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Abstract

This note details two comments on a recent polilopgsal in Comello and Reichelstein
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Introduction

The prohibitively high cost of CC technology forst-of-a-kind plants is recurrently cited as a majo
barrier to its large-scale deployment. To overcdhis problem, Comello and Reichelstein (2014)
recently articulate an innovative policy proposaéhable substantial cost reductions by leveratyiag
sizeable deployment of thermal-based power gewoeratiojected in the U.S. during the period 2017-
2027. The proposal combines two ingredients: aibgn@nd inflexible emission standard; and the
“Accelerated Carbon Capture Deploynie(dCCD) — a preannounced schedule of Investment Ta
Credits (ITC) and Production Tax Credits (PTC) mexl at providing an incentive for newly built
power plants in the U.S. to adopt CC immediately.

This brief note extends the analysis by consideting issues. In a first section, we apply the
framework detailed in the original artitléo generate a schedule of tax-credits that is sk

alternative scenarios for CC deployments outside WhS. In a second section, we reflect on the
possible emergence of a coordination game capéalblanopering the desired early deployment of that

technology and propose a modified schedule of tagits that is sufficient to overcome that problem.

1 — The role of early CC deployments outside the U.  S.

Using a list of proposed but still undecided prege€¢GCCSI, 2013), the authors assume the
installation of nearly 3 GW of foreign CC capali@g between 2014 and 2020. However, in Europe,
the funding of large CC projects has recently pnoteebe difficult causing delays and several projec
cancelations (Lupion and Herzog, 2013). As earlyeifpy projects are posited to engender
international spillovers, one may wonder whetheséhwithdrawals could undermine the proposal’s

SUcCCess.

To render the proposal robust to the vicissitudegaicting foreign projects, we consider a ‘worst-
case’ scenario whereby foreign deployments areictsd to the unique Canadian 130MW power
plant finalized in 2014. To compensate for the abseof foreign early investments, augmented ITC
and PTC schedules are needed (cf., Figure 1) buewaluations confirm that this robust version is

almost as attractive as the initial versfon:

! The two authors must be praised for having maeie tfata and spreadsheet model readily availableaders.
2 For the sake of brevity, this note solely sumnesiaur main conclusions. Further details on thehott used to generate
the results are provided in a Supporting Documehiet disseminated as a companion file to this paper
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» The Levelized Cost of Electricity (LCOE) obtainedhwa facility that becomes operational by
the end of 2027 is approximately 7.9 ¢/kWh if CChteology is consistently adopted by all
the newly built U.S. thermal power plarits.

* The magnitude of the tax-credit levels remain pualty acceptable (cf., Figure 1).

* Overall, the cumulated (undiscounted) foregone revenue to the U.S. Treasury reaches
about $8.2 billior!. This robust schedule of incentives thus represeutsst-effective solution

for achieving a large scale deployment of this rative technology.

Figure 1. The modified ACCD tax credits schedule uther a robust scenario
[ INSERT FIGURE 1 ABOUT HERE ]

2 — Strategic interactions among CC adopters

Recent European literature on CC and storage lygdidiited the interactions that exist among CC
adopters connected to a common infrastructure myétendelevitch, 2014; Massol, et al., 2015). In
the present paper, infrastructure issues are rtedldaut the use of an experience cudee facto

generates some interactions. It is instructivexam@ne these interactions further.

Our discussion is structured as follows. A firsbsection reviews the evaluation of the schedule of
tax-credits used in the original article. The sekeunbsection focuses on CC adoption in a given year
by several players and proves that the incentiffeseal that year may not be sufficient to rule ting
possible occurrence of a coordination game withtigial equilibria. As uniqueness is not achieved,
these players may select an equilibrium where semi¢ters rationally prefer to delay CC adoption.
As that phenomenon may jeopardize the desiredypolitcomes, the third subsection identifies an
appropriately augmented minimum level of incentitlest is sufficient to overcome that issue. The
last subsection reports the numerical results nbthusing the associated ITC and PTC schedules. For

the sake of brevity, all the formal proofs are pded in a Supporting Document.

A — The subsidy scheme in Comello and Reichelstein (2014)
We consider a given yedrin {2017, 202}7 and let: K, denote the total planned capacity of all

the power plants to be installed during that yeaxd CK, denote the state variable that gives the

cumulated CC capacity already installed duringpteeeding years.

% This figure remains close to the 7.8 ¢/kWh obtdiimethe original article (Comello and Reichelst@ifi14 - Finding 3).
* This 25% increase over the base-case scenarialsae positive externality provided by foreigmlginvestments in first-
of-a-kind CC plants.

5 Hence,CKt is the sum of the capacities of all the CC plaras #ne already in operations when yéabegins.



For an investor that considers installing a powentpduring that year, we Iet:tR denote the LCOE
obtained in case of a ‘last-minute retrofit’ by tsed of 20275 and qN (x) be the strictly decreasing

function that gives the LCOE if that plants adofts immediately givenx, the cumulated CC in

operation at that dafe.

In yeart, we do not model the tax-credits but simply asstima¢ their effect is to lower the LCOE

measured on a power plant that early adopts CChdajes. We let§ be the levelized subsidy and

C (x):=¢" (¥ - S denote the subsidized LCOE function.

Recall that the ACCD tax-credits are set so that,d facility to be installed in a given year, it
becomes advantageous to adopt CC capabilities imategdcompared to retrofitting that plant by the
end of 2027. The evaluation of the schedule ofctaxlits presented in the original paper is detdiled

an associated spreadsheet model: the “NGCC + C&ulatdr” (Comello and Reichelstein, 2014). In

this model, CC adoption at the maximum level isuasd in each yeat so that the cumulated CC

capacity available at the beginning of the nextryisaCK,, =CK + K . The tax-credits are

calibrated so tha§, the levelized subsidy implemented in yéawerifies § = §, where S, is the

threshold level:

S=¢(CK+ K)- ¢, (1)

The authors underline that, by construction, tixectadits prevent possible ‘deviation’ from whagyh
name an ‘equilibrium path’ of early CC adoptiondéed, if one models CC adoption as a one-shot
game involving 11 players (one for each year) wieexeh player faces a binary choice with respect to

early CC adoption for the entire capachy, the proposed subsidy makes ‘early adoption’ tgt b

response of every player when the other playersjaistly decide ‘early adoption’. In this gameegth
proposed schedule of tax-credits thus makes thisidecvector stating ‘early adoption’ for every

player a pure strategy Nash Equilibrium (NE).

B — Is that proposed subsidy sufficient?
In reality, the problem at hand involves a sequesfcannual decisions and the cumulated impact of

installed CC capacity on future LCOE figures getesaa ‘path dependency’ to past CC adoption

decisions. The capacity forecasts and the starland size used by the authors together suggeist tha

% As all power plants installed between 2017 and72a&2 forced to adopt CC by the end of that yeas, tRIOE figure is

2027

systematically evaluated assuming tﬁE1K2017 + Zr=2017 Kr is the cumulated CC capacity in operation at tma ti

" As discussed in the original paper, this LCOE figtiakes into consideration a 10% first-of-a-kinérpium if the
cumulated capacit) is lower than the first 3 GW.



several power stations will be installed in somargdparticularly during the period 2023 — 20273. A

these plants are likely to be owned by independemipanies, one may wonder whether, in each year

t, the threshold level, is sufficient to induce the joint early adoptioh@C capability by all the

plants to be installed that year.

To address this issue, one has to examine thegitanteractions among the plants to be instatiex

given year. To clarify the presentation, we consieimplified case and assume that two identical

plants of sizeKt/Z are installed in yeat. These plants are controlled by two independemygrs

labeled ‘1" and ‘2" and we posit that each playeeefs a binary choice with respect to the immediate
installation of CC capabilities. We also assumé daaly CC adoption has already been decided by all

predecessors so that the cumulated CC capacitylablaiat the beginning of the year is

t-1

CKt = CI<2017 + ZT=2017 KT '

The ‘unsubsidized’ game

The objective of each player is to minimize its LEOAbsent any tax-credits, their strategic

interactions can be summarized with the ‘unsubstlimormal form game in Table 1.

Table 1. The ‘unsubsidized’ normal form game
[ INSERT TABLE 1 HERE ]

Following the authors, we posit that it pays toageCC adoption when the rival adopts the CC

technology early:
¢ <q'(CK+K). (2)

As qN is assumed to be a strictly decreasing functicalsd pays to delay CC adoption when the rival

does not early adopt the capture technofblgnce, the condition (2) indicates that ‘late dttop is

a strictly dominant strategy for a player and tfemethe pure strategy where both players decate ‘I
adoption’ is the unique NE. Hence, absent any taegits, the two players rationally prefer to delay
CC adoption.

Emergence of a coordination game

8 Because(:tR <qN(CK + K)< QN(CK+%)



We now examine the case where tax-credits are imgaited and consider the levelized subsidy level,
S . For a player that early adopts CC capabilities, gayoff is now given by the subsidized LCOE.

The ‘subsidized’ normal form game is thus derivednf the ‘unsubsidized’ one by using the

subsidized LCOE functiorf:tN in lieu of the unsubsidized one. Two results carhighlighted for the

‘subsidized’ normal form game.

Finding 1 — For any levelized subsidy that verifi€} > §, the strategy vector stating ‘early

adoption’ for each player is a NE of the subsidigathe.

Finding 2 — Implementing a levelized subsid$, that verifies § = § may not be large

enough for the strategy (‘early adoption’, ‘eartjoation’) to be the unique NE. In particular, a

subsidy level§ = § is such that (‘late adoption’, ‘late adoption’yains a NE.

Together, these two findings suggest that impleingna levelized subsidy that solely verifies

§ = § could lead to a coordination game with possiblyesal NEs.

However, the existence of a NE other than the baegrovides early CC adoption at lew€| in year

t is a source of concern. The following finding peevthat a lower-than-expected level of CC
adoption in yeat may undermine the ability of the proposed schedtilevelized subsidies to also

achieve the early adoption of CC capabilities ibsequent years.

Finding 3 — Possible existence of a snowball effetit delayed adoption were to be decided by
some players in yedtr, a levelized subsidyy,, that solely verifies the conditio,, = §,;
can be too small to make ‘early adoption’ of CCatalities the best response of an investor in

yeart+1.

C — Aremedy
Because of this possible snowball effect, one nesjrd that the schedule of levelized subsidiesrule

out any possibility for the investors in any givgear t to pick up a NE that does not lead to
generalized early CC adoption. As there can be dmtvwyear variations in the number of players and
in the sizes of their plants, we believe that ipisferable to opt for a threshold level that igyéa
enough to be independent from these consideratibms.following proposition offers a sufficient

condition for generalized CC adoption to occur.

Proposition — In each yeart, any tax-credits yielding a levelized subsi@y that verifies

t-1

§2 S, with S:= ¢'(CK) - ¢ where CK, :=CKy,,+>. K, is the cumulated CC



capacity available at the beginning of ydarsystematically induces the installation of a CC

capacityK, .

D — Application
This subsection reports the results obtained usiieg minimum threshold above. The numerical
evaluations have been conducted assuming the ralaystcity deployment scenario discussed in

Section

Compared to the values in the original article, evaluations indicate that the magnitude of the ITC

levels remains similar; however, substantially aagtad PTC are needed (cf., Figure 2).

Figure 2. The tax credit schedule needed to obtaenunique NE
[ INSERT FIGURE 2 ABOUT HERE |

These new levels generate a substantial increadbeincumulative (undiscounted) foregone tax
revenue to the U.S. Treasury: about $14.1 billitms is a 110% increase over the figure obtained in
the original article. Nevertheless, we believe thds cost figure remains tolerable for such an
ambitious policy, especially one that would nowéedered robust to both foreign adverse events and

domestic gaming issues.

Conclusions

This note discusses the feasibility of the policggmsal in Comello and Reichelstein (2014). Two
lines of arguments have been considered. Firshave examined the effects of early CC deployments
outside the U.S. Second, we have determined tleatnitially proposed ACCD schedule can be
insufficient to engender the desired generalizedy eedoption of CC capabilities because of the
possible co-existence of multiple Nash equilibhaboth cases, a modified version of the policy has
been proposed using the detailed cost structurelojged in Comello and Reichelstein (2014). Though
higher incentive levels have been obtained, ouitiigs confirm that the cost of the proposed ACCD
policy to the U.S. Treasury is not out of reachisTimodified policy thus represents an interesting

instrument to break the ‘vicious circle’ that curtlg hampers the deployment of CC technologies.
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Figure 1. The modified ACCD tax credits schedule uther a robust scenario
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Table 1. The ‘unsubsidized’ normal form game

Player 2

Late adoption

Early adoption

K
H ate ¢ ;c ¢yt CK +—
s adoption T 5
s Earl K
o arly MK +—t | - R N . N
adoption G ( K Zj ' G ' (CK +K) ;¢ (CK +K)
Note: In this paper, the objective of each plagsioi minimize its LCOE.
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(b) Modified PTC schedule
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This document constitutes a technical appendikeaforementioned paper.

* Appendix A (respectively Appendix C) clarifies thgsumptions and methodology used to

generate the numerical results commented in Sett{oespectively Section 2) of the paper.

» Appendix B presents the mathematical proofs ofRimeling 1, 2 and 3 and the Proposition

stated in Section 2 of the paper.
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Appendix A — The role of non-U.S. CC adoptions, a s ensitivity
analysis

This Appendix details the assumptions, methodobgy results commented in Section 1.

A.1  Assumptions

Table A.1 details the projected annual capacitylaj@pents by year retained in the ‘worst case’
scenario. This conservative projection has beernvetkrfrom Comello and Reichelstein (2014,
Supporting document - Table A.1.) by restraining &mount of international capacity to the unique
130 MW Carbon Capture (CC) power plant that is entty in operation in Canada. Capacity

deployment excepted, our assumptions are the ds@ssded in the original article.



Table A.1. Projected U.S. Capacity Deployments of BICC Facilities and International
Capacity Deployments of Carbon Capture Technologynithe Robust Scenario

Projectec.| ».anual Projected Annual . .
Int'l Addltlon§ of Capacity Additions Tot'al Annt‘le!I TotaI'CumuIa‘nt'lve Pro;ec:‘.ed Net NGCC
Year Capt.ure Unit 2017-2027 (EIA) Capacity Additions Capacity Additions | Capacity 2017-2027
Capacity (GCCSI) [MW] [MW] [MW] (EIA) [MW]
(Mw]
2014 130 130 130 189939
2015 0 130 192 122
2016 0 130 192 447
2017 0 0 0 130 192 447
2018 0 0 0 130 192 220
2019 0 690 690 820 192910
2020 0 432 432 1252 193 342
2021 272 272 1524 193615
2022 450 450 1974 194 064
2023 5350 5350 7324 199 414
2024 2389 2389 9712 201 803
2025 5907 5907 15619 207 710
2026 4307 4307 19926 212 017
2027 6828 6828 26 754 218 845

A.2  Methodology

We proceed as in Comello and Reichelstein (201d)identify the minimum incentives required to
bridge the gap between: (i) the Levelized Costletticity (LCOE) of a facility that is retrofitteah
2027, and (ii) the LCOE of a plant that immediatelyopts CC capabilities. For each year, the
minimum investment tax credit (respectively producttax credits) is calibrated so that the levelize
capacity (respectively variable) cost in case ahediate CC adoptidris equal to those incurred in

case of a retrofit in 2027.

A.3 Results

In Table A.2, we detail the “Accelerated Carbon f0eg Deployment” (ACCD) tax credits obtained in
the robust scenario. These results have been dgedeusing an adapted version of the original
NGCC+CC Calculatot.

! For the sake of comparability, this levelized destetermined using the fiscal depreciation sctesdand the 10% first-of-
a-kind premium defined in Comello and Reichelst@iong).

2 Note that these minimum tax credits schedule atenacessarily tiered. The use of different fisbepreciation schedules
between two successive years can generate a @itwaltiereby the investment tax credit needed irvergyear is larger than
that needed during the previous year. To overcdraeissue, we proceed as in the NGCC+CC Calculatogenerate tiered

schedules. In this paper, a linear programming @ggr is implemented to obtain these tiered schediilee linear program
is aimed at determining the tiered tax credit sahedhat minimizes the cumulative foregone tax nexeto the U.S.

Treasury and verifies two types of constraints:tlfg tiered tax credit in a given year must notidwer than that of the

subsequent year, and (ii) the tiered tax creditstmot be lower than the minimum values requiracie LCOE of a new

plant to be lower than the LCOE of a plant retrefitin 2027.

3 This modified spreadsheet model named “NGCC+CC Cosul@adc_Section 1.xIsx” can be downloaded from @livi
Massol's webpagéhttps:/sites.google.com/site/oliviermassolshomepagrking-papers




Table A.2. The ACCD tax credits in the Robust Scemnma

Schedule of SChedl."e of
Year Fiscal Depreciation Investment Tax Productl?n Tax
Schedule Credits Credits
[¢/kwh]
2017 MACRS 22.4% 241
2018 MACRS 20.9% 241
2019 MACRS 19.1% 241
2020 MACRS 17.4% 241
2021 MACRS 15.2% 241
2022 MACRS 13.1% 2.41
2023 MACRS 10.0% 0.94
2024 150% DB 10.0% 0.84
2025 150% DB 4.4% 0.48
2026 150% DB 0.2% 0.21
2027 150% DB 0.0% 0.00

Note: MACRS indicates that all capital expendituraB ke eligible for the five-year accelerated
depreciation schedule according to MACRS; 150% DBcaumis that all capital expenditures will be

subject to the current 150% balance, 20-year degtiee schedule.

Appendix B — Mathematical proofs
This Appendix presents the formal proofs of thelltssstated in Section 2. Unless otherwise spekifie

the notation is based on the one introduced ipéper.

Finding 1 — For any levelized subsidy that verifie§ = §, the strategy vector stating ‘early

adoption’ for each player is a Nash equilibriuntred subsidized game.

Proof: Suppose both players decide ‘early adoptidgach player incurs the subsidized

LCOE: Gt (CK+K)=¢' (CK+ K)-S.AsS = §,the conditionC (CK +K)sd
is de factoverified which indicates that ‘early adoption’ the best response of a player

whenever its rival also picks that strategy. ED.

Finding 2 — Implementing a levelized subsidy that verifies§ = § may not be large enough for
the strategy (‘early adoption’, ‘early adoption be the unique Nash equilibrium. In particular, a

subsidy level§ = § is such that (‘late adoption’, ‘late adoption’ymains a Nash equilibrium.

Proof: We have to check the conditions for the are€late adoption’, ‘late adoption’) to no
longer be a Nash equilibrium. We examine the bespanse of a player when the rival

decides ‘late adoption’. The condition for that yéa to systematically prefer ‘early adoption’

. . . ~N K . .
when the rival decides ‘late adoption’ i (CKt +—'j<qR which calls for a levelized
2



subsidy that verifies the conditior§ >'S where S = o (CKI +%j_C‘R' As ¢ is a
strictly decreasing function, the thresthii verifiesg >3S. Q.E.D.

Finding 3 — Possible existence of a snowball effetft delayed adoption were to be decided by some

players in yeart, a levelized subsidyg,; that solely verifies the conditio®,, = §,; can be too

small to make ‘early adoption’ of CC capabilitibe thest response of an investor in yead.

Proof: Because of non-adoption, we assume thaCtbeapacity constructed in yeérattains

a levelk, with k. < K. If the levelized subsidy scheduled during the pear is set such that
S.,=S,. the subsidized LCOE obtained in case of adoptionrifie®
ét'\-:-l(CK' +k +k_)>q:, forany level of CC adoptiok,,, D[O, Km] in yeart +1 (because

qN+1 is a strictly decreasing function). Q.E.D.

Proposition —In each yeart, any tax credits yielding a levelized subsifly that verifies§ 2 S,
t-1

with S, = ¢ (CK)~- ¢ whereCK, := CK2017+ZT:2017 K. is the cumulated CC capacity available

at the beginning of yedr, systematically induces the installation of a Gpaxity K, .

Proof: We assume that a player has to build a usigower plant of capacity, D[O, Kt] in
year t and lety, D[O,Kt - )g] be the aggregate amount of CC capacities decidedtsb
rivals. If the levelized subsidy is such that§ = 'S, the LCOE obtained in case of early CC
adoption systematically verifie§: (CK, +x +y)< ¢ (CK+ x+ y)- ¢( CK)+ . As

N

c

any y, in [O,Kt —x[] which indicates that this player's best resporseystematically to

is a decreasing function an@K, + x + y = CK, we have C (cK +x+y)<d for

implement CC immediately. Applying that reasonimgany other player in year t indicates
that early CC adoption is a dominant strategy foatt player which indicates that the
generalized early adoption of CC capabilities by #ile investors is the unique Nash
equilibrium. Q.E.D.



Appendix C — A robust schedule of ITC and PTC that IS immune to

strategic gaming considerations

This Appendix details the assumptions and resoltsneented in Section 2.

C.1  Assumptions and methodology

The simulation is based on the projected capa@piayments retained in Appendix A (Table A.1).
We follow the methodology in Appendix A.2 excepatlthe tax credits are now calibrated so as to
provide a levelized subsidy that is at least agelas the threshold level mentioned in the Proipaosit

in Section 2. These tax credits thus prevent thetence of Nash equilibriums where some emitters

could rationally prefer to delay CC adoption.

C.2 Results

In Table C.1, we detail the “Accelerated CarbontGagpDeployment” (ACCD) tax credits obtained in
the robust scenario when the incentives are derfvaah the levelized subsidy discussed in the

Proposition in Section 2. These results have besergted using an adapted version of the original

NGCC+CC Calculatot.

Table C.A. The ACCD tax credits in the Robust Scena

Schedule of SChedl."e of
Year Fiscal Depreciation Investment Tax Productl?n Tax
Schedule Credits Credits
[¢/kwh]
2017 MACRS 22.4% 2.78
2018 MACRS 20.9% 2.78
2019 MACRS 19.1% 2.78
2020 MACRS 17.4% 2.78
2021 MACRS 15.2% 2.78
2022 MACRS 13.1% 2.78
2023 MACRS 11.2% 2.78
2024 150% DB 11.2% 1.11
2025 150% DB 6.7% 1.05
2026 150% DB 1.4% 0.62
2027 150% DB 0.0% 0.00

Note: MACRS indicates that all capital expendituraB ke eligible for the five-year accelerated
depreciation schedule according to MACRS; 150% DBcaugis that all capital expenditures will be

subject to the current 150% balance, 20-year degiec schedule.

4 This modified spreadsheet model named “NGCC+CC Cosul@adc_Section 2.xIsx” can be downloaded from @livi
Massol's webpagéhttps:/sites.google.com/site/oliviermassolshomepagrking-papers




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

Y une version anglaise de cet article est disporshre
demande



