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EdItorIal

PartNers

the reality of global warming and the need to move towards an energy 
transition that reduces the consumption of fossil fuels (oil, coal, gas) has 
now achieved a global consensus.

the Paris agreement, negotiated at coP21 in December 2015, has 
been ratified by more than 100 countries, enabling it to come into force 
at the beginning of November 2016. its main objective is to hold the 
average global temperature rise to below 2°c at the end of the century, 
by reducing greenhouse gas emissions into the atmosphere.

in this context, in which the future of coming generations is at stake, 
renewable energy (wind, solar, hydropower), along with nuclear power, 
plays a major role in decarbonising electricity production. today, these 
sources account for 23% of the world’s energy mix and, if the Paris agreement is adhered to, could be as 
high as 37% by 2040, according to the latest report by the international energy agency (iea).

at the level of the european union, the proportion of renewables in electricity production could be even 
higher, in the range of 45% to 60% by 2030. this ambitious objective is one of the priorities of the relevant 
authorities. the challenges, however, are immense, because this paradigm shift, linked to the development 
of green energy, entails financial, technological and operational constraints for energy companies. and 
this is where the contribution of research is vital.

as a long-established player in the electricity sector in France and abroad, the eDF Group is making major 
efforts in terms of scientific research, concretely illustrated by the Finance for energy Markets laboratory 
(FiMe). created in 2006, the FiMe laboratory is today a research initiative of the europlace institute 
of Finance Foundation. it brings together a team of some thirty academic researchers and engineer-
researchers from eDF r&D, specialised in particular in applied mathematics, economics and finance.

these varied profiles thus make it possible to link fundamental and applied research, a linkage 
indispensable for identifying and overcoming the many challenges of the electrical sector, already shaken 
up by the deregulation of recent years. this situation has given rise to many problems that research can 
answer. what pricing policy should be adopted in a competitive environment? how should an energy 
company manage variable demand? what buying/selling strategies in the wholesale markets should 
a producer deploy? how should the increased share of renewables, where production is irregular, be 
managed? and, above all, how can we gradually increase green energy and so reduce carbon emissions 
from the electrical system?

in this latest issue of the cahiers louis bachelier, you will find answers to these questions from four 
recent scientific papers by FiMe researchers, as well as an exclusive interview with the director of energy 
management programmes at eDF research and Development.

enjoy your reading!!

clémence alasseUr, Director of the FIME research initiative and research engineer at EDF R&D
and nizar toUzi, Professor of Applied Mathematics at l’École Polytechnique

Clémence
ALASSEUR

Nizar
TOUZI
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the selling price of electrici-
ty is currently one of the sup-
pliers’ most central concerns. 
several factors, such as the 
opening up of markets, the 
end of regulated electricity ta-
riffs, changes in power gene-
ration mixes, and especially 
the rapid development of re-
newables, are causing sup-
pliers to rethink the pricing 
formulas offered to consu-
mers. smart meters, current-
ly being deployed in europe, 
are one of the tools that will 
enable innovative pricing to 
be introduced. but how can 
pricing proposals be adapted 
to the evolution of the energy 
mix? in other words, how can 
the various types of electrici-
ty production be taken into ac-
count? and what is the impact 
of other suppliers arriving in 
the market?

taking account of competition 
and customer reaction 

this type of problem already 
existed in the era of monopo-
lies, but less acutely. today, 
however, with the liberaliza-
tion of markets, consumers 
are no longer as captive as 
they were in the past. they will 

electricity pricing: how are the 
current challenges best met?

sign a contract only if it meets 
their needs and is the most 
competitive offer available. 
the supplier must therefore 
take account of its customers’ 
reaction to what it offers – not 
only their willingness to sign 
the contract, but also their le-
vel of consumption. the sup-
plier needs also to make the 
tariffs it offers simple and ea-
sy to understand. they must 
be clearly visible on bills, ra-
ther than seeming to emerge 
out of nowhere. to this end, 
these four researchers have 
come up with a solution: “Our 
work would enable electrici-
ty suppliers to establish pri-
cing schedules that are better 
suited to the needs of their po-
tential customers,” says ivar 
ekeland, adding that the im-
pact of the arrival of compe-
ting suppliers in the market 

Electricity pricing gives 
rise to a new class of 
optimization problems, 
since customers have 
differing requirements 
that need to be met with 
specific tariffs.

the modelling carried out by the researchers should allow electricity suppliers to 
establish tariff schedules that are better adapted to the needs of their potential 
customers and to the constraints linked to their different sources of production.

this work also helps to understand and measure the impact of competing sup-
pliers arriving in the market.

for suppliers, it would then become possible to assess the cost of certain public 
service obligations, such as providing a basic service throughout the territory or 
offering special rates to those on income support.

based on an interview with ivar ekeland about his forthcoming paper “Second-best tarification 
for a producer-provider of electricity”, co-authored with Dylan Possamaï, romuald elie, nicolas 
hernández santibáñez and clémence alasseur.

the opening up to competition, the end of regulated tariffs and the development of renewable 
energies are transforming the electricity market. ivar ekeland and his co-authors address the 
question of how suppliers might construct new tariff packages adapted to these major changes.

Key points
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could also be understood and 
measured.

Pricing problems

electricity pricing gives rise 
to a new class of optimiza-
tion problems, since custo-
mers have differing require-
ments that need to be met 
with specific tariffs. an indivi-
dual – who turns on the hea-
ting and uses her oven on re-
turning from work – does not 
consume in the same way as a 
large firm that can shift some 
of its production to off-peak 
hours so as to take advantage 
of lower rates.

Just like a car insurer not 
knowing whether a prospec-
tive customer is a careful dri-
ver, the electricity supplier 
must establish a rate that will 
enable it to distinguish (or “dis-
criminate between”) custo-
mers according to how much 
electricity they consume. in 
the same way as the insurer 
offers a rate with a high ex-
cess and a low premium to 
attract cautious drivers (the 
reverse for others), the elec-

tricity provider prices on basis 
of the maximum usable power 
and the cost per megawatt 
hour.

Problems specific to electricity

while pricing in competitive 
environments is generally ve-
ry complex, it is even more 
so in the case of electricity. in 
particular, suppliers must take 
into account the fact that the 
cost of production borne by 
the producer at any one time 
depends on customers’ to-
tal consumption. indeed, un-
like other commodities such 
as wheat or oil, electricity can-
not (or can only to a small 

extent) be stored. Production 
must therefore closely match 
consumption at all times. at 
peak periods, coal and gas-
fired power stations can be 
used as well as nuclear energy 
and renewables. but the cost 
of instant production, which 
is much higher, increases the 
overall cost of production. in 
addition, renewables, such as 
wind and photovoltaic, ope-
rate intermittently, in accor-
dance with weather condi-
tions. “Our model takes into 
account the constraints rela-
ted to the different sources 
of energy production,” ivar 
ekeland emphasizes.

Finally, it should be added 
that suppliers must take into 
account certain public service 
obligations, such as providing 
a minimum service throughout 
the territory and offering spe-
cial rates for those on income 
support.

Unlike other commodities 
such as wheat or oil, 
electricity cannot (or can 
only to a small extent) be 
stored. Production must 
therefore closely match 
consumption at all times

ivar ekeland has been a professor at (and president of) université Paris-
Dauphine and at the university of british columbia (vancouver). his 
research focuses on mathematics, finance and economics. his latest 
book, “Le syndrome de la grenouille”, is concerned with climate change. 
he has received honorary doctorates from various universities and is a 
member of several academies.

ivar ekeland 

ivar ekeland and his co-authors have developed a model based on the economic theory of 
information asymmetry, and in particular the adverse selection principal-agent approach. 
in this type of model, the principal (the electricity supplier) offers a price schedule that 
varies according to the standing charge, the maximum power and the price per kilowatt 
hour consumed. agents (consumers of electricity) are characterized as belonging to a 
specific “type”, that is, a certain willingness to consume electricity at a given price. the 
principal does not know what particular type a given consumer belongs to, but knows only 
the distribution of types in the overall population – by means of surveys, for example. of 
course, agents select a tariff only if its utility for them is greater than what they could get 
elsewhere, for example by turning to another supplier. in its optimization the principal must 
take into account the fact that only a proportion of consumers will subscribe to its offer. the 
principal’s problem is then to construct a tariff schedule that will maximize its profit.

Methodology

ilb_23_en.indd   5 02/12/16   10:37



6    the louis bachelier research review

the Paris agreement on climate 
change, arising from coP21, 
seeks to limit global warming to 
two degrees celsius between 
now and 2100. achieving this 
goalwill necessarily involve de-
carbonising the economy.
to this end, electricity produc-
tion needs to reduce its impact 
on the environment, given that it 
accounts for a third of the car-
bon emissions from fossil fuel 
combustion, according to the 
2015 report by the international 
energy agency.

intermittency of renewables

to reduce carbon emissions 
from electricity generation, nu-
clear power and renewable 
energy (primarily wind and so-
lar) are the preferred modes of 
generation. renewables, howe-
ver, work only intermittently in 
time and space, as they are 
dependent on weather events 
(sunshine, wind, etc.).

Faced with this discontinuity of 
renewable electricity produc-
tion, producers and suppliers 
need to have the wherewit-
hal to modulate production and 
consumption. the three ways of 
doing so differ in terms of their 
benefits. “First, physical storage 
capacity can be augmented by 
means of batteries, but these 
require considerable space 
and are entail high costs. Ano-
ther solution is to use gas power 
plants, but these generate car-
bon emissions. Finally, chan-

how can electricity demand 
volatility be reduced by means of 
pricing?
because the reduction of greenhouse gas emissions necessarily involves increasing the share of 
renewables in the energy mix, the possibility for electricity suppliers of modulating demand becomes a key 
component of power systems management.

ging consumption is a lever in 
which energy companies can in-
vest, even though there is still in-
sufficient information regarding 
this solution. Our work precisely 
concerns new techniques of ac-
tive demand management”, re-
né aïd says.

modulating electricity consump-
tion by means of smart meters

active management of electricity 
demand has existed for a num-
ber of years. Producers have 
applied differential pricing sche-
dules depending on the day of 
the week and peak hours. these 
tariff incentives thus help reduce 
the power consumption of indi-
vidual households, which are 
particularly responsive to price 
signals.
however, the results of this ap-
proach are still inadequately 
known and need to be refined. 
“We consider it vital to improve 
communication with consumers, 

the model can describe an optimal contract that reduces the volatility of an indivi-
dual’s electricity consumption.

in the more realistic approximate version, where the price signal is sent by the elec-
tricity supplier, not continuously but at given times, the consumption smoothing effect 
occurs mainly at the start of the period.

this work should allow new pricing schedules and new active demand management 
methods to be developed, that are better adapted to the generation constraints of 
renewables.

based on the paper “A principal agent model for pricing electricity demand volatility”, by nizar touzi, rené 
aïd, and Dylan Possamaï, and on an interview with rené aïd.

The optimal contract 
is able to reduce the 
volatility (or variation) 
of the customer’s 
nominal consumption 
differences, while 
reducing the producer’s 
costs

Key points
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so as to reduce the time lag in 
the price signals being sent. In 
fact, producers need to further 
smooth out energy demand by 
encouraging consumers to shift 
their consumption forward or 
back in time, according to pro-
duction constraints,” rené aïd 
explains.
to do this, smart meters (such as 
France’s linky) need to be instal-
led, so that power consumption 
modulation programmes can be 
deployed. in fact, this technolo-
gy provides producers with ex-
tensive information related to 
consumption. with 45 million 
smart meters already installed 
– in italy, Finland and sweden 
– further investment of 45 billion 
euros is needed to reach the fi-
gure of 200 million smart meters 
in all 28 countries of the euro-
pean union.

a simple but effective model 

until such time as producers 
are able to use the data 
from such meters to develop 
modulation systems of electricity 
consumption at neighbourhood, 
commune or city levels, rené 
aïd, Dylan Possamaï and Nizar 
touzi are seeking to establish, 
on the basis of a principal-
agent model, what would be 
the best pricing schedules for 
achieving this goal of demand 
modulation. More specifically, 

they are looking at a situation 
where a producer (the principal) 
seeks to encourage a customer 
(the agent) to smooth out 
consumption over time.
although a very simplified repre-
sentation of reality, this model 
provides valuable insights for 
designing more realistic mana-
gement systems that include a 
large number of consumers.
the model’s basic assumptions 
are as follows:
•	the electricity producer has 

a power plant with produc-
tion costs not only depending 
on the level of production, 
but also on the movements 
upwards or downwards of this 
production.

•	the producer only knows the 
customer’s total consumption. 
he cannot observe the custo-
mer’s actions and efforts to re-
duce or shift consumption.

•	the consumer has a utili-
ty to consume and a cost to 
change his consumption in 
response to the producer’s si-
gnals (effort, adaptation, time 
shift, etc.). 

it is then a matter of finding the 
optimal contract that minimizes 
the producer’s overall produc-
tion costs and the payment to 
the consumer for smoothing out 
consumption.
Note that this model lies within 
contract theory, the research 
field for which oliver hart and 

bengt holmstöm have just been 
awarded the 2016 Nobel Prize 
for economics.

towards a more realistic model 

Numerical simulations confirm 
that the optimal contract is in-
deed able to reduce volatility (or 
variation) of the customer’s no-
minal consumption differences, 
while reducing the producer’s 
costs.
however, the modelling was car-
ried out on the assumption of a 
price signal in continuous time, 
which is not operational at a 
technical level.
to overcome this constraint, the 
researchers compared the op-
timal contract with an approxi-
mate contract that depends 
on consumption points at gi-
ven moments (breakdown in-
to consumption periods). “With 
the approximate contract, the 
consumer reduces his volatili-
ty of consumption mainly at the 
start of the period. This allows 
the producer to reduce its costs. 
However, we need to further de-
velop our work if we are to come 
up with a single and intelligible 
pricing system intended for a 
consumer population. The aim 
is to obtain a signal compatible 
with the modulation capabili-
ties of local production without 
creating inconvenience for the 
consumer,” rené aïd concludes.

rené aïd is professor of economics at université Paris-Dauphine. an engineer and 
then PhD in applied mathematics, he began his career at eDf r&D as a research 
engineer on optimization and enhancement models of electricity production 
assets. in 2006, he co-founded and became director of the finance of energy 
markets research initiative, a joint laboratory involving Dauphine, eDf, the ecole 
Polytechnique and crest. in 2012, he was appointed head of the delegated 
department at eDf r&D, then in 2016 joined université Paris-Dauphine. his 
research focuses on the management of financial risks in energy markets.

Methodology

rené aïd

within the framework of a principal agent model involving an electricity producer (the principal) 
and a consumer (the agent), the researchers define an optimal contract, which minimizes the 
producer’s production cost. in this type of model, the principal is unable to observe the agent’s 
behaviour efforts. the model’s solution for specifying the optimal contract is based on recent 
advances made by Jaksa cvitanic (caltech), Dylan Possamaï and Nizar touzi. the optimal 
contract is then simulated numerically and compared with an approximate contract that is more 
realistic regarding the conditions for its practical application.
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while the level of nuclear or 
coal-fired electricity genera-
tion is largely controllable by 
energy providers, this is not 
the case for the level of pro-
duction from renewable ener-
gy sources (solar and wind), 
which is subject to meteoro-
logical events (sunshine and 
wind speed).

the margin of error for forecas-
ting the power generated by a 
wind farm may, for example, 
be as high as 20% of its instal-
led capacity within a six-hour 
time period.

in general, taking account of 
this uncertainty is a growing 
problem for the sector’s ac-
tors, in a context where the 
proportion of renewables in the 
French and european energy 
mix is steadily increasing.

electricity producers also have 
to contend with the fact that 

electricity is difficult to store, 
which means they have to ac-
curately match production with 
demand at all times, or be 
faced by financial penalties.

in order to reduce the gap 
between production and de-
mand, producers have two 
main options. they can bring 
on stream additional thermal 
power plants (for example, gas 
or fuel oil) to increase supply, 
or they can purchase electri-
city in intraday markets. while 
both these solutions give rise 
to specific additional costs, 
the choice of the best strategy 
to adopt at any given time can 
be quite complex.

how should producers behave in 
intraday electricity markets?

With the increasing share of renewables – which are inherently intermittent – in power generation, energy 
providers have to contend with an increasing degree of uncertainty. the intraday market for electricity is 
one of the means at their disposal to compensate for any unexpected shortfalls in production.

intraday electricity markets are 
indispensable levers 

because the costs of using a 
booster thermal plant can be 
very high, especially if it is 
not already in operation, in-
traday markets offer an alter-
native for meeting electricity 
producers’ temporary needs. 
exchanges for spot power tra-
ding, such epex spot in Paris, 
are open 24 hours a day, se-
ven days a week. these mar-
kets operate on an auction 
basis between buyers and sel-
lers. spot prices are set daily 
at midday for next day delivery 
and the intraday markets then 
take over, enabling producers 
to continue trading. “Intraday 
markets are a valuable adjust-
ment variable for producers, 
who can use them to manage 
their production more flexibly, 
because they can buy or sell 
electricity as news comes in, 
for example, anticipation of ad-

based on the paper “An optimal trading problem in intraday electricity markets” by rené aïd, Pierre gruet 
and huyên Pham, and on an interview with Pierre gruet.

in this model, the producer aims to find the best trading strategy in intraday electricity 
markets so as to minimize its physical and financial costs.

the producer compares the costs of its means of production to the price of electri-
city in the intraday markets. it needs to be fully aware of their volatility and of its own 
impact on price rises and falls.

it is in the producer’s interest to smooth out its purchases in the intraday markets so 
as to reduce the impact of his own purchase or sales orders on the price and to take 
into account the most recent information on its production from renewables as well as 
forecasts of demand.

Key points

Intraday markets offer an 
alternative for meeting 
electricity producers’ 
temporary needs
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ditional demand, meteorologi-
cal information, breakdowns, 
etc.,” Pierre Gruet says.

a producer who decides to 
use the intraday market must 
also take account of pheno-
mena specific to these mar-
kets, such as price volatility 
and the impact on the price 
of its own purchase or sale or-
ders. this makes the trade-off 
decision between using more 
of its own means of produc-
tion or trading in these mar-
kets more complex.

an original model for optimizing 
a producer’s decisions

in order to better understand 
the effects of these choices 
and to facilitate the decision-
making of an energy sup-
plier confronted with this type 
of problem, rené aïd, Pierre 
Gruet and huyên Pham have 
developed an original mathe-
matical model that combines 
the financial techniques of op-
timal trading and the physical 
constraints of production ma-
nagement. this model various-
ly takes into account the costs 
of financial penalties imposed 
on the producer in the event of 
an imbalance between supply 
and demand, the costs of pro-
ducing non-renewable energy 

in thermal power plants and 
the costs involved in trading in 
the markets.

the researchers have al-
so introduced an additio-
nal variable, namely the pro-
ducer’s random residual 
demand, which represents the 
consumption of its customers 
minus its production from re-
newables. and it is this resi-
dual demand that the energy 
supplier must meet through 
thermal production or market 
operations, or be liable to fi-
nancial penalties. this residual 
demand is not fixed and may 
vary abruptly, for example in 
response to unforeseen wea-
ther events. Moreover, avai-
lable thermal production can 
also vary due to a breakdown 
in a thermal power plant, obli-
ging the producer to turn to 
the market. but in such a case, 
i.e. lack of production at time 
t, electricity prices on the in-
traday markets are then driven 
up, since all actors are infor-
med of the shortage. “We have 
sought to determine the stra-
tegy that a producer should 
adopt in the markets when 
there is a sudden peak of re-
sidual demand or an unexpec-
ted event in conventional ther-
mal installations,” Pierre Gruet 
explains.

in other words, should the 
producer immediately pur-
chase the amount of electri-
city it needs or wait for prices 
to fall? this decision will de-
pend partly on the producer’s 
risk aversion. above all, the 
model suggests that it will be 
in the producer’s interest to 
smooth out its purchases over 
the day, as this strategy allows 
it to reduce its exposure to the 
markets and to adjust its pur-
chases in accordance with the 
news it receives regarding its 
production of renewable ener-
gy, its expectations of electri-
city demand and the state of 
operation of its thermal power 
stations (all three of them ran-
dom factors). on the other 
hand, if electricity prices in 
the markets are higher than 
its production costs, it makes 
sense for the producer to acti-
vate its thermal power plants. 
“Our model addresses the pro-
blems of optimizing the pro-
duction of energy companies. 
They can determine the best 
strategy to adopt in the mar-
kets while minimizing their 
costs,” Pierre Gruet says. 

Pierre gruet is a research engineer at eDf r&D, working on prices modeling. 
he holds a PhD in applied mathematics from university Paris Diderot,  bea-
ring on statistical estimation and stochastic optimal control. he is also a fully 
qualified member of the french institute of actuaries, and holds the diploma 
of the École nationale de la statistique et de l’administration Économique.

the model involves three sources of uncertainties, namely residual demand, available thermal 
capacity and variation in electricity prices. such price changes are the result of natural hazard, 
the impact of the first two uncertainties and the producer’s actions in the market. the objective 
of the problem is to minimize the producer’s expected costs in the presence of these three 
uncertainties. its solution gives the producer, at every moment, the fraction of its residual demand 
that it must cover and how it should do so, either by purchases in the markets or by using its 
thermal production. this strategy also depends on the variables of the system, namely demand, 
purchases/sales already made on in the intraday markets, and the price quoted.

Methodology

Pierre gruet
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the French regulatory 
commission of energy de-
fines “microgrids” as small-
scale power grids that pro-
vide an energy supply (...) to 
a small number of consumers. 
they operate mainly through 
renewable energy sources (so-
lar, wind, hydro), but also non-
renewables (diesel generators) 
and to a lesser extent elec-
tric storage batteries. the ma-
nagement of these systems is 
carried out by means of com-
puter programs.

they can, moreover, be 
connected to the main distribu-
tion grid to relieve it during pe-
riods of peak consumption or 
they can operate autonomous-
ly. with regard to the latter, mi-
crogrids are able to supply 
electricity more efficiently to re-
mote areas, such as villages in 
developing countries.

a fast growing market

in addition to these charac-
teristics, microgrids bring 

other economic and operatio-
nal benefits, because the ex-
pansion of large conventional 
power grids and gas distribu-
tion networks entails signifi-
cant investment, and storage 
costs, as well as technical 
constraints. 

For all these reasons, micro-
grids are enjoying a worldwide 
expansion – a trend that is ex-
pected to increase in the co-
ming years. a recent study by 
the us firm Navigant research 
estimates that the electrical ca-
pacity of microgrids will, at the 

improving microgrid management

the management of microgrids - which make it possible to bring electricity production closer to consumers 
- gives rise to complex optimization problems. in particular, they must satisfy variable demand for electricity 
at least cost, making maximum use of renewable energy sources and possible storage equipment.

very least, amount to 7.6 gi-
gawatts (Gw) in 2024, compa-
red with 1.4 Gw in 2015.

however, the deployment and 
operation of these microgrids 
create specific needs for the 
sector’s actors and various 
stakeholders (the public autho-
rities and consumers). in par-
ticular, how should the func-
tioning of these installations 
be optimised to take account 
of the variable demand for 
electricity?

a model to improve the manage-
ment of an existing microgrid 

to answer these questions, 
the four researchers (benjamin 
heymann, Joseph Fréderic 
bonnans, Francisco silva, 
Guillermo Jimenez) analysed 
an isolated microgrid located in 
the atacama desert in northern 
chile, that supplies electricity 
to the village of huatacondo.

the grid consists of solar pa-
nels, wind turbines, a batte-

based on the paper “A Stochastic Continuous Time Model for Microgrid Energy Management”, by benjamin 
heymann, joseph fréderic bonnans, francisco silva and guillermo jimenez, and on an interview with 
joseph frédéric bonnans.

The researchers have 
extended their previous 
work, based on a 
deterministic model, by 
developing a dynamic 
stochastic model new to 
the literature

the researchers have developed an original dynamic programming model that in-
volves a stochastic approach. this can optimize the management of an isolated smart 
microgrid by assessing its demand for electricity.

through this stochastic model, the microgrid’s electricity production is managed more 
efficiently, reducing the use of the diesel generator.

the speed of calculation of the solution provided in this new model is higher than that 
obtained through a deterministic approach.

Key points
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ry energy storage system and 
a diesel generator powered by 
fuel oil. using these various pa-
rameters, the researchers de-
veloped a model that enables 
demand to be met more effec-
tively. in other words, the mo-
del optimizes the use of the 
different sources of electricity 
production, in accordance with 
their specific constraints.

the researchers thus took ac-
count of the villagers’ variable 
demand and the microgrid’s 
different energy sources of 
energy, primarily solar panels 
that generate most of the ener-
gy, with a peak at noon, along 
with wind turbines, whose ope-
ration is subject to weather 
conditions. a battery is used to 
store surplus renewable ener-
gy and to offset increased de-
mand, though it has a limited 
lifespan. Finally, there’s a ge-
nerator powered by fuel oil 
(producing co2 emissions), 
which consumes more when it 
starts up.

a dynamic and innovative sto-
chastic model

alongside these parameters, 
the researchers were able to 
access data from the electri-
city produced from the solar 
panel. “The production of so-

lar energy was easily predic-
table, since our experiment 
was conducted in an arid de-
sert. However, we were faced 
with two major problems. First, 
modelling the variability of 
electricity demand. And se-
cond, as much as possible li-
miting the use of the generator, 
which runs on fuel oil and has 
a high operating cost,” Joseph 
Frédéric bonnans says.

to solve these problems, the 
researchers have extended 
their previous work, based on 
a deterministic model, by de-
veloping a dynamic stochas-
tic model new to the literature. 
From a methodological stand-
point, this new, more realistic 
and operational model involves 
discrete variables (battery on/
off) and continuous variables 
(battery charge level), as well 
as stochastic differential equa-
tions. technically, the model 
has a structure suitable for dy-
namic programming, which 
opens after discretization on 
a semi-lagrangian algorithm. 
by applying to the latter an ad 
hoc method of minimization of 
the hamiltonian, which is also 
new, the researchers were able 
to simplify the numerical calcu-
lations. “Our stochastic dyna-
mic programming model esti-
mates electricity demand and 

the cost of using the genera-
tor through an algorithm, which 
makes it possible to optimize 
the management of an isolated 
microgrid. Moreover, the speed 
of calculation of the solution 
by our stochastic algorithm 
is higher than that obtained 
by a deterministic approach 
in continuous time,” Joseph 
Frédéric bonnans says. 

in practice, the model makes it 
possible to envisage more ef-
ficient management of the re-
sources of this chilean village, 
and thus would give them a 
better energy autonomy.

important potential applications

while the results of this re-
search are highly encouraging, 
they nevertheless need to be 
taken further in order to deal 
with more refined extensions. 
the tracks envisaged include 
in particular the modelling of 
battery aging, that is to say, es-
timation of the battery’s lifetime 
as a function of its use. in addi-
tion, understanding and mana-
ging a smart microgrid would 
eventually allow this new model 
to be extended to a set of mi-
crogrids that would be connec-
ted to a main grid. research in 
this area thus more than ever 
needs to continue.

a graduate of the École centrale Paris and PhD in engineering from the 
university of technology of compiègne, joseph-frédéric bonnans is a senior 
researcher at the french national institute for research in computer science 
and control (inria) and leader of the commanDs team, researching dynamic 
optimization, at the centre for applied mathematics, École Polytechnique.

joseph frédéric bonnans

the model involves three sources of uncertainties, namely residual demand, available thermal 
capacity and variation in electricity prices. such price changes are the result of natural hazard, 
the impact of the first two uncertainties and the producer’s actions in the market. the objective 
of the problem is to minimize the producer’s expected costs in the presence of these three 
uncertainties. its solution gives the producer, at every moment, the fraction of its residual demand 
that it must cover and how it should do so, either by purchases in the markets or by using its 
thermal production. this strategy also depends on the variables of the system, namely demand, 
purchases/sales already made on in the intraday markets, and the price quoted.

Methodology
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could you briefly describe eDf’s 
r&D department? 

at eDF, research and develop-
ment involves than 2,000 people 
at ten sites around the world. this 
international openness allows us 
to have a global vision of ener-
gy problems and to consider dif-
ferent points of view. in 2015, the 
group had an r&D budget of 560 
million euros.

What does the fime laboratory 
– which celebrated its tenth anni-
versary this year – bring to eDf?

this research initiative of ex-
cellence is a very good bridge 
between the academic and in-
dustrial worlds on issues at the 
interface between finance and 
energy. For example, FiMe has 
developed numerical models 
and methods to further identify 
the mechanisms of energy mar-
kets, focussing on the characte-
ristics of financial products spe-
cific to electricity.

What are the current priority 
areas of research for eDf?

our r&D is currently focussing 
on three main areas. First, the de-
velopment of innovative energy 
services, which are major chal-
lenges for consumers. indeed, 
the development of new informa-
tion technologies and the rapid 
growth of the internet of things, 
together with remotely control-
lable equipment such as the 
linky meter, will enable us to ex-
periment with new services for 
our customers and to monitor 
their consumption more accu-
rately. these upcoming impro-

vements are consistent with the 
energy transition, because they 
will lead to greater awareness 
among customers and therefore 
better use of electricity. our aim 
is to go beyond simply supplying 
electricity and to contribute to a 
more efficient use of energy.

secondly, we are particularly in-
terested in the development of to-
morrow’s power systems, which 
will include more renewable ener-
gy sources such as wind and so-
lar. however, these decentra-
lized forms of power generation, 
which fall short of meeting the to-
tal need for electricity, have to in-
teract with the main traditional 
networks. the latter are of funda-
mental importance because they 
can store some of the electricity 
generated by decentralized re-
newables, and share them and 
reduce costs while benefitting 
from synergies with conventional 
centralized nuclear and hydrau-
lic power generation, which are 
also low-carbon. the strengthe-
ning of these networks and their 
management is therefore deci-
sive for the efficient integration 
of renewables into electrical sys-
tems. as a result, the increased 

“competition is not uniform across 
the various means of production”
While the energy transition, based on a reduction in carbon emissions, is gradually taking off, it nevertheless 
requires significant efforts in terms of research and development (r&D).

use of power electronics, particu-
larly for connecting renewables 
to networks, reduces their inertia 
and requires the development of 
more efficient frequency and vol-
tage regulation, so as not to jeo-
pardize the security of networks. 
this issue entails reviewing pro-
tection plans and grid equipment 
in order to increase the integra-
tion thresholds of renewables in-
to electrical systems.

thirdly, we are working on the 
consolidation and development 
of various low-carbon power ge-
neration technologies such nu-
clear and renewables, as well as 
on the development of efficient 
electricity uses (electric vehicles, 
heat pumps, etc.). a specific re-
search programme is devoted 
to energy storage, particularly 
of electricity by means of batte-
ries. this technology is still very 
expensive, but it has potential for 
significant cost reductions.

how can the proportion of re-
newable energy be increased 
in the energy mix in france and 
more generally in europe?

at present, renewable energies 
amount to 18% of the French 
electricity mix, including hydroe-
lectricity, the production of which 
is not intermittent. wind and solar 
have become competitive ener-
gy sources in recent years. they 
therefore have a real place in the 
electricity markets of the world 
and of europe, the latter having 
made a major decision in encou-
raging their development. in the 
european context, where the po-
tential of hydropower is widely 
exploited, wind and solar are the 

to get an overview of the research carried out by eDf, alain burtin – director of energy management 
programmes at eDf r&D – details his priorities. in the capacity of his job, he is in charge of research 
issues linked to the optimization of the various means of electricity production, interactions with financial 
energy markets and the development of low-carbon power systems that will go hand in hand with the 
further development of renewables. he is also vice-President of the european smart energy Demand 
coalition (seDc).

The encounter between 
the academic and 
operational spheres has 
been an inspiration for 
developing a number 
of tools for the Group’s 
various departments
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two main sources of electricity 
that need to be developed in or-
der to meet the renewable energy 
objectives of the european 2030 
climate and energy Package.

it should not be forgotten, moreo-
ver, that the share of renewables 
in the energy mix is also expec-
ted to increase for the production 
of heat. the multi-annual energy 
programme, the decree for which 
has just been published, pro-
poses a set of measures to speed 
up the development of electrici-
ty-generating renewables and 
of renewable heat production in 
France.

achieving the european 2030 
targets would bring the share 
of renewables in the european 
electricity mix to 45%. Doing 
so is conceivable within the fra-
mework of the large intercon-
nected european network, since 
the capacity for integrating re-
newables into this grid is higher 
than that of national systems ta-
ken separately. in 2015, eDF r&D 
published a study simulating the 
consequences for the european 
electricity system of a rise to 60% 
of renewables in total electricity 
production, which goes further 
than the targets set for 2030. this 
high-end scenario appears to be 
achievable, though major chal-
lenges will need to be overcome.

for example?

the integration of wind and pho-
tovoltaic energies into the elec-
trical system raises the twofold 
question of managing intermit-
tency at the local level in distri-
bution networks (high and low 
voltages) and managing the 

impact of the variability of re-
newables on the supply-demand 
balance across the interconnec-
ted european system. Given that 
electricity is not stored and that 
supply and demand have to be 
balanced at all times, it will be 
necessary to adapt the electricity 
system and develop new flexibi-
lity levers in addition to the exis-
ting levers, particularly by ma-
king renewables contribute to 
this flexibility.

the pace and development 
thresholds of intermittent re-
newables needs to be optimized 
in order to adapt electrical sys-
tems to these new challenges. 
as i mentioned earlier, the adap-
tation of the networks and of the 
system in general to renewable 
energies is a major problem, be-
cause when the proportion of re-
newables is high, the require-
ments from supplementary forms 
of production, particularly ther-
mal power stations, are higher. in 
terms of the evolution of the pro-
duction mix, the contribution of 
nuclear power will be needed to 
reduce expected co2 emissions 
in europe within the 2030 time-
frame, while thermal backup is 
likely to remain permanently ne-
cessary to ensure power supply 
security.

how about investment require-
ments?

one of the main challenges is to 
find a compromise between the 
temporal trajectory needed to re-
duce co2 emissions and sustai-
nability at a technical and finan-
cial level. the capital-intensive 
nature of our sector calls for a re-
thinking of market structures in 

find alain burtin’s 
full interview on

www.louisbachelier.org

order to create incentives to in-
vest. it must be said that today 
there is a real problem of consis-
tency in regulation. competition 
between the different forms of 
production is not uniform. thus 
electricity generated from re-
newable energy is paid for by 
long-term purchase obligation 
contracts, while demand does 
not increase at the same rate. 
under these conditions, short-
term market prices do not regu-
late longer-term investments. the 
low price of co2 in the eu ets 
market simply adds to the mar-
ket’s lack of effectiveness in gui-
ding investment decisions and 
consumption in the medium and 
long term. this situation prevents 
us knowing clearly what addi-
tional capacities will be needed 
in the future. the debate on the 
ground rules of electricity mar-
kets is on-going and needs to be 
settled.

What if we look beyond 2030?

the mix options after 2030 will no 
doubt call for further changes, 
hence the importance of carrying 
out research. it is important not to 
discard any technology in prin-
ciple, for it is within this perspec-
tive that we set up scenarios and 
intensively monitor technologies. 
Nor should we forget the many 
partnerships we have with start-
ups in order to avoid missing im-
portant innovations.

alain burtin graduated from the ecole nationale des Ponts & chaussées and 
holds a Dea in artificial intelligence. he started his career at eDf in 1986 in the 
general economic studies department and in 2007 joined eDf’s r&D depart-
ment, following periods in the strategy department, the industry division and the 
trading optimization center. his expertise focuses on the regulation of electrical 
systems, investment choices, and pricing, optimization and trading of produc-
tion in the markets. in his work in project development for the eDf group and 
as a consultant for foreign power companies, he has acquired extensive expe-

rience in the markets, operational management and regulation of electricity systems in france, europe 
and internationally.

alain burtin
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