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WHAT CAN OUR MODELS DELIVER ‘ {) DARIS
IN TERMS OF GEOGRAPHIC COVERAGE? REINECREE

Geographical

coverage

GCAM PR 5.3
GEMINI-E3 7.0 Global

ICES XPS 1.0

MUSE-Brazil 5-region model of
Brazil

https://www.i2am-paris.eu/detailed_model_doc/

The PARIS REINFORCE project has received funding from the European
Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.
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PARIS REINFORCE IS FIRT ASKING
“\WWHERE ARE EMISSIONS HEADING?”
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MUSE-BR: MODULAR ENERGY SYSTEM ‘ . DARIS
SIMULATION ENVIRONMENT FOR BRAZIL WP REINFORCE

We use then the specific model from our ensemble of national models to project policies and model

decarbonisation pathways

N
MUSE-Brazil ol A
- Agent-based: modelling key players’ decision-making
- Simulation model with limited foresight 10°5-
- Low-carbon technologies: fuel switching, DAC, CCS 2
(BECCS), electrification, hydrogen, renewables g
- Socio-economic: “Business As Usual” (SSP2) =00 s e
Il 5.0 MMUS$/km2 ortheast Region
- Giarola et al. (2021), Science of The Total Environment, 783 3005 | | MM 0.5 MMUSS$/km2 CWR Central-west Region| .
B 0.2 MMUS$/km2 SER Southeast Region
771 0.1 MMUS$/km2 SR South Region
80°0 70°0 60°0 50°0 40°0 30°0
Scenarios S

* * The PARIS REINFORCE project has received funding from the European
Union’s Horizon 2020 Research and Innovation Programme under grant
* agreement No 820846.

Current policies: models current policies until 2030, constrains emissions between 2030 and
2050 extending the emission intensity reduction obtained from 2020 and 2030
Mitigation: projects net-zero on energy system emissions before 2055 (by 2052)




Energy system transition in Brazil
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Mitigation anticipates emission peak before 2030
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MUSE-BR: Low-carbon transition enablers | €0 Reiitoncr

* The mitigation scenario shows a high reliance on biofuels (up to 80 % of road fuel use) and CCS
(~350 Mt /y by 2050), as well as a lower role for electrification in road transport (lower than 15 %

of road fuel use)

* Other mitigation studies show:

» focus on bioenergy. AFOLU emissions are to be contained and CCS is important in energy and
also fuel generation [1, 2]

» some works analyse electrification of transport: they consider up to 50 % of the total fleet to
become electrified and rely on modal split (private cars-to-electric buses) between 2030 and
2050 [3, 4]

* |s our projected role assumed for CCS too optimistic? Could electrification be considered a more
important enabler of the transition?

1. Kdberle A. et al (2022), Cimatic Change, 170; Can global models provide insights into regional mitigation strategies? A diagnostic model comparison study of

bioenergy in Brazil
2. Rochedo P. et al (2018), Nature Climate Change, The thread of political bargaining to climate mitigation in Brazil, https://doi.org/10.1038/s41558-018-0213-y

3. La Rovere et al. (2015). Pathways to deep decarbonization in Brazil, SDSN — IDDRI
4. Baran and Legey (2013). Technological Forecasting and Social Change, 80, 907-917; The introduction of electric vehicles in Brazil: Impacts on oil and electricity

consumption
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Co-creating Transformative Policy ‘ yo PARIS
Mixes in PARIS REINFORCE REINFORCE

Our objective within PARIS REINFORCE: Transformative policy mixes:

To extend quantitative techno-economic scenarios in line with * combine technology push and demand
the Paris targets to socio-technical narratives by describing a pull but address also systemic concerns
transformative policy mix based on innovation system analyses .

pay attention to societal experimentation
. et eriaiataiit . + phase-out of non-sustainable practices

| Task 4.2: Qualitative socio- I I Task 5/6: Quantitative I
. B | . B | . . . .
: technical analysis m scenario modelling : ) Involve new Instltutlonal arrangements
|
! l ! : and governance structures
: [ ] | Dialogue process : [ ] |
I Innovation system analysis I I Energy system modelling I
: | | :
: | | | .
""""" @ TTTTTTTT """“@“““““ Case study for Brazil: Sustainable transport
- ) 4 * Innovation system analysis for the fuel
Presen.t [nno.vatlon Tensions Techno-economic scenarios t 1 B |
trajectories sector In brazi
J \.
il l lL * Reference and Deep Mitigation Scenario

based on the MUSE Brazil model.

[ Co-creation process to develop socio-technical scenarios with transformative policy mixes ]

The PARIS REINFORCE project has received funding from the European SOUFCGS. Sl representatlon

Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.
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No substantial use of CCS

Use of biomass increases stable: in power generation biomass
competes with uptake of renewables

Overall primary energy slightly increases, as service demand growth
is compensated by increase in efficiency targets .



- The deep mitigation scenario
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Key findings in the reference scenario

Transport sector in Brazil | Assumptions in the reference scenario

Overall *  All low-carbon technologies available
Road transport *  Biofuel share to 27 % and 10 % for ethanol and
biodiesel in ICE engines
»  Efficiency targets in ICE engines
Other modes *  Electrification and hydrogen options

* Increase of energy demand
*  No contribution from hydrogen

* Use of gases to a limited extent
»  Electrification of buses (post 2050)

»  Electrification of trains h




12 -

>
<
[y
h=
o
o
w
=
©
O -
= 6
>
2
]
c
L
©
c
&

=
o
i

2020 -

Assumptions in the deep mitigation scenario

MUSE-BR:Mitigation

2030 -

2050 -

Lig-Bio
Lig-0il
Gas-0il
Gas-Bio
Elec
Hydrogen

The deep mitigation scenario ‘ #'S. PARIS
o REINFORCE

for the transport sector in Brazil

Final Energy Road Transport, E] / v

10 -

[£5]
i

0-

MUSE-BR:Mitigation

Lig-Bio
Lig-0il
Gas-0il
Gas-Bio
Elec
Hydrogen

2020 -
2030 -

Key findings in the deep mitigation scenario compared to the

Transport sector in Brazil

Overall

Road transport

Other modes

Higher carbon price to reach net-zero

Same socio-economic, technology, and policy

assumptions as in reference

Same socio-economic, technology, and policy

assumptions as in reference

reference

* Increase in energy demand
*  No contribution from hydrogen

* Use of gases to a limited extent
* Increase in use of biofuels
»  Higher electrification (post-2050)

« Similar electrification for trains as in reference ‘




Brazilian transport sector: ‘ #" PARIS
recent developments WP REINFORCE

* Despite Brazil being a prominent biofuel producer, fossils
accounted for 77% in the transport energy mix

Third Period (2005-2018)

2005 2018
* Recent emissions reduction due to the introduction of the flex- Thay also Incheda st and gasoline
. . Mew LDV infroduced in 2000 that led [o a more
fuel (ethanol blend) LDV fleet (2003) and the biodiesel O emcintreet Armost  Reuces
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The PARIS REINFORCE project has received funding from the European Source: Nikas, A.etal (2022)

Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.




» Biodiesel production rapidly rising in the previous
decade, mainly consumed domestically.

* After reaching the 10% mandate in the fuel mix, concerns

over the ability to meet demand forced abandoning the
12% pledge.
* After the post-1975 ethanol rise, market remained
stagnated, only recently showing sings of growth

Biodiesel Production & Consumption
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The PARIS REINFORCE project has received funding from the European
Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.
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* Early in 1975, ethanol started being a substitute for
gasoline (LDV fleet),
* Currently, LDV sales is still strongly dominated by flex
fuel vehicles, which can use both ethanol and gasoline
* E-vehicles sales have started to grow exponentially since
2016, but absolute levels are still comparably low

B Flexible fuel* W Diesel © Gasoline M Electric™ ™ Ethanol

2014 2015 2016

The PARIS REINFORCE project has received funding from the European
Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.

2007

2018

Brazilian transport secjcqr: ‘ S DARIS
current role of e-mobility W) REINFORCE

19,745

:

Mumber of vehicles sold
[

-

2014 2015 2016 2017 2018 2019 2020

Source: STATISTA based on Associacao
Nacional dos Fabricantes de Veiculos

Automotores; RENAVAM; Associagao
Brasileira do Veiculo Elétrico

2019 2020




Conceptual background: ‘ yo PARIS
Transformation bottlenecks + policy mix elements REINFORCE

_ Transformation bottlenecks

Social feasibility < lack of acceptance by important groups
» deviation from societal trends + norms
* required behavioral changes

Political * established power structures
feasibility » limitations of current political system.
» deviation from political targets + strategies

Technological * transformation of physical infrastructures

feasibility * required technological maturity of certain technologies not
yet available

Economic * mobilizing needed investments

feasibility * need of importing certain goods.

* deviation from current market trends

Socio-economic * job losses
impacts *  price increases deemed unacceptable

Socio-ecological <+ additional uses of land and other natural resources deemed
impacts unacceptable

Source: Wachsmuth, J.; Jackwerth-Rice, T.; Seus, S.; Warnke, P.
(2021): Outlining a Methodology for Co-Creating Transformative
The PARIS REINFORCE project has received funding from the European PO”Cy Mixes. Full paper at the IST 2021 conference.

Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.
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Political .

feasibili

lack of acceptance by important groups
» deviation from societal trends + norms
* required behavioral changes

established power structures
ty » limitations of current political system.
» deviation from political targets + strategies

Technological * transformation of physical infrastructures

feasibility * required technological maturity of certain technologies not
yet available

Economic * mobilizing needed investments

feasibility * need of importing certain goods.

Socio-economic °

impacts

Socio-ecological -

impacts

» deviation from current market trends
job losses
*  price increases deemed unacceptable

additional uses of land and other natural resources deemed
unacceptable

Transformation bottlenecks + policy mix elements

_ Transformation bottlenecks Relevant policy mix elements

Social feasibility -

PARIS

Conceptual background:
REINFORCE

Inclusive policy making: Processes that foster dialogue, new ways
of thinking or interaction modes, societal experimentation, user
spaces or demonstration projects, e.g. roundtables, living labs
Flexible governance: adaptive mechanisms that reflect power
structures btw. governments, market actors + civil society, e.g. public
private partnerships

Systemic instruments: linking different elements (stakeholder and
activities) of innovation systems, e.g. institutionalized niche markets

Technology push: Instruments that pay attention to innovative
technology options, e.g. grants for demonstration projects,
investment loans

Demand pull: Mechanisms that stimulate the demand side
(economic or regulatory), e.g. quotas, contracts for difference
Systemic instruments: mechanisms that foster the provision of the
required infrastructures, e.g. regulation of discriminatory-free access

Systemic instruments: mechanisms that tackle structural change
and social inequalities as well as socio-ecological impacts
Inclusive policy making: processes that foster participation of
‘dormant’ stakeholder

Source: Wachsmuth, J.; Jackwerth-Rice, T,; Seus, S.; Warnke, P.
(2021): Outlining a Methodology for Co-Creating Transformative

The PARIS REINFORCE project has received funding from the European
Union’s Horizon 2020 Research and Innovation Programme under grant
agreement No 820846.

Policy Mixes. Full paper at the IST 2021 conference.




Social feasibility

Political
feasibility

Technological
feasibility

Economic
feasibility

Socio-economic
impacts

Socio-ecological
impacts

Bottlenecks for more ambition in the transport sector
(literature-based,

)

Transformation bottlenecks ‘ yo PARIS
for the transport sector in Brazil REIREQESE

Bottlenecks for realization of the deep mitigation scenario
(literature-based, )

Lack of integration of family farmers into production process »  Acceptance of BECCS

Private consumer uptake of e-mobility

Partial resistance by oil and automotive industries

Maturity of advanced biofuels (which?)
Infrastructure rollout for e-mobility
Lack of global battery production capacities

Growing transport activity

fossil Diesel dominating for heavy-duty vehicles (HDVs)
Infrastructure for expansion of railways

Access to credits (batteries, no incentives)

Increasing costs of mobility (Diesel price sensitivity)

Potential negative impacts of biofuel production on
deforestation, biodiversity and food security

* The PARIS REINFORCE project has received funding from the European
* Union’s Horizon 2020 Research and Innovation Programme under grant
* agreement No 820846.

»  Acceptance of large-scale hydropower expansion

*  Resistance by powerful actors with other interests
*  No CCS legal framework yet (mainly onshore; first initiative a few
months ago)

«  Maturity of CCS technologies

» Large-scale investments in BECCS needed with uncertain revenue

* Potential job losses in oil sector

*  Potential negative impacts of large-scale hydropower expansion

Source: own representation of Koasidis, K. et al. (2020a) and expert knowledge




