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Doctoral studies

The CMA participates in the civil engineering syllabus with a course
on “Prospective Modeling: principles and uses of mathematical mo-
dels for evaluating policies on climate change”; organizes the "Em-
bedded Systems” general engineer module; and participates in the
Athens Program with courses on “C++ programming language”. It
helps integrate the School into the local academic network by run-
ning the ParisTech doctoral program, “Control, Optimization and
Prospective”, which is jointly accredited with the STIC Doctoral
School at UNS. The Center teaches parts of the EEET and UNS Mas-
ter's degrees and is jointly responsible for a third-year module of

the civil engineering program at Mines de Nancy.

It runs the Advanced Master’s program on “Energy Systems Opti-
mization” (OSE) [mastere-ose.fr] and teaches the entire module on

optimization and prospective.

Advanced Master’s in Energy Key events of the OSE Advanced Master’s in 2017
Systems Optimization, OSE



Doctoral studies

The CMA s responsible for the doctoral course, “Control,
Optimization and Prospective” created in 2004 to sup-
port laboratory research topics.

This course is one of the four specialties of the STIC Doc-
toral School, for which PSL/MINES ParisTech and Nice-
Sophia-Antipolis University (UNS) are jointly accredited.

The CMA enrolls its own doctoral students for this spe-
cialty, along with some INRIA doctoral students.
Atthe end of 2017, the doctoral department comprised

10 students.

Derniers arrivants :
Mathieu Denoux, Carlos Andrade, Gildas Siggini, Paul Javal

Advanced Master’s in Energy

Systems Optimization, OSE

Academic partners

The CMA, which organizes the advanced Master's, has partnered with CREDEN (Centre de Re-
cherche en Economie et Droit de I'Energie) at the economic science faculty of Montpellier | Uni-

versity for the economic side of the course, and EDHEC business school for the management side.

The combination of these three complementary domains ensures a comprehensive understan-

ding of the different paradigms of the energy domain.

Focus on project-based teaching

The course, which involves multiple disciplines
and combines technical, economic, legal, envi-
ronmental and management aspects, is based
on numerous projects on an overall theme. Stu-
dents must write a summary paper on the
theme, which may be published by the Mines
press. They present their work to an audience
of academics or institutional members during
a study trip. The trip is a chance to apprehend
the energy issue in an international context. In
addition, at the end of the course, students

create an “event” in the form of a symposium,

workshop or exhibition. This event must gather
reference personalities working on the overall
theme for a day of scientific debate.
Each month, the students produce a press re-
view, Inf'OSE, on the energy field, which can be
accessed at: http://eleves-ose.cma.mines-pa-
ristech.fr/category/infose/.
The numerous and varied professional oppor-
tunities after the course include research engi-
neer, project manager, energy purchaser,

market analyst and risk analyst.

The MINES ParisTech advanced
Master’s on “Energy Systems Op-
timization” is a 12-month course
open to engineers and scientists
who already hold a Master’s de-
gree and are keen to specialize in
energy with an original, optimiza-
tion-based approach.

Teaching takes place in Sophia
Antipolis and Nice and runs from
1 October to 31 March of the
next year, in the form of lectures,
conferences and projects on opti-
mization and decision-making
methods. Students are given an
overview of energy systems that
provides them with the keys to
find long-term solutions to
today’s challenging constraints,
such as climate change, dwind-
ling resources, political and finan-
cial constraints, etc.

At the end of the teaching pro-
gram, the students undertake a 6-
month internship from 1 April to
30 September with an industrial
partner.



Key events of the OSE Advanced Master’s in 2017

16 February 2017
Two OSE Advanced Master's students winners
of the CNF CIGRE smart grid contest

Two of our Master’s students, Geoffrey Orlando and Quentin Souvestre, won the third student smart grid
contest organized by the French National Committee of the International Council on Large Electric Systems
(CNF CIGRE). Participants had to write an article of 15,000 characters on the theme, “How new technologies
are likely to impact smart grid design and management”. The final round of the competition took place on 16

February 2017 in Paris at the premises of RTE at La Défense. It was attended by several industrial companies
that partnered the event: RTE, EDF, General Electrics, Gimélec, Siemens and Supergrid Institute. Geoffrey and
Quentin received the first prize of €2,000 for their article entitled (in French), “Vehicle-to-Grid, a solution to re-
duce the impact of decarbonized mobility on the electrical system”. They succeeded Mohamed Amhal and
Cédric Anglade, also OSE Master's students, who won the contestin 2016.
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Late September 2017, New academic year for OSE students

On 25 September, the 18 new OSE students (class of 2017)
started their course, while on Tuesday 26 and Wednesday 27
September, the graduating students defended their work.

Academic promotions 2016 and 2017



28 September 2017, organization
of the OSE congress

On Thursday 28 September 2017, the 17th OSE
event took place, jointly organized by OSE Mas-
ter's students from the class of 2016 and the
MPDD Chair. The congress, which took place at
MINES ParisTech in Sophia, was on the theme of
the energy transition through recovering energy
from waste. Following an introduction by Marc
Daunis, vice-president of CASA, the students
presented their work on waste, policies adopted,

Journées de la chaire

recovery methods, and the future and chal- Modélisation Prospective

au service du Dévelopement Durable
lenges facing the sector. Two round tables were
organized in the afternoon. The first was entitled,

“Waste and territories - how can we reach targets

for energy recovery from waste: what are the re- December 2017

sources, recovery methods, and integration pro- December 2017, students from the
blems?” It was chaired by representatives from Ecole des Mines de Nancy spent
Véolia, Air Liquide, Pizzorno Environnement, three days working on a common
Akajoule and GERES. The second round table, module on,” Comparative analysis of
on "How networks can contribute to energy re- energy sectors” and tutorial classes
covery from waste”, was led by representatives on modeling run by Sandrine
from GRDF, GRTgaz and MiniGreenPower The SELOSSE and Edi ASSOUMOU, as
full discussions feature in the conference procee- part of the OSE Advanced Master's

dings published by Presses des Mines. course. The agenda included long-

term prospective optimization.

Early 2018, publication of a book by the class of 2016/2017

This book presents the different methods for transforming waste into energy and looks at how
these procedures are used around the world with a list of production volumes and types of
waste elimination. The accent is on the environmental and economic impacts of the different
electricity production methods known as direct methods. These include traditional direct me-
thods (incineration, methanation), and more recent, experimental approaches (pyrogasifica-
tion, energy recovery of CO, from micro-algae). In addition, the publication includes a
description of indirect methods for recovering energy from waste (development of insulators,

recycling of nuclear fuel, etc.).

The book makes an analysis of consumers’ individual efforts to recover energy, and the prin-
ciples and practices of industrial ecology for energy recovery in industry. It concludes with a
critical assessment of energy recovery from waste (such as incineration and methanation),

opening up new areas for reflection.

Find the whole discussions
in the conference
proceedings published

by Presses des Mines
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RESEARCH

The CMA develops an original scientific approach through its fun-
damental competencies in modeling, mathematics of control and
decision-making, and real-time computing, in order to tackle increa-
singly complex systems. This combination of fundamental disci-
plines means that systems can be approached via a range of themes
reflecting major industrial challenges and societal issues. Our re-
search projects thus include: climate issues (technologies, carbon,
energy, water, depletion of materials), optimal management of com-
plex systems (micro-grids, water supply systems, gas and electricity
grids), electricity and carbon markets, and electrical systems inte-

grating technologies related to renewable energy and smart grids.

Prospeclive Smart city issues System parameterization New rescarch lecturer Official accreditation to Smart Grids
et changement climatique Inverse problems, applicalions in

o . . direct research
medicine and geophysics



Prospective and climate change

Thanks to its capabilities in modeling, optimization, mathematics of control and decision-making and real-time
computing, the CMA has developed expertise to aid decision-making in the energy field. Its prospective approach
is based on optimization models in the MARKAL/TIMES family developed as part of the IEA (International Energy
Agency) program on which the CMA represents France.

Informing public policies

Initiated by the Strategic Analysis Center’s Energy Commission to
evaluate low-carbon scenarios for 2050, our approach was also used
for the work of the 2050 Energy Commission, ordered by the Energy
Ministry with the aim of establishing French energy strategy for 2050.
The CMA, through its MPDD Chair (cf. infra), has worked with the

Treasury Office to model scenarios using its TIMES-France model.

These scenarios translate hypotheses of deploying or withdrawing
nuclear power, as enacted by Minister Besson in 2011. The object
of this academic exercise was to aid the Commission in its thinking
process. The analyses and conclusions were published in 2012 in a
specific annex of the final report and were the object of several CMA presentations centered on the energy tran-
sition debate and a publication in the journal Applied Energy, “Future prospects for nuclear power in France”, Vol.
136,31 December 2014, pages 849 to 859.1n 2015, the Ministry for the Environment, Energy and the Sea appoin-
ted Nadia Maizi as a member of the expert committee on the energy transition. This committee was formed to ad-
vise on carbon budget and low-carbon strategy projects, respect for established carbon budgets, projects involving

multi-annual programming of energy in mainland France and non-interconnected zones.

To accompany this expert mission, a new thesis was initiated in early 2016 at the CMA with Ariane Millot to explore
decarbonation levers at national level and evaluate the energy transition question. This thesis explores the condi-
tions for stemming the rising trend of greenhouse gas emissions at national level. These questions are being tackled
from different perspectives, both in terms of state policy, and also by considering the impact of solutions initiated
at other levels by civil society (e.g. companies, associations, citizens). In parallel, the research work should evaluate
the objective conditions for transition, employing analogies derived from other contexts (physical and social
sciences), looking at lessons learned in other European countries, and taking a retro-prospective approach (from

1970 to the present) on the scale of France.

This France model version led to a contribution to the work of the Quinet Commission launched in September

2017 whose object is to reevaluate a carbon value for France.



Axe DataScience (from short to long term)

In the same vein as the GridTeams, SmartEnCo and E3D-Environnent projects, and the work carried out
with the company HomePulse (Ex WattGo), we are developing algorithms to improve energy manage-

ment, in particular in buildings in both the residential and tertiary sectors.

Our approach is based on two major complementary lines. The first involves crossing the study of load
curves and exploiting questionnaires allowing us to gather pertinent data on the state and rate of equip-
ment of the buildings concerned. The other involves exploring incentive techniques (nudges) designed

to integrate behavioral aspects into new predictive methods.

These two lines are based on the implementation of datamining techniques applied to big data. The
temporal series and questionnaires include varied aggregated information that can be exploited by ma-
chine learning. In addition, the large-scale arrival of the Internet of Things (loT) is opening up a field of

complementary data that we aim to integrate into our approach.

Initial results in the residential sector based on data from the Powermetrix panel demonstrate the huge
potential of data sciences. The integration of nudges, which we were able to testin an experiment carried
out in the PACA region with the MUFFINS project (cf. infra) organized with Nice Céte d’Azur University
(UCA\) in the tertiary sector, confirms the interest of pursuing these activities. MUFFINS in fact demons-
trated that some nudges offered to employees had a significant influence on their behavior regarding

their energy consumption in the workplace.

Another objective of studying data from sensors is to come up with more pertinent scenarios in long-
term prospective models. Integrating behavior into building management choices or into the influence
of climate variations on the load curves of buildings (Projet Clim2power, cf. infra) are improvements that

will boost the pertinence of our models devised to aid decision-making.



ACVs energies

Bioenergy sectors

The building sector alone represents almost half of the total energy
consumption in France, and two-thirds of electricity consumption. All
energy transition scenarios make the renovation of building stock a prio-
rity. Yetin “classic” life cycle assessments, fixed coefficients are used to
evaluate the impact of electricity consumption over the duration of the
project, despite the fact that the electricity system will evolve. To over-
come this problem, different LCA methods will be proposed by this pro-
ject. The options, which are applicable to electricity production or district
heating, include attributional or consequential LCAs, static or dynamic
LCAs, global or differentiated impacts per usage, impacts based on his-
torical data, models or prospective scenarios, and the consideration of
local production exported into the grid. With this in mind, the project
aims to establish a methodology to integrate these developments into

tools used in practice by building developers.

More specifically, the CMA will need to make a prospective evaluation
of the LCA of electricity and gas grids subject to future thermal regula-
tions affecting building developers.

The project, which is financed by ADEME, started in December 2017 and
is due to end in late 2020.

The project partners are: Armines/MPT Centre Efficacité énergétique
des Systémes; Ecole des ingénieurs de la ville de Paris; Armines/MPT
Center for Applied Mathematics; IZUBA Energies..

Initiated in 2014, Seungwoo KANG's thesis entitled “The place of bioenergy in a low-car-
bon world: Prospective analysis and development of the biomass industry in the TIAM-
FR model” fits into the CMA's prospective modeling research program. Directed by
Sandrine SELOSSE, this PhD looked at the growing development of bioenergies to tackle
climate change and the associated issues of energy system decarbonization. The main
objective was to produce a tool capable of reliably and pertinently assessing the role of
these resources at the different stages of the biomass process. TIAM-FR (TIMES Integrated
Assessment Model) proved appropriate to assess the potential of deploying bioenergies
at both global and regional level considering agricultural areas, productivity levels and
conflicting land uses. The integration of international biomass trading and pre-treatment
technologies into the model were key areas of this thesis, which in 2017 was the object
of a third publication in a peer-review journal, International Journal of Oil, Gas and Coal
Technology. The partnership formed in 2015 with the World Energy Outlook (WEO) at
the International Energy Agency (IEA) continued in 2017 with an analysis of the evolution
of biomass in developed countries through the study of final equipment of households
that consume bioenergy by type of residence. The results of Seungwoo KANG's analysis
were published in a WEO article in 2017.



SEUGWOOD KANG
DEFENDED HIS THESIS
ON 22 DECEMBER 2017

Confflicts over materials

Project managers: Nadia MAIZI
Antoine BOUBAULT

Research was carried out in 2016 and 2017 by An-
toine BOUBAULT to quantify material resources for
low-carbon electric production in 2100.

In response to climate change, decarbonating the
means of production is viewed as an opportunity to
combine a lower environmental impact with econo-
mic growth. However, building a zero-carbon world
by 2100 will require huge quantities of energy and
materials. The TIAM (TIMES Integrated Assessment
Model) model is used in this project to generate ma-
terials consumption scenarios, employing either a
business-as-usual (BAU) scenario or a Paris Agree-
ment scenario using a database for Life Cycle Assess-
ment. This original approach makes it possible to
combine information on requirements for raw mate-
rials, and shows that the energy system needs much
higher quantities of resources in the Paris Agreement
scenario, and in particular when numerous raw ma-
terials become potentially critical for the electricity
sector, and when photovoltaic solar, wind, hydraulic,
geothermal and nuclear are associated with techno-
logies that require huge quantities of materials, es-
pecially for their infrastructures. While most energy
prospective models ignore the influence of raw ma-
terials, this analysis shows that the resulting energy
systems can lead to unrealistic energy system scena-
rios. A prospective modeling that takes up the prin-
ciples of industrial ecology could however resultin a
more reliable analysis of policies aimed at curbing
the consumption of raw materials. Some difficulties
persist, such as the scant availability of data on flows
and stocks of materials, and the absence of a strict
framework to compare life cycle inventories of tech-
nologies. This research was presented at the confe-
rence, "Mineral Prospectivity - current approaches
and future innovations” organized by BRGM and is
the subject of a forthcoming article, «Closing the
TIMES integrated assessment model (TIAM-FR) raw
materials gap with life-cycle inventories» in the Jour-
nal of Industrial Ecology.



Projet Clim2power

Clim2Power is a research project that aims to develop an online climate service capable of integrating

seasonal meteorological forecasts into decisions made in the European Union electricity sector. In par-

ticular, the project seeks to make better use of seasonal weather forecasts to improve the management

of electricity production. Electricity producers and commercial companies, electric system operators

and regulators, energy consumers and water managers could

all benefit from the results of this research project.

This European project, which comes under the European re-
search area for climate services known as ERA4CS, started in
2017 and is set to last three years. The CMA's role is in parti-
cularto coordinate the development of a European electricity

system model.

Athesis was also initiated on this subjectin late 2017. With re-
search by Gildas SIGGINI under the supervision of Edi AS-
SOUMOVU, its objective is to use a prospective optimization
approach with a high temporal resolution to investigate po-

The project’s partners are the University of Lisbon,
Portugal; EDP-Electricity, Portugal; meteorological
service, Germany; University of Natural Resources
and Life Sciences, Austria; Vienna Energy, Austria;
ARMINES/Mines ParisTech Center for Applied Ma-
thematics, France; ACTeon, France; MINES Paris-
Tech Observation, Impacts, Energy Center, France;
University of Cork, Ireland; and Lulea University of
Technology, Sweden.

tential evolutions of the European mix under a constraint of climate variability in different scenarios.

The results will provide elements for reflecting on the pertinence of energy transition choices.




Informing technological choices

In partnership with SCHNEIDER ELECTRIC, these studies continue
the work done on integrating spatiality to evaluate issues regarding
the use of the electricity grid in a long-term prospective based on
models from the TIMES family. The first studies of this grid integra-
tion involved making electricity system reliability evaluations com-
patible with the time dynamic associated with long-term prospective
exercises. Supply reliability evaluates an electricity system’s capacity
to guard against operating incidents, and is characterized by the vol-
tage plan and the frequency, whose characteristic times range from
a few milliseconds to a few hours. In contrast, long-term prospective
exercises focus on how energy systems evolve over several decades,
and do not deal with reliability. Electricity systems proposed on the
prospective horizon may therefore no longer guarantee reliability,
which is all the more crucial since the massive integration of rene-
wable energy could work to the detriment of reliability, because of
the complexity of managing intermittence. We developed two re-
liability indicators to quantify in an original way electricity systems'
reliability according to the associated production mix. Their deve-
lopment was initiated as part of the thesis written by Mathilde
DROUINEAU on “Prospective modeling and spatio-temporal analy-
sis: integrating electricity grid dynamics”, which she defended in De-
cember 2011. The interest of these indicators was illustrated for
Reunion Island, with Stéphanie BOUCKAERT's thesis: «Contribution
of Smart Grids to the energy
transition: evaluation in long-
term scenarios» defended in
December 2013. Its objective

around fifteen

These studies were presented at

international

was a mix of electricity produc-
tion employing 100% renewa-
ble energy sources by 2030,
and by 2050 in France. To fully
tackle the question of wide-
scale integration of intermittent
renewable sources, we also
need to know the type of de-
ployment adopted for network
infrastructures: this choice in-

volves differentiating a stan-

conferences and were filed for
patent at the end of 2011,
extended in late 2012. They
were also the object of a
reliability analysis extended to
cover the French system for the
United
conference on climate change in
Durban, and for the Energy 2050

Commission, mentioned above.

annual Nations

dard meshed vision of the centralized electricity system from a
decentralized vision. Vincent KRAKOWSKI's thesis, started in late
2012 and defended on 6 December 2016, aimed to integrate items
linked to spatiality into TIMES models in order to add to and extend
previous approaches. Gondia SECK terminated this work as part of

her post-doctoral research.

To reach energy system decarbonization targets, a
number of technological options exist, such as bio-
methane, syngas produced by power-to-gas, hy-
drogen, and CCS. In what situations could these
sectors be developed to reach the targets? What
are the competition/cooperation perspectives for

these technologies?

The objective of the thesis pursued by Rémy DOU-
DARD under the supervision of Edi ASSOUMOU is
to make a prospective assessment of the positio-
ning of these options up to 2050 in France, taking
into account the resulting pathways and conside-
ring constraints of seasonal/intraday flexibility. The
research began with the production of final de-
mand scenarios in gas/electricity systems. The in-
tegration of possible vector substitutions
(electricity, gas, hydrogen) for energy uses then

provided the first elements for reflection.

The thesis, which was initiated in October 2015, is
being carried out in partnership with GRTgaz,
which has partnered the MPDD Chair since 2014.
It is due for defense at the end of 2018.




A thesis was initiated in October 2014, supervised
by Edi ASSOUMOU, on “transitions and interac-
tions of energy systems in multi-scale models”.
Multi-scale models are manipulated to understand
the issues and constraints created by the transition
of local energy systems and for sensitive zones in
the grid. Both spatially and temporally, system be- !
havior, problems and challenges are different de- ] .
pending on the scale. The aim of the doctoral
research carried out by Jérome GUTIERREZ is to
identify these divergences in order to characterize
transitions and interactions in energy systems at dif-
ferent scales. This thesis will be defended in 2018.

Extending knowledge of systems

Research on “Degrowth”

In late 2015, Francois BRIENS defended at thesis directed by Nadia MAIZI on a prospective modeling and macroeconomic
study of Degrowth societies. The notion that dominant economic growth is an end in itself or a necessary condition for
“development” has been increasingly put into question by socio-economic, democratic and environmental challenges.
Since the early 2000s, the ideas behind “Degrowth” have been the subject of increasing attention and lively debate. Sup-
porters of the concept suggest ways of moving towards “frugal abundance” societies. Using a prospective exercise com-

bining participative scenarios and numerical modeling, this research sheds light on the debate.

After reproducing Degrowth in a historical context and detailing the underlying concepts, BRIENS worked with a series
of interviews to establish Degrowth scenarios for France. His innovative and original approach was to develop a specific
input-output model for the long-term exploration of potential implications in terms of jobs, public finance, energy
consumption, atmospheric pollution and waste production for each scenario.



Exploring lifestyles

Thomas LE GALLIC started his re-
search in December 2013, to ex-
plore how lifestyles develop in
energy-climate prospective exer-
cises, supervised by Nadia MAIZ
and Edi ASSOUMOU. The aim is to
propose a methodological deve-
lopment with a view to understan-
ding the socio-economic reality of
breakdown hypotheses associated
with lifestyle. This will enrich repre-
sentations of socio-economic mu-
tations, which are often inadequate
in standard prospective exercises,
and will allow us to employ transi-
tion hypotheses that are rarely ex-
plored for want of tools or suitable
methods. This is because lifestyles
describe behavior patterns that are
essential determinants of energy
consumption and greenhouse gas
emissions (relating to e.g.
consumption patterns, time and
space relationships, types of leisure,
mobility habits and types of coha-
bitation).

This research was the object of a
publication in 2017: Thomas Le
Gallic, Edi Assoumou, Nadia Maizi,
“Future demand for energy ser-
vices through a quantitative ap-
proach of lifestyles”, Energy,
Elsevier, 2017.

The thesis, which was carried outin
partnership with ACTeon, a consul-
tancy and research firm working on
environmental policy, was defen-
ded on 21 December 2017.

THOMAS LE GALLIC
DEFENDED HIS THESIS
ON 21 DECEMBER 2017




Modeling energy consumption

The CMA is continuing its work on the issues of household precariousness in the face of options to reduce CO, emissions
inthe coming decades. These studies were initiated by Jean Michel CAYLA's research, which integrated household behavior
into a long-term approach, as part of his thesis defended on 3 March 2011, entitled “"Households under carbon constraint.
Prospective modeling of the residential and transport sectors using TIMES". Supervised by Nadia MAIZI, J-M. CAYLA deve-
loped a TIMES-type bottom-up optimization model centered on the residential and transport sectors: TIMES-households,
integrating a highly disaggregated representation of households that produced much more robust results than the standard
approach based on average households. This achievement made use of an original questionnaire devised by J-M CAYLA
and sent to 2,000 households, which for the first time crossed energy consumption behavior in residential and transport
usage. These studies highlighted the constraints facing households and their energy choices, in terms of cost and comfort.
The creation of a carbon tax to reduce greenhouse gas emissions, and its combination with targeted subsidies, have the
effect of limiting the distorting impact on household budgets. This research was the subject of several publications. Continuing
with this work, Elena STOLYAROVA worked on a thesis entitled “Modeling household energy consumption and investment
strategies”, supervised by Nadia MAIZI in partnership with EDF R&D. The aim of this research was to understand how house-
holds behave in terms of managing energy, and in particular their investment strategies for heating systems (electricity, wood,
gas, etc.). The thesis was defended on 7 April 2016 at MINES ParisTech.

Smart city issues The CMA's expertise in real-time computing,
energy system optimization and long-term pros-

pective make it well placed to understand the

challenges raised by intelligent networks. The
ANR SUD project Center is active in several major programs on this
theme. The CMA is involved in a number of pro-
jects relating to sustainable towns and transport,
optimization of the demand response in water
supply networks and data centers, and the opti-

mal sizing of a micro-grid that takes uncertainties
Since late 2013, the CMA has been participating in an ANR pro- into account.
ject called “Dynamic Urban Systems” as part of the Sustainable
Cities and Buildings program. Urban energy consumption de-
pends partly on the numerical growth of inhabitants, and partly
on the proliferation of urban requirements (in particular those connected to mobility and habitat). The objective of the SUD
project is to evaluate their long-term structural dynamics over a multi-annual horizon while maintaining a detailed approach
to the character of hourly-seasonal requirements and its impact on the operational constraints of urban systems. To do so,
three main urban energy flows are considered: thermal energy flows, electric energy flows, and passenger flows in private
cars for everyday journeys. The SUD platform being developed will make it possible to simulate the different technical mea-
sures (PVs, electric vehicles, storage) or price-based ones on an urban scale. The 48-month project is led by CITERES, which
is the coordinator, LET, IFSTTAR, ENERGIES DEMAIN, ARMINES, INNHOTEP, ENIA and LEMA. The role of the CMA is to pro-
pose a method to evaluate seasonal time-of-day electric load curves at an hourly rate per usage. The project will be completed
in mid-2018.



Contribution of prospective modeling to issues associating urban planning and energy

Urban planners in France make little use of available data in their approach to territory due to lack of time and

skills in the domain and at planning agencies. To fill this gap, in October 2017 the CMA initiated a study in part-

nership with the urban planning agency Nicolas Michelin & partners. The

thesis, entitled “The challenges of evaluating urban transformation scena-

rios that respond to energy/climate, social and cultural issues”, is the work

of Matthieu DENOUX under the supervision of Nadia MAIZI. The research
aims to develop the means to evaluate the impact of the different ways of

transforming cities by studying quantitative and qualitative scenarios. Using

prospective modeling techniques, the project works on constructing an ~ *= 5

optimization model to compare several approaches proposed by urban

planners on a territory, from an energy and environmental, and especially social and economic, point of view.

The work started by drawing conclusions from the abundant scientific literature on urban modeling and deter-

mining the themes and questions that interest urban planners and modelers, before building a prospective

model on the chosen territory.

Water /Energy issues

LThe optimization of water supply net-
works is a flourishing research domain that
goes hand in hand with several concomi-
tant factors, such as increased water
consumption, which entails creating new
networks; gradual deterioration of installa-
tions, which require renewal; rationaliza-
tion of installation costs and energy
consumption, which involves detecting
leaks, automation and more efficient use
of pumps; and changes in the electricity
supply, with the integration of intermittent
energy sources and fluctuating prices,
which calls for careful management of

pumping.

Mathematical programming is the prefer-
red approach and applies to all time
scales. However, two problems stand out
in published studies: at a strategic level,
the sizing of gravity-fed networks and, at
operational level, the planning of pumping
station operations. Due to their algorith-

mic complexity, the two problems are

studied separately. They are
however intrinsically linked in
practice: the conveyance of
drinking water is more likely
to be backstreamed than gra-
vity-fed, and the daily pro-
gramming of a pumping

station depends on its size.

The thesis that Gratien BONVIN commen-
cedin December 2014 aims to develop an
integrated, optimization approach to water
supply systems from short to long term,
going from the real-time management of
anetwork up to its design. To deal with the
complex dynamic optimization of mana-
gement, original non-linear programming
models and associated resolution me-
thods were proposed. A first approach to
convex programming with quadratic
constrains applied to connected networks
was tested at a large rural pumping station
in France. Unlike the manual operation cur-
rently in practice, this alternative considers
demand forecasts for the day ahead, resul-
ting in substantial energy and financial sa-
vings (on average 15% of the electricity

bill). It also reduces pressure in the network

and therefore reduces leaks in the pipe-
lines. The approach was then extended to
regular distribution networks: the loss of
non-convexity was compensated by a
stronger relaxation and a generic ap-
proach of mixed resolution in the liner and
non-linear programming, which when sub-
ject to an extensive empirical analysis, ap-
peared to be more efficient than specific
methods. Lastly, we designed a resolution
heuristic that was considerably faster,
based on a new linear formulation in conti-
nuous variables, resulting from pre-calcu-
lating flow dynamics in the network for all

possible pump configurations.

Given the effectiveness of these optimal
control solutions, we are working on an in-
novative way of integrating them into mid-
range optimization solutions (e.g. choice
of electricity supply contract) and long-
term solutions (resizing the network), ta-
king into account the operating costs of

active elements in the network.

NVIN's doctoral thesis will|

Gratien



2017 saw the end of the project, «<Enhance-
ment of ETSAP E-TechDS database with coo-
ling technology parameters for power
plants», which kicked off in 2015 and was fi-
nanced by ETSAP (IEA). Led by ECN (Energy
research Centre of the Netherlands), the

Water /Energy issues

CMA participated in the project with the par-
ticipation of CENSE (Center for environmen-
tal and sustainability research, Portugal).

The background to this project stems from the fact that energy systems and water resources are fundamentally connected:
we cannot manage either separately because the availability of one affects the availability of the other. Thus, the decreasing
availability of water will inevitably have an impact on the energy sector, which is growing. According to the OECD, the energy
sector was responsible for 15% of freshwater withdrawals worldwide in 2010. In 2030, global demand for water, including
energy, is likely to exceed supply by around 40%. At least one third of this demand will be
connected to bioenergies. The water footprint generated by different energy sector tech-
nologies could therefore become a competition issue. The energy sector names water as
one of the six key themes that will define its future, and it is increasingly important to eva- The results of this project
were also presented at
an ETSAP workshop on
the
energy nexus in Zurich
on 14 December 2017.

luate the physical, economic and environmental feasibility of energy projects. To analyze

the future deployment of technologies and policies in the energy sector, the water-energy

modeling water

nexus needs to be tackled, and modeling tools will need to be developed to do so. The
ETSAP Data (ETechDS  /  http://iea-
etsap.org/index.php/energy-technology-data) is a series of technical data sheets that pro-

Energy  Technology Source
vide information on a full range of energy technologies involving a number of
technico-economic parameters. However, information is still lacking on the technologies’

water consumption. This project aimed to fill this gap, enriching the E-TechDSs with different technologies for cooling electricity

plants and their principal characteristics in the context of electricity production.

As part of the MUFFINS project, led by GREDEG (University
of Nice Sophia Antipolis / CNRS) and financed by the
"Hommes, Idées et Milieux” academy of excellence at IDEX
Céte d’Azur University, CMA carried out an experiment to test
and compare the effectiveness of different types of nudge po-
licies to reduce company employees’ energy consumption.
This energy-saving project is financially and environmentally
crucial given the current context of increasingly scarce re-
sources, climate change and pollution. Public policies have
been developed in this area (taxes, energy consumption stan-
dards, subsidies, green certificate markets, etc.), but in the
field of behavioral economics, the main focus has been on the
often-complementary use of “nudge” policies. A nudge is a
form of public policy that aims to change individuals’ behavior
without employing financial incentives (taxes) or obligations

(standards), but rather by informing people to encourage

them to comply with the chosen behavior. The objective of
the MUFFINS research project takes up this behavioral eco-
nomics perspective, employing a field experiment to analyze
the impact of nudges relating to employees’ energy
consumption. This work is original in two ways. First, the tar-
geted public is unusual insofar as existing studies are aimed
only at households. This experiment looks at employees in
their place of work, i.e. a situation in which they are not res-
ponsible for the energy bill. Secondly, while most studies
focus on one type of nudge per experiment, this experiment
tested three. The investigation involved French companies
and the data collected was then subject to statistical and eco-
nometrical processing to determine the effectiveness of dif-

ferent nudges on saving energy.



Piloting of a hvbrid electricity production system

Project manager for the CMA: Sophie DEMASSEY
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Optimal and robust sizing of a micro-grid

Project manager: Sophie DEMASSEY

The challenge here was to determine the size of electrical facilities,
including different sources and energy storage components, so as
to incur minimal investment and operation costs over its lifespan, and
taking into account uncertainties regarding the evolution of demand
and the production of intermittent sources over the same horizon.
Two OSE Master's students were invited to tackle this complex pro-
blem. Aurélien HAVEL developed a generic robust optimization so-
lution based on the Lagrangian relaxation of a linear program in
whole numbers, and integrated into a complete web service inclu-
ding the specification of upstream instances and the visualization of
solutions calculated downstream. Dimitra IGNATIADIS made impro-
vements both to the calculation complexity and to the detail of the
modeling, involving implementing a multi-period, investment-plan-

ning model to replace the annualized version of the sizing model.




System parameterization
Inverse problems, applications in medicine and geophysics

In collaboration with INRIA's FACTAS and ATHENA projects, the
CMA is tackling a class of inverse problems concerning the detec-
tion of mono- and dipolar sources. Data are constituted through
isolated measurements of a potential, carried out at the frontier of
a particular 3D domain. The unknown factors are the positions and
moments of sources inside the domain that generate this poten-
tial. Outside these sources and inside the domain, the potential
verifies a Laplace equation. In biomedical applications, the do-
main is the cranium, the potential is electric or magnetic, the
sources are epileptic focuses, and the measurements are thus
electro- or magnetencephalograms. In geophysical applications,
the domain is the Earth, the potential is gravitational, and the
sources are inhomogeneities of matter, and so we measure fluc-
tuations in potential in comparison with the reference potential.
This ill-defined problem is tackled using 2D rational approximation
methods in different cut planes. The singular lines of the approxi-
mants can be used to go back to the original positions. These me-
thods are being tested on simulated and real data. An APP
software program has been filed for patent: FindSources3D

http://www-sop.inria.fr/apics/FindSources3D/fr/index.html. A part-
nership is currently underway with Aix-Marseille University and LA
TIMONE Hospital in Marseille. The project was the subject of pre-
sentation at a conference in 2017: "Maureen Clerc, Juliette Le-
blond, Jean-Paul Marmorat, Christos Papageorgakis. Inverse
conductivity recovery problem in a spherical geometry from EEG
data: uniqueness, reconstruction and stability results. TAMTAM
2017 - 8th Conference on Trends in Applied Mathematics in Tuni-
sia, Algeria & Morocco, May 2017, Hammamet, Tunisia. pp.1,
http://tamtam2017.enit-Ir.tn/registration.html.”



In 2017, the CMA took on a new Research Lecturer:
Welington de Oliveira

Welington De Oliveira is a Brazilian mathematician specializing
in the areas of stochastic optimization, non-differentiable optimi-
zation, and its applications to energy system planning problems.
He joined the CMA on 1 August 2017.

Prior to the CMA, he was a research lecturer at the mathematics
department of Rio de Janeiro State University (UERJ). He also held
a post-doctoral scholarship position at the Institute for Pure and
Applied Mathematics (IPAM), and was a researcher at the Center
for Research into Electric Energy (CEPEL-ELETROBRAS) in Rio de

Janeiro




Atthe CMA, he works on research into stochastic and non-differentiable optimiza-
tion. Welington also participates in teaching the OSE Advanced Master’s and in the
CMA's partner research projects. With the research lecturer Sophie DEMASSEY, at
the end of 2017 he secured a CIFRE partnership research contract with EDF with
the objective of integrating uncertainties into tools and functions of short-term an-
ticipatory management of the electricity grid. Mastering uncertainty is indispensible
to guarantee the optimization of the electricity network in anticipatory management.
By efficiently taking uncertainties into account, it should be possible to anticipate
the presence of constraints, optimize decision-making to remove them, and master

the costs of employing leverage.
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In terms of dissemination of his research, in December 2017
Welington published a scientific article in a specialized operational research journal, «Tar-
get radius methods for nonsmooth convex optimization», Operations Research Letters,
Elsevier, 2017.1n October 2017, he was a member of the scientific committee atthe 13th
International  Seminar on Optimization and Related Areas, in Peru
(http://isora2017.imca.edu.pe). In November, as part of the Gaspard-Monge program
for optimization and operational research, Welington presented his work on variational
analysis applied to economic problems of electricity distribution during the PGMO event
in Paris.

With the support of the CMA, Welington will continue his research and lecturing activities
in 2018 and set the wheels in motion for obtaining official accreditation to direct research
(HDR)



Four CMA researchers granted official accreditation to direct

research (HDR) from 29 May to 30 June 2017

Gilles GUERASSIMOFF defen-
ded his application on Monday
29 May 2017 at the STIC (infor-
mation and communication
sciences and technologies) doc-
toral school at the University of
Nice Sophia Antipolis. His HDR
was entitled "Energy systems:
control, modeling and prospec-
tive”.

His HDR dissertation relates to
energy systems and almost 20
years of research working on
how to better represent, im-
prove and optimize them. The
dissertation begins with a pre-
sentation of the author's back-
ground, followed by a first part
on energy system prospection.
Through two domains of appli-
cation, i.e. renewable energy

sources and industry, the paper

shows how to model then opti-
mize a sector to respond to the
evolution of energy demand
while minimizing the total actua-
lized cost of the considered sys-
tem. The second part is devoted
to the development of mode-
ling and control techniques for
energy systems following the
emergence of numerous means
of measurement. The applica-
tion to residential and tertiary
buildings illustrates the imple-
mentation of data science me-
thods now applicable to the
sector thanks to the mass availa-
bility of data on the evolution of
pertinent variables acting on the
energy behavior of the systems

under consideration.

Edi ASSOUMOU defended his HDR entitled
«Modeling as an approach to the long-term
investigation of energy systems” on 22 June
2017, also at the STIC.

The research described in this dissertation
considers numerical modeling as the com-
ponent of an exploration of complex sys-
tems on long-term horizons for which direct
experiments are not possible. For energy
systems, these are indispensible support
material to fathom the transition conditions
anticipated by different energy policy tar-
gets. Faced with the complex questions and
the evolution of knowledge generated by
different disciplines, an open-minded,
constantly investigative attitude to models is
inevitable. Ultimately, models are concep-

tual objects devised to serve inter-discipli-

narity.

This dissertation looks more specifically at
the author’s research activities and is divided
into two parts. The first part describes Edi
ASSOUMOU's academic career to date,
while the second gives an overview of his re-

search work and several perspectives.



Sandrine SELOSSE presen-
ted her HDR at the Doctoral
School of Economics and Ma-
nagement at the University of
Montpellier on 2 June 2017,
entitled “Prospective analysis
of international climate poli-
cies: how negative emissions
and developing countries
could save our climate”.

The manuscript centers on
the research activities under-
taken by the author since
2008 on prospective mode-
ling of energy systems and
analysis of long-term scena-
rios. She participates in pros-
pective modeling projects at
the CMA and more precisely
works on deploying long-
term prospective models as
part of ETSAP (Energy Tech-
nology System Analysis Pro-
gram), which is run by the
International Energy Agency
(IEA), and the Sustainable De-
velopment Modeling Chair
(MPDD). Sandrine SELOSSE is
developing the technico-eco-

nomic optimization model

TIAM-FR (French version of
the TIAM/TIMES Integrated
Model) and
contributes to the develop-
ment of ETSAP-TIAM (official
ETSAP version). Her research

Assessment

deals with prospective analy-
sis of global energy-climate
challenges and more specifi-
cally the global and regional
impact on energy systems of
climate policies taken as part
of the United Nations Frame-
work Convention on Climate
Change (UNFCCC) and the
Conference of the Parties. To
this end, she implements dif-
ferent scenarios expressing
international climate commit-
ments and looks at, on the
one hand, the challenges,
considering developing
countries’ contributions to re-
ducing their greenhouse gas
emissions, and on the other
hand, the technological chal-
lenges involved in the low-
carbon  transition, such
as carbon capture and

sequestration.

Sophie DEMASSEY defended her HDR, “Compositions
and hybridizations for applied combinatory optimization”
atthe STIC, UNSA on 30 June 2017.

The growing complexity of combinatory optimization
problems confronting decision-makers in all domains,
ranging from logistics to energy and the environment and
including health and the building sector, has led to the
development of increasingly sophisticated solutions. Ho-
wever, these solutions often put performance ahead of
flexibility, genericity and easy adaptation to a modification
in the problem. This dissertation looks at the benefits of
declarative approaches, based on an abstract modeling
of problems and resolutions that use generic modular al-
gorithms in the flexible and effective processing of diffi-
cult composite optimization problems. The study centers
on the hybridization of complementary programming
techniques through constraints (global constraints), ma-
thematical programming (relaxations and decomposi-
tions), graphs or automats, within tools employed to aid
modeling, automatic composition of models, and optimal
resolution. The study is illustrated by contributions made
to resolve industrial problems like managing resources in

data centers and personnel planning.



Smart grids

In 2013, the government therefore initiated
a study entitled Réseaux Electriques Intelli-
gents de la Nouvelle France Industrielle
(REI), coordinated by the chairman of the
RTI board, Dominique Maillard. Nadia
MAIZI, Professor at Ecole des Mines de
Paris, represented the Institut Carnot on the
project and ensured MESR correspon-
dence. The research done on this project
led to a 10-point road map designed to
consolidate the French electricity and computing industries

on new high-growth markets that create jobs.

Two of the ten action points set out in the plan were led by
Nadia MAIZI:

- The first of these is Action 3, which involved creating an in-
telligent electricity network academy offering courses on
smart grids to develop the industry in France and abroad.
Work carried out on this project has resulted in an initial
mapping of smart grid courses listed on the internet, and
discussions and research on establishing a classification of
courses under the REl label, including the production of a

form.

- Action 9 involved defining the research and development
strategy for deploying the French smart grid industry. The
research carried out in this area has led to a number of R&D

recommendations.

In April 2015, the plan was renamed the Think Smartgrids
Association, presided by Mr. MONLOUBOU, Chairman of
the Board at ENEDIS, replaced in April 2018 by Olivier GRA-
BETTE member of the RTE board - Deputy Director General
in charge of the Prospective department.

For more information, see the association’s website,

http://www.thinksmartgrids.fr/.

Nadia MAIZI has been appointed to the board and named
Chairwoman of the training commission. The training com-
mission, with active input from the CMA, has created a web
application that lists and maps training courses featuring

smart grids at companies and institutes in France. The aim

of this list is to identify
any training gaps in
terms of smart grids, with
a parallel evaluation of
industrial requirements,

and to inform students

and companies who
want to learn about
smart grids.

The commission has worked with industrial partners to list

companies’ requirements in terms of skills.

In 2017, an accreditation scheme was set up for courses that
fulfill the training and skills criteria established by the com-

mission.

Several courses have been included in the register of trai-

ning courses accredited by the association:

5 July 2017: Master’s in Energy Transition and Territories
(energy major), Ecole Nationale des Ponts et Chaussées (in
partnership with IFP-School), M2.

10 May 2017: Advanced Master's in Energy Systems Opti-
mization, MINES ParisTech (post-Master’s).

10 May 2017: Master’s in Electrical Engineering for Smart
Grids and Smart Buildings, Grenoble INP, M2.

In addition, the Think Smartgrids Association launched a call
for proposals on smart grids with the aim of creating an ex-
change area on the theme at the Association and setting up
a community involving industrials, SMEs, start-ups and aca-
demics.

To initiate this process, an afternoon of meetings was orga-
nized on 7 December 2017. The aim was to highlight selec-
ted research submissions to benefit from a seed fund.

Over 110 people attended the event, which took place on
the premises of MINES ParisTech, 60 Boulevard Saint Michel,
Paris.



Philippe Monloubou, Chairman of Think Smartgrids,
opened the event. He declared in his introductory
speech that: “The aim of the Association’s first Acade-
mic/Industrial Innovation Day is to develop dynamic
connections between academic and industrial
spheres on the theme of smart grids.” He also pointed
out that: “This event continues follows on from the
SME/Major Groups gatherings organized last Novem-
ber by Think Smartgrids, and the Invest in Smart Grids
day, which aims to bring together investment funds
and SMEs/startups.”

Nadia Maizi, chairwoman of the training commission,
went on to explain the selection process for the nine
proposals submitted.

Mr. JODET from the CGl then talked about the future
investment program, followed by Mr. ABECASSIS
from Ademe, who spoke of the forthcoming calls for
the PIA's Smart Grids project operated by Ademe.
Pierre MALLET of ENEDIS also presented the associa-
tion’s roadmap.

To conclude the day, a Posters session was organized,
which provided an opportunity for researchers and in-
dustrials to ask any questions and choose the project

that they wanted to join.

Photos MINES ParisTech, T. Vaerman




MODELING

The Chair is co-directed by Nadia MAIZI, Director of the MINES ParisTech
Center for Applied Mathematics, and Jean-Charles HOURCADE, Director
of research at the International Environment and Development Research
Centre. For the period covering 2008-2013, it was granted a budget of
2.5 million euro. The Chair was extended in 2014 for another four years,
still jointly directed by Nadia MAIZI and Jean-Charles HOURCADE, with
the following partners: ADEME, EDF, GRTgaz, SCHNEIDER ELECTRIC,
and the French Ministry for Ecological and Inclusive Transition as asso-

ciated partner.
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The Chair’s objectives

The objective of the MPDD Chair is to create a driving force to facilitate decision-making in debates

on scientific and technological issues related to energy-climate constraints. Responding to the
energy, environmental and economic constraints that face industrials and state leaders making stra-

tegic choices, the MPDD's project centers on the following challenges:

Ensure stronger presence from founding laboratories and their partners in important places of na-
tional and international expertise on sustainable development to work on the energy-climate issue,
extending their current involvement at the Strategic Analysis Center (for France - thanks to initial
support from the French Energy Council), the IEA (World Energy Outlook, Energy Technology System

Analysis Program), OECD, the World Bank and the

Intergovernmental Panel on Climate Change.

Foster a prospective platform for aiding decisions
involving economics-resources-climate on issues
relating to energy and climate policies, industrial development and technological choices in a
context of changing competition rules. This platform will gradually integrate connections between

energy/climate and other key areas of the sustainable development challenge.

Ensure international academic reach by running international symposia, publishing in expert journals
(economics, management and applied mathematics), and organizing special editions of specialist

journals (energy, environment, transport, water) on sustainable development themes.

Set up funding programs for doctoral studies and training seminars that respond to the requirements
of partner companies in the prospective field (raising awareness of the benefits of a prospective ap-

proach in carrying out their activities, extending and transferring competencies in the domain).

Make up for the national shortage of a syllabus “on and through” a prospective approach.



Development of prospective modeling tools

TIMES

A

The long-term planning models resulting from the
model family MARKAL/TIMES (MARKet Alloca-
tion/The Integrated Markal Efom System) are at
the heart of the chair's modeling activities. This ap-
proach is based on optimization of a technico-eco-
nomic representation of the energy system. It is
based on a methodological corpus being develo-
ped by the ETSAP (Energy Technology Systems
Analysis Program), which is an international coope-
ration program run by the International Energy
Agency, IEA. The CMA's geographical perimeters
for this approach are France, Europe and the
World. The CMA has invested in particular in de-
veloping the France model, which is unique, with
constant developments and improvements since
2003.

At the outset, the model was focused on the elec-
tricity question, but it has successively evolved to
give an overall representation of the energy sys-
tem, and then a refinement of certain sub-sectors
and modules. These constant developments
concern in particular biomass, the electricity sector,
residential and transport sectors, and the revision
of technological databases. The TIMES-France
model can be used to evaluate for France the im-
plications of different energy scenarios, such as
factor 4, carbon value, and withdrawal from nu-
clear energy. Current investigations are centered
on flexibility in multi-energy systems and the im-
pacts of transforming the production system and
life styles.

The doctoral research carried out by Remy DOU-
DARD and Ariane MILLOT will serve to update and
recalibrate the model, and extend research on al-
ternative gas options.

TIAM-FR

The CMA is also developing the model
TIAM-FR (Times Integrated Assessment
Model), which is the French version of the
TIAM model from the ETSAP-TIMES family.
TIAM-FR is used to develop carbon-
constraint scenarios in order to identify the
regional impacts of global commitments
to reducing CO, emissions in different re-
gions in the world (post-COP15 and in par-
ticular COP21 commitments), including
the weight of these carbon constraints de-
pending on a region’s level of develop-
ment. More precisely, the aim was to
determine how ambitious climate commit-
ments are in terms of the target to limit the
global temperature rise to 2°C and to es-
tablish the weight of this constraint at re-
gional level, particularly between
industrial, fast-emerging and developing
countries. In parallel with these scenarios,
technology deployment scenarios are
being developed, such as carbon capture
and storage, with the aim of debating the
technico-economic plausibility of climate
policies. This work has been the object of
presentations at international conferences
(IEW, EURO).



Development of a centralized archiving tool for Markal/TIMES models:
MCOPM platform

The computer engineer Sébastien FOLIO is conti-
nuing the work he started in 2013 with Evariste
CHAINTREAU on the MCOPM platform. This archi-
ving tool stores the CMA's mathematical study mo-
dels in a centralized database so that they can be
preserved and used again. In addition to safeguar-
ding data, the platform certifies the reuse and further
exploitation of data, whatever system was used to
generate them. One of the developments is a new
data analysis tool for the center’s models called “sen-
sitivity study”, which directly fits into the MCOPM plat-
form. This tool automatically generates a
considerable number of results by causing a varia-
tion in one of the model's parameters. The effects of
this variation on the entire model can then be studied
to understand its reactivity and limitations. In 2015,
new results-processing tools were developed to re-
solve the issue of the considerable quantity of data
generated. These tools can be used to automate stu-
dies and by researchers to create dynamic presenta-
tions of their results, which are published on the

Chair's website.

Prospective Modeling Platform

The objective of the Modeling Platform project is to enable modeling teams, administrative bodies and Chair
partners to exchange and compare information gleaned from prospective modeling to facilitate public poli-
cies relating to the energy transition in France. Several seminars and workshops are organized each year:
MPDD Chair seminars on the key challenges of modeling the low-carbon transition include working seminars

and methodological workshops.

Data, results and methodological choices are made accessible to illustrate the conditions for using models in
their current stage of development and feed into discussions between modelers and users on the methodo-
logical obstacles to improve the tools.



III / La Plateforme de la Modélisation Prospective
suite




The Chair’s key conferences in 2017

Scientific publications

Publications (A.C.L Revue, Books and Chapters of books,
Working Papers)

Bonvin Gratien, Demassey Sophie, Le Pape Claude, Maizi Nadia, Mazauric
Vincent. 2017. A convex mathematical program for pump scheduling in a
class of branched water networks. Applied Energy, Elsevier, Clean, Efficient
and Affordable Energy for a Sustainable Future, 185 (2), pp.1702-1711

Coatalem Martin, Mazauric Vincent, Le Pape-Gardeux Claude, Maizi Nadia.
Optimizing industries’ power generation assets on the electricity markets.
Applied Energy, Elsevier, 2017, Clean, Efficient and Affordable Energy for a
Sustainable Future, 185 (2), pp.1744-1756.

De Oliveira Welington, Target radius methods for nonsmooth convex opti-
mization, Operations Research Letters, Elsevier, 2017

Didelot Alice, Maizi Nadia, Mazauric Vincent, Assoumou Edi, Selosse San-
drine. Balancing Energy Efficiency and Fossil Fuel: The Role of Carbon Pricing.
Energy Procedia, Elsevier, 2017, 105, pp.3545 - 3550.

Guerassimoff Gilles. Microgrids : pourquoi, pour qui ?. Presses des Mines,
252 p., 2017,978-2-3567-1462-6.

Hermenier Fabien, Giuliani Giovanni, Milani Andrea, Demassey Sophie, Sca-
ling Energy Adaptive Applications for Sustainable Profitability, Euro-Par 2017
- European Conference on Parallel Processing, Aug 2017, Santiago de Com-
postela, Spain. Springer, 10417, pp.23-35, 2017, Lecture Notes in Computer
Science

Kang Seungwoo, Selosse Sandrine, Maizi Nadia. Is GHG mitigation policy
enough to develop bioenergy in Asia: a long-term analysis with TIAM-FR. In-
ternational Journal of Oil, Gas and Coal Technology, 2017, Special Issue on:
IBSCE 2015 Bioenergy and Biofuels in Asia and Europe, 14 (1/2), pp.5-31

Krakowski Vincent, Li Xiang, Mazauric Vincent, Maizi Nadia. Power System
Synchronism in Planning Exercises: From Kuramoto Lattice Model to Kinetic
Energy Aggregation. Energy Procedia, Elsevier, 2017, 105, pp.2712 - 2717.

Le Gallic Thomas, Assoumou Edi, Maizi Nadia. Future demand for energy
services through a quantitative approach of lifestyles. Energy, Elsevier, 2017,
pp.In Press

Maizi Nadia, Mazauric Vincent, Assoumou Edi, Bouckaert Stéphanie, Kra-
kowski Vincent. Maximizing intermittency in 100% renewable and reliable
power systems: A holistic approach applied to Reunion Island in 2030.
Applied Energy, Elsevier, 2017, pp.In Press

Maizi Nadia, Assoumou Edi, Le Gallic Thomas. La « Digital Society » : un scé-
nario de transition énergétique a I'horizon 2072. Annales des mines - Res-
ponsabilité et environnement, Eska, 2017, Transition numérique et transition
écologique, pp.24-27.

Postic Sébastien, Selosse Sandrine, Maizi Nadia. Energy contribution to Latin
American INDCs: Analyzing sub-regional trends with a TIMES model. Energy
Policy, Elsevier, 2017, 101, pp.170-184

Selosse Sandrine, Ricci Olivia. Carbon capture and storage: Lessons from a
storage potential and localization analysis. Applied Energy, Elsevier, 2017,
188, pp.32 - 44.

Events organized by the Chair
in 2017

Modeling for Sustainable Development Chair Day
- Prospective for Energy-Climate Issues

This one-day event took place on Wednesday 22 No-
vember 2017 at MINES ParisTech, Paris
The agenda featured:

Opening of the Modeling for Sustainable Develop-
ment Chair Day by Nadia MAIZI (director of CMA) and
Jean-Charles HOURCADE (director of research at
CIRED).

e Jules SCHERS (CIRED): The economic impacts of
carbon tax revenue recycling in South Africa in a

world with labor-saving technological change

e Seungwoo KANG (CMA-MINES ParisTech): Res-
ponse from Asian countries to the 2-degree tar-

get (in French)

e  Salahedinne SOUMMANE (CIRED): Managing oil
rent and diversification in the face of climate

change - focus on Saudi Arabia (in French)

e Antoine BOUBAULT (CMA-MINES ParisTech): Cri-
tical raw materials in the TIAM-FR model (in
French)

e Simona de LAURETIS (CIRED): Lifestyles, energy
and schedules: a macro-micro prospective ana-
lysis (in French)

e Ariane MILLOT (CMA-MINES ParisTech): Impacts
of the LTECV objectives on the French energy sys-
tem: analysis using the TIMES-FR model (in
French)



Modeling for Sustainable Development Chair Day
- Prospective for Energy-Climate Issues

Perspective in terms of the situation in France: presenta-
tion by Ophélie RISLER of the Energy and Climate De-
partment at the French Ministry for Ecological and
Inclusive Transition

e The German model: Markus BLESL (IER, University
of Stuttgart, Germany)

e The Indian model: Subash DHAR (DTU, Danemark)

e The Norwegian model: Kari ESPEGREN (IFE,
Norway)

e The Mexican model: Séverine CARREZ
(Chercheure associée a ASES-SC, France)

Presentations by partners of the MPDD Chair: ADEME -
EDF - GRTgaz - SCHNEIDER ELECTRIC - DGEC

Modeling for Sustainable Development Chair Day -
SCHNEIDER ELECTRIC

This took place on Friday 9 June 2017 at HIVE, the head-
quarters of Schneider Electric in Rueil Malmaison, France
“Smart” is a concept that associates all energy vectors,
not just electricity, and involves a set of so-called flexible
solutions. Smart energy, destined to be an innovative bu-
siness, is employed in all types of commodity. The aim is
to use it to achieve an energy transition compatible with
the societal issues of decarbonization. This one-day
event was organized by Schneider Electric to take a close
look at the impact of solutions associated with smart
energy - both in terms of technologies and short- and
long-term objectives. It included an illustration of how
the tools developed by Schneider Electric and the Mo-
deling for Sustainable Development Chair contribute to

responding to major strategic concerns.

Nadia Maizi et Vincent Mazauric

The agenda featured:

Welcome and visit around Schneider Electric's Show

Room, known as the “Innovation Hub".

e Opening by Christel Heydeman, Schneider Electric,
Chairwoman France.

e  Session (in French) “From the smart energy perime-
ter” chaired by Nadia Maizi with:

Christel Heydeman, Schneider Electric, Chairwo-
man France

Thierry Sudret, ENEDIS, Smart Grids Director
Thierry Leboucher, EDF R&D, Director Delegate

Sébastien Henry, RTE, Director of Information Sys-
tems & Telecommunications

Stéphanie Schneider, GRTgaz, Deputy Director, Stra-
tegy and Regulations

Antoine de Fleurieu, GIMELEC, General Delegate

e Session (in French) “Synthesis and connection bet-
ween smart energy issues” chaired by Vincent Ma-
zauric, Schneider Electric

Presentations by Jean Charles Hourcade of CIRED
and Nadia Maizi

Variations of smart energy:

Session (in French) on “Local issues in long-term pers-
pective” chaired by Alfredo Samperio and Gilles Vermot-
Desroches, Schneider Electric

e  Energy efficiency for smart grids through optimiza-
tion and prediction (in French), Peter Pflaum, Schnei-
der Electric

*  Modeling the long-term complementarity of gas
and electricity systems (in French), Remy Doudard,
GRTgaz/CMA/MINES ParisTech

e Taxation and limitation of urban sprawl: a modeled
approach (in French), Vincent Viguié, CIRED

®  Flexibility: Holy Grail of the future energy system?
(in French), Alain Malot, Schneider Electric

e Can "Pay As You Go" really give the poorest people
access to energy? (in French) , Christophe Poline,

Schneider Electric

e Conditions for a renewable France (in French),
Gondia Seck, CMA/MINES ParisTech

Discussion and summing-up: Claude Le Pape

Conclusion: The meeting point between corporate smart

energy issues and the Chair’s research .



COP 23, Bonn 2017

The 23rd international climate conference took place from 6 to 17 November
2017 in Bonn, chaired by the Fiji Islands. COP23 marked the start of a process to
translate the political ambitions of the Paris Agreement (COP21) into a detailed

technical application manual

During COP23, the CMA organized a side event called “Islands and low carbon
pathways” on 16 November in the Cities and Regions pavilion.

In most developing island states, energy requirements still depend on fossil fuel
imports, despite the fact that local renewable energy sources could satisfy their
needs.

Several experts discussed potential solutions that could enable islands to plan a
new future for their energy system. The conference looked at technical constraints
connected to energy production that could limit the decarbonization of the elec-

tricity network, and the massive introduction of intermittent energy.

Lessons learned from modeling exercises illustrated the debate in terms of
specific requirements connected to issues of

integrating renewable energy sources, ac-

cessing energy, and procuring secure elec-

tricity.

Speakers:

e Nadia MAIZI (CMA, MINES ParisTech,
PSL Research University)

e Edi ASOUMOU (CMA,
MINES  ParisTech, PSL Research
University),

e  Sandrine SELOSSE (CMA, MINES ParisTech, PSL Research University)
e Vincent MAZAURIC (Schneider Electric)

e Emanuele TAIBI (IRENA)

COP23/FlJI

UN CLIMATE CHANGE CONFERENCE

BONN 2017




‘/ I / Another key event

CMA researchers participated in the
IFORS conference in July 2017

From 17 to 21 July 2017, the Center
for Applied Mathematics attended
the 21st Conference of the Internatio-
nal Federation of Operational Re-
search Societies - IFORS, in Quebec

Canada.

The stream organized by Nadia
Maizi in the field of «Energy, Environ-
ment, Climate», entitled, “Long-term
Planning in Energy, Environment and
Climate”, featured six sessions, five of
which were led by research lecturers
and doctoral students from the Cen-
ter: Nadia Maizi, Edi Assoumou, San-
drine Selosse et Ankinée Kirakozian,
Sophie Demassey Gratien Bonvin,
and Gilles Guerassimoff.




COP24-KATOWICE 2018 K H T D w I c E

KONFEREMC A HARDDOW ZJEDNOCZONYCH i
W SPRAWIE ZMIAN KLIMATU dfﬂ defﬂnf

&




ACTIVITY

report

d Mathematics



