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Context and objectives 

The energy industry is facing significant challenges: commodity markets are evolving rapidly 

and the various players have to deal with uncertainties surrounding additional investment 

requirements and new technological solutions, both in line with environmental policies and 

the energy transition process around the world. 

Companies need to develop a strategic view of energy issues and they are reinventing their 

roles in increasingly interlinked markets. The high prices observed in the energy and non-

ferrous metals markets during the last decade have been replaced by low prices and 

uncertainty.  

The peak oil debate has given way to developments related to peak demand. Rare earth and 

lithium prices are increasingly at the center of the environmental policy debate.  

In the gas and power industries, there is a pressing need to design the market rules capable 

to jointly support flexibility, meet the consumer needs, deliver a secure system and foster 

market integration. Recent events have generated additional uncertainty in the already 

complex and rapidly evolving global energy environment in which new actors and emerging 

economies are playing a leading role. Political developments around the globe are reshaping 

the geopolitical situation: market rules need to be reconsidered, as do the energy policies of 

governments at local, national and international level. 

It is against this background that IFPEN proposes a conference on the organization of the 

commodity and energy markets (EM 2018). 

EM 2018 will examine the strategies of industry within the evolving context of the energy 

transition and commodity market changes. The conference will present both theoretical and 

applied research and discuss new developments in the field of energy economics related to 

these themes. 

Main scientific topics 

 Energy Markets modeling

 Econometrics/Applied economics

 Operational Research
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THE SUPPLY OF ENERGY SERVICES : DO LOCAL SERVICE PROVIDERS USE 

DSO OR TELECOMMUNICATIONS NETWORK? 
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Overview  
The deployment of smart technologies in energy sector and environmental or energy policy 
goals have increase the role of information needed to deliver energy services to end users. 
However, electricity firms need to overpass uncertainty linked to new business models, 
expected regulations and potential entrants, which are some factors from all those that inhibit 
the smart grid transition (Shomali and Pinkse, 2016). Namely, Local Service Providers 
(LSPs) could offer several energy services to inform consumers and to help them improve 
their overall energy efficiency. These services could be of a wide range, using sensors to 
manage consumption of appliances. Relying on energy boxes or smart meters, they could 
use different kind of user interface to display consumers’ energy data, such as an in home 
display or an Internet platform. To provide these services and thus manage a bidirectional 
transfer of data, LSPs could use mainly two networks. The first one is the Distribution System 
Operator (DSO) network, wich could be used to send signals or informations to consumers, 
through for instance any in home display connected to the smart meter. They also could use 
the household electricity network with smart meters to receive some informations on 
consumption or directly manage some appliances, as it is currently done for water-heater 
under time of use tariffs. As the business of the DSO is regulated, LSPs should pay a 
regulated access fee to use the electricity network. Beside the DSO network, LSPs could 
also use the “classic” telecommunication network, using for instance an energy box 
connected to the consumers’ Internet access. In this case, LSPs do not contract with the 
DSO but directly with consumers : on the one hand to provide the expected energy services 
and on the other hand to use a defined bandwith of their Internet access. In that case, LSPs 
could have to compensate consumers for that bandwith. If not, LSPs could directly contract 
with Internet Service Providers (ISPs) to use a defined bandwith at a negociated price, the 
Internet sector being competitive. Two effects could be observed following this negociation. 
The first one is that the Internet access price could drive the supply of energy services if the 
two networks are not substitute. Thus, ISPs market power impacts the LSPs activity on the 
energy sector. The second one is that if LSPs widely use the Internet network, ISPs must 
invest and develop it to make sure energy services could be served. Then, ISPs must 
recover their additional  investment costs (Heidell and Ware, 2010).   
 
Methods 
We use a Hotelling model to study the choice for two LSPs between two networks to serve 
consumers (Kitahara and Matsumura, 2013). We assume the two LSPs are in competition on 
the energy service market (the downstream market). Each of them maximizes its profit on the 
downstream market. They could use DSO’s network or ISPs’ network to provide their energy 
services. Thereafter, the use of DSO’s network comes at a regulated price, whereas it comes 
at a negociated price for ISPs network. If they choose the DSO’s network, they pay an 
access fee which is set by the regulator as maximizing the social welfare. Thus, the choice of 
a network to serve the demand relies on network costs, as a proxy of their efficiency, but also 
on the regulated access charge and the negociated price between ISPs and LSPs. 
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level of outcome is individual and explaining variables are aggregated (Künzli N. & Tager IB., 
1997). 

A set of coefficients is then obtained for each explaining variable; one set for each quantile. 
Coefficients for a same variable may be significantly dissimilar for different quantiles of 
annual electricity consumption. For instance, the local proportion of secondary residences, 
with generally a low level of consumption, impact mainly low quantiles of local consumption, 
less higher quantiles. By differentiation, it is consequently possible to estimate the distribution 
of annual consumption for all residential consumers belonging to a specific group, e.g. the 
distribution of individual annual consumption for households with an electrical heating system 
or for those living below the poverty line. 

The robustness of the proposed methodology is tested in two different ways: 
- Comparison with existing surveys on residential customers demand. 
- Uncertainty analysis of the semi-individual design with simulated consumption 

individual data. 
Results 
The proposed methodology has been applied to analyse electricity consumption of French 
households, in 2015, including about 45.000 local areas. The objective is first to test the 
proposed methodology using technical determinants with well-known effects on electricity 
consumption, as well as some social characteristics.  

As a result, a distribution of individual annual electricity consumption is obtained for each 
group, with potential interactions between selected variables. For example, a national 
distribution of electricity consumption for two-room or one-room apartments with electrical 
heating, owned by an executive, may be estimated, as illustrated in the following figure: 

Figure 1: Estimation of the individual annual electricity consumption distribution for households living in two-room 
or one-room apartments with electrical heating, owned by an executive. 

Conclusions 
Understanding electricity consumption behaviours for different groups of residential 
consumers is essential for energy policy and investments planning, as residential consumers 
may have a very heterogeneous demand. This can help to target incentives more accurately 
or to anticipate potential distributive effects.  This is especially relevant for local decisions as 
some neighbourhoods or cities may have very different drivers of residential electricity 
consumption. 

References 
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MARKET OR NOT MARKET? ENSURING RARE EARTH SECURITY OF SUPPLY 
FOR THE DEFENSE SECTOR 

PALLE Angélique 

Strategic Research Institute (IRSEM, Paris), France 

Keywords : Rare earth, defence, security of supply, policy 

Rare earths have become a key element for many military and dual technologies. 
From standard communication means to missile guidance or key structural aspects of very 
specific equipment like the US F-35 aircraft, they pervade, in very small quantities, most of 
the technologies used today in the defence sector.  

China is currently the principal producer of rare earths and price maker on a strategic 
but quite small market (140 000 tons produced each year for a value that does not exceed 13 
billion of USD). Its strategy over the last decades has been, in a context of global expected 
and ascertained demand growth linked to both the energy and digital transitions, to 
progressively gain control of the entire value chain. Working its way up from production (97% 
of exported rare earth oxides) to components (60% and 75% of the two most used magnets 
containing rare earth elements) and alloys (90% of world production) manufacturing, and 
more recently the new generation of patents. This strategy and the supply crisis that 
occurred in 2010 over a diplomatic incident between China and Japan have led Japan, the 
US and the EU to rethink their security of supply, initially entrusted to the market, for the 
upcoming decades. 

This presentation is an assessment of these strategies and their efficiency from the 
defence point of view. In most cases, the 2010 crisis has led the armies to try to assess their 
exposure to rare earths supply shortage. The inventory of what is exactly used, where it 
comes from and in which equipment it is present has proven difficult if not impossible.  

Two different reactions can be identified so far. The US have played the market card 
and focused on the bottom of the supply chain. They have let Magnequench, subsidiary of 
General Motors which owned some of the major patents in the sector, to be bought by 
Chinese funds. After the 2010 crisis they focused on the reopening of their mine of Mountain 
Pass which couldn’t face the market conditions (and the low prices) and filed for bankruptcy 
in 2015, before being bought in 2017 by a Chinese-led consortium.  

Japan on the other hand targeted the other end of the supply and value chain. The 
country is focusing on acquiring the new generation of patents and developing recycling 
technologies. Japan is also both investing in and supporting the development of other 
sources of production and supply, outside of China. 

The Chinese reaction has been plural and includes: 1.the constitution of stocks, the 
amount of which is yet unknown; 2. the maintenance of low prices for rare earths on the 
market which prevents the emergence of other market players; 3. investment in all the 
ongoing projects (Greenland, India etc.); 4. a (more or less willing) environmental and social 
dumping on the extraction of rare earth ore that had led most of the western countries to 
initially accept the progressive Chinese domination on ore extraction.  

Given these different aspects and the high capital costs of the development of new 
mines (between 100 million and 1.5 billion of US dollars for the opening of a new mine, for a 
market that currently doesn’t exceed 13 billion of US dollars per year) it is currently 
impossible to rely on the market for the apparition of new competitors which would guarantee 
a diversity of supply and put an end to China’s market and geopolitical power. 
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The EU has also started working on the evolution of the rare earth markets, having in 
mind the needs for both its energy transition and its defence sector. It has produced so far, 
either at the European or the member states level, a series of criticality analysis and an 
assessment of the European reserves and industrial capabilities but hasn’t come up with a 
strategy to ensure the security of supply. Do we define one “outside” of the market? Strategic 
stockpile, recycling or on-site production and manufacturing all come in with different costs 
(whether economic, environmental or social) and the choice remains political.  
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ALLOCATING PROVINCIAL CO2 QUOTAS  
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Abstract 

To deal with climate change at the lowest cost, China formally launched on 
December 19, 2017, its national carbon market, in which the initial CO2 quota 
allocation is one of the key issues. How should we allocate CO2 emissions reduction 
responsibilities among Chinese provinces, assuming that provinces will not or cannot 
trade these responsibilities amongst themselves? In this paper, we allocate CO2 
quota from the perspective of cost minimization. First, we estimate the national CO2 
marginal abatement cost (MAC) function and deduce the interprovincial MAC 
functions. Second, we build an allocation model with the nonlinear programming 
approach for cost minimization. Finally, we obtain the allocation results under the 
emissions reduction target by 2030. The results are as follows. (i) The national MAC 
was 134.3 Yuan/t (at the constant price of 1978) in 2011, with an overall upward 
trend from 1990 to 2011. (ii) The interprovincial MACs differ significantly and decline 
gradually from east to west. Hebei has the largest emissions reduction quota and 
Shandong has the largest emissions quota by 2030. (iii) Compared with other criteria 
of per capita, gross domestic product (GDP), grandfathering, and carbon intensity, 
the proposed approach is the most cost-effective in achieving the reduction target, 
with cost savings of 37.7%, 34.5%, 47.9%, and 33.87%, respectively. 

Corresponding author. Address: 2 avenue de la Liberté 93526 Saint-Denis. Tel.: +33 (0)149407386; 
fax: +33 (0)149407255. E-mail address: julien.chevallier04@univ-paris8.fr (J. Chevallier) 
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Abstract 
Although the canonical Arrow-Debreu model indexes commodities by their location, date and 
contingency of delivery, goods traded in actual markets are never completely differentiated 
along all these dimensions either for technical of political reasons. For example, the ICT 
infrastructure needed to measure the traded quantities of every single Arrow-Debreu 
commodity may prove too costly to roll-out, or various constraints may not allow to 
differentiate prices across a subset of commodities.  

This situation typically arises in the electricity and natural gaz industries, where the full 
commodity set in the Arrow-Debreu sense is huge and where the use of a common physical 
unit (kWh, cubic meter, Btu, etc.) makes the underlying economics fundamentals less salient 
than in markets for goods whose physical nature differs. Indeed meters sometimes can only 
measure aggregate consumptions over a fixed number of different periods, and retailers and/
or public authorities often prefer to implement simple tariffs relying on a limited number of 
parameters. 

This paper develops a simple framework to design second-best tariffs when markets are 
incomplete, that is when, either for technical or political reasons, a market cannot be opened 
for each single Arrow-Debreu commodity. Such a problem is commonly encountered by 
numerous agents: retail or grid tariffs’ designers, stock exchanges’ product designers, etc. 

In particular, our framework allows to estimate the opportunity cost of markets’ 
incompleteness. This information may prove helpful to asses the benefits that may be 
achieved through R&D and technical upgrades (e.g. to improve the ICT infrastructure) or  
through political action to relax a given constraint. 

As an example of numerical application, we show how our framework may be used to 
compare the potential benefits of Critical-Peak Pricing versus Time-of-Use for electricity retail 
tariffs in France. 

Finally, we discuss the potential interactions between second-best pricing and long-term 
investment incentives. 

Keywords 
Incomplete markets, second-best, policy evaluation 

SECOND-BEST PRICING WHEN MARKETS ARE INCOMPLETE 
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MODELLING AND VALUE OF STORAGE FOR ARBITRAGE AND PEAK 
CAPACITY IN A HIGH RENEWABLE EUROPEAN POWER SYSTEM 

Arnaud GRANDJEAN, Timothée HINCHLIFFE, Paul FOURMENT, Paul VERWIEBE, 
Vera SILVA  

EDF R&D, France 

Keywords 
Energy Markets Modelling, Technological Forecasting, Investment, Power System 
Economics, Energy Infrastructures (Electricity Storage) 

Abstract 

This paper proposes a retrospective of several years of modelling and research conducted at 
EDF R&D on the modelling of energy storage in supply-demand equilibrium model. This work 
was conducted within the framework of a prospective study on the analysis of a European-
level high renewable energy mix.  
More specifically, the ambition of the analysis was the evaluation of the role that storage 
could play in the presence of a large amount of non-dispatchable electricity generation to 
provide services such as energy arbitration and provision of peak capacity. Other services 
such as frequency regulation or the carryover of investment in the grid have not been studied 
in this work. 

This study implied two EDF R&D tools: first, a long term unit commitment model at the hourly 
basis called Continental and second, a tool named Investment Loop which adjusts the 
installed capacities in each zone so as to ensure an optimal production fleet according to the 
3h failure (loss load) criterion. We constructed 6 main scenarios with different renewable 
penetration ratesand analyzed on several countries (Germany, Spain, France and Great-
Britain) the interest of storage considering various technical characteristics. 

We intend to present an overall introduction on the current research on storage economics at 
EDF R&D on all the possible value streams pointing at various references. A literature review 
will then be proposed regarding the two storage services analyzed in details in the specific 
work discussed (i.e. energy arbitrage & provision of peak capacity), including in particular a 
review on the so called PEPS studies in France, of the recent REI (“Réseau Electrique 
Intelligent”) analysis made by RTE, and of other research (works of Imperial College in 
England, of UCD in Ireland, etc.).  

Then a detailed description of the way storage is taken into account in our models will be 
provided. We will discuss the minimum modelling features needed to value storage (hourly 
resolution, several consecutive days modelling horizon), and discuss the impact of some 
other (deterministic versus stochastic modelling, dynamic & operational constraints 
modelling, going to sub-hourly modelling, etc.). 

Finally, after a description of how the data set was built and used (i.e our base case 
reproduces a 2011 European Commission scenario proposing a 60% renewable penetration 
level by 2030 - then we derived some sensitivities from this base case, increasing by 8% 
steps, the renewable penetration following a simplified approach) and a short discussion on 
the storage cost hypotheses used (we will stress in particular the quick evolution of battery 
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