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Abstract

Fossil fuel are used in power generation in oil gasl producing countries due to the resource
availability. However, the growing electricity denth the potential exports revenues
associated to hydrocarbons as well as the envirotahgolicies have to be taken into account
for the definition of the electricity generation xniThus, the development of the power
generation capacities according to the resourciafildy and the economic factors (demand
and costs) is investigated through a modeling aagroOver the past ten years, Egypt has
become an important gas producer and a strategiswgaplier for Europe. Moreover, natural
gas represents around eighty percent of the Egypgi@ver sector mix. However, this
extensive share of natural gas in power generationcould not be sustainable in long-term
due to the limited hydrocarbons’ resources of Egyptthis study, the current and future
power generation situation of the country is anadiythrough a dynamic linear programming
model. Finally, a power generation strategy based gradual integration of nuclear and

renewable is suggested.
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1. Introduction

The increasing trend of the electricity demand iaimly associated to both economic
development and demographic evolution in most efdbuntries. To meet this need, the main
sources of electricity production used in the wantd still the power plants using fossil fuels
(coal, gas and oil to a lesser extent) that prowd# of electricity production in the early
2010s, followed by hydro plants (16%) and nucld&%). Other renewable types of power
plant (wind, solar, geothermal, biomass and etoyige the rest of that production. In
Europe for example, renewables account for nedi® &f electricity production. As part of
the European "20-20-20" initiative, the developmaeit electricity from renewables is
supported by incentive policies based on guaranteecthase prices or bids for the
construction of power generation units. For exantpégmany, under its Energiewende plan
adopted in 2011, is accelerating its energy trammsito almost total abolition of non-
renewable power units in its electricity generatioix in long term. MENA region is not an
exception in this global electricity-generation-ddmnisation trend and is following the same
path. Expansion of non-fossil energy in MENA caoigs, is driven by a number of key
factors: energy security enhancement, major eneegyand growth, urbanisation, water
scarcity and of course environmental concerns. \Nigh fossil fuel prices resulting in both
huge bills for net oil-importing countries and oppmity costs for net oil-exporting countries,
non-fossil resources have become an increasinghctve alternative to domestic oil and gas
consumption. From 2008 to 2011, non-hydro renewsddeurces for power generation more
than doubled to reach almost 3T¥Whnd grew at faster rate than their conventional

counterparts (REN21-2013).
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The most appropriated power generation mix is immgleted to reach the electricity demand
according to the resource and the technologiedadiiity. Thus, in a large number of oil and
gas exporting countries, fossil fuel are used fowvgr generation to provide electricity to a
growing population with a low cost. However, thewmg electricity needs of the population,
the environmental concerns and the potential vaiu®il and gas resources on foreign
markets make that the optimal electricity generatiox has to be designed according to these
constraints or targets. Egypt is a typical casestmh problem with a growing population and
gas reserves which could be used for exports amgeipgeneration. Over the past decade,
Egypt had solid economic growth due to its risingats and investment and also its strong
national consumption. Energy sector has been higitgrconnected with economic activity
of the country. Most of the energy demand growtime&drom growing industrial production
and robust population expansion. Energy demand thravas also been promoted by the
governmental subsidies coming from exports reve(mainly hydrocarbon resources).
Unfortunately this subsidization policy contributedlot to fiscal deficit of the country.
Recently government has announced several timesuppression of these subsidies. No
action has been taken place regarding this isstienaw and it seems that nothing will be
realized (at least in the short-term future) duesdacial events and uncertainties that the
country is currently facing with following the Ara®pring and recent socio-political

movements.

Egypt’'s highest export revenue comes from natuasl ¢lowever, its production is slowing
down largely because of the lack of foreign invesita (notably from International oil
Companies). This production decline will also imip#dee petrochemical industry fed with
natural gas as row material. Natural gas is theflkel/in Egypt, especially in industry and

power sector which is the largest energy consuedos of the country.



In this paper, electricity generation mix of theuntry is explored through a linear

programming model. Sensitivity analyses is perfatroa several economic factors to point
out the crucial role of the discount rate as wsltlee carbon price on investment decisions.
For this purpose, economic context of Egypt is @mésd in section 2 and section 3
specifically dedicated to the power sector. Theho@blogy is developed in section 4 and the

results are analysed section 5.

2. Energy and environmental policy and the power geeration mix development

Oil and gas resources availability aims to defime est strategy to use them for the people’s
welfare over a long period. Furthermore, the deaigrocess for energy policy has to deal
with a lot of uncertainties concerning both the gmbial amount of resources and the
economic activity along several decades. The uraldsi effects of oil revenues on the long
term economic activity are clearly analyzed in siwecalled Dutch Disease case (Corden &
Neary 1982). In this context, the definition of thlectricity mix to reach a growing energy
demand has to take into account the revenues tiemesource exports, the power generation

costs and the environmental policy.

Egyptian Ministry of Planning defined the energsattgy of the country by issuing its 6th
Five Year Plan (2007-2012). The plan mostly inctldbe investment plans for electric
power, oil and natural gas industry. Energy efficieimprovements, security of supply and
willingness to adopt nuclear technology were alsnsaered as chief strategic targets. Oil
and gas sector promotion consist mainly effortgdting the expansion and intensification of
the exploration activities and completion of the-y2@r 10 billion dollar Petrochemicals
Master Plan (lunched in 2002 for constructing 2#&qmdhemical units across the country by
the end of 2022). And the strategy for the powet®eaims to improve efficiency, promote

renewable energies and security of supply foredtas, encourage the development of grid



in rural regions and facilitate more interconnettwith neighbouring nations (Ministry of
Planning 2007). This 5-year plan has been reviseddeéscussed in 2011 again but no official
strategy has been yet released. However, most lpsobacreasing focus on export

maximizing, upstream investment incentives and emgulemand satisfaction will be the key

components.

Egypt was first Arab nation signed the Kyoto pratoo 1999. From then Egypt seeking to
diversify its current energy mix by increasing usagf renewable energy sources such as
hydro, wind and solar. The Renewable Energy ExpanBian, adopted in 2008, sets target
for renewables sources to reach 20% of total damesergy supply by the year 2020. 12%
will be provided by wind and hydro (NREA 2011). Hewver, at the moment there is no solid
support scheme (stable feed-in tariffs for exampleplace for the promotion of renewable
sources. The total energy related £&missions of the country since 1990s is showfigure
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Figure 1: Energy related C&missions in Egypt from 1990 to 2013
(Source: Global Carbon Atlas 2014) 5



The Egyptian Environmental Affaires Agency defirtee country’s environmental policies.
The entity established in 1982 and thereafter thieidtty of State for the Environmental
Affaires was created. Environmental policy of thmuwtry (National Environmental Action
Plan) addresses environmental issues and strafegiescouraging effective use of energy in

different oil sector activities, expansion of gaswork and use of natural gas.

Egyptian government provides subsidies for varibyses of fuel such as natural gas,
kerosene, butane, diesel, gasoline and fuel oit @&es heavily subsidized for industrial
usage and power generation to bring more incentwdsoth sectors for switching from oil
and oil products to gas and thereby letting mokéooiexport. Global fuel price rising in the
international markets resulted in more restrictesdsegnment budget. Moreover, cheap gas
prices compare to global prices boosted domesticddganand. Following the national demand
increase and no reaction concerning these subsi@mgt became a net importer of oil in
2010 (BP, 2011). This trend will most probably c¢oné given the intensive depletion
observed in the Egyptian oil fields in addition #ze national demand increase. Several
announcements have been made by the governmened®ade energy subsidies. For
instance, in 2007, the Egyptian government annaliisantention to phase out subsidies for
natural gas for both energy intensive and non-Biten industries with different time
horizons, respectively in 2009 and by the end df32MHowever, following economic crisis,
the government fixed natural gas and electriciiggw for all industries. Egypt spent around
20.3 billion dollars for energy subsidies in 20&Qquivalent to almost 13% of the country’s
GDP (World Bank 2011). Nevertheless, subsidy reforparticularly in residential and
commercial sectors) seem to be very unlikely toobeurred, especially in power sector,

under current peculiar socio-political situatiortieé country.



3. Power Sector Overview

3.1 Organisation, Market and Regulation

Egyptian power sector went through some restrugguand unbundling reforms in 2001. The
existing vertically integrated monopolistic systemas unbundled into six generation, one
transmission and nine distribution companies. Unither supervision of the Ministry of
Electricity & Energy, the Egyptian Electricity Hofdy Company still owns 90% of generation
and distribution sectors and 100% of the transmissiompany. The Egyptian Electricity
Holding Company (EEHC) is the only entity empowelted approve and construct any
generation capacity or to buy power from internadiqprivate developers of electricity. Even
though the 2001 unbundling reforms aimed to evéiytypaivatize the sector, but Electricity
Holding Company remained 100% public and it is vanfikely to see any privatization

process in the near future.

Egyptian Electricity Holding Company (EEHC) consisbf totally sixteen electricity
companies separated according to the region inhwthiey operate and also the type fuel they
use. Cairo, East Delta, Middle Delta, West Deltd &lpper Egypt are the thermal power
companies while Hydro Plans Company is in chargealbfhydro generation across the
country. Several privately own power units haveo disance and built under BOOT (Build,
Operate and Transfer) financing scheme put in plecdate 2002 by the Egyptian
government. Port Said East Power Company, thek3idiGeneration Company and the Suez
Gulf Company are examples of these private opesaldrere are currently three International
Private Producers operating in Egypt. The firstiinational operator was US-based InterGen,
a joint venture of Bechtel Enterprises and Shelhésating Limited, along with some local

partners to operate Sidi Krir BOOT project.



At the moment power market in Egypt is organizethim“Single Buyer® structure. Egyptian
Electricity Transmission Corporation sells poweonfr the generation entities (including
private independents) to the 9 regional distributcmmpanies. Approximately 10% of the
Egypt’s distribution grid is owned by 6 small prigacompanies who manage the sale of mid
and low voltage power to final consumers. Thesepaoies are as following: Global Energy
Company, the Alexandria Carbon Black Company, the @I Goreifat Company, the
National Electricity Technology Company and finalhe Mirage Company. For the purpose
of controlling and regulating all the issues raftie generation, transmission, distribution and
consumption, the Egyptian Electric utility Orgartina & Consumer Protection agency was
created in 1997 by the government. Many other gfized regulatory authorities have also
been established to regulate the various areaBeopower sector, such as Nuclear Power
Plants Authority, New & Renewable Energy Authorityydro Power Projects Execution

Authority and etc.

3.2 Electricity Supply and Power Plants

Egypt has increased its generation capacity frord G in 2000 to almost 27 GW in 2010.
Power output has also been doubled from 78.1 TW20D0 up to 148 TWh by 2010 (IEA
2012). EEHC had to deal with some outages in 201ing peak hours because of the
growing usage of air-conditioners during hot daygyyptian government announced
ambitious goals for increasing capacities to satisé growing domestic demand. EEHC is
currently applying the '6 Five Year Plan targets capacity additions of 7 GW&r the 2007-
2012 periods (EEHC 2012). The plan includes 3 GWafbined Cycle and 4 GW of Steam
Turbine capacities. Recently, EEHC has also praptise 7' Five Year Plan for 2012-2017
periods, including an additional 5.25 MW of ComM@dn€ycle plus 7.15 MW of Steam

Turbines (EEHC, 2012).

® For more information regarding this market modehpe refer to appendix A.



Concerning renewables, in 2007, the Renewable Knéngpansion Plan adopted for
renewable penetration of 20% in to the network O%® where hydro power represents 5.8%,

wind 12% and 2.2% from other renewable energy ssyrespecially solar (EEHC 2012).

Combined cycle and steam units (both using naigeal as fuel) accounted for 62% of the
total capacity in 2010. These technologies have loeasiderably promoted by the Egyptian
government since 2000 as gas production increasgdubsidies over natural gas encouraged
the investment in this technology. In 2011, Al Detta and Al Shabab power plants with

total capacity of 1.7 GW were added to the network.

Egypt started producing hydro power in 1960’s atter construction of the Aswan High Dam
station. Since then, no new major project has bealized. In 2010, total capacity of hydro

was 2.8 GW accounting for 9.5% of total generai&n 2012).

Oil-firing power plants account for 18% of powerngeation of the country it has not
historically been encouraged by the governmentusecaf its expensive price leading to very
high subsidies for the government. Oil has beemlipaised in the peak summer months for
meeting air-conditioning demand. Share of fossl$yoil and natural gas) in the total power
generation of the country accounts for almost 90%uel types used for national electricity

demand’s satisfaction (figure 2).
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Figure 2: Electricity generation by source in Egyp2012 (Source: IEA 2014)

Nuclear power has also been proposed several taoypdbe Egyptian government. Plan to
develop this technology were put in place in th&Q$. 1000 MW nuclear capacity were

proposed at El Dabaa on the Mediterranean coasigdPwas halted due to the huge costs
and safety reasons following the Chernobyl accidémt2006, following an increase in

international oil and gas prices and rising donsedémand of power, the nuclear program
revised by the government. Finally, in 2010 Egypiched a tender for 1.2 GW El Dabaa
Plant with forecasted cost of 1.5 billion dollarelacommissioning date of 2019 (Selim 2009).

Figure 3 illustrates the entire electricity infrastture and power plant stations of Egypt.
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Figure 3: Electricity generation and transmissiarirastructure in Egypt

(Source: WoodMackenzie & GENI 2012)

4. Methodology

A linear programming optimization framework was dige assess the costs and savings of
expanding the role of non-fossil fuel based powarrses in electricity supply. LP (linear
program) cost minimizing is an approach that systerally evaluates potential power supply
to satisfy the demand at the best societal coss. Miethod analyses what the incremental cost

would be if each source of power generation weratiegrate the electricity supply of the

11



country. In pursuit of this objective, a review relevant non-fossil and fossil based power
unit choices on the basis of resource potentiast @md economic benefits is provided.
Several choices of technologies that are or areagd to be technically and economically
feasible over the next two decades have been faehand incorporated into the modelling

effort.

Electricity generation should be provided by a darget of power plants which are
characterized by different technologies associdate@ very large spectrum of fixed and
variable costs. Consequently, this leads to am@tusage and investments so as to satisfy
the current and future demand. Optimizing the di@lactricity cost of production by the
different types of plants enables us to rank variptoduction means. Indeed, when electricity
demand increases and the available power (in thedbcost category of generation means) is
not enough, the system must switch to the generatiean whose cost category is just one
step above the previous one. In other words, tllesaiton of power plants are ranked

according to their growing running cost (so-calletkrit-order” process).

The main contribution of this study is to analy$e optimality of the Egyptian power
generation mix via LP models (based on the abowvetioreed structure) and to reveal the
most optimal decisions for the next 20 years ofriagonal electric system under different
proposed investment scenarios through the dynanudem Afterwards, the sensitivity
analysis is realised to measure the competitivepéssn-fossil power sources with fuel-

based ones under various discount rate and carimngeenarios.

During the past decades, a huge body of literateleged to the application of sophisticated
energy optimization and simulation scenarios hasenbcarried out for optimal planning of
the future national energy systems (Abubakat eP@l3, Haidar et al. 2011, Hainoun et al.

2010, Ostergaard 2009, Sorensen et al. 2008 anldeNieet al. 2007). Grouping existing

12



literature, there are several studies seem to lagedeto the optimization of the use of non-
fossil sources and the assessment of existing tmwds optimal penetration rates of these
technologies in the power sytems (Kazagic et al42@egurado et al. 2011, Kaldellis et al.
2009, Lund et al. 2009 and Karlsson et al. 2008%tudly for Algeria, Morocco and Tunisia

has been done by Brand & Zingerle so as to anahgénpact of renewables and non-fossil
technologies’ integration into their electricityssgms. For instance, Mazhari et al. used
system dynamics and agent based modelling appioasider to find the most optimal and

economical mixture of storage capacities and suarts.

Various types of linear programming models haveo dieen used for future optimal
generation mix simulations. Xydis & Koroneos, sthtbe role of solid wastes in future
energy systems, while Chang & Li, pointed out thie 1of all the renewable energies options

for the future generation mix of ASEAN countries.

Although numerous studies have been conductedeonptimization and simulation of future
energy systems with various rates of pure renewaplkenetration, limited papers have
appeared on the optimization of power systems tdtin nuclear penetration and renewables

imposition which is the main focus of this study.

Total electricity generation cost minimization,dae of the main modelling approaches in
power generation modelling. Examples of such modetsude POLES$ (Criqui 2001),
MARKAL> and TIMES (Loulou et al. 2004). Many other examples haveo digen
developed by consultants and utilities themselvesare not therefore published. The basic
idea of these models is to explain electricity @siédrom the marginal generation cost. In this

case, assumption over the future electricity pridess not have to be made. Focusing on

* Prospective Outlook on Long term Energy Systems
®> MARKet ALlocation
® The Integrated MARKAL-EFOM System
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minimum generation cost implies minimizing the cimsbe transferred to the final consumers,
irrespective of the electricity price. The main adiage of this method is to analyse the
producer behaviour facing with a mix of differegypés of constraints such as economic,
technical and environmental ones. Our approacimgas, in the way that a linear dynamic
model is developed where the total costs are tanbemized under certain constraints

developed in the next section.

Optimizing the overall production cost of electiycvia various types of power plants enables
to "prioritize and rank" the different means of guaotion. Indeed, when electricity demand
increases and the power available in the categblgweest cost is not enough, then it should
implement the generation mean whose cost categonymediately above. This leads to a
prioritizing of different equipment based on theperating (variable) costs which allows
defining a dispatching of different equipment ore thnnual load curve. Generation Mix
management, made by the cost minimization objecireesponds to an economic optimum:
at each time step, the marginal cost (the costtiefg a request for additional MWh) is equal
to the operating cost of production with the maagiequipment. All equipment with lower

production cost will be used and in theory, no mexpgensive equipment will operate.

In medium and long-term decision-making processinopation techniques can become very
helpful, particularly if we take into account thevéstment decisions and costs associated with
each additional capacity. Model proposed in thisdgt is solved using dynamic linear
programming so as to consider those investmentsréa satisfy the growing electricity

demand of the country.

Power generation mix structure of the country isdelled under GAMS 24.0.2 (General
Algebraic Modelling System) software within CPLEX a solver. This cost minimization

model contains the objective cost function that tntneésminimized and the demand constrains

14



that have to be satisfied. For the current povegregation mix of Egypt (in our model, the
year 2010) the production capacities must be résgeand in the case of long-term

optimization, investments are allowed.

The constraints of the model are the demand equstithe capacity constraints and the
investment equations. In the demand equations &oh eseason, the sum of the power
generated by the power plants is greater than émeadd. On the supply side, the power
loaded from each unit is lower than the power ciigactimes the seasonal availability
coefficients. Finally, the installed capacities agual to the sum of the existing units and

investments.

The model is developed based on a long time peifibds period is split in several sub-
periods associated to the time index t with n(targe In each sub-period, we consider a
representative year denoted by a(t). Thus therebéjeyears before period t defined as

follows:

t-1

b(t) = n(k)

k

The model basic structure is as following:
Min z [ zzz (ythia(t)XstRm)Plsma(t) + z (¢tx|ia(t) )Ci(t) :l
t i s m i

With,

Pisma(t) is the Power loaded (called) on the grid by eaghipment of typ& for the season

sin the representative year a(t) with demand randess factor of m (MW)

Hs: Length of the seasa(hours)

15



Eia(t): Variable cost of production of each equipmenat the representative year a(t)

($/MWh)

t : the time period (step)

a(t) : representative year of the period t

Rm : probability of having randomness factor of m

liag: investment in the unit i at the representativaryt) ($/kW)
Ciy : capacity to build for unit i at the period t (MW

Y: is the discount factor applied to the annualsos$teach period. We assume that the costs

are the same for all the year of a given planniregiga, thus it is defined as :

1 B
Vi~ b Z K
(1+1r) <L (1+1)

And o¢is the discount factor applied to investments :

1
= b@®

(1+n)

Where r is the discount rate.

Hence, the total discounted cost of different ihestiaunits is minimized according to the
electricity demand and available capacity. Differdiscount factors were applied for the
variable and investment costs. As a matter of fiacthis model the variable cost could be
different in each year (according to the yearlyiadtion rate of each power plant) during the
life-time of the power plant and the discountingegtion has to be adapted accordingly.

Instead, the discounting operation correspondinigitiore investments is less complex since,

16



by convention, the investment occurs in year Qi@hinvestment or the so-called “overnight
cost”) and it can be modeled as repayment of amsuiyearly fixed costs) throughout the life

time of each power plant.
For each period, supply (capacity) and demand 'stbestraints are as following:

Capacity constraint:

Pismag) < z ait Ciar)
i

With,

aii: availability coefficient of the capacity of equaenti activated in year t. It measures the

capacity reductions that occur after the constonctif a plant.
Tjs: coefficient of availability in each season for le@guipment

And the evolution of production capacity (new amhal investment) during the modelled

time horizon is satisfied by the following dynanpower-unit-fleet relation:
Cit= Gt Uy with Uiy = 0

In which, G; and G, represent the capacity of equipment i during twasecutive years,

and U;is equal to the capacity evolution of unitiin yéa
Demand constraint:

All the equipment must provide the seasonal povegjuired for the satisfaction of the

consumers’ demand and this must be done for eaclona event m.

Z Pisma(t) 2 Dsma(t)
i

17



D_. loaded power on the grid for the seasgMW)

st-

5. Empirical analysis

5.1 Parameters of the model

Hereby, the demand and costs structures is presentadition to the techno-economic data
used for each power unit in the optimization mo&gure 4 shows a typical daily electricity

demand curve (load-curve) of Egypt.

LS00

Working Day

L0000

LA0OD
12000
MW L1000
L0000

SO0

B000

Hours of the day
Figure 4: Typical daily load-curve (MW) in Egype( goes for winter and blue for summer)

(Source: Beshara 2008)

Therefore, three demand fractions are considergdHiHand H. H; represents the base-load
and H and H represent respectively the semi-base and peak dshands. Thereafter, this
3-fractionned structure of the daily demand is agrto two different seasonsj 8nd $. S
represents summer season in which we generallynabtige peak demand periods (caused by
the air-conditioning effect) and, §oes for winter season. These demand-compositiorike

fractioning hours and seasons hypothesis, are shofigure 5.
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Figure 5: Demand structure in the model

Demand randomness factorsfnand their associated probabilitiesjRntroduced in the
model assume 10% variability of the registered deiman both negative and positive

directions.

Demand increase forecasts for 2020 and 2030 arctgto be respectively equal to 35 and
17 per cents (WoodMackenzie, 2012). The forecadlmxtricity demand used in this model is

summarized in Table 1.

Total electricity demand in Egypt (TWhly)

2000 2005 2010 2020 2030

78 109 148 200 236

Table 1: Egyptian power demand

(Source: WoodMacken: 2012& EEHC 2012

19



As the amount of hydroelectricity remains constaténtical to that of 2010 which is equal to
14 TWh (IEA 2012), during modelled time horizon (og to the already saturated potential
of hydroelectricity in Egypt), we subtracted thedhy share directly from the demanded
electricity. This process has been also appliedHercase of other renewable resources, solar
and wind. In other words, the amount of renewahbiedpction (based on the Egyptian
government target for 20% of renewable share axithes in section 2) has been imposed on
the loaded power as must-run production units,ocofr€e in consistent with their associated
availability factors. Hence, whatever the cost obduction, these renewables would be
always placed at the top of the merit order (gdr@ramix ranking curve) in the model.
That's why the generation costs of these units aloimpact the decision making process of
the model and the competition (in terms of genematiost) would be between nuclear, gas

and fuel power plants.

So as to cover the risk related to the intermitoduction of solar and wind power plants,
we have introduced in the model a necessary inwgtin the fossil-fuel power plants that
play the back-up role in case of insufficient |Idadtor which generally happens during peak
consumption, especially in summer. In most of #ggians around the world, lowest values of
capacity factor for the intermittent technologies abserved during peak demand periods.

This is also the case of Egypt with hot and noessarily very windy summers.

In this model the absence of production from inident means is compensated by the least
expensive (in terms of total cost) thermal poweatsawwhich have around 100% of availability

(load factor equals to 1) except for the ex-anéapéd maintenance.

Wind speed can widely fluctuate in a rather shionetperiod. These fluctuations cause the
need to rapidly compensate for large amounts otased or decreased production with other

power plants in the system. The most reliable weagriswer these variations is to use pumped
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storage and hydro storage facilities which havey wgrick ramp (start-up) possibilities with
relatively large power volume capacities. Unfortigtyathere is not enough potential for these
technologies in Egypt due to its climatic situatioHowever, gas and fuel power plants can
also quickly start and make up for the losses wdpction. Even though the existing and
already operational flexible power plants couldused to provide the needed flexible back up
for renewables, but this works only in very shemat. In longer-terms, with the aging of
existing power plants and integration of more remges in the system (up to 20%),
construction of conventional back-up power plan@uld be vital for the stability of the

Egyptian power system.

It is also worth to mention that nuclear power adso play a flexible back-up role in power
systems. Contrary to what is commonly believed,learcpower plants have (on average)
very responsive load gradients (about 5% of loadnpaute) even though their start-up time
is very long from both warm and cold conditionsr Eee time being this flexibility potential

exist only in very experienced countries in realmnaclear industry such as France and
Germany for example. Therefore, flexibility anal/sif nuclear plants is out of the scope of
this study due to the fact that Egypt will be a nemer in the nuclear sector (if the country
adopt for the installation of before-mentioned poplants in the time horizon of this study).

Under the assumption of 20% renewable integrationkoth years 2020 and 2030), at least
4GW and 6GW of flexible back-up facilities would beeded respectively for the years 2020
and 2030. These added capacities do not includeefflacement of retired old-age existing
power units during the studied period. The necgssgslacement capacity is calculated by
the model without any flexibility concern for thetfire power plants. Therefore less flexible
plants (such as nuclear in our case) have also beesidered. This is not the case of our

additional cost calculation for back-up units ie tihhodel.
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Fuel costs are calculated per MWh on the basisioé pnformation available for gas, oil and
uranium (IEA 2012 and World Bank 2012). In the cas@gas price, the minimum average
price of large gas producing countries like Canatfa, Australia and Russia (6 $/MMBtu) is
considered, where domestic prices of natural gasdscouple from international market
prices. This averaged price could be a good reptasee of international gas price for
Egyptian power sector, although the real (strorglipsidized) domestic gas price is much
lower for the Egyptian power producers. And for, Bilbai dated average price over the last 4
years has been considered (80 $/bbl), even if sorestoil products are used in power
generation which are more or less expensive tharcithde itself. Despite the fact that this
study is done under the assumption of stable fuekg for the matter of simplicity; this

should not be considered or interpreted as anyo$qntediction of stable energy markets.

In the case of uranium the task is entirely differbecause the price of;0g (so-called
“yellow cake”) only counts for about 5% of the totast of power production and therefore
any volatility in the price has very small impact the total cost of electricity generation.
Spot-market plays a very limited role for the nacl&uel (at different stages) and most of the
activities are carried out under long term consaltt the model it is assumed that the nuclear
fuel price is equal to 7 $/MWh until fuel fabricati process, plus 2.5 $/MWh more for

transport, storage and eventually reprocessindgiaaddisposal (IEA & NEA, 2010).

Apart from fuel costs, which have already been desd, the other variable and fixed costs
of each type of power plant are also essentiatiferdecision making process of the model.
Plants’ life-time and efficiency should also bearmorated in the model so as to be able to
evaluate the potential amount of electricity (fréechnical point of view) that each power
plant could produce. Table 2 provides the techramemic properties of various thermal

power plants used in the model. As a matter of fger 2010 has been used as the base case
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for our modeling purpose due the accurate accessmplete and detailed techno-economic
data (load-duration, costs, efficiencies and...)tf@t year and moreover as a result of the
political issues that happened recently in the tgumot many changes have been taken
place in terms of investment and costs in renewaildzgy sources. The almost constant trend

of investments in Renewables installed capacitiesgypt between 2010 and 2013 is shown

in figure 6.
Techno-economic data for each type of power plant
Nuclear CCGT Fuel
Plant type Plant Plant Plant
Efficiency (%) 33 57 38
Investment cost ($/Kwe) 2050 534 364
Life cycle (years) 60 30 30
Fix O&M cost ($/Kwe) 46 8 8
Variable O&M cost ($/MWh) 0.8 1 0.3
Table 2
(Source: IEA 2010 Median Case)
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Figure 6:Installed renewable energy capacity in Egy

(Source: International Renewable Energy Agency 2014

5.2 Simulation Results and Economic Analysis

Model has been run for over the period 2010-2040edtments are allowed in the model
during all of the periods and time steps so as&uh the final electricity demand increase.
Seasonal and daily demands have been coupledheittabdomness factors already described

in the modelling frame-work section of this papklowever, sensitivity analyses on the
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model’s parameters (electricity demand, power gitar cost) point out that both primal and
dual results have significant changes when thenpetiers are modified. Thus, it is decided to
take into account the uncertainties on the mogeameters through various discount factor

assumptions are run sensitivity analyses on thteodid rate.

The major impact of discount rates is on the valtieotal cost generation cost per MWh
which itself includes investment, O&M and fuel codn this scenario carbon cost is equal to
zero and therefore direct emissions resulting ffossil fuel power plants usage have been

neglected.

Additional capacity investment in the Egyptian power generation mix
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Figure 7

For discount rates below 5%, total demand incréasatisfied with nuclear energy which is
considered as the most viable and economic wagémating electricity. Almost 10% of the

total investment takes place in the base year 200fis is almost tripled in the final year
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2030. Nonetheless most of the investment occuithenmiddle periods between 2010 and
2030. For example in 2020 around 60% of the toteéstment decision has been realized and

the model recommends 9.5 GW of investment in fotthlled capacity of the country.

For discount rates above 5% other fossil resougadicularly CCGT (combined cycle gas
turbines) power plants, become more economic. f&iance at 8% discount rate, the model
suggests about 1.8 GW of investment in total capadth CCGT power plants (consuming
only natural gas as a fuel) from the beginning wf lbase (reference) year of 2010. In 2020
(middle period) model suggests not only CCGT tetdgies but also fuel power plants. Total
amount of suggested investment in fuel power pleedshes almost 35% of total additional
capacity in 2020. The remaining capacity investmienstill in CCGT technologies. The
model considered 100% fossil-based generation agxit{e most optimal one) up to at least
2025. From then on, nuclear technology becomem dlga most optimal solution to answer
the further increase of electricity demand. Thet fdat technologies within huge initial
investment costs (so-called overnight costs) ant loonstruction times become more
economic only at the end of the period, could b@ared by their notable sensitivity to large
discount rates. Moreover, as we have assumed imodel that the last periods’ demand will
remain constant for a very long period of time @ sumption used for increasing the
reliability, stationary and rationality of the dyn& model for investment decision making),
nuclear power becomes less risky and optimal soiutor long-term demand satisfaction.
Economic viability of this long-term decision-magistrategy turns out to be less rational for
discount factors higher than 8% and even fully giiesrs for discount factors rates above

10%.

By looking at the results in figure 7 it is alsaticeable that for the discount rate values above

10%, investments in fuel power plants turns outb& optimal from the beginning and
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becomes even the only optimal choice after 12% rtStunstruction time (compare to the
other technologies) and rapid return on investraeamthe main reasons behind this expensive
100% fuel-based plants investment. Prompt satisfaaf accelerating electricity demand
with least costs, is also another reason. Howdxemoving further in time and giving more
time to the investor(s), more capital intensivehtesiogies such as CCGT come into action

once more.

It should not be forgotten that the above conchssiobtained under the zero carbon emission
price assumption and they can be totally alteredditing a certain amount of G@rice Iin

the model. Henceforth, GQrosts are introduced in the model. Carbon emissiamounts
were integrated as physical property of each fosml type by taking into account the
thermal efficiency of each fossil power plant. ialiyy, the CQ price of 10€ per tonne was
designated and then the model was run again. iImesdtresults under this assumption for the

same discount rate intervals are shown in figure 8.
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For the discount rates up to 5%, nuclear power msnagain the most optimal choice and
other technologies are not competitive at all (pxcas a back-up plant to compensate
renewable intermittencies). Significant modificatioompare to the pervious case (without
emissions) can be noted in the discount range otdB8%%. In this range, nuclear energy is
still present as an economical source of power;irfigtance around 8% of discount rate,
nuclear energy could provide up to 70% of totateileity sector investment of Egypt as a
most optimal power unit. However fossil plants staroccupy a bigger share in the power

generation mix of the country in 10% discount IGdse.

Uncertainty about climate policy is one of the ¢gesarisk factors that investors in power
sectors are dealt with at the moment. Climate pai@y have a weighty impact on power
generation costs with different options. If amhigocarbon reductions are to be achieved
globally, the power sector may need to be rapidigadbonized in many regions. However,
the decarbonisation trend observed in non-OECDsuth slower than that of OECDs.
Uncertainty about future climate policy (herebyegrated via various CQprices) thereby

creates significant insecurity about generationscotdifferent technologies.

Hence, a sensitivity analysis designed for diffei@@, prices so as to better demonstrate the
impact of carbon price increase on the power géioeratructure of Egypt and obviously the
promotion of non and less G@mitting technologies, respectively nuclear andGIC
compare to fossil fuel based ones. Egyptian optigesleration capacity additions proposed

by the model under different GQrice scenarios are shown in figure 9.
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Finally, it is important to mention that Egypt beta a net importer of oil in 2010 (our
reference year). In our model we assume that féssilprices (oil and gas) are equal to that
of international markets. Hence, if Egypt contintegrovide natural gas to power producers
under subsidies (with final price lower than th&trdernational markets), all the suggested
investments in fuel power plants should be repldmgdias units. This could become also
applicable for nuclear units after certain levelsabsidies. And on the contrary, under total
subsidy-suppression scenario in addition to lessemain investment and political
environment (leading to smaller discount rates)learcpower choice could be the most
economic and optimal solution. Not only it will mide cheaper power but also help to free
certain share of domestic gas production for expaa international markets. Nevertheless,
we should not forget that certain amount of poveémost 20% according to our model) must
be still afforded by fossil fuel plants, with rapsthrt-up time, to assure the back-up role for
the 20% integration of intermittent renewables hie Egyptian electricity mix. Finally, an
attempt to analyse the pass through effect of giensubsidies in the wholesale and retail
power tariffs of Egypt was performed. For this mgp, a static cost-minimization model
(without investment) of Egyptian power supply haei constructed for the reference year
2010. In this model demand’s variation is based @m the peak/base periods and seasons.
Hence neither medium nor long term demand increasearios were applied. The shadow
values (marginal values) associated with the logumsgler (model’s output) for each season
and each hour corresponds to the marginal valusduped by the last power unit (MWh).
Observation of those values for our static modelréference year 2010) indicates that the
long-term marginal cost of electricity productianaround 72$ per MWh. Actually this value
is the average of all the marginal values generbjethe model for each season and hour of
the day. Due to the fact that the technology dagshange during peak hours, it can be used

as a proper indicator of total marginal cost.
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The weighted average of Egyptian electricity tarffifnultiplying the share of each consumer
by its related tariffs) is equal to approximatef$4per MWh. Table 3 shows the Egyptian
electricity tariffs for each category of demand aothsumption. This value is less than 60%
of the marginal value given by the model. Hencdgiifexample the marginal pricing criteria
as an optimal way of electricity pricing is consel® (in which short-run and long-run
marginal costs are equal and future investmentgaaeanteed), the existing tariffs are far
below the optimal level (Boiteux 1949). In otherna®, the allocated utility of fossil fuels
(including subsidies) associated to the power gdiwar is higher than the potential value of
these fuels (oil and gas) for a probable expoudrmubsidized usages in the power and other
energy intensive sectors. This observation confithes distorted optimality of the current

heavily-subsidized power sector of Egypt, in teohboth fuel prices and final tariffs.

Current Electricity Tariff Structure (1 Pt =0,14 $)
Sector Average Price (Pt/KWh)
Residential 30
Commercial 40
Agriculture 11
Industry 20

Table 3: Egyptian Electricity Tariffs (Source: EEF2012)

6. Conclusion

The economic analysis of the power generation nitk &n optimization model point out
that, according to resource availability and theeifel expected electricity needs, being mainly
dependent on national fossil fuel reserves for payemeration is not an economic optimum.
The gas resources could be exported and more power could be based on renewable
resources or nuclear power plants. Moreover, imvest in nuclear power units for the
demand satisfaction of the next 20 years (betwe@2D 2and 2030) in addition to 20%
integration of renewables in the generation mix, k&luce the COemission of the Egyptian

power sector by almost 25 million tonnes per year.
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However, these choices are affected by the evelufocosts and demand over twenty years
period. Thus, the choice of a low or a high dis¢oate strongly impact the power generation

mix and consequently the G@mission rates.

Efficient utilization of the energy resources camieg the electricity sector requires a
considerable promotion of the alternative non-fosihniques. Even though the renewable
sources of power generation can be used efficientitiyery decentralized and local scales, yet
intermittent nature of these technologies doespeomit to provide a large scale continues
base-load power. Besides, the need for more fassHbased back-up power plants would

become inevitable to guarantee the national poy&es equilibrium.

Therefore, a power generation strategy based omrradugl integration of nuclear and
renewable is suggested. A power generation mixedas an optimal choice of fossil,
nuclear, hydraulic and other renewables, is constiéo be the most appropriate way of

electricity production in Egypt.
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Appendix A: Single Buyer Model

In this restructured electricity market, networlhéther transmission or distribution) remain
regulated while generation is exposed to compaetitieor the networks the incentives for
capital investments are function of the regulatiorposed by the regulatory authorities.
Contrarily in the case of generation no expliciicer control applies, nevertheless the
regulators may monitor generation adequacy andlegtaadditional market and tariff-based

incentives to encourage new investments in thesect

Under a single buyer model only new capacity dgualent is exposed to competition, while
the continued operation of plants with respectutpot would be exempt from competition
and would rather run under (usually long-term) popugrchase agreements. The single buyer
is responsible to determine capacity requirememid eould also direct the technology

decision through suitable conditions included ia ¢all for tender for new capacity.

In this model the revenue that a generator is atbwo receive under its contract with the
single buyer is normally contains two main compdsgavailability payments and energy
payments. The energy payments are intended, amtmg ¢hings, to recompense the
generator for the costs associated with operatiegplant, that is fuel and variable O&M

costs. The availability payments are anticipateprtwvide the generator with revenue to cover

the cost of capital, including a normal rate otirat and the fixed O&M costs.

P_;ar Power
Generator Purchase Selling Distributor [~ Supplier
greament Agresment:
*| Distributor | Supplier -

Generator Single Buyer

Generator

System

Transmission .
Operation

Figure 1-A: Single Buyer Electricity Market (Souré¢eEMA 2010)
36



The "Cahiers de I'Economie" Series

The "Cahiers de I'économie" Series of occasional papers was launched in 1990 with the aim to enable
scholars, researchers and practitioners to share important ideas with a broad audience of stakeholders
including, academics, government departments, regulators, policy organisations and energy companies.

All these papers are available upon request at IFP School. All the papers issued after 2004 can be

downloaded at: www.ifpen.fr

The list of issued occasional papers includes:

#1. D.PERRUCHET, J.-P. CUEILLE
Compagnies pétroliéres internationales : intégration
verticale et niveau de risque.
Novembre 1990

#2. C.BARRET, P. CHOLLET
Canadian gas exports: modeling a market in
disequilibrium.
Juin 1990

#3. J.-P. FAVENNEC, V. PREVOT
Raffinage et environnement.
Janvier 1991

#4. D. BABUSIAUX
Note sur le choix des investissements en présence de
rationnement du capital.
Janvier 1991

#5. J.-L. KARNIK
Les résultats financiers des sociétés de raffinage
distribution en France 1978-89.
Mars 1991

#6. |. CADORET, P. RENOU
Elasticités et substitutions énergétiques : difficultés
méthodologiques.
Avril 1991

#7. I. CADORET, J.-L. KARNIK
Modélisation de la demande de gaz naturel dans le
secteur domestique : France, Italie, Royaume-Uni
1978-1989.
Juillet 1991

#8. J.-M. BREUIL
Emissions de SO2 dans l'industrie frangaise : une
approche technico-économique.
Septembre 1991

#9. A FAUVEAU, P. CHOLLET, F. LANTZ
Changements structurels dans un modéle
économétrique de demande de carburant.
Octobre 1991

#10. P.RENOU
Modélisation des substitutions énergétiques dans les
pays de I'OCDE.
Décembre 1991

#11. E.DELAFOSSE
Marchés gaziers du Sud-Est asiatique : évolutions et
enseignements.
Juin 1992

#12. F.LANTZ, C. IOANNIDIS
Analysis of the French gasoline market since the
deregulation of prices.
Juillet 1992

#13. K. FAID
Analysis of the American oil futures market.
Décembre 1992

#14. S.NACHET
La réglementation internationale pour la prévention et
I'indemnisation des pollutions maritimes par les
hydrocarbures.
Mars 1993

#15. J.-L. KARNIK, R. BAKER, D. PERRUCHET
Les compagnies pétrolieres : 1973-1993, vingt ans
apres.

Juillet 1993

#16. N. ALBA-SAUNAL
Environnement et élasticités de substitution dans
I'industrie ; méthodes et interrogations pour l'avenir.
Septembre 1993

#17. E.DELAFOSSE
Pays en développement et enjeux gaziers : prendre en
compte les contraintes d’accés aux ressources locales.
Octobre 1993

#18. J.P. FAVENNEC, D. BABUSIAUX*
L'industrie du raffinage dans le Golfe arabe, en Asie et
en Europe : comparaison et interdépendance.
Octobre 1993

#19. S.FURLAN
L'apport de la théorie économique a la définition
d'externalité.
Juin 1994

#20. M. CADREN
Analyse économétrique de l'intégration européenne des
produits pétroliers : le marché du diesel en Allemagne
et en France.
Novembre 1994

#21. J.L. KARNIK, J. MASSERON*
L'impact du progrés technique sur I'industrie du pétrole.
Janvier 1995

#22. J.P. FAVENNEC, D. BABUSIAUX
L'avenir de I'industrie du raffinage.
Janvier 1995

#23. D.BABUSIAUX, S. YAFIL*
Relations entre taux de rentabilité interne et taux de
rendement comptable.
Mai 1995

#24. D.BABUSIAUX, J. JAYLET*
Calculs de rentabilité et mode de financement des
investissements, vers une nouvelle méthode ?
Juin 1996



#25. J.P. CUEILLE, J. MASSERON*
Colts de production des énergies fossiles : situation
actuelle et perspectives.
Juillet 1996

#26. J.P. CUEILLE, E. JOURDAIN
Réductions des externalités : impacts du progrées
technique et de I'amélioration de I'efficacité
énergétique.
Janvier 1997

#27. J.P.CUEILLE, E. DOS SANTOS
Approche évolutionniste de la compétitivité des activités
amont de la filiere pétroliere dans une perspective de
long terme.
Février 1997

#28. C.BAUDOUIN, J.P. FAVENNEC
Marges et perspectives du raffinage.
Avril 1997

#29. P.COUSSY, S. FURLAN, E. JOURDAIN, G.
LANDRIEU, J.V. SPADARO, A. RABL
Tentative d'évaluation monétaire des colits externes
liés a la pollution automobile : difficultés
méthodologiques et étude de cas.
Février 1998

#30. J.P.INDJEHAGOPIAN, F. LANTZ, V. SIMON
Dynamique des prix sur le marché des fiouls
domestiques en Europe.

Octobre 1998

#31. A.PIERRU, A. MAURO
Actions et obligations : des options qui s’ignorent.
Janvier 1999

#32. V.LEPEZ, G. MANDONNET
Problémes de robustesse dans I'estimation des réserves
ultimes de pétrole conventionnel.
Mars 1999

#33. J. P. FAVENNEC, P. COPINSCHI
L'amont pétrolier en Afrique de I'Ouest, état des lieux
Octobre 1999

#34. D.BABUSIAUX
Mondialisation et formes de concurrence sur les grands
marchés de matiéres premiéres énergétiques : le
pétrole.
Novembre 1999

#35. D.RILEY
The Euro
Février 2000

#36. D.BABUSIAUX, A. PIERRU O
Calculs de rentabilité et mode de financement des
projets d'investissements : propositions
méthodologiques.
Avril 2000 & septembre 2000

#37. P.ALBA, O. RECH
Peut-on améliorer les prévisions énergétiques ?
Mai 2000

#38. J.P. FAVENNEC, D. BABUSIAUX
Quel futur pour le prix du brut ?
Septembre 2000

#39. S.JUAN, F. LANTZ
La mise en ceuvre des techniques de Bootstrap pour la
prévision économétrique : application a I'industrie
automobile
Novembre 2000

#40. A.PIERRU, D. BABUSIAUX
Co(t du capital et étude de rentabilité
d’investissement : une formulation unique de
I’'ensemble des méthodes.
Novembre 2000

#41. D.BABUSIAUX
Les émissions de CO2 en raffinerie et leur affectation
aux différents produits finis
Décembre 2000

#42. D.BABUSIAUX
Eléments pour I'analyse des évolutions des prix
du brut.
Décembre 2000

#43. P. COPINSCHI
Stratégie des acteurs sur la scéne pétroliere africaine
(golfe de Guinée).
Janvier 2001

#44. V.LEPEZ
Modélisation de la distribution de la taille des champs
d'un systéme pétrolier, Log Normale ou Fractale ? Une
approche unificatrice.
Janvier 2001

#45. S. BARREAU
Innovations et stratégie de croissance externe : Le cas
des entreprises parapétroliéres.
Juin 2001

#46. J.P.CUEILLE*
Les groupes pétroliers en 2000 : analyse de leur
situation financiere.
Septembre 2001

#47. T.CAVATORTA
La libéralisation du secteur électrique de I'Union
européenne et son impact sur la nouvelle organisation
électrique frangaise
Décembre 2001

#48. P.ALBA, O. RECH
Contribution a I'élaboration des scénarios énergétiques.
Décembre 2001

#49. A. PIERRU*
Extension d'un théoréme de dualité en programmation
linéaire : Application a la décomposition de co(ts
marginaux de long terme.
Avril 2002

#50. T.CAVATORTA
La seconde phase de libéralisation des marchés du gaz
de I'Union européenne : enjeux et risques pour le
secteur gazier francgais.
Novembre 2002

#51. J.P. CUEILLE, L. DE CASTRO PINTO COUTHINO,
J. F. DE MIGUEL RODRIGUEZ*
Les principales compagnies pétrolieres indépendantes
américaines : caractéristiques et résultats récents.
Novembre 2002

#52. J.P. FAVENNEC
Géopolitique du pétrole au début du XXI® siécle
Janvier 2003

#53. V. RODRIGUEZ-PADILLA*
L'ouverture de I'exploration et de la production de
gaz naturel au Mexique, libéralisme ou
nationalisme
Janvier 2003



#54. T.CAVATORTA, M. SCHENCKERY
Les majors pétroliers vers le multi énergies : mythe ou
réalité ?
Juin 2003

#55. P.R. BAUQUIS
What energy sources will power transport in the 21st
century?
Janvier 2004

#56. A.PIERRU, D. BABUSIAUX
Evaluation de projets d'investissement par une firme
multinationale : généralisation du concept de co(it
moyen pondéré du capital et conséquences sur la
valeur de la firme.
Février 2004

#57. N.BRET-ROUZAUT, M. THOM
Technology Strategy in the Upstream Petroleum Supply
Chain.
Mars 2005

#58. A.PIERRU
Allocating the CO, emissions of an oil refinery with
Aumann-Shapley prices.
June 2005

#59. F.LESCAROUX
The Economic Consequences of Rising Oil Prices.
Mai 2006

#60. F.LESCAROUX, O. RECH
L'origine des disparités de demande de carburant dans
I'espace et le temps : I'effet de la saturation de
I'équipement en automobiles sur I'élasticité revenu.
Juin 2006

#61. C.l. VASQUEZ JOSSE, A. NEUMANN
Transatlantic Natural Gas Price and Oil Price
Relationships - An Empirical Analysis.
Septembre 2006

#62. E.HACHE
Une analyse de la stratégie des compagnies
pétroliéres internationales entre 1999 et 2004.
Juillet 2006

#63. F.BERNARD, A. PRIEUR
Biofuel market and carbon modeling to evaluate
French biofuel policy.
Octobre 2006

#64. E.HACHE
Que font les compagnies pétroliéres internationales de
leurs profits ?
Janvier 2007

#65. A.PIERRU
A note on the valuation of subsidized Loans
Janvier 2007

#66. D.BABUSIAUX, P. R. BAUQUIS
Depletion of Petroleum Reserves and Oil Price trends
Septembre 2007

#67. F.LESCAROUX
Car ownership in relation to income distribution and
consumers's spending decisions.
Novembre 2007

#68. D.BABUSIAUX, A. PIERRU
Short-run and long-run marginal costs of joint products
in linear programming
Juin 2008

#69. E.HACHE
Commodities Markets: New paradigm or new fashion?
Juillet 2008

#70. D.BABUSIAUX, A. PIERRU
Investment project valuation: A new equity perspective
Février 2009

#71. O.MASSOL, S. TCHUNG-MING
Stratégies coopératives dans I'industrie du GNL :
I'argument de la rationalisation est-il fondé ?
Février 2009

#72. A.PIERRU, D.BABUSIAUX
Valuation of investment projects by an international oil
company: A new proof of a straightforward, rigorous
method
Février 2009

#73. E. SENTENAC CHEMIN
Is the price effect on fuel consumption symmetric?
Some evidence from an empirical study
Avril 2009

#74. E.HACHE
OBAMA : Vers un green New Deal énergétique ?
Septembre 2009

#75. O. MASSOL
Cost function for the natural gas transmission industry:
further considerations
Septembre 2009

#76. F.LANTZ, E. SENTENAC CHEMIN
Analyse des tendances et des ruptures sur le marché
automobile francgais. Modélisation du taux de
diésélisation dans le parc
Décembre 2010.

#77. B.CHEZE, P. GASTINEAU, J. CHEVALLIER
Forecasting air traffic and corresponding Jet-Fuel
Demand until 2025
Décembre 2010.

#78. V.BREMOND, E. HACHE, V. MIGNON
Does OPEC still exist as a cartel? An empirical
investigation
Mars 2011.

#79. 1. ABADA, O. MASSOL
Security of supply and retail competition in the
European gas market. Some model-based insights.
Mars 2011.

#80. E.HACHE, F. LANTZ
Oil price volatility: an econometric analysis of the WTI
market.
Avril 2011.

#81. |. ABADA, V. BRIAT, O. MASSOL
Construction of a fuel demand function portraying
interfuel substitution, a system dynamics approach.
Avril 2011

#82. E.LE CADRE, F. LANTZ, P-A. JOUVET
The bioenergies development: the role of biofuels and
the CO2 price.
Décembre 2011

#83. E.LE CADRE, F. LANTZ, A. FARNOOSH
Bioenergies usages in electricity generation utility
means through a modelling approach: application to
the French case.

Décembre 2011



#84. |. ABADA, V. BRIAT, S. GABRIEL, O. MASSOL
A generalized Nash-Cournot model for the north-
western European natural gas markets with a fuel
substitution demand function: the GaMMES model.
Décembre 2011

#85. O.MASSOL, A. BANAL-ESTANOL
Export diversification and resource-based
industrialization: the case of natural gas.
Décembre 2011

#86. B.CHEZE, P. GASTINEAU, J. CHEVALLIER
Air traffic energy efficiency differs from place to place:
analysis of historical trends by geographical zones using
a macro-level methodology.
Décembre 2011

#87. D.LORNE, S. TCHUNG-MING
The French biofuels mandates under cost uncertainty -
an assessment based on robust optimization.
Septembre 2012

#88. L.de MAACK, F. LANTZ
Petroleum products price interactions on the
world markets: an econometric analysis.
Septembre 2012

#89. 0O.MASSOL, S. TCHUNG-MING
Joining the CCS Club! Insights from a Northwest
European CO, Pipeline Project.
Octobre 2012

#90. F.M. MENTEN, S. TCHUNG-MING, D. LORNE, F.
BOUVART
Lessons from the use of a long-term energy model for
consequential life cycle assessment: the BTL case.
Novembre 2013

#91. A.CHEVALIER, F. LANTZ
Personal car or shared car? Predicting potential modal
shifts from multinomial logit models and bootstrap
confidence intervals
Novembre 2013

#92. A. FARNOOSH, F. LANTZ, J. PERCEBOIS
Electricity generation analyses in an oil-exporting
country: Transition to non-fossil fuel based power units
in Saudi Arabia
Décembre 2013

#93. V.BREMOND, E. HACHE, M. JOETS
On the link between oil and commodity prices: a panel
VAR approach
Décembre 2013

#94. B.CHEZE, J. CHEVALLIER, P. GASTINEAU
Will technological progress be sufficient to stabilize CO2
emissions from air transport in the mid-term?
Décembre 2013

#95. F.MENTEN, B. CHEZE, L. PATOUILLARD, F.
BOUVART
The use of Meta-Regression Analysis to harmonize LCA
literature: an application to GHG emissions of 2" and
3" generation biofuels
Décembre 2013

#96. A.DIAZ, S. PROOST
Second-best urban tolling with distributive concerns
Décembre 2013

#97. O.MASSOL, A. BANAL-ESTANOL
Market power across the Channel: Are Continental
European gas markets isolated?
Janvier 2014

#98. C.NICOLAS, V. SAINT-ANTONIN, S. TCHUNG-
MING
(How) does sectoral detail affect the robustness of
policy insights from energy system models? The
refining sector's example
Octobre 2014

#99. V. BREMOND, E. HACHE, T. RAZAFINDRABE
On the link between oil price and exchange rate:
A time-varying VAR parameter approach
Juillet 2015

#100. A. BANAL-ESTANOL, J. ECKHAUSE, O.
MASSOL
Incentives for early adoption of carbon capture
technology: further considerations from a European
perspective
Juillet 2015

#101. A. FARNOOSH, F. LANTZ
Decarbonisation of electricity generation in an oil & gas
producing country: “A sensitivity analysis over the
power sector in Egypt”
Juillet 2015

" une version anglaise de cet article est disporshte
demande



