabilitation programme.

The scale of rehabilitation is an important fac-
tor for ensuring coherent and consistent tech-
nical, architectural and urban planning im-
provements. Many building components are 
located at property boundaries (gable walls, 
rear-facing walls, etc.), calling for specific co-
ordination between owners or with respect to 
public property and spaces. Rules of build-
ing alignment may need to be adjusted, for 
instance, to facilitate exterior insulation work.
Collective heat production and distribution sys-
tems can be introduced during rehabilitation (for 
example, mini heating networks) and collective 
solar energy panels installed in the most favour-
able locations. Work on an urban scale can also 
improve the overall environment for a cluster 
of buildings. To address the issue of energy 
poverty that affects one out of five households, 
particularly in substandard housing, general-in-
terest and government-backed housing renewal 
programmes should be a priority focus.22 

Table 28
Breakdown of primary residences by occupancy status

Units (thousands) Occupancy status house apartment total

Owner 12,027 2,867 14,894

tenant of unfurnished unit (private rental sector) 1,710 4,154 5,864

tenant of unfurnished unit (subsidised *) 502 3,315 3,817

tenant of furnished rental unit 61 415 476

housed free of charge 363 367 730

total 14,663 11,118 25,781

* Subsidised housing and properties belonging to local authorities and public corporations
Source: INSEE, RP2006, metropolitan France

Figure 16
Estimated average rehabilitation costs 
(€ ex VAT per unit, 2005 prices)
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Estimated rehabilitation costs for all housing stock 
(billion € ex VAT, 2005 prices)
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Work on the scale of a single unit in multi-fam-
ily buildings should be limited to jobs that can-
not be executed on a building-wide scale. For 
example, interior thermal insulation should 
not be carried out as long as exterior insula-
tion is possible, for the following reasons:
•	it is nearly impossible to correct thermal 
bridges (floor/facade, return wall/facade, etc.) 
using interior insulation; 
•	thermal inertia is necessary to ensure 
comfort in the summer, particularly in the case 
of light-weight floor structures;
•	effective rehabilitation calls for insulation 
thicknesses of 10 to 15 cm, leading to 
considerable loss of habitable space in the 
case of interior insulation. 
In light of the last two considerations, it could 
be recommended that interior insulation be 
entirely banned from rehabilitation work until 
phase-change and super-insulating materials 
become available.
Successive partial renovation phases spread 
out over time may be justified, given the high 
investment cost of rehabilitation for individual 
owners, building proprietors and local authori-
ties. This work should not be intrusive, except 
for unoccupied units. The main types of work 
involved are roof insulation, exterior insulation 
of facades and replacement of window and 
door frames, along with installation of mechan-
ical ventilation systems to avoid future prob-
lems such as interior condensation. It is always 
preferable to improve the thermal performance 
of the building envelope before renewing heat 
production equipment, in order to downsize 
capacity and save in investment costs.

Work in multi-owner buildings
An estimated 5.3 million primary residences 
are flats/apartments in some 450,000 multi-
owner buildings (in 2005). The average build-
ing size is fewer than 12 units. 
Rehabilitation of common spaces and equip-
ment should be planned jointly with work 
in individual properties, and implemented in 
regularly paced stages, for instance renovation 
of facades, replacement of window and door 
frames, reroofing, when work calls for major 
intervention (scaffolding, dismantling/removal 
and reinstallation of components etc.). «Ther-
mal renovation» of facades should be manda-
tory when regular building upkeep work is ex-
ecuted, where construction and architectural 

features allow improvement of the thermal 
aspects of the building envelope.23 
Planning and financing of this work in the pri-
vate sector is very different from that of subsi-
dised housing.
The situation must be carefully analysed, in par-
ticular for the estimated 350,000 units in build-
ings with management and solvency problems 
for which aid should be a priority, and for an-
other 600,000 units in precarious contexts that 
should be monitored. Mandatory rehabilitation 
can be maintained for the more financially solid 
multi-owner buildings, with two proposals:24 
•	creation of a fund financed by owners’ 
provisions or savings attached to each property;
•	loan financing contracted by the building as 
a whole or by co-owners.

Conditions for massive  
housing rehabilitation
Due to the diversity of building types, materi-
als and urban settings rehabilitation work can-
not be strongly «industrialised» and most re-
habilitation will involve work tailored to each 
building. Some prefabricated solutions can be 
envisioned however, such as window frames 
equipped with shutters, ventilation equipment 
(in particular double-flow mechanical ventila-
tion) and all types of component assembly to 
ensure the continuity of insulation between as-
sembled elements.
Two types of programme can be undertaken 
in parallel.
•	Major rehabilitation programmes can be 
planned for the buildings with the highest levels 
of energy consumption, with ambitious work 
phases. These programmes would depend on 
technical and architectural conditions (feasibility 
of exterior insulation, for example) and financial 
factors (level of investment capacity by building).
•	Progressive renovation programmes can be 
instituted for other buildings, emphasising 
high-energy-loss components (roof, facade, 
window/door frames and airtightness) and 
rehabilitating only facades that can accept 
exterior insulation.
Major rehabilitation programmes could focus 
on subsidised housing, helping to launch and 
consolidate actors in the building rehabilitation 
sector, before extending renovation to private-
ly owned units that could benefit from work 
and investment financed over a longer period 
of time under the second type of programme.
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Ambitious rehabilitation requires appropriate 
financial mechanisms for all types of housing, 
managed by banks with government support 
and oversight, or by third-party investors.

Fuelwood scenarios:  
resource availability issues

Estimated fuelwood resources  
in metropolitan France
Fuelwood scenarios indicate a maximum annual 
consumption for heating and hot water produc-
tion of over 190 TWh around 2030. This calls for 
roughly 100 TWh a year over the present level of 
88 TWh by 2030, doubling the amount of fuel-
wood currently harvested in metropolitan France.
Fuelwood consumption also raises two other 
issues.
•	Varying levels of consumption by region can 
create significant local shortfalls and necessitate 
transport of fuelwood, involving substantial 
energy consumption and CO2 emissions;
•	Peak consumption periods can engender a 
temporary work overload, which is not ideal 
for ensuring job stability and the profitability 
of investment in the sector.
Development of fuelwood mobilises four 
classes of wood resources:
•	wood industry coproducts not suitable for 
triturating (bark, sawdust, etc.);
•	certain discarded products (pallets, crates, etc.);
•	cuttings engendered by upkeep of hedges, 
groves and woods;
•	forestry residues, by far the largest source.
For forested area growing in both surface area 
and volume at the rate of 0.4% per year annual 
biological growth would total 98 m3 by 2030, 
representing an energy resource of 13.5 Mtoe, 
or 157 TWh.25 This energy resource could be 
augmented, by explicitly exploiting new man-
aged forestry areas for energy purposes, and/or 
by improving the energy value extracted from 
cuttings and trimmings (publicly and privately 
owned hedges, groves, parks, gardens) for a 
total of 20 to 25 TWh (2 Mtoe) in 2030. Mak-
ing this resource available to the housing sec-
tor supposes, however, that  the wood needs 
of other sectors of activity (the paper industry, 
furniture makers etc.) do not increase, or only 
after 2030, which is far from certain. In conclu-
sion, it would be best for the growth in fuel-
wood use to be spread over a longer period, 30 

or 40 years, giving the sector time to mature as 
the resource itself doubles in volume.

Matching local consumption  
to resources: fuelwood and deep/medium 
geothermal resources
The inventory of forestry resources in all of 
metropolitan France carried out by CEMAGREF 
in 2007 shows that this resource is very un-
evenly distributed between regions.26 Many 
regions do not have significant supplemen-
tary resources (Basse-Normandie, Haute-Nor-
mandie, Nord-Pas de Calais, Picardie, Ile-de-
France, Pays de la Loire, Provence-Alpes-Côte 
d’Azur). Exchange between regions could be 
arranged, if appropriate processing activities 
are developed. Wood granules seem to be 
the form best adapted for shipping over long 
distances, diminishing the impact of regional 
differences.
Geothermal heat could also be exploited, be-
cause this resource is distributed in the same 
way, via heat networks that supply heat to 
centrally heated buildings. Deep and medium 
geothermal resources exist in many regions 
that lack fuelwood (Haute-Normandie, Ile-de-
France, Picardie, and to some extent Nord-
Pas-de-Calais and PACA). Estimates put this 
resource at 10 TWh in 2020.27

Heat networks
While a great many measures are specific to 
the building industry, other pathways for ac-
tion focus on urban planning and specifically 
on the development of heating networks.
We work on the assumption that existing heat-
ing networks are gradually converted to use 
biomass or equivalent resources (household 
waste plus fuelwood). The CO2 emissions of 
heating networks could be sharply reduced 
by conversion to biomass with secondary gas 
fuel, even factoring in back-up natural gas fuel 
for 20% of production (peak periods and hot 
water production outside of the heating sea-
son). The existing 354 networks (listed in the 
decree of 4 May 2009) use in large part gas 
and heating oil, and emit 200g CO2 per kWh.28

For future networks and mini networks to be 
built in large part to ensure the “post-carbon” 
conversion of heating in multi-family build-
ings, a threshold effect appears in our analy-
sis of district heating in urban areas when the 
number of units with building-wide central 
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heating attains 30% of units in multi-family 
buildings: at this level two-thirds of municipal-
ities have at least one heating network. While 
waiting for a more detailed model, the follow-
ing rule can be adopted:
•	20% < (BCH/total MF buildings) < 40% 
→ 50% BCH systems are connected to a 
heating network;

•	40% < (BCH/total MF buildings) 
→ 75% BCH systems are connected to a 
heating network.

The CO2 content of energy resources 
under different scenarios

The special case of electricity
The CO2 content of each kWh of electricity 
consumed is not easily determined. This dif-
ficulty is tied to two specific characteristics of 
electricity. First of all, electricity is not readily 
stored, and production must constantly be ad-
justed to match demand. The uses of electricity 
engender a wide variation in consumption lev-
els, on a daily scale but above all seasonally, 
with the result that some power plants operate 
only during a limited number of hours in the 
year. These plants use essentially fossil fuels, 
with a high carbon content. By contrast, the 
strong nuclear and hydropower components 
in baseload electricity production in France 
lead to relatively low greenhouse emissions 
for baseload consumption, and exacerbate the 
gap between emission factors for baseload use 
and for electricity uses that contribute to peak 
demand or to strong seasonal load.
The carbon content to be assigned to elec-
tricity uses in France is a controversial topic. 
Several different methodologies have been 
suggested, that are more or less suitable 
depending on the issues being studied. We 
use the method proposed by ADEME/EDF in 
a note published in 2005. We also indicate 
how our results might be modified when us-
ing a method based on marginal CO2 content 
rather than on average CO2 per kWh depend-
ing on use, considering the changes in elec-
tricity demand described under our different 
scenarios. In order to compare emissions in 
2050 as outlined under the four scenarios we 
must assume that climate variability, avail-
able generating facilities and a balanced re-
course to different types of generation are 

constant, regardless of the scenario or time 
period. Our results are established using the 
following three conventions for the CO2 con-
tent of electricity, generated or consumed:
•	180g CO2/KWh for heating and cogeneration 
electricity production;
•	40g CO2/kWh for sanitary hot water;
•	70g CO2/kWh for photovoltaic electricity.
Strictly speaking the indicators used should be 
updated every four years at least, as specified 
in the 2005 guidelines. For a period of action 
lasting 10 or 15 years or more, as in this study, 
the projection method should take future 
changes in generating infrastructure and in 
consumption patterns into account. For this it 
would be necessary to know how much elec-
tricity is consumed in total, the French load 
curve, domestic and foreign generating facili-
ties, and their time of use during the period 
of the study, in order to break down seasonal 
use by the origin of the electricity consumed.29 
This information would make our working hy-
potheses a little less vulnerable.

Possible evolution of carbon content per kWh for 
gas and electricity
Assumptions regarding the CO2 content of 
different energy resources have a strong im-
pact on the reduction factors achieved for CO2 
emissions in 2050 under the four scenarios 
produced. The carbon content of fossil fuels 
is not likely to change much, although the 
energy vectors for gas and liquid fuels may 
transport greater quantities of low-carbon re-
newable energy.30 
The average values assigned for electricity do 
not reflect the reduction in CO2 emissions that 
would be achieved, for a given electricity gen-
erating infrastructure, by lower consumption 
of electricity for heating and hot water produc-
tion in winter, nor the higher emissions due to 
peak power consumption for these same uses 
that would draw power from marginal gener-
ating facilities that would continue to use fossil 
fuels during the period in question. It is also 
possible that generating capacity will evolve 
in the future, modifying the average unitary 
carbon content of direct emissions, especially 
given the long time frame of the study. 
The characteristics of each scenario define a 
context that is favourable either to higher CO2 
content, or to lower CO2 content in electricity. 
For example, in our scenarios, low electricity 
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consumption along with strong decentralised 
electricity output via cogeneration and/or PV 
systems combine to give a context that is fa-
vourable to lower CO2 content in electricity. 
Inversely, high electricity consumption will 
tend to push up the carbon content of electric-
ity, especially if cogeneration and/or PV pro-
duction are low.
The four scenarios are analysed according to 
criteria that enable us to outline situations that 
are more or less favourable to higher or low-
er CO2 content for electricity in general, and 
for electric heating in particular. The ELEC/
FUELWOOD/GAS scenario is likely to be the 
most favourable to higher CO2 content, and 
the GAS/FUELWOOD/ELEC scenario is on the 
contrary likely to be most favourable to lower 
CO2 content.  T29 
From a methodological point of view three 
possible positions can be adopted for projec-
tions looking forward to 2020 and to 2050.
•	The carbon content established in the 
ADEME/EDF note can be maintained, as we 
did initially to compare scenarios. But this 
implies that generating capacity and the load 
curve for domestic power production together 
follow the trends of prevailing conditions 
in 2005, which is unlikely to occur under 
medium- and long-term scenarios.
•	The CO2 content for marginal (peak) 
power production can be taken into account, 
for generating capacity that is assumed to 
remain unchanged over the time frame of 
the study, which would necessarily have to 
be short. As long as the range of variation in 
electricity consumption to which this method 
is applied remains limited, this approach can 
open up discussion by introducing a second 
set of values for comparison with the results 
obtained under the first approach, for the peak 
in electricity demand in 2020. 
•	It can be accepted that it is difficult to 
accurately outline the conditions of electricity 

generation and consumption in 2050 under the 
different scenarios. In this case a sensitivity 
study could be carried out, producing a third set 
of numbers, to describe the impact of different 
CO2 levels in electricity, without determining 
the causes or trends leading to these levels.

Evaluation of the marginal impact  
of variation in electricity consumption  
for heating: application in 2020
While the total volume of electricity con-
sumed in 2050 is consistently lower than in 
2005 in each of the four scenarios, the impact 
of intermediate peaks in electricity consump-
tion for heating and hot water should also 
be examined. Under the ELEC/FUELWOOD/
GAS scenario this peak consumption exceeds 
72 TWh fe in 2020, an increase of 16 TWh fe 
over the 2005 level.
The marginal carbon content method can be 
used to evaluate the effect of a measure that 
raises or reduces electricity consumption for a 
given use when that use draws upon specific 
types of power generation – gas-fired, heating-
oil, eventually coal-burning plants – for heat-
ing, assuming no evolution in electricity gener-
ation infrastructure.31 Although it is impossible 
within the scope of this study to make projec-
tions about electricity generating infrastructure 
in 2050, and to a lesser extent in 2020, we use 
the marginal method to obtain a second set of 
figures, assigning a CO2 content to extra elec-
tricity used (or economised). This CO2 content 
per kWh is the average content of the last gen-
erating plant brought on line to balance supply 
and demand, during the heating season. Using 
this approach the CO2 content of supplemen-
tary electric heating is set at 500g CO2/kWh. 
The emissions calculated for each scenario are 
those obtained by the ADEME/EDF method, 
plus or minus the average marginal (peaking) 
plant emissions emitted or avoided, comparing 
2005 and 2020 levels.  T30 

Table 29
Effects on CO2 content of electricity under the different scenarios

F/G/E F/E/G G/F/E E/F/G

Electricity consumption low average low high

Decentralised electricity generation average very low high low

Effect on CO2 per kWh of electricity decreasing stable decreasing increasing
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Under the FUELWOOD/ELEC/GAS scenario 
where electricity used for heating and hot wa-
ter is stabilised, a 2.8 TWh reduction in elec-
tricity consumption could lead to 1.4 Mt of 
avoided CO2 emissions. Inversely the 16 TWh 
rise in electricity consumption between 2005 
and 2020 under the ELEC/FUELWOOD/GAS 
scenario would engender an emissions in-
crease of 8 Mt CO2. We observe that using 
these two rules of calculation, both imperfect, 
the variation in results for GHG emissions 
does not exceed 10 Mt CO2 in 2020, and does 
not fundamentally change the ranking of the 
scenarios, as the difference between the FU-
ELWOOD/GAS/ELEC and ELEC/FUELWOOD/
GAS scenarios is not significant for the 2020 
projections.  F18 

The electricity supply industry in 2050
Neither of the methods described above – use 
of 2005 conventions and the average CO2 con-
tent of marginal (peaking) electricity produc-
tion – is suitable for 2050, because both elec-
tricity demand and generating infrastructure 
could be profoundly remodelled during this 
longer time frame. We cannot determine the 
CO2 content of electricity when demand and 
generating infrastructure are unknown; none-
theless, some emission factors are more prob-
able than others under the different scenarios.
By 2050 generating infrastructure will have been 
almost entirely renewed, as the plants existing 
today are for the most part due to be replaced 
between 2020 and 2030. Projections for this fu-
ture date must also be framed in the context of 
Europe. Sectors of electricity demand will also 

undergo profound transformation; industrial 
use is likely to fall due to globalisation of the 
world economy, growing use for communica-
tion technologies will drive a fairly regular load 
demand, and electricity for transport will rise 
sharply. Use of electric vehicles for short trips 
will probably increase load demand, mostly at 
night. In the buildings sector, and anticipating 
possible climate warming, massive use of air 
conditioning may cause demand peaks in the 
middle of the day, necessitating use of fossil-
fuel-burning generating plants.
Foreseeable technological progress will open 
the way to new options, with the development 
of smart grids making it possible to better man-
age demand, including electric heating; advanc-
es in electricity and energy storage; and the de-
velopment of geological carbon sequestration so 

Figure 18
Comparison of two methods for estimating CO2 
emissions in 2020
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Table 30
Final energy use in 2005 and 2020 under the four scenarios (heating and hot water)

heating and hot water (tWh fe) 2005 F/G/E 2020 F/E/G 2020 G/F/E 2020 E/F/G 2020

Fuelwood 88 190 188 114 47 

Coal 3 0,7 0,7 0,7 0,7

District heating 16 11 11 11 11

Electricity 56 36 53 36 72

heating oil 102 15 15 15 21

Gas 168 130 52 183 73

LPG 11 2 2 2 2

Cogeneration and PV -2 -0,5 -5 -0,7

Total 445 382 323 353 227
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that fossil fuels can be used in centralised power 
plants without atmospheric emissions.
These factors call for a broad debate on the 
carbon content of electricity. They also call for 
proactive policies to manage electricity con-
sumption and promote renewable energy to 
reduce the emissions and carbon content of 
peak electricity as much as possible.

Impact of variation in CO2 content of electricity  
for heating on the reduction of CO2 emissions
To represent a broad range of possible profiles 
for the electricity supply industry in 2050, we 
introduce different values for the average CO2 
content per kWh of electric heating and per kWh 
of consumption avoided by use of cogenera-
tion. This value varies from 100g CO2/kWh to 
500g CO2/kWh, with no change in the emis-
sion factors for gas (205g CO2/kWh), fuelwood 
(0g CO2/kWh) and electric hot water heating 
(40g CO2/kWh). The carbon content of electric-
ity consumption avoided by PV generation is 
considered to be stable at 70g CO2/kWh.
Under the FUELWOOD/GAS/ELEC scenario, 
with low use of gas (therefore little cogenera-
tion) and electricity, the reduction factor of 4 
is nearly attained at the level of 100g CO2/kWh 
of electricity, but without notable variation 
within the range considered. By contrast when 
a large amount of electricity is produced by 
cogeneration (GAS/FUELWOOD/ELEC sce-
nario), high CO2 content for electric heating 
or for heating devices improves the total CO2 
reduction factor that reaches the target factor 
4 for CO2 content greater than 400g CO2/kWh. 
Although this hypothesis seems unlikely in the 
present context, it should be considered in re-
lation to the new situation of a positive bal-
ance where cogeneration electricity produc-
tion exceeds consumption for electric heating. 
For the two scenarios in which electricity is 
a main resource (FUELWOOD/ELEC/GAS and 

ELEC/FUELWOOD/GAS) and where the CO2 
content of electricity is likely to rise, reduc-
tion factors are greater than 4 in 2050, even for 
average CO2 content of 500g CO2/kWh.  F19 
For all four scenarios the trend is to high values 
for the average CO2 content per kWh of electric 
heating, conditioned by the validity of the CO2 
content values proposed in the different energy 
situations described in each scenario.   T31 
A similar study should be carried out to ascer-
tain the sensitivity of results to the CO2 content 
of electricity used for hot water production. 
The share of electricity consumption for this 
use is higher in 2050 than in 2005, and the 
generating resource mix could be different 
during off-peak hours.

Figure 19
Sensitivity of CO2 reduction factors (2050 compared 
to 2005) to the CO2 content of electricity
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Table 31
Validity ranges for CO2 content and reduction factors in the four scenarios

Scenario Validity range for interpretation of the sensitivity graph
(g CO2/kWh electric heating)

F/G/E Left-hand range

F/E/G Central range

G/F/E Left-hand range

E/F/G Right-hand range
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Conclusions

This study explores ways to reduce residential CO2 emissions in France by a factor of 4 by 2050. 
The exercise is based on a series of assumptions, some of which facilitate reductions, while other 
trends could slow the planned shrinking of these emissions. These factors are demographic 
trends, existing housing stock and low residential mobility, and possible rebound effects in con-
sumer behaviour. The action to be taken is difficult to implement on a large scale, and is subject 
to the general organisation of our urban societies. For their part economic actors and chains 
must take steps to be ready for the technological and procedural breakthroughs that are coming. 

Demographics and housing stock
Demographic projections clearly predict an ageing population: over one-quarter of the popula-
tion will be aged 65 or older in 2050, and the proportion of people aged 75 or older will double 
compared to 2005, reaching nearly 16%. The demand for thermal comfort, calling for heating 
and air conditioning, is likely to grow, as the comfort zone rises to the range of 22–25°C.
Current trends indicate that habitable surface area per person will continue to rise at a fast pace, 
not only because older people tend to have more habitable space than young people, but be-
cause then number of people living alone will increase.
Inversely, it is not certain that the increase in habitable space associated with rising living 
standards will continue; this trend is countered by the widening gap between the borrowing 
capacity of first-time home buyers and escalating property values. Furthermore, the real estate 
sector will have to take into account rehabilitation costs for existing housing, and technologi-
cal shifts driven by new regulations in new construction. At the same time, the preference for 
single-family homes, that offer more space than apartments for households of the same size, is 
likely to recede, as the active population and the number of households with children cease to 
grow in coming decades. 

Behavioural variables
Our scenarios do not consider the rebound effect, but this reaction could wipe out a significant 
share of energy savings obtained by rehabilitation of existing housing. The effect is estimated at 
between 20% and 30%, declining as income rises. The effect on consumption could be limited 
due to stagnating and even falling income as fossil fuel costs rise, whether considered within a 
sector (housing in this case) or between sectors (daily travel or leisure activities for instance). 
Fiscal and regulatory action is sometimes envisioned to counter the rebound effect, but such 
measures would have to be accompanied by instruments aimed at modifying lifestyles, to enable 
users to truly reduce their environmental footprint. Examples are seen in the growing number 
of devices that help manage behaviour: overall and room-by-room temperature controls for 
heating, presence detectors, appliance programming, regulation based on occupants’ habits, etc. 
Smart grids and meters will optimise use of peak generating capacity according to user demand 
and grid management requirements.
In multi-family buildings energy performance contracts that set quantitative targets for reducing 
energy consumption and guarantee results could be instituted to encourage changes in behaviour.
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Coordinated action on an ambitious scale 
Residential energy rehabilitation as we envision it here will rely on existing techniques, or new 
technologies that are likely to become widely available in the short and medium term: exterior 
insulation, thin thermal insulation materials, ventilation systems with heat recovery on extract-
ed air, electric and gas heat pumps in new construction or replacing existing boilers, gas- or 
wood-fired cogeneration, mini heating networks using biomass, geothermal or residual energy 
resources. 
The impact on total consumption will be all the greater that these measures are implemented 
on a large scale. This means industrial action, large-scale manufacturing of components and sys-
tems, design and execution carried out by a trained and coordinated workforce, and operational 
and financial innovation. Economies of scale and pooling of needs and resources (for example 
heating networks) call for multiple operations and schemes launched at the building cluster or 
neighbourhood level. Little work has been done to identify the necessary restructuring of con-
struction trades, based on segmented approaches that will have to be coordinated over time, and 
the financial levers to be put into place.
The need to consider the urban setting is even stronger in light of steps to be taken to adapt to 
climate change and to combat the heat island effect. It will be harder to achieve summertime 
comfort at a low energy cost if the thermal inertia of buildings deteriorates due to interior insula-
tion, lack of coordination at building or cluster scale, and absence of coordinated improvement 
of exterior spaces including work on the building envelope and integration of greenery.

Beyond 2050: towards the post-carbon city
Breaking with the process of urban sprawl, our assumptions for new construction show how 
new buildings can contribute to the evolution of urban patterns. This mutation will be slow, 
given the low renewal rate of housing stock. The cities of the future have already been built, it 
seems: in 2050 75% of buildings on average in metropolitan France will date from before 2010. 
This average hides a great many regional disparities, however, particularly so if we look at the 
dynamics of life/work basins, that vary widely.32 
Greater density of construction will help create “islands of coolness”, on the model of classical 
Mediterranean cities, if, as in buildings, steps are taken to reduce heat emissions due to energy 
consumption, concentrated in urban centres and largely linked to vehicle traffic. In outlying 
areas, greater density will preserve the environmental amenities that households appreciate, and 
limit the use of personal cars. Behaviour will have to evolve in all sectors of consumption to 
avoid a global rebound effect. 
To continue to reduce residential carbon emissions central heating systems in single-family 
homes in urban areas could be converted to use fuelwood. This option has been rejected here 
due to particulate emissions; this issue should be resolved in coming decades. Wood-fired co-
generation is poised to replace boilers in heating networks, in building-wide systems and ulti-
mately in single-family homes, and thereby help offset residential energy consumption, without 
causing additional carbon emissions. This technique will provide electricity with a lower carbon 
content, if fuelwood is massively developed in means of production. Other energy choices are 
also possible, for instance more biogas injected into natural gas distribution networks, and accel-
erated decarbonising of electricity via renewable resources, in both centralised and decentralised 
generating plants. The range of solutions illustrated in the four scenarios could be enriched even 
further, in order to ensure a degree of freedom of choice among energy options that are suited 
to each situation. While carbon-neutral conditions depend primarily on the energy performance 
of urban configurations, an equal effort must be made to turn to low-carbon energy resources.
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Annex 

Figure 20
Evolution of fuelwood systems in single-family homes (individual central heating) 
and in multi-family buildings (building-wide central heating)
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Table 32
Generating efficiency of fuelwood for heating/hot water production and power generation (2005–2050)

Efficiency heating hot water Electricity 
output33

Wood-fired individual central heating  
(new and rehabilitated single-family homes) 0.75 0.7 -

Wood-fired Stirling boiler for individual central heating  
(new and rehabilitated single-family homes) 0.65 0.6 0.1

Wood-fired building-wide central heating (new and rehabilitated 
multi-family homes) 0.75 0.7 - 

Wood-fired Stirling boiler for building-wide central heating  
(new and rehabilitated multi-family homes) 0.6 0.7 0.15

Market share of technologies and efficiency ratings of each type of energy:  
fuelwood, gas and electricity (2005-–2050)

Fuelwood 
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Table 33
Generating efficiency of natural gas for heating/hot water production and power generation (2005–2050)

Efficiency in net heating value 
(conversion factor gross heating value * 1.11) heating hot water Electricity 

output34

Single-family individual central heating (new construction)

Gas-fired condensation boiler 1.05 0.94 - 

Micro-generation gas boiler * 0.89 0.78 0.16 

Gas heat pump 1.44 1.11  -

Gas fuel cell 0.56 0.44 0.50

Single-family individual central heating (rehabilitation)

Gas-fired condensation boiler 1 0.94  -

Micro-generation gas boiler * 0.83 0.78 0.16 

Gas heat pump 1.44 1.11 - 

Gas fuel cell 0.50 0.44 0.50

Multi-family individual central heating (new construction)35

Gas-fired condensation boiler 1.05 0.94 - 

Micro-generation gas boiler * 0.89 0.78 0.16

Gas fuel cell 0.56 0.44 0.50

Multi-family individual central heating (rehabilitation)

Gas-fired condensation boiler 1 0.94  -

Micro-generation gas boiler * 0.83 0.78 0.16

Gas fuel cell 0.50 0.44 0.50

Multi-family building-wide central heating (new construction)

Gas-fired condensation boiler 1.05 1  -

Gas engine cogeneration 0.72 0.72 0.30

Gas heat pump 1.44 1.11 - 

Gas fuel cell 0.56 0.50 0.50

Multi-family building-wide central heating (rehabilitation)

Gas-fired condensation boiler 1 1  

Gas engine cogeneration 0.67 0.67 0.30 

Gas heat pump 1.44 1.11  

Gas fuel cell 0.50 0.44 0.50

* Commercial version of the eco-generator

Natural gas
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Figure 22
Penetration of natural gas in rehabilitated single-family homes and in multi-family buildings with individual central heating
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Figure 23
Penetration of natural gas in rehabilitated multi-family buildings with building-wide central heating
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Figure 21
Penetration of natural gas in new single-family homes and in multi-family buildings with building-wide central heating
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Electric systems

Table 34
Generating efficiency of electricity for heating/hot water production (2005–2050)

2005 
– 

2010

2010 
– 

2015

2015 
– 

2020

2020 
– 

2025

2025 
– 

2030

2030 
– 

2050

New single-family. heating 

air-air heat pump + Joule back-up 2.71 3.37 4.00 4.30 4.40 4.50

air-water heat pump for ind. central heating  
+ Joule back-up 3.25 3.69 4.00 4.20 4.35 4.50

geothermal heat pump for ind. central heating 
(no Joule back-up) 3.94 4.27 4.50 4.70 4.85 5.00

New single-family. hot water

solar + Joule back-up 2 2 2 2 3 3

dedicated hot-water heat pump 2 2 2 2 3 3

New multi-family. heating 

air-air DRV heat pump for building-wide central heating + 
Joule back-up 2.71 3.18 3.50 3.70 3.85 4.00

air-water heat pump for low-temp building-wide central 
heating + Joule effect back-up / 2.80 3.21 3.60 3.80 4.00

air-air heat pump for ind. central heating  
+ Joule back-up 2.90 3.44 4.00 4.30 4.40 4.50

New multi-family. hot water

dedicated heat pump / 3 3 3 3 3

solar + Joule back-up 2 2 2 2 3 3

Rehabilitated single-family. heating 

air-air multi-split heat pump 2.86 3.42 4.00 4.30 4.40 4.50

air-air plenum system heat pump 2.86 3.42 4.00 4.30 4.40 4.50

air-water heat pump for high-temp ind. central heating 2.86 3.42 4.00 4.30 4.40 4.50

geothermal heat pump via underfloor water circulation 
(major renovation) 3.91 4.26 4.50 4.70 4.85 5.00

Rehabilitated single-family. hot water 

solar + Joule back-up 2 2 2 2 3 3

heat pump + Joule back-up 1.6 1.88 2.16 2.44 2.72 3

Rehabilitated multi-family. heating 

air-air multi-split heat pump 2.71 3.37 4.00 4.30 4.40 4.50

air-air plenum heat pump 2.71 3.37 4.00 4.30 4.40 4.50

air-water heat pump for high-temp ind. central heating 2.80 3.40 4.00 4.30 4.40 4.50

air-water heat pump for high-temp building-wide central 
heating / 2.35 2.85 3.20 3.40 3.50

Rehabilitated multi-family. hot water 

Joule heating 36 1 1 1 1 1 1

dedicated heat pump / / / 3 3 3
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Figure 25
Penetration of electric heat pump technology in rehabilitated single-family and multi-family buildings
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Figure 24
Penetration of electric heat pump technology in new single-family and multi-family construction
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Abbreviations and acronyms

ADEME Agence de l’Environnement et de la Maîtrise de l’Énergie / French Environment and 
Energy Management Agency

AFGNV Association Française du Gaz Naturel pour Véhicules / French Natural Gas Vehicules 
Association

AGRESTE Statistics, evaluation and perspectives in agriculture, Agriculture Ministry (France)
AMORCE Association des collectivités locales et des professionnels pour une bonne gestion 

locale des déchets et de l’énergie (France)
ATEE Association Technique Énergie Environnement (France)
BAT Best available techniques
BCH building central heating
CEMAGREF Institut de recherche en sciences et technologies pour l’environnement (France)
CITEPA Centre Interprofessionnel Technique d’Etudes de la Pollution Atmosphérique 

(France)
COP coefficient of performance
DAEI/SESP  Direction des Affaires Économiques Internationales, Service Économie, Statistiques 

et Prospective, Ministry for Ecology, Sustainable Development, Transport and 
Housing (France)

DGEMP Direction générale de l’énergie et des matières premières (Directorate General 
for Energy and Raw Materials), Ministry for the Economy, Finance and Industry 
(France)

DGUHC Direction Générale de l’Urbanisme, de l’Habitat et de la Construction (Directorate 
General for Urban Planning, Housing and Construction), Infrastructure Ministry, 
Housing Ministry (France)

DSM demand-side management
ETI exterior thermal insulation
fe final energy
GHG greenhouse gases
H1, H2, H3 climate zones for thermal regulations
HSA habitable surface area
ICH individual central heating
IFP IFP Énergies nouvelles (IFPEN) (formerly Institut Français du Pétrole)
INSEE Institut National de la Statistique et des Études Économiques (France)
ITI interior thermal insulation
LPG liquified petroleum gas
MEEDDAT Ministry for Ecology, Sustainable Development, Transport and Housing (France)
MF multi-family
pe primary energy
PV photovoltaics
SF single-family
SNCU Syndicat National du Chauffage Urbain et de la Climatisation Urbaine (France)
ue  useful energy
UNFCCC United Nations Framework Convention on Climate Change
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Notes

1 Unless otherwise specified housing 
surface area refers to habitable space, 
expressed in square metres (m²).

2 Cf. Habitat et développement durable, 
étude rétrospective et prospective, Cahiers 
du CLIP, no. 13, May 2001.

3 Cf. Habitat et développement durable, 
les perspectives offertes par les énergies 
renouvelables, Cahiers du CLIP, no. 16, 
September 2004.

4 Cf. Cogénération et émissions de CO2, 
impact de la pénétration de la cogénéra-
tion décentralisée de faible puissance sur 
les émissions de CO2 en France, Cahiers 
du CLIP, no. 15, January 2004.

5 Cf. Prospective des consommations 
d’énergie et des émissions de CO2 dans 
l’habitat : les gisements offerts par les 
pompes à chaleur, Cahiers du CLIP, no. 19, 
January 2007

6 A working group at the Observatoire nation-
al sur les effets du réchauffement climatique 
(ONERC, France) has concluded that lower 
heating needs in the residential and com-
mercial/institutional sectors, on the order of 
3 to 4 Mtoe in 2050 under scenarios B2 and 
A2, would more than offset consumption for 
spontaneous added residential air condi-
tioning, an estimated 0.5 Mtoe under the 
same assumptions. Cf. Observatoire national 
sur les effets du réchauffement climatique, 
Changement climatique, Coûts des impacts 
et pistes d’adaptation, La Documentation 
française, 2009.

7 By definition the number of households 
and of primary residences are equal for 
census purposes. People living in group 
residences – students in university dor-
mitories, residents of nursing/retirement 
homes and workers’ residences – are 
recorded as living «outside of ordinary 
households» (source: INSEE).

8 Sources: Insee, situation démographique 
et projections de population 2005-2050; I. 
Robert-Bobée, Projections de population 
pour la France métropolitaine à l’horizon 
2050. La population continue de croître 
et le vieillissement se poursuit, Insee Pre-
mière no. 1089, July 2006.

9 A. Jacquot, Des ménages toujours plus pe-
tits, Projection de ménages pour la France 
métropolitaine à l’horizon 2030, Insee 
Première no. 1106, October 2006.

10 This figure refers to CO2 emissions only. 
Other greenhouse gas emissions are not 
covered by our study, which focuses on 
direct CO2 emissions. Source: CITEPA/
UNFCCC inventory, December 2008

11 Specific electricity is electricity required 
for uses that cannot be carried out using 
other forms of energy. It does not include 
hot water production, heating and cook-
ing applications, that can use other forms 
of energy.

12 Cf. Programme law relative to the imple-
mentation of the Grenelle environmental 
programme, 21 October 2008.

13 Conventional heating needs are estimated 
by adding building envelope thermal loss-
es and air renewal (leakage plus natural 
and/or mechanical ventilation).

14 See the Annex below for device COP val-
ues used to calculate energy consumption 
for heating and hot water production, and 
other devices. The highest efficiency fig-
ures are adopted for all energy equipment 
in this study.

15 We use a primary energy/electricity con-
version coefficient of 2.58, as in French 
thermal regulations. This coefficient is 
derived from a conventional IEA formula 
for an electricity mix including a large 
proportion of electricity generated by 
combustion of heating oil.

16 Cf. ADEME-EDF, Note de cadrage sur le 
contenu CO2 du kWh électrique, 2005. 
The seasonal CO2 content by type of use 
employed in this note is based on a his-
torical average for 2000–2004. This value 
should be updated to reflect changes in 
behaviour and in the composition of elec-
tricity generating capacity in France. The 
CO2 content of the net balance of electric-
ity imports and exports is also assigned 
by convention a value corresponding to 
baseload power generation in France. 
In the absence of a more satisfactory 
method, the sensitivity of our results to 
the CO2 content of electricity is discussed 
below. 

17 Cf. Yann Oremus, Les réseaux de chaleur, 
Contexte général et positionnement par 
rapport aux autres modes de chauffage, 
AMORCE, 15 October 2009.

18 Electric heat pumps are the source 
of most heat extracted from the 
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environment. Gas heat pumps are intro-
duced only in new construction, from 
2010 in multi-family buildings and from 
2015 in single-family homes, but never in 
all housing connected to the gas distri-
bution network. The COP for gas heat 
pumps is 1.44 for heating and 1.15 for hot 
water production.

19 The share of renewable thermal energy 
used for heating and hot water produc-
tion is calculated using the following 
formula: (total fuelwood+RE share for 
heat pumps+solar thermal energy)/(to-
tal heating/hot water+RE share for heat 
pumps+solar thermal energy. This value 
is expressed in GWh/year, in final energy 
and then in primary energy. The share of 
gas attributed to cogeneration electricity 
is taken into account, and deducted from 
heating/hot water consumption.

20 Cost estimates are based on construction 
company price schedules and feedback 
from worksites. Costs vary considerably, 
up to 100%, due to the highly diverse 
working conditions (site access, region, 
type of housing, etc.).

21 Cf. DAEI/SESP and DGUHC, Comptes du 
logement, 2008 edition.

22 Cf. Séminaire National EPEE I : Prévenir 
la Précarité Energétique : outils, actions 
et retours d’expérience, Paris 18/09/09 
(European Fuel Poverty and Energy Ef-
ficiency programme).

23 The Centre d’Analyse Stratégique’s En-
ergy Commission proposed mandatory 
«thermal renovation» of existing buildings, 
within 10 years, in 2007. This obliga-
tion would be imposed immediately in 
the case of multi-family buildings sold 
off unit by unit to individual owners. 
Thermal renovation means an extensive 
thermal rehabilitation of the building. 
Accompanying measures are specific 
products offered by banks to finance this 
work, and options allowing owners to 
constitute capital credit via payment of 
provisional charges, eventually subject to 
income criteria. Cf. Perspectives éner-
gétiques de la France à l’horizon 2020-
2050, Centre d’analyse stratégique, 25 
September 2007, p. 152. 

24 Cf. Pelletier report, « Rénovation des bâti-
ments existants » [rehabilitation of existing 
buildings], February 2008.

25 Is this trend being reversed due to peri-
urban development? The Teruti sur-
vey carried out in 2008 shows that the 
total area of forested lands contracted 

slightly, by 0.16%, between 2006 and 2008 
(Agreste, Chiffres et données, l’Utilisation 
du territoire en 2008, no. 208).

26 C. Ginisty, P. Vallet, S. Chabé-Ferret,  
C. Levesque, C. Chauvin, Note de syn-
thèse. Disponibilités en biomasse forestière 
pour des usages énergétiques et industriels 
en France, CEMAGREF, October 2007, 
updated December 2007.

27 Cf. Grenelle environment conference, 
operational committee no. 10, Plan de 
développement des énergies renouvel-
ables à haute qualité environnementale 
2008 – 2012 – 2020, 2008. The figures 
in this report include French overseas 
departments.

28 Cf. AMORCE document, 2009.
29 In this case electricity imports and exports 

would have to be taken into account, and 
the types of resources and generating 
plant used.

30 The CO2 content of could fall, with injec-
tion of biomethane or non-carbon hydro-
gen. Grenelle operational committee no. 
10 estimated biogas reserves at 6,5 TWh/
year in 2020, representing 1.2 of natural 
gas consumption if this segment remains 
stable at roughly 500 TWh/year (not 
including the energy industry). A more 
recent study estimates biogas potential 
at 16.2 Mtoe, or 188 TWh/year in 2050. 
This would lead to a 38% drop in the 
CO2 content of natural gas, once again 
on the basis of a total share of 500 TWh/
year (not including the energy industry). 
Cf. Etat des lieux et potentiel du biomé-
thane carburant, study carried out by 
ADEME, AFGNV, ATEE Club Biogaz, 
GDF SUEZ, IFP and MEEDDAT, Septem-
ber 2008.

31 A similar line of reasoning could be ap-
plied to hot water production.

32 P. Julien, J. Pougnard, Les bassins de vie, 
au cœur de la vie des bourgs et petites 
villes, INSEE Première, no. 953, April 2004.

33 Electricity output is not a measure of ef-
ficiency. This figure estimates the quantity 
of electricity produced for a quantity of 
fuelwood or gas burned to produce heat.

34 Electricity output is not a measure of ef-
ficiency. This figure estimates the quantity 
of electricity produced for a quantity of 
fuelwood or gas burned to produce heat.

35 In fact, our scenarios do not include the 
option of gas-fired individual central heat-
ing in new multi-family construction.

36 Production efficiency only, with storage (ac-
cumulation hot water heat efficiency = 0.7).
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◗	 Le moteur à explosion : exercice de prospective 
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◗	 L’autocondamnation : un exercice de prospective 
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◗	Capture et stockage du gaz carbonique produit par les 

activités industrielles
N°2 - Mai 1994 - x
◗	 Les enjeux environnementaux de la pénétration du 

véhicule électrique en Europe
◗	Etude comparative des émissions de polluants associées 

à l’utilisation de carburants de substitution
◗	Emissions de gaz à effet de serre : de la production 
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N°3 - Octobre 1994 - x
◗	 Le bois-énergie en France : évaluation prospective 

du potentiel mobilisable à l’horizon 2015 et ses 
conséquences sur l’environnement

N°4 - Juin 1995 - x
◗	Etude de faisabilité d’une centrale solaire en Tunisie
◗	 Impact environnemental d’une désulfuration poussée  

des gazoles
N°5 - Juillet 1996 - r
◗	Déchets-Energie-Environnement : étude propective du 

potentiel de déchets mobilisables à des fins énergétiques 
en France à l’horizon 2020

N°6 - Septembre 1996 - r
◗	 Le bois-électricité : Perspectives de développement de 

la production d’électricité à base de bois en France à 
l’horizon 2015

◗	Pollution des sols : Contamination des sols par les rejets 
d’hydrocarbures : analyse du marché de la réhabilitation

N°7 - Janvier 1997 - 2 r
◗	MDE-L’éclairage en France : diffusion des technologies 

efficientes de maîtrise de la demande d’électricité dans le 
secteur de l’éclairage en France

N°8 - Janvier 1998 - 2 r - Fr/En
◗	 Le bois-énergie en Europe : évaluation du potentiel 

mobilisable à l’horizon 2020, impacts sur l’environnement 
global et conditions socioéconomiques de sa 
mobilisation.

N°9 - Décembre 1998 - 2 r
◗	Automobile et développement durable : bilan 

environnement-matières premières 1975-2050
◗	Automobile et gaz naturel : scénarios prospectifs  

et impact sur l’environnement

N°10 - Septembre 1999 r
◗	Biomasse et électricité
◗	Géothermie des roches fracturées
N°11 - Décembre 1999 - 2 r
◗	 Le froid domestique : étiquetage et efficacité énergétique
N°12 - Mars 2001 - 2 r
◗	Parc automobile et effet de serre : agir sur le parc 

automobile pour réduire l’effet de serre
N°13 - Avril 2001 - 2 r	

◗	Habitat et développement durable : bilan retrospectif  
et prospectif

◗	 Le véhicule électrique à l’horizon 2050 : introduction du 
véhicule électrique dans le parc français des véhicules 
particuliers à l’horizon 2050

N°14 - Octobre 2001 - 2 r	

◗	 Transports à l’horizon 2030 : Le secteur des transports 
en France à l’horizon 2030 selon le scénario «Etat 
protecteur de l’environnement» du Commissariat Général 
du Plan

N°15 - Janvier 2004 - 2 r	

◗	Cogénération et émissions de CO2 : Impact de la 
pénétration de la cogénération décentralisée de faible 
puissance sur les émissions de CO2 en France

N°16 - Septembre 2004 - 2 r
◗	Habitat et développement durable : les perspectives 

offertes par le solaire thermique
◗	Emissions de particules : étude prospective sur les 

émissions de particules primaires en France à l’horizon 
2030

N°17 - Septembre 2005 - 2 r
◗	Évaluation du potentiel de capture et de stockage 

géologique du CO2 dans le monde
◗	 Les réductions potentielles d’émissions de CO2 par des 

plantations forestières sur des terres agricoles dans le 
monde à l’horizon 2050

N°18 - Janvier 2007 - 2 r
◗	Pompes à chaleur et habitat. Prospective des 

consommations d’énergie et des émissions de CO2 dans 
l’habitat : les gisements offerts par les pompes à chaleur

N°19 - Septembre 2009 - 2 r - Fr/En
◗	Eau et biocarburant 2030
◗	Water and Biofuels in 2030

2 Printed version also available - r Electronic version (Acrobat PDF) available at www.iddri.org - x Out of print
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