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EC Summary Requirements

1. Changes with respect to the DoA

No changes with respect to the work described in the DoA. The deliverable was submitted on time, in May 2021,
and then updated in February 2022 to include the stakeholder-informed modelling analysis for all relevant regions
(which was delayed due to COVID-19).

2. Dissemination and uptake

This deliverable will serve as a document to report the first round of mitigation modelling undertaken across a
range of non-European regions in the PARIS REINFORCE project.

3. Short summary of results (<250 words)

The “Promoting sustainable transitions across the globe” Work Package (WP6) of PARIS REINFORCE is designed
to produce analysis of low-carbon pathways in a range of major emitting and additional regions outside of Europe,
using national level models. The pathways will be developed over two iterations. The outputs of the first iteration
are reported in this deliverable.

This report sets out how each of the regions examined (USA, China, India, Brazil, Russia, Central Asian Caspian,
Canada, Mexico) has the potential to make deep emissions reductions, in many cases to net-zero by 2050, but in
all cases on a pathway towards net-zero by 2070 at the latest. In most regions this is achieved by a rapid
penetration of renewables (and in some cases nuclear) into the electricity system, increasing electrification of end-
use sectors (industry, transport, and buildings) and the use of other low-carbon energy vectors such as biomass
and hydrogen.

The stakeholder results which have fed into the creation of scenarios in five of the eight regions covered has
proven an important component of scenario co-creation, as well as education to stakeholders around the different
attributes and capabilities of energy system models used to formulate low-carbon pathways. The next iteration of
scenarios will allow a first stakeholder engagement with the remaining three regions, as well as an opportunity to
re-engage with stakeholders from the first round of scenario co-creation.

4. Evidence of accomplishment

This report.
The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 3 of 37
Programme under grant agreement No 820846.
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supporting the design and assessment of climate policies in the European Union as well as in other major emitters

and selected less emitting countries, in respect to the Paris Agreement. By engaging policymakers and

scientists/modellers, PARIS REINFORCE will create the open-access and transparent data exchange platform I2AM

PARIS, in order to support the effective implementation of Nationally Determined Contributions, the preparation

of future action pledges, the development of 2050 decarbonisation strategies, and the reinforcement of the 2023
Global Stocktake. Finally, PARIS REINFORCE will introduce innovative integrative processes, in which IAMs are

further coupled with well-established methodological frameworks, in order to improve the robustness of

modelling outcomes against different types of uncertainties.
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Executive Summary

A series of non-European country mitigation modelling exercises was undertaken during the first modelling period
of the PARIS REINFORCE project. The countries covered are USA, Canada, Mexico, China, India, Brazil, Russia, and
countries of the Central Asian Caspian region (Azerbaijan, Kazakhstan, Turkmenistan, and Uzbekistan). In most

cases, these modelling exercises were developed and co-created in close cooperation with stakeholders from
within the different countries covered. For the exceptions (Mexico, Canada, and Brazil), stakeholder consultation
and interaction will be undertaken in the second modelling iteration round, to be reported on in Deliverable D6.6:
Second round of more ambitious low-carbon pathways outputs.

This document reports the key steps undertaken to engage stakeholders, the major insights gleaned from those
stakeholders, and the resulting scenarios co-created from these interactions. It specifically focuses on a series of
“reference” and “deep mitigation” scenarios. In the former case, the reference scenarios reflect where current
emissions are heading on the basis of current policies and/or Nationally Determined Contribution pledges to 2030,
with extrapolations of effort after 2030. In the latter case, the deep mitigation scenarios reflect an interpretation
of the maximum plausible mitigation effort at the time of interactions with stakeholders, considering these
stakeholders’ views.

Engaging stakeholders in scenario co-creation has highlighted a number of important attributes of deep
mitigation pathways analysis. For example, in most cases the majority of stakeholders in the three regions for
which specific polling was undertaken (Russia, China, India) feel that the NDC targets for 2030, around emissions,
emissions intensity, and/or specific targets such as nuclear, renewables, and electric vehicles are achievable. A
significant share of polled stakeholders also indicated that there is potential to go beyond these NDC
commitments. This paves the way for ratcheted climate action through the 2030s and beyond. The majority of
country and region scenarios reported on in this deliverable thus achieve deep decarbonisation across the energy
system, with decarbonisation of electricity (through wind, solar, carbon capture, and nuclear, depending on the
region), significant electrification of buildings, industry and transport, and a considerable role for other low-carbon
energy vectors such as bioenergy and hydrogen, as well as fossil fuels with carbon capture and storage. Energy
efficiency is a pervasive and essential element of the scenarios.

Another key aspect of scenario co-creation has come from the identification of important barriers and
opportunities stemming from low-carbon pathways. In the USA, for example, early consultation with on-the-
ground collaborating organisations highlighted the importance of both jobs and equity in low-carbon pathways
development. In Russia, key issues discussed in the workshop stemmed from a consideration of the forestry sector,
as well as the cost reduction and scale-up prospects of both renewables and nuclear energy sources. In China, a
strong focus on policy design, for example through emissions trading system development, was brought to light.
In India, integration of renewables in the grid, managing decarbonisation in the context of rapid urbanisation, and
the air quality issues stemming from continued fossil fuel use were all discussed. In the Central Asian Caspian
regions, a strong focus on energy tariffs, water resources, and energy trade dominated discussions. Each of these
aspects can be further investigated in ongoing research in PARIS REINFORCE, notably through the following WP6
deliverable, D6.4: Ancillary impacts, including SDGs, of national low-carbon pathways outputs.

The stakeholder views, as well as resultant low-carbon pathways, will feed into a second round of global mitigation
modelling (WP7), so as to make the representation of global low-carbon pathways in integrated assessment
models more realistic, and more reflective of stakeholder views.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 5 of 37
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Introduction

PARIS REINFORCE has undertaken in-depth analysis of national-level decarbonisation pathways for the world’s
major economies as well as for selected less emitting countries. This includes national-level analysis for major
economies and less developed/emitting countries outside Europe (the focus of Work Package 6). This analysis uses
a range of national-level energy system models, as follows:

CONTO: A model detailing the inputs into and outputs from different sectors of the Russian economy,
including energy detalils.

GCAM-China: A region-specific variant of the global, multi-region GCAM integrated assessment model,
which details 31 different provinces in China, including flows of energy and goods between them.

GCAM-USA: A region- specific variant of the global, multi-sector GCAM integrated assessment model,
which details the energy and goods interaction between all (fifty plus the District of Columbia) USA states.

India AIM/CGE: A model for India based on the Asia Integrated Model / Computable General Equilibrium
Model, representing India as a single region.

MAPLE: A China-specific model based on the TIMES energy modelling framework, which includes a large
range of energy technologies.

NATEM: A 23-region TIMES model for North America, including Canada, Mexico, and the USA, detailing
trade flows and other regional interactions.

MUSE-Brazil: An energy system model for Brazil.

TIMES-CAC: A TIMES model with country-level detail for the Central Asia Caspian region countries
Kazakhstan, Uzbekistan, Turkmenistan, and Azerbaijan

Table 1 details the main features of these models.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 8 of 37
Programme under grant agreement No 820846.
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Table 1: Details of models used in Work Package 6 on non-EU country mitigation analysis

Sectoral level of representation
. Time ste
Country / Country Time b

: . intervals
Region Partner horizon o o .
(\CELS) Upstream Electricity Heat ansport Buildings dustry riculture se
Detail Detail
CONTO Russia IEF-RAS 2050 Detailed Detailed Detailed etalled Detailed Detailed etalled
(road) (energy)

GCAM 2100 Detailed Detailed Detailed Detailed Detailed Detailed Basic Detailed
[le[F:1
Aim/CGE
MAPLE China 2050 Detailed Detailed Detailed Detailed Detailed Detailed Detailed
Detailed
MUSE- Braznl Brazil Grantham 2100 Detailed Detailed Detailed Detailed Detailed Detailed (energy) Basic

Notes: *Flexible to run with shorter time periods. “Detailed” means that the key low-carbon technologies are represented, as set out in the comprehensive model descriptions
given in deliverable D 6.1: Documentation of national / regional models for countries outside Europe.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 9 of 37
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Each of the models to be used in Work Package 6 is intended to allow the development of detailed decarbonisation
pathways for major and less emitting economies of the world, encompassed by the relevant model(s). Figure 1
shows the different country and regional coverage encompassed by all of the models used in this work package.

NATEM:; TIMAES-CAL: CONTO:
U5, Canada, Mexico Central Asian Casplan Russia
Enurgy ystiem | partial equilibrium Erergy system f partial equilibrium Macro-econarmic

GCAM-USA:
LiSA
Eneegy system [ partial equilibriem

MAPLE:
. Chirna
B inuﬂl system [/ pnartial equilibriven

GCAM-China:
China
Energy system / partial equilibrium

MUSE-Brazil:
Brazil

Ernergy system [ partial exuilibrium ::::Nh’lﬂ:ﬁl:

Erverpy wystem | Gereral equilibrium

Figure 1: Country coverage for the different models

WP6 has been organised such that different stakeholders provide an informed contribution into the co-design of
future scenarios to develop these low-carbon pathways in each region shown, as well as engage with the detailed
outputs that accompany each modelled pathway. The scenarios and choice of mitigation pathways that result
encompass the following attributes:

Projections for future economic and population growth that drive energy demand as well as demand for
other goods and services that result in greenhouse gas (GHG) emissions (e.g., agriculture and land use)

The technologies and measures available, by what time and to what extent, to allow mitigation
The costs and performance characteristics of different technologies

The emissions targets or constraints consistent with different regions’ contributions to different long-term,
Paris-compliant temperature goals (i.e., well below 2°C, 1.5°C)

The mix of policies that can be implemented to aim to achieve these emissions targets

The interactions of different resulting mitigation pathways with other policy goals, in particular the
sustainable development goals (SDGs) and adaptation goals.

The modelling objective and scenario set up of all models - in terms of structure, assumptions, and data sources,
is detailed in Deliverables D6.1 and D6.2.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 10 of 37

Programme under grant agreement No 820846.
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2 Workshops and scenario design

In all regions, stakeholders from government, academia, business, and civil society (NGOs) were identified for
involvement in the workshops, drawing on the internal stakeholder database developed and maintained in the
project. Key questions for discussion in the workshop were identified on the basis of review of existing government
targets and policy documents, as well as national pathways analysis documents for the countries of focus. In many
cases, and as elaborated later in this section, bespoke surveys and polls were designed before the workshops, to
relate to key issues and to test the extent of ambition envisaged as realistic by the stakeholders. Figure 2 outlines
the process for engaging stakeholders in the workshops.

Stakeholder Key questions to pllation of

Task iy
identification discuss stakeholderinputs
Review existing national
pathways analysi
policy announcements
Details

Draw from project

Figure 2: Process for organising and interpreting stakeholder workshops

The workshops also presented an opportunity to understand stakeholders’ familiarity with low-carbon pathways
modelling analysis, and to explain to them what models can and cannot be useful for in the context of decision-
making around low-carbon futures analysis, so as to allow them to be better informed about mitigation options
(Pizarro-Irizar et al., 2020). In some regions, the discussion focused on specific technologies’ readiness and
deployment levels in the coming years and decades, whilst in others more cross-cutting issues around equity and
jobs were the focus. Table 2 summarises the timing, discussion points, and implications of the workshops. The
following sub-sections then provide further details of each of the workshops.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 11 of 37
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Table 2: Summary of workshops held and implications for national scenario design
Workshop details Details discussed Scenario design plans

Central Asian Caspian (Dec Discussion on policy measures and regional climate Multiple scenarios to explore different aspects
ZAVZL E AP ERN EVZIPEDE  ambitions, regional integration and cooperation,  discussed in the workshops.

implications of water consumption in power sector,

commodity tariff phase-outs, hydrogen market

development.
Russia (Mar 2021)

US (May 2021) Targeted discussion on the importance of considering  Analysis of jobs and where possible equity-
equity and jobs in the US long-term strategy towards related metrics in net-zero modelled pathways.
net-zero in 2050.

China (Jun 2021)

2.1 India

The online India workshop, held in November 2020, involved structured discussions on the Indian energy transition
with experts from NGOs, academia, the private sector, and government. This was with the purpose of allowing
modelling teams to develop stakeholder-driven modelling scenarios, as well as to co-create some of the core
assumptions being fed into models.

The project team first gave an overview on what modelling studies have so far revealed about low-carbon
transitions in India. Participants were then split into three breakout groups to allow for more detailed discussions.
The themes of the three breakout groups were the Indian power sector, the Indian transport sector, and the theme
of urbanisation in India. Each session was structured around gathering participants’ understanding of the key
themes driving modelling results—i.e., are assumptions too ambitious, too pessimistic, or unrealistic/infeasible in
other ways?

The power sector session investigated the political feasibility of early retirement of coal plants in India, particularly
focussed on the chances of retirement during the period 2020-2030, as well as the target of 450GW renewable
electricity capacity in India by 2030. Discussion centred around whether this target is realistic and the key support
mechanisms that must be put in place to support such rapid renewable electricity deployment.

The urbanisation session investigated the evolution of building cooling demand (e.g., demand for air
conditioning), including the implications of increased urbanisation and incomes for this demand. Participants also
discussed smart cities and the potential benefits of better public transport infrastructure and more energy efficient
buildings that could result from them. Finally, the discussion covered key innovations or disruptive technologies
that could influence the development of sustainable urban living in India.

The transport sector session investigated the feasibility of the government’s 30% electric vehicle share by 2030
target, implications for the electricity grid of a surge in electric vehicles, and the role for hydrogen in decarbonising
India’s transport sector.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 12 of 37
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Following the breakout groups, representatives from each session informed the larger group on the issues they
had discussed in their respective groups. An interactive sli.do voting session then allowed participants to give their
feedback on all topics before closing remarks.

2.2 China

The China workshop was held online on June 8, 2021. The workshop discussed China’s carbon neutrality goal, how
to achieve it from policy to practice, and topics related to the energy system in the context of the Belt and Road
Initiative. Stakeholders from the Chinese government, academia, and Chinese companies participated in the event.

A representative from China’s National Centre for Climate Change Strategy and International Cooperation (NCSC)
discussed how to promote carbon neutrality from the perspective of the energy transition, and how to make
China’s policies promote realistic actions. Following this, representatives from the PARIS REINFORCE consortium
introduced China's energy status and carbon neutral policy background, as well as some initial mitigation scenarios
to show how China could achieve net-zero carbon emissions by 2060.

Following these initial presentations, workshop participants entered into an open discussion session around
China’s net-zero target, focusing on the energy-intensive industries of provinces, the synergistic effects of
pollution reduction and carbon reduction and the challenges of reducing carbon emissions in the power system,
including integrating renewable energy power, operation control technology, market mechanisms and policy
incentives. The discussion also encompassed how China's carbon market has a relatively significant development
effect, but there are still many problems, such as high regulatory costs, quota allocation and other issues.

A second open discussion session on the Belt and Road Initiative included opinions and comments from industries
and enterprises in China, including Guangdong Energy Group, Datang Group, China Power Finance and the
Climate Change and Sustainability Division of Ernst & Young LLP. Key topics included the critical role of finance,
and specifically how companies can participate in the green construction of the Belt and Road Initiative through
using green bonds or green credits as financial support.

Finally, participants were invited to vote online on the sli.do platform, to collect stakeholders’ views on China’s
carbon neutrality and the Belt and Road Initiative, carbon emissions reductions, and energy transition and
development prospects.

2.3 Russia

The Russia national workshop was held online on March 16, 2021, to receive insights from local stakeholders into
the public policy context as well as a better understanding of some of the key assumptions modelling groups
must make to build relevant mitigation pathways for the country. To this end, a range of stakeholders were invited
from NGOs, academia, business, and government, constituting over 100 participants in total.

The workshop began with the PARIS REINFORCE project team presenting preliminary insights from the global
modelling activities of the project and elaborating on the low-carbon development of Russia by delving into the
current status of the country, its NDC pledges, as well as an estimation of where Russia is headed based on the
“where we are headed” scenario logic of PARIS REINFORCE. The Russian partners of the PARIS REINFORCE
consortium (IEF RAS) then introduced the model system dedicated to modelling the low-carbon development of
Russia, with a focus on the potential for mitigating GHG emissions in the country, as well as the long-term national
mitigation scenarios currently being explored alongside their impact on emissions reduction, economic dynamics,
energy efficiency, and investments. Emphasis was placed on the importance of the carbon sink potential from the
Russian forests, which is currently underexplored in the established scenarios.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 13 of 37

Programme under grant agreement No 820846.



il
sl

ationally modelled low-carbon pathways outputs E § PARIS
1O BeRBorce

Participants were then split into three breakout groups, to discuss three specific topics: first, the structure of
electricity generation; second, pathways to decarbonise the manufacturing sector of the Russian economy,
including businesses exporting goods to the EU; third, carbon sequestration potential of Russian forests and ways
to maximise it.

The power sector discussion revolved around the electricity mix and emission intensity, with emphasis on the role
of nuclear energy, natural gas-based generation and renewable energy considering different policy scenarios like
carbon regulation measures, direct limits on CO, emissions and carbon prices. Discussions focused on the
economic and financial evaluation of each technology, with cost-effectiveness being expected to influence the
diffusion levels of each technology in decarbonisation plans.

The manufacturing sector discussion included the activities Russian businesses have implemented in the past to
reduce emissions, as well as future plans and how these plans are expected to affect the competitiveness of Russian
companies. A key part of the discussion involved opportunities and threats of the manufacturing sector brought
from the climate agenda including the possible expenses from the introduction of a carbon border adjustment
mechanism.

The forests discussion focused on how to assess and maximise the carbon sequestration potential of Russian
forests. Different estimations of the Russian forest carbon budget and ways to improve them were discussed, as
well as strategies to maximise the carbon sequestration potential by improving the control for forest disturbances,
forest management techniques, and by promoting forest conservation projects.

Following these discussions and a following open discussion, an interactive sli.do voting session allowed
participants to give their feedback on the level of emission targets they consider to be realistic and ambitious,
their estimations on the rate of GDP energy and carbon intensity improvement, the shares of key low-carbon
technologies in the future, the level of carbon sinks, as well as their evaluation of key restrictions that could slow
down the low-carbon transition of the country.

2.4 USA

The US workshop took place over two half-day sessions, on 24th and 25th May 2021. It was organised in
collaboration with key US partners with a view to maximising stakeholder engagement at a time of renewed
climate action in the country, under the leadership of the recently elected President, Joe Biden. The other partners
were: ClimateWorks Foundation, University of Maryland Center for Global Sustainability, Rocky Mountain Institute,
World Resources Institute, and the University of Michigan’s School for Environment and Sustainability. They
convened US and international experts from a broad range of communities concerned with the US low-carbon
transition, to discuss strategic, analytical, and implementation needs to achieve a successful US long-term strategy
(LTS) to Net Zero.

These stakeholders included: climate change and energy analysts and strategists from academia, NGOs, think
tanks, and businesses; policy and regulatory officials from the federal government; experts with on-the-ground
experience of implementing low-carbon transitions, including amongst workers and communities. Together, they
discussed a number of themes including strategic and analytical needs towards a successful LTS, challenges and
opportunities to decarbonising whilst ensuring the transition is equitable, and implications of the transition on the
economy, including jobs and opportunities

The first day of the workshop involved a number of presentations from a range of national and international
experts, primarily from academia, government and NGOs, setting out the context for US long-term
decarbonisation action, in light of the US’s recently updated NDC. Many presentations highlighted the critical
need to consider equity, jobs, and a range of non-climate concerns into account to achieve a workable long-term
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strategy. Comments highlighted that there must be greater analysis of local, community-level implications. In
addition, to achieve Net Zero, all sectors and gases must be analysed in detail.

The second day of the workshop opened with a series of presentations on current analysis and future requirements
to consider aspects of equity and jobs. This paved the way for two breakout discussions on jobs and equity
respectively. The equity discussion highlighted that there is a need for better data to build appropriate metrics to
highlight equity implications of the transition, and that without equity concerns at the core of a long-term strategy,
it would not succeed. The jobs discussion highlighted how there needs to be better analysis that goes beyond
jobs numbers, including on jobs quality, wages, contract length, and inclusivity.

A constant theme throughout the workshop was that stakeholder participation and inclusion is a central element
of equity and is essential in the design of the LTS and its sub-national elements.

2.5 Central Asian Caspian (CAC) countries

The consortium took a different approach with the Central Asian Caspian countries, as compared with the other
regions for which workshops were undertaken. Here, the stakeholder engagement sessions were organised across
a series of three separate workshops, the first held online on 9th December 2020, the second on 2nd March 2021,
and the third on 18th May 2021.

The first workshop aimed to receive insights from regional stakeholders into the public policy context as well as a
better understanding of some of the key assumptions modelling groups must make regarding the region. To this
end, a range of stakeholders were invited from national governments, NGOs, the private sector, international
institutions, and academia, with attendees from Kazakhstan, Uzbekistan, and Turkmenistan.

The workshop began with the PARIS REINFORCE project team introducing the TIMES-CAC model, the structure of
the initial exploratory scenarios used for analysis (designed to facilitate the first round of engagement), as well as
the diverging pathways of key assumptions (e.g., the price of natural gas) under each scenario. Here, an emphasis
was placed on the help that stakeholders can provide by allowing for more politically and contextually relevant
policies and assumptions to define scenarios.

Additionally, an interactive dashboard was shared and demonstrated. This dashboard allows for a user-friendly
visualisation of the key performance indicators relevant to the TIMES-CAC model.

Participants were then split into two breakout groups, in order to allow for more intimate discussion around key
policies and key data assumptions.

The session on key policies discussed water supply within the region (with respect to its integration with the energy
chain), the capability to keep track of regional “strategic agreements”, as well as the deployment of renewable
energy capacity with relation to targets set by national governments. Furthermore, additional regional studies and
data sources were discussed.

The session on key data assumptions discussed the accuracy and reliability of different data sources were
discussed in relation to the regional context. Discussions focused particularly on the effects of the COVID-19
pandemic on relevant economic drivers, oil price long-term projections, and costs of key energy technologies (e.g.
PV, carbon capture and storage, etc.).

The second virtual workshop focussed on informing regional stakeholders on the progress of the modelling
exercise presented during the 1st regional workshop and on receiving a second round of insights from regional
stakeholders. The project team first presented how the first round of stakeholders' insights were elaborated in the
storylines and the structure of the new exploratory scenarios developed for analysis, as well as the diverging
pathways of key assumptions under each scenario. Emphasis was placed on the topics investigated in the second
- The PARIS REINFORCE project has received funding from the
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phase of the analysis: foreign investments in the region (e.g., Belt and Road Initiative) and hydrogen chain
development. The interactive dashboard already used in the first workshop was shared and demonstrated.

Participants were then invited in a discussion session to allow for more focused discussion, including around water
consumption within the region along the energy chain, the capability to manage/analyse tariff reforms as well as
international topics such as carbon border adjustment. Furthermore, the possibility to open the technology
portfolio to additional solutions (e.g., nuclear for Uzbekistan) was discussed.

The goal of the final workshop was to inform regional stakeholders on the further progress of the exercise
presented during the previous two regional workshops and receive a final round of their insights. Stakeholders'
insights collected during the previous workshops and in bilateral discussions were elaborated in three final
storylines, including some variants: Where are We Headed, NDC-like, and Deep Mitigation. The total number of
scenarios developed in this last phase of the analysis was eight (all included in the dashboard). The topics
investigated were mainly around “Watergy”, the correlation between power production and water consumption,
and commodity tariffs phase-outs, in combination with GHG reduction targets.

The project team also introduced the CAC Forum (https://cac.tribe.so), a tool built to continue the dialogue with
stakeholders after the series of workshops. The main features of the forum were presented and described.

Participants were then invited in the final discussion session to allow for more focused discussion. Some of the
main topics discussed were around the possibility to simulate net-zero emissions in the region by 2050 (in
particular in Uzbekistan), the capability to manage public funded/private investments (with different risks/discount
rates), and define service-related, or consumption-related, tariffs for the energy commodities.

The dashboard used for the visualisation of the key performance indicators relevant to the TIMES-CAC model was
illustrated, enriched with the new indicator of water consumption in the power sector for each scenario, and used
to demonstrate the response of the underlying energy system model to the various scenario elements.

2.6 Summary of stakeholder mix

The workshops engaged a variety of stakeholders from different institutional types, with the majority in most cases
coming from academia, though in many cases with at least some representation of business, policy, and
NGO/international institutional interests. Figure 3 sets out the total number of participants in each workshop.
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Figure 3: Stakeholder numbers and split by organisation type, for each workshop

Note: CAC stakeholder mix is for the first workshop. The second and third workshop mixes were near-identical.

2.7 Co-creation of scenario design

The workshops have produced a range of interactions with—and outputs from—stakeholders. In some cases (for
example, the Central Asian Caspian region) it was deemed appropriate to have more open, exploratory discussions,
with a strong focus on educating stakeholders about model types, purpose of models, and typical outputs.

In other cases, stakeholders were deemed sufficiently knowledgeable about the low-carbon transition, key
government policies and targets, and the technological and behavioural choices, that it was deemed appropriate
to undertake polling around specific policy-relevant questions. This was the case in the India, China, and Russia
workshops, with results shown in Figures 4-6.
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Figure 4: India workshop polling results

Notes: Emissions intensity reduction is measured relative to 2005, as per the India NDC. Cooling demand reduction is measured
relative to the reference case in 2038. Specific figures for emissions intensity reduction (33-35%), 2030 renewables installed
capacity (450GW), nuclear capacity (63GW), cooling demand reduction (40% on reference levels), and electric vehicle share (30%)
are based on India NDC and subsequent announced technology-specific targets.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation Page 18 of 37

Programme under grant agreement No 820846.



tionally modelled low-carbon path outs | 5. PARIS
ationally moadelled Ilow-carbon pathways outputs ‘ 0 RE]NFORCE

Non-fossil % of energy by 2030 Solar & wind installed capacityin 2030

25 »1z006w
25 00w |

<225% <<1200cw |

4 B B 10 0 1 2 3

Date of coal plant w/out CCS phase-out Installed capacity of CCS plant by 2040

Before 2030
>10GW
2os0-2020
<10GW
aer2000 |
0 2 4 & g 10 0 2 4 6 g

Installed nuclear capacity in 2030, 2050 EV share of new car sales by 2030

1206, >3006W 0
s0-1206w, 180-s00cw w00

<socw, <100 | e

Figure 5: China workshop polling results

Notes: Specific figures for non-fossil % of energy (25%), 2030 renewables installed capacity (1200GW), EV share of new sales
(40%) from latest State action plan announcements. Nuclear capacity, coal plant retirement, and CCS plant installed capacity

inferred from various announcements and stakeholder discussions.
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Figure 6: Russia workshop polling results

Notes: All reductions and improvements (emissions, energy intensity, industrial CO; intensity) stated relative to 2019. Key ranges
arrived at in discussion with IEF-RAS economic experts, deriving from Russia’s announced NDC and reported energy intensity,
emissions intensity, and economic announcements.

Unlike the India, China and Russia workshops, the CAC and USA workshops undertook more open discussion
around critical topics relevant to stakeholder concerns. In the CAC workshops, the earlier discussions elicited
information on stakeholder areas of focus, determining that water consumption, hydrogen, energy tariffs, and the
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role of oil and gas and regional trade were all critical. In the case of the USA, PARIS REINFORCE partnered with a

range of organisations in the USA to capitalise on

the attention being given to the long-term strategy

development following the election of President Joe Biden in late 2020. In discussion with these organisations
(University of Maryland, World Resources Institute, Rocky Mountain Institute, ClimateWorks Foundation, and
University of Michigan), an agenda firmly focused on jobs and equity was arrived at. This was considered a valuable
addition to the already numerous analytical studies on long-term decarbonisation pathways in the country.

Tables 3-5 show the way, in which polled stakeholder results were translated into scenario design choices in China,

India, and Russia, respectively.

Table 3: China scenario design in light of stakeholder feedback

Main opinions from stakeholders

showing >25% possible

Majority view of 25% non-fossil energy by 2030, with some

‘ Reflections in scenario design
Ambitious scenario aiming for 30% by 2030.

Majority view of solar and wind combined capacity of 1,200
GW by 2030

Rather than “forcing on” this capacity, analysis of scenarios
to see what level deployed, and post-hoc adjustment if much
less/more than 1,200 GW.

Equal share of stakeholders said 40-50% EV share of new car
sales by 2030, and >50% EV sales

60% EV sales target implemented.

Majority view of coal plant phase-out after 2040, but with
>10GW CCS by 2040

Decision to examine scenario results without forcing these
constraints, to judge comparability with them.

Majority view of 50-120GW of installed nuclear by 2030

Analysis of 2030 scenario results to examine how they fall
with respect to this target.

Table 4: India scenario design in light of stakeholder feedback

Main opinions from stakeholders

Majority view of renewable capacity of 450 GW by 2030

Reflections in scenario design

Ambitious scenario of 450 GW capacity is specified for 2030,
along with 500 GW non-fossil fuel capacity announced at
COP26.

Majority view of 63GW of installed nuclear by 2030

Analysis of 2030 scenario results to examine how they fall
with respect to this target.

Majority view of 35-40% emission intensity reduction target
in 2030

Emissions intensity in the year 2030 is compared with
scenario results in the ambitious net-zero by 2070 scenario;
emissions trajectory is adjusted if more than 45% emission
intensity reduction in 2030.

Majority view of 30% electric vehicle share by 2030

Decision to examine scenario results without forcing these
constraints, post adjustment is done if it's coming less than
30%.
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Table 5: Russia scenario design in light of stakeholder feedback

Main opinions from stakeholders Reflections in scenario design

<30% emissions reduction by 2030

Scenarios have a range of 2-14% emissions reduction based
on capital stock and other inertia.

A wide range of possible emissions reductions to 2050, from
<40% in reference scenarios, to 70% or more in mitigation
scenarios

Scenarios have a range of 14-77% emissions reduction by
2050, depending on whether reference or mitigation
scenarios.

Majority view of 2-3% GDP growth to 2030. Range of views
on GDP growth to 2050, with majority at 1-2% but sizeable

Scenarios assume 2-3% growth rate, covering the most likely
range.

share at >3%

Scenarios assume 20% improvement by 2030 and 45%
improvement by 2050, targeting the upper (ambitious)
range.

Scenarios assume 18-21% share in 2030 and 25-29% share
in 2050, targeting the upper (ambitious) range. Rosatom
(owes nuclear power plants) has a strategy goal to reach
25%.

Scenarios assume 2% share in 2030 which is determined by
policies implemented and 10-21% share in 2050, targeting
the most likely range

Scenarios assume 30% reduction in 2030 and 60% in 2050,
targeting the most ambitious levels. This corresponds to
other benchmarks we applied (GDP growth rate, energy
intensity).

Scenarios assume 5% in 2030 and 30-50% in 2050, targeting
the most likely and at the same time ambitious levels.

Majority view of 10-20% improvement in energy intensity by
2030, and 40%+ improvement in 2050

Majority view of 20-25% share of nuclear by 2030 and 25%-+
by 2050

Majority view of 4% renewable electricity by 2030, growing
to over 10% by 2050

Majority view of <10% or greater energy intensity reduction
in industry in 2030, 30% by 2050

Majority view of 2-5% EV share in 2030 and 25% share in
2050

Scenarios assume 100-125% in 2030, targeting the most

Majority view of 100-125% forest sink in 2030, and 150% in | ~ ) ) ) .
likely range; 175% in 2050 targeting possible ambitious level.

2050

2.7.1 USA scenario design

As already discussed, the focus of the discussion in the USA workshops was on equity and jobs, since the 2030
updated NDC had already been put in place following President Biden’s inauguration, so it seemed sensible to
design scenarios around this pathway. Specifically, the scenarios included a reference scenario whereby all current
climate and energy measures on the federal, state, city, and business level were simulated until 2030. Post-2030,
the assumption was to ensure policy measures stay constant, and the equivalent carbon price of all measures was
linearly extrapolated until 2050, separately for each US state (reflecting strong difference in climate ambitions
between states, in the absence of federal policy). Details of the policies were taken from Hultman et al. (2020).

The deep mitigation scenario, building upon the current measures scenario, reflects a reasonable representation
of energy and climate policies in line with the updated U.S. NDC target of 50-52% emission reductions in 2030
relative to 2005. Similarly, post-2030 measures stay constant, and state-specific equivalent carbon prices of all
measures in 2030 are extrapolated until 2050. It should be noted that in the analysis presented in Section 3, the
jobs and equity implications are not included. These will be included in Deliverable D6.4. Ancillary impacts,
including SDGs, of national low-carbon pathways outputs.
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2.7.2 Central Asian Caspian region scenario design

The scenarios for this region were designed in a more qualitative manner, following feedback from stakeholders
in the first and second workshops. Specifically, the reference scenario was designed around a principle of “where
emissions are heading” according to current policies (following Giarola et al., 2021, and Sognnaes et al., 2021). The
emissions trend to 2030 is subsequently in line with GDP growth, but then begins to decouple from this post-
2030, as the continuation of current policies sees low-carbon sources deployed, thereby reducing the emissions
intensity of GDP. For the deep mitigation scenario, emissions reduction targets for each country were applied such
that each had net-zero emissions by 2060-2070.

2.8 Scenario design in other regions

For three of the eight regions included in this report (Canada, Mexico, Brazil), workshops were not undertaken in
the first round of mitigation modelling. As such, assumptions were implemented by the national modelling teams.
The resulting scenarios will be presented to stakeholders in future PARIS REINFORCE workshops.

2.8.1 Canada scenario design

The reference scenario presents results using no constraining GHG reduction targets. Macroeconomic
assumptions (GDP, population, oil and gas export prices) are aligned with the reference scenario used in Canada
Energy Regulator’s Energy Future 2020 outlook (Canada Energy Regulator, 2020), imposing no additional
constraints in terms of GHG emissions reductions, but including policies already in place as well as the COVID-19
impacts. The deep mitigation scenario based on a net-zero emissions target on total CO»-eq by 2050, and a 40%
reduction target by 2030 (with respect to 2005). It corresponds most closely to the government’s current target.

2.8.2 Mexico scenario design

The reference scenario for Mexico includes current policies. Deep decarbonisation scenarios are based on the
conditional commitment of the Mexico NDC for the 2030 target, and 2050 is then extrapolated from it, using the
trend of 2020-2030 emissions.

2.8.3 Brazil scenario design

The scenario design extends the WP7 protocol to Brazil, in terms of harmonisation of socio-economic drivers
(population, gross domestic product), techno-economics, and policies in place up until 2030 (Giarola et al., 2021).
Tow central scenarios are developed:

Reference: Following the WP7 protocol (Sognnaes et al., 2021), this scenario answers the question about where
“Brazilian emissions are heading”. It embeds the current policies in force up until 2030 and considers a plausible
continuation beyond 2030 based on emissions improvements between 2020 and 2030 and projected to 2100
according to the per capita GDP variations.

Mitigation: Built upon the reference, the mitigation is set to achieve a net-zero target by 2060, which aligns with
the most recent ambitions of the country, in absence of international policies. The cumulative budget is deemed
compatible with a 1.5°C achievable with 66% likelihood. The cumulative budget estimated between 2010 and 2100
equals 1.3 GtCO, lower than the Brazilian budget estimated in a global MUSE simulation compatible with a 1.5°C
scenario achievable with 66% likelihood, according to the protocol designed within the WP7 mitigation protocol.
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3 Results from low-carbon pathways modelling

3.1 CO; emissions pathways

In all cases, the national modelled pathways can achieve deep decarbonisation by 2050. The reference scenarios,
which are in most cases commensurate with continuations of current mitigation efforts, see emissions either rising
(India, Mexico, USA — NATEM, China - MAPLE), falling (China — GCAM-China, Russia, Brazil, USA - GCAM-USA) or
remaining approximately flat (CAC, Canada).

Only Canada and USA achieve net-zero energy-related CO, emissions by 2050. The other countries’ emissions
reduction trajectories take them to net zero by 2070 at the latest. In Brazil, although the energy-related emissions
become negative in 2050, the total system emissions become net-zero only from 2055. In Russia, net zero CO;
emissions (with LULUCF) are achieved by 2055 in the deep mitigation scenario. If LULUCF is excluded, zero CO,
emissions will be achieved by 2070 according to the pathway followed. Mexico’s deep decarbonisation pathway
set an 80% emissions reduction target by 2050 (compared to 2000 levels); the country has not yet announced a
net-zero target. For the CAC region, a range of net-zero targets are assumed, between 2060 and 2070. For India,
the pathway is consistent with the COP26 announcement of a net-zero target by 2070, whilst for China, the
pathway is consistent with the 2060 net-zero target announced in 2021.
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Figure 7: CO, emissions in reference and deep mitigation scenarios

Notes: Not all models report all three of Total CO,, Energy CO, and Fossil Fuel and Industrial CO,. Results for relevant models
shown.

All regions see considerable deployment of carbon capture and storage (CCS) in the deep mitigation scenario,
with the GCAM models showing CCS deployed in the reference scenario too, reflecting the tendency of the GCAM
models to deploy CCS more readily than others (Sognnaes et al., 2021).
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Figure 8: CO; capture in reference and deep mitigation scenarios

3.2 Carbon prices
The deep emissions reductions are driven by a rapid increase in carbon pricing in all regions, though to different
extents: by 2050, the highest carbon prices are seen in the three North American regions (USA: $300-1000tCOg;

Mexico: $900/tCO,; Canada: $650/tCO,). This is a level of pricing broadly consistent with the (admittedly very large)
range of prices at a global level (by 2050 in 1.5°C-consistent scenarios this range has a median of $460/tCO-, with

a 10th-90th centile range of $160-1,190/tCO; (Huppmann et al., 2018)). In some regions there is carbon pricing in
the reference scenarios, representing an extension of mitigation efforts not represented by direct implementation
of policies to 2030 and beyond. This is the case in China and the USA, where there is some representation of

carbon markets in the countries to 2030. It should be noted that carbon prices, as presented here, are the prices

associated with the decarbonisation trajectories, rather than specific imposed policy instruments.
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Figure 9: Carbon price evolution in each scenario

Note: Russia — the CONTO model does not calculate carbon pricing.

3.3 Primary energy demand
The primary energy evolution in each region’s reference versus mitigation scenario shows a considerable degree
of inter-regional variation, reflecting the starting energy mixes and national resource and energy reliance contexts
of each region. However, in almost all cases, the mitigation scenarios have less primary energy demand by 2050,
compared to the reference scenarios. The exception is Mexico, which sees considerable direct air capture
deployment in the 2040s, leading to a large increase in primary energy demand. For each region in turn, the
following key primary energy system transformations occur:
In Brazil, a significant shift by 2050 is the replacement of gas and coal with biomass, driven by the
expansion of the biofuel industry to serve the road transport sector, and by the uptake of biomass in the
industry and power generation sectors, where the integration with CCS leads to negative emissions. The
system increases the demand for electricity, driven primarily by transport, where light duty vehicles

become fully electrified by 2070.
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In the CAC region, the dominance of gas in primary energy is considerably reduced by the increase in
solar and wind. Oil and coal demand are also reduced, within the context of smaller primary energy
demand, reflecting a more energy-efficient economy over time.

In Canada, there is a marked shift away from oil and gas, with nuclear becoming the dominant primary
energy source, whilst biomass, wind, and solar also grow.

The two models running China scenarios (GCAM-China and MAPLE) show two contrasting storylines of
shifts away from China’s coal-dependent economy. The overall primary energy mix is relatively unchanged
from the reference to the deep mitigation scenario in GCAM-China, although coal use is down about one-
third by 2050, and with considerable CCS as indicated in Figure 8. In MAPLE, fossil fuels are nearly
completely phased out by 2050, with nuclear, solar, and wind dominating primary energy by 2050.

India shows a marked shift away from coal reliance all the way through to 2050 in the reference scenario,
shifting to (less carbon-intensive) gas and oil, as well as solar, wind (to a lesser extent), and greater reliance
on biomass.

Mexico sees a near-complete shift away from oil, towards wind and solar, as well as other renewables,
which dominate in 2050.

Russia sees a shift from gas reliance in the reference scenario, towards greater renewables, hydro, and
nuclear in the deep mitigation scenario. Although the share of oil and gas in primary energy consumption
remains high, a significant part of this is used for non-energy needs (petrochemicals). The share of non-
energy use of liquid and gaseous energy resources increases from the current 15% to 45% by 2050 in the
deep mitigation scenario.

The two USA models show a similar storyline for reference scenario primary energy usage: GCAM-USA
shows a shrinking of oil and gas, as solar as well as—to a lesser extent—wind and nuclear emerge. NATEM
shows a similar transition but with wind emerging in favour of solar. Both models see a fairly similar mix
of primary energy sources by 2050 in their deep mitigation scenarios, dominated by renewables (solar,
wind, biomass), again with GCAM-USA favouring solar and NATEM wind.
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Figure 10: Primary energy demand by source, in reference and deep mitigation scenarios

Note: GCAM-USA and GCAM-China report primary energy consumption, whereas NATEM (USA) and MAPLE (China) report
primary energy production, including that exported but excluding imports.

3.4

Final energy demand

In terms of final energy, the principal shifts across all countries comes from a shift away from solid and liquid
(mainly coal and oil) towards electrification in the deep mitigation scenarios.

In Brazil, there is also an increasing reliance on biomass in the industrial manufacturing sector (see Figure
15 below) as well as—to a lesser extent—in the buildings sector (Figure 13 below).

The CAC region sees a rapid substitution of electricity for coal and gas, driven by renewables growth,
particularly in the post-2030 period.

Canada’s rapid post-2030 electrification encroaches on both gas and oil, and there is in addition a notable
increase in hydrogen in this period.

In China, GCAM-China sees a relatively small growth in electricity as a share of final energy by 2050. MAPLE
shows a high share of electrification up to 2050, especially in the final end-use sectors. However, the
electricity generated in the reference scenario is still dominated by fossil fuels, with a significant shift to
non-fossil in mitigation scenarios.

In India, there is a shift away from coal, and an expansion of biomass and other renewables (wind and
solar).

In Mexico, there is a strong trend towards electricity, though oil (liquids) retains its significant share of
final energy.
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In Russia, final energy remains dominated by liquids and gases, but the overall size of the energy system
is smaller in the deep mitigation than in the reference scenario.

In the USA, final energy becomes increasingly electrified in both GCAM-USA and NATEM, but in the latter
(NATEM) the final energy system also sees an increase in hydrogen in the deep mitigation scenario.

mmmw M_lum-u
-
|

I____ |:Z.._ _.,,.ﬂ-- " |

mu || M.lll |
B

EH:' EEH 5 i HH “Rid 8333 883 R __;___:__;_;__

-
=
B

=
=
-]

.
-
L

g B B

Edip

LT

e ] , Ve [
Ll Rty DO Ly s ASATEN
1] 0
1 i ) w
bt | E
"
i ¥ ] WL R g
&
- {
I ~ =
E 5 |
" 4
@i LB} B LB} & Lo | a4 | &1

1888 BERD Egﬁ!! 1381 B31%  RA4% B33Q R SRR R R
ool il Puimnencioliy ootk

B
-
&

=

3

2
-
L]

-

Figure 11: Final energy by source, in reference and deep mitigation scenarios

3.5 Electricity generation

Considering the electricity generation mix in each country, there are a number of different trends towards
decarbonisation:

Brazil shows virtually no change between the reference and deep mitigation scenarios, with hydro power
dominating, and a steady growth of wind power in both scenarios.

The CAC region sees a very different electricity generation mix evolution when comparing its reference
and mitigation scenarios, with the reference however seeing rapid growth of unabated gas generation,
and the mitigation scenario dominated by wind and solar growth.

For Canada, in both the reference and mitigation scenarios, hydro-electricity retains its dominance, but
although in the reference scenario this is joined by an increase in gas generation over time, in the deep
mitigation scenario it is joined by solar and wind, with greater nuclear growth than in the reference
scenario.

In China, both models show the reference scenario with a continuing reliance on coal generation, though
in GCAM-China it is joined by solar and in MAPLE by wind. In the China deep mitigation scenarios, solar
and nuclear dominate new generation growth in MAPLE, whereas in GCAM-China there is a much more
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balanced mix of electricity generation sources, though with a large role for solar. Coal remains an
important source of generation by 2050, though it is by this time all fitted with CCS.

India’s reference scenario sees continuing reliance on coal, whereas by contrast its deep mitigation
scenario sees a complete shift towards solar and wind.

Mexico’s gas reliance in the reference scenario is replaced by solar, wind, and geothermal electricity
generation in the deep mitigation scenario.

Russia’s fossil fuel reliance in the reference scenario gives way to increasing shares of nuclear, hydro, and
other renewables (wind and solar) in the deep mitigation scenario.

For the USA, GCAM-USA sees strong renewables (principally solar) growth even in the reference scenarios,
whereas NATEM shows strong wind growth. In the deep mitigation scenarios, renewables come to
dominate electricity generation by 2050, in both models, with GCAM-USA showing strong solar and wind
growth, and NATEM strong wind growth in particular.
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Figure 12: Mix of electricity generation in reference and deep mitigation scenarios

3.6 Buildings final energy

All regions see strong electrification of buildings final energy towards 2050, most marked in Canada, where there
is near-complete electrification by mid-century. Brazil is heavily reliant on biomass solids by 2050. India and Mexico
also remain heavily dependent on coal and biomass solids to 2050 even in the deep mitigation scenarios, whilst
other regions—notably USA, Russia, and China—see a continuing role for gas in building final energy in these
mitigation scenarios. Furthermore, it should be noted that all regions see energy efficiency improvements across
their buildings sectors, when comparing the mitigation to reference scenarios.
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Figure 13: Buildings final energy mix in reference and deep mitigation scenarios

3.7 Transport final energy

The transport sectors of each region remain highly reliant on liquids (primarily oil, though in some regions—
Canada, USA, China—a ~5-10% role for biofuels), with the exception of China, where electrification of transport is
notable (particularly in the MAPLE model) by 2050. Otherwise, gas replaces oil in many countries, thereby reducing
the carbon intensity of transport. In almost all regions (with the exception of Brazil) there is a fall (of the order 10-
20% in most cases) in final energy of transport by 2050, when comparing the reference and deep mitigation
scenarios.
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Figure 14: Transport final energy mix in reference and deep mitigation scenarios

3.8 Industry final energy

In each country, there is steadily increasing electrification of the industrial manufacturing sectors to 2050 in the
deep mitigation scenarios. One exception is Brazil, which sees biomass replacing gas when comparing the
reference with the deep mitigation scenario. In addition, in Brazil, CCS is present in the chemical and the iron &
steel subsectors, whereas the cement industries display CCS with bioenergy. In Russia, industrial manufacturing
decarbonisation concerns mainly energy efficiency and electrification, some hydrogen. It should be noted that the
industrial manufacturing sector sees the least drastic energy system change overall, in line with the realisation that
this is likely to be a sector of relatively high “residual” emissions (Luderer et al., 2018).
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Figure 15: Industry final energy mix in reference and deep mitigation scenarios
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4 Conclusions

Engaging stakeholders in scenario co-creation has highlighted a number of important attributes of deep

mitigation pathways analysis. For example, in most cases the majority of stakeholders in the three regions for
which specific polling was undertaken (Russia, China, India) feel that the NDC targets for 2030, around emissions,
emissions intensity, and/or specific targets such as nuclear, renewables, and electric vehicles are achievable. A
significant share of polled stakeholders have also indicated that there is potential to go beyond these NDC
commitments. This paves the way for ratcheted climate action through the 2030s and beyond.

Another key aspect of scenario co-creation has come from the identification of important barriers and
opportunities stemming from low-carbon pathways. In the USA, for example, early consultation with on-the-
ground collaborating organisations highlighted the importance of both jobs and equity in low-carbon pathways
development. In Russia, key issues discussed in the workshop stemmed from a consideration of the forestry sector,
as well as the cost reduction and scale-up prospects of both nuclear and renewable energy sources. In China, a
strong focus on policy design, for example through emissions trading system development, was brought to light.
In India, integration of renewables in the grid, managing decarbonisation in the context of rapid urbanisation, and
the air quality issues stemming from continued fossil fuel use were all discussed. In the Central Asian Caspian
region, a strong focus on energy tariffs, water resources, and energy trade dominated discussions. Each of these
aspects can be further investigated in ongoing research in PARIS REINFORCE, notably through the next WP6
deliverable, D6.4: Ancillary impacts, including SDGs, of national low-carbon pathways outputs.

Key insights from the scenarios modelled in this study are that, in many cases in line with stakeholder views, it is
possible to decarbonise national energy systems across the world, through replacing unabated fossil fuels with a
combination of renewables, nuclear, and carbon capture and storage, with energy efficiency playing a critical role
throughout the economy. The scenario design specificities require high penetrations of electric vehicles in some
regions by 2030, but even with these the share of electricity in overall transport sectors is not dominant in the first
half of the century. Some countries (notably Russia and China) remain dependent on fossil fuels in some of the
modelled scenarios, which means that net-zero will come from carbon capture and (in the case of Russia)
considerable forestry sinks. The analysis also suggests that China and Russia, as well as Canada, could have
relatively high shares of nuclear by mid-century, with a notable role for nuclear in electricity generation in the US
and India as well. The rapid electrification across many sectors, with new low-carbon sources being deployed, will
not happen without considerable investment, and carbon prices in these scenarios are broadly in line with other
literature showing rapid 1.5°C-consistent transitions over the coming decades.

Next steps for the analysis documented in this deliverable include using the stakeholder views, as well as resultant
low-carbon pathways, to feed into a second round of global mitigation modelling, so as to make the
representation of global low-carbon pathways in integrated assessment models more realistic, and more reflective
of stakeholder views.
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