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SUMMARY

Under the terms of the Law of 10 February 2000, at

least every two years, RTE (Réseau de Transport

d’Electricité), working under the aegis of the

Government, establishes a multiannual Generation

Adequacy Report on the electricity supply-demand

balance in France. A new regulatory framework

specifies the methods to be used by RTE for draw-

ing up this independent technical expert report.

The Generation Adequacy Report is one of the ele-

ments used by the Minister for Energy and the

Government in general(1), to determine the

Multiannual Investment Programme (referred to by

the French acronym PPI) for investing in energy gen-

eration facilities, introduced by the above-men-

tioned law. RTE publishes the report, which also

appears on-line on the operator's website www.rte-

france.com. This principle of transparency means

that the information can be circulated to all the

players involved in the power system and helps drive

the energy debate. RTE published a previous report

in 2005, which was partially updated in 2006.

The Generation Adequacy Report is part of meas-

ures aimed at ensuring the security of the French

electricity supply. It is intended to identify the risks

of imbalances between electricity demand and the

generation supply available to satisfy it over a peri-

od of around fifteen years. Consequently, it identi-

fies the generation capacity required to meet peak

demand. The choice of generation technologies to

be developed, which is dictated by environmental

and economic concerns, is not covered by the

Generation Adequacy Report, but is a matter for the

other players involved in the French electric system,

and more generally, the orientations determined by

the PPI.

In order to carry out the analysis of the overall sup-

ply-demand balance in mainland France, RTE estab-

lishes domestic electricity demand forecasts, which

it then compares with expected developments in

the generating fleet. 

DEMAND FORECASTS

Two major developments have been observed since

2005, when the previous demand forecasts were

established.

The first concerns the drop in electricity demand

by heavy industry, which fell by 3.5% in 2005

and a further 0.8% in 2006. There has also been a

significant reduction in consumption in the energy

sector.

The second development is the reinforcement of

actions to promote energy efficiency. The new

French legislation and the European Commission is

new action plan set down concrete objectives that

also affect the electricity sector. Strengthening of

building energy regulation, tax credits granted to

equipment that is energy-efficient or uses renew-

able energy and measures to promote labelling,

Energy Savings Certificates, tend to achieve these

objectives.

This context is accentuating the trend begun two

decades ago, of a change in electricity demand

growth. The average annual growth rate currently

varies between 1 and 2%, in climate adjusted data,

and energy intensity for electricity is dropping.

In this context, demand grows by 1.3% per year

until 2010, and 1.0% over the following

decade, in the new baseline scenario used for

the Generation Adequacy Report, leading to

annual energy demand of 534 TWh by the year

2020 in France (excluding Corsica). In addition to

this baseline scenario, there are also: 

• a “high” scenario, in which electricity use is

encouraged by better price competition, with

demand rising to 552 TWh by 2020;

• a “reinforced DSM” scenario, in which the

increased effects of a Demand Side Management

policy lead to demand of 506 TWh in 2020; the

average annual rate drops below the 1% mark even

before 2010;  

Summary

The services
concerned are the
General Directorate for
Energy and Raw
Materials (DGEMP),
and specifically the
Directorate for Energy
Demand and Markets
(DIDEME).

(1) 
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• and finally a “low” scenario, which in addition to

the previous one, also includes the effects of weak-

er economic growth, limiting demand to 493 TWh

in 2020.

In the baseline scenario, growth in electricity

demand is mainly driven by the tertiary sector

(+2.3% per year until 2010), with a weaker contri-

bution by the industrial sector (+0.7% per year).

Growth in the residential sector, which remains

dynamic due to demographic effects and the devel-

opment of specific uses for electricity, is tempered

by the effects of DSM.

Electricity demand in industry is projected to

grow at a slower pace than in 2005: the differ-

ence is 5 TWh in 2010 (to which must be added the

reduction in the energy sector), and 17 TWh in

2020. For the tertiary and residential sectors, the

forecasts are rather stable: DSM compensates for an

upward revision in demographic forecasts.

RTE estimates that the effect of the DSM measures

taken into account in the baseline scenario will save

approximately 35 TWh per year by 2020. The “rein-

forced DSM” scenario includes additional measures

that enable to save around 57 TWh per year by

2020, for heating, lighting, electrical appliances and

stand-by modes demand.

Finally, it is worth noting that the demand forecasts

contained in the Generation Adequacy Report are

in line with those of the countries of northern and

western Europe, whereas those of southern and

eastern European countries remain higher.

Unlike energy forecasts, peak load forecasts are not

down on those established in 2005. Downwards

revision is mostly important for base load uses.

Conversely, specific uses of electricity, which are

more concentrated on certain times of the day, con-

tinue to rise, while electric heating, with demand

heavily concentrated on the coldest days, is devel-

oping again within the current context of energy

prices. The impact of the development of heat

pumps on peak demand must also be monitored

closely, as overall energy savings are not necessarily

accompanied by a similar reduction in cold weather

conditions.

In 2010, the peak demand which has a 1 in 10

probability of being reached is 95 GW in the base-

line scenario, and 93 and 97 GW in the “low” and

“high” scenarios respectively.

GENERATION SUPPLY

In the last two years, a large number of new gener-

ation facilities projects have appeared. Applications

submitted to RTE for connection to the Public

Transmission System since the beginning of 2005,

and for which RTE’s proposed solution was accept-

ed by the generator concerned, represent a volume

of over 13,000 MW.

Most of these projects are for Combined Cycle Gas

Turbines (CCGT): 22 units, with a cumulative capac-

ity of almost 10,000 MW. Four of these (1,700

MW), on which construction work began before 1st

June 2007, should be commissioned between 2009

and 2010(2). For the others, lacking the necessary

planning permissions or any irrevocable decision to

green-light the project, RTE cannot currently be cer-

tain that they will be carried through to completion.

This is especially true in view of the fact that the

political or economic context could influence deci-

sions on whether to build the facilities in France or

other countries. However, given the current state of

progress of authorization and planning procedures,

RTE believes it is highly likely that at least three

additional CCGTs will be commissioned in 2010 and

2011.

Concerning nuclear power, the construction of a

new EPR reactor has begun at the Flamanville site.

It is expected to be commissioned in 2012, and will

provide 1,600 MW of capacity. 

The Commissioning
dates indicated here
reflect RTE's
(prudent) estimates,
taking into account
the possibilities of
technical issues
arising during
construction and/or
during startup tests;
they are therefore
several months later
than those
announced by the
generators
themselves. 

(2) 
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Open Cycle Gas Turbines (OCGTs) are also under

construction in the greater Paris region, for a total

installed capacity of 500 MW. They should  be com-

missioned by the end of 2007 and 2008. Others are

planned for Brittany(3), and should  be commissioned

in 2010. The panoply of peak facilities installed in

France will also be completed in 2007 and 2008 by

the re-commissioning of three fuel-oil units (2,000

MW) which were mothballed during the 1990s(4).

Projects concerning coal-fired units also have a con-

nection to the PTS. However, there are still signifi-

cant uncertainties regarding their completion (local

acceptance, CO2 capture and storage, etc.). 

Inversely, the decommissioning of existing conven-

tional thermal plants, mainly under the application

of the LCP Directive(5), are inevitable: around fifteen

units, mainly coal-fired plants, representing a capac-

ity of 4,400 MW, will see their operation reduced to

20,000 hours from 1st January 2008, and will have

to be  decommissioned by 31 December 2015 at

the latest. The operation of other conventional ther-

mal units may be continued beyond 2020.

Supply from the embedded generation, the installa-

tions of which are mainly connected to the distribu-

tion networks, will also develop. Wind power has

really begun to take off (from 400 MW commis-

sioned at the start of 2005, up to 1,400 MW by the

start of 2007). However, there are a range of factors

likely to temper this development: in addition to

issues about integration into the local environment,

the dynamism of this technology in Europe and

throughout the world is currently placing a strain on

the market for machines, which is leading to higher

prices and longer delivery leadtimes. In this context,

the objective set by the PPI (13,500 MW in 2010),

incorporated into certain scenarios, is completed by

RTE with a more prudent trajectory, with figures of

5,000 MW in 2010 and 7,000 MW in 2012.

The future of Combined Heat and Power (CHP)

units is uncertain. The development of this technol-

ogy has been driven by feed-in tariff. Most of the

contracts are set to expire between 2010 and 2014.

The Government will have to decide, looking at the

electricity supply security issues involved and the

conclusions of the recent report drawn up at the

request of the Minister for Energy.  

SUPPLY-DEMAND BALANCE

Given that electricity cannot be stored and there are

various unforeseeable contingencies that can affect

both supply and demand, it is impossible to guaran-

tee with certainty that demand can be satisfied in all

circumstances. That is why the Government has set

an acceptability threshold: loss of load expectancy

(LOLE) situations, taking into account all contingen-

cies, must remain below three hours per year.

Margins available in neighbouring European power

systems also participate in the French security of

supply in reducing the risk of shortfall in France. In

the light of recent records and medium term

prospects established by the UCTE, and as a conser-

vative estimate, the balance of exchange is assumed

to be zero where shortfall situations appear in

France. It also depends on consumption shading

capacity in France: this is assumed to fall slightly

from its current level, to 3,000 MW in 2010, and

stabilise thereafter.

Comparing the demand expected under the base-

line scenario with supply already acquired (i.e. the

current generating fleet-less all unavoidable decom-

missioning and a loss of 1,000 MW of CHP in 2012

- plus generating units under construction only: four

CCGTs, one EPR and 2,000 MW of wind farms), it

appears that the supply-demand balance can be

satisfactorily maintained until 2012.

Taking into account projects which have not yet

reached the "point of no return", but which appear

highly likely to be built (i.e. three additional CCGTs,

wind farm development based on a trajectory rising

from 5,000 MW in 2010 through 7,000 MW in

2012 and all CHP maintained), again compared

with demand rising in line with the baseline sce-

nario, the balance is maintained until 2014. If

RTE has already
signed a contract to
reserve the capacity
of this particular CT,
in order to secure the
power supply to this
region.

(3) 

A similar fuel-oil 
unit was already
reconnected to the
grid in October 2006.

(4) 

Directive
2001/80/EC, on the
limitation of
emissions of certain
pollutants into the
air from large
combustion plants. 

(5) 
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demand were to rise in line with the “high” sce-

nario, the balance would be maintained only until

2012.

The security of the electricity supply in main-

land France therefore appears to be reasonably

assured for the next five years. However, all the

projects leading to this conclusion need to be

monitored very closely over the next few years:

• concerning supply: the start of work on new

CCGTs, the rate of development of wind farms (and

other RES), possible decisions to decommission CHP

units,

• concerning demand: growth in demand, notably

peak demand (for heating, heat pumps in particu-

lar), demand shading,

• concerning exchanges with neighbouring sys-

tems: development in the supply-demand balance

within these systems, and available capacities at

peak demand times in France.

Compared with the 2005 edition of the Generation

Adequacy Report, the date at which the first

requirements appear is pushed back by two years:

this is due to decisions taken over the last two years

to add new generating facilities, whereas peak

demand forecasts and the possibilities for shading

and obtaining supplies from foreign systems remain

roughly unchanged. 

An examination of energy balances over the next

five years shows that:

• energy export volumes should remain fairly stable

(65 to 70 TWh/yr),

• CO2 emissions should fall slightly.  

These two observations can be attributed to the

development of wind power and the arrival of the

new EPR in 2012. Both of these carbon-free tech-

nologies will be towards the top of the merit order

in which European generating units are called upon

to provide energy. In 2015, the decommissioning of

coal-fired units will help to reduce CO2 emissions

still further.  

Looking ahead to 2020, faced with the level of

demand expected in the baseline scenario, the addi-

tional supply required on top of that already

acquired (including the decommissioning of two

900 MW nuclear units assumed to take place after

forty years' service(6)) in order to satisfy the adequa-

cy criterion is 10,500 MW. Firm decisions to be

taken from this point and in good time depending

on the planning and construction leadtimes for

each technology, must ensure that the criterion can

be satisfied.

Among these decisions, those concerning attempts

to meet PPI targets for generation from the renew-

able generation (including 17,000 MW of wind

capacity in 2015, equivalent to 4,000 MW of ther-

mal facilities), and three CCGTs for which a commit-

ment is expected shortly, would cover a part of the

requirements. There would then be approximately

4,000 MW of thermal equivalent capacity to be

decided upon in order to meet demand under the

baseline scenario. In the “Low” and “High” scenar-

ios, the residual requirements would be 0 and

10,000 MW respectively.

Finally, it is important to remember that whatever

types of generating technology are chosen, accom-

modating these new facilities will require major

developments to the electricity transmission net-

work across France. It will also mean collectively

acknowledging the security of supply challenges

this entails.

The assumption 
that PWR units will be
decommissioned after
40 years' service is
based on a necessarily
prudent approach to
evaluating the
additional installed
capacity needed; this
decommissioning is
currently not at all
inevitable, as
decisions about
possibly extending the
reactors' working
lifetimes beyond 40
years will be taken
later by the generator,
depending on their
technical state,
compliance with
Safety Requirements,
and economic
considerations.

(6) 
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INTRODUCTION/1
PART

Under the terms of the Law of 10 February 2000, RTE

(Réseau de Transport d’Electricité), working under the

aegis of the Government, periodically establishes a mul-

tiannual Generation Adequacy Report on the electricity

supply-demand balance in France. The Decree of 20

September 2006 laid down the precise framework for

drafting the Report, its scope and the timeframes stud-

ied.

The Generation Adequacy Report is one of the ele-

ments used by the Minister for Energy, and the

Government in general(7), to determine the multiannu-

al Generation Investment Programme (referred to by

the French acronym PPI) for investing in energy genera-

tion facilities, introduced by the above-mentioned law.

RTE publishes the Generation Adequacy Report on its

website where it can be freely consulted, promoting

transparency and helping to drive the energy debate.

In certain circumstances, it may be used by players

involved in the power system as a basis for their

investment decisions.

This document is the third Generation Adequacy

Report published by RTE, following those produced in

2003 and 2005. In line with regulatory requirements,

RTE carries out a partial update every year, to take

account of developments in generation. 

1  Introduction

1.1 – FRAMEWORK OF THE GENERATION ADEQUACY REPORT

The services
concerned are the
Directorate General
for Energy and Raw
Materials (DGEMP),
and specifically the
Department for
Energy Demand and
Markets (DIDEME).

(7) 

1.2.1 – Objective

The purpose of the Generation Adequacy Report is

to identify the risks of imbalances between demand

and the generation supply of electricity available to

satisfy it across continental France, over a period of

around fifteen years. 

The first part of the Report involves estimating,

based on the current status of the overall generat-

ing fleet, the volume of electricity generating facili-

ties that need to be commissioned in order to guar-

antee the security of the French electricity supply for

the entire timeframe considered, in this case up

until 2020. 

The second part looks at how the generation supply

is most likely to develop up until 2015, and on the

basis of this, analyses the shortfall risks likely to

appear in the years ahead. Where appropriate,

alerts or messages advising vigilance will be given.

The study is completed by an analysis of sensitivity

to the hypotheses adopted. Finally, the situation of

the supply-demand balance in 2020 is explored via

a number of relatively open different scenarios. 

1.2.2 – Limitations

The Generation Adequacy Report is an exercise in

forecasting, not forward planning. In particular, it is

not designed to explore the various trajectories pos-

sible for achieving long-term targets aimed at cut-

ting CO2 emissions by a factor of four by 2050. The

scenarios it contains do not involve any major devi-

ations from actions already undertaken. On the

other hand, it is not merely a "business-as-usual"

exercise illustrating what would happen if no action

were to be taken. 

Instead it adopts an approach somewhere between

the two, taking into account the current context

and changes set in motion to build up the most real-

istic picture possible of system developments, with-

in a relatively close timeframe compatible with the

deadlines for making industrial investment deci-

sions.

The Generation Adequacy Report is a response to a

security issue, and is intended to identify the gener-

ation supply capacity needed in order to satisfy

demand peaks. The choice of generation technolo-

1.2 – OBJECTIVE AND METHOD

12
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gies to be developed, which is dictated by ecologi-

cal and economic concerns, is not a matter for the

Generation Adequacy Report, but rather for the

other players involved in the power system, and

more generally, the orientations determined by the

PPI.

Energy policy orientations form part of the input

data used by the Generation Adequacy Report. Laid

down by the so-called POPE law(8) passed in 2005

and detailed in the PPI(9) in 2006, these form one of

the contextual elements used to build the hypothe-

ses used in the Report. 

It is important to underline that the security of sup-

ply analysis requires a prudent approach to system

developments and trends. However, some of the

objectives laid down by energy policy, especially

concerning the development of renewable energy

sources and improvements to energy efficiency, are

sufficiently ambitious that it is currently uncertain

whether they will ultimately be achieved.

Consequently, they can only be considered as hav-

ing been achieved in specific scenarios, rather than

in the baseline scenario.

1.2.3 – Method 

In practice, analysing continental France's overall

supply-demand balance involves establishing fore-

casts for internal electricity demand and comparing

them with expected developments in the generat-

ing fleet.

Since electricity cannot be stored, and generation

and consumption are subject to certain unpre-

dictable phenomena, both natural (temperatures,

precipitation, wind conditions) and technical (unit

breakdowns), so-called "shortfall" situations can

arise. In this case, supply is insufficient to cover

demand, and power cuts become necessary. By

selecting a criterion defining the acceptable level of

risk of a shortfall occurring (loss of load expectation

or LOLE), it is possible to evaluate the amount of

new capacity required. 

Hypotheses relating to demand, exchanges and

developments in the generating fleet are set out in

chapters 2 to 4. Chapter 5, after clarifying the ade-

quacy criterion used, sets out the results in terms of

loss of load expectations and requirements for addi-

tional generating facilities. These results are taken

from a probability-based simulation model. In addi-

tion to the loss of load expectation, results for ener-

gy generated by each technology and export vol-

umes are also taken from simulations. They are pre-

sented for information purposes in scenarios where

they are relevant. 

The special situations of the "PACA" (Provence-

Alps-Côte d'Azur) and West regions, which do not

have sufficient generating facilities to cover their

own demand requirements, are looked at in detail

at the end of the Report. These analyses take into

account the possibilities offered by the existing elec-

tricity transmission system, and the specific context

that is hindering its development.

1.2.4 – New features

Compared with the previous Generation Adequacy

Report published in 2005, this year's edition con-

tains a number of changes:

• The scope of the present Generation Adequacy

Report is limited to continental France, and there-

fore excludes Corsica, France's overseas departe-

ments and Mayotte. In accordance with the terms

of the above-mentioned Decree, the Generation

Adequacy Reports for these systems are now fully

carried out by the operators of the island systems

concerned.

• The timeframe for the supply-demand balance

study has been extended from 2016 to 2020. 

• In order to avoid multiple results from comparing

too many scenarios, the results in terms of the sup-

ply-demand balance are presented with a focus on

a single baseline scenario, with the alternatives

being handled in the form of a study gauging sen-

sitivity to a particular parameter.

• The chapter on demand forecasts has been com-

pleted and greater detail included compared with

the 2005 Report.

13

Law defining energy
policy orientations,
adopted on 13 July
2005.

(8) 

Long-term
electricity
generation
investment
programme.

(9) 
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1.3.1 – Validity of hypotheses

The Generation Adequacy Report is based on

hypotheses for electricity demand and supply trends

produced by RTE with the aim of achieving maxi-

mum realism. These hypotheses are constructed

using information available during the first half of

2007 and indications provided by players involved in

the power system. During the course of compiling

the Report, they have been submitted to the

DIDEME, which has requested variants and comple-

mentary details where appropriate. 

The hypotheses can obviously not be considered

absolute certainties. Those which are crucial to

determining results but which are not subject to a

sensitivity study (notably decommissioning dates for

generating units, energy and carbon price trends,

etc.) are indicated in the body of the text and reser-

vations given regarding their use. 

1.3.2 – Confidentiality

In accordance with the terms of the Law of 10

February 2000, RTE is required to guarantee the con-

fidentiality of commercial information concerning

players involved in the power system. 

Whilst producing the Generation Adequacy Report,

RTE is authorised to request the information needed

from electricity system players, subject to complying

with confidentiality rules. 

In the Report, RTE therefore deliberately presents

data in aggregated form, to ensure that any sensitive

information concerning a particular party cannot be

extracted from the tables or diagrams displayed. 

Where this is not possible, the information concerned

may not be displayed. Alternatively, it may be dis-

played along with a range of uncertainty, or may be

a hypothesis specific to RTE. As a general rule, the

names of the players concerned are not shown.

Moreover, RTE is responsible for the hypotheses used

for the Generation Adequacy Report. The raw data

supplied by players may be adapted according to

RTE's own judgement, and therefore in no way rep-

resents a commitment on the part of the players con-

cerned.

1.3 – WARNINGS
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2.1.1 – The slowdown in demand growth

Growth in the demand for electricity in France

peaked in the 1980s. At that time it exceeded 11

TWh per year, or 4% of demand. This growth was

driven mainly by the context at the time, notably

the development of nuclear power plants and elec-

tric heating.

As in all industrialised countries, French economic

activity is gradually becoming less energy-intensive:

- economic activity is moving towards less "energy-

hungry" sectors (from heavy industry towards terti-

ary and service),

- technological advances and optimisation efforts

are helping to improve energy efficiency.

This phenomenon is causing electricity demand to

slow down. 

Consequently, the demand growth rate has been

falling steadily over the last fifty years, and has sta-

bilised at between 1 and 2% per year since 2000.

The energy intensity of electricity, which is defined

as the ratio of electricity demand to GDP, has also

begun to fall in recent years: less and less electrici-

ty is required to produce one unit of GDP.

2  Demand forecasts

2.1 – PREVIOUS TRENDS
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ELECTRICITY DEMAND TREND

These are
hydroelectric
facilities with an
upper and lower
reservoir, running
alternately in
generation mode
(drawing water from
the upper to the
lower reservoir,
usually when
electricity prices are
high) and in
consumption mode
(pumping water
from the lower to the
upper reservoir,
when electricity
prices are low). 

(10) 

The demand data presented in this section only concerns continental France. It may therefore differ from

most of the statistics published by RTE, which generally encompass both of the French power systems

incorporated into the UCTE: the continental French system and the Corsican system. The data refer to

gross national demand, including transmission and distribution losses, but does not include consumption

of pumped storage stations(10) and generating plant auxiliaries.
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Unless we suppose that electricity demand can devel-

op as a substitute for demand for other energy forms,

the challenges of climate change may serve to accen-

tuate this trend. RTE believes that this slowdown

reflects an underlying trend rather than a cyclical phe-

nomenon.
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2.1.2 – Weak demand growth in recent years

The following table shows the annual energy

demand trend, excluding Corsica. The adjusted

demand figures are intended to take account of cli-

matic fluctuations, the effect of load shedding or

demand response, and the extra day on 29 February

in leap years (see inset).

Over the years 2001 to 2004, adjusted demand

grew by 1.6% to 1.7% per year, equivalent to an

incremental rise of 7 to 8 TWh per year. 

Growth was much weaker in 2005 (+0.5%), and

even became negative in 2006 (-0.3%). 

This slowdown is mainly due to a significant reduc-

tion in demand by heavy industry (usually connect-

ed to the transmission system). In 2005 it fell by

3.5%, no doubt partly due to the continued mod-

erate economic growth (GDP rise of 1.2%). In

2006, the drop in demand was mainly the result of

reductions in consumption by major industrial com-

panies in the energy sector.  

At the same time, demand on the distribution net-

works, corresponding to consumption by smaller

industrial installations and the tertiary and residen-

tial sectors, continues to grow strongly (+3.4% in

2006) and is offsetting the drop in demand by

heavy industry.

Annual energy demand therefore appears to have

stabilised over the last three years.

17

DEMAND GROWTH RATE ADJUSTED FOR 

CONTINGENCIES, SMOOTHED OVER 5 YEARS

ANNUAL ENERGY INTENSITY 

(ELECTRICITY) IN KWH PER EURO

The two graphs below show the long-term trend in growth rate and energy intensity.

*excluding variations in the energy sector.

(TWh)

Gross demand

Adjusted demand

2001 2002 2003 2004 2005 2006

448.3 449.5 466.6 477.7 481.3 476.5

444.6 452.7 460.6 468.6 470.8 469.3
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Demand growth trends cannot be

ascertained to any useful extent using just

gross energy demand figures. The

fluctuations observed from one year to the

next are largely due to sensitivity to climatic

conditions:

• This is particularly true in winter, due to the
widespread use of electric heating: demand for
electricity rises by approximately 1,500 and
1,600 MW when the outside temperature falls
by 1°C. In terms of annual energy demand, the
differences may be very substantial. For
example, demand for heating during the winter
of 2006/07, which was unusually mild, was
over 20 TWh lower than that recorded the
previous year, which had been the coldest
winter since 1986/87.
• Sensitivity to temperatures in summer,
although more moderate, is nonetheless now
clearly visible and is rising as air-conditioning
equipment becomes more widely used. A rise
in temperature of 1°C causes electricity
demand to increase by 500 MW in the middle
of the afternoon, and by 250 MW at night. This
can lead to variations of around 2 to 3
TWh/year depending on actual summer
temperatures.

To a lesser extent, these fluctuations also
depend on load shedding (see paragraph
2.9.4), which is carried out when the supply-
demand balance comes under strain. The
volumes of energy shed in this way reached
more than 2 TWh/year towards the end of the
1990s, but now represent barely 1 TWh/year. 

In the light of this, it seems clear that any
analysis of demand growth requires raw data
to be adjusted to take account of fluctuations
caused by climatic conditions and the
implementation of  load shedding  by
consumers. To this end, a dataset of so-called
"normal" temperatures has been produced,
deemed to be representative of average
temperatures for every day of the year. The
hourly power demand values measured under
actual temperatures, to which are added any
volumes of demand shaded, are converted into
hourly power values which would have been
observed under normal temperatures.

Annual demand by the energy sector has also
seen fluctuations of several TWh in the past.
This is why growth rate estimates usually
exclude the energy sector.

Demand adjustment

2.1.3 – Demand by industry sector falling - tertiary sector rising

The breakdown of (adjusted) demand between the various sectors is a key element in explaining these trends.  

For industry, the overall growth in electricity demand

stands at just 1.1% on average over the last fifteen

years, compared with over 2% during the period

between 1970 and 2005. In recent years, it has even

begun to shrink.

There are several factors behind this stabilisation in

demand:

• the gradual reduction in heavy industry's share of

the French economy over the last thirty years;

• increased competition, forcing companies to relo-

Energy (TWh) Average annual growth

2001 2002 2003 2004 2005
2001-2004 2004-2005 2001-2004 2004-2005 

AAGR* AAGR TWh/year TWh/year

Industry 137 136 136 139 136 0.4% - 1.5% 0.5 - 2.0

Tertiary 107 111 111 115 117 2.3% 2.4% 2.5 2.7

Residential 128 131 134 135 139 1.8% 2.7% 2.4 3.7

* AAGR: average annual growth rate 
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cate certain pure manufacturing, energy-intensive

activities and refocus on upstream activities in France

(creating competitive clusters);

• the rise in oil and gas prices since 2005, which has

contributed to a reduction in French industrial out-

put and a fall in investments;

• the rise in electricity prices for industrial consumers

who have taken advantage of their eligibility since

February 2000: industrial consumers who previously

enjoyed attractive tariffs whilst France had an over-

capacity of nuclear power after the second oil crisis,

have seen their margin cut sharply. Market deregula-

tion enabled customers to access electricity at prices

lower than tariffs up until 2004 (less than

30e/MWh). These prices then rose rapidly and

became extremely volatile, topping 60e/MWh at

one point, before eventually returning to around the

50e/MWh mark in 2006. These variations have had

a significant impact on the electricity bills paid by

industrial consumers, whose supply contracts have

been renegotiated. Heavy industry, which consumes

large amounts of power (minerals and metals, glass,

chemicals and paper) and is directly exposed to glob-

al competition, have seen its competitiveness suffer.

In view of this, France's biggest energy-consuming

industrials formed the Exeltium consortium in 2006

(around forty companies), to negotiate lower elec-

tricity prices with generators, under contracts rang-

ing from 15 to 25 years. In addition, the Law of 7

December 2006 enables companies which have

declared their eligibility to return to a tariff closer to

that indicated in the administered tariff table(11), pro-

vided they ask their supplier before 1st July 2007, and

for a period of two years. The effects of these meas-

ures will have to be monitored.

On the other hand, in the residential-tertiary sector,

annual growth in electricity demand has been on

average 2% higher since 2001. This sustained

growth can be explained by:

• a strong rise in the number of households, and

therefore the number of homes, since 2000 (+1.3%

per year);

• a general economic shift towards the tertiary sec-

tor with strong development in services, both in the

market sector (services to companies and people)

and in the administered services sector (education,

administration, health and social action);

• a significant rise of 45% in specific electricity

demand over the period 1990-2003, with the devel-

opment of new end uses (satellite TV decoders,

broadband Internet, MP3 players, etc.);

• the continuation of below-inflation rises in regulat-

ed tariffs (Public Service Contract signed between

the Government and EDF for the period 2005-

2007), in a context where the prices of other ener-

gies (fuel-oil and gas) have risen strongly: in new

buildings, fossil fuels are being used less, in favour of

electricity, for heating. A similar trend can be seen in

existing buildings: net electric heating flows (overall

balance of installation - removal) which had been

negative since the mid-1990s, became positive again

in 2005.

Administered tariffs
are published on the
website of the French
energy regulator, CRE:
www.cre.fr . The
"transitory regulated
market adjusted rates"
(known by the French
acronym "TaRTAM")
introduced by the Law
of 7 December 2006,
are stipulated in an
Order dated 3 January
2007, available on the
same website.

(11) 

2.2.1 – The global context 

In addition to the trends observed in recent years,

the current context is marked by increasingly ambi-

tious targets for improving energy efficiency and

associated measures.

Climate change is now the main focus of energy

policy for developed countries. In its latest report,

the Intergovernmental Panel on Climate Change

(IPCC) indicated that it is economically "more prof-

itable to invest in improving the energy efficiency

of end uses than in increasing energy generation":

the best energy is that which is not used. A num-

ber of rapid, practical measures can be taken

immediately to reduce energy consumption, whilst

awaiting new technological breakthroughs such as

carbon capture and storage, which may not be

possible on an industrial scale for some time.

These efforts in favour of lower energy consump-

2.2 – ENERGY POLICY CONTEXT
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tion are automatically given greater impetus by ris-

ing energy prices and the desire to secure energy

supplies in a tense geopolitical context.

2.2.2 – The European action plan 

In January 2007, the EU Commission unveiled its

Action Plan for Energy Efficiency, which will be

implemented over the course of the next six years. 

The plan includes a series of priority measures, in

particular stringent new energy performance stan-

dards for a vast range of appliances and equip-

ment (ranging from household appliances to

industrial pumps and ventilators). In combination

with efficiency estimates and energy efficiency

classes, the minimum performance standards

should help eliminate excessively energy-hungry

products from the market, and increase consumer

awareness about the issue of energy efficiency

(implementing and amending existing prescrip-

tions: agreement with the United States for the

office equipment energy efficiency class pro-

gramme (ENERGY STAR), Eco-Labels, Ecodesign

Directive, framework directive on energy efficiency

classes). 

The action plan proposes to amend the energy

performance of buildings directive and includes

measures on insulation and heating requirements.

Minimum performance standards for new and ren-

ovated buildings will be defined: “passive” hous-

es, with very low energy consumption, will be

encouraged (via the European "Ecobuildings"

project aimed at boosting the market penetration

of innovative energy efficiency solutions for build-

ings, and the launch of the European

"Econ’home" plan to help families make energy

savings).

2.2.3 – French policy 

In France, the adoption on 13 July 2005 of the

programme law setting down energy policy orien-

tations (referred to as the "POPE" Law) defined

the framework for a new French energy policy for

the next thirty years. Among the stated objectives,

those aimed at promoting better demand manage-

ment are especially significant: 

• reducing energy intensity  by 2% per year until

2015, and by 2.5% per year between 2015 and

2030;

• improving the energy performance of new build-

ings by 40% by 2020;

• building a substantial proportion of energy plus

houses;

• promoting the use of renewable energies in

buildings: installing 200,000 solar water heaters

and 50,000 solar roof panels per year in 2010.

The 2004–2012 Climate Plan, which aimed to save

54 Mt of CO2 per year by 2010, was updated and

made more ambitious in 2006. It contains meas-

ures concerning every sector of the economy and

French daily life, designed to promote reductions

in CO2 emissions. Some of the measures directly

or indirectly affect electricity demand, notably:

• new building energy regulation (RT2005) and

following: RT2005, which came into force in 2006,

aims to improve energy performance of new build-

ings by 15% compared with RT 2000 (which itself

included a 20% improvement target) and

improves the way renewable energy sources are

taken into account. Depending on the climate

zone concerned, the maximum energy consump-

tion for heating new buildings is set at between

130 and 250 kWh of primary energy per m2 and

per year for electric heating. It also governs the

energy performance of major renovation projects.

It aims to limit energy consumption in all areas:

heating, water heating, cooling.

• transposition of the EU Directive on the energy

performance of buildings: it involves the introduc-

tion of energy performance certificates (consump-

tion in kWh per m2 and per year) for housing sold

from 1st July 2006 and rented from 1st July 2007;

• ANRU renovation programme(13); 

• increased tax credits for households: the 2005

finance law introduced a tax credit intended to

promote products with better energy perform-

ance. This credit applies to all technologies used to

improve housing: thermal insulation, windows,

equipment using renewable energy technologies,

such as solar power or wood, etc.

• introduction of energy performance certificates:

the system is based on the introduction of energy

savings obligations imposed on companies that

sell energy. The supply of certificates comes from

Ratio between 
energy consumption
(not so much
electricity) and
economic growth.

(12) 

Agence Nationale 
pour la Rénovation
Urbaine, or National
Agency for Urban
Renovation

(13) 
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companies or municipalities that adopt energy-

saving measures that go beyond their usual activi-

ty. The creation of a market for these certificates

means that the resulting economic cost for the

parties concerned can be optimised. 

• PREBAT research programme into energy in

buildings, the first five-year phase of which began

in 2005: the aim of the programme is to identify

and promote the development of innovative tech-

nologies for constructing buildings with very high

energy efficiency. The creation of the Building

Energy Foundation, with joint public and private

funding, is also intended to help attain this aim.

All these objectives are aimed at achieving greater

energy efficiency, but may also lead to substitution

between fuels (from gas or fuel-oil to electricity). 

In this context, the demand forecasts produced

already assume that this policy of improving ener-

gy efficiency will have a significant impact. As will

be made clear in the following paragraphs, in

practical terms this means the demand forecasts

adopted are lower than those seen in the 2005

Generation Adequacy Report.

INSEE Première
N°1106 "Smaller and
smaller households"
(Nov. 2006).

(14) 

INSEE Première
N°1089 Population
trends in – looking
ahead to 2050 -
scenarios SP01
(baseline) and SP08
(July 2006).

(15) 

2.3.1 – Determining factors of demand

The first stage in building demand forecasts involves

identifying the main factors that determine demand

for electricity. Unlike econometric models that

directly use these factors and the relationships

between them to ascertain demand for electricity

macroscopically, the forecast model used subse-

quently is based on an analytical representation of

consumption by end use and by sector of activity. Its

input variables are therefore much more detailed

than the determining factors presented here. The

purpose of analysing the determining factors is to

produce different consistency frameworks - "sce-

narios" - in order to then determine sets of input

variables associated with each one.

2.3.2 – Gross Domestic Product

The baseline value for the GDP growth rate over the

next decade is 2.3% per year. A variant at 1.9% is

also studied.  

This overall rate is translated differently depending

on the sector of activity concerned. In the forecasts

below, it is understood that growth is essentially

driven by the service sector, to the detriment of tra-

ditional industrial activity.

2.3.3 – Demographics and labour force

The latest statistics published by the INSEE have

been taken into account.

The above-mentioned parameters directly influence

electricity demand forecasts:

• the number of households dictates the number of

main homes,

• the active population determines the number of

employments in productive sectors, and therefore

demand by these sectors.

2.3.4 – DSM development(16)

Two variants are studied:

• a business-as-usual trend, extrapolating current

energy and environmental policies,

2.3 – CONSTRUCTION OF SCENARIOS

Low Reinforced Baseline High
DSM

(Thousands)

Population 64,984 64,984 64,984 66,882

Nr households (14) 29,688 29,688 29,688 30,095

Labour force (15) 29,338 29,338 29,338 29,735

GENERATION ADEQUACY REPORT SCENARIO – 2020 TIMEFRAME

Demand Side
Management.

(16) 
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• a development trend where environmental and

energy policies are assumed to be strengthened,

which could occur if there is an intensification in

efforts to combat climate change and meet the tar-

get of reducing greenhouse gas (GHG) emissions by

a factor of four by 2050.

The environmental variant corresponds to the fol-

lowing hypotheses:

• Reduction in travel,

• Growth in organic farming (less demand for fer-

tilisers),

• Increased recycling (affects the aluminium, steel,

glass and paper industries),

• Urban concentration (denser residential areas limit-

ing car journeys and capitalizing on network energy).

It is consistent with:

• a high impact of building energy regulations,

• significant development in solar power,

• high prices for all types of energy,

• significant exploitation of energy savings possibil-

ities in uses other than heating.

2.3.5 – Hydrocarbon prices

Under the baseline scenario, oil and gas prices are

assumed to stabilise at their current high levels ($50

per barrel). The Report also looks at a scenario

where prices are sustained at a very high level ($100

per barrel), which would weigh heavily on world-

wide economic growth.

2.3.6 – Hydrocarbon - electricity price 

correlation

Two variants are studied:

• a variant where electricity prices do not follow the

rise in gas and oil prices, either because generating

costs are not correlated with those of fossil fuels, or

because of regulated tariffs, 

• a variant where the general rise in energy prices is

passed on directly to electricity prices, which corre-

sponds to the trend observed in a European market

context.

These variants impact differently on substitutions

between energy forms, and on the use of reinforced

DSM, if electricity prices rise to very high levels (i.e.

if they are correlated with very high hydrocarbon

prices).

2.3.7 – Scenarios adopted

Four different scenarios have been adopted for

demand up to 2020. When constructing these sce-

narios, RTE sought to find the most useful compar-

isons between the hypotheses used for all the deter-

mining factors of demand.

The "Baseline" scenario adopts the baseline

hypothesis for each of the determining factors. 

The "High" scenario adopts all of the hypotheses

that involve increased demand, including the variant

with high demographic growth and low electricity

prices, encouraging a more market-oriented devel-

opment trend.

The "Reinforced DSM" scenario only differs from

the "Baseline" scenario in terms of strengthened

environmental policies.

The "Low" scenario adopts all of the hypotheses

that involve lower demand, including GDP at 1.9%

and very high energy prices, encouraging strong

DSM efforts. 

GDP Demographic DSM Hydrocarbon Correlation 

growth hypothesis development prices hydrocarbon - 

elec. prices

High 2.3% High Moderate High Weak

Baseline 2.3% Central Moderate High Strong

Reinforced DSM 2.3% Central Strong High Strong

Low 1.9% Central Strong Very high Strong

GENERATION ADEQUACY REPORT SCENARIO
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The Generation Adequacy Report is an exercise
in forecasting, not forward planning. Demand
forecasts are established to illustrate how
electricity demand is likely to develop in the
light of the current context and decisions or
policies already adopted. It is not an exercise in
forward planning, which would aim to illustrate
how things would develop if a particular
decision were taken. For example, the Report
does not contain any scenarios indicating what

would happen if deliberate efforts were made
to substitute electricity for other forms of
energy (e.g. moving toward electric vehicles),
or if electricity use were to be drastically
reduced (e.g. by eliminating electric heating).
Unlike the more prudent trend-based
scenarios used in this Report, such "change
scenarios" form part of a longer-term approach
(for example looking at the issue of reducing
GHG emissions by a factor of four by 2050).

Forward planning and forecasting

Annual energy demand forecasts are established on

the basis of a sectorial model. Energy demand by

each sector or end use is estimated by the multipli-

cation of "extensive" variables - quantities pro-

duced, surface area heated, number of equipment

per home, etc. – and "intensive" variables – usually

unit consumption per unit produced, per m2, per

home, etc. 

Industrial, tertiary and residential are the three main

sectors for electricity demand. They each have an

equivalent weight. To them should be added the

transport, agricultural and energy sectors, which

consume less power.

To provide input data and exploit this forecast

model, RTE relies on the CEREN, the Centre for

Economic Research in Energy. Statistical studies are

carried out to align these variables with past data.

They are then projected into the future for the vari-

ous scenarios previously established, taking into

account current trends and likely developments

based on the determining factors adopted.

Wherever possible, the projections rely on informa-

tion gathered from the economic players con-

cerned. 

The demand forecasts obtained in the four scenar-

ios studied are set out in detail in Appendix 1. They

are summarised in the following table:

2.4 – GLOBAL ENERGY FORECASTS

2010 timeframe                                                           2020 timeframe

TWh/year

2004 Low Baseline DSM High Low Baseline DSM High

Industry 138.5 139.4 141.1 143.6 144.2 144.3 149.1 155.6 157.2

Tertiary 114.7 123.1 126.1 131.2 131.9 129.9 135.8 150.2 153.3

Residential 134.8 141.7 142.1 144.1 148.4 150.2 151.1 156.1 168.5

Transport 10.6 11.9 11.9 11.9 11.9 14.1 14.1 14.1 14.1

Agriculture 6.2 6.4 6.4 6.4 6.4 6.6 6.7 6.7 6.7

Energy 32.9 24.4 24.4 24.4 24.4 15.7 15.7 15.7 15.7

Losses 30.9 31.4 31.7 32.4 32.8 32.4 33.2 35.0 36.3

Internal demand 468.6 478 484 494 500 493 506 534 552

DEMAND FORECASTS BY SECTOR
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Under the "Baseline" scenario, demand by the

industrial sector grows at a moderate rate of 0.7%

per year. The tertiary sector, with an average annu-

al rate of 2.3% until 2010 and 1.4% during the fol-

lowing decade, drives the growth in electricity

demand. In the residential sector, the growth rate is

currently still high. However, demand management

efforts initiated several years ago are assumed to

cause growth to slow down, bringing the average

annual rate back to 1.1% until 2010, and 0.8%

thereafter.   

Under the "Baseline" scenario, total energy

demand rises on average by 1.3% per year

over the period 2004-2010, and by 1.0% there-

after. That represents initially 6, and then 5 TWh

per year of additional electricity demand.

Annual adjusted
Average Annual Growth Rate*

energy in TWh 

2006 2010 2020 2004-2010 2010-2020
2004-2010 2010-2020

TWh/year TWh/year

High 500 552 1.5% 1.2% 7 6

Baseline 469,3 494 534 1.3% 1.0% 6 5

Reinforced DSM 484 506 0.9% 0.7% 4 3

Low 478 493 0.7% 0.5% 3 2

GAR 2005 – R2 ** 506 550 1.5% 1.2% 7 6

* calculation without variations in the energy sector.
** baseline scenario from the 2005 Generation Adequacy Report (referred to as R2), with "Corsica excluded" to align with the new scope of the 2007 Generation Adequacy Report.

DEMAND SCENARIOS
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The energy sector includes the specific activity of

uranium enrichment. The change in the enrichment

process (move from gaseous diffusion to centrifuga-

tion) will be accompanied by a very significant drop

in demand for electricity when the existing plant is

shutdown (around 2012). 
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2.5.1 – Method-related issues

The effect of Demand Side Management (DSM)

measures is taken into account in the demand fore-

cast scenarios used in the Generation Adequacy

Report, by altering the input variables used in the

forecast model. For example, unit consumption is

reduced in scenarios where DSM is reinforced.

Alternatively, the proportion of electricity in thermal

end uses is reduced due to the penetration of

equipment using renewable energy sources. 

Each DSM measurement taken separately serves to

reduce end consumption. For example, improved

home insulation (effect of building energy regula-

tion) reduces unit consumption for heating. If, at

the same time, heat pumps are also installed

(encouraged by tax credits), the unit consumption

of housing will be even lower. However, it would

not be relevant to aggregate the elementary gains

from each of these measures. The approach adopt-

ed has the advantage of presenting unit consump-

tion values resulting from the combination of the

different DSM measures taken in their technical and

economic context, which is a sign of the consisten-

cy of the global demand values obtained using the

model. 

Another method, not used here, involves establish-

ing a simple business-as-usual scenario without any

DSM measures, and quantifying the elementary

impact of various possible or planned DSM meas-

ures. The avoided demand resulting from the accu-

mulation of DSM measures is then subtracted from

the business-as-usual scenario. This method pro-

vides a clearer picture of the effects of DSM meas-

ures, but risks generating global demand values

2.5 – IMPACT OF DEMAND SIDE MANAGEMENT 
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with no guarantee of consistency. It can cause the

total reduction in demand to be overestimated by

"double counting" or by the failure to take account

of "rebound effects"(17).

To return to the method used here, the effect of

DSM measures is therefore present in all four sce-

narios. However, it is difficult to isolate it from the

other effects that can alter input variables. For

example, in the case of a reduction in unit con-

sumption, it is subjective to distinguish the portion

resulting from deliberate DSM measures (e.g. build-

ing energy regulations) from that produced by

straightforward technological advances, independ-

ently of any measures. It is also difficult to distin-

guish the cause of a reduction in unit consumption

where it is the result of both regulatory and price

effects. The quantification of the effect of DSM

measures presented in this chapter must therefore

be considered as an estimate to be used with cau-

tion.

2.5.2 – Quantification of the effect of DSM 

in the different scenarios

None of the forecast scenarios presented in the

Generation Adequacy Report is a basic "business-

as-usual" scenario in the strict sense, indicating

what electricity demand would be if no DSM meas-

ures had not already been undertaken. On the other

hand, all the scenarios take account of the effects of

DSM measures, but with varying degrees of effec-

tiveness and future reinforcement. 

Under both the "Baseline" and "High" scenarios,

DSM measures are assumed to have only a moder-

ate effect. For example, building energy regulations

and their reinforcements are present in these sce-

narios, but their effectiveness is limited to 50% of

their official target.

Under the "Reinforced DSM" and "Low" scenarios

(the latter including all DSM measures), the same

measures are reinforced. For example, building

energy regulations are assumed to meet 100% of

their targets.

To quantify the extent of DSM effects in the various

scenarios, an estimation is made of what demand

would look like by putting all the variables sensitive

to DSM measures back to their initial values with no

DSM measures whatsoever (in effect creating a

business-as-usual scenario, with no building energy

regulations, tax credits, efficient lighting, etc.). The

volumes of demand reduction attributable to DSM

are then deducted from that. They are presented in

the table below.

It is clear that the reductions are mainly brought

about, in decreasing order of importance, by the

following factors:

• improvements in the energy efficiency of equip-

ment, especially household appliances, and techno-

logical advances,

• the effects of building energy regulations on heat-

ing and air-conditioning,

• more widespread use of efficient lighting,

• the effects of tax credits and other fiscal measures

(regional subsidies, etc.),

• the effects of energy performance certificates. 

Behavioural effect
liable to limit the gains
allowed by technology:
a technical
improvement provides
a reduction in
demand, which results
in a reduction in
energy bills, which can
in turn encourage less
energy efficiency
behaviour.

(17) 
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It should be noted that DSM measures are already

largely included in the "Baseline" scenario. In the

case of the residential sector, this is particularly true

of efficient lighting and improvements in the ener-

gy performance of household appliances. 

A detailed analysis of the hypotheses on which

these estimates are based can be found in

Appendix 2.

ESTIMATION OF THE GLOBAL EFFECT OF DSM MEASURES BY 2020

Low DSM Baseline High

(TWh)

Industry - 4.8   - 8.7   - 2.5   - 2.5   

Tertiary - 19.7   - 21.7   - 9.5   - 10.0   

of which Heating - 3.7   - 4.6   - 2.9   - 3.4   

of which Air-conditionning -  3.0   - 3.2   - 1.1   - 1.2   

of which Lighting - 7.0   - 7.7   - 2.9   - 2.9   

of which Other specific uses - 5.3   - 5.5   - 2.0   - 2.0   

Residential - 27.9 -  27.0 - 22.8 - 22.5

of which Heating  - 7.0   - 7.0   - 4.7   -  5.4   

of which water heating - 1.7   - 1.7   - 1.8   - 1.9   

of which Cooking - 3.1   - 3.1   - 3.1   - 3.5   

of which Lighting - 3.9   - 3.7   - 3.4   - 3.1   

of which Household appliances (washing+fridges) - 9.1   - 8.7   - 8.0   - 7.4   

of which Other specific uses - 3.2   - 2.8   - 1.9   - 1.1   

Total DSM effects - 52.4 - 57.4 - 34.8 - 35.0

2.6.1 – Reasoning for downward revision

As explained in the previous chapters, two major

trends have been observed since the demand fore-

casts established in the Generation Adequacy Report

published in July 2005:

• the slowdown in demand by the industrial sector

observed in 2005 and to a lesser extent in 2006,

along with the drop in demand by the energy sec-

tor;

• and the acceleration of efforts to implement a

deliberate DSM policy, both in terms of its targets

(reduction in energy intensity fixed by the POPE Law)

and in terms of the actions undertaken (building

energy regulations, energy performance certificates,

tax credits, etc.)

Whilst the targets set for energy efficiency apply to

all forms of energy, the nature of the actions initiat-

ed thus far shows that there is presently no determi-

nation to exclude electricity demand from the efforts

to be undertaken. This point is also confirmed by the

update to the climate plan and the more restrictive

allocations of CO2 quotas, from which the electrici-

ty sector is not given any special dispensation.

These trends have proved to be moving faster than

initially indicated by the analyses. Work on the PPI

(Multiannual Generation Investment Programme) in

2005 actually confirmed the forecasts established by

RTE at the time. Their inclusion in the 2007

Generation Adequacy Report naturally has the effect

2.6 – COMPARISON WITH THE PREVIOUS GENERATION ADEQUACY 
REPORT PUBLISHED IN 2005
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of repositioning the demand forecasts at a lower

level than in 2005. 

Three scenarios were published in 2005: a high sce-

nario R1, a baseline scenario R2, and a low scenario

R3. The new "Baseline" scenario is now situated

midway between the old baseline R2 and the old

environmental R3 scenarios. The "High" scenario

adopted in the 2007 Report does remain close to

the old baseline scenario, however. 

2.6.2 – Comparison between the R2 scenario

from the 2005 GA Report and the "Baseline"

scenario in the 2007 GA Report

• Scope excl. Corsica:

Before the demand forecasts established in the

2005 and 2007 Generation Adequacy Reports can

be compared, they need to be adjusted to apply to

the same demand scope. This is partly because the

forecasts contained in the 2007 Report do not

include Corsica, which represents 2 TWh of

demand. 

• Energy sector: readjustment following reduction

observed in 2006

The second adjustment concerns the 2010 time-

frame, for which demand by the energy sector,

mainly for uranium enrichment activity, has been

revised downward.

• Industry: readjustment and downward revision of

the trend 

This is the main reason for the downward revision.

The new forecasts include the substantial reductions

already observed in heavy industry in 2005 and

2006, and take note of this trend in the years

ahead, so that the rate of growth in the industrial

sector is revised downward. This leads to a down-

ward revision of 5 TWh in 2010 (the slowdown in

2005-2006 accounts for nearly all of this) and 17

TWh in 2020, by extrapolating the trend.

DEMAND FORECASTS – 2007 GA REPORT (EXCL. ENERGY SECTOR)
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• Tertiary: rise in activity offset by DSM

The downward revision in heavy industrial activity

resulted in the figures for light industry and the ter-

tiary sector being revised upward (since overall

growth in GDP is assumed to remain stable). The

tertiary sector therefore drives demand growth in

the next fifteen years, with a growth rate slightly

higher than that of the previous Generation

Adequacy Report.

However, with an equivalent level of economic

activity, these sectors consume less energy than

heavy industries. In addition, they are more sensitive

to DSM measures implemented.

Reinforcements in DSM measures since the previous

forecasts were made substantially offset the switch

of activity to the tertiary sector, so much so that the

level of demand predicted for 2010 remains

unchanged from the previous forecasts, whilst

expected demand for 2020 has been raised by just

2 TWh.

• Residential: demographic expansion offset by DSM

The inclusion of new statistics published by the

INSEE (population rise compared with the 2005 GA

Report scenarios) leads to a rise in demand by the

residential sector. This rise is nonetheless offset by

the inclusion of measures to improve energy effi-

ciency, which serve to moderate demand growth.

Consequently, the 2007 forecasts are stable com-

pared with those established back in 2005.

• Losses 

The lower final demand leads to a mechanical

reduction in the level of losses on the network, of

about 1 TWh in 2010 and 2020.

• Summary

The table below summarises the explanation for the

downward revisions in demand forecasts.

2010 2020 Observation
(TWh)

2005 forecast – R2 508 552 incl. Corsica

2007 forecast – "Baseline" 494 534 excl. Corsica

Difference - 14 TWh - 18 TWh

Readjustment Corsica - 2 - 2

Energy sector - 6 0

Industry - 5 - 17
Slowdown since 2005,  

trend revised downward

Tertiary 0 + 2
Rise in activity 

offset by DSM

Residential 0 0
Demographic expansion 

offset by DSM

Losses - 1 - 1
Effect of previous 

reductions

COMPARISON OF 2005 AND 2007 FORECASTS
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The purpose of this section is to examine the posi-

tioning of the demand scenarios contained in the

Generation Adequacy Report as compared with

those established by a number of other parties. The

information quoted here is in the public domain,

and in most cases can be accessed via the Internet.

The authors are not responsible for any comments

made on the information here.

2.7.1 – The different approaches 

The demand scenarios contained in RTE's

Generation Adequacy Report are "forecasts". They

are of course subject to significant uncertainties, as

any forecast is by nature fallible. However, the deci-

sion to use this particular word rather than any

other underlines the effort that has been made to

ensure the scenarios are as realistic as possible: the

aim is to establish a "best estimate" of the most

likely state of the power system in the future. In this

approach, RTE, as an independent Transmission

System Operator, is careful to observe principles of

neutrality in relation to the other players involved in

the power system.

Although a range of different approaches are used

in this field, two in particular tend to be more wide-

ly adopted than any other.

The first is the "business as usual" approach. This

approach does not involve describing how the situ-

ation is likely to develop. Instead, it attempts to illus-

trate what would occur if nothing were done and

business continued as usual, i.e. if no measures

were taken to alter the course of events from the

time at which the exercise is carried out. This type

of scenario is used as a benchmark to estimate the

stakes attached to decisions that need to be taken

in order to achieve an objective different from the

natural trend.

The second method commonly used is the "forward

planning" approach. This involves describing how

the situation could potentially develop if certain

measures are taken to influence the course of

events. This is a very open-ended approach, insofar

as it can illustrate measures with very different

objectives. This category includes, for example, sce-

narios designed to illustrate the trajectories possible

for meeting targets to cut CO2 emissions in four by

2050. As regards electricity, it also includes scenar-

ios assuming strong growth in electricity demand

driven by low-carbon generation, or alternatively

scenarios with reduced demand due to extensive

energy efficiency policies. The purpose of these sce-

narios is to illustrate the effects of different policies

and help with the decisions that need to be made.

Some are openly associated with militant positions

in the energy policy debate.

2.7.2 - The scope of the study

Assuming that the positioning of the different exer-

cises is known, there is another pitfall to be avoided

before the different scenarios can be compared,

namely possible differences in the scope of the

study. It is important to determine whether certain

key factors are included in the scope of the study,

such as:

• Corsica and the French overseas departements,

• losses on the networks,

• pumping,

• demand by the energy sector,

• demand by power plant auxiliaries.

One final point needs to be underlined: certain sce-

narios are presented in toes (Tonnes of oil equiva-

lent), so that they can later be incorporated into the

overall energy demand trend. Care must be taken

when converting toes into TWh, as the conversion

factor varies depending on whether the criterion

used is final demand or electricity generation.

2.7.3 - Example comparison

To illustrate the above, we will compare the demand

scenarios from the 2007 GA Report with those

drawn up by the DGEMP in its forward planning

studies of energy demand. These scenarios have

been chosen due to their value as benchmarks

established by State bodies.

The purpose of the study(18) carried out by the

DGEMP in 2005 was to establish a baseline busi-

ness-as-usual scenario for 2050 and a "factor 4"

scenario allowing greenhouse gas emissions to be

cut by a factor of four compared with 1990 levels,

2.7 – COMPARISON WITH EXTERNAL SCENARIOS

"Energy forward
planning study for
France" - Final Report –
Energy Observation Unit
– DGEMP – 01-02-2005

(18) 
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with intermediate projections for 2010, 2020 and

2030.

The business-as-usual scenario corresponds to an

energy demand trend that extends previous trends

and where no new policies are adopted. The main

hypotheses adopted were as follows: GDP at 2.3%,

the INSEE projections from 2003, oil prices at $30

per barrel.

To complete this exercise with an alternative repre-

sentation, we have used as an example the compar-

ison with the scenarios established by the associa-

tion négaWatt, which works to promote reductions

in electricity demand. These scenarios were set out

in the public debate about the EPR reactor and

cover a scope similar to that of RTE.

NégaWatt presents a first business-as-usual scenario

which displays much the same trends as that of the

DGEMP. A second scenario aims to reduce electrici-

ty demand by relying on principles such as energy

efficiency (buildings, transport, equipment) and

large-scale development of renewable energy

sources. It goes so far as to suggest eliminating elec-

tric heating altogether.

The following graph shows the relative positioning

of these various scenarios.

The scenarios used in the current Generation

Adequacy Report lie within a range between the

DGEMP's business-as-usual scenario and the

négaWatt scenario (though they are somewhat fur-

ther away from the négaWatt scenario). 

More specifically, it is interesting to note that the

"High" scenario from the GA Report follows the

same path as the DGEMP's business-as-usual sce-

nario for the initial period at least (until 2010), before

dipping thereafter. Moreover, the "Reinforced DSM"

scenario lies on the same level as the DGEMP's

"Factor 4" scenario, which would position it on a

similar trajectory as for long-term energy policy tar-
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gets.  The fact that RTE's "Baseline" scenario lies

between the two is an indication that the exercise is

indeed as realistic as expected.

This reassuring observation is backed up by the fact

that the methods used to produce the DGEMP and

RTE's scenarios are based on radically different

approaches: the first uses an econometric model,

whilst the second uses an analytical sectorial model.

To build these scenarios, the DGEMP and RTE each

rely on different consultancies.

To complete this comparison, it is interesting to

position France's electricity demand growth fore-

casts in relation to those of neighbouring countries.

Despite the structural differences in demand (elec-

tric heating is more widespread in France), the rela-

tive uniformity in living standards and economic

growth levels makes such a comparison pertinent.   

For the purposes of the comparison, we refer to the

work of the Union for the Coordination of

Transmission of Electricity (UCTE), the association of

network operators on the European Union conti-

nental system. It provides technical coordination

between operators and regularly publishes statistics

and forecasts concerning developments in the

power system. In this respect, it publishes demand

forecasts(19) shown on the map below. 

In recent years, electricity demand growth has been

slowing in northern and western Europe, and now

stands at between 1 and 2% per year, or even less

in some places. Consequently, the rate of growth in

the "Baseline" scenario for France (1.3% until

2010) lies in the average of the rates adopted in

western European countries, and is higher than

those adopted in Germany (+0.4% over the next

few years) and the UK (+0.7% per year for the next

five years under the central scenario, with upper

and lower scenarios at 0.1% and 1.6%).

Demand growth is more marked in southern Europe

(Spain, Portugal, Italy, Greece) where economic

growth remains dynamic and summer electricity

uses (air-conditioning) are developing, so much so

that demand peaks in those countries are starting to

occur in summer rather than winter. 

It is also very sustained in the east, due to the strong

economic growth in the new EU Member States.

2.8 – COMPARISON WITH OTHER EUROPEAN COUNTRIES

UCTE - system
adequacy forecast
2007-2020 

(19) 

DEMAND GROWTH BY 2010
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The issue of the security of the supply-demand bal-

ance, which lies at the heart of the Generation

Adequacy Report, is dependent on the demand for

power at winter peaks. Since electricity cannot be

stored, generation must be equal to demand at all

times. This requires installing sufficient generating

facilities to satisfy the maximum demand.

2.9.1 – Actual demand peaks recorded

The table below shows the evolution of demand

peaks recorded in France (excluding Corsica) every

year between 2001 and 2006.

2.9 – POWER LEVEL FORECASTS

The maximum demand level achieved to date in

France is 86.3 GW. It was recorded at 7pm on Friday

27 January 2006, when the average temperature in

France was -1.1°C, and no demand response load

shedding by consumers had been requested. 

Demand came close to that level again last winter:

the load at 7pm on Thursday 25 January 2007 was

85.8 GW, when temperatures were close to those

observed the previous occasion (average tempera-

ture in France of -1.2°C). However, unlike the previ-

ous year, consumer load shedding was activated

across France, reducing demand by a value estimat-

ed at just over 2.3 GW. 

2.9.2 – Peak load forecasts

Load demand forecasts are established on the basis

of annual sectoral energy forecasts, as they have

just been presented. For each sector, annual energy

is converted into loads at each hourly point of the

year using standard load curves, deducted from the

load profile observed in the sector in recent years.

The total load per hourly period is then built up by

adding together the load curves for each sector.

Climate-sensitive uses (electric heating in winter

mainly, but also air-conditioning in summer) are like-

ly to induce significant load deviations depending

on the outside temperature. Although it provides

valuable information, the load corresponding to

normal temperatures alone cannot validly claim to

represent these uses. To take account of the wide

range of possible climatic situations, a set of annu-

al temperature datasets is put together, and

demand by heated or air-conditioned buildings is

estimated for each hourly period in each of these

datasets. 

Two figures are used to determine the level and dis-

persion of maximum loads likely to be reached in

the coming years:

• the peak under normal temperatures: this is situ-

ated at 7pm on a working day in early January

(when the normal temperature is lowest); since the

normal temperature is the average of the tempera-

tures recorded for a given day, and the distribution

of temperatures is (almost) symmetrical around this

average, the value of the peak at normal tempera-

tures has practically a one in two chance of being

exceeded on every working day of January, and just

under a one in two chance of being exceeded on a

working day in December or February.

• the "one in ten" peak: this is the load which has

a one in ten chance of being exceeded during at

least one hour over the course of the winter; or, put

another way, the load reached under climatic condi-

tions which only occur on average once every ten

years. It is estimated from hourly load curves estab-

lished for all the temperature datasets: first, we

identify the annual maximum load from each of

2001 2002 2003 2004 2005 2006

Maximum power (GW) 79.6 79.7 83.5 81.4 86.0 86.3

Date max achieved (17/12) (10/12) (9/01) (22/12) (28/02) (27/01)

ACTUAL DEMAND PEAKS RECORDED
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them; then, from along those maximum values, the

one situated in the ninth decile of the distribution.

The "one in ten" peak gives a fairly realistic indica-

tion of the level of supply that needs to be devel-

oped.

The evolution of these two factors over time is

shown in the table below, for the "Baseline" sce-

nario:

2.9.3 – Comparison with load forecasts from

the 2005 Generation Adequacy Report

These load forecasts, notably those with a "one in

ten" chance of occurring in the "Baseline" scenario,

are very close to those established for the previous

Generation Adequacy Report, unlike the energy fore-

casts which have been revised downward. This diver-

gence between the behaviour of annual energy values

and peak loads comes from substantial differences in

the structure of demand.

On the one hand, the drop in demand by heavy indus-

try affects uses with a relatively flat load profile (base-

load uses). Their relative reduction has the effect of

accentuating the load profile of overall demand.

On the other hand, specific uses for electricity contin-

ue to drive growth, whether in the tertiary or the res-

idential sectors. These specific uses tend to be more

concentrated on periods of the day where activity is

high and therefore contribute to increase demand

peaks.

Finally, the development of electric heating is current-

ly high, notably due to the relatively low price of elec-

tricity compared with other forms of energy. This sea-

sonalised use accentuates demand peaks, including

(see insert) in case of widespread use of heat pumps.

For the values recorded in 2005/2006, the normal

temperature peak corresponds to the observations,

adjusted to take account of temperatures and load

shedding. The "one in ten" peak is estimated from

the set of climatic datasets used for forecasts.

According to the various demand scenarios built up,

the expected "one in ten" loads vary substantially:

(GW)
2005-06 2009-10 2014-15 2019-20

Peak at normal temperature 79.5 83.5 86.6 90.9

"One in ten" peak 90.5 95.0 98.6 103.4

PEAK LOAD FORECASTS UNDER THE "BASELINE" SCENARIO

"ONE IN TEN" PEAK LOAD FORECASTS

( GW)
2005-06 2009-10 2014-15 2019-20

"High" scenario 97.0 102.4 108.9

"Baseline" scenario 90.5 95.0 98.6 103.4 

"Reinforced DSM" scenario 92.8 94.5 97.5
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2.9.4 – Demand response or load shedding by

consumers

Consumers can take certain actions to reduce loads

at extreme peaks, either by using another form of

energy for some uses at those times (dual-energy

heating, for example), or by waiting and using elec-

tricity at a time when overall demand is lower. This

consumer response, known as peak load shedding,

is one of the standard instruments used to regulate

the supply-demand balance, along with modulation

of output by generating facilities.

The first load shedding mechanism to be used his-

torically, and still the most important in terms of its

ability to reduce demand, is based on a system of

differentiated price rates. The principle of the EJP

(French acronym meaning "Peak Day Load

Shedding”) rates and their successors, called

Tempo, is to charge very high prices over 22 periods

of 18 hours, which the energy supplier fixes at his

own discretion, informing consumers the day

before, every year between 1st November and 31

March. To compensate for this, consumers are given

access to more attractive prices outside these peri-

ods. Prior to market deregulation in 1999, these

rates freed up capacity of 6,000 MW. Since reserved

Heat pumps are pieces of equipment that draw
heat from the outside environment
(atmosphere, ground or water), at low
temperature, and move it to another location
at a higher temperature, usually to heat
buildings or provide hot water. The ratio of
useful heat movement to work input is referred
to as the coefficient of performance (COP),
which usually has a value somewhere between
2 and 4: to provide 1 kWh inside a home,
generally only around 0.25 to 0.5 kWh of
electricity is required, with the remainder
being supplied (free) by the outside
environment. The energy efficiency of heating
using heat pumps therefore appears far better
than that of a typical electric resistance heater
(where 1 kWh of electricity is needed to
produce 1 kWh of useful energy) or fuel-
burning boilers (around 1.2 to 1.4 kWh of fuel,
given the efficiency of boilers, for 1 kWh of
useful energy).

This conclusion does, however, need to be
qualified in the case of very cold weather.
First, the coefficient of performance is not
constant. It falls when there is an increase in
the temperature difference between the source
environment and the location to which the heat
is transferred. This effect is particularly
noticeable with heat pumps that draw heat
from the atmosphere (two-thirds of those
installed in France recently). Moreover,
optimising the size of heat pumps of all kinds
causes a saturation phenomenon to appear: up

to a certain threshold, heat requirements are
partially satisfied by the outside environment;
beyond this threshold, any additional
requirements must be entirely met by another
source of energy, either electricity (almost all
heat pumps sold are equipped with an
electrical resistance designed to supply backup
energy when the heat pump is unable to supply
all the heat required), or another fuel (a
solution which may be used in existing homes,
keeping boilers already installed along with the
heat pump).

Since they only appear in situations occurring
on a few days every year, these phenomena do
not significantly affect the benefits of heat
pumps in terms of annual energy demand. If
the backup energy used were entirely electric,
it would nonetheless produce a much more
contrasting load profile than that of electric
heating via resistance heaters: for the same
volume of annual energy consumed
(corresponding to more housing, even if less
well insulated) the load demand would be
lower on mild or moderately cold days, but
higher on very cold days.  

It is therefore of great importance to monitor
closely the development of heat pumps, which
has already begun strongly (53,500 heat
pumps installed in France in 2006, more than
twice as many as the previous year) and is
boosted by eligibility for tax credits and the
allocation of Energy Performance Certificates.

Heat pumps
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for non-eligible customers(20), or those who have not

invoked their eligibility, they only freed up 2,800

MW during the winter of 2006/07. However, some

eligible consumers have retained their ability to

reduce their consumption at the supplier's request,

adding another 1,000 MW of load shedding poten-

tial, available at any time of the year, with no restric-

tions on the duration of use.

The initial phases of the market deregulation

process therefore resulted in a significant erosion of

load shedding. The main question for the future is

what will happen to the remaining load shedding

capacity after 1st July 2007, when the markets are

opened up to all consumers.

In the short term, with the Law of 7 December 2006

having extended the existence of regulated rates

beyond 1st July 2007, it will likely be maintained at

its current level for consumers in the residential sec-

tor. The "transitory regulated market adjusted

rates" (known by the French acronym "TaRTAM")

will even temporarily allow operators to claw back

some of the load shedding potential lost since

1999, as some consumers who opted for this new

regulated rate have also signed up to the EJP

option. However, the sustainability of these provi-

sions over time is by no means guaranteed. The

TaRTAM, in particular, may only be used for a peri-

od of two years. 

Other mechanisms also theoretically allow load

shedding, the prime example being consumer par-

ticipation (especially major consumers) in the

Balancing Mechanism(21) (BM), where they are able

to submit "upward offers" (given that, from the

point of view of balancing, load shedding is equiva-

lent to increasing generation supply). Also, RTE

sometimes signs load shedding contracts directly

with consumers, under Article 4 of the Law of 9

August 2004. These possibilities, already available at

present, are nonetheless not widely used.

In the longer term, replacing metering equipment at

end users' sites with more modern hardware with

new features (intelligent meters) will probably allow

more accurate load management. Before these

meters can be installed widely, they must first be

put through large-scale tests in 2009 and 2010.

Consequently, there is as yet no way of knowing

precisely which features they will contain, or indeed

how energy suppliers will be able to use them.

In light of these uncertainties, the prudent hypoth-

esis adopted for the purposes of this Generation

Adequacy Report assumes that the potential for

load shedding will continue to be eroded (for all cat-

egories of consumers taken together) down to 

3 GW in 2010, and will remain stable thereafter. 

The Balancing
Mechanism (BM)
gathers together all
the offers made by
generators or
consumers to
modulate their
generation or
consumption, which
are then used by RTE
to maintain the supply-
demand balance in
real-time. For more
details about the way
the Mechanism works,
refer to the “Offers and
Services” section of
the website at 
www.rte-france.com.

(21) 

In France, the 
market has been
deregulated gradually.
The freedom to choose
one's energy supplier
was initially extended
to the biggest
industrials; in July
2004, it was extended
to include other
professional
consumers (in the
tertiary and industrial
sectors). Private
individuals (in the
residential sector)
became eligible on 1st

July 2007. 

(20) 
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3  Generation supply

3.1 – OVERVIEW OF EXISTING GENERATION FACILITIES

All capacity values for generating facilities shown in this section are expressed net of consumption by

auxiliaries.

38

As of 1st January 2007, the total capacity of gener-

ating facilities installed in France was 115.4 GW.

However, for reasons which will be explained below,

some of the facilities installed cannot be operated.

The breakdown of capacity by main technologies

and network connections (connected to RTE's

Public Transmission System or the distribution grids)

is shown in the table below:

The following paragraphs give an overview of these various components and their future prospects.

3.2 – NUCLEAR GENERATION

3.2.1 – The existing nuclear fleet

Nuclear facilities make up the majority of the French

generating fleet, not just in terms of installed capac-

ity, but also in terms of energy produced: for some

years, they have been contributing almost 80% of

France's total electricity generation. 

The nuclear fleet is mainly composed of 58 PWRs

(Pressurised Water Reactors), divided into three

standardised technical series: the "900 MW" series,

comprising 34 units (real unit capacity ranging from

880 to 915 MW) commissioned between 1977 and

1987; the "1,300 MW" series, comprising 20 units

(real unit capacity ranging from 1,300 to 1,335

MW) commissioned between 1985 and 1993;  and

finally the "1,500 MW" series, comprising the four

most recent units, commissioned between 1996

INSTALLED AND OPERATED CAPACITY PER TECHNOLOGY AS OF 1/1/2007 (GW)

Nuclear Conventionnal Wind Hydroelectric Total

thermal thermal

Installed capacity 63.3 25.4 1.4 25.3 115.4

of which connected to PTS 63.3 21.3 0 23.9 108.5

Distribution Networks 0 4.1 1.4 1.4 6.9

Operated capacity 63.3 21.6 1.4 25.3 111.6
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3.3 – CENTRALISED CONVENTIONAL THERMAL GENERATION

3.3.1 – The existing fleet

Centralised generation is understood to include

installations, usually with a large unit size and con-

nected to the Public Transmission System, which are

run by their operators according to the prevailing

conditions on the electricity market, and which can

be started up or shut-down to help maintain the

supply-demand balance of the European power sys-

tem. This category includes all fuel-oil and coal-fired

units over 100 MW, combined cycle gas turbines

(CCGTs), and open cycle gas turbines (OCGTs) (used

as peak facilities), together with a smaller number

of units running on siderurgical gases produced by

iron and steel works. 

According to this definition, centralised convention-

and 1999. Together, they represent a capacity of

63.13 GW.

It should also be indicated that the prototype Fast

Breeder Reactor commissioned in 1973 is still in

service. It is now used more as a laboratory for

research on the disposal of nuclear waste (transmu-

tation of long-lived radio-nuclides) than as an elec-

tricity generating facility. The maximum capacity at

which it is permitted to run for such experiments is

130 MW, well below its rated capacity of 233 MW.

It is due to be decommissioned in 2009.

3.2.2 – Announced developments 

The main question that needs to be answered as

regards the PWRs concerns their active lifetime. In

France, there are no regulatory limits on the active

lifetime of nuclear units: operating permits are

renewed whenever units are refuelled by the French

Nuclear Safety Authority, the "Autorité de Sûreté

Nucléaire", once it has been confirmed that the

installations meet all the current regulatory require-

ments. 

It is generally believed that the units can be operat-

ed for at least forty years. This opinion is based on

the courrent technical status of the installations. It

also takes into account the gradual tightening of

Safety rules, which are imposed on every unit fol-

lowing each ten-yearly inspection. The material

modifications that need to be made to the installa-

tions on these occasions appear technically feasible,

at a realistically accessible cost. The first units should

therefore not be decommissioned until the turn of

the 2020s, when the 900 MW series undergoes its

fourth ten-yearly inspection. In the United States,

more than 50 reactors with a similar design to those

in France were granted extensions to their operat-

ing licences from 40 to 60 years. Although the

American situation cannot be directly transposed to

France, it is still possible that at least some of the 58

French PWRs could see their active lifetime extend-

ed beyond 40 years.

Moreover, the total capacity of the PWR units cur-

rently operated is not set in stone. An operation to

replace turbine rotors has been launched on around

fifteen of the 900 MW units. Simply due to the

improved efficiency of the new turbines (and with-

out altering the reactor's thermal capacity output),

a gain of approximately 20 MW is expected for each

of the units concerned. Other capacity modifica-

tions to existing units are also possible, drawing on

the existence of safety margins allowed in their

design to boost the reactor's thermal capacity out-

put. This option has been used with a number of

nuclear units in other countries, but only very rarely

in France until now(22). It could be employed more

widely in the future, notably for the 1,300 MW

units. These modifications are, however, still only

hypothetical at this stage. If they were to be

deemed feasible, they could still only be implement-

ed gradually from 2015 onwards.  

The biggest change expected in the medium term is

the addition of a new unit. The plan unveiled in

2004 to build an EPR (European Pressurised Water

Reactor) at the Flamanville site, has received several

confirmations in the last two years. These included

the official  permission to create the new facility,

which was granted by a Decree dated 10 April

2007. When the reactor is commissioned in 2012, it

will raise the total capacity of the existing nuclear

fleet by 1,600 MW.

Only with the four
1,500 MW series
reactors, currently
operated at a capacity
50 MW higher than at
the time they were
first connected.

(22) 



0

1,000

2,000

3,000

4,000

5,000

6,000

be
fo

re 
19

65

19
65

/6
9

19
70

/7
4

19
75

/7
9

19
80

/8
4

19
85

/8
9

19
90

/9
4

19
95

/9
9

20
00

/0
4

In reserve

Operated

GENERATION SUPPLY/3
PART

40

al thermal capacity installed in continental France

totalled 16.6 GW as of 1st January 2007.

However, the capacity actually operable at that

same date was significantly lower. In response to

the overcapacity which appeared in the late 1980s,

some units were provisionally mothballed, but held

in reserve ready to be reactivated if necessary. Given

the leadtimes needed to re-commission and bring in

personnel to run them (several months), these units

cannot be considered as available for operation.

This "reserve" status applies to a total capacity of

3.8 GW. 

Total operable capacity as of 1st January 2007 was

therefore 12.8 GW, very close to what it had been

two years previously (12.9 GW). In between, the

decommissioning of coal-fired units or power plants

producing electricity from siderurgical gases was

almost entirely offset by the re-commissioning of a

fuel-oil unit, which was brought out of reserve.

Most of France's centralised conventional thermal

generation facilities are relatively old. With the

exception of a few units running on natural gas,

which represent a capacity of 1.1 GW and were

commissioned at the end of 2004, and some open

cycle gas turbines installed during the 1990s, all the

other facilities are now over 20 years old. 

3.3.2 – Environmental restrictions

The future of older conventional thermal units is

heavily dependent on developments in environmen-

tal regulations, mainly concerning emissions of

atmospheric pollutants (sulphur dioxides SO2 and

NOx nitrogen oxides). Emissions limits are laid down

in the Order of 30 July 2003, which transposed the

EU Directives 2001/80/EC (the LCP or Large

Combustion Plants Directive) and 2001/81/EC

(National Emissions Ceilings) into French law.

The general principle of this regulation is, from

2008 onwards, to align the emissions limits permit-

ted for existing installations (i.e. commissioned

before 2002) with those of new installations: 400

mg/Nm3 SO2, 400 mg/Nm3 NOx. Units built before

1985 were not generally designed for this, and new

depollution equipment needs to be added to them

to enable them to comply with the new limits, and

therefore to remain operated beyond 2008. The

NUCLEAR GENERATING UNIT DATE OF FIRST CONNECTION 
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Order nonetheless stipulates certain dispensations

from this general principle, including two which are

of major practical importance:

• less stringent standards (1,800 mg/Nm3 SO2, 900

mg/Nm3 NOx) may be imposed on certain installa-

tions; in exchange, they may only be operated for a

duration of up to 20,000 hours with effect from 

1st January 2008, and will be prohibited from 

31 December 2015. This option enable older units,

whose short residual lifetime doesn’t justify the

investments needed to depollute them,  to stay in

operation.  

• for little-used fuel-oil units (less than 2,000 hours

per year, which is the case for peak electricity gen-

erating facilities), up until 31 December 2015, the

restriction does not apply to concentrations of pol-

lutants in flue-gases, but instead to the mass of pol-

lutants emitted annually (for a 600 MW electric

unit, this means ceilings of 735 t/yr SO2 and 1,155

t/yr NOx). For the installations concerned, and even

using less sulphur-rich fuels than at present, it is

estimated that these ceilings will in practice reduce

the average operating time to under 500 hours per

year.  

It should be noted that, according to Article 3, para-

graph III of the Order of 30 July 2003, the limits that

apply for both the dispensations described above

are likely to be revised on the basis of the assess-

ment of compliance with the national ceilings laid

down by Directive 2001/81/EC. Moreover, concern-

ing the application of the first dispensation, there

remains some doubt about the interpretation of the

20,000 hours, namely whether it refers to "full

capacity equivalent" hours or hours of actual run-

ning time. Given that these units are very frequent-

ly used for the purposes of primary and secondary

regulation, and are subject to numerous startup-

shutdown sequences or load reductions at night,

the second interpretation would reduce their resid-

ual lifetime by between 20 and 30%. 

Another environmental concern that directly affects

conventional thermal generation is limits on green-

house gas (GHG) emissions. The system introduced

in Europe to ensure compliance with the Kyoto

Protocol commitments was enshrined in Directive

2003/87/EC. It involves fixing emissions volumes for

every installation emitting GHGs(23) for a specified

period(24), resulting in the allocation of "quotas"(25);

and creating a mechanism by which installation

operators are able to trade these quotas. This sys-

tem is intended to achieve the overall target of

reducing GHG emissions (since trading does not

alter the sum of initial quota allocations) with the

best possible economic efficiency: the scarcity creat-

ed by the fixing of quotas gives them a price, which

operators can then use as a signal for determining

whether to reduce their emissions or purchase the

additional quotas they require. Those who are able

to reduce their emissions below the volume allocat-

ed by means of actions which are cheaper than the

quota price, therefore have an incentive to do so,

and then sell on their excess quotas to other opera-

tors who do not have this possibility. This principle

can only produce results if the initial allocation is

sufficiently restrictive to stimulate the demand for

quotas. That was not the case during the first phase

(2005-2007). Under pressure from the EU

Commission, the National Allocation Plans estab-

lished for the second phase(26) (NAP II) have been

made more stringent.

In the electricity generation sector, this system

penalises installations with higher emissions, and

therefore has potential repercussions for the opera-

tion of existing units: a high quota price can alter

the economic "ranking" of generating facilities,

notably inverting the order of economic priority of

gas and coal-fired plants. However, it should not

affect the availability of units, since it is inconceiv-

able that a technically available unit could be kept

on shutdown simply due to a lack of permits, dur-

ing a period of high demand.

The repercussions should also affect decisions on

investments in new generating facilities (although

the lack of visibility beyond 2012 will limit this

effect), as well as decisions to decommission units.

Nonetheless, on this last point, due to the flexibility

offered by the trading scheme, the restriction on

GHG emissions does not affect any unit in particu-

lar (unlike the LCP Directive), and precludes any pre-

diction of which ones might be affected. 

Furthermore, each Member State decides the total

number of allocation to each installation’s operator

In practice, only
installations in the
main industrial and
energy sectors
(almost all electricity
generation) are
concerned.

(23) 

Two periods have 
been defined, the first
running from 2005 to
2007, and the second,
the only really
restrictive one in
terms of the Kyoto
Protocol, from 2008 to
2012. 

(24) 

A quota is a permit 
to emit a tonne
equivalent of CO2
during a specified
period.

(25) 

NAP II for France 
can be downloaded
from the website of
the Ministry of Ecology
and Sustainable
Development. 

(26) 
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for each period. Even though the European

Commission validates these NAPs in an attempt to

guarantee overall consistency, the NAPs are not per-

fectly uniform. Differences remain, particularly but

not exclusively in the way new installations are

granted permits. Electricity generators, most of

whom operate in several Member States, can be

sensitive to these differences when devising their

investment strategies, particularly when considering

where to site their future projects.

3.3.3 – The future of existing units

Discussions with generators show that the restric-

tions imposed by the LCP Directive will primarily

determine the fate of existing units. However, it

should be pointed out that decommissioning deci-

sions, which are uncertain due to the fact that oper-

ators are not required to give RTE a great deal of

advance warning about them, can be motivated by

other considerations, and may be made earlier than

strictly necessary under the Order of 30 July 2003. 

Concerning coal-fired units in operation in 2007,

apart from the two using fluidised bed combustion

technology (cumulative capacity of 370 MW) which

already meet the regulatory requirements, only the

five most recent 600 MW units have been refitted

to comply with the new emissions limits from 2008.

All the other coal-fired units (cumulative capacity of

3,600 MW) will be subject to the 20,000 hours

operating time restriction from 1st January 2008.

Based on the operational data collected in recent

years, it is predicted that this credit will be exhaust-

ed some time between 2012 and 2014 depending

on the unit concerned (if the hours are counted as

full capacity equivalent - it could be six months to a

year sooner if calculations are based on actual run-

ning times). 

For coal-fired units held "in reserve" in 2007, this

environmental regulation, together with the cost of

restarting units that have been mothballed for over

ten years in most cases, points to the probability

that none will be  re-commissioned. 

The four fuel-oil units that had been mothballed

during the 1990s will, on the other hand, be reacti-

vated for use as peak facilities (i.e. under the second

dispensation allowed by the Order of 30 July 2003).

The first has already been reactivated (600 MW, in

October 2006). The second (700 MW) should be re-

commissioned by autumn 2007, with the last two

(600 and 700 MW) due to follow a year later.

Concerning the fuel-oil units in operation in 2007,

three of them (cumulative capacity of 750 MW) will

be subject to the 20,000 hour credit, and will have

to be decommissioned by the end of 2015. Before

then, these installations could be transformed into

combined cycle units, switching from fuel-oil to gas.

Even if this were not done, their predicted operat-

ing time for the next few years should enable them

to make it through to 2015 before they have

exhausted their credit of hours. It is assumed that

the others, along with the re-commissioned units

which will have joined them, will continue in oper-

ation beyond 2015, although this will probably

require the installation of equipment to denitrify

waste gases. 

The other units (with the exception of those running

on siderurgical gases whose future is dependent on

the blast furnaces that supply them) can be operat-

ed until after 2020.
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The most striking phenomenon of the past two

years is the large number of applications received by

RTE for connecting new generating units to the PTS.

Only counting those for which RTE's proposed solu-

tion has been accepted by the generator concerned,

as of 1st June 2007, there were some 12,200 MW of

new conventional thermal facilities able to be

installed in France in the coming years(27). Back on 1st

January 2005, there was not a single unit in this sit-

uation.

However, it must be borne in mind that for a gener-

ator, having a connection is a prerequisite for con-

tinuing with a project. If the generator accepts RTE's

proposed solution, they are required to make a

down payment of 10% of the connection cost, but

this does not necessarily mean the project will be

carried through to completion. 

The vast majority of projects that have a connection

solution concern combined cycle gas turbines

(CCGTs). They represent 22 units, each with a

capacity of between 440 and 540 MW, for a total

of some 10,000 MW. They are located mainly close

to the points at which natural gas is imported into

France, which are clearly attractive sites: Taisnières

and Obergailbach, for example, are the sites in the

Nord-Pas de Calais and Lorraine regions through

which gas arrives from Russia and the North Sea. A

similar phenomenon can be seen around the LNG

terminals at Fos-sur-mer and Montoir-de-Bretagne.

This concentration means the PTS has to be devel-

oped to carry the electricity generated to consump-

tion sites.

Four are currently under construction, with predict-

ed commissioning dates spread between the end of

2008 and the end of 2009. As a precaution, given

the potential unforeseen events that could affect

construction work and the length of trials and start-

up periods, the Generation Adequacy Report, in its

assessment of the supply-demand balance, assumes

that two of them will not become fully available

until winter 2009/10, with the remaining two fol-

lowing in winter 2010/11. Given the current state of

progress for authorisation procedures, RTE believes

it is highly likely that at least three additional CCGTs

will be commissioned in 2010 and 2011.

The progress of other projects (around 7 GW) will

continue to be examined over the coming years. At

the present time, given that there are still numerous

This information is summarised in the diagram below: 

EVOLUTION OF THE EXISTING CENTRALISED CONVENTIONAL THERMAL FLEET

Details can be 
found on the RTE
website, www.RTE-
France.com in the
Customers and Market
Players/Offers and
Services/Connection
/Generation section.

(27) 
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unknowns concerning the relative attractiveness of

France and neighbouring countries (in terms of CO2
quota allocations, the availability of gas resources,

etc.), their completion appears too uncertain for

them to be included in the Generation Adequacy

Report's supply-demand balance assessment.

Other development projects concern open cycle gas

turbines, extreme peak generating facilities that can

be brought on line very quickly. The most advanced

projects are in the Ile de France region and represent

a cumulative capacity of 500 MW (some planned

for commissioning by late 2007, others late 2008).

In 2010, another open cycle gas turbine of around

200 MW will be commissioned in Brittany. RTE has

already signed a capacity reservation agreement for

the new facility, intended to strengthen the security

of the electricity supply in the region(28).

Finally, two other projects concern coal-fired gener-

ating units, each with a capacity of around 800

MW. There are still significant uncertainties regard-

ing their completion (local acceptance, CO2 capture

and storage, etc.). In this context, it seems unlikely

these installations will be commissioned before

2015, especially given that the Order of 7 July 2006

on the multiannual generation investment pro-

gramme (PPI) includes no provision for the develop-

ment of this technology within this timeframe.  

3.4 – EMBEDDED CONVENTIONAL THERMAL GENERATION

3.4.1 – Overview

By definition, embedded thermal generation

includes all installations other than those mentioned

above. Their total capacity as of 1st January 2007 was

8.8 GW, of which 3.5 GW was connected to the dis-

tribution networks.

Most embedded generation installations are operat-

ed on the basis of criteria other than market prices.

This category notably includes:

• units covered by feed-in tariffs: a contract with the

Public Service operator guarantees that all the elec-

tricity generated can be sold at fixed prices. A large

number of CHP (Combined Heat & Power) units are

in this situation.

• generating units running on fuel with no market

value (by-products from the forestry or paper indus-

tries, refinery gases, household waste, etc.), whose

operation is largely dependent on the availability of

fuel.

Their output can therefore be assumed to be

”imposed”, in other words independent of supply-

demand conditions and the resulting market prices.

Purchase prices, which pay more between 1

November and 31 March for CHP, nonetheless lead

to higher generation in winter, when national

demand is higher. 

One particular category of embedded thermal instal-

lations stands out from this overview, namely diesel

units, which can be started up at the request of the

system operator. They are used as extreme peak

facilities, in the same way as centralised generation

open cycle gas turbines. Their cumulative capacity is

close to 800 MW. 

3.4.2 – Combined Heat & Power (CHP) 

installations

At the start of 2007, the fleet of CHP facilities cov-

ered by co-generated electricity purchase contracts

represented a guaranteed contractual capacity of

approximately 4.7 GW. It is split into three technolo-

gies: steam turbines, open cycle gas turbines and

engines. In terms of end use, the fleet is fairly even-

ly divided between heating networks (heating,

health, education, tertiary) and industry (mainly

chemical, paper, oil and refining, food).

Since the size of the installations depends directly on

the need for heat, the fleet currently in operation is

very uniform. Installations under 12 MW together

represent 2.3 GW, whilst those over 12 MW repre-

sent 2.4 GW, three-quarters of which are in industry. 

CHP developed very quickly between 1998 and

2002, during which time almost 4 GW of new natu-

ral gas-fired installations were commissioned. This

For details see
Chapter 6.2 "Western
Region". 

(28) 
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development was driven by favourable regulatory

conditions, in particular the Public Service feed-in

tariff and the existence of a largely underused source

towards the end of the 1990s(29). However, this

movement slowed considerably, and the installations

commissioned since 2003 now total barely a few

dozen MW per year.

Since the feed-in tariff contracts were signed for a

period of 12 years starting from the commissioning

date, most will expire between 2010 and 2014. 

When their current contracts expire, installations

under 12 MW (around 50% of the fleet) will have

the option of renewing their feed-in tariff contracts,

provided refurbishments are carried out (Order of 14

December 2006). Whether these installations remain

operated or not will depend largely on the outcome

of ongoing discussions about updating the feed-in

tariff and a possible relaxation of the mechanism.

Concerning this last point, it is interesting to note

the strong correlation between heating and electric-

ity requirements. For industry, this is due to the fact

that both forms of energy tend to be needed at

once. For heating networks, it is due to the close link

between temperature and electricity resulting from

the widespread use of electric heating equipment in

France.

For facilities over 12 MW, the feed-in mechanism

ceased to apply to new installations in 2001.

Consequently, at the end of their contracts, CHP

operators will have to value their electricity output

themselves, based on market prices. Whether the

existing fleet remains in operation will depend great-

ly on developments in the price of natural gas and in

the electricity supply-demand balance. If the balance

is tight, installations whose feed-in tariff contracts

are not renewed will have an incentive to continue

running, due to the high market prices.

3.4.3 – Thermal installations running on

renewable energy sources

This category includes biomass (wood, straw, grape

marc, etc.) and biogas (from the methanisation

process), geothermal energy and waste-burning

power plants.

For France, Directive 2001/77/EC on Electricity

Production from Renewable Energy Sources (RES)

fixed a target of satisfying 21% of its national

demand using electricity generated from renewable

sources by 2010. This target is reiterated in the so-

called POPE Law (the Programme Law setting down

Energy Policy Orientations).

The PPI Order of 7 July 2006 clarified the target for

each technology for 2010 and 2015. Expressed in

terms of the additional capacity to be commissioned

after the date of publication of the Order, the cumu-

lative target for the biogas, biomass, waste-burning

and geothermal energy technologies is 1,390 MW

by 2010 and 2,750 MW by 2020, in metropolitan

France and its overseas departments.

In the absence of spontaneous development, the

generation of electricity from renewable energy

sources is covered by a feed-in tariff, which applies

to installations under 12 MW. To complete this

incentive, the Ministry of Industry can launch invita-

tions to tender.

A first such ITT was launched in 2003 for units over

12 MW running on biomass or biogas. Fourteen

projects were shortlisted, with a cumulative capacity

of 232 MW (216 MW biomass – mainly wood – and

16 MW biogas). Most are planned to be commis-

sioned in 2007.

A second ITT, for which the deadline for responses is

9 August 2007, concerns 220 MW of installations

over 9 MW each and running on biomass, complet-

ed by 80 MW of facilities with a unit capacity

between 5 and 9 MW. The terms of the ITT specify

that these installations should be commissioned by

1st July 2009.

In 2005, the total energy produced was almost 3.3

TWh for  waste-burning power plants, 1.35 TWh for

biomass and 0.45 TWh for biogas. With  waste-

burning technology considered to be 50% renew-

able by convention, the amount of electricity gener-

ated from renewable thermal sources totalled 3.4

TWh in 2005.

Successfully meeting the targets for each technology

laid down in the PPI Order would lead annual ther-

mal renewable generation to rise by 8 TWh in 2010

and 16 TWh in 2015.

The growth of CHP
was made possible by
a feed-in tariff based
on a standard contract
called the "97-01",
replaced two years
later by the "99-02".
Both contracts apply
with no installed
capacity limit and for a
period of 12 years
starting from the date
on which the facility
concerned is
commissioned. In
2001, the feed-in tariff
framework was
amended by a tariff
order (dated 31 July
2001 and called "C-
01"), which reserved it
exclusively for new
installations of less
than 12 MW.

(29) 
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3.5 – HYDROELECTRIC GENERATION

3.5.1 – Existing fleet 

The French hydroelectric fleet has not changed to

any great extent over the last 20 years. The total

capacity of existing installations is 25.3 GW in con-

tinental France, made up of:

• 7.6 GW of run-of-river plants, whose upper reser-

voirs are too small to allow any substantial storage

of water: generation by these plants is dependent

exclusively on water flow at any given time.

• 4.3 GW of intermediate storage plants, with

medium-sized upper reservoirs permitting the stor-

age of water during low demand periods based on

daily cycles (storage at night, generation during the

day) or weekly cycles (storage at night and week-

ends, generation on working days), but no longer.

• 9.0 GW of lake storage plants, with sufficiently

large upper reservoirs to store water over a much

longer period, so that usually the availability of the

plant's entire capacity can be guaranteed at all

times, irrespective of the hydrological conditions.

• 4.4 GW of  pumped storage plants, where water

is pumped to the upper reservoir during periods of

low demand, guaranteeing the availability of the

plant's capacity during periods of higher demand.    

The average annual producible energy(30) from natu-

ral resources is 69.3 TWh. The fluctuations observed

around this average value, dependent on precipita-

tion, are relatively substantial: over the last 20 years,

the resources exceeded the norm by over 10 TWh

on two occasions (1994 and 2001); they were also

more than 20 TWh lower than the norm on two

occasions (1989 and 2005). 

These values do not take account of the additional

output generated by pumped storage stations, with

the energy generated by emptying the upper reser-

voir approximately equivalent to three-quarters of

the energy consumed by the pumps.

3.5.2 – Regulatory context 

The use of water to generate electricity must fit in

with other uses of the resource (for drinking water,

irrigation, etc.), whilst always respecting the envi-

ronment. This means decisions must be made

between often conflicting interests. Two legal texts

adopted by the Parliament recently have laid down

guidelines for making these decisions:

• the POPE Law of 13 July 2005 setting down

Energy Policy Orientations, explicitly refers to the

advantages of hydro power, which boosts the gen-

eration of electricity from renewable sources, and

by virtue of its flexibility, helps contribute to the

security of the power system. It requires an assess-

ment to be made of the hydroelectric potential in

each geographic zone, and this assessment must

then be taken into account by the bodies responsi-

ble for water management.

• the Law of 30 December 2006 on Water and

Aquatic Environments, which aims to establish or

restore water environments to a proper ecological

state, moderately reinforces the restrictions on the

use of hydro plants. “Reserved flows(31)”, initially

fixed at 1/40 of the annual average volume flow

rate (module), will be raised to 1/10 of this value for

most plants from 2013. However, for those whose

modulation is crucial to the balance of the power

system, and those located on fast-flowing rivers

(module higher than 80 m3/s), reserved flows will

only be raised to 1/20 of the module, thereby limit-

ing the loss of producible energy. 

These orientations, established at the national level,

are not incompatible with moves to reinforce cer-

tain local environmental requirements. For example,

the volumes of fresh water that can be released into

the Etang de Berre were recently reduced once

more by an Order dated 8 December 2006, result-

ing in an additional generation loss of 240 GWh per

year for the plants located downstream on the

Durance River from 2007(32).  

3.5.3 – Prospects

The prospects for the development of hydroelectric

generation in France were examined in a report sub-

mitted to the Minister for Economy, Finance and

Industry in March 2006 (available to the public on

the website www.industrie.gouv.fr). The report esti-

mates the additional producible energy technically

accessible at 28 TWh per year. However, over half of

this potential is to be found at sites which are sub-

ject to environmental restrictions, where no new

installations can be built ("reserved" water courses

in the sense of the Law of 1980, Special Protection

Producible energy is
that which would be
drawn from natural
resources if plants
were operated
constantly under
optimal conditions. It
is estimated based on
the average flow of
resources (e.g. water)
over a long period.

(30) 

For details see
Chapter 6.1 "PACA
Region".

(32) 

Minimum flows that
must be maintained in
the natural river bed,
and which may not
therefore be diverted
into channels, tunnels
or forced conduits to
drive turbines, where
the water used is
released too far
downstream from the
intake.

(31) 
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3.6.1 – The existing fleet

Whilst wind power in France was initially slow and

late to develop, with less than 400 MW installed on

1st January 2005, it has recently begun to grow

much more strongly, with approximately 1,400 MW

installed at the end of 2006, indicating that a new

trend has appeared.

Wind generation is developing in the regions with

the strongest wind conditions, around the

Mediterranean and the English Channel and in

Brittany. Yet it is also taking advantage of

favourable sites in zones further inland such as the

Centre, Champagne Ardenne and Lorraine regions.

Zones for the environment, Sites of Community

Importance for environmental protection, etc.).

Furthermore, it is worth noting that of the remain-

ing potential of 13 TWh per year, almost three-quar-

ters are located in "Natural Zones of Ecological,

Zoological and Botanical Interest", which are

known by the French acronym ZNIEFF. This classifi-

cation is not, however, necessarily incompatible

with the creation of hydroelectric installations.   

The PPI Order of 7 July 2006 set a target of 500 MW

of new installations to be commissioned by 2010,

and 2,000 MW by 2015. This target is consistent

with the potential estimated by the aforementioned

report to be technically and legally accessible.

However, it must be acknowledged that only a small

number of projects have been announced so far,

and most of those are still at a very early stage.

3.6 – WIND GENERATION

0 to 15 MW
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110 to 200 MW
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DISTRIBUTION OF WIND GENERATING FACILITIES AS OF END 2006
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Over the year 2006, the load factor(33) for the entire

wind generating fleet installed in continental France

was 24.8% on average. In energy terms, this value is

equivalent to 2,170 hours of operation at full capacity.

The seasonal trend of higher generation in winter is

very clear, with a minimum output in July with an aver-

age of 13% for the month, and a maximum of 34.2%

in December.

The analysis of wind generation also reveals a clear dis-

tinction between installations sited around the

Mediterranean, and those which are subject to Atlantic

wind patterns. In 2006, the load factor for wind farms

situated south of an imaginary line drawn from

Bordeaux to Strasbourg reached an average of 27.9%.

North of the line, the figure was 23.6%.

A detailed analysis of performance by wind generating

facilities in 2005 and 2006 can be found in Appendix 3.

3.6.2 – The development context

The PPI Decision of 7 July 2006 on multiannual invest-

ment programmes stipulated that France should build,

in addition to the capacity already present at the date

of publication, some 13,500 MW of new wind power

installations (including 1,000 MW offshore) by 2010,

and 17,000 MW by 2015 (including 4,000 MW off-

shore).

The Government has introduced a feed-in tariff mech-

anism for wind generating installations, requiring their

output to be compulsorily purchased at a guaranteed

price in order to promote their development:

• until 2005, this mechanism was open to all projects

of less than 12 MW (since this threshold generally led

to connection to the distribution networks);

• Programme Law n° 2005-781 of 13 July 2005 set-

ting down energy policy orientations (the "POPE"

Law) renewed the feed-in tariff for wind generating

facilities situated in ZDEs or "Wind Power

Development Zones", and eliminated the 12 MW ceil-

ing. The principle of ZDE zones, which are defined by

the prefect (senior regional administrative official)

based on proposals by the municipalities concerned, is

to enable the wind generating facilities located in

them to take advantage of the feed-in tariff mecha-

nism. These are defined based on wind potential, the

possibilities for connection to power grids, and the

protection of the environment, historic monuments

and protected sites or areas of outstanding beauty.

Minimum and maximum capacity levels for installa-

tions are defined by the municipalities and assigned to

each zone.

A two-year transition period has been granted,

extending the mechanism prior to the POPE Law, to

allow the implementation of the ZDE mechanism.  It is

due to expire in July 2007.

A survey carried out in May 2006 by the French

Renewable Energy Association (SER) and its wind

power arm, France Energie Eolienne, identified proj-

ects at various stages of development totalling almost

20,000 MW(34). In the medium term, only taking into

account projects for which planning permission has

already been granted, the cumulative total with instal-

lations in service or under construction is approximate-

ly 3,700 MW, and 8,000 MW if projects awaiting plan-

ning permission are included. Altogether, projects

placed on waiting lists by system operators(35) repre-

sented a cumulative total capacity of some 5,000 MW

as of 1st March 2007.

There is therefore no shortage of projects in France.

However, various factors, some of which may only be

temporary, can hinder the completion of such projects

in the short term. In addition to overcoming local

opposition, which is not specific to this type of gener-

ation, special attention must be paid to:

• the establishment of ZDEs (Wind Power

Development Zones): these are recently created struc-

tures, in which the various interested parties must

learn to play their part; they are not being developed

at the same pace in all départements of France.

• financial stakes: the feed-in tariff mechanism (for

wind generation, but also CHP) is financed via the

Public Service Electricity Contribution, known by the

French acronym CSPE. However, a ceiling is placed on

the CSPE.

• industrial constraints: the development of wind gen-

eration, highly dynamic across Europe as a whole and

even beyond Europe, is strengthening demand for

machinery, resulting in higher prices and longer deliv-

ery times.

This is why RTE has decided to adopt a prudent pro-

jection for the likely medium-term development of

wind generation, which is expected to reach 5,000

MW by 2010 and 7,000 MW by 2012. This does not

The load factor is
defined as the ratio of
the power generated
to installed capacity.

(33) 

See Letter from the
SER n° 10 - November
2006.

(34) 

In accordance with
procedures applied by
the system operators.
In order for a project
to be placed on the
waiting list,
administrative
documents must
usually be issued
(planning permission,
selection via an ITT,
etc.).

(35) 
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rule out the possibility that the quantitative targets set

down in the PPI might be achieved at a later date. 

3.6.3 – Expected performance levels

The load factor of wind generating facilities adopted

for the purposes of the Generation Adequacy Report

takes into account the gradual improvement in the

machines used, and their distribution across the coun-

try. The estimated level for onshore wind farms is

24.6% as an annual average, equivalent in energy

terms to 2,150 hours of operation at full capacity. This

production capability is right in line with the actual

output recorded in 2006 and presented above. It is

slightly down on the estimates included in the 2005

Generation Adequacy Report: this is due mainly to a

change in the way the facilities are distributed geo-

graphically, since the development prospects around

the Mediterranean have been reduced, to the benefit

of regions with less wind in central and eastern France.

The second important point concerns the contribution

made by wind power to satisfy demand at peak times:

despite the intermittent nature of wind, the installa-

tion of wind turbines reduces the need for thermal

facilities to guarantee the desired level of security of

supply. In this sense, wind power can be said to pro-

vide capacity credit. 

The capacity credit (ratio of conventional thermal

capacity avoided thanks to installed wind generating

capacity) is close to the average load factor of wind

farms in winter (around 30%), for a low capacity wind

generating fleet (a few GW). It decreases as the wind

generating fleet expands, but nonetheless remains

above 20% with around 15 GW of wind farms

installed.

It is important to note that these results are established

for continental France, and that they are heavily

dependent on specific factors:

• wind conditions: the de-correlation of wind speeds

is almost total between the Mediterranean (southern)

and English Channel (northern) zones; moreover,

within the northern zone itself, the correlation

between the Nord – Picardy and Brittany regions is

low. A wind generating fleet built evenly between

these zones will allow regional variations to be com-

pensated, ensuring greater consistency in national

generation;

• the power system: the size of thermal generating

facilities is heavily dependent on demand peaks, which

can be considerable due to its sensitivity to outside

temperatures in winter. The inclusion of wind farms

provides a certain capacity, but also leads to greater

variability in the demand that has to be satisfied by

conventional thermal facilities; however, since there is

little correlation between temperatures and wind

speeds in winter, the load peaks that have to be met

by thermal facilities are only slightly increased: by a

negligible amount for a relatively small wind fleet, but

increasingly as the fleet expands. 

The lack of a correlation between temperatures and

wind speeds in winter is crucial to estimating the

capacity credit of wind generating facilities. For

around two years, the French wind generating fleet

has been sufficiently large to provide some initial expe-

rience data (see Appendix 3). Although the sample of

very cold days during this period is small and does not

allow any definitive conclusions to be drawn, figures

show that wind generation on these days remained

statistically close to that seen on all the other days of

the winter in 2005 and 2006. However, a regional

analysis of these data reveals differences in behaviour

between the wind generating facilities installed in the

northern half of France, whose output fell slightly on

cold days, and those in the south, where the reverse

happened. 

This analysis has been completed using data from a

period of twenty years, not from generation figures,

but using wind speeds observed in meteorological sta-

tions. An in-depth examination of the seven coldest

spells during the period appears to confirm a drop in

average wind speeds on these particular days, com-

pared with the winter norm over a large part of north-

ern France; inversely, the Mediterranean area is often

subject to strong winds in the form of the Mistral and

the Tramontane.

Whether for issues of generation smoothing or capac-

ity credit, this analysis of generation characteristics

shows that the spatial distribution of wind generating

facilities has a direct impact on their integration into

the power system. It will be easier if they cover a large

part of the country and if the north-south balance is

maintained.

Appendix 3 looks in more detail at the relationship

between generation by wind farms and cold spells.
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The French power system is interconnected with

those of neighbouring countries. Since the cross-

border line running towards Belgium was reinforced

at the end of 2005, France's total export capacity

for all borders has usually been in excess of 13 GW

in winter, and 12 GW in summer. It should be noted

that the transits allowed by the interconnections do

not depend solely on the capacity of the cross-bor-

der lines used: in a meshed network like the

European 400 kV system, flows are distributed

according to where electricity is injected and

extracted, which varies considerably from day to

day and even within a single day, not forgetting

outages affecting network installations. As a result,

NTC or Net Transfer Capacity(36)) can fluctuate signif-

icantly over time.

One border is currently judged as having insufficient

transit capacity: the border with Spain, where the

maximum NTC of 1,400 MW from France to Spain

and 800 MW in the other direction (and often less,

especially in summer) is very low given the size of

the French and Iberian power systems, and in par-

ticular the magnitude of the operating contingen-

cies that can affect them. A project to strengthen

the link in the Eastern Pyrenees has been put for-

ward, which would take the NTC to 2,600 MW. The

plan was opened to Public Debate in 2004, and

consultations are ongoing. Since boosting transit

capabilities between France and Spain has been

identified as a priority by the EU Commission, a

European mediator should be appointed to help

promote the consultation.

Owing to these interconnections, any analysis of the

supply-demand balance on the French power sys-

tem must take account of neighbouring systems

also. On the one hand, the transits they allow, tak-

ing advantage of the structural differences between

the generating fleets in France and the surrounding

countries, can have substantial impacts on energy

balances. On the other hand, they require us to take

a global view of security of supply issues. 

4.1 – INTERCONNECTIONS WITH NEIGHBOURING SYSTEMS  

France acquired a position as a major European

exporter in the mid-1980s. 

Historically, growth in the country's exports has

been driven by firm commercial commitments, such

as foreign investment in French power plants or

long-term sale contracts (twenty years or more),

mostly signed between 1985 and 1990. Given the

structure of the electricity industry at the time, dom-

inated by integrated national monopolies, these

commercial commitments were essential to physical

transits. More short-term complementary arrange-

ments could be reached between national operators

where mutually profitable depending on particular

operating conditions (for instance: excess hydro-

electric capacity on one side, large number of

unavailable thermal units on the other). However,

these only represented relatively low volumes of

energy. 

The deregulation of the electricity sector in Europe

towards the very end of the 90s led to major

changes in the way electricity is exchanged between

countries. It was accompanied by a boom in the

short-term markets, where traders can compare

available generation supply in various locations,

right down to the shortest timeframes (week or

day). The transactions carried out on these markets,

where the operating conditions are relatively well

known, offer the most efficient means of ensuring

4.2 – ENERGY EXCHANGES  

NTC forecasts for 
each border for
different timeframes
(day-ahead to year-
ahead) are published
on the RTE website
www.rte-france.com,
in the Customers and
Market Players /
Operational Data /
Interconnection
Capacities section.

(36) 
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the best cost generating units across the intercon-

nected systems are used in priority (the only limita-

tion to this optimal use coming from network con-

gestion: if the lines serving a zone are saturated, all

additional demand in that zone must be satisfied by

local generation, even if there are less expensive

generating units available elsewhere). In this way,

across all interconnected systems (with some excep-

tions in the event of congestion), the most compet-

itive generating units are brought on line in suffi-

cient numbers to satisfy total demand. The physical

balances of exchanges for each system then simply

result from the difference between the output of

units started up in that system, and local demand. 

Physical flows across interconnections are thus

determined by the relative competitiveness of the

generating facilities available at any given time on

interconnected systems, rather than by commercial

obligations contained in previously agreed con-

tracts. It is true that some of the long-term commer-

cial commitments entered into in the late 1980s are

still in force: the price clauses continue to apply, and

the vendor is bound to honour his commitments;

but he can do so by procuring energy where it is

available at the lowest cost, and not necessarily in

France. Long-term contracts are no longer crucial to

determining physical exchange flows. 

The fact that France has tended to export more

electricity than it imports since 2000 indicates that

it has competitive generating facilities, in quantities

which generally exceed strict national requirements.

After peaking at just over 77 TWh in 2002, they

have fallen slightly since then, partly due to tempo-

rary factors (impact of climatic contingencies on

national demand, mediocre water resources), and

partly for a more structural reason: the virtual stag-

nation of low-cost (nuclear and wind and run-of-

river hydro) and ”imposed” generation, which are

increasingly being used to satisfy rising national

demand. 

As much as interconnection capacities, the contri-

bution of neighbouring networks to the security of

the French power system during periods when the

supply-demand balance is tight depends on the

residual generating capacities available on those

networks at these times.

These residual capacities can be assessed empirical-

ly by observing the transits that occurred during sev-

eral recent events. In this respect, the experience of

the winter of 2005/06 is particularly instructive, as

not just individual power grids but indeed the entire

European energy system came under severe strain:

the harsh climatic conditions led to increased elec-

tricity demand, especially in France(37); the demand

for natural gas was stimulated, both for generating

electricity and for satisfying heating requirements

across Europe; and on top of that, a dispute

between Russia and Ukraine raised fears of restric-

tions on the supply of Russian gas.

Tensions affecting the supply-demand balance on

power systems are revealed by high prices on the

electricity exchanges. During the winter of 2005/06,

on the French exchange (Powernext), there was a

total of 584 hours during which these prices

exceeded the 100 e/MWh mark, above which

almost all available generating facilities are started

4.3 – CONTRIBUTION OF EXCHANGES TO SECURITY OF 
SUPPLY IN FRANCE 

Sensitivity 
to outside
temperatures in
winter is higher in
France than in
neighbouring systems:
the thermal gradient
(variation in load
caused by a variation
of 1°C in temperature)
of the French system
alone is as high as the
sum of all the other
European systems'
thermal gradients
combined. 

(37) 
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The first period of interest is the last ten days of

November. Prices exceeded 150 e/MWh on several

occasions. Despite low temperatures, up to 5 or 6°C

below the norm, with all available generation in

France started up, export balances remained largely

positive, at between 3,000 and 4,000 MW. It is a

fact that in the neighbouring systems, available

generation was insufficient to cover demand. If

more unfavourable operating conditions (even

lower temperatures, lower availability of generating

units) had been encountered in France at that time,

it would have been extremely difficult, not to say

impossible, to obtain backup supplies from neigh-

bouring systems.

During the period from the end of February to the

beginning of March, the reverse occurred. Due to a

combination of unfavourable factors that specifical-

ly affected the French system (cold spell with tem-

peratures 5° to 6°C lower than the norm, following

several months of very cold weather which had

depleted water stocks – and greater than usual

unavailability of thermal plants), France was forced

to import electricity on a number of occasions. This

proves that at these times there were capacities

available in neighbouring countries.

Operating margins on the French system were also

reduced to an unusually low level on other occa-

sions:

• during the heatwave of summer 2003, when the

possibility of power cuts was raised in France, the

export balance could not be brought below 3 GW,

• during the cold spell of February - March 2005,

when the situation in France was very strained,

France was forced to import over 3 GW,

• during the heatwave of July 2006, which pushed

prices on the exchanges to their highest level of the

year, the export balance was reduced to 1 or 2 GW

on some days.
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up. As a comparison, even if the variations in the

prices of fuel or CO2 emissions permits are likely to

affect it slightly, this level was only exceeded for 57

hours over the course of winter 2004/05, and just

23 hours during winter 2006/07.

The graph below shows the prices observed on

Powernext at the morning peak (between 9 and

10am), for each day between 1st November 2005

and 31 March 2006. Behind those values is a graph

showing France's export balance at the same times

(exports counted positively). 
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These observations highlight the ability of intercon-

nected systems to provide one another with backup

supply. They also show, in the case of France, that

backup supply is not guaranteed in all circum-

stances, but depends on the prevailing operating

conditions in neighbouring countries.

In the future, the possibilities for importing electric-

ity into France at times when operating margins

become slim, will clearly depend on respective

developments in supply and demand conditions in

those neighbouring systems. The 'System Adequacy

Forecast' report, produced every year by the UCTE

and which can be downloaded from the website

www.ucte.org, provides the most comprehensive

overview of medium-term developments in margins

across continental Europe. 

According to the latest edition of the report

(January 2007), based only on generation projects

decided at the start of 2007, peak margins for all

the interconnected systems of the UCTE will

improve slightly until 2010, and will gradually be

eroded thereafter. 

Definitively, it seems reasonably prudent to assume,

for the next three to five years, that:

• in winter, and on average across all situations

where operating margins in France are very low, the

exchange balance might be cancelled out; in each

of such situations considered separately, the bal-

ance can be expected to vary within a range of

around –3 to +3 GW.

• in summer, when available margins in neighbour-

ing systems during heatwaves appear even lower,

export balances in the event of tensions affecting

the supply-demand balance should average out at

around 2 GW.  
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5   Future development of the 

supply-demand balance

The main purpose of the Generation Adequacy

Report is to verify the ability of the continental

French power system, in interaction with neighbour-

ing systems, to properly satisfy demand over the

coming years.

Future supply and demand are compared by simulat-

ing the workings of the French power system. These

simulations are carried out over a full year. They take

account of the main unforeseeable contingencies

that can endanger the security of supply: outside

temperatures (which cause load variations, both in

winter due to the use of heating equipment and in

summer with air-conditioning), unplanned outages

affecting generating units, water resources and wind

speeds. 

A set of temporal series (load for demand, available

capacity for generating units) reflecting various pos-

sible scenarios, is created for each of the contingen-

cies considered. These series are then combined, in

sufficient numbers (around 500 for each year stud-

ied) to give statistically significant results, both for

the risks that demand will not be satisfied (shortfall)

and for annual energy balances (generation by the

various units, exchanges with neighbouring sys-

tems)(38).

Other risk factors, which are known to exist but

whose likelihood of occurring (incidentally low) can-

not be determined accurately, are deliberately

ignored. These include generic problems affecting a

family of generating units or interruptions in the sup-

ply of a fuel.

The results from these simulations are organised into

three sections, which deal respectively with:

• capacity requirements: This involves quantifying,

for each of the years to come, the supply facilities

required to satisfy demand, in addition to those

which are virtually certain to be operable by the date

considered («Registered» supply). The requirements

identified correspond to decisions currently still

pending concerning the availability of the system of

generating facilities (or demand reduction) by the

time considered.

• forecast operating conditions for the French power

system in the medium-term:

The purpose of this exercise is to assess the risks that

demand may not be met at peak times, as well as

annual energy balances. It is based on a supply devel-

opment trajectory that incorporates, by anticipation,

the effects of certain decisions that have not yet

been taken definitively but which appear highly like-

ly. It also includes a study of the degree of sensitivity

to the main factors of uncertainty, namely develop-

ments in demand (upward or downward, if DSM

measures are strengthened), and developments in

supply, whether from conventional thermal plants or

renewable sources. On this basis, where appropriate,

alerts or messages advising vigilance are issued. The

Decree of 22 September 2006 (Article 4°) stipulates

that this exercise must be updated annually. 

• a longer-term prospective outlook (2020): 

In addition to quantifying capacity requirements over

and above «Registered» supply (which may be very

substantial over long timeframes, but which do not

justify alerts since there is plenty of time in which to

plan new generating facilities of any kind), long-term

studies assess the consequences for the system's

future operation (via energy balances) of the devel-

opment decisions to be taken in the next few years

for each generating technology. 

See Appendix 
4 for more detailed
information.

(38) 
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5.1.1 – Adequacy criterion

Since electricity cannot be stored and as supply and

demand are both subject to unforeseeable contin-

gencies (effect of outside temperatures on demand,

breakdowns affecting generating units, river flows,

wind speeds, etc.), it is impossible to guarantee that

the demand expressed can be satisfied at all times

and in all circumstances. When a particularly

unfavourable combination of factors leads available

supply to drop below demand, the power supply to

some consumers must be cut off in order to main-

tain the balance between generation and demand.

This is known as a generation shortfall or loss of

load. 

As it is impossible to guarantee with absolute cer-

tainty that demand can be satisfied, the amount of

supply must be such that the risk of a shortfall

occurring is kept to a socially and economically

acceptable level. Shortfalls may be measured in a

number of ways: by the frequency of power cuts,

their duration, the quantity of energy not delivered,

etc. For a given level of demand, all these parame-

ters are a decreasing function of installed capacity,

but the relationships between them are complex to

define, and also depend on the nature and extent of

the contingencies affecting the power system con-

cerned: only one should therefore be adopted as a

measured quantity. The threshold that this measure-

ment must not exceed is a trade-off between two

factors: on the one hand, the benefits for con-

sumers of having fewer shortages, and on the

other, the cost of building the additional generating

facilities needed. 

Determining the adequacy criterion is the preroga-

tive of the Government. In accordance with the

Decree of 20 September 2006 (Article 11) on

Generation Adequacy Reports, the criterion used is

referred to as the annual loss of load expectancy

(LOLE), which must not exceed three hours per year.

This criterion is identical to that adopted in the pre-

vious Generation Adequacy Reports. 

5.1.2 – Identification of requirements

The generating facilities required to satisfy demand

whilst complying with the aforementioned criterion

are evaluated on the basis of the demand scenario

that is considered to be the most credible (i.e. the

"Baseline" scenario), only taking account of supply

facilities which are virtually certain to be in place

(«Registered» supply). This excludes CCGT projects

on which construction has not begun, as well as

existing facilities whose sustainability is in some

doubt. This approach takes into account all of the

supply-side decisions still to be made in order to

achieve the necessary level of security of supply.

5.1 – CAPACITY REQUIREMENTS
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The nuclear fleet: 

• a new unit (the EPR at Flamanville) is
commissioned in 2012.
• the overall capacity of existing PWR units will
(modestly) increase by 300 MW between 2006
and 2012, as a result of already planned changes
to turbine rotors. It will remain stable thereafter. 
• current units will remain in operation for a
further ten years after their third ten-yearly
inspection. This hypothesis, adopted in
agreement with the DIDEME, assumes that the
units will be shut down on their fourth ten-yearly
inspection. Two 900 MW units would therefore be
decommissioned in 2019.
• the availability of existing units is assumed to
remain, on average, at the level reached between
2004 and 2006.
• the prototype FBR (Fast Breeder Reactor) will
be definitively decommissioned in 2009.

The centralised conventional thermal fleet:

• The addition of new units to those operating as
of 1st January 2007 concerns three fuel-oil units
re-commissioned (with a cumulative capacity of
2,000 MW), four open cycle gas turbines (700
MW) and four combined cycle gas turbines with a
cumulative capacity of 1,700 MW.
• Concerning coal-fired plants, the hypothesis
that units operating as of 1st January will be
decommissioned represents some 3,600 MW.
These units, concerned by the LCP Directive, will
be subject to the 20,000 hour operating credit
with effect from 1st January 2008, and are

assumed to be definitively decommissioned
between 2011 and 2015. By the 2015 cut-off
point, as a precaution, it is assumed that all of the
units will be decommissioned.
• In the case of fuel-oil plants, 750 MW will be
decommissioned as of 31 December 2015 (since
their relatively short annual operating times
mean they are unlikely to exhaust their 20,000
hour credit).

The embedded thermal fleet:

• 1,000 MW of CHP facilities to be retired
between 2009 and 2012, when their current
purchase contracts expire.
• addition of installations selected following the
Biomass ITT in 2005 only.

The wind generating fleet:

• only wind farms under construction and
projects with planning permission as of 1st June
2006 are taken into account: consequently,
“registered” wind capacity for 2009 is assumed to
be 3,700 MW.

The hydroelectric fleet:

• current facilities are assumed to be maintained
• expected annual generation is 65.4 TWh on
average; this value is 5% lower than the
producible energy announced in Chapter 3.5, to
take account of any losses due to increases in
reserved flows, and also generating losses due to
machine breakdowns in particular. 

Description of “Registered” supply

CAPACITY OF GENERATING FLEET OPERATED IN FRANCE – " REGISTERED SUPPLY" (GW)

(GW)
1/1/2007 1/1/2009 1/1/2010 1/1/2011 1/1/2012 1/1/2015 1/1/2020

Nuclear 63.3 63.4 63.4 63.4 63.4 65.0 63.2

Coal 6.9 6.9 6.9 6.9 6.1 3.2 2.9

CCGT 1.1 1.1 2.0 2.8 2.8 2.8 2.8

Fuel-oil and OCGTs 4.8 7.1 7.3 7.3 7.3 7.3 7.3 

Embedded thermal 8.8 9.0 8.5 8.5 8.0 8.0 8.0

Hydroelectric 25.3 25.3 25.3 25.3 25.3 25.3 25.3

Wind 1.4 3.7 3.7 3.7 3.7 3.7 3.7

«Registered» supply is summarised in the tables below:
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ANNUAL PRODUCIBLE ENERGY OF THE GENERATING FLEET OPERATED IN FRANCE – "REGISTERED SUPPLY" (TWH)

(TWh)
2006 2009 2010 2011 2012 2015 2020

Embedded

Thermal
26.4 27.7 26.3 26.3 24.9 24.9 24.9

Of which

renew.
3.4 4.9 4.9 4.9 4.9 4.9 4.9

Wind 2.2 8.0 8.0 8.0 8.0 8.0 8.0

Hydroelectric * 54.6 65.4 65.4 65.4 65.4 65.4 65.4

2010 2011 2012 2015 2020

Shortfall probability 5.5% 6.1% 10.5% 27% 87%

Unsupplied energy expectation 3.1 GWh 3.1 GWh 11.7 GWh 34.4 GWh 265 GWh

Loss of Load Expectation (LOLE)  1 hr 43 mn 1 hr 47 mn 3 hrs 50 mn 13 hrs 76 hrs

Missing power — — 600 MW 4,100 MW 10 ,500 MW

*: excluding pumping by  Pumped storage plants - for 2006, actual value

Also, two complementary hypotheses are needed to

identify requirements:

• The exchange balance: the possibility that

exchanges will be cancelled out, on average, is main-

tained over the entire period.

• Load shedding: 3 GW of national load shedding

over the entire period.

The annual LOLE is evaluated following simulations of

the operation of the power system. If it is under three

hours per year, supply is sufficient and there is no

need for any more. If not, the simulations are carried

out again, adding new supply facilities and measures,

until the average LOLE is brought down to three hours

per year. By convention, this fictional supply is mod-

elled on the characteristics of thermal generating

units. However, this convention in no way prejudges

the nature of the supply measures and facilities that

will have to be commissioned (thermal units, wind

farms, load shedding, etc.).  

5.1.3 – Requirements identified

The following table shows the results of simulations in

terms of expected shortfalls, before the addition of

any "fictional" generating units. Although the ade-

quacy criterion only concerns the annual LOLE, other

indicators are also provided for information purposes:

the shortfall probability (i.e. the probability that at

least one power cut will occur during a year) and the

energy unsupplied expectation due to power cuts. 

The last line shows (where necessary) the capacity

shortfall, i.e. the capacity of the fictional units that

had to be added in order to bring the annual LOLE

below three hours per year. 

Together, based on all the decisions taken by

generators to date (to invest in new gener-

ating facilities, and re-commission older

units), the fleet adjustment criterion can be

met until 2011 under the "Baseline" demand

scenario. Additional facilities will not be

absolutely necessary until 2011, when some

600 MW will be required. 
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This is some two years later than the date when

additional requirements become apparent accord-

ing to the previous Generation Adequacy Report

(2005). This change is explained primarily by the

investment decisions taken over the last two years,

as peak demand forecasts remain very close to

those established in 2005. 

It is important to emphasise that capacity shortfall

estimates are provided in respect of deliberately

minimalist supply, notably concerning the continued

operation of certain units running currently. This

means that the requirements identified can be met

not just by developing new generating facilities or

by promoting voluntary load shedding by con-

sumers, but also by deciding (as far as is technically

and legally possible) to extend the lifetime of units

whose future is uncertain, from today's point of

view; this is the case, for example, of CHP units

arriving at the end of their feed-in tariff contracts,

or the two 900 MW PWRs which are assumed to

have been decommissioned by 2019. 

5.2.1 – Supply-demand balance with probable

trajectory 

Whilst is it doubtful that all the projects announced

will be carried through to completion, it is nonethe-

less highly likely that those which have not yet

reached "the point of no return", will be completed

by the time additional requirements begin to appear.

This is the case of projects with relatively short con-

struction leadtimes, such as wind turbines, or CCGT

projects for which the necessary administration pro-

cedures are already at an advanced stage.

The assessment of the probable trajectory is based

on a demand hypothesis in line with the "Baseline"

scenario, but with a slightly increased generation

supply.

According to the probable trajectory, the adequacy criterion is met until the winter of 2013/2014.

A deficit of 900 MW appears for the winter of 2014/2015, which must be compensated in

autumn 2014.

5.2 – PROBABLE MEDIUM-TERM TRAJECTORY – UP TO 2015

The hypotheses adopted for "Committed
projects" supply are expressed by differentiation
from “Registered” supply.
• No change for the nuclear fleet.
• Addition of extra combined cycle gas turbines,
to be commissioned in 2011 and 2012.
• Development of wind generating fleet by 5 GW

in 2010 and 7 GW in 2012 (see paragraph 3.6).
• All CHP maintained, assuming, for installations
under 12 MW, that the conditions offered by the
Decision of 14 December 2006 encourage their
operators to extend their operation, and for
installations over 12 MW, that economic
conditions prove favourable. 

Description of "Committed projects" supply

2010 2011 2012 2015

Shortfall probability 4.2% 3.7% 4.4% 12.5%

Unsupplied energy expectation 2.3 GWh 1.7 GWh 2.1 GWh 9.2 GWh

Loss of Load Expectation (LOLE) 1 hr 21 mn 1 hr 02 mn 1 hr 16 mn 4 hrs 15 mn

SHORTFALL RISK – PROBABLE TRAJECTORY
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The energy balances resulting from the simulation

model of the power system used to assess shortfalls,

offer some insight into three main points:

• the rate of coverage of national demand by

renewable energy sources (compared with the tar-

get of 21% by 2010). The ratio is calculated in rela-

tion to gross electricity demand, which includes

demand by power plant auxiliaries, as well as net

demand by pumped storage plants (STEPs). The

contribution made by hydro power is limited to gen-

eration from natural water supplies, excluding

pumping of water by STEPs. By convention, waste-

burning power plants are considered to be 50%

renewable.

• CO2 emissions by the entire French electricity sec-

tor: these are calculated on the basis of normative

rates for each type of generation (0.96 tCO2/MWh

for coal-fired units, 0.8 for fuel-oil units, 0.36 for

CCGTs and 0.4 tCO2/MWh for non-renewable

embedded thermal units, running mainly in CHP

mode and using natural gas). The influence of the

export balance on emissions outside France is not

taken into account.

• exports: export balances are intended for compar-

ison with interconnection infrastructure capacities,

so as to identify any limits they may place on tran-

sits. 

The following observations can be made of these

results:

• Growth in internal demand is mainly satisfied by the

development of combined cycle gas turbines and

renewable energy sources (mainly wind power)

through to 2012, and by the EPR thereafter.

• The expected export balance remains stable, fluctu-

ating only within a narrow range of 65 to 70 TWh, on

average. This level is close to what it would have been

in 2006 under normal climatic conditions (i.e. if the

first quarter had been milder, and water resources

slightly more plentiful). Compared with the forecasts

established in the 2005 edition of the Generation

Adequacy Report, it is slightly higher. This is explained

mainly by the fact that national demand forecasts

have been revised downwards, and to a lesser extent

by the fact that wind generation (due to greater

2006 2010 2011 2012 2015

( TWh)

National demand 476.5 494.4 499.4 500.2 508.8

Pumping 7.4 7.3 7.3 7.3 7.4

Export balance 63.7 65.5 66.0 67.4 68.0

DEMAND 547.6 567.2 572.7 575.0 584.2

Nuclear 428.7 430.3 430.3 429.2 442.0

Coal 21.7 17.7 17.2 15.5 11.1

CCGT 4.9 8.9 12.9 14.8 14.1

Fuel-oil and OCGTs 3.1 1.8 1.6 1.7 2.1

Non-renewable embedded thermal 23.0 23.2 23.2 23.3 23.3

Renewable embedded thermal 3.4 4.9 4.9 5.8 5.8

Hydroelectric* 60.6 70.7 70.7 70.7 70.7

Wind 2.2 9.7 11.9 14.0 15.1

SUPPLY 547.6 567.2 572.7 575.0 584.2

RES ratio 12.1% 15.3% 15.6% 16.0% 15.9%

Estimated CO2 emissions (MtCO2) 34.7 30.7 31.5 30.7 26.5

*: including pumping by Pumped storage plants 

ENERGY BALANCE – PROBABLE TRAJECTORY
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installed capacity) and nuclear generation (better

availability and addition of the EPR) have both been

revised upwards slightly.

• Nuclear generation remains virtually stable until

2012, when the EPR is due to be commissioned.

• CO2 emissions stabilise until 2012, despite the over-

all rise in generation, and drop thereafter. This is

explained by the wind power development, the com-

missioning of the EPR and the gradual replacement of

coal-fired plants with CCGTs.

• The proportion of generation obtained from renew-

able energy sources (which depends solely on the

hypotheses adopted for this type of intermittent/vari-

able generation) nonetheless remains substantially

below the target of 21% of national demand for elec-

tricity laid down by the POPE Law of 13 July 2005.

5.2.2 – Sensitivity to faster growth in demand:

The objective here is to assess the risks of shortfalls

occurring in a hypothetical situation where demand

growth is higher than in the "Baseline" scenario.

The results shown are taken from the simulation of

the power system with the national demand figures

from the "High" demand scenario, and generation

supply figures based on "Committed projects" as

described in the preceding chapter.

The three-hour threshold is exceeded slightly from

2012. If regular analyses show that demand,

notably peak loads, are following the high trajecto-

ry, a decision will have to be taken in good time on

the construction of additional facilities that can be

brought on-line rapidly (such as open cycle gas tur-

bines). The fact that the LOLE is very close to the

adequacy criterion as early as the first few years

means there is little time to develop complementa-

ry supply measures and facilities. This emphasises

the need to have access to all the facilities assumed

to exist in the "Committed projects" hypothesis: if

units currently under construction are not complet-

ed on time or if too many CHP installations are

decommissioned, then the French power system will

(even if only temporarily) be exposed to higher than

permitted shortfall risks, in the event of high

demand growth. 

2010 2011 2012 2015

Shortfall probability 8.1% 7.2% 9.4 % 28%

Unsupplied energy expectation 5.0 GWh 4.4 GWh 6.5 GWh 37 GWh

Loss of Load Expectation (LOLE) 2 hrs 43 mn 2 hrs 21 mn 3 hrs 12 mn 13 hrs 

SHORTFALL RISK - HIGH DEMAND
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The additional internal demand (over and above the

"Baseline" scenario) is satisfied partly by a reduction

in exports, and partly by an increase in generation

by units installed in France (small increase for

nuclear plants which are already heavily used – and

a proportionally greater increase for coal-fired units

or CCGTs). As a consequence of this last point, CO2
emissions rise very slightly in this hypothesis.

5.2.3 – Sensitivity to a reinforced DSM policy:

Unlike the previous chapter, the objective here is to

assess the risks of shortfalls occurring in the hypo-

thetical situation where demand is weaker than in

the "Baseline" scenario, due to the increased

impact of DSM measures.

The results shown are taken from a simulation of

the power system with the "Reinforced DSM" sce-

nario and the "Committed projects" hypothesis as

described above.

The LOLE remains well below the criterion required

over the entire period. If DSM measures prove to be

more effective than in the "Baseline" scenario, then

the planned CCGTs and the development of renew-

able energy sources prove broadly sufficient to

cover rises in demand over a sustained period of

time.

2010 2011 2012 2015

Shortfall probability 1.3% 0.9% 0.4% 3.7%

Unsupplied energy expectation 0.61 GWh 0.30 GWh 0.34 GWh 1.6 GWh

Loss of Load Expectation (LOLE) 0 hr 27 mn 0 hr 13 mn 0 hr 14 mn 1 hr 00 mn  

2006 2010 2011 2012 2015

(TWh)

National demand 476.5 500.4 506.6 508.6 520.9

Pumping 7.4 7.3 7.3 7.3 7.4

Export balance 63.7 63.3 63.4 64.4 63.0

DEMAND 547.6 571.0 577.3 580.3 591.3

Nuclear 428.7 431.8 432.0 431.1 444.4

Coal 21.7 19.1 18.7 17.0 12.5

CCGT 4.9 9.3 13.7 16.0 15.9

Fuel-oil and OCGTs 3.1 2.3 2.2 2.4 3.6

Non-renewable embedded thermal 23.0 23.2 23.2 23.3 23.3

Renewable embedded thermal 3.4 4.9 4.9 5.8 5.8

Hydroelectric* 60.6 70.7 70.7 70.7 70.7

Wind 2.2 9.7 11.9 14.0 15.1

SUPPLY 547.6 571.0 577.3 580.3 591.3

RES ratio 12.1% 15.1% 15.4% 15.9% 15.7%

Estimated CO2 emissions (MtCO ) 34.7 32.5 33.7 33.1 29.4

*: including pumping by Pumped storage plants

ENERGY BALANCE – HIGH DEMAND

SHORTFALL RISK - REINFORCED DSM
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2006 2010 2011 2012 2015

(TWh)

National demand 476.5 484.1 487.3 486.5 490.2

Pumping 7.4 7.4 7.3 7.3 7.4

Export balance 63.7 69.5 70.4 72.3 75.0

DEMAND 547.6 561.0 565.0 566.1 572.6

Nuclear 428.7 427.9 427.6 426.0 436.8

Coal 21.7 15.3 14.4 12.8 8.9

CCGT 4.9 8.1 11.4 12.6 10.9

Fuel-oil and OCGTs 3.1 1.2 0.9 0.9 1.1

Non-renewable embedded thermal 23.0 23.2 23.2 23.3 23.3

Renewable embedded thermal 3.4 4.9 4.9 5.8 5.8

Hydroelectric* 60.6 70.7 70.7 70.7 70.7

Wind 2.2 9.7 11.9 14.0 15.1

SUPPLY 547.6 561.0 565.0 566.1 572.6

RES ratio 12.1% 15.6% 16.0% 16.6% 16.6%

Estimated CO2 emissions (MtCO ) 34.7 27.7 27.9 26.8 22.5

ENERGY BALANCE - REINFORCED DSM 

*: including pumping by Pumped storage plants

The exact opposite of the previous variant, a reduc-

tion in internal demand allows a greater volume of

exports, whilst reducing the extent to which units

operating in France are called upon. Generation by

nuclear units is therefore reduced by over 5 TWh in

2015 compared with the "Baseline" demand.

The "Reinforced DSM" scenario also reveals a

reduction in CO2 emissions in France (which, in

2015, fall from 26.6 million tonnes in the

"Baseline" scenario to just 22.5 Mt). A reduction

should also occur outside France, as the export bal-

ance rises by 7 TWh, reducing the use of thermal

plants (which emit large amounts of CO2) located

elsewhere in Europe. This relatively high level of

exports (reaching 75 TWh/year at the end of the

period considered) nonetheless remains accessible

with existing interconnection capacities.

The ratio of renewable electricity to internal

demand is slightly higher than before, due to the

drop in demand. However, this improvement

remains very weak over the period as a whole

(0.6% maximum in 2015), and is not enough to

reach the target of 21%.

5.2.4 – Sensitivity to greater development 

of generation from RES:

The variant presented here involves assessing the

shortfall risk and the energy balance with a gener-

ating fleet that meets the target of having 21% of

electricity generated from renewable sources.

Demand is assumed to develop in line with the

"Baseline" scenario.
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2006 2010 2011 2012 2015

(in TWh)

National demand 476.5 494.4 499.4 500.2 508.8

Pumping 7.4 7.4 7.4 7.4 7.4

Export balance 63.7 75.1 74.4 77.3 82.2

DEMAND 547.6 576.9 581.2 584.9 598.3

Nuclear 428.7 423.0 424.0 420.9 428.2

Coal 21.7 12.2 12.4 10.5 6.7

CCGT 4.9 6.9 10.0 10.4 8.2

Fuel-oil and OCGTs 3.1 0.9 0.8 0.7 0.7

Non-renewable embedded thermal 23.0 23.5 23.5 23.7 23.8

Renewable embedded thermal 3.4 8.8 8.8 11.2 14.8

Hydroelectric* 60.6 71.9 71.9 73.9 76.7

Wind 2.2 29.7 29.8 33.6 39.3

SUPPLY 547.6 576.9 581.2 584.9 598.3

RES ratio 12.1% 20.1% 19.9% 21.5% 23.4%

Estimated CO2 emissions (MtCO ) 34.7 24.3 25.5 23.9 19.6

ENERGY BALANCE – HIGH RES 

SHORTFALL RISK - HIGH RES

*: including pumping by Pumped storage plants

Concerning generation from renewable energy
sources, the development of the fleet is in line
with the targets set in the PPI Order of 7 July
2006:
• The development of renewable thermal
sources, over and above the fleet installed as of 
7 July 2006, with 2,000 MW of biomass, 250 MW
of biogas, 300 MW of  waste burning power
plants, and 200 MW of geothermal energy in
2015. Since the Generation Adequacy Report is
limited to continental France, unlike the PPI
which covers the entire country, the capacity
values adopted are slightly reduced. 
• The increased development of wind power,

with a fleet of 13,500 MW by 2010 and 17,000
MW by 2015 (installed capacity in continental
France – including offshore facilities connected
to the Public Transmission System); this level of
capacity is compatible with the capacity to be
installed - i.e. 17,500 MW  - under the PPI, which
concerns the whole of France (including Corsica
and the overseas départements and territories)
• The development of hydro power: addition of
1,500 MW by 2015, raising French hydro
producible energy by 6 TWh.
The other generating facilities adopted are those
from the "Committed projects" supply
hypothesis.

Description of "High RES" supply

The results shown are taken from a simulation of the power system with demand according to the "Baseline"

scenario and generation supply as described above.

The fleet adjustment criterion is easily satisfied throughout the entire period.

2010 2011 2012 2015

Shortfall probability 0.9% 0.4% 0.7% 3.7%

Unsupplied energy expectation 0.50 GWh 0.40 GWh 0.43 GWh 1.4 GWh

Loss of Load Expectation (LOLE) 0 hr 17 mn 0 hr 13 mn 0 hr 14 mn 0 hr 49 mn 
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The introduction of additional "intermittent/variable"

(wind) and “imposed” generation (renewable ther-

mal) is qualitatively similar to demand side manage-

ment: the residual demand to be satisfied by conven-

tional generating facilities is reduced in both cases. It

is therefore no surprise to find the same conclusions

here as for the previous variant: exports rise, whilst

CO2 emissions in France fall. However, given the very

high expected value of exports (on average, over 80

TWh expected per year by the end of the period,– it

could be far higher under some contingencies), it can

be assumed that with the existing network, conges-

tion would appear much more frequently than at

present.

5.3.1 – Sensitivity of the generating fleet

Longer-term studies of the supply-demand balance

must naturally take account of far greater uncer-

tainties than those which focus only on medium-

term developments. Those concerning demand are

already included in the forecasts established in

Chapter 2, which, in 2020, show differences of 45

TWh on annual energy, and over 11 GW on peak

demand (one-in-ten chance of occurring), between

the "High" and "Reinforced DSM" scenarios. 

There are also significant uncertainties concerning

the generating fleet installed in France: this will

depend on decisions taken by generators over the

coming years, possibly influenced by Government

policy as determined in the PPI. In order for a gen-

erating unit to be commissioned by autumn 2019,

a decision must be taken in 2018 for wind turbines,

2017 for open cycle gas turbines, 2015 or 2016 for

CCGTs, and even as early as 2012 or 2013 for coal-

fired or nuclear installations. 

To deal with these uncertainties, several supply and

demand configurations are considered. Each one

gives rise to simulations of the French power sys-

tem. The resulting energy balances then illustrate

the consequences of the decisions that will be made

over the coming years, both in terms of the nature

of the generating facilities to be built and the DSM

measures to be taken. In all these various configura-

tions, the hypothetical generating fleets share cer-

tain criteria:

- they are all situated along the probable trajectory

until 2015, defined in the previous chapter: in 2020,

the generating fleets include all supply deemed

«Registered» (tables in chapter 5.1.2), plus facilities

likely to be commissioned by 2015 or kept in oper-

ation (three CCGTs, CHP maintained, additional

wind farms as indicated in chapter 5.2.1)   

- they all comply with the adequacy criterion: it is

assumed that sufficient quantities of additional

facilities will be commissioned before 2020 to guar-

antee this. The purpose of looking ahead to 2020 is

not to flag up potential shortfall risks, insofar as

there is still plenty of time to decide on the con-

struction of generating facilities to reduce them.

Instead, it is intended to assess the volume of facil-

ities likely to be required. 

To interpret the energy results obtained more easily,

the various configurations have been created so as

to ensure that each only differs from the others by

a single set of two parameters (demand / installed

capacity in CCGTs for demand variants; installed

capacity in CCGTs / in one other technology for sup-

ply variants): one of these configurations (the

"Central" configuration) is therefore given a special

role. This is merely for ease of presentation, since

the "Central" configuration has no greater likeli-

hood of occurring than the others.

The status of the supply-demand balance on neigh-

bouring systems in 2020 is also largely unknown.

For the purposes of simulating the French system,

the models adopted for the medium-term (possibil-

ities of zero imports in tight situations in France,

interclassification of French and foreign units) have

been used once again. This hypothesis is more a

question of convention than an industrial approach.

Uncertainties over the prices of fuel or CO2 emis-

sions permits, which can alter the economic ranking

of the various units, are not dealt with in any more

5.3 – LONG-TERM OUTLOOK – 2020



GENERATION
ADEQUACY
REPORT ON THE
ELECTRICITY 
SUPPLY-DEMAND
BALANCE IN
FRANCE

2007
EDITION

69

detail here. It follows that the estimated values from

each term of the energy balance have indicative

value only. The way they fluctuate depending on

the various configurations examined (calculated on

an "all other things being equal" basis) have at least

as much significance.

5.3.2 – Sensitivity to demand

The "Central" configuration is based on the

demand predicted in 2020 under the "Baseline"

scenario. With the «Registered» supply described in

paragraph 5.1.2 for assessing needs, it would

appear that the equivalent of 10,500 MW of ther-

mal facilities needs to be developed in order to com-

ply with the adequacy criterion. The facilities main-

tained (1,000 MW of CHP) or developed before

2015 (1,200 MW of CCGTs and wind) according to

the probable trajectory are insufficient to comply

with the adequacy criterion: additional supply will

be necessary.

The additional facilities are assumed to be made up

of: 

• the development of wind power in line with the

PPI's recommendations by 2015, i.e. installed capac-

ity of 17,000 MW,

• the development of other renewable technolo-

gies, hydro power and renewable thermal genera-

tion, to a level close to that recommended by the

PPI by 2015. Compared with the situation of the

fleet at the start of 2007, these developments rep-

resent, under normal climatic conditions, an addi-

tion of 3.1 TWh of hydro power and 8.8 TWh from

thermal facilities using renewable energy sources,

• and additional thermal facilities, composed exclu-

sively of 4,000 MW of CCGTs. This capacity is below

that of the projects currently queued and awaiting

development.

The following assumptions are made concerning

nuclear power: two 900 MW units will have been

decommissioned by 2019, there will be no rise in

the unit capacity of the PWR units currently in oper-

ation (except that resulting from the replacement of

turbine rotors), and the Flamanville EPR will have

been commissioned in 2012. Consequently, the

nuclear installed capacity in 2020 will be virtually

identical to that in 2007, within a few MW. 

The first demand variant, referred to as the "High

demand" variant, is based on the demand forecasts

from the "High" scenario in 2020, as described in

chapter 2. In order to be satisfied whilst complying

with the adequacy criterion, this level of demand,

some 18 TWh higher than the "Baseline" level,

requires the commissioning of 5,600 MW of addi-

tional thermal facilities, over and above the level

required under the "Central" configuration. The

adjustment only affects CCGTs, since the develop-

ment of RES and other thermal generation facilities

is assumed to be strictly identical to that of the

"Central" configuration. 

Under the "Reinforced DSM" variant, growth in

demand is assumed to be lower than the "Baseline"

scenario, due to the increased efficiency of DSM

measures as described in chapter 2. Demand under

this variant is some 27 TWh lower than under the

"Baseline" demand in 2020. With RES development

identical to that of the "Central" configuration and

thermal facilities developed up to 2015, generation

supply is sufficient in this case to comply with the

adequacy criterion: at just 1 hour 30 minutes, the

loss of load expectation (LOLE) is even substantially

below the required threshold.
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(GW)
“Central” “High demand” “Reinforced DSM”

configuration variant variant

Nuclear 63.2 63.2 63.2

Coal 2.9 2.9 2.9

CCGT 8.0 13.6 4.0

Fuel-oil and OCGTs 7.3 7.3 7.3

Embedded thermal 11.0 11.0 11.0

Hydroelectric 26.0 26.0 26.0

Wind 17.0 17.0 17.0

(TWh)
“Central” “High demand” “Reinforced DSM”

configuration variant variant

National demand 533.4 551.6 506.2

Pumping 7.4 7.4 7.4

Export balance 69.9 67.5 77.5

DEMAND 610.7 626.5 591.1

Nuclear 431.3 433.3 425.2

Coal 10.3 11.2 8.2

CCGT 22.4 35.3 11.2

Fuel-oil and OCGTs 1.1 1.1 0.9

Non-renewable embedded thermal 23.8 23.8 23.8

Renewable embedded thermal 11.2 11.2 11.2

Hydroelectric* 73.9 73.9 73.9

Wind 36.7 36.7 36.7

SUPPLY 610.7 626.5 591.1

RES ratio 20.7% 20.0% 21.7%

Estimated CO2 emissions (MtCO ) 28.2 33.6 22.1

In 2020, the installed generating fleets in each of these variants are therefore made up the following:

The energy balances for the year 2020, resulting from the simulations of the French power system in each of

the demand variants, are shown below:

* including pumping by Pumped storage plants.

In the "Central" configuration, both nuclear genera-

tion and the export balance return to levels close to

those observed in 2006, or forecast in the medium-

term. CO2 emissions are slightly decreased. As a

result, the substantial additional internal demand (57

TWh more than in 2006) is largely satisfied by gener-

ation from renewable sources, which is "intermit-

tent/variable" and CO2-free; the remainder comes

from greater output by conventional thermal plants,

but with more from CCGTs than coal-fired plants

which emit high levels of CO2.

The results from the "High demand" variant, for

nuclear and coal-fired generation, and for the export

balance, are not notably different from those of the

"Central" configuration. The excess demand (18

TWh) is mostly (around two-thirds) covered by gener-

ation by CCGTs, installed in greater numbers. As a

INSTALLED CAPACITIES IN 2020 - SENSITIVITY TO DEMAND

ENERGY BALANCES 2020 – SENSITIVITY TO DEMAND 
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(GW)
“Central” “EPR” “Coal” “Low wind”

configuration variant variant variant

Nuclear 63.2 66.4 63.2 63.2

Coal 2.9 2.9 6.1 2.9

CCGT 8.0 4.8 4.8 9.8

Fuel-oil and OCGTs 7.3 7.3 7.3 7.3

Embedded thermal 11.0 11.0 11.0 11.0

Hydroelectric 26.0 26.0 26.0 26.0

Wind 17.0 17.0 17.0 10.0

consequence, CO2 emissions are higher than those

estimated in the "Central" configuration, and are

returning to levels very close to those observed in

2006.

The most notable trend in the "Reinforced DSM"

variant lies in the reduction in all types of thermal

generation, despite significant growth in exports.

This is particularly true for nuclear generation (8 TWh

less than in the "High demand" variant - it is also 4

to 5 TWh less than the actual figures for 2005 and

2006, with almost identical installed capacity and

slightly improved availability). This is a sign that avail-

able capacities are being used less intensively.

5.3.3 – Sensitivity to generation supply

This section looks at the energy balances resulting

from the various potential generating fleet configura-

tions able to satisfy the demand forecast for 2020

under the "Baseline" scenario. The fleet described

previously in the "Central" configuration is one of

those suitable, since it enables the supply-demand

balance adequacy criterion to be satisfied; others are

also possible though.    

The table below details the generating fleet in the

different variants examined:

In the first variant tested, referred to as the "EPR"

variant, it is assumed that two EPRs will have been

commissioned by 2020, with generation from RES

developing along a trajectory strictly identical to that

of the "Central" configuration. As a result, the addi-

tional capacity to be installed in the form of CCGTs

(over and above those likely to be installed in 2015),

is now just 800 MW.

It should be noted that a quantitatively similar rise in

the nuclear capacity in operation in 2020 could be

obtained by extending the lifetimes of the two 900

MW units beyond their fourth ten-yearly inspection,

and boosting the unit capacity of the 1,300 MW

units, provided both measures are technically and

legally feasible, and economically judicious. 

In the second variant tested, referred to as the

"Coal" variant, it is assumed that the additional

requirements are partly satisfied by the construction

of four supercritical coal-fired plants with a unit

capacity of 800 MW. Here also, generation from RES

is assumed to develop along a trajectory strictly iden-

tical to that of the "Central" configuration.

Compliance with the adequacy criterion requires an

additional 800 MW, made up of CCGTs.

The 3,200 MW capacity of new coal-fired facilities

exceeds that of the projects that currently have con-

nections to the PTS. However, it does not appear

entirely unrealistic for 2020, and has the advantage,

for the purposes of this exercise, of being identical to

the nuclear capacity adopted for the "EPR" variant,

thereby facilitating a comparison between the two.

INSTALLED CAPACITIES IN 2020 - SENSITIVITY TO SUPPLY 
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In the third variant tested, referred to as the "Low

wind" variant, it is assumed that wind power will not

be developed to the level recommended by the PPI,

but will remain limited to 10,000 MW. To comply

with the adequacy criterion, some 5,800 MW of

additional thermal facilities will therefore need to be

installed, assumed to be exclusively made up of

CCGTs.

It is worth noting that, compared with the "Central"

configuration, the 7,000 MW reduction in wind gen-

eration has to be offset by the presence of 1,800

MW of additional CCGTs. The rate of capacity cred-

it (ratio of "avoided" thermal capacity to installed

wind capacity) is approximately 25%.

In all four of the generating fleet configurations

considered, exports remain high, actually outstrip-

ping those observed at present and forecast for the

medium-term. They are highest under the "EPR"

variant, where "intermittent/variable" generation

(i.e. with no variable generation costs, which is the

case of renewables) or with very low variable gener-

ation costs (nuclear) is the most widely developed. 

They also appear high under the "Coal" variant.

Even in the absence of any CO2 capture and stor-

age (CCS), the improved efficiencies offered by the

technology selected for the new units (supercritical)

means they are guaranteed to be used in priority,

before older coal-fired plants, whatever the prices

of coal and CO2 permits. If CCS is used, although

the solutions involved and their impact on unit gen-

eration costs (via efficiency) are not yet fully deter-

mined, the thinking behind the capture and storage

technology means the units equipped with it should

be used in priority. The issue of the order in which

CCGTs and supercritical coal-fired units are used is a

The energy balances for the year 2020, under each of the variants indicating potential generating fleet con-

figurations, are shown below:

(TWh)
“Central” “EPR” “Coal” “Low wind”

configuration variant variant variant

National demand 533.4 533.4 533.4 533.4

Pumping 7.4 7.4 7.4 7.3

Export balance 69.9 75.2 73.1 66.7

DEMAND 610.7 616.0 613.9 607.4

Nuclear 431.3 448.0 431.3 433.5

Coal 10.3 8.5 23.0 11.5

CCGT 22.4 12.7 12.8 30.6

Fuel-oil and OCGTs 1.1 1.1 1.1 1.2

Non-renewable embedded thermal 23.8 23.8 23.8 23.8

Renewable embedded thermal 11.2 11.3 11.3 11.3

Hydroelectric* 73.9 73.9 73.9 73.9

Wind 36.7 36.7 36.7 21.6

SUPPLY 610.7 616.0 613.9 607.4

RES ratio 20.7% 20.7% 20.7% 18%

Estimated CO2 emissions (MtCO ) 28.2 23.1 23.2** 32.4

33.1***

*: including pumping by Pumped storage plants

** : with CO2 capture and storage at new coal-fired installations

***: no CO2 capture and storage at new coal-fired installations 

ENERGY BALANCES 2020 – SENSITIVITY TO SUPPLY 
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more open one. It was not deemed realistic to con-

sider CCGTs as having the same level of priority

(which would mean placing all the coal-fired units

behind the CCGTs in order of merit, thereby consid-

erably raising the demand for gas by CCGTs, and

reducing overall European generation from coal to a

minimum). For this reason, the four new coal-fired

units installed in France, whether or not equipped

with CCS facilities, are among the generating facili-

ties most heavily used to satisfy European demand.  

These export levels, even under the "EPR" variant,

are accessible with the existing network of intercon-

nections. 

None of the four variants leads to a rise in CO2
emissions compared with those observed in 2006,

despite a significant increase in overall generation.

The RES and CCGT-heavy development trajectory

identified in the "Central" configuration would lead

to a reduction of approximately 15%. The use of

coal without CO2 capture and storage instead of

CCGTs ("Coal" variant), or CCGTs instead of wind

turbines ("Low wind" variant) would result in emis-

sions stabilising in line with current levels. The

development of nuclear generation (as per the

"EPR" variant), or even coal with CO2 capture and

storage, instead of CCGTs, would allow the biggest

reduction in emissions.
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The transmission capacity of the PTS is limited for

two principal reasons(39):

• the current that flows through each component

of the network (line, transformer), due to the heat

this generates in the component concerned, must

remain below a maximum acceptable value at all

times. However, temporary overloads are tolerated

for a few minutes at a time (the greater the over-

load, the shorter the permissible time), to allow dis-

patchers to alter the network configuration or gen-

erating plan so as to reduce the current back with-

in the acceptable limit; 

• voltage must be maintained within a narrow

range at all points on the network. If it drops below

a certain threshold (‘critical voltage’), it leads to an

uncontrollable collapse and no active power can be

transmitted. It is controlled, locally, by the absorp-

tion or injection of reactive power, usually provided

by generating units, at the same time they generate

active power; since transporting alternating current

over long distances results in voltage drops, where

there are insufficient generating units in a zone,

either the power being transmitted must be limited,

or additional facilities must be installed to compen-

sate for the voltage drops.

These two conditions must be met in order for the

system to be operated safely, even in the event of

fault occurring in any one of its components (gen-

erating unit, line or transformer): this is known as

the "N-1 Rule". Certain combinations of two faults,

in places where their appearance is not negligible

and where their consequences would be serious,

are also taken into consideration (application of the

"N-2 rule").

The regional analysis is limited to two geographical

zones, both of which are outlying areas suffering

from a deficit of generating facilities. These charac-

teristics mean the Public Transmission System (PTS)

has a crucial role in guaranteeing the security of the

electricity supply. The two zones in question are: 

• the Provence – Alps – Côte d’Azur (PACA) region,

• and a Western Zone, covering the administrative

region of Brittany and two départements in the

administrative region of the Pays de Loire: Loire

Atlantique and Vendée.

6  Regional supply-demand 

balances

A more
comprehensive
presentation of the
ways in which
system security is
affected can be
found in the "Power
System Reliability
Handbook", which is
available for
download from the
website: www.rte-
France.com (Media
Library/
Publications/
Operational Data/
Annual Publications)

(39) 

The first few chapters of this Generation Adequacy Report have looked at the overall balance between

supply and demand from a national viewpoint, without taking account of potential constraints imposed by

the status of the network. Yet the security of supply to each consumer is also dependent on the

consistency of the network, with regard to the respective locations where electrical energy is generated

and consumed.

The purpose of this chapter is not to look in detail at all the constraints liable to affect the network: this is

done in the "Transmission System Development Plan". This section is concerned only with problems

affecting the security of supply to consumers, which can be resolved either by strengthening the Public

Transmission System, or by developing generating facilities at carefully chosen sites. 
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6.1 – THE PROVENCE ALPS CÔTE D’AZUR (PACA) REGION

Electricity demand in the PACA region totalled 37.3

TWh in 2006, or 8.3% of final electricity demand in

France. It is distributed very unevenly across the

region: approximately 84% of demand is concen-

trated in the three coastal départements (and

almost half in the Bouches du Rhône alone).

The sectorial distribution of demand is also very

uneven: industry, especially heavy industry, is

strongly developed in the industrial and port area of

Marseilles (Fos – étang de Berre), and accounts for

half of the electricity demand in the  Bouches du

Rhône. Conversely, in the Var and Alpes Maritimes

départements, the majority of demand comes from

the residential and tertiary sectors.

In recent years, overall growth in demand in the

PACA region has been broadly very similar to that

seen across the rest of France: +1.8% per year on

average since 2001, after adjustments taking

account of climatic factors. This global observation

nonetheless masks a significant disparity between

the coastal départements in the east, which have

seen growth of around 2.4% per year coupled with

a faster growing population than the rest of France,

and the Bouches du Rhône, where the weight of

the industrial sector explains the slower demand

growth.

Despite a warm summer climate and the develop-

ment of tourist activities, the demand peak still

occurs in winter, as is the case in all regions of

France. 

There is strong sensitivity to climatic conditions: 200

MW/°C in winter, 60 MW/°C in summer. Peak day

load shedding or EJP(40) as it is known represents 170

MW. The maximum load was 6,910 MW, reached

on 29 December 2005, when the outside tempera-

ture was 8°C lower than the norm, and with no EJP

activated. A level very close to that (6,907 MW) had

already been reached the previous winter (on 28

February 2005, with a temperature 9°C lower than

the norm and with no EJP activated).

The demand forecasts are consistent with those

made for the country as a whole (see chapter 2).

These forecasts are based on regional demographic

prospects. They also take account of specific

demand side management efforts in the eastern

part of the region.

Given the heterogeneous structure of demand, the

scenarios have been projected not only for the

entire PACA region, but also for the sub-region

made up of the Var and Alpes-Maritimes départe-

ments.
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Entire PACA region Var & Alpes Maritimes

TCAM AAGR AAGR AAGR AAGR

2004/10 2010/20 2004/10 2010/20

High 1.5% 1.2% 1.8% 1.5%

Baseline 1.3% 1.0% 1.6% 1.1%

Reinforced DSM 0.7% 0.5% 1.1% 0.7%

AAGR: Average Annual Growth Rate

PACA DEMAND GROWTH SCENARIOS

Sectorial 
distribution

Residential & 
Tertiary

Industry

ELECTRICITY DEMAND IN 2006

For a definition 
of EJP, see chapter
2.9.4

(40) 
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6.1.2 – Generation

Two thermal generating plants are installed in the

Marseilles area: one at Gardanne (810 MW, coal-

fired units), and another at Martigues (750 MW,

fuel-oil units). The sustainability of generation at

these sites does not appear to be under any threat

in the short-term. The Gardanne plant complies

with European environmental regulations. It has

also been announced that the Martigues fuel-oil

plant will soon be converted to a CCGT, with a

capacity higher than that of the existing facility.

There are a number of embedded thermal generat-

ing units (CHP) present in the region, with a cumu-

lative rated capacity of 500 MW. These are mainly

sited in the industrial zone of Fos – Etang de Berre.

It is not certain what will become of them when the

purchase contracts expire, around 2010.

Meanwhile, the region has one of the biggest

hydroelectric generating facilities in France: the

hydro plant on the Durance River. It is made up of a

large capacity reservoir (Serre-Ponçon Lake), with a

series of eleven plants laid out downstream, con-

nected by canals, as far as the Etang de Berre. This

configuration provides a capacity of some 1,500

MW, which can be brought on-line rapidly if need-

ed. However, increasingly restrictive constraints are

likely to eliminate this operating flexibility (see

inset). Other installations, notably in the inland area

around Nice (Var, Tinée, Roya – almost 300 MW),

and on the tributaries of the Upper Durance

(approx. 100 MW), provide significant additional

capacity.

For the sake of exhaustiveness, three plants located

on the Rhône may be mentioned (installed capacity

Thermal 
plants

Hydroelectric 
plants

Gardanne 810 MW Verdon 280 MW

Durance 1500 MW

Martigues 750 MW

GENERATING FACILITIES IN THE PACA REGION

In addition to restrictions concerning multiple uses for water

(maintaining the level of Serre Ponçon Lake for watersports

between June and October, releasing water for agriculture or

drinking water for residents, etc.), which are common to many

hydroelectric installations in France, the operation of the plants on

the Durance is subject to specific constraints, . These constraints

are due to the fact that the terminal part of the installation does

not follow the natural course of the river (which flows westwards

into the Rhône), but flows are actually diverted southwards to the

Etang de Berre. Since this latter has naturally briny waters, too

much fresh water (and silts) flooding from the Durance hydro

plants may alter its ecological balance. Therefore, limits are placed

on the amounts of fresh water which are allowed to pass through

the turbines of the plants . They had already been set at a level of

2,100 hm3/year for around fifteen years. In a Decree dated 8

December 2006, the limit was lowered to 1,200 hm3/year with

effect from 2007: now around four-fifths of the water arriving at

the two plants furthest downstream (Salon and Saint Chamas)

must be routed into the natural bed of the Durance, eliminating 1.2

TWh/year of potential generation.

Variations in flow in the natural bed are also limited. As a result,

any rapid rise in the load on the chain of plants upstream from

Salon means the additional flow must be routed towards the Etang

de Berre. The ability to bring additional capacity on-line quickly

(after a thermal generating unit or a transmission line has tripped,

for example) is crucial to the security of the power system, both in

the PACA region and right across France, given the volumes of

power at stake. As an illustration, during the incident which

occurred on 4 November 2006 that deprived around fifteen million

homes in Western Europe of electricity,  supply was restored to

most consumers in under half an hour by rapidly starting up

hydroelectric plants (on the Durance in particular, but also in the

Northern Alps and the Massif Central region).

Whilst limits would mean that fresh water can no longer be

ejected into the Etang de Berre, either temporarily (annual quota

exhausted) or definitively (closure of the two downstream plants),

and that no load modulation would be possible any longer on the

Durance as a whole, the consequences would be highly negative in

terms of the security of supply, both in the PACA region and

beyond.

Operating constraints affecting plants on the Durance River
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6.1.4 – Risks to security of supply

The limits on the power that can be delivered are

determined mainly by the lines' transmission capac-

ity. These limits can be looked at across two geo-

graphical areas that fit together:

• firstly the eastern part of the PACA region (east of

Néoules and Boutre, i.e. the entire Alpes Maritimes

département and the eastern half of the Var),

whose supply comes from two lines with different

capacities (southern section: dual circuit 400/225 kV

line from Néoules; northern section: 225 and 150

kV lines from Sainte Tulle);

• then almost all of the PACA region, whose supply

crucially depends on the Tavel – Réaltor line, which

is naturally the most heavily used link in the south-

ern network chain.

Moreover, voltage control depends mainly on a few

generating facilities, notably the hydroelectric units

in the eastern part of the region. Difficulties arise if

these units are unavailable or if demand is high. This

requires compensation installations (capacitor

banks) to be reinforced periodically.

• In the eastern part of the PACA region

i. Risks due to the loss of a single circuit

Of all the incidents liable to affect generating or

transmission installations in this zone, the most seri-

ous is the loss of the 400 kV Néoules – Broc Carros

line. With demand of over 2,000 MW in the eastern

PACA region, transferring flows to the remaining

lines creates unacceptable overloads lasting in

excess of a minute on the lines that make up the

northern link. Insofar as there is insufficient time for

RTE to take any countermeasures, the unavoidable

result of a fault is a complete black-out across the

of 700 MW). However, although they actually lie

inside the boundaries of the PACA Region, their

position on the western edge means that from the

point of view of the transmission grid, they have to

be considered as external generation sources. 

6.1.3 – Network

Just over half of the regional demand has to be

imported.

The energy is drawn from the 400 kV national grid,

at the Tavel substation (near Avignon). 

The main artery supplying the high demand density

area is made up of a single 400 kV dual-circuit line

between Tavel, Réaltor (Marseilles), Néoules

(Toulon) and Broc Carros (Nice). One of the circuits

is currently operated at 225 kV along the terminal

section of the line between Néoules – Broc Carros.

Further north is another link, which does not have

the same homogeneity: the western section consists

of a 400 kV dual-circuit line (including one circuit

currently operated at 225 kV) between Tavel and

Boutre (near Manosque), where it intersects with

the 225 kV network that collects the electricity gen-

erated by plants upstream on the Durance. To the

east, the link consists only of a single 225 kV line

(along with a 150 kV line with an even lower capac-

ity) between Sainte Tulle and Lingostière (near Nice).

The 225 kV upstream Durance link does not allow

any significant imports of electricity from the

national grid: when the plants on the Durance are

generating, the flows balance out near Serre-

Ponçon. The 225 kV link with Italy barely allows any

more imports from that country as a rule, though it

can offer backup in the event of an incident occur-

ring.

400 kV

225 kV

400 kV

225 kV

Coulange

Tricastin

Tavel

Réaltor Boutre

Néoules

Broc - Carros

Lingostière

Ste Tulle

Coudon

STRUCTURE OF THE PACA NETWORK



REGIONAL SUPPLY-DEMAND BALANCES/6
PART

80

zone. Such a level of demand would doubtless also

pose problems for voltage control, and could lead

to targeted power cuts, to ensure that supply could

be maintained for priority consumers (hospitals,

etc.). 

At the end of February 2005, and several times dur-

ing the winter of 2005/06, around 7pm, RTE was

forced to resort to extraordinary measures (running

hydro plants in Alpes-Maritimes at maximum capac-

ity, forcing a voltage drop of 5% on the distribution

networks in Alpes Maritimes and eastern Var, etc.)

to remain within the critical threshold. This level of

demand has so far only been reached under excep-

tional climatic conditions. However, continued

increases in demand will make this a much more

frequent occurrence in years to come.

At lower demand levels, the overloads on the

remaining lines (after an incident affecting the

Néoules – Broc Carros 400 kV line) are acceptable

for several minutes: the operator has sufficient time

in which to take measures to bring transits on the

lines back to a sustainable level. Nonetheless, since

the options are very limited, power cuts are

inevitable if demand is high in the eastern part of

the PACA region (around 1,500 MW in winter).

These risk situations, requiring power cuts as a cor-

rective measure (i.e. implemented after an incident

has occurred), currently occur for a total period of

some 1,800 hours per year. 

Incidents on other lines would also lead to correc-

tive power cuts: this is particularly true of the loss of

the 225 kV  Néoules – Trans – Biançon – Broc Carros

line, at load levels which are currently encountered

1,400 hours/year. 

Although corrective power cuts should remain rare

(since they are used after incidents, which are them-

selves rare), the use of this countermeasure contra-

venes one of RTE's main self-imposed operating

rules: the “N-1 Rule”, which stipulates that the loss

of a line must not have any impact on supply to

consumers. Nowhere else in France is the “N-1

Rule” breached in this way for 1,800 hours per year.

ii. Risks due to the loss of a dual-circuit line:

The loss of a dual-circuit line (two circuits mounted

on a single row of pylons) is generally an extremely

rare occurrence in France. It is less so in the PACA

region, due to the very frequent forest fires. Before

fire service personnel can attempt to deal with a fire

in an area crossed by power lines, the power to the

lines must first be cut. 

If the 400/225 kV Néoules – Broc Carros line has to

be cut off, the supply to the eastern part of the

PACA region is effectively restricted to 1,000 MW.

This level of demand is already exceeded for more

than 7,000 hours per year as of 2007, and conse-

quently in the event of a fire under this dual-circuit

line, power cuts become unavoidable. This situation

has already occurred, on 6 July 2001 and in July

2003: the fire that broke out to the east of

Draguignan led to power cuts on 29 and 30 July in

Alpes-Maritimes, at peak demand times. 

•  Congestion on the Tavel – Réaltor line

i. Risks due to the loss of a single circuit

The fault with the most serious consequences is the

loss of one of the 400 kV circuits on this link, result-

ing in an overload on the remaining line. At the

maximum demand levels recorded in recent winters

2004/05 and 2005/06, even with all the region's

thermal and hydroelectric facilities running, correc-

tive power cuts remain necessary. Given the contin-

gencies on demand and the availability of generat-

ing units, there are several dozen hours per year

during which the "N-1 Rule" cannot be respected.

For lower demand levels, countermeasures other

than power cuts can be employed. However, they

still require generating reserves that can be brought

on-line rapidly (within 20 minutes) downstream

from the Réaltor substation, notably the hydro

plants on the Durance, but often also the thermal

units at Gardanne and Martigues. Given the time

needed to start up these units (several hours), they

must be kept running with partial loads, even if

national supply - demand balance conditions

encourage the operator to keep them shut down.

This is the case for the fuel-oil units at Martigues,



GENERATION
ADEQUACY
REPORT ON THE
ELECTRICITY 
SUPPLY-DEMAND
BALANCE IN
FRANCE

2007
EDITION

81

currently for several hundred hours per year. In the

1990s, the coal-fired units at Gardanne had to be

brought on-line for several thousand hours,

although the nuclear units were not running at full

capacity at the same time.

ii. Risks due to the loss of both circuits

The risk of fires beneath the Tavel – Réaltor lines is

just as serious as for the eastern lines. This risk is

taken into account between June and September,

when the presence of available thermal generating

units is often required, in order, as far as possible, to

avoid power cuts following the loss of the dual-cir-

cuit line.

The fire that broke out on the evening of Friday 6

May 2005, at a time when all the thermal units

were shut down (normal on the eve of the week-

end, when demand and the probability of a fire are

both low) required power to be cut to both circuits

of the Tavel – Réaltor line. This led to a power cut of

1,200 MW, affecting around 1.2 million homes

spread across the entire PACA region.

6.1.5 – Options for improving security 

of supply

• Reinforcing the regional network

In order to strengthen the fragile power supply to

the PACA region, RTE has for some time been push-

ing for the construction of a 400 kV line between

the substations at Boutre and Broc Carros. This

would allow the creation of an "electric ring",

effectively securing the region's supply. In accor-

dance with the recommendations issued following

the public debate organised in 1998, an interminis-

terial decision ordered the creation of a new line,

along a route replacing that of the two existing high

voltage lines, along with an ambitious demand side

management plan for the eastern PACA region. The

project was officially granted a Declaration of Public

Utility in October 2005. However, this decision was

set aside by the Conseil d'Etat (France's supreme

administrative court) in July 2006. Whilst acknowl-

edging the general benefits of the project, the

Conseil d’Etat took the view that re-using the route

taken by the existing lines, even though these lines

were to be removed, would have an excessive

impact. In particular, the planned route would

require pylons to be built within the protected area

of the Gorges du Verdon. 

In light of the Conseil d'Etat's ruling, RTE has been

forced to take palliative measures to strengthen the

existing network, in order to limit the risks of power

cuts in the coming years as far as possible. These

measures, to be implemented between now and

2009, involve:

• using the second circuit of the Néoules – Broc

Carros link at a voltage of 400 kV. This does not

require any modifications to the line itself, which

was designed for such a voltage level, but it does

involve substantial work on all the intermediate sub-

stations served by the line, to maintain supply at

225 kV;

• installing a phase-shifter transformer on the 225

kV Boutre – Coudon line, to ease transits on the line

(the capacity of which was already increased in

2003) and to relieve pressure on both the southern

link between Tavel and Néoules and the high volt-

age lines crossing the Verdon;

• installing additional capacitor banks to control

voltage levels.

These measures are only a partial, temporary

response. They will ensure compliance with the "N-

1 Rule" until around 2015. However, they do noth-

ing to alleviate the consequences of losing the dual-

circuit line (notably due to a fire).

Even when combined with an electricity demand

side management policy and the development of

generation in the region, these measures cannot be

deemed a sustainable long-term response to securi-

ty of supply issues in the eastern PACA region. RTE

is therefore looking for a solution that will intercon-

nect the 400 kV network, whilst taking into account

the terms of the Conseil d’État ruling.

• Electricity demand management and the

development of generation 

i. In the western PACA region

The industrial zone of Fos – Etang de Berre offers a

number of advantages for the development of elec-

tricity generating facilities, in terms of the availabil-

ity of land and logistical support. The existence of
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an LNG terminal, soon to be reinforced by a second

due to open in early 2008, has led to the emer-

gence of several gas-fired generation projects. A

first CCGT is currently under construction on the

site of the independent port, and another should

probably follow shortly after. The project to replace

the Martigues plant has already been mentioned

above and others are being examined. 

Paradoxically, RTE is now faced with the issue of

how to handle the generation feed for the energy

produced in the Fos – Etang de Berre zone. The

existing network is not sufficiently developed to

accommodate more than two CCGTs. The decision

was taken in 2006 to boost local accommodation

capacity, by creating two 225 kV/400 kV transform-

ing substations in the Fos industrial and port zone

and around the Lavéra petrochemical complex

respectively. The dual-circuit Réaltor – Lavéra –

Feuillane line will therefore be operated at its design

voltage (400 kV). Consequently, by 2011, approxi-

mately 3,000 MW of generating capacity could be

operational in the Fos zone.

Provided they can be operated for a significant peri-

od of time each year, these projects are likely to ease

the load on the Tavel - Réaltor lines on a long-term

basis. On the other hand, they will do nothing to

strengthen the fragile electricity supply to the east

of the region. Finally, the arrival of these generating

facilities, coupled with the decommissioning of the

existing uranium enrichment plant connected to the

Tricastin substation, will significantly alter the flows

circulating in the Rhône Valley and towards

Languedoc and Spain: a substantial portion of the

transmission system covering the south-eastern

quarter of France will therefore have to be adapted.

ii. In the eastern PACA region

In the east of the region, the possibilities for build-

ing high capacity plants are much more limited due

to the scarcity of suitable sites, the difficulties in

transporting gas and the lack of cooling water.

Several generators have nonetheless commissioned

studies with a view to generating energy from

renewable sources or gas. RTE is supporting them in

their efforts.

Meanwhile, having noted that demand in the

region is growing faster than the national average,

the Government is also seeking to reinforce

demand side management measures (DSM). Some

measures have already been undertaken since 2002

and they should be strengthened in the years

ahead.

Their results are currently difficult to assess. Growth

in demand depends on a number of factors: cli-

mate, demographic change, economic activity, the

effects of DSM policies, etc. For the moment, it is

difficult to distinguish this last factor from the oth-

ers in order to gauge its magnitude. RTE has begun

work to improve its ability to analyse previous

demand statistics. 

The DSM measures taken or envisaged include

some basic measures that form part long-term ener-

gy saving efforts (e.g. replacing conventional light-

bulbs with energy efficient bulbs), whilst others aim

to reduce loads at certain times in order to over-

come network operation issues (call for lower

demand during cold spells, voluntary load shedding

by certain customers, etc.). The extent and the

effectiveness of these various measures must be

analysed differently.

6.1.6 – Conclusion

The security of the electricity supply in the PACA

region is currently a source of major concern. Since

2000, there have been three large-scale power cuts,

all of them the result of fires breaking out beneath

power lines. A number of critical situations caused

by high demand have also arisen in recent winters.

This level of exposure to the risk of power cuts is

unique in France.

The development of new generating facilities in the

Bouches-du-Rhône, which should be available

around 2010 or shortly thereafter, together with

moves to extend the lifetime of existing units,

should go some way towards limiting the risks of

power cuts resulting from faults on the Tavel –

Réaltor line in the western part of the PACA region.

The task of connecting these new facilities will be

made easier by work to strengthen the network in

the industrial zones of Lavéra and Fos.
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In the eastern PACA region, RTE has taken emer-

gency measures in the wake of the Conseil d'Etat's

decision to withdraw the Declaration of Public

Utility initially granted to the "BBC" project. These

measures, reinforced with DSM measures, will post-

pone some of the security of supply issues for sev-

eral years. However, it is important to look for a

long-term solution in order to face risks associated

with losing the dual circuit Néoules – Broc Carros

line.

6.2 – WESTERN FRANCE REGION

6.2.1 – Demand

Demand in all of the six départements studied

totalled 31.6 TWh in 2006, equivalent to 7.1% of

final electricity demand in France. Over the last ten

years, it has grown faster than the national average,

to a lesser extent in Cotes d’Armor and Finistère,

and more so in the other four départements, espe-

cially Vendée. The sectorial distribution is relatively

uniform across the territory concerned, though the

Residential and Tertiary sectors (75%) account for a

higher than national average share of demand. The

share accounted for by heavy industrial establish-

ments with high electricity demand (those connect-

ed to the PTS), at around 5% of total demand, is

notably lower than the French average.

Sensitivity to temperatures in winter is high, with a

rise of 170 MW per degree Celsius (approximately

1/10 of the load variation for France, whereas ener-

gy demand is just 1/15). Peak day load shedding

(EJP) is widespread (240 MW of load shedding). The

maximum load recorded to date is 6,260 MW,

reached at 10am on 1st February 2006 (with a tem-

perature 6.5°C lower than the norm and EJP not

activated).

Demand growth prospects are slightly higher than

the national average. Demand is expected to grow

faster in Brittany due to demographic reasons, with

higher demand by the residential sector. The

prospects are also more favourable for industrial

demand, with smaller and medium-sized business-

es, which are more dynamic, being proportionally

more numerous in the region (especially in Vendée).  

GROSS ELECTRICITY DEMAND IN 2006

Western France region 

AAGR AAGR

2004/10 2010/20

High 1.8% 1.4%

Baseline 1.6% 1.2%

Reinforced DSM 1.0% 0.8%

AAGR: Average Annual Growth Rate

DEMAND SCENARIOS
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6.2.2 – Generation

The main generating plant in the region is located

at Cordemais, just downstream from Nantes on the

Loire estuary. It currently houses two 580 MW coal-

fired units (which meet the environmental standards

laid down by the Order of 30 July 2003), and one

685 MW unit running on fuel-oil. A fourth unit,

identical to the third, is currently mothballed and

will be re-commissioned in autumn 2007. The oper-

ated capacity of the site will then be increased to

2,530 MW.

Five open cycle gas turbines with a total capacity of

480 MW are installed in Finistère, at two separate

sites: Brennilis and Dirinon. These peak facilities are

only brought on-line when the transmission net-

work is approaching saturation point, during

demand peaks, or for special configurations of the

generation-transmission system. 

The last major generating facility in the region is the

tidal power station on the Rance. The installed

capacity is 240 MW, but the available capacity at

peak demand periods is dependent on the tides,

and cannot be guaranteed.

Embedded generation makes up a relatively modest

proportion of the region's capacity:

• around 300 MW of thermal facilities, either

installed at industrial sites connected to the PTS, or

connected to the Distribution Networks (waste

burning power plants, small-scale CHP, etc.),

• 30 MW of installed capacity in the form of hydro-

electric facilities 

• installed wind generating capacity was close to

200 MW at the end of 2006, spread across 35 sites. 

Altogether, under optimum facility availability con-

ditions, generation is close to 2,500 MW, well

below the demand levels commonly seen in the

region.

6.2.3 – Network

The available capacity on the national grid is made

available to the zone via the 400 kV dual-circuit

Launay – Domloup – Cordemais line, which runs in

an arc along the eastern border of Brittany. The arc

is solidly connected to the national 400 kV network,

by three dual-circuit lines.  

Power is distributed across Brittany via several lines:

• in southern Brittany – from Cordemais, from

where a 400 kV dual-circuit line runs, and an array

of five 225 kV lines running towards the north-

west,

• in northern Brittany, mainly from Domloup, from

a single circuit 400 kV line, backed up by a 225 kV

network connected to Domloup and Launay,

Vendée is crossed by two 225 kV links, connected in

the north to Cordemais, and relying on the 400 kV

Granzay substation in the south.

Thermal 
plants

Hydroelectric plant

OCGTs

225 kV400 kV

La Martyre

Brennilis

Plaine Haute Rance Launay

Domloup

Cordemais
Distré

Cheviré

Granzay

Poteau Rouge

Dirinon

NETWORK AND GENERATION IN THE WESTERN REGION
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6.2.4 – Security of supply

Due to the long distances between demand centres

and generation sources, voltage control in the

Western France region represents a more severe

restriction on transmission possibilities than in any

other part of the country.

Concerning the active power capacity of the trans-

mission infrastructures (lines and transformers),

problems arise on intra-regional lines at loads that

will be reached within the next ten years, based on

expected growth. They are located in and, at first

sight, can be separated into three geographical

zones:

• southern Brittany, due to the choking of the 225

kV lines between Nantes and Lorient,

• northern Brittany, which is only supplied by 225 kV

lines in the absence of the 400 kV Domloup - Plaine

Haute line,

• and Vendée, where the 225 kV lines host flows

intended to satisfy increasingly high local demand;

south-north transits are placed on top of these when

large amounts of energy are being imported into

Brittany.

i. Voltage control

Voltage control issues affect the Western France

region, and even spill over beyond the six départe-

ments covered here. They are caused by the relative-

ly small number of generating units installed locally,

which are unable to supply sufficient reactive power.

To overcome them, in addition to capacitor banks,

RTE has had to deploy substantial additional com-

pensating facilities: two synchronous compensators

installed at Cheviré, south of Nantes (physically,

these are the 250 MW alternators of an old power

station, shut down in the mid-1980s, and which will

soon arrive at the end of their lifetime), which run

almost continuously; the most recent alternator at

the open cycle gas turbines in Brennilis is often used

as a synchronous compensator; and two Static VAR

Compensators (SVCs – the first and so far only ones

installed in France) at the Plaine Haute and Poteau

Rouge substations, which have been commissioned

since 2006. 

Together, and since 2006, these facilities have meant

that transmission capacities are no longer limited by

the risks of voltage drops, but only by line capacity.

ii. Security of supply in southern Brittany

Over 60% of the power transmitted from

Cordemais towards the west is carried via five 225

kV lines. The load these lines bear is relatively high

compared with their capacity. When demand

exceeds 6,300 MW across the entire Western zone,

the loss of just one of these lines leads to unaccept-

able overloads on the neighbouring lines, which

unavoidably causes all of the supply in the zone to

be lost. 

At lower load levels, the scope for countermeasures

to limit the extent of the black-out, both in terms of

generation (starting up open cycle gas turbines) and

the network (substation dispatching), is limited:

beyond a demand threshold of 5,400 MW, correc-

tive power cuts are inevitable.

Such levels of demand will be reached on occasions

between now and 2010, and much more frequent-

ly thereafter.

A change to the network, intended to deal with this

problem, involves creating a 400 kV injection near

Lorient, offering a priority path for power on the

400 kV lines leaving Cordemais. A decision has

already been taken to build a 400/225 kV substa-

tion in the Morbihan area, and the public consulta-

tion process has been launched. It should be com-

pleted by the beginning of 2010. When this instal-

lation is commissioned, overloads will appear on

these same lines, but only at demand levels 15%

higher than current values.

Installing generating facilities would be an effective

complement to the network solution designed to

resolve these issues. However, they would only be

truly effective if built at the extreme west of the

lines affected by the overloads. If new units were

installed to the west of Vannes, the demand thresh-

olds that would have to be reached before power

cuts became necessary would be raised (by 30%,

for installed capacity of 800 MW) above their cur-

rent level. The security of supply would thus be

guaranteed until after 2020, even under the highest

demand scenario. This level of generation would

also significantly reduce losses by the Joule effect,

and would provide reactive power where it is most

needed to maintain voltage levels at all points
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across the network. It is important to emphasise

that a new generation sited to the west of Vannes

would still provide a positive boost from the point of

view of network operation and the security of sup-

ply in southern Brittany, even after completion of

the Morbihan substation. 

Installing generating facilities in the Cordemais zone

would not offer the same potential benefits for the

transmission network, since it would increase pres-

sure on the lines which already bear the heaviest

loads. This is also true of the zone around Montoir,

which is nonetheless a potentially attractive site for

CCGTs, due to the fact that it is also home to one

of the biggest LNG regasification terminals in

Europe. However, completion of the Morbihan sub-

station will facilitate the installation of new generat-

ing facilities near Cordemais or Montoir.

iii. Security of supply in northern Brittany

The northern Brittany zone (which covers most of

the Côtes d’Armor département and the built-up

areas of Saint-Malo and Dinard) is supplied by a sin-

gle circuit 400 kV line, and two 225 kV lines which

meet near Rance, to the east. It is linked to the

southern Brittany zone by a single 225 kV line, to

the west.

The most damaging incident for supply to the zone

is of course the loss of the 400 kV line. Although

some of the power needed comes through from La

Martyre via the 225 kV line to the west, overloading

appears on the 225 kV lines to the east. Due to the

need to control overloading on the Launay - Rance

line, a phase-shifter transformer was installed at the

Rance substation in 2002, to rebalance the flows

between the two 225 kV lines in the east.

Nonetheless, mere rebalancing will be insufficient

after 2010, as the overall transit capacity will be too

low.

Work on a solution to this problem began at the

end of 2006: following an ITT organised by RTE for

provision of power in the Saint-Brieuc zone, one

generator (which will be the owner-operator of its

installations) was selected to install a 200 MW open

cycle gas turbine by 2010: according to the terms of

the contract signed following this invitation to ten-

der, RTE will be able to call on output generated by

this installation where needed to comply with the

"N-1 Rule" and maintain security of supply in the

northern Brittany zone.

This solution effectively pushes back by around ten

years the date on which substantial reinforcement

of the PTS in the zone will become necessary. 

iv. Security of supply in Vendée

The high level of demand in Vendée causes risks to

the 225 kV line that crosses the département

(Cheviré – Merlatière – Sirmière - Beaulieu). The cru-

cial potential incident here is the loss of one of the

end sections, which would force the remaining sec-

tion to carry loads corresponding to the demand by

the Merlatière and Sirmière substations. The period

during which this demand exceeds the capacity of

the remaining section is 45 hours per year as of

2007 (resulting in all power being cut to the afore-

mentioned substations). It will reach 650 hours/year

in 2012 and 1,800 hours/year in 2020 if no action

is taken.

The 225 kV lines situated around the edges of the

Vendée département are also subject to overloads,

due to the transits generated by importing power

into southern Brittany (including the Cordemais

zone). The phase-shifter transformer installed in

summer 2006 helps to control flows on the Niort -

Cholet link (which runs along the eastern border of

Vendée). However, the problem remains further

north, on the 225 kV lines between Cheviré and

Distré.

Solutions involving the development of new gener-

ating facilities in the area do not appear to offer the

same crucial advantages. If established in the north,

around Cheviré or Cordemais, they would only have

a limited effect (it is the case of the re-commission-

ing of the fourth unit at Cordemais). Further south,

meanwhile, the accommodation capacity of the

existing network is limited. The network therefore

needs to be strengthened in the short-term in order

to resolve these issues identified in the southern

part of the Pays de Loire region.
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6.2.5 – Conclusion

Over the last two years, RTE has taken several meas-

ures to strengthen the network (injection 400 kV in

southern Brittany) or encourage the development of

local generation (Saint-Brieuc open cycle gas tur-

bine for northern Brittany), and is also studying net-

work reinforcements (southern part of the Pays de

Loire region), which will allow to maintain a satis-

factory level of security of supply in western France

for the next decade.

However, these measures do not diminish the ben-

efits of building new generating facilities in the

westernmost part of Brittany (from Vannes to Brest),

where the network's accommodation capacity is rel-

atively high.
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The prospects for electricity demand take account of

two major developments that have occurred since

2005:

• a drop in demand by heavy industry, which fell by

3.5% in 2005 and a further 0.8% in 2006, along

with a substantial reduction in demand by the ener-

gy sector ;

• moves to strengthen energy efficiency, driven by

new French legislation and the European Action Plan

for Energy Efficiency, which are gradually taking

concrete form.

Consequently, electricity demand in continental

France is set to continue growing at a rate of 1.3%

per year until 2010, and 1.0% over the following

decade, leading to annual energy demand of 494

TWh in 2010 and 534 TWh in 2020, under the

"Baseline" scenario.

In addition to this "Baseline" forecast, three scenar-

ios have been developed:

• a "High" scenario, in which electricity uses are

encouraged by better price competition, with

demand rising to 500 TWh in 2010 and 552 TWh by

2020;

• a scenario with reinforced DSM, in which the

increased effects of a Demand Side Management

policy lead to demand of 484 TWh in 2010, and 506

TWh in 2020 ;

• and finally a "Low" scenario, which combines the

effects of reinforced DSM with slower economic

growth, limiting demand to 478 TWh in 2010 and

493 TWh in 2020.

Under the "Baseline" scenario, peak load forecasts

indicate that there is a one-in-ten chance of reach-

ing 95 GW in 2010, and exceeding 103 GW in 2020

(before consumer load shedding). Under the "High"

scenario, these figures rise to 97 and 109 GW

respectively.

On the supply side, the last two years have seen a

significant rise in the number of projects to build

new generating facilities. Applications submitted to

RTE for connection to the Public Transmission

System since the beginning of 2005, and for which

the operator's proposed solution was accepted by

the generator concerned, represent a volume of

over 13,000 MW. 

These projects include an EPR nuclear unit, four

CCGTs and open cycle gas turbines which are cur-

rently under construction. It is not yet certain that

the other projects will be completed, although in

view of the state of progress of the relevant plan-

ning and administrative procedures, it seems reason-

able to assume that three additional CCGTs could be

built in the near future. Concerning wind generating

facilities (most of which are connected to the distri-

bution system), the planning permissions currently

issued are enough to take the installed capacity to

3,700 MW. The objectives laid down by the PPI are

much more ambitious, aiming to boost installed

capacity to some 13,500 MW by 2010. However,

given the various constraints liable to hinder the

completion of projects in the medium-term, it seems

prudent to assume that the installed fleet will total

5,000 MW in 2010 and 7,000 MW in 2012.

Conversely, the generating fleet that can currently

be operated will be shorn of some units in the com-

ing years. Some of these decommissioning deci-

sions, linked to the LCP Directive, are unavoidable.

Others are merely possible, particularly concerning

CHP installations whose feed-in tariff contracts are

due to expire between 2010 and 2014.

If demand forecast under the "Baseline" scenario is

compared with supply already acquired (i.e. the

existing generating fleet - minus any unavoidable

decommissioning and the loss of 1,000 MW of CHP

in 2012 - plus generating units under construction:

4 CCGTs, 1 EPR, and 2,000 MW of wind turbines), it

appears that the supply-demand balance can be

7  Conclusion
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guaranteed satisfactorily until 2012 (according to

the Government's preferred criterion: LOLE less than

three hours per year).

Taking into account projects which have not yet

reached the "point of no return", but which appear

highly likely to be built (i.e. three additional CCGTs,

wind farm development based on a trajectory rising

from 5,000 MW in 2010 to 7,000 MW in 2012), still

compared with demand rising in line with the

"Baseline" scenario, the balance is maintained until

2014. If demand were to rise in line with the "High"

scenario, the balance would be maintained until

2012.

The security of the electricity supply in conti-

nental France therefore appears to be reason-

ably assured for the next five years. 

However, margins do not appear substantial for any

one of the next five years, especially if demand

should develop in line with the "High" scenario.

Consequently, all of the following points must be

monitored closely.

On the supply side: 

• the dates on which units currently under construc-

tion are set to be commissioned,

• the start of work on new CCGTs on which an irrev-

ocable decision has not yet been taken, 

• the rate of development of wind power (and other

RES),

• possible decisions to shut down CHP installations.

On the demand side: 

• growth in demand, notably for uses that con-

tribute significantly to demand peaks; this is true of

heating, and in particular heat pumps, since their

lower overall energy consumption is not necessarily

accompanied by a similar reduction in very cold

weather conditions, 

• demand response or load shedding.

Concerning exchanges with neighbouring systems: 

• developments in the supply-demand balance with-

in each of these systems, 

• the capacities available at peak demand peak

times in France.

Looking ahead to 2020, faced with the level of

demand forecast under the "Baseline" scenario, the

additional supply required on top of that already

acquired (including the decommissioning of two

900 MW nuclear units assumed to take place after

forty years' service) in order to satisfy the adequacy

criterion is 10,500 MW. Firm decisions to be taken

from this point and in good time depending on the

planning and construction leadtimes for each tech-

nology, must ensure that the criterion can be satis-

fied.

Among these decisions, those concerning attempts

to meet PPI targets for generation from renewable

sources (including 17,000 MW of wind capacity in

2015, equivalent to 4,000 MW of thermal facilities),

and three CCGTs for which a commitment is expect-

ed shortly, would cover a part of the requirements.

This would leave around 4,000 MW of thermal facil-

ities (or their equivalent) to be decided on in order to

satisfy demand under the central scenario. In the

"Low" and "High" demand scenarios, the residual

requirements would be 0 and 10,000 MW respec-

tively.

Finally, it is important to remember that whatever

types of generating technology are chosen, accom-

modating these new facilities will require major

developments to the electricity transmission net-

work across France. It will also mean collectively

acknowledging the security of supply challenges this

entails.
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SECTORIAL ANALYSIS 
OF ENERGY DEMANDAppendix // 1

The forecasting exercise is based on a breakdown of

industry into various sectors with highly contrasting

rates of growth. Some are by nature very large con-

sumers of electricity (metallurgy, chemical, paper),

whilst others are much less energy-hungry (textiles,

building materials). The growth in demand in each

sector depends partly on business growth, and part-

ly on growth in unit demand by the various process-

es employed. 

Regarding business in each sector, it is interesting to

note that heavy industry is slowing down, whereas

high-tech industries are maintaining high growth

rates. The hypotheses adopted reflect the structural

development. However, it should be noted that

none of them assumes a systematic relocation of

heavy industry beyond plans already announced (i.e.

there is no "deindustrialisation" scenario). The gen-

eration hypotheses also depend on the specific con-

tent of growth. Consequently, a possible reinforce-

ment of the environmental policy envisaged under

the "Reinforced DSM" scenario leads to the promo-

tion of recycling, construction and refurbishment of

built assets.

Concerning processes, substantial efforts have

already been made to optimise energy consumption

in recent years. This trend has been driven by

greater awareness among industrial consumers, in a

context of rising prices and market deregulation.

The penetration of high performance equipment

nonetheless continues to focus on improvements in

energy efficiency. The potential additional gains,

albeit more modest than in the residential and terti-

ary sectors, are examined in the chapter devoted to

DSM. 

1  Sectorial analysis 

of energy demand

A1.1 – INDUSTRY

Industrial, tertiary and residential are the three main sectors for electricity demand. They each have 

an equivalent weight. To them should be added the transport, agricultural and energy sectors, which 

consume less power.
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2010 timeframe 2020 timeframe

(TWh/year)

2004 Low MDE Baseline High Low MDE Baseline High

Industry 138.5 139.4 141.1 143.6 144.2 144.3 149.1 155.6 157.2

Tertiary 114.7 123.1 126.1 131.2 131.9 129.9 135.8 150.2 153.3

Residential 134.8 141.7 142.1 144.1 148.4 150.2 151.1 156.1 168.5

Transport 10.6 11.9 11.9 11.9 11.9 14.1 14.1 14.1 14.1

Agriculture 6.2 6.4 6.4 6.4 6.4 6.6 6.7 6.7 6.7

Energy 32.9 24.4 24.4 24.4 24.4 15.7 15.7 15.7 15.7

Losses 30.9 31.4 31.7 32.4 32.8 32.4 33.2 35.0 36.3

Internal demand 468.6 478 484 494 500 493 506 534 552

DEMAND FORECASTS BY SECTOR
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In all the scenarios, the growth index for industrial

output is 1.19%, except in the low scenario where

it is 0.98%. Overall, heavy industry is accounting for

an increasingly small proportion of demand by the

sector. It follows that demand by industry is ris-

ing at a now modest rate of 0.7% per year

under the "Baseline" scenario.

The "Reinforced DSM" scenario differs from the

"Baseline" scenario by substituting recycled prod-

ucts (electric steel, secondary aluminium, plastics)

for primary products (oxygen steel, primary alumini-

um, etc.) or by reducing packaging products (paper,

plastics, glass), and by assuming a greater penetra-

tion by efficient processes.

Under the "Low" scenario, there is assumed to be a

reduction in all production (due to lower GDP), and

substitutions due to the type of growth (environ-

mental).

The table below shows electricity demand growth

forecasts for the various sectors, followed by com-

ments on the sectors concerned.
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ELECTRICITY DEMAND IN INDUSTRY - "BASELINE" SCENARIO

Miscellaneous 
industries

11%

Textiles,
leather, clothing

2%

Paper
9%

Food 
industry
14%

Building 
materials
 8%

Chemical
20%

Equipement
13%

Non-ferrous metals
7%Ferrous metals

16%

AVERAGE ANNUAL GROWTH RATE

BETWEEN 2004 AND 2020

Ferrous metals + 0.2%

Non-ferrous metals - 1.7%

Equipment + 1.8%

Chemical + 0.2%

Building materials + 1.3%

Food industry + 1.4%

Paper + 0.6%

Textiles, leather, clothing - 2.3%

Miscellaneous industries + 1.5%

Overall 0.7%

• Metals

Plans to close factories are taken into account, as

are possible process transfers between specific

products. An improved recycling rate favours elec-

tric steel, at the expense of oxygen steel.

Less than half of factories producing primary alu-

minium are assumed to continue their activity

through to 2020. An improved recycling rate leads

to a rise in secondary aluminium, at the expense of

primary aluminium.

• Equipment

The number of cars manufactured in France is

assumed to remain constant. Electronics, which

have high added value and less energy implications,

are assumed to grow strongly. 

• Chemical

Ammonia and fertiliser production are falling rapid-

ly. This trend is assumed to become even more

marked under an environmental scenario where

agriculture is increasingly organic-oriented.

The production of chlorine is assumed to remain

stable, or decrease under an environmental scenario

(where the context favours "environmentally-

friendly" products). For this chemical which requires

large amounts of electricity to make, France's posi-

tion as a European producer is assumed to be sus-

tained.

The production of industrial gases (mainly oxygen

and nitrogen) is growing due to the numerous

applications for these products.

Breakdown by sector in 2004
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• Building materials

The production of plaster and building materials is

rising. Under the environmental scenario, insulation

work, renovation (council house construction) and

new building projects are driving the production of

cement and plaster.

• Food industry

A reduction in the production of long-life products

(powdered milk, conserves, etc.) to the benefit of

fresh and frozen goods and ready meals is the rea-

son for a slight rise in electricity demand for refrig-

eration. 

• Paper

Over the last ten years, the manufacture of pastes

has stagnated, whilst paper transformation has

grown strongly. These trends are assumed to contin-

ue. 

In an environmental context, the reduction of pack-

aging weights has an impact on the manufacture of

cardboard.  

• Textiles, leather and clothing

This sector, which consumes relatively low quanti-

ties of electricity, is continuing the decline that

began several years ago. 

• Miscellaneous industries

The plastics industry is growing steadily. The wood

industry is also being supported by the building sec-

tor. 

The main factors that determine electricity demand

in the tertiary sector are surface area and number of

employees in the various branches of business. To

take account of this, demand forecasts are based on

the scenarios established by the INSEE and the

UNEDIC concerning workforce statistics or detailed

GDP for each branch.

Due to the lower industrial activity taken into

account in future years, and insofar as GDP growth

hypotheses are maintained at relatively high levels,

economic activity is assumed to shift towards the

tertiary sector. This sector is essentially less "energy-

hungry" than industry. The effects of demand side

management policies are also more acute in this sec-

tor, which has significant scope for energy savings

(see DSM chapter). These two characteristics tend to

temper growth in the demand for electricity.

Nonetheless, the tertiary sector remains the

main demand growth engine, with an average

growth rate of 2.3% per year until 2010, and

1.4% per year over the following decade.

Demand in the tertiary sector is shown by branch

and by end use in the two tables below. The Office

and Retail branches are the biggest consumers of

electricity. Heating, air-conditioning and lighting

make up a substantial proportion of their consump-

tion.

A1.2 – TERTIARY

ELECTRICITY DEMAND IN THE TERTIARY SECTOR – "BASELINE" SCENARIO – BY BRANCH

Community 
habitat

3%

Offices
27%

Health
6%

Cafes-Hotels-
Restaurants
8%

Education
4%

Transport 
excl. traction
3%

Retail
23%

Street lighting
5%Other tertiary

15%

Sport-leisure-culture
6%

AVERAGE ANNUAL GROWTH RATE 

BETWEEN 2004 AND 2020

Transport (excl. traction) 0.7%

Retail 1.3%

Cafes-hotels-restaurants 2.8%

Education 1.8%

Health 1.5%

Office 2.2%

Community housing 2.9%

Sport-leisure-culture 2.3%

Other tertiary 0.9%

Street lighting 0.7%

Total 1.7%

Demand by branch in 2004
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• Growth in building stock

Growth in the building stock is the main factor

responsible for the rise in electricity demand by the

tertiary sector. Overall surface areas heated increase

by 1.4% per year between now and 2020 under

the "Baseline" scenario, with significant disparities

between branches. Surface areas in the community

housing, sport-leisure-culture and cafes-hotels-

restaurants branches increase by over 2% per year

during that period. Total office space rises by 1.6%

per year. The other branches experience little devel-

opment. 

• Heating

Electric heating accounts for a relatively stable pro-

portion of demand by the tertiary sector, and is

slightly influenced by the public / private distribution

of each branch - since electricity is most often cho-

sen for private premises. The proportion of overall

surface area heated by electricity rises from 23% in

2004 to 26% in 2020 under the "Baseline" sce-

nario. 

The reduction in unit consumption enabled by

building energy regulations is particularly effective

in new buildings, and remains moderate in existing

ones. The efficiency of building energy regulations is

also assumed to be more marked under the

"Reinforced DSM" scenario than under the

"Baseline" scenario (see § DSM). In 2020, the unit

consumption per unit of surface area is assumed to

be lower than at present according to the following

figures:

• "Baseline" scenario: reduction of 19% in new

buildings and 4% in existing buildings,

• "Reinforced DSM" scenario: reduction of 38% in

new buildings and 7% in existing buildings.

The combined effect of growth in building stock

and the weight of existing stock ultimately offset

the effects of the reduction in unit consumption.

• Air-conditioning

The rate of use of air-conditioning in new premises

is assumed to rise by 1 to 2 points annually, with a

higher rate in the Health, Education and

Community Housing sectors. It is also assumed that

between 0.2% and 1% of the existing non-air-con-

ditioned stock will acquire it every year, in the Cafes

–Hotels–Restaurants, Retail and Office sectors.

However, under the influence of a reinforced envi-

ronmental policy, it is assumed that there will be a

smaller proportion of surface area air-conditioned

and a bigger reduction in unit consumption by all

tertiary buildings. These would fall by 18% by 2020,

as opposed to just 9% under the "Baseline" sce-

nario.

• Lighting

The annual increase in demand for this use remains

low (+0.7% per year on average) under the

"Baseline" scenario, and becomes negative in an

environmental context (-0.5% per year on average).

A reinforced environmental policy would encourage

more widespread use of efficient lighting. 

ELECTRICITY DEMAND IN THE TERTIARY SECTOR ––  "BASELINE" SCENARIO – BY END USE

Other
specific uses

47%

Lighting
20%

Air-conditioning
10%

Heating
14%

Water heater
5%

Away from home 
food preparation
3%

AVERAGE ANNUAL GROWTH RATE

BETWEEN 2004 AND 2020

Heating 1.3%

Water heater 2.2%

Air-conditioning 4.0%

Away-from-home food preparation 3.7%

Lighting 0.7%

Specific and other uses 1.3%

Total 1.7%

Breakdown by end use in 2004
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Demand in the residential sector is currently still

growing strongly. However, it is assumed that the

demand side management policies adopted in

recent years will serve to moderate this growth in

the future, as detailed in the chapter on DSM.

Overall, growth in demand by the residential sector

is 1.1% per year until 2010, and 0.8% per year

thereafter.

The table below shows the development of residen-

tial demand according to end use. The biggest con-

sumers are heating, household appliances and spe-

cific electricity. 

ELECTRICITY DEMAND IN THE RESIDENTIAL SECTOR -  "BASELINE" SCENARIO 

Household appliances 
(washing+refrigeration)
21%

Computer 
hardware
2%

TV, Hi-Fi, VCR
5%

Other specific 
electricity
16%

Heating
25%

Water heater
14%

Hot cooking
8%

 Lighting
9%

AVERAGE ANNUAL GROWTH RATE

BETWEEN 2004 AND 2020

Heating 0.7%

Water heater 1.2%

Hot cooking 0.3%

Air-conditioning 10.0%

Lighting -0.7%

Household appliances (washing+refrigeration) 0.2%

TV, Hi-fi, video, computer hardware 1.8%

Other specific electricity 2.2%

Total 0.9%

Demand by end use in 2004

• Growth in housing stock

Demand by this sector depends on the makeup of

the housing stock and its structural development

(individual as opposed to collective housing). The rise

in the number of main homes is equal to the rise in

the number of households, at 1.0% per year

between 2004 and 2020.

Under the "Baseline" scenario, the 5% rate of

removal of main homes leads to some 350,000 new

main homes being built per year until 2020. 

• Heating

Electricity-friendly energy prices are currently encour-

aging private individuals to opt for electric heating, as

demonstrated by statistics on the type of heating

selected for new housing in 2006. Under the

"Baseline" scenario, the proportion of electric heat-

ing, currently at 28%, is assumed to rise by one or

two points by 2020, depending on whether the

housing concerned is individual or collective. 

As for the tertiary sector, the effect of building ener-

gy regulations is taken into account in the shape of a

reduction in unit consumption, which is assumed to

be more marked under the "Reinforced DSM" sce-

nario than the "Baseline" scenario by 2020:

• "Baseline" scenario: reduction of 20% in new

buildings and 8% in existing buildings,

• "Reinforced DSM" scenario: reduction of 27% in

new buildings and 15% in existing buildings.

Overall, the combination of growth in the building

stock, the slight rise in the share of electricity as a

heating source and the realistic drop in unit con-

sumption leads to an average rise in electricity

demand for electric heating of 0.7% per year over

the period studied.

• Air-conditioning

The move towards widespread installation of air-con-

ditioning in residential housing is still in its infancy.

The hypothesis of massive development in existing

housing has been discarded. If the current rate of

installation is maintained, it is estimated that approx-

imately 9% of households will be equipped with air-

conditioning by 2020 under the "Baseline" scenario.

A reinforcement of environmental policy may have

the effect of lowering this rate. 

• Lighting

The widespread use of efficient lighting leads to a sig-

nificant reduction in unit consumption (-23% in

A1.3 – RESIDENTIAL

SECTORIAL ANALYSIS 
OF ENERGY DEMANDAppendix // 1



2020 compared with 2004), so that electricity

demand for this purpose is assumed to fall in spite of

growth in the housing stock. 

• Appliances (washing and refrigeration)

The introduction of energy efficiency classes and

labels, and a possible ban on the sale of less efficient

appliances, also point to a reduction in unit consump-

tion of between 20 and 30% depending on the

appliance concerned, across the study period.

However, growth in the number of households and

the rate of installation of certain items (freezers, dry-

ers) effectively cancel out these gains, so that overall

consumption levels for this use remain stable.

• TV, Hi-fi, video, computer hardware

Demand in this sector is rising at a sustained rate, as

even if more strenuous efforts are made to limit con-

sumption by equipment when in standby mode,

improvements in unit consumption are still insuffi-

cient to make up for the rise in the number of such

items (between 20 and 30% by 2020 for television

sets and computers). 

• Other specific uses

The "miscellaneous" residential category covers

emerging uses and those for which there is a lack of

information available. This includes small appliances,

home control and alarm systems, swimming pools

and garden lighting, various types of comfort equip-

ment or gadgets, etc. It also includes the potential

effect of multi-equipment (i.e. where a single home

has more than one of a certain item) not taken into

account elsewhere.

This "miscellaneous" category therefore corresponds

to a very wide range of different electricity uses and

unit consumption levels. Consequently, no attempt

can be made to forecast its future development using

an analytical approach. Instead, it is forecast by

extrapolating previous trends.  
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• Agriculture 

Agriculture is a sector that consumes only small

quantities of electricity, in which developments are

unlikely to have any significant impact on demand

forecasts.

• Transport 

The transport sector described here is understood to

cover the demand for electricity directly required for

traction (consumption by associated services is

included in the tertiary sector). It therefore compris-

es traction for trains, urban public transport and air-

port transport.

A significant annual growth rate of 1.8% on aver-

age is envisaged for the transport sector under the

"Baseline" scenario.

A reinforced environmental policy is assumed to

reduce road traffic in favour of rail transport,

whether in terms of transporting freight, the com-

missioning of new high-speed rail links or the devel-

opment of urban transport like trams.

Concerning electric vehicles, it is assumed that no

major technological breakthroughs likely to result in

a substantial shift towards this type of transport will

be made in the near future. Such a scenario would

actually have to be looked at from a supranational

perspective, since car manufacturers are now multi-

national companies. The introduction of several tens

of thousands of electric vehicles per year between

2010 and 2020 has no significant impact on

demand for electricity. 

• Energy

The energy sector is marked by the spectacular

development of demand for the purpose of enrich-

ing uranium. Changes to the enrichment process

mean this activity will consume virtually no electric-

ity from 2012 onwards. Until then, although uncer-

tainty will persist as long as the existing plant

remains and is able to operate at high capacity,

demand is assumed to stabilise at a level close to

that observed in 2006.

The remainder of demand by the energy branch

(refining, LNG transport) is rising.

• Losses

The rate of losses on the transmission and distribu-

tion networks is assumed to be stable at 7% of net

internal demand.

A1.4 – OTHER SECTORS
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• Industrial output

A reinforcement of environmental policy would first

of all impact the manufacture of certain products

like aluminium and steel, where recycling would be

encouraged. It would also lead to a reduction in the

manufacture of  chemical pulp paper, or powdered

milk. 

Concerning DSM specifically, it is generally accepted

that the potential for reducing electricity demand in

industry has already been largely exploited.

However, additional gains are believed to be possi-

ble in motor-related uses, which account for 60%

of total electricity demand in industry. Variable

Speed Drive motor technology, which is still not

widely used, can provide substantial electricity sav-

ings.

Other sources of potential energy savings are to be

found in transversal uses: boilers, heating of prem-

ises, cooling, compressed air. Lighting is one of the

areas in which little investment has been made, due

to the fact that it accounts for only a small percent-

age of industrial energy bills: maximum electricity

savings are estimated at 1.5 TWh.

• Reinforcement of building energy regulations

The instruments put in place to improve energy effi-

ciency in buildings have a direct impact on demand

for electricity by the tertiary and residential sectors

for heating and air-conditioning, although the latter

application remains of minor importance in the res-

idential sector. 

Building energy regulations are regularly tightened.

The target is to lower demand for electric heating

within the five years following their introduction.

The reduction targeted is 15% for RT2005, then

10% for the subsequent regulations. In addition,

there are also energy regulations adopted in 2007

that apply to existing buildings of over 1,000 m2

and are the subject of extensive renovation work. 

The maximum savings expected in terms of DSM

correspond to the strict application of building ener-

gy regulations targets. However, the effectiveness of

building energy regulations continues to be a mat-

ter of debate among players in the sector. In order

to take account of the difficulties with implement-

ing them in a realistic manner, it is assumed that: 

• 50% of the target is achieved under the

"Baseline" scenario, 

• the target is fully achieved after five years under

the "Reinforced DSM" scenario.

The impact on unit consumption levels (see

Appendix 1 - Sectorial Analysis) results in the follow-

ing overall reductions in demand:

2  Detailed analysis of the effects 

of DSM measures

Under the "Reinforced DSM" scenario, it is assumed

that technological advances will lead to a reduction in

unit consumption, whilst improving the "thermal

comfort" of housing. In addition to insulation,

advances are expected in the following areas: ventila-

tion, integrated energy generation (photvoltaics,

wind), high-tech home control - bioclimatic systems,

summer comfort, pooled energy generation require-

ments in towns and cities (heat networks, combined

heat and power, etc.).
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Effect of building energy regulations  

(TWh)
Baseline Reinforced DSM

Tertiary - 4.1 - 7.7

Residential - 4.7 - 7.0

DETAILED ANALYSIS 
OF THE EFFECTS OF DSM MEASURESAppendix // 2
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• Increase in tax credits

The system of tax credits introduced in 2005 and

strengthened in 2006 is designed to promote the

penetration of installations with energy saving ben-

efits: wood energy, heat pumps, solar water

heaters, etc. High energy prices may amplify this

phenomenon.

For example, the number of solar water-heaters and

heat pumps installed doubled between 2005 and

2006: 25,000 heat pumps were installed in 2005,

and over 53,000 in 2006. The French market for

solar power was close to 220,000 m2 installed in

2006, some 80% up on 2005 (35,000 solar water

heaters).

The programme law of 13 July 2005 expects a total

of 200,000 solar water heaters to be installed by

2010 (700 MWh). The "Reinforced DSM" scenario

leads to a doubling of the total surface area (of solar

panels) installed compared with the "Baseline" sce-

nario, i.e. 1,333,000 m2 installed in 2020.

The impact of these hypotheses on the proportion

of electricity used in the different thermal applica-

tions takes account of this: the estimated gain is

around 0.5 TWh in 2020 under the "Baseline" sce-

nario and double that amount under a "Reinforced

DSM" scenario. 

• Widespread use of efficient lighting

Unit consumption levels in the residential and tertiary

sectors fall due to the gradual penetration of compact

fluorescent efficient lighting. 

In the tertiary sector, it is assumed that electronic bal-

lasts will gradually become more widespread and

replace existing ballasts. The EU Commission has

launched a campaign in this area and this technology

appears likely to boost very considerably the savings

expected in a sector where so-called efficient lighting,

which is actually almost exclusively linked to electro-

magnetic ballasts, is already widely used. For this rea-

son, the savings expected by 2020 have been more

than doubled under the "Reinforced DSM" scenario.

In the residential sector, it is assumed that the rising

sales of efficient lighting will already have a significant

impact under the "Baseline" scenario. Efficient com-

pact fluorescent bulbs have become widely used con-

sumer goods that can now replace most incandescent

bulbs used in homes. According to valuations made for

energy performance certificates, it is estimated that a

saving of around 35 kWh per year can be gained by

replacing an 80W incandescent bulb (the average

wattage sold) with an 18W compact fluorescent bulb.

Between 2004 and 2020, unit consumption is predict-

ed to drop by 115 kWh/year, equivalent to around

three compact fluorescent bulbs per household (out of

an average of eight bulbs per household).

•  Technological advances and energy efficiency 

classes for household appliances

Energy efficiency classes, which were introduced in

1994 at the initiative of the EU Commission, provide

information about the electricity demand of different

models. It is mandatory for refrigerators, freezers,

fridges combined with freezers,  washing machines,

dryers and dishwashers, but also for lamps, electric

ovens and air-conditioning devices. Considerable

progress has already been made. The energy savings

that can be made with class A, A+ or A++ appliances

are far from insignificant. For domestic refrigeration

and cooling, A+ and A++ products save between 25%

and over 45% of the energy used by a standard

European class A appliance.

Consequently, the unit consumption levels of house-

holds are falling under the effect of measures already

taken or set to be extended (implementation and

amendment of the EU framework directive on energy

Effect of penetration by efficient lighting on final demand

Baseline Reinforced DSM

Tertiary -10% -27%

Residential -23% -26 %
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efficiency classes, with greater penetration by class A

appliances, technological advances, etc.). In 2006,

some 20% of the sale market for new refrigerators

was made up of class A+ appliances (compared with

3% in 2002) and a third of the washing market was

made up of AAA and AAB appliances. In addition,

since the average lifetime of these appliances is around

ten years, a large proportion of washing and cooling

items will be replaced in 2020 by items which match

the most efficient appliances currently available. 

Overall, the reduction in unit consumption on white

goods directly impacts the "Baseline" scenario, since

the products sold are increasingly efficient. The addi-

tional reduction in unit consumption taken into

account in the "Reinforced DSM" scenario is modified

as a result. 

In addition to improvements in products, one prior-

ity area remains increasing awareness and providing

more information in order to encourage more ener-

gy efficient behaviour. To enable people to use ener-

gy efficiently, clear information on energy-use tech-

niques and technologies are prerequisites for ration-

al market behaviour. Education and training are

essential. The European Commission has identified

this as a key priority. 

• Equipment in standby mode: changing behaviour

A certain proportion of demand is attributable to

equipment left in standby mode, which remains

plugged in but is not used (e.g. home computers or

modems with permanent connections). Although

the power consumed by an item in standby mode is

relatively low, the time during which it is left in this

mode can accumulate, leading to higher consump-

tion in standby mode than when the item is actual-

ly in use.  

In its Action Plan for Energy Efficiency, the EU

Commission indicates that special attention is to be

paid to reducing losses in standby mode: it is set to

adopt minimum energy performance standards dur-

ing the course of 2007, focusing on consumer elec-

tronics, copying machines, televisions and chargers.

This should lead to a reduction in the unit energy

consumption of these types of products. The

Commission is also set to sign a five-year Energy

Star agreement on office equipment (international

label offering the most energy efficient models).

Concerning brown goods in the residential sector,

the reduction unit consumption is largely included

in the "Baseline" scenario, with a drop of  7% to

18% depending on the specific product type. 

The same applies for the tertiary sector, for which

the office equipment aspect of the office branch

only consumes 0.8 TWh more under the "Baseline"

scenario than under the "Reinforced DSM" sce-

nario.

Reduction in unit consumption rates over the period 2004-2020

Baseline Reinforced DSM

Refrigeration - 21% - 23%

Washing -22% -24%

Reduction in unit consumption rates over the period 2004-2020

Baseline Reinforced DSM

TV – Hi-Fi - VCR - 7 to -18% - 7 to -19%

Computer hardware -7% -8%

DETAILED ANALYSIS 
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• Energy Performance Certificates 

There is substantial potential for energy savings to

be made, often effective in the very short-term.

However, due to a lack of awareness of the stakes

involved and a shortage of information on ways of

making these savings, the French public are hesitant

to act. The principle of energy performance certifi-

cates involves the Government imposing energy

savings obligations on energy sellers over a given

period (electricity, gas, heating, cooling and domes-

tic fuel-oil). Targeted information and actions pro-

moted by energy market players themselves should

do more to encourage consumers to make energy

savings. This system is designed to act as a comple-

ment to existing instruments (regulations, tax cred-

its, etc.) and a sectorial approach which, by its very

nature, focuses on more concentrated sources of

savings (e.g. energy demand by industrial process-

es).

It requires market players to make cumulative and

updated savings of 54 TWh. If applied strictly to the

electricity sector, these 54 TWh could represent a

reduction in demand growth of around 1 TWh per

year. However, a reduction of this magnitude is not

deemed suitable as a hypothesis for building fore-

casts. This is because this system is a tool or a lever

intended to facilitate exploitation of the potential

energy savings identified above. 

An initial list of typical operations, concerning main-

ly the renovation of existing residential or tertiary

buildings, has been settled upon. These enable

energy sellers or other legal entities (e.g. municipal-

ities) to quickly assess the number of certificates

that would be issued for a type of investment in a

particular installation or piece of equipment.

Some examples: 

• efficient household appliances (class A or B refrig-

erators and washing machines) consume up to

twice as little energy;

• insulating glazing can save up to 7% on the ener-

gy used for heating; 

- an efficient boiler 15%, 

- wall insulation 10 to 15%, 

- roof insulation 10 to 20%, 

- a programmable thermostat around 7%, 

- an individual solar water-heater or a heat pump up

to 70% of the energy normally used to produce hot

water.
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3  Wind generation

A3.1 – LOAD FACTOR

France has the second largest wind energy potential in Europe, after the UK, most of it located in northern

France, Brittany and the Mediterranean coast. Wind generation is the principal source of renewable energy

(RES) that the Government is seeking to promote, with the aim of reaching its target of having 21% of

energy needs met by renewable sources by 2010.

With a view to the large-scale development of wind power in France, in 2004 RTE conducted a study of the

characteristics of wind generation and its integration into the power system. The main findings from the

study were published in the 2005 edition of the Generation Adequacy Report. Since the wind generating

fleet in service at the time was relatively small, the study was based on simulations using wind data, some

measured and some reconstituted, as well as geographical hypotheses concerning the technology's

development.

There are two main difficulties involved in attempting to estimate wind generation using simulations. The

first lies in transforming a wind speed measured by a weather station at a height of ten metres into the

output of a wind turbine, assumed to be installed several kilometres away and standing up to 50 to 100

metres tall. The second is determining how wind turbines will be spread across the country. The hypothesis

adopted in 2004 reflected the projects known at the time, most of which were determined more by wind

conditions than local acceptability. However, the development of wind farms in 2005 and 2006 and known

projects show that local opposition has proved a particular obstacle to projects in the Mediterranean and

coastal areas, leading to more installations in northern and eastern France.

There is now sufficient installed wind capacity to provide generation statistics that can be used to assess the

actual performance of the fleet. This performance must be considered in terms of two main elements: the

load factor of installations and generation during cold spells.
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For a given period, the load factor is defined as the ratio

of average power generated to installed capacity. The

graph opposite shows the load factor calculated on a

monthly basis in 2005 and 2006. On average over the

two years, it reached a value of 23.5%, equivalent to

2,060 hours of operation at full capacity.

MONTHLY LOAD FACTOR IN 2005 AND 2006

WIND 
GENERATIONAppendix // 3



A3.2 – WIND GENERATION DURING COLD SPELLS
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The seasonal trend of higher generation in winter is very clear, with a minimum output in July 2006 of 13% on

average for the month, and a maximum of 36.4% in January 2005. 

The analysis of wind generation also reveals a clear distinction between installations sited around the

Mediterranean, and those which are subject to Atlantic wind patterns. In 2005 and 2006, the load factor for wind

farms situated south of an imaginary line drawn from Bordeaux to Strasbourg reached an average of 27.4%.

North of the line, the figure was 21.3%. 

An estimation is a load factor for a fleet of between ten and fifteen GW must take account of two key points.

The first of the gradual improvement in machines and the increasing numbers of rated capacities in excess of 2

MW, which boost installations' intrinsic efficiency. On the other hand, the prospects for regional distribution mean

that less weight must be given to the proportion of development in the Mediterranean Zone, which has the best

wind conditions. Finally, the chosen level for onshore wind farms is 24.6% as an annual average, equivalent in

energy terms to 2,150 hours of operation at full capacity.

ANNUAL GENERATION

SEASONAL DIFFERENCE

2005 2006 Average 2005-2006

Load factor 22.3% 24.8% 23.5%

Operating time in full capacity 

equivalent (hours per year) 1950 2170 2060

2005 2006 Average 2005-2006

Full year 22.3% 24.8% 23.5%

April - October 19.3% 20.9% 20.1%

November - March 26.6% 30.2% 28.4%

REGIONAL DIFFERENCE

2005 2006 Average 2005-2006

Continental France 22.3% 24.8% 23.5%

Atlantic Zone 19.1% 23.6% 21.3%

Mediterranean Zone 26.9% 27.9% 27.4%

Despite the intermittent nature of its output, a wind

farm participates in maintaining the supply-demand

balance, helping to adjust the entire generating fleet

by a fraction of the total installed wind capacity: this

is referred to as "capacity credit".

However, since the risk of generation shortfalls occur-

ring is higher during spells of extremely cold weather

(due to increased use of electric heating in France), it

is essential to assess the correlation between temper-

ature and wind speeds in winter.
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In 2005 and 2006 there were no spells marked by exceptionally

cold temperatures, but there were several periods during which the

average temperature in France fell below 0°C.

The graphs below show the average daily temperature on the left,

and the load factor by hourly period on the right.

23 - 31 January 2005: 

On the three coldest days, from 25 to 27

January, the average load factor was 45%. It

remained above 30% throughout the seven

coldest days.
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19 February - 8 March 2005: 

Between 22 and 27 February, the temperature

remained stable at around 0°C, with fairly low

wind generation (13%). The wind increased

sharply on the 27th, reaching an average level of

50%.

The temperature fell to –3°C on 28 February and

1 March, with wind generation at 30%.

Temperatures gradually rose again from 2 March

onwards, with the wind load factor fluctuating

around the 30% mark. - 3
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LOAD FACTOR FROM 19 FEBRUARY TO 8 MARCH 2005

17 - 31 December 2005: 

France experienced a cold spell towards the end

of 2005, between Christmas and the New Year. 

The average temperature was negative from 27

to 29 December. Over these three days, wind

generation remained relatively stable, with a

load factor of around 19%.
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A3.2.1 – Assessment based on statistics from 2005 and 2006
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23 January - 5 February 2006:  

The start of 2006 did not see particularly low

temperatures.

The temperature fell below 0°C on 27 and 28

January, with a daily load factor of 20% on the

27th and 36% on the 28th.

.
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22 February - 3 March 2006: 

During the second half of February 2006, tem-

peratures never fell below 2°C, but this cold spell

placed a strain on the supply-demand balance

due to the fact it occurred so late in the winter.

Over the eight days considered, wind generation

was maintained at between 15 and 50%, with

an average level of 27%.
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17 - 31 December 2006:

The week around Christmas saw six consecutive

days with an average temperature in France

between 0 and 2°C. Wind generation was gen-

erally weak, with a low point on 26 December

when the load factor was just 3%.

The cold spell ended abruptly on 30 December,

accompanied by high winds.
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The six examples taken from actual conditions expe-

rienced in 2005 and 2006 serve to illustrate the

wide range of possible situations. Extreme configu-

rations have been observed, from an average tem-

perature below -1°C in France on 26 January 2005

and a wind load factor close to 50%, to a temper-

ature of +1°C on 26 December 2006 and a wind

load factor of just 5% of installed capacity.

Whilst acknowledging the weakness of the sample,

a statistical analysis can be attempted, making a fur-

ther distinction concerning the precise location of

the wind turbines:

The trend seems to arise from a correlation between

the cold spells and wind generation for installations

connected in the Atlantic Zone (north of an imaginary

line drawn from Bordeaux to Strasbourg). Generation

is significantly attenuated when the temperature drops

below 0°C compared with the average level in winter.

The inverse can be observed in the Mediterranean

Zone.

Concerning the behaviour of the fleet as a whole,

resulting from the combination of two opposite

trends, the values shown above are closer to the situa-

tion of the Atlantic Zone, but when looked at sepa-

rately (not presented here), 2005 and 2006 give con-

tradicting results.

Consequently, whilst waiting for an opportunity to

continue the analysis of actual conditions, it was

deemed advisable to complete this observation with a

study looking at an extended timeframe.

A3.2.2 – MétéoFrance study

RTE asked MétéoFrance to conduct a study looking at

the wind conditions that have accompanied the most

intense spells of cold weather seen over the last twen-

ty years. The study focused on datasets of wind speed

measurements taken at a height of ten metres in

weather stations, as these are the only uniform data

available for the timeframe concerned. Using this

approach, it should be possible to determine whether

any link exists between wind conditions and cold

spells, in the form of a trend over an extended and sig-

nificant period of time.

However, it should not be possible at this stage to put

a figure on the impact on wind generation. This is

because there are a number of difficulties in establish-

ing a function for transforming these wind speeds into

generation: the difference in altitude between the

wind measurements and the rotor wheel of turbines,

the effects of the local terrain and topology, and

hypotheses on the geographical sitting of the

machines.

Description of cold spells

A cold spell is a period of cold weather that is especial-

ly persistent, intense and is spread over a wide geo-

graphical area. It lasts at least two days. Temperatures

reach values that are well below the seasonal norms

for the region concerned.

Three main meteorological scenarios can lead to

extremely cold spells in Europe. During a cold spell, the

meteorological situation may follow one of these three

scenarios, or all three in succession:

Scenario 1: a northern front (anticyclone positioned

near Iceland and Greenland and area of low pressure

over Scandinavia) carries polar air to France. This situa-

tion rarely lasts for more than a few days. It leads to

unsettled and fairly cold weather in France. 

Scenario 2: an eastern or north-eastern front (resulting

either from an anticyclone around Scandinavia, or an

WIND GENERATION LOAD FACTORS DURING COLD SPELLS

Average December – January Temperature Temperature

2005-2006 - February below 1°C  below 0°C

(29 days) (17 days)

Continental France 23.5% 29.3% 23.4% 25.9%

Atlantic Zone 21.3% 27.6% 20.9% 21%

Mediterranean Zone 27.4% 32% 28.3% 33.2%
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extension of the anticyclone in Siberia) carries very cold

and dry air, accompanied by a glacial easterly or north-

easterly wind, to France. This configuration can last up

to around ten days. The cold is exacerbated by the

wind chill factor.

Scenario 3: a wet and unsettled eastern or north-east-

ern front carries snow across the entire country, includ-

ing the Mediterranean coast. The effect of the anticy-

clone situated over northern Europe (Scandinavia or

extension of the anticyclone in Siberia) is countered by

an area of low pressure, usually positioned over south-

ern Europe. This situation can last for up to a week. On

clear nights, temperatures can drop to remarkably low

levels.  

According to this definition of cold spells, seven peri-

ods were identified over the last twenty years. By tak-

ing only a limited number of events, it is possible to

focus on the most exceptional of them:

• 3 - 18 January 1985 (16 days)

• 6 - 14 February 1986 (9 days)

• 8 - 23 January 1987 (16 days)

• 26 January - 14 February 1991 (20 days)

• 25 December 1996 - 8 January 1997 (15 days)

• 14 - 24 December 2001 (11 days)

• 5 - 13 January 2003 (9 days)

An analysis of the various episodes identified shows

that they can all be classed in two of the three types of

cold spells presented (types 2 and 3). The type 1 cold

spell scenario is not represented during any of the

seven coldest spells identified over the last twenty

years.

Generally, the types of cold spells identified by the clas-

sification are characterised by northern or eastern to

north-eastern fronts, which initially carry very cold air,

in certain cases causing temperatures to drop signifi-

cantly in northern or north-eastern France (as on 5

January 2003, for example). The drop in temperature

then spreads to affect much of France. The episode

may include several cold air fronts arriving in France as

they change direction.

Results

A detailed summary of wind conditions during the

seven periods looked at by the study shows that the

idea that cold temperatures are associated with anticy-

clonic conditions with very low winds is not accurate.

The situations studied are all characterised by often

very high winds in the form of the Mistral and

Tramontane.

Across a large part of the country, wind speeds during

cold spells are lower than monthly averages.

Around the Mediterranean and the Rhône Valley, wind

speeds during cold spells tend to be higher than

monthly averages.

Conclusions

Both wind generation statistics from 2005 and 2006

and the twenty-year study of wind conditions by

MéteoFrance shows that, during cold spells, wind con-

ditions can vary very substantially. The idea that cold

weather is systematically accompanied by low winds is

incorrect.

The two approaches also reveal that wind conditions

are attenuated in the event of a cold spell affecting a

very wide part of northern France. Inversely, the Mistral

and Tramontane winds tend to increase wind genera-

tion around the Mediterranean and Rhône Valley dur-

ing these cold spells.
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4  Supply-demand balance

simulations

The simulations cover a period running from September to August. This ensures that a realistic and eco-

nomically relevant model can be established for the contribution made by major hydroelectric installa-

tions, which fill up during the spring and summer as the snows melt and are emptied during the winter.

For example, the analysis of the situation in 2010 extends from September 2009 up to August 2010, with

the most critical period being in January 2010.

Under the basic principle of simulations, for each hourly period studied, the various generating facilities

are stacked according to their operating cost (from the cheapest to the most expensive), until total

demand, i.e. internal demand and balance of exports, is satisfied. “Intermittent/variable” generation

(e.g. run-of-river hydro power or wind power), which does not depend on price conditions, is considered

as having a zero cost and enters at the very base of the stack. 
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Gaining a representative view of future possibilities

means not just projecting the structure of supply and

demand, but also taking account of the main contin-

gencies that can affect the power system. This gives us

a probabilistic overview of the way that the supply-

demand balance will be achieved for various time-

frames, which may be interpreted statistically by

expected results. 

For the purposes of this generation adequacy report,

we have simulated a set of 456 possible future scenar-

ios for each timeframe looked at, combining risk fac-

tors such as climatic conditions, water resources, the

availability of thermal facilities and wind generation.  

A4.1 – PROBABILISTIC APPROACH

Centralised thermal generation 

(nuclear, coal, fuel-oil, open cycle gas turbine)

Each generating unit is characterised by its rated

capacity, its unavailability hypotheses and its operat-

ing cost. Unavailability hypotheses distinguish sched-

uled unavailability, resulting from outages for mainte-

nance or refuelling in nuclear plants, and unsched-

uled unavailability caused by unforeseen contingen-

cies.

Given the rated capacity of the largest units (1,300

MW or 1,450 MW), the hypotheses adopted regard-

ing the availability of the nuclear fleet in winter are

very important (number of units subject to scheduled

outages).  

These usage costs determine the order in which ther-

mal units are called upon. This provides a means of

selecting those which will have to be started up if all

the available units are not sufficient to satisfy

demand. They reflect costs proportional to genera-

tion, which are mostly made up of the costs of fuel

and CO2 emissions. 

There is virtually no doubt that nuclear generation

will be used constantly for baseload supply, whilst

A4.2 – SUPPLY MODELLING

SUPPLY-DEMAND BALANCE 
SIMULATIONSAppendix // 4
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Exchanges are represented on the basis of a foreign

market principle, where a specific demand is

expressed, and generating units available in France

compete with fictitious units located in other coun-

tries. 

These foreign units are modelled exactly like real

French units, with rated capacities and generating

costs that reflect the volumes available on the markets

at different price levels. Some are subject to unavail-

ability, as a way of representing the contingencies that

affect neighbouring power systems. The total volume

of fictitious units exceeds foreign demand (outside

France) by 4 GW. Their expected available capacity is

based on foreign demand, so that export capacity

from France in situations where all available French

generating facilities are running, has an expectation of

zero and a standard deviation of around 3 GW.

Hour by hour, the difference between foreign demand

and generation by the fictitious units, started up as

needed according to their cost, corresponds to French

exports. 

Capacity/cost combinations are estimated by compar-

ing daily data from the period 2003 - 2006, concern-

ing the generating programmes of French units on the

one hand, and exchange programmes on the other.

A4.3 – EXCHANGE MODELLING

For each scenario simulating possible developments

in generating facilities and each demand scenario,

the probabilistic approach used involves simulating

456 possible future situations, combining contingen-

cies such as climatic conditions, water resources, the

availability of thermal facilities and wind generation.

A4.4 – CONTINGENCIES REPRESENTED

fuel-oil units and open cycle gas turbines will only be

used after all other thermal units have been started

up. However, the relative position of units running on

coal or gas is more difficult to ascertain: it will be

largely influenced by the difference between the

prices of the two fuels, and by the cost of CO2 emis-

sion quotas. Since these factors are subject to consid-

erable uncertainty, the ranking adopted for the pur-

pose of the simulations is based on a specific hypoth-

esis: one type of generation is not considered to have

supremacy over the other. Based on the distribution

of prices for each form of energy (including transport

costs), a subtle balance between CO2 prices per

tonne and the difference between gas and coal prices

means that gas and coal-fired units can be alternated

in the ranking. 

Hydroelectric generation

The hydroelectric fleet is described in great detail,

since five hundred installations are represented, with

their up- and downstream chains. Management of

reservoirs at valley heads is modelled, as under real

operating conditions, by deciding on the use of avail-

able water reserves where they maximise the savings

made over other generating facilities.

Other embedded generating facilities

The load profiles of CHP generation differ according

to whether it is installed at an industrial site or to

power heating networks. 

For generating methods such as biomass, incineration

plants or various other types of installation, often rel-

atively unknown and which altogether represent only

a low volume of energy, the contribution is modelled

by using a constant power band throughout the year. 

Load shedding

Under the hypothesis adopted, it is assumed that by

activating load shedding, internal demand can be

reduced by 3 GW. In the simulations, this is modelled

by a very high cost load shedding unit, which is there-

fore only called upon when conditions are difficult.
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Climatic contingencies

Outside temperatures have a noticeable impact on

electricity demand. A set of 114 average daily tem-

perature values likely to be encountered in the peri-

od up to 2010 was put together, based on records

covering the period between September 1888 and

August 2002, corrected so that daily averages are

adjusted to the normal baseline temperature.

Hydroelectric contingencies

The main contingency that affects hydroelectric gen-

eration concerns natural supplies of water to instal-

lations. As for temperatures, data on water

resources were presented in the form of data sets.

These concern average weekly water flows to each

of the 500 installations that make up the hydroelec-

tric generating fleet. Four different combinations of

hydro and climatic data sets were constructed. 

Thermal unit availability contingencies

The thermal unit availability contingency is deter-

mined in a different, random way for each of the

456 scenarios, on average respecting unscheduled

unavailability rate for each technology.

Wind contingencies

Fifty-three annual generation dataset were pro-

duced, based on wind speeds measured or reconsti-

tuted (see Appendix 1). The correlation between

wind speeds and temperatures was included when

combining the corresponding datasets, so as to take

account of the fact that very high temperatures are

very often accompanied by a lack of wind in sum-

mer. 

The simulations gave rise to two main sets of results:

Shortfall outlook

The level of security of the supply-demand balance is

assessed by calculating a "shortfall outlook", made up

of the probability of a shortfall occurring (number of

cases of shortfalls compared with number of scenarios

simulated); the loss of load expectation (in hours), and

the shortfall energy expectation (in GWh).

Annual energy balance per sector 

The simulations also indicate exchange balances, and

expected annual energy generation in the nuclear,

coal, oil and wind sectors. The tables appearing in this

document only show results in terms of  annual

expected values (average generation for all the scenar-

ios simulated). 

These results depend on the order in which the various

generating facilities in France are called upon (materi-

alised by generating costs), and also the order of use

of fictitious facilities representing available offers on

foreign markets outside France. Changes to some of

the parameters that determine this order, notably

prices of natural gas, coal and per tonne of CO2, are

quite unpredictable. Consequently, the energy results

are subject to a higher degree of uncertainty than

capacity results, and are provided only as an indication.

A4.5 – RESULTS OF SIMULATIONS

SUPPLY-DEMAND BALANCE 
SIMULATIONSAppendix // 4
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5  Shortfall analysis

The purpose of this appendix is twofold. First, in accordance with Article 4 of the Decree of 20 September

2006 on the Generation Adequacy Report, it is intended to detail "the circumstances in which the shortfall

risk is highest, by analysing scenarios in which a shortfall is observed". These circumstances refer to

random contingencies, affecting both generation and demand.

Second, it looks at the "sensitivity of the results of the analysis […] to shortfall thresholds other than that

used" for identifying requirements in the Generation Adequacy Report. This sensitivity will be studied for

LOLE thresholds of two and four hours per year, encompassing the three hours per year used to produce

the Generation Adequacy Report.
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A5.1.1 – Principle 

The different random phenomena that affect the

power system cause supply and demand parame-

ters to vary: load (mainly influenced by outside tem-

peratures), available capacity of thermal units (out-

ages), that of hydroelectric plants (natural water

resources), and wind generation (wind speeds). The

extent to which each of these random phenomena

is responsible for the occurrence of a shortfall can

be determined by identifying the values of the

parameters they govern during shortfall situations,

and then placing them in the range of values

recorded under all circumstances. If the two statisti-

cal distributions differ significantly (i.e. if the distri-

bution for shortfalls only is dense over a certain peri-

od when the overall distribution density is low),

then when the contingency reaches the values with-

in this period, it can be considered to make a crucial

contribution to the occurrence of the shortfall.

This analysis will be conducted on two situations

when the criterion used (the LOLE of three hours

per year) is just met.

Shortfalls mainly occur in winter, between

December and February: over 90% of the days on

which shortfalls occurred, during all the years stud-

ied and for all demand levels and generating fleet

configurations, took place in this period.

Consequently, the statistical analysis will be restrict-

ed to this period (and in fact only workings days).

Outside this period, shortfall situations occur too

sporadically for any useful analysis.

The values of the supply-demand balance parame-

ters are observed, for each year studied, throughout

the 11-week period, i.e. usually 53 working days

(55 when Christmas and New Year fall on a

Saturday or a Sunday), in the 456 contingency com-

binations built for each year. This gives an overall

sample of some 24,168 days (and sometimes

25,080). 

Only some of these show a shortfall during the day:

around 150 days, to within a few units depending

on the year studied. This sample is not especially

large, but it is sufficient to offer some statistically

significant conclusions. 

A5.1 – CIRCUMSTANCES CONDUCIVE TO THE OCCURRENCE 
OF A SHORTFALL

SHORTFALL 
ANALYSISAppendix // 5
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A5.1.2 – Case study one: year 2012 with

"Committed projects" supply and "High"

demand scenario

For this year of study, the LOLE is 3 hours and 12

minutes (see 5.2.2). The days looked at are those

contained in the period between 12 December

2011 and 24 February 2012. The analysis of supply-

demand balance parameters is detailed according to

its four determining factors:

• Demand, and more specifically the load at 7pm

(daily peak), before any load shedding. This is the

variable with the widest distribution: over the entire

sample, its standard deviation is 6 GW; the interval

between extreme deciles (the lower decile – value

exceeded in 90% of cases – is at 76.0 GW, the

upper decile - exceeded in 10% of cases - at  91.5

GW(1)) is some 15.5 GW.

• Available thermal capacity: the variable observed

only concerns centralised thermal generating units

and dispatchable diesel units (see 3.3 and 3.4);

embedded installations are not modelled on a unit-

by-unit basis, but are represented as a whole by an

identical level of generation in all the simulations.

The distribution of this variable, which has a stan-

dard deviation of 2 GW and a 5 GW interval

between extreme deciles, is the second largest,

after demand.

• Hydroelectric capacity, or more specifically the

maximum capacity available during at least eight

hours of the day. The main reason for variations in

this capacity is differences in the water resources

available to "run-of-river" and storage plants.

Careful management of water reserves (dammed

lakes, pumping by pumped storage plants) means

the capacity of plants situated downstream can be

guaranteed available in any circumstance. The

resulting distribution is quite small, compared with

other supply-demand balance variables: standard

deviation of 1 GW, with a 2.5 GW interval between

extreme deciles.

• Wind generation. With installed wind capacity of

7 GW, in the configuration studied here, the distri-

bution of this variable remains moderate: the stan-

dard deviation is 1.2 GW, and the interval between

deciles is 3.3 GW.

The statistical distributions of these four variables

are represented, both for the global sample (in blue)

and for the sample limited to shortfall situations

only (in brown) in the form of histograms in the

graphs below.

On the abscissa, the variation ranges of each of the

variables are split into intervals of regular width (2

GW for demand, 1 GW for availability of thermal

facilities, etc.). The height of the bars represents the

fraction of the sample where the variable reaches its

value in the interval considered (e.g. demand reach-

es values between 95 and 97 GW on 406 occasions,

or 1.6% of the 25,080 days of the global sample. In

the sample limited to just the 153 shortfall situa-

tions, demand falls within the same range on 12

occasions, or 7.8% of cases).

The reader's
attention is drawn to
the fact that this
study focuses on the
distribution of
maximum daily loads
on 53 (or 55)
working days during
the winter: the value
of the upper decile
mentioned here is, on
average, exceeded
5.3 days per year. It
is completely
different from the
"one-in-ten peak
load" defined in
chapter 2.9, which
represents the upper
decile of maximum
annual loads, only
exceeded one year in
every ten on average.

(1) 
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Comparing the histograms between the full sample

and the shortfall situations only shows the predom-

inant role played by demand (very low tempera-

tures): the shortfall risk is small when temperatures

are mild (above the norm, or even just slightly

below); on the other hand, it is very high when tem-

peratures are extremely low (almost inevitable at 9

or 10°C below the norm). For low temperatures

(between 3 and 9 degrees below the norm), the

shortfall risk depends on the availability of genera-

tion. 

For wind power, the proportion of days with low

winds is bigger in the sample of shortfall days only

than in the global distribution. The same observa-

tion can be made of the availability of thermal and

hydroelectric generation. For all these factors, statis-

tical tests(2) show, with a high degree of confidence,

that the differences between the two distributions

(global/shortfall situations only) cannot be explained

simply by sampling fluctuations: if these contingen-

cies are unfavourable, they do indeed increase the

shortfall risk. However, compared with the temper-

ature contingency, they are merely aggravating fac-

tors. 

A5.1.3 – Case study two: "Central" 

configuration in 2020

The "Central" configuration illustrated here is

based on the "Baseline" demand scenario for the

Kolmogorov –
Smirnov test on the
maximum difference
between the
distribution functions
(integral of density
functions represented
on the graphs).

(2) 
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year 2020 (see 5.3). The installed wind capacity is

17 GW, the installed thermal and hydroelectric

capacities are very slightly higher than under the

"Committed projects" supply scenario for 2015.

Again, the role of demand in determining shortfall

situations is predominant. However, with 17 GW

installed, wind power takes on greater importance

and becomes the second most influential parame-

ter: almost half of shortfall situations are accompa-

nied by a wind generation load factor below 15%.

A5.1.4 – Conclusion

In a power system subject to contingencies that can

affect demand and supply independently, shortfall

situations are mainly caused by extreme fluctuations

in the most important contingency, i.e. that which

results in the biggest capacity deviations. Currently,

it is outside temperatures in winter (via demand)

that play this primary role.

This situation is likely to persist, even if wind gener-

ation is boosted strongly: with 17 GW of wind

capacity installed, the wind contingency (standard

deviation of 3 GW) would still be only of secondary

importance, behind outside temperatures in winter

(standard deviation of 6 GW).
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As it is impossible to guarantee with absolute cer-

tainty that demand can be satisfied, the amount of

supply must be such that the risk of a shortfall

occurring is kept to a socially and economically

acceptable level. The threshold that the LOLE must

not exceed is a trade-off between two factors: on

the one hand, the benefits for consumers of having

fewer shortfalls, and on the other, the cost of build-

ing the additional generating facilities needed.  

Determining the adequacy criterion is the preroga-

tive of the Government. Article 11 of the Decree of

20 September 2006 on Generation Adequacy

Reports states that the annual loss of load expecta-

tion must remain below three hours per year. This

criterion is identical to that adopted in the previous

Generation Adequacy Reports. However, it may be

revised in the future, with Article 2 of the same

Decree stipulating that it will be the subject of an

order by the Minister for Energy.

The description of the shortfall outlook (see chapter

5) associated with a LOLE of three hours per year

shows that shortfall situations occur on average one

in every ten years, with the energy unsupplied as a

result totalling 6 GWh per year. Based on the prob-

able trajectory (chapter 5.2.1), the Generation

Adequacy Report shows that the adequacy criterion

is satisfied up to the winter of 2013/2014. A deficit

of 900 MW appears for the winter of 2014/2015,

which must be compensated in autumn 2014.

A study may be carried out to ascertain how sensi-

tive these results are to shortfall thresholds other

than the one used in the Generation Adequacy

Report, namely for LOLE thresholds of two and four

hours per year, encompassing the level of three

hours per year used in the GA Report.

Reducing the LOLE from three to two hours per year

requires the equivalent of an additional 800 MW of

thermal capacity:

• The shortfall frequency falls from one year in ten

to one year in fourteen,

• The unsupplied energy is reduced to 4 GWh per

year, compared with 6 GWh with a three-hour

LOLE.

• Based on probable trajectory hypotheses, the date

on which the criterion is no longer satisfied with a

LOLE of two hours per year occurs one year earlier

than with a three-hour LOLE.

Conversely, for a fleet adjustment criterion set at

four hours per year, 700 MW less thermal equiva-

lent capacity is needed:

• The shortfall frequency rises from one year in ten

to one year in eight, 

• Unsupplied energy is 8 GWh per year,

• Based on probable trajectory hypotheses, a fleet

adjustment criterion at four hours per year would

be satisfied until 2015.

A deviation of one hour either side of the central

shortfall threshold of three hours per year serves to

alter the capacity requirement by 700 to 800 MW,

close to the annual increment in peak capacity

under the "Baseline" scenario. 

Consequently, adopting a LOLE threshold of two or

four hours per year, respectively and with a constant

generating fleet, amounts to bringing forward or

pushing back by one year the date on which addi-

tional capacities become necessary as identified in

the Generation Adequacy Report.

A5.2 – SENSITIVITY TO THE CRITERION
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