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Modelling zero carbon transitions:
The ESME-FTT model

- Introduction to E3BME-FTT
The model and the research community
developing it

3- Modelling Brazil's Ecological

Transformation plan
The ongoing study and early results

2- Insights on zero-carbon transitions from E3ME-

FTT
The macroeconomic impacts of sustainability transitions
(growth, balance of trade, competitiveness, efficiency)
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Principles of technological change

Diffusion justifies
expansion of
productive
capacity

- Costs go down

Declining costs
enable access to
a growing
population of
users

- Sales go up
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Future Technology Transformations (FTT)

FTT is a family of micro-models of technology choice and substitution,
given economic/policy context

Current FTTs

= Power generation
» Road transport
= Domestic heat
» |ndustrial heat
= Steelmaking
Upcoming FTTs
» Land-use

= Hydrogen

= Aviation

= Shipping

t+At

71 regions/countries

t

Evolutionary discrete choice modelling + process innovation
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Future Technology Transformations (FTT)
Substitutions Substitutions
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The ESME-FTT integrated model:

Energy Resources . . . P
Natural resource use and Pollcy Assumptlons Model dlsaggl‘E‘gatIOI’l.
deRicben —> Economic feedbacks 71 Regions
\L —_ g:g gm'SS'O?S ; 88 technologies
—> s Concentrations 43 industrial sectors
Energy Prices / —> Environmental Changes 23 fuel
Resource costs ‘ Ll Ui

12 fuels

Policy / /

—— N\ T
\ Precipitation Other climate
anomalies impacts

FT ":Power FTT:Transport FTT:Heating FTT:Stedl
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The economic cycle in E3SME

t-v-»

The demand-driven nature of growth in E3ME-FTT: Credi zeation 4%\
. . Science —-‘“6‘1

1- Entrepreneurs have skills to innovate, g R&D Va ~(§_1_Q_L ﬂ;
2- Financial institutions/partners provide investment g ‘ B~ i <—/", ¥

4 A
3- Investment and Innovation reduces costs and increases productivity Entrepraneus 41 ‘,’;;‘:,‘;',’Z
5- Cost reductions cause prices declines and/or profits T '"VGS'mem
6- Consumers have leftover income ~
7- Income and profits boost aggregate demand si s} C,,,ﬂ
8- Aggregate demand motivates further innovation and investment $3 > ”-‘—' | -

Demand [WW] ' |
I ——Produc(ion
< AT
Disposable Employment

Income

Mercure, Pollitt et al, The effects of low-carbon transitions on labour productivity, Climate Policy (2024)
Mercure J.-F., et al., Policy-induced energy technological innovation and finance for low-carbon economic growth, 08
£ presentationcan report for the European Commission (2016)




The economic cycle in E3SME

. . . i X
Demand-driven endogenous behavioural equations Credt creation ::j{%t;
. . Science Y “6 |
1- Consumption in 43 sectors of final products, R&D Va ( §_1_Q ‘) At
2- Investment in 43 industrial sectors g ( 1| Compettivencss/ &5
. . . .. . p il | Imports/
3- Prices (incl. technological progress/productivity growth, imports, exports) Entrepreneur " || Exports
4- Import and export volumes T Investment
4- Employment (incl. labour participation, hours worked, wages) -
7- Capacity utilisation (incl. inflation) si s} W,,ﬂ
8- Energy demand and supply in physical units $3 > Lﬂ-‘—' | -
Demand [WW] ' |
43 industrial sectors, 43 consumption sectors, 22 fuel users, Production
71 regions covering the globe, 12 fuels, bilateral trade, ’ . I
monetary and physical units Baposstis. Eploment

Income

Mercure, Pollitt et al, The effects of low-carbon transitions on labour productivity, Climate Policy (2024)
Mercure J.-F., et al., Policy-induced energy technological innovation and finance for low-carbon economic growth,
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The ESME-FTT modelling community

The core modelling community:

% University ‘ Global Systems <combridge

Institute

P of Lxeter econometrics
Primnary FTT developer E3SME owner and host
Lead academic partner, Primary E3ME developer
develops and uses E3ME-FTT Hosts and maintains
Writes scientific modelling ESME-FTT
papers Offers model licenses

CE is a consultancy
Largely non-profit

Other community members:

nnnnnnnnnnnnnn

@ THE WORLD BANK

IBRD « IDA | WORLD BANKGROUP

Fiscal unit
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E3ME user and
Primary ESME dev
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developer FTT user and developer
eloper for Primary FSMAT developer
Connects FSMAT with FTT

Provides financial risk analysis C3A is a World Bank program

TREX is a startup company

Core model
Developers

e
= Model users,
UNICAMP Data developers

Data users,
scenario developers
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Modelling zero carbon transitions:
The ESME-FTT model

2- Insights on zero-carbon transitions from E3ME-

FTT
The macroeconomic impacts of sustainability transitions
(growth, balance of trade, competitiveness, efficiency)
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o & Gov. Royalties

Impacts of low-carbon transitions on
Economic growth in ESME-FTT

1. Low-carbon investment boosts economic activity

= Building activity &, GDP @, jobs &

» |mplies large investment and possible debt burdens
2. Decline in demand for fossil fuels

% change royalties

o
= Excess supply, FF prices N, production W, GDP N, jobs N 5
= Declines in investment across supply chains ‘é-’u .
3. Trade balance: §'10'—USA
» ImporterS' ) ganada = -;atin (A);:EC
. 9 ussia — -Rest
Reduces energy imports and redresses trade -20 [—China — - Saudi Arabia
balance, s e L
income A, competitiveness A, GDP 2 4 e %
(e.g. Europe, China, Japan, India) E
=  Exporters =
Decline of the fossil fuel industry, jobs N, 5
GDP N S .
(e.g. USA, OPEC, Canada, Russia) 5
O -4
RS

-6

£\ PresenTaTIONC3A Mercure et al, Nature Energy (2021) https://doi.org/10.1038/s41560-021-00934-2 2020 2050 20'40 20150 2060




Change in output (EUR Trillion)
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Low-carbon and structural transformation in ESME-FTT
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1. Structural change more
important than GDP effects

Global GDP +1%
Country GDP: -10 to +10%

Huge changes in sectoral
output

Investment losses/gains

2. Fossil exporters:

Large indirect impacts in
construction, manuf, services
due to huge loss of brown
investment

Offset by green investment

3. Fossil importers

Huge gains green investment
Small losses brown activity

Large positive indirect
impacts (excl fossil fuels)

Mercure J-F, Complexity Economics for Environmental Governance (2022)



Low-carbon and structural transformation in ESME-FTT; Global

5 country archetypes according to economic structure

Undiversified ‘;_ Russia —
major fossil 3 :
producers G Saudi Arabia —
Brazil .-
Diversified :
maijor fossil 3 Canada 1 Model
producers o |
USA ﬁ EEm E3ME-FTT

Advanced . o -I BN GEM-E3-FIT
economies, - L M Imaclim-R
fossil 5 Japan q_ CGE models
importers ,

: * China
Emerging 8
economies, e
fossil o India
Importers —-20% —-15% -10% -5% 0% 5%

GDP difference from baseline

Lynch, Mercure et al, Structural change and socio-economic disparitiesina (14
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Low-carbon and structural transformation in ESME-FTT:; Brazil

Brazil China EU

4%

s = Sectoral losses of jobs (and
e ) than
: o B R - By p— output more severe
£ economy-wide metrics
g suggest.

4%

2030 2040 2050 2030 2040 2050 2030 2040 2050 » Brazil — some losses in fossil
India Russia USA fueIS

4%
= But offset by more
£ -\-_- substantial gains in
S e e services and construction

= Gains driven by increased
domestic investment

4%

2030 2040 2050 2030 2040 2050 2030 2040 2050
— Aggregate change B Construction B Energy-intensiv e industries mm Other industries
I Agriculture I Electricity I Fossil fuels Services

Lynch, C., Simsek, Y., Mercure, JF., & Nijsse, F. Hidden disparities on the road to net- 015

&L presearanonca zero. Identifying areas of opportunity and risk. EEIST report (2023) www.eeist.co.uk




Low-carbon and structural transformation in ESME-FTT:; Brazil

Brazil China EU

400

200

» Trade balance worsens for

i S — --\- fossil fuel net exporters,
improves for importers

Trade balance difference (bn. US$)

-200

2030 2040 2050 2030 2040 2050 2030 2040 2050 = Decreases are either
india Russia e de?reGS?S N exports or
0 gains of imports
20 = Worsening trade balance

somewhat offsets boost

-/“ - uN -\l. from investment

-200

Trade balance difference (bn. US$)

2030 2040 2050 2030 2040 2050 2030 2040 2050
— Aggregate change B Construction B Energy-intensive industries B Other industries
I Agriculture I Electricity I Fossil fuels Services

Lynch, C., Simsek, Y., Mercure, JF., & Nijsse, F. Hidden disparities on the road to net- 016
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Low-carbon and balance of trade in E3ME-FTT

Outcomes of the transition on the trade
balance

« Large fossil fuel exporters experience
substantial export losses (Conodo,
Russia)

» Large fossil fuel importers benefit from
lower imports and increased
international purchasing power
(e.g., India, China)

« Some decarbonizing countries have
higher manufacturing exports

« Risk of currency devaluation!!

Trade balance change relative to baseline GDP (%)

O 2030
L1 @ 2040 i
I 2050
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S
N Q\\) %’&) O_;o

Espagne, Mercure, Oman et al, Cross-Border risks of a global economy in mid-transition, IMF working paper, (2023)
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Modelling zero carbon transitions:
The ESME-FTT model

3- Modelling Brazil's Ecological

Transformation plan
The ongoing study and early results

-
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Modelling the Ecological Transformation Plan

« Using EBME-FTT, we aim to simulate how the Ecological Transformation
Plan could impact Brazil's economy

« We are focusing on:
« Sectoral output (structural Change)
+ Employment
« Exports and imports
 Prices of goods and services

. Crc])mporing scenarios of varying degrees of global action on climate
change

4 PRESENTATION C3A 020




Modelling the Ecological Transformation Plan — Power transition

Current Trajectory

= Rapid growth of

1400000
onshore wind and

1200000 = Onshore solar PV

3 m Offshore

= 1000000 solar PV .

g = Large Hydro = Driven by globally

S 800000 = Gas declining technology

© m Gas + CCS costs

§ 600000 W Biomass

Z  Biomass + CC5 = Large hydro market

2 m Coal 9 )4

g 400000 m Conl + CCS share decreases

= H QOil
200000 = Nuclear = No additional policy

mCSP here

2025 2030 2035 2040 2045 2050
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Modelling the Ecological Transformation Plan

« Representing ambitious investments into the power sector, railways,
urban mobility and more

« Combined with decarbonization policies in high emitting sectors
including power and road transport

- Aim to capture outcomes that change the long-term productivity of
sectors with changes to imports and exports

022
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Thank You!
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