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50 years of environment-development research

* 1973 : foundation by Ignacy Sachs

e 2023 : CIRED's 50th anniversary (conference and book)
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1- Economic impacts of energy / low-
carbon policies

1.1 Issues

1.2 Modeling for decision-making : background and model
categories



1.1 Economic impacts of energy / low-carbon policies : recent

examples

Transition écologique et emploi :

Ic grand bouleversement

Wy

France Culture, 16 décembre 2022

Energie, climat : qui va payer la

transition ? avec Jean Pisani-
Ferry et Selma Mahfouz

France Inter, 22 mai 2023
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Comment la transition écologique va
toucher la croissance et les prix

Les Echos, 5 avril 2023

POLITIG CLIMAT

La transition écologique demeure trop
couteuse pour les classes moyennes et les
plus modestes

Le Monde, 19 octobre 2023



1.1 Public reporis : a recent focus on economic issues

Macroeconomic issues of

AR PIS Ly Grenelle de I'environnement
2016 CGDD Stratégie natlonalg bas carb.one :

a macroeconomic evaluation
2020 MTES SNBC2 — Rapport

d’accompagnement

CGDD : Commissariat Général au développement durable
MTES : Ministére de la Transition écologique et solidaire

The economic impact of climate
action
(Pisani — Mahfouz report)

2023 France Stratégie

« favorable impact on GDP and employment in the short
term »

« energy transition double dividend »

« both ecological and economic benefits »

« double dividend, both economic and environmental »

« Investments are not made at the expense of other
investments in the economy »

« do in 10 years what we've struggled to do in 30 »
« decarbonization will call for major additional investment »

« between now and 2030, financing these investments is likely
to entail economic and social costs. »

Key message :

— double benefit of
the transition, both
ecological and
economic

Key message :

far-reaching short-
term consequences



1.1 1974 - French “energy independence” policy : similar questions

Jean-Marie Cavada

«This [nuclear] program is going to be expensive,

»

«

Won't this upset your current
forecasts? »

ORTF, 6 mars 1974

—
—

Pierre Messmer

«

through its own cash flow and
through the loans it will issue to the public. ».

«

and you know that
this is one of our major concerns »



1.1 Conclusions

Questions that are not new, but many topics to tackle:

- Understanding short-term effects (e.g. 5-year horizon)
(economic activity, prices, debt...)

- But what about the long term (e.g. 30+ years)?
(effect of structural change in the economy on employment, coherent energy-economy trajectory, etc.

!

Mobilizing energy and economic expertise:
what decision-making tools could we use ?

10



1- Economic impacts of energy /
low-carbon policies

1.1 Issues

1.2 Modeling for decision-making : background and model
categories

11



1.2 In France : from economic “prevision” models to the emergence of
energy-economy-environment “prospective” models
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Aglietta Michel, Courbis Raymond.
Un outil du Plan : le modele Fifi. In: Economie et statistique,

N°1, Mai 1969. pp. 45-65.

Prevision :

imposes the future

(what's going to
happen?)

Short term dimension

ETUDE SYWNTHETIQUE COMPARATIVE
DES MODELES FRANCAIS
DEPMROSPECTIVE

EMERGIE-ECONOMIE-ENVIRONMNEMENT

Juillet 1903

Aihislaine TFESTALS

Elude réalisiv pour 'ALDEME et le PIRSTM

ITE
4 Rechaloucaeld 75

331 P3AE 45

Prospective:

Exploring contrasted

futures

Long term
dimension (2050)

12




1.2 = part of an emerging global environmental and technical-economic
outlook (Cassen, 2023)

Development of techno-economic for

technical and economic plannin ) _
P g The integrated assessment paradigm

- RAND Corporation (1948) extends to climate issues
- Modeling energy infrastructures (Boiteux, - DICE (W. Nordhaus, 1992)
1951)

Oil crisis (1973,1979) - ETA-MACRO (Manne and Richels, 1990)

50s - 60s _S _t?(ik_h_o 1”.1_C_O_n_f?r_e ! f?_({?iz_)___ 80s — 90s

Reconstruction _ Creation of the IPCC (1988)
_ The emergence of long-term modeling Review of models in France
Economic development France: Interministerial group on (Destais, 1993) :
Cold War Models with a global focus the greenhouse effect (1990) EDEE.SME
environment-economy-energy
(“integrated” assessment) POLES
- WORLD (Meadows et al., 1972) EFOM-environnement
- Bariloche Model (Herrera et al., 1974) IMACLIM (CIRED)
| --. |
|

Heterogeneous features : how to read them
13



1.2 Energy-economy modeling: the two historical approaches

Technology / energy mix
« Bottom-up » models : ‘

Energy system costs

Example: informing technological
choices

« TOp-dOWI’] » models : Economic activity

‘ Employment

Example : assess the
macroeconomic impact of Competitiveness
energy policies

14



1.2 « Hybrid models » : examples of classification
(Hourcade et al. 2006)

i
Précision :
technologique ﬁ ;

#
&
|

BU historigue

IMACLIM (CIRED)

i+ Réalisme des
,_comportements

/ .............. f

Rétroactions
macroéconomiques

TD historigue




1.2 Conclusions

How can top-down and bottom-up approaches be combined ?

Contribution : IMACLIM models

16



2- IMACLIM models

2.1 Main characteristics

- Energy-economy hybridization
- Comparative statics and recursive dynamics

2.2 Examples of studies :

- Macroeconomic evaluation of the Stratégie Nationales Bas-Carbone (SNBC)
- [WIP] sensitivity of energy demand to uncertainties in the future macroeconomic context

17



2.1 IMACLIM : examples of contributions

* 1991 : 2030 scenarios for the Commissariat Général au Plan
— Hourcade, J.-C., Ben Chaabane, N., & Baron, R. (1991). Politique énergétique et effet de serre : une esquisse des marges de
manceuvre a 2030. Rapport pour I’Atelier “Prospective Energétique” du Commissariat général du plan.

e 2020 : Macroeconomic impacts of Stratégie Nationale Bas Carbone 2
— MTES (2020). Stratégie Nationale Bas-Carbone 2, rapport d’accompagnement

* 2013 : Carbon taxation and social progress : an application to the case of France
— Combet (2013). Fiscalité carbone et progreés social : application au cas frangais

* 2022 : Global socio-economic and climate change mitigation scenarios through the lens of

structural change
— Lefevre etal. (2022). Global socio-economic and climate change mitigation scenarios through the lens of structural change

18



2.1 IMACLIM models («Impact Assessment of CLIMate policies »)

Common
features

Explicit technical
systems

Dynamics

Balance of economic
resources

(« Computable
general equilibrium »)

IMACLIM =R

Economic sectors Explicit physical
consistents with energy flows
national accounts

(« Multisector ») (« Hybridization »)

IMACLIM = S

Technical systems are
not explicit

Static

Algeria

19



2.1 General equilibrium

Inputs :

National accounts

Energy balance

Macroeconomic
framework

Households

Public administrations

revenus

— |

—
demande

Exchanges between
economic sectors

exportations

importations

Outputs :

- GDP

Employment

Household income

Energy demand

20



2.1 General equilibrium

Summary of goods and services transactions

(Input-Output table : atool for describing the interdependence between branches of
the economy)

Intermediate Autres Secteurs .
consumption secteurs énergétiques Emplois
Autres secteurs 2242 32 5836
Secteurs énergétiques 91 44 255
Travail (L) 772 9 Final demand
Capital (K) 992 25
Rentes (R) 5 -
Taxes (T) 984 58

Ressources 5836 255




2.1 General equilibrium

Consistency of “accounting balance” between uses and resources

Intermediate Public
consumptions ~ administrations

~_ | |

Y, + M; IC;+C; +G; +I; + X;

|

Households

Investments
Importations

Production Exportations

NB : does not necessarily correspond to “economic equilibrium” (full employment...)

22



2.1 General equilibrium : system of simultaneous equations

fl(xl, ey Xny 21, ...,Zm) =

fz(xl, ...,xn, Zl, ...,Zm) —

fn(xlr vy Xy 271, ---;Zm) =0

x;,1 € [1,n]: set of variables
z;,1 € [1,m]: set of parameters

fi,i € [1,n] : set of functions

(some of which are non-linear)

Emmanuel Combet. Fiscalité carbone et progrés social. Application au cas frangais. Economies et finances. Ecole des Hautes Etudes en Sciences Sociales (EHESS),



2.1 General equilibrium : system of simultaneous equations

Example :

pXiO le>

X; = Xio (1 + 6Xl.)t (pM P
ig ' Xi

exportations

X;, : exportations of sector i for the reference year

by, : export rate of sector i

Px; €t Du; :export and import prices of sector i for the
reference year

Px; et Du; :export and import prices of sector i for the
current year

oy . price-elasticity of export volume of sector i
l

O'Xpi

Equation library variants

(modeller's choice)

Exports Val 2  Exports fluctuate with effective GDP

Exports Val X

Le Treut G., Description of the IMACLIM-Country model: A

country-scale computable general equilibrium model to
assess macroeconomic impacts of climate policies, CIRED

24 Working Papers, WP 2020-85



2- IMACLIM models

2.1 Main characteristics

- general multi-sector balance

- comparative statics and recursive dynamics

2.2 Examples of studies :

- Macroeconomic evaluation of the Stratégie Nationales Bas-Carbone (SNBC)
- [WIP] sensitivity of energy demand to uncertainties in the future macroeconomic context

25



2.1 Energy-economy hybridization

Description of economic Hybridizing

economic (euros) energy-economy
and physical flows (toe) accountings

Lefévre, J., Combet, E., Hourcade, J.-C. 2013. Construction de matrices entrées-sorties en indicateurs physiques et en valeur
monétaire pour les modéles d’équilibre général hybrides : application a I'économie brésilienne. Working Paper N° 2013-02-09. Chaire
Modélisation prospective.

Gaélle Le Treut. Methodological proposal for hybrid modelling : consequences for climate policy analysis in an open economy (France).
Environmental studies. Université Paris-Est, 2017. English.

Julien Lefevre. Hybridization challenges in energy-economy integrated models and representation of the low carbon transition : An
application to the Brazilian case. Economics and Finance. Université Paris Saclay (COmUE), 2016. English.

26



2.1 Energy-economy hybridization

- Sources
g i
Hisp6nibles \
1. Transposition of e |
Mat rice entrées-sorties Matrice en prix
energy bal ance to {unité d'énergie) (monnaie/unité d'énergie)
iInput/output format T o CF o _
: 2. Compilation of price
\_ — — _/ / e data and_computatlon of
I energy bills
Far:hlm érerpéliue
cl | cF

/

i
/

3. Integration of the energy \
bill into the input-output table

27
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2.1 Energy-economy hybridization

1. Transformation of energy balance to input/output format

i ) Non-
2010 - Million ton oil-equivalent, Mioe F;rl:emra:];y EEE&:}; valvables Total
energies

oy Froduction 1 121 13 135
- Impors 68 94 1] 162
A Exports -0 -33 1] -33
R Marine & Aviation bunkers 1] 0 0 ]
rq  Total Primary Energy Supply 69 182 13 265
= Transformations -649 =17 -0 -G8
A Energy industry own use 0 =10 o -10
- Lcsses 1] -4 1] -4
Ry Total Final Consumption 0 151 13 164
R Iron end steel ] 4 ] 4
g1 Monferrous metals 0 1 1] 1
- Mon metzllic minerals 0 4 0 4
R Conzlruclion 1] 1 0 7
R1d Chemical and petrochemical 0 B 0 &
R Faper, pulp and print ] o 1 o
R Mining and quarrying 0 0 0 2]
A Transporteguipement 0 1 o 1
r Otherindustries 1] g9 1 11
R Transport ] 48 ] 48
Ral Residential 1] 36 g 43
RE Agricuture andforestry 0 4 1] 4
o Fishing 1] 0 o 4]
Py Othersectors 1] 27 3 30
s Mon-erergy uses 1] a8 0 ]

Source : [EA, 2070

2010 - Millon ton oil-

Intermediate consumption

Final consumption

squvalent, Mios | o] Primary Final Final | Grors | Bxoort Total uses Production | Import
cmposite ENergy EnErgy demand po
Primary enengy - - 0.2 - - 0.1 0.3 4 67.9
Final energy BE6 0.04 188 [ - 328 198.5 108.1 B5.4

* Gross fed capital formation

Gaélle Le Treut. Methodological proposal for hybrid modelling : consequences for climate policy

analysis in an open economy (France). Environmental studies. Université Paris-Est, 2017. English.

28




2.1 Energy-economy hybridization

2. Compilation of price data and calculation of energy bills

. § § Intermediate consumption Final consumption
2010 - Milion ton oil- Total uses Production | Import
eguivalent, Mice . Primary Final Final -
‘Composite energy energy demard GFCF Export Prlce table
Primary enerngy - T0.2 - 0.1 0.3 2.4 67.9
Final energy BE.6 0.04 185 [ 328 198 5 1061 B5.4
\ * Gross fed capital formation
Intermediate consumption Final consumption
2070 - FAlion of euros c ) B Ei Final GECE* : Toral uses
OMmposite rimary energy Inal energy demand xpart
Primary encrgy = = 29 986.0 = 43.8 J0 03]
Fimal enargy 58 386.9 16.9 43243 72 285 6 16 612.1 152 337
28535.0 25 305.8

Irn ports

" Gross Mxed capital Tormation

29



2.1 Energy-economy hybridization

3. Integration of the energy bill into the input-output table

Intermediate consumption

Final consum ption

2

Fe

L]

"7

]

ct1

]

= e " P
2070 - Hiflion of sures Composite | Primary energy | Final enerngy d Final GFCF* Export Toal uses
emand
Primary encrgy 29 9860 = 43.8 J0 03
Final enargy 549 3B6.9 1B.9 43243 T2 288 6 16 6121 152 531
I ports 25533.0 28 305.8
* Gross fixed capial Tormation
Aene of saoe Intermediate consumption Final consumption Tt meos
Composite Primary energy Final energy Final demand GFCF Exports
Composite 4 040 047
Primary energy 29 986 - - 44 30 030
Final energy 4224 72289 - 16612 152 531
Value added 4 222 607
Total production 3443 486 348 70 340
Imports 29535 28 306
Taxes 141 738 147 53 885
Total resources 4 040 047 30 030 152 531 4 222 607 I
Resources - Uses 0 0 1}

30



2.1 Hybrid 1/0 table : example

Gas consumption for
« Chemical_pharma » production (ktep)

Gas_h Coal_ Elect Steel NonFe Cemen OthMi Chemi Paper Auto_ LandT Naval AirTr AgriF Food_ Const Manuf Compo

NonFe 126.9 3.1 233 25.3 6352.5 980.5 11.5 349.9 326 209 3210.4 11.7 83 0.6 16.7 13.9 1733.2 9454.9 7737.5 235 0 114.5 12115.4
Cemen 41 2.6 0.2 21.2 32.9 7.3 908.2 480.2 77.9 14.1 118.7 13 15 0.3 33.2 30.5 2359.5 490.2 151.6 336.4 0 0 405.5
OthMi 27.8 17.8 13 145.3 225.6 50.4 374.8 2223.7 534.2 97.1 814.3 88.9 10.2 21 227.5 209.3 14924.1 2089.8 3577.4 2238.3 0 0 5315.4
Chemi 8747  258.1 6 2102.1 95.8 4725 3838 356.7 18783.3 782.5 1378.9 388 60.4 18.5 5360.3 1062.8 2504.9 10982.7 11739.1 24124.7 19544.9 0 86436.5
Paper 395 27 0.2 216 3.4 16.9 24.7 226.8 1260.5 2951.6 182.1 31 48.2 1.8 145.8 1486.3 538 3175.2 10152.9 34235 0 0 8626.1
Auto_ 293 21 0.3 17.2 6.4 315 41 376 471 123 36423.8 2925 914 904.5 164.5 59.1 151.8 1445.1 15924.4 52880.2 123.4 28090.5 116318.8
LandT 173.5 6.5 0.9 53 7.6 375 10 922 278.7 43 88.3 17596.8 79.6 817 106.3 251.9 381.9 4155 40749.5 28073.4 5233.7 0 2084
Naval 0 0 0 0 0 0 0 0 0 0 0 17 2852.5 0 0 0 0 0 249.4 464.5 0 0 25249.2
AirTr 419 1.9 0.2 15.3 3.2 15.8 29 26.8 913 9 57 37.8 51.9 1779.6 59 59.6 104.4 139.2 4052 9050.2 56 0 15352.4
AgriF 0 1.4 0 11.3 0 0 0 0 48.7 112.2 0 0 0 0 12337.3 30256.9 498.4 2784.4 2033.4 25698.1 0 1514.7 17737.5
Food_ 543 3.4 0.5 27.9 12.3 60.8 4.4 40.8 1785.7 231 108.9 17.1 78.9 156.5 4774.7 21157.5 4107 2601.4 26846.9 86390.1 160.7 0 29139
Const 809.6  356.9 7.8 1984.2 162 79.5 19.9 126.1 3335 101.9 909.1 197.6 3015 130.6 318.1 269.8 47312.4 2336.1 23995.2 12225 0 245759.3 0
Manuf 1152 2142 4238 1325.3 1738.6 3742.5 360.2 2205.1 58 23122 29006 993.2 260.4 1127.5 2966.7 5528.3 31826.2 68465.8 57083.2 117894.9 2219.5 42416.9 111821.8

Com po 9270.2 676.3 80 7169.8 1128.8 12730.8 574.4 6979.2 25458) 5118.8 36017.9 23534 13715.8 4785.4 7978 26339.1 78186.8 57081 962780.9 641557.1 602742.8 175430.6 210299.6

Oth Q Oil Gas_h Coal_ Elect Steel NonFe Cemen OthMi Chemi Paper Auto_ LandT Naval AirTr AgriF Food_ Const Manuf Compo

Y 24214.1 49712 22947.8 91391.4 146269.8  92958.6 28817.3 23564.5 78787.9 134451.1 337736 301508.3  2701612.4

M 18657.9 517.8 10247.6 95631.6 107610.8 2886.9 0 7339.3 14246.5 39612.6 0 1890207  208023.5

Labour 10.6 11.4 04 94 0 383 53 101.7 95.1 1237 171.9 6.6 196 2433 5323 3385.1 1339.7 19928.3
Capital_consumption s 606 14.1 5191.9 979.2 1063.9 379.5 936.6 4365.7 8064.4 11316.4 3074 2938.4 15591.2 5689.2 12560.3 14880.6 313744.3

Manufactured goods for « Chemical_pharma »

production : pseudo-quantity (value / price) 31



2- IMACLIM models

2.1 Main characteristics

- general multi-sector balance
- energy-economy hybridization

2.2 Examples of studies :

- Macroeconomic evaluation of the Stratégie Nationales Bas-Carbone (SNBC)
- [WIP] sensitivity of energy demand to uncertainties in the future macroeconomic context

32



2.1 Recursive dynamic framework (IMACLIM-R): technical-economic
pathway by resolving a succession of static annual equilibriums

Reference
year

Reference
macro-economic

description

« Context » shocks:

Demography
Labour productivity
Energy import price

« Scenario » shocks:

Energy intensity

Investments and capital
intensity

Household consumption

Imports

Bottom-up modules
(residential,
transports...)

Projection

33



2.1 Comparative static framework (IMACLIM-S) : computes a single step
distortion of the economy

Reference
year (2018)

Reference

macro-economic
description

« Context » shocks :
Demography
Labour productivity

Energy import price

« Scenario » shocks:

Energy intensity

Investments and capital
intensity

Household consumption

Imports

Projections

34



2- IMACLIM models

2.1 Main characteristics

- general multi-sector balance
- energy-economy hybridization
- comparative statics and recursive dynamics

2.2 Examples of studies:

- [WIP] sensitivity of energy demand to uncertainties in the future macroeconomic context

35



2.2 Stratégie Nationale Bas-Carbone : defines a roadmap for carbon
nevtrality

Updated every 5 years:
2015 : SNBC (2015) Emissions / 4 (1990 reference)
2020 : SNBC2 (2020) Carbon neutrality
Ongoing : SNBC3 Carbon neutrality
2 scenarios

o « AME » : Incumbent decarbonation policies

o « AMS » : Net zero scenario
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2.2 Methodology

1. Modeling the combined effects of structural
changes on the economy on aggregate and
sectoral indicators

Intensités
energetiques Cadrage macroéconomique
commun aux deux scénarios
{population, productivite du travail,
prix des &nergies)

-

IMACLIM-S France

: Activité économique sectorielle
Intensités en capital

Emploi sectoriel
Efforts
d'investissements

Scénarios
AME et AMS

Consommation des
ménages

Importations et
exportations

2. Results : comparison between
AMS scenario and AME scenario
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/
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2.2 Examples of mechanisms and illustrative results (SNBC2)

—
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10%:
Reste de l'économie
gs, | © Transports Terrestres
Travaux
ga | ™ Construction
® Energie
mPIB 3.7%
4% [
2%
0.7%
n
0%
2030 2050
=205
-4%
-6%
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2- IMACLIM models

2.1 Main characteristics

- general multi-sector balance
- energy-economy hybridization
- comparative statics and recursive dynamics

2.2 Examples of studies:

- Macroeconomic evaluation of the Stratégie Nationales Bas-Carbone (SNBC)
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2.3 [WIP] Sensitivity of energy demand to uncertainties in the future
macroeconomic context

2 high and low variants calibrated on the basis of existing

Assessing the “risk of deviation” in final energy demand

—_—

historical values or prospective scenarios

1,45
o] "
3 -
Q 14 S
o] * x ox x x
-‘g 1,35
Paramétrage . . ’
. & Variante Variante . = *
Parametre ThreeME / " " s Source variantes © x x
es low high o « x
référence < 13 S
P Py .I . \q) *
roductivité du travail (gain 1,1 % 09% 1,3 % Historique 1990-2021 = .
annuel) 2]
o 1,25
Taux d'épargne 14 % 11% 21% Historique 1988-2021 ~
o
Population totale 2050 73 millions 70 millions 76 millions  |INSEE scénarios 2013-2050 g 1,2 .
. , . . Référence «low »: N L
Prix des énergies fossiles ) 2 x T
- Ortéegs (ref EU -40% /-81% | 40%/81% | IEA(2021), Net Zero by © 115 .
P Commission 2050 - .
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Exportations (/ref) -30% 30% mondiale scénarios SSP < x
(Dellink et al., 2017) ‘E x
o 1,05 < >
} o Total deviation = 307 TWh
| 1
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3**5 = 243 scenarios

Demande finale d’énergie 2050 (TWh)
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3- Current research topics at CIRED
(PhDs)



3 Current research topics at CIRED (PhDs)

Macroeconomic impacts of sufficiency

Gabriele Dabagghian https://www.centre-cired.fr/gabriele-dabbaghian/
Kilian Rouge https://www.centre-cired.fr/kilian-rouge/

Dynamics and inertia of sectoral job reallocation

Nicolas Graves

Interactions with banks and other financial institutions

Angélique Sarre https://www.centre-cired.fr/angelique-sarre/
Elisa Ndiaye https://theses.fr/s299620

Macroeconomic effects of stranded assets

Thibault Briera

https://www.centre-cired.fr/nicolas-graves/

https://www.centre-cired.fr/thibault-briera/

Links between adaptation, mitigation and the indirect costs of climate damage

Samuel Juhel

https://theses.fr/s260328
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