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Aos que valorizam a ciéncia, a pesquisa,
0 conhecimento cienti co e a sua divulgacao.
Que consigamos seguir 0s passos dos que passaram antes de nés,
nos apoiando nos ombros de gigantes para desenvolvermos um mundo melhor.



Journey before destination.
- Brandon Sanderson, Oathbringer

It's a long story.
- The Witcher, Baptism of Fire

| can rest when I'm dead.
- Rand al'Thor, The Fires of Heaven

Make haste slowly.
- Rand al'Thor, Lord of Chaos



How young | was. How foolish. How wise.
- Patrick Rothfuss, The Name of the Wind

Soon the sun would be edging above the horizon. Morning. A time for new
hopes; a time to be up and doing. New hopes. He almost laughed. How long

had he been awake? An hour or more, surely...
- Robert Jordan, The Shadow Rising

The esh surrenders itself. Eternity takes back its own. Our bodies stirred
these waters brie y, danced with a certain intoxication before the love of life
and self, dealt with a few strange ideas, then submitted to the instruments of

Time. What can we say of this? | occurred. | am not...yet, | occurred.
- Frank Herbert, Dune Messiah

You will be required to do wrong no matter where you go. It is the basic
condition of life, to be required to violate your own identity. At some time,
every creature which lives must do so. It is the ultimate shadow, the defeat of
creation; this is the curse at work, the curse that feeds on all life.

Everywhere in the universe.
- Philip K. Dick, Do Androids Dream of Electric Sheep?

These things cannot be stopped: Inherited will.
People's dreams. The ebb and ow of the ages.
As long as people seek the answer to freedom, these will never cease to be!
- Gol D. Roger, One Piece

Use statistics as a drunk man uses lamp posts -
for support rather than for illumination.
- Andrew Lang

Declare this an emergency
Come on and spread a sense of urgency

And pull us through

And pull us through

And this is the end

This is the end

Of the world
- Apocalypse Please, Muse

Whew. This is turning into an epic acknowledgments.
- Brandon Sanderson, The Way of Kings

Vi



No matter what happens, | have faith in humanity's capacity for wisdom!
| have faith in science!!
- Dr. Vegapunk, One Piece

We're all small and stupid.
- Evelyn Wang, Everything Everywhere All at Once

A guerra destréi. O que constroi € o desenvolvimento,
€ o conhecimento cienti co, é o conhecimento tecnoldgico.
- Lula

Shit time to be a scientist.
- 3 Body Problem

The changeability of the world is, as it happens,
the only thesis in this treatise you can agree with.
- Dandilion, That Last Wish

When you want to know how things really work,
study them when they're coming apart.
- William Gibson

We all want to change the world
- The Beatles, Revolution

Whatever comes, face it on your feet.
- Robert Jordan, The Great Hunt

A wise man views a moonless night with fear.
- Patrick Rothfuss, The Wise Man's Fear

Because goodbyes are inherently sad. They mean that something's ending.

And this one is especially sad because what we had was so great.
- Jake Peralta, Brooklyn 99

Va'esse deireddh aep eigean, va'esse eigh faidh'ar.
(Something ends, something begins.)
- The Witcher, Andrzej Sapkowski

This is my peak, this is...
- Monkey D. Luy, One Piece
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This thesis investigates policy pathways and technological strategies to bridge the
emissions gap and achieve the Paris Agreement goals through the application of inte-
grated assessment models. The research is structured into three complementary studies.
The rst evaluates the potential of good practice policies in major emitting countries,
demonstrating that while these policies signi cantly contribute to emissions reductions,
they are insu cient to fully meet the Paris targets without additional, context-speci c
measures. The second study examines post-COVID-19 economic recovery packages, and
shows that current e orts are inadequate to align with the necessary emissions trajec-
tories, emphasizing the need for more ambitious and sustained investments. The third
study focuses on the role of carbon dioxide removal technologies, highlighting the critical
importance of early deployment and international cooperation to optimize global and
regional mitigation e orts. Collectively, the ndings present the necessity of integrating
diverse policy instruments and technological options, tailored to national circumstances,
to e ectively close the emissions gap and achieve the Paris Agreement goals.
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Chapter 1

Introduction

1.1 Climate change and Integrated Assessment Mod-
eling

Climate change is upon us. Anthropogenic greenhouse gas (GHG) emissions have
steadily increased, driving a recently unprecedented global warming, with severe con-
sequences including intensi ed droughts, oods, cyclones, and other extreme weather
events [1, 2]. The latest assessments by the Intergovernmental Panel on Climate Change
(IPCC) indicate that the emissions of the past decade alone have approximately the
same size as the remaining carbon budget to limit global warming below 1°6 and
between one-third and one-half of the 2C carbon emission budget [3]. To mitigate this
warming trajectory, it is urgent that we reach the peak of global emissions and transition
to climate neutrality, thus reducing the level of impacts caused by climate change [4, 5].

Responding to this urgency, nations around the world adopted the Paris Agreement
(PA), committing to limit warming to “well below' 2 °C, with e orts to cap it at 1.5 °C
above pre-industrial levels [6]. The PA called on countries to propose their nationally
determined contributions (NDCs) as a response to climate change, where each country
sets a target for GHG emissions in 2025 and 2030. These NDCs include unconditional
pledges that countries commit to implement independently, as well as conditional pledges
that depend on international support. In addition, all participating parties are to
communicate their targets and to periodically review their value in a global stocktake
[6, 7].

However, signi cant gaps remain to limit warming below 2°C. NDCs, which can

Iwhich can be nancial, technological and capacity-building support from developed countries.



be considered the core pledges of the PA, currently fall short of these ambitious goals,
indicating a clear ambition gap [8 10]. The UNEP Emissions Gap Report 2024 [11]
estimates an emission gap of 14 GtG@ between projected 2030 emissions under current
unconditional NDCs in a below 2°C limit, and a 22GtCO,e emission gap for 1.5C
scenarios. Even the implementation of current 2030 NDCs would yield only a 4 to
10% reduction in emissions from 2019 levels, considering unconditional and conditional
NDCs, respectively, far from the 28% cuts required to align with the PA's goals [11].

Even where ambition exists, implementation frequently lags behind due to insu cient
policies and concrete actions [12, 13]. This discrepancy is exempli ed by the fact that
while 142 countries and 193 regions have announced net zero emission targets, only
75 parties have formalized their commitments through submitted Long-Term Strategies
(LTS) [14, 15].

The ambition and emissions gap needs action as a means of dealing with it. To reduce
GHG emissions to below the proposed NDC targets, political traction is needed to push
forward even more ambitious policies, otherwise it will be impossible to achieve PA goals
[11]. In addition to that, national incentives for R&D and international cooperation
agreements can also promote the development and expansion of cleaner technologies in
many countries and are also taken into account, as a means of implementation, in some
countries conditional NDCs [16].

Closing the gaps between climate ambition and implementation requires an analytical
framework to guide policymakers. Integrated Assessment Models (IAMs) can ful Il this
function by assessing the interactions between energy, environmental, socioeconomic,
and terrestrial systems, which can provide insights for policy decisions [7, 17 19]. The
IPCC consistently uses IAMs to assess potential climate impacts and mitigation path-
ways, focusing on global and regional assessments of scenario-based analyzes [1, 3]. The
IPCC has been using IAM research in its analysis since its First Assessment Report and
has been increasing its importance since then, with even greater in uence on the IPCC
Fifth Assessment Report and its in uence on the formulation of the Paris Agreement
[19 21]. In its Sixth Assessment Report (AR6), the IPCC synthesized key mitigation
strategies using a set of ve lllustrative Mitigation Pathways (IMPs), which represent dif-
ferent socioeconomic and technological transformations consistent with limiting warming
aligned with PA goals. These pathways, derived from IAM scenarios, highlight di erent
emphases such as the deployment of renewable energy, reduced energy demand, exten-
sive use of carbon dioxide removal in the energy and industrial sectors, and supply-side
measures, and are used across the report [3]. The COFFEE model [22 26], which will
be presented in the following sections, had one of its scenarios selected as the IMP-Neg



scenario in ARG.

Moreover, IAMs can o er policymakers some guidance on optimal decarbonization
strategies, highlighting cost-e ective or highest-bene t approaches to allow detailed anal-
yses under various climate constraints [18, 27, 28]. Although IAMs are traditionally used
to test techno-economic assumptions and inform new policy proposals [29, 30], there is
room to apply this modeling approach to directly assess existing or proposed policies
and their medium to long-term impacts [7, 31]. By quantifying emissions reductions and
clarifying transition pathways, IAM analyses have become foundational tools for climate
policy formulation at global, national, and regional levels [3, 7, 31, 32].

Therefore, despite the growing reliance on IAMs and policy instruments individu-
ally, a key gap remains in understanding how insights from IAMs and climate policy
instruments can synergistically inform each other, thereby e ectively bridging global
and regional emissions and implementation gaps. Addressing this literature gap is the
core of this thesis, with its supporting research questions being presented in the following
subsection.

1.1.1 Objectives of the thesis

Given the aforementioned literature gaps, the main research question (RQ) of this
thesis is: How can climate policy instruments and IAMs synergistically inform each
other to e ectively bridge the global emissions gap and achieve the PA temperature
goals? Using this question as the underlying scope of this thesis, we also propose three
sub-questions, which are answered throughout the chapters:

1. RQ1: How can a set of 'good practice policies' help bridge the emissions gap
among major emitting countries through the use of IAMs?

2. RQ2: To what extent the application of post-Covid recovery packages can bridge
the investment gap and align with short- and medium-term emissions trajectories
compliant with Paris goals, according to a set of IAMs?

3. RQ3: What are the regional global implications of deploying CDR, as informed
by IAM analyses, and what policy recommendations can be derived from its de-
ployment pathways?

To answer the aforementioned questions, di erent sets of IAMs are used, but the focus
of this thesis is on two models: The Brazilian Land-Use and Energy Systems (BLUES)
model [29, 33 36], and the COmputable Framework For Energy and the Environment



(COFFEE) model [22 24, 30, 37]. In addition, for each research question addressed
below, we indicate the methodological challenges or modi cations that were required
either by adapting the model structure or introducing new parameters to accommodate
the necessary changes in assumptions.

First, focusing on RQ1, we evaluate the implementation of a set of good practice
policies that are e ective in some countries [12, 32] in a group of national IAMs. We
then compare the scenario results of the good pratice policies implemented with a NDC
scenarid, as well as the implementation of a current policies scenario and &2 scenario.

In this context, to assess the e ectiveness of the GPP in closing the emissions gap, a
Bridge scenario combining both the GPP and the 2C scenario is considered. This is
the rst implementation of such a GPP/Bridge scenario at the national level, enabling
analysis of these climate policies and o ering a comparison with the NDCs. Then, we
compare the e ectiveness of the implementation of these policies in each region, tak-
ing into account regional capabilities and di culties. Answering this question required
implementing this set of good practice policies in the BLUES model, representing the
rst e ort to incorporate multiple climate policies into this Brazilian 1AM, which in-
volved methodological adjustments to correctly interpret these policies and enable their
application within a national process-based IAM.

For RQ2, we analyze the short- and medium-term impacts of policy responses related
with post-COVID green recovery packages. We test the hypothesis that the planned
recovery from COVID-19 would undermine the response to climate urgency by modeling
'post-COVID-19' scenarios until 2050. We apply short-term regional shocks to GDP
growth due to COVID-19 on an SSP2 pathway. We then use policy package&®nsisting
mostly of policies for investments, focusing on three main technology groups related to a
low-carbon transition: Power generation, energy e ciency and the transport sector. As
an example, the US government administration pledged almost US$3 trillion of public
expenditure, focusing on environmental measures for the power, industry, manufacturing
and transport sectors, while China announced a support of US$ 22 billion to clean
energy investments, and the European Union commited as least 30% ofdt$50 billion
budget to climate action [38 40]. This analysis represents one of the rst e orts to
explicitly incorporate investment policy packages into the COFFEE-TEA modeling suite,
uniquely exploiting the model's constraint structure to capture policy-speci ¢ investment
dynamics.

2Consisting on the Nationally Determined Contributions from each country or region that were made
public as of November 15th 2020.
3That were made public as of May 2021.



Lastly, for RQ3, we assess the role and regional deployment of carbon dioxide removal
(CDR) technologies required to meet di erent long-term climate targets. Using the
COFFEE global IAM, we run carbon budget scenarios ranging from 300 to 2,400 GtGO
from 2020 to 2100, and analyze the deployment of four main CDR categories: energy-
based, land-based, materials-based, and others. These scenarios re ect end-of-century
temperature outcomes between 1.8C and over 2°C, with increasing reliance on CDR
as ambition increases. We evaluate the global and regional timing of net zero £0
emissions, cumulative CDR needs, and the mix of technologies deployed. This represents
one of the rst e orts to quantify the di erentiated roles of CDR technologies across
regions in a consistent modeling framework, while comparing increasing ambition level.
The results highlight that BECCS and a orestation and reforestation dominate in more
stringent scenarios, while DAC and materials-based removals contribute marginally but
grow in importance as carbon prices evolve and ambition increases. We then analyze how
di erent policy packages align with our results and emphasize the need for targeted policy
instruments to support the development, deployment, and scaling of CDR technologies.

Hence, each chapter addresses one of the three research questions using speci ¢ mod-
eling strategies. ForRQ1, we invert the conventional role of IAMs: rather than using
model outputs to design policies, we test how existing policy packages proven ef-
fective in some countries can be applied within IAMs to assess their potential for
bridging regional ambition and implementation gaps. FORQ2, we evaluate how green
recovery packages introduced in response to COVID-19 could contribute to short- and
medium-term emissions reductions. These policy packages are incorporated into IAMs
to explore their alignment with low-carbon pathways and Paris-aligned trajectories. For
RQ3, we adopt a more traditional IAM approach to explore long-term climate targets.
We use a global model to simulate a wide range of carbon budget scenarios and evaluate
the deployment and regional contribution of di erent CDR methods, then we analyze
speci ¢ policies designed for mitigation strategies aligned with CDR.

1.1.2 Thesis outline

To answer the questions proposed above, this thesis is divided into ve chapters, with
three of them consisting of research articles. In two of the three articles, the author of
this thesis* is the rst author, and in one of them was responsible for the model runs and
analysis of the COFFEE model. Chapter 2 is the article entitled Good practice policies

4The author selected these three articles among fourteen already published, and in addition to one
already accepted.



to bridge the emissions gap in key countries, published {Blobal Environmental Change
[31]; Chapter 3 consists of the paper entitled Is Green Recovery Enough? Analysing the
Impacts of Post-COVID-19 Economic Packages, published Bnergies[23]; Chapter 4
presents the manuscript of the paper entitled Global and Regional Dynamics of Negative
Emissions: Pathways to "Paris', ready to be submitted. Finally, chapter 5 consists of the
nal remarks of this thesis, also taking into account how the proposed research questions
are answered throughout the document, and limitations from each chapter.



Chapter 2

Good practice policies to bridge the
emissions gap in key countries

Baptista, L.B., Schae er, R., Van Soest, H.L., Fragkos, P., Rochedo, P.R.R., Van
Vuuren, D., Dewi, R.G., lyer, G., Jiang, K., Kannavou, M., Macaluso, N., Oshiro, K.,
Park, C., Reedman, L.J., Safonov, G., Shekhar, S., Siagian, U., Surana, K., Qimin,
C., 2022. Good practice policies to bridge the emissions gap in key countries. Global
Environmental Change 73, 102472. https://doi.org/10.1016/j.gloenvcha.2022.102472

Abstract

One key aspect of the Paris Agreement is the goal to limit the global average tem-
perature increase to well below 2C by the end of the century. To achieve the Paris
Agreement goals, countries need to submit, and periodically update, their Nationally De-
termined Contributions (NDCs). Recent studies show that NDCs and currently imple-
mented national policies are not su cient to cover the ambition level of the temperature
limit agreed upon in the Paris Agreement, meaning that we need to collectively increase
climate action to stabilize global warming at levels considered safe. This paper explores
the generalization of previously adopted good practice policies (GPPs) to bridge the
emissions gap between current policies, NDCs ambitions and a well belokCworld,
facilitating the creation of a bridge trajectory in key major-emitting countries. These
GPPs are implemented in eleven well-established national Integrated Assessment Models
(IAMs) for Australia, Brazil, Canada, China, European Union (EU), India, Indonesia,
Japan, Russia, South Korea, and the United States, that provide least-cost, low-carbon
scenarios up to 2050. Results show that GPPs can play an important role in each region,
with energy supply policies appearing as one of the biggest contributors to the reduction
of carbon emissions. However, GPPs by themselves are not enough to close the emission
gap, and as such more will be needed in these economies to collectively increase climate



action to stabilize global warming at levels considered safe.

2.1 Introduction

A key aspect of the Paris Agreement is the goal to limit the global average temper-
ature increase to well below 2C [6]. To achieve the Paris Agreement goals, each party
of the United Nations Framework Convention on Climate Change (UNFCCC) needs
to play its part, by presenting, and periodically updating, its Nationally Determined
Contribution (NDC) towards more ambitious emission reduction targets. NDCs are a
set of policies and targets aiming to reduce country-level emissions and are determined
by each country, with no legal obligation towards its implementation, and should be
updated every ve years [18]. Recent studies show that NDCs and national policies are
not su cient to cover the ambition level of the temperature limit agreed by the Paris
Agreement, meaning that, perhaps, all countries need to collectively increase climate
action to stabilize global warming at levels considered safe [8, 12, 41]. To that end,
we may need unprecedented and far-reaching national and global responses in terms of
practices and policies [7]. Several options are on the table, including energy e ciency
improvements, electri cation of nal energy uses, uptake of renewable energy in power
generation, advanced biofuels, carbon capture and storage (CCS), bioenergy with car-
bon capture and storage (BECCS), a orestation, reforestation, reducing deforestation,
etc., depending on national priorities and local conditions [18, 42].

To assess the contribution of greenhouse gas (GHG) emissions reductions from prac-
tices and climate policies, Integrated Assessment Models (IAMs) provide a thorough
analysis of potential trade-o s, opportunities, and challenges for their implementation.
IAMs are widely used by the climate research community, with studies ranging from
policy implementation to climate scenarios and inter-model comparison analyses, both
at the global and national levels [7, 12, 18, 42].

To this end, climate change mitigation is typically facilitated in IAMs by a global
carbon price to identify cost-e ective mitigation strategies [43, 44]. However, while price-
driven or least-cost trajectories are indicative, they may sometimes not be particularly
realistic, as probably in most countries a carbon price is going to be the single most
important driver of an e cient low-carbon transition, but with other energy, transport
and climate policy measures also playing a role. As such, a carbon price is normally an
artifact that IAMs use to indicate mitigation actions: it equals the marginal abatement
cost across regions and sectors of a theoretical world with a limited representation of



heterogeneous behavior and institutions. Nonetheless, it is worthwhile to explore those
mitigation actions in more detail.

Most of these studies indicate the need to close the emissions gap between current
policies, the NDCs, and the more ambitious climate targets set by the Paris Agreement.
Many studies focus on how to achieve climate goals, either through the use of global
models [7], or from national models that make use of results from global models [12, 18,
42, 45]. However, few studies focus on regionalized policy packages and their e ects. This
may be an indication that a broader selection of new, eventually already proved, policies
and practices at the national level is needed as an alternative to least-cost solutions
coming out of IAMs, at least in the short and medium-term [46, 47].

This article aims to evaluate scenarios with a new set of standardized practices and
policies and their application in national IAMs, identifying how these practices and
policies can contribute towards a below 2C world, and supporting the revised NDCs
and global stocktake in 2023. These scenarios are analyzed in ten di erent countries and
one region - Australia, Brazil, Canada, China, European Union (EU), India, Indonesia,
Japan, Russia, South Korea, and the United States, thus covering almost three-fourth
of global CO2 emissions in 2018 [18, 42].

The innovation of this article is in the implementation of good practice policies (GPP)
in eleven national/regional IAMs that capture national speci cities and policy priorities.
Furthermore, this study compares the results of the new scenarios with those associated
with the implementation of the NDCs, as well as the implementation of current policies
scenario and a 2C scenario. In this context, to assess the e ectiveness of the GPP in
closing the emission gap, a Bridge scenario is also considered, which account simultane-
ously the GPP and 2°C scenario. It is the rst time that such GPP/Bridge scenarios
are implemented at the national scale, allowing an analysis of the implementation of
these climate policies and a counterpoint to the NDCs. Besides, these scenarios were
created jointly by national and global model teams, with the latter also running the
same scenario protocol (for more detail on global model runs see [7]). Common indica-
tors are calculated and shown to present whether the implementation of these practices
and policies is su cient to bridge the emission gap and contribute to the strengthening
of the NDCs over time, along with a sector-level assessment.



2.2 Methods

To evaluate a new set of practices and policy scenarios, named here as Good Practice
Policies (GPP) and Bridging scenarios (Bridge), and their application in national IAMs,
we identify how these practices and policies can contribute towards a°€ world, and
how they can support the ratcheting up in 2023. As described in more detail below, the
Bridge scenario is based on the GPP scenario until 2030, and then it transitions to a
2 °C pathway afterwards.

Then, these scenarios are compared to a Current Policies (CurPol) scenario, a Na-
tionally Determined Contributions (NDCplus) scenario, which maintains its e ort after
2030, and an emission scenario consistent with an average glolsél &mperature change
above pre-industrial levels (2Deg2030).

These scenarios are analyzed in eleven major-emitting economies - Australia,
Brazil, Canada, China, European Union, India, Indonesia, Japan, Russia, South Ko-
rea, and the United States. Eleven national/regional and nine global models were
part of the COMMIT project (for more detail about the COMMIT project, see
https://themasites.pbl.nl/commit/, [7, 42]), with this study focusing on national models
results.

For a more detailed discussion on global model results from the COMMIT project,
see [7]. For consistency between national and global analyses, the scenarios analyzed in
this study were developed simultaneously at both global and national levels. To that
end, the same conditions are incorporated at the global and local levels, providing a
consistency between national pathways and global carbon emission budgets, as done in
[18]. Thus, both national and global model teams involved in this e ort followed the
same scenario protocol for comparability.

2.2.1 Models

Figure 2.1 shows the national models participating in this analysis, representing more
than 75% of global GDP and carbon dioxide emissions, as well as 57% of the global
population. They represent 13 of the largest economies in the world, except Mexico and
Turkey.

The national/regional models included here are: AIM/Enduse [Japan], AIM/CGE
[Korea], BLUES (Brazil), DDPP Energy (Indonesia), GCAM-Canada, GCAM-USA,
India MARKAL, IPAC-AIM/technology (China), PRIMES (EU), RU-TIMES (Russia)
and TIMES-AUS (Australia). As said before, this paper focuses on national models and

10



Figure 2.1: Economies covered by the national/regional models included in this work

results, comprising some comparisons to some global models results, while global results
are deeply explored in [7]. A brief description of each national model can be found in
the supplementary material.

2.2.2 Scenarios

Five scenarios are explored in this paper in order of stringency, namely a current
policy scenario (CurPol), a scenario that represents the nationally determined contribu-
tions and the continuation of its e orts (NDCplus), a scenario of applying good practice
policies (GPP), and two mitigation scenarios corresponding to an increase of global
warming up to 2 °C from pre-industrial levels to 2100, one building on NDCs (2Deg2030)
and the other referring to a scenario is based on the GPP scenario until 2030, and then
it transitions to a 2 °C pathway afterwards (Bridge).

The CurPol scenario is a middle of the road socio-economic conditions scenario
throughout the century, based on the socio-economic development assumptions of the
second marker baseline scenario from the Shared Socioeconomic Pathways (SSP2). It
also assumes the implementation of energy, climate, and land-use policies that are cur-
rently endorsed and legislated, with a cut-o date of 1st of July 2019. It follows the
same protocol as shown in [12] and [18] and presented in the Climate policy database
(http://www.climatepolicydatabase.org/ ). The continuation of these policies is also
considered, as shown in the NDC-plus scenario that follows.

The NDCplus scenario relies upon the CurPol scenario and assumes that both un-
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conditional and conditional NDC pledges and targets are implemented by 233@ major
emitting economies and considering the continuation of the e ort beyond 2030, by the
extrapolation of an equivalent carbon price in 2030 using the GDP growth rate as a
proxy up to 2050. The equivalent carbon price represents the value of carbon that
would produce the same emission reduction as the NDC policies in a region. If a region
has a carbon price of zero during the implementation of the NDC in 2030, a minimum
carbon price of 1 $/tCO2 in 2030 has been assumed. If a region has a negative carbon
price in 2030, the resulting trajectory of 1 $/tCO2 has been o set to the model's starting
point in 2030. For land use, a $200/tCO2 price cap has been applied.

Our representation of the US NDCplus pathway is consistent with the o cial U.S.
Midcentury report submitted by the U.S. government to the UNFCCC (The White
House, 2016). In this representation, the NDCplus scenario for the U.S. coincides with
the 2Deg2030 scenario. This is because the US NDC lies on a straight-line path toward
80% reduction in 2050 [48, 49], which is in turn consistent with a 2-degree pathway and
budget [50]. This is not the case with other countries explored in this study. Thus, it is
important to note that that our modeling of the NDCplus scenario for the U.S. assumes
that the U.S. will achieve their NDC as stated and will continue to follow through with
stringent policies to achieve 80% reduction in economy-wide GHG emissions by 2050.
This representation is understandably more ambitious compared to the other countries
and regions studied in this paper and care must be taken in interpreting cross-country
comparisons.

The 2°C (2Deg2030) scenario assumes a carbon budget until the year 2100 consistent
with a warming of 2 °C above pre-industrial levels by 2100. Each national modeling team
used a national carbon budget derived from the global budget of 1,000 Gt of CO2 in
the period from 2011 to 2100, as done in CD-LINKSh{tps://www.cd-links.org ) and
presented in [18]. This carbon budget represents a high probability (66%) to keep global
warming levels below 2°C by 2100. This carbon budget derives from global models
and may be subject to the least-cost optimization to re ect the smallest impact on the
global economy. Other methods can be applied to allocate such emissions to individual
countries as well, as seen in [51].

The good practice policies (GPP) scenario relies upon the CurPol scenario and as-
sumes the implementation of good practice policies that are e ective in some countfies

1The NDCs here used are those that were already made public as of 15 November 2020.

2The protocol for the GPP implementation assumed a national level policy implementation. How-
ever, each model has its own regional disaggregation (e.g.: the BLUES model represents 5 Brazilian
macro regions, the GCAM model represents 50 states of the US), and this may a ect the results of
other policy scenarios, such as the Current Policies and NDCplus scenarios
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These policies are considered to be implemented by 2050, taking into account distinctions
between low/medium income and high-income countries in terms of timing and strin-

gency of climate policy targets. The description of each of the selected good practice
policies is presented in Table 2.1.
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Table 2.1: The good practice policies assumed in the national models

Sector Measure High-income Low-/medium- Other (diers per
countries income countries measure)
AFOLU Treat manure from livestock with  33% by 2030 15% by 2030 -

(Agriculture
and LULUCF)

anaerobic digesters  Reduction
of CH4 emissions from manure,
relative to 2015

Increase nitrogen use e ciency
Reduction of N20 emissions from
fertilizer, relative to 2015
Selective breeding to reduce CH410% by 2030
emissions from enteric fermenta-

tion emission factor or emissions
reduction, relative to 2015

Increase natural forest aoresta- Tier 1
tion and reforestation (annual in- Latin

10% by 2030

(China,
America):

5% by 2030 -

0% by 2030 -

Tier 2 (South & SE Tier 3  (Europe,
Asia, Sub-Saharan Turkey, 23% of Rus-

Energy supply

crease 2015-2030) 2%lyr Africa, Australia): sia, USA): 0.5%/yr
1%l/yr

Halt natural forest deforestation 0 ha/year by 2030 0 hal/year by 2030 -

No new installations of unabated By 2025 By 2030 -

coal power plants

Increase renewables share in eleci.4%-point/yr
tricity generation (2020-2050)

Coal mine CH4 emissions recov-30% by 2030
ery

Reduce venting and aring of 36% by 2030
CH4 and CO2 emissions relative

to 2015

1.4%-point/yr -
30% by 2030 -

36% by 2030 -

Improve nal energy e ciency of
appliances relative to 2015

17% by 2030

7% by 2025/2030 -

Buildings Improve energy intensity of new 22 & 30 22 & 30 EU: 35 & 40
buildings KWh/(m 2.yr) KWh/(m 2.yr) by KWh/(m 2.yr) by
by 2025 2035 2025
No new oil boiler capacity in By 2030 By 2040 EU: by 2020
buildings
Improve e ciency of existing 11% by 2030 6% by 2030 -
buildings (share renovated)
Apply CCS Carbon captured 1.5% by 2030 1.5% by 2040 -
Industry and stored (% of total emissions)
Improve nal energy eciency 11% by 2030 6% by 2030 -
relative to 2015
Reduce N20O emissions from99% by 2030 99% by 2030 -
adipic/acid production
Improve aviation energy e- 0.78%l/yr by 2030  0.78%/yr by 2030 -
Transport ciency (annual, from 2018)
Improve fuel e ciency of new 38 km/l by 2030 27 km/I by 2030 -
passenger cars
Increase share of non-fossil vehi-50% by 2030 25% by 2030 China: 25% by 2025
cle sales
Waste Reduce CH4 emissions relative to55% by 2030 28% by 2030 -

2015

Economy-wide

Carbon pricing pathways Tier 1 (OECD,
EU): $40/tCO, by
2030

Reduce F-gas emissions relative60% by 2030
to 2015

Tier 2 (Russia, East Tier 3 (others):
Europe, China, Ko- $10/tCO, by 2030

rea, Latin Amer-
ica): $25/tCO; by
2030

38% by 2030 -
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There are good practice policies for six di erent economic sectors, as well as a policy
that a ects the entire economy. The range of good practice policies includes policies
in the energy, transport, agricultural, industrial, building sectors, among others. These
policies, based on the literature [32, 52, 53], present di erentiated targets for high-
income and low/medium-income countries. Some of these measures include targets for
reducing F-gas emissions, increased uptake of renewable energy sources, greater e ciency
in the nal energy in the buildings and industrial sectors, greater fuel e ciency in new
passenger cars, the impediment to deforestation of natural forests, carbon pricing with
tiers di erentiating countries, and others. Thus, these scenarios serve as a background
to analyze how these good practice policies can contribute, at the national level, to
minimize the emission gap between the NDCs and more carbon-constrained scenarios.

Finally, the bridging (Bridge) scenario builds upon the GPP scenario, transitioning
it towards a 2 °C scenario after 2030. The GPP and Bridge scenarios were developed
in a multi-round approach, consisting of an initial round with responses to literature-
based good practice policies by national modeling teams, regarding the feasibility of
implementing these policies in their countries or which target level or years would be
possible.

2.3 Results

The GHG emissions trajectories up to 2050 from the countries/regions represented
by the national/regional models and for each of the presented scenarios is available
in Figure 2.2. Results from the global models are also shown for comparison. Some
variations regarding historical emissions are mostly due to the use of di erent databases,
especially historical land-use emissions [54], by the global and national model teams.
From the national/regional models' perspective, almost all the presented scenarios show
a reduction in the emissions level when compared to 2010 levels. This is not seen in
the CurPol scenario for Brazil, Canada, and South Korea, in the Brazilian NDCplus
scenario, and in all scenarios for India. Most of the national/regional trajectories are
consistent with global models results, with India and the United States being the regions
with the largest number of non-converging scenarios, the latter being a consequence of
the implementation of certain policies at the subnational (states, cities, and rms) level
as well.

By 2030, the good practice policiésare e ective in reducing GHG emissions (even

3In order to avoid confusion with the GPP scenario, the set of good practice policies (also named
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more e ective than NDCs) in a manner consistent with the 22C scenario for most of
the analyzed countries. In the case of Australia, these policies are shown to be e ective
as an early action measure. However, until the year 2050, it is clear that there is still an
unabated amount of carbon emissions to close the emissions gap towards the expected
levels of emissions for the ambition of the Paris Agreement.

In the Australian case, the good practice policies appear to be relevant for reducing
carbon emissions until 2030, but these policies alone are insu cient to meet the°2
carbon budget for the country. For Brazil, the GPP scenario is slightly more e cient
in reducing GHG emissions by 2030 when compared to NDCplus, with the latter not
being overly ambitious beyond the AFOLU sector [55]. For Canada and the EU, the
GPP scenario lead to signi cant emission reductions from CurPol and NDC levels and
they converge towards the 2C scenario with little e ort, when compared to the NDC
scenario. In the Indian scenarios, the good practice policies lead to a 15% decline in the
emissions in 2030 (with respect to CurPol), making it more ambitious than its NDCplus
scenario. By 2050, the GPP scenario shows a decline of 51% in emissions with respect
to CurPol scenario and 45% with respect to NDCplus scenario. However, the GPP
scenario is not in line with the cost-optimal budget allocation for India for a 2C world
and additional e ort is needed to bridge this gap. For Japan and Russia, the GPP
scenario can reduce carbon emissions by 2030 but are still not enough for closing the
emission gap to the 2°C trajectory. The USA has a greater emission reduction in its
NDC scenario than in its GPP scenario, with the former being consistent with an 80%
GHG emission reduction in 2050 when compared to 2005 levels [49]. Lastly, for Korea
the NDC scenario is more e ective than the GPP scenario in reducing carbon emissions
by 2040. Nonetheless, neither are enough for achieving the nation&carbon budget.

The waterfall charts in Figure 2.3 illustrate which are the largest contributors to
emissions reduction between NDCplus and GPP scenarios by 2050. This analysis aims
to help indicate which sectors has the largest potential contribution to enhance NDCs'
ambitions. Additionally, it presents the di erences in regional perspectives related to
the sectors with the greatest potential for emissions reduction. Regarding AFOLU emis-
sions, some models lack their representatibrwhich explains their null contribution in
Figure 2.3. It is worth noting that the USA's NDC scenario is more stringent than the
GPP scenario, resulting in lower carbon emissions, which are shown in the waterfall
chart as negative values in all sectors.

GPP) embodied in the GPP, and Bridge scenarios will be referenced as good practice policies from
this point forward.
4GCAM-Canada, Primes, IND-MARKAL, AIM/Enduse/RU-Times.
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Figure 2.2. Greenhouse gas emissions trajectories from national/regional models (lines)
and global models (wedges) up to 2050. For Canada, China, India, and Russia only CO2
emissions are presented. Di erent scales are applied to facilitate reading the results for
each region

Overall, the residential and commercial (buildings) sector presents itself as the small-
est contributor toward GHG reduction in the compared scenarios, while the largest con-
tributions come from the electricity supply and transport sectors, mostly driven by the
expansion of renewable energy and electric vehicles, respectively. These results are in
line with the global models results presented by [7].

By 2050, emissions from energy supply are signi cantly reduced in Brazil, India,
Japan, and Russia with the implementation of the good practice policies, with only a
small reduction in South Korea when comparing the NDC and GPP scenarios. Japan,
Russia, and South Korea could also take advantage of the good practice policies in the
transport sector, such as aviation e ciency improvement and a higher share of non-fossil
vehicle sales, for improving their NDC targets.

Regarding carbon emissions from industrial processes, the good practice policies can
be interpreted as a counterproductive for Japan, causing a small increase in its industrial
processes emissions when compared to its NDC scenario. On the other hand, the opposite
happened for Brazil and South Korea.

In the case of the impacts of the good practice policies on AFOLU emissions, Brazil

17



stood out amongst the other regions. Whilst the good practice policies are somewhat
aligned with the Brazilian NDC concerning natural forest deforestation, GPP scenario
also consider the improved rates of natural reforestation, which accounts for almost 17%
of GHG emission reduction compared to the NDCplus scenario.

When comparing the 2030 results for the NDC and GPP scenarios, as seen in Figure
S.1 in the Supplementary Material, it can be noticed that the good practice policies
are more e ective than the NDCs for reducing carbon emissions, with the exception
of EU, South Korea, and the USA. Once more, the selected good practice policies for
energy supply and transportation are more e ective in reducing GHG emissions, when
compared to NDCs.

Figure 2.3: Contribution of each sector to the reduction of carbon emissions between
the NDCplus and GPP scenario in 2050. Emissions in 2015 are shown for comparison
(Negative values represent an increase in emissions between the compared scenarios).
Di erent scales are applied to facilitate the reading of the results for each region. The
sectoral representation varies according to the model, which may explain some zero
values

The electricity share in nal energy consumption from national/regional and global
models is available in Figure 2.4. Figures S.2, S.3 and S.4 in the Supplementary Material
present the share of electricity in industry, transportation, and residential and commer-
cial (buildings) sectors, respectively. In the case of Australia, Brazil, India, and Japan,
global models estimate a higher share of electricity consumption in nal energy than
national/regional models, which can be represented by a greater degree of optimism re-
garding electri cation in these models. Overall, the good practice policies contribute to
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a greater share of electri cation in nal energy consumption when compared to CurPol
and NDCplus scenarios, with higher trends in electri cation shown in Canada and the
EU.

In the Industrial sector, a higher share of electri cation is seen in GPP and Bridge
scenarios in most of the analyzed countries, with signi cant changes in China, EU, Rus-
sia, and South Korea. The same occurs in the residential and commercial (buildings)
sectors, with electri cation occurring earlier in Canada, Japan, the EU, and South Ko-
rea. Excluding India and the USA, the GPP scenario presents higher electri cation
rates in the transportation sector, following the good practice policies of higher fuel
e ciency in vehicles and increased share of electric and hydrogen cars in new vehicles
sales. Additionally, some models may consider hybrid electric or biofuel-powered fuel
cell vehicles as an alternative towards vehicle electri cation (in particular to achieve the
fuel e ciency targets), which is only indirectly shown in the share of electricity in the
transport sector gure available in the Supplementary Material.

Figure 2.4: Share of electricity in nal energy consumption from national/regional mod-
els (lines) and global models (wedges)

2.4 Country-level discussions

Based on the results mentioned above, this session focus on speci ¢ and individual
analyses for each country/region.
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In the case of Australia, the intensi cation of electri cation occurs in more restric-
tive GHG emission reduction scenarios, with electricity production achieving almost zero
emissions due to the vast Australian renewable energy resources, as seen in [56]. Com-
pared to the current policy scenario, the share of electricity in the nal energy use in the
GPP scenario and the Bridge scenario is slightly higher, with the latter scenarios having
a reduction in total nal energy consumption. Land-use changes play an important role
in reducing Australian carbon emissions, which are 26% lower by 2050 when comparing
the NDCplus with the Bridge scenario.

For Brazil, the good practice policies for the land-use change sector are not as e ective
in the short term for reducing emissions when compared to the Brazilian NDC, which
is not the case by 2050. In the GPP's transport sector, there is an increase in the
share of ethanol use in the short term. However, the Bridge scenario presents shift
towards electri cation, reducing ethanol consumption, which is in line with what was
found by [57] and [33]. Moreover, the good practice policies help to reduce the need for
carbon capture by up to 12% by 2050 to mitigate carbon emissions in carbon restricted
scenarios, reducing the need of technologies with a lower level of technological readiness,
con rming results of previous studies [58].

Carbon dioxide emissions in China are reduced by almost 20% with the implementa-
tion of the good practice policies by 2030, when compared to the CurPol scenario. The
largest reductions occurring in the industrial, residential, and commercial sectors. By
2050, these policies lead to a reduction of more than 50% in carbon emissions, greatly
driven by the reduction of emissions in electricity generation, with the share of coal- red
power plants being reduced below the levels presented by [59]. This reduction in the
emission factor of the Chinese electricity grid allows for a greater reduction in Chinese
carbon emissions further facilitated by the increased share of electricity of nal energy,
which achieves more than 42% of the nal energy consumption by 2050. Compared to
the baseline scenario, the good practice policies increase the share of renewable sources
in the Chinese electricity matrix by 70% by 2050.

In the EU, the good practice policies present an opportunity to reduce carbon emis-
sions from the power and industrial sectors, reducing them by almost 60% below their
NDC scenario levels by 2050. The increased uptake of renewable energy signi cantly re-
duces the carbon content of electricity and leads to a large emission reduction across the
EU economy, especially when combined with the increased electri cation of energy ser-
vices, through the uptake of electric vehicles and heat pumps. This shows an alignment
with the 'no regret' policy decisions presented by [60] and [61], in which measures such
as electri cation, which is 34% higher in the GPP scenario than in the NDC scenario
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by 2050, can be considered for a sustainable and cost-e ective EU transition to climate
neutrality.

The application of good practice policies in India allows a 20% reduction in carbon
emissions from energy supply by 2030, and a reduction of more than 90% in emissions in
2050, when compared to the NDC scenario. In the short term, the most e ective policy
instrument for India appears to be a carbon tax which would help to phase out fossil
fuels from the system. Moreover, the GPP scenario can also contribute towards reducing
the burden of mitigation in the later years by preventing problems such as technological
lock-in of carbon-intensive technologies (especially coal- red power plants). However,
as presented by [62], such early actions may be more expensive in the short term. It
is worth mentioning that this study focuses on climate/energy related policy impacts
only, and as such it does not cover implementation costs (for studies analyzing costs in
a cost optimal policies scenario, see [63] and [64]). For a detailed analysis on the cost
and economic impacts of GPP scenarios at the global level, please see [7].

As in the European case, electri cation in Japan occurs more signi cantly in the GPP
and Bridge scenarios, and the good practice policies are presented as an opportunity to
reduce Japanese emissions in the short term, as seen in [65] and [66]. The good practice
policies are consistent with the emissions from the high budget scenarios presented in
[66], which is compatible with the upper limit of emissions under the Paris Agreement.
However, the good practice policies are more e cient in the buildings sector, while the
increase in e ort in the transport sector is marginal when comparing them with the
results of [66].

In the case of Russia, good practice policies are capable of reducing emissions from
the energy sector by more than half by 2050, while improving energy e ciency measures
that reduce primary energy consumption, when compared to the NDC scenario. Similar
to that presented in [67], the adoption of climate policies may weaken some barriers to
new technologies in the energy sector, thus showing the importance of policies of good
practices to bridge the gap for the Russian energy sector.

For the United States, good practice policies fail to prove to be more e ective than the
USA NDC, which is largely due to the Mid-Century Strategy for Deep Decarbonization,
as presented in [50]. Therefore, the good practice policies are not su cient to reduce
USA carbon emissions, as its NDC is much more stringent in reducing carbon emissions.
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2.5 Final remarks and conclusions

Most of the good practice policies play an important role in each region, with energy
supply policies appearing as one of the biggest contributors to the reduction of carbon
emissions over time. Namely, the alignment of the policy of renewable electricity share
increase with the intensi cation of carbon pricing in the analyzed economies have shown
to be a great contributor for closing the gap. Nonetheless, these policies are still not
enough to completely close the emission gap. In fact, initial good practice policies have
to be complemented, after 2030, by additional policies and measures, so as to emulate,
as much as possible, the Bridge scenarios explored in this study.

Finally, there are two additional main issues that still need to be addressed, such
as the homogeneity of these policies in such disparate countries/regions, and the po-
litical feasibility of the policy packages across regions and sectors. The rst presents
itself as the problem related to the development of a standardized set of good practice
policies, given that each country/region has its own speci cities, therefore requiring dif-
ferent approaches for implementation and further analysis to allow individual adaptation
without compromising the endgame. Therefore, these policies must be reevaluated by
policymakers in order to align them with each country speci cally.

The second, is related to the political feasibility of policy packages and other social
issues across regions and sectors, which in turn can be greatly facilitated by the way
they are designed and implemented. Experience has shown that policy packages need to
balance di erent objectives and administer their interactions to succeed and last long,
S0 as to also reach additional objectives successfully from other policy domains [68]. It is
also worth mentioning that alternative approaches to the NDCplus scenarios could also
be used, such as the approach presented by [69], as the authors have considered a min-
imum decarbonization rate regarding CO2 emissions per unit of GDP. Complementing
this, the NDC scenario is mainly used as a counterfactual to the good practice policies
scenario.

This study has shown that the assessment of the implementation of good practice
policies at the country/regional level can be used by policymakers to understand how
these policies can add to each country's/region's NDC. Furthermore, these good practice
policies can contribute to more ambitious NDCs aiming at a higher consistency with the
objectives of the Paris Agreement, adding to the rst global stocktake, which is due to
take place in 2023. As a matter of fact, good practice policies should serve as a guide
for the next global stocktake towards more ambitions NDCs, which later on will need
to follow a pathway similar to that given by the Bridge scenarios, towards a below Z
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world. In fact, complementary to this study, [7] present the results of global models,
in which it is shown that rapidly implemented climate policies are more e ective than
delayed climate action. As long as there is no immediate climate policy, the good practice
policies can put the world on a path more compatible with a 2C world, later on to be
complemented by a Bridge scenario.

Data availability

Model results can be found in the COMMIT scenario explorer: https://
data.ece.iiasa.ac.at/commit/#/login?redirect=%2Fworkspaces . Policy relevant
data is available in the Global Stocktake tool: https://themasites.pbl.nl/o/
global-stocktake-indicators/#home . The scenario data generated in this study have
been deposited in the Zenodo database under accession chtips://doi.org/10.
5281/zen0do0.5163588
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2.6 Good practice policies to bridge the emissions gap
in key countries Supplementary material

This supplementary material aims to detail some of the methodological procedures
followed in the manuscript, as well as to provide additional data developed in this re-
search. Thus, the description of the models used in this study is presented in subsec-
tion 2.7.1, while section 2.8, presents other results complementary to those presented in
the Results section of the manuscript.

2.7 Supplementary methods

2.7.1 Model description

PRIMES model description:

The PRIMES model is a structural partial equilibrium energy system model that
guanti es the energy system developments for the EU and each of its Member States by
2050 and 2070, simulating the responses of energy consumers and suppliers to di erent
economic, policy and technology developments. The model treats the decision-making
of various stylized actors as a fully- edged microeconomic problem, including its
structural details, often embedding both engineering and economic features. PRIMES
represents in an explicit and detailed way the energy demand for transport, buildings
and industrial sectors, energy and electricity supply and various emission abatement
technologies. It projects the future development of energy demand, fuel mix, technology
uptake, capacity additions, investment requirements, energy costs and prices as well as
energy-related CQ emissions under alternative policy scenarios in the 2015-2050 period
[61]. Technology vintages are included in the modelling, while PRIMES is calibrated to
Eurostat data for detailed energy balances. Detailed description of the model and most
prominent applications can be found in literature [60, 70].

AIM/Enduse [Japan] model description:

AIM/Enduse [Japan] is a partial equilibrium, recursive dynamic model for Japan
which is characterized by the detailed energy technology treatment in the energy
demand sectors, as well as the energy supply sectors [65, 71]. The energy technologies
are selected by linear programing minimizing total energy system costs, given exogenous
parameters such as technology cost and e ciency, energy service demands, emissions
constraints. The energy demand sectors are composed of industry, buildings, and
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transportation sectors, and they are disaggregated into several subsectors with respect
to types of products, buildings, and transportation mode. In the industry, building and
transportation sectors, wide mitigation options are included, such as energy-e cient
devices and fuel switching. It covers 10 sub-regions in Japan which is broadly coinciding
with the areas of 10 public power supply rms, to consider characteristics of energy
supply and demand across the various regions.

BLUES model description:

BLUES is a partial equilibrium, perfect foresight, least-cost optimization model for
Brazil, covering the energy, industrial, transport and AFOLU sectors representing 5 geo-
graphic sub-regions of Brazil, which are interconnected with the rest of the world through
trade. The BLUES model includes all GHG emission gases and sources by sector.
The model incorporates a detailed representation of the energy and land uses systems,
with over 28,000 technologies included [33, 55] amttps://www.iamconsortium.org/
resources/model-resources/brazilian-land-use-and-energy-system-blues/

AIM/CGE [Korea] model description:

AIM/CGE [Korea] is a general equilibrium, recursive dynamic model for Korea,
covering building, industrial, transportation, energy supply and AFOLU sectors. This
model contains 42 industrial classi cations. Supply, demand, investment, and trade are
described under individual behavioral functions that respond to changes in the price of
production factors and commodities, as well as changes in technology and preference
parameters on the basis of assumed population, GDP, and consumer preferences. This
model simulates national scenario by treating exogenous parameters such as technology
share, e ciency, energy service demand management, emissions constraints [72].

GCAM-USA Description:

The Global Change Analysis Model (GCAM) is an open-source global integrated
assessment model (IAM) with representations of energy, economic, agriculture, land,
and water systems and their interactions in 32 geopolitical regions in the world [73, 74].
The version of the model used in this study, namely, GCAM-USA, disaggregates the
economic and energy systems of the United States into the 50 states and the District of
Columbia [48, 75]. The version of GCAM-USA used in this study is calibrated to 2010.
The model operates in ve-year time steps through 2100 but the focus of the present
study is 2050. GCAM-USA is a partial equilibrium model that solves for equilibrium
prices and quantities of several hundred energy, agricultural, and GHG markets in each
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time period and region. GCAM-USA is embedded within the global GCAM model.
Hence, prices, supplies, and demands, within the states are consistent with international
conditions. Key inputs into GCAM-USA include population, labor participation, and
labor productivity, and representations of resources, technologies, and policies for the
32 geo-political regions and the 50 states and D.C. Activity in the energy, agriculture,
and land-use systems produce emissions of 16 GHGs which are tracked endogenously.
More details about the model, its assumptions, and structure can be obtained from the
documentation website fittp://jgcri.github.io/gcam-doc/gcam-usa.html ).

India MARKAL model description:

India MARKAL model is a single region, national level energy system model based on
the MARKAL (MARKket ALlocation) modeling framework. The framework is a bottom-
up, dynamic, least-cost optimization model following perfect foresight and rational ex-
pectation hypothesis. The model is set-up over a period of 2001 to 2051 at ve-yearly
intervals with a detailed representation of the energy sector in India. It primarily covers
CO, emissions emanating from energy production (i.e., electricity generation) and use
(in agriculture, residential, commercial, industrial and transport sectors). The end-use
demands are exogenously estimated based on GDP, population, and past trends. The
model incorporates around 100 energy conversion technologies, around 300 end-use tech-
nologies and both conventional (fossil fuels) and modern (solar, wind, nuclear, biofuel,
etc.) forms of energy [62, 76, 77].
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TIMES-AUS model description:

TIMES-AUS is an Australian implementation of the TIMES (The Integrated
MARKAL-EFOM System) energy system modelling framework developed and main-
tained by the Energy Technology Systems Analysis Programme (ETSAP) of the
International Energy Agency (IEA). TIMES-AUS divides Australia into 8 regions (6
states and 2 territories) with a detailed representation of demand sectors including
agriculture (8 sub-sectors), mining (6 sub-sectors), manufacturing (19 sub-sectors),
other industry (5 sub-sectors), commercial and services (11 building types), residential
(3 building types), road transport (10 vehicle segments) and non-road transport
(aviation, rail, shipping). The electricity sector in TIMES-AUS has generators mapped
to 19 transmission zones with sub-transmission zone spatial resolution of renewable
resource availability. The model has been used to inform near- and long-term abatement
trajectories [78] including net-zero emissions [79].

GCAM-Canada model description:

GCAM-Canada is a variant of the Global Climate Assessment Model (GCAM)
that is maintained and used Environment and Climate Change Canada (ECCC).
GCAM-Canada is a global recursive-dynamic integrated assessment model with 32
world geo-political regions (including Canada as a region) with technology-rich rep-
resentations of the economy, energy sector, land use and water linked to a climate
model. GCAM-Canada is uniquely parameterized to capture the Canadian energy
supply and demand market dynamics. It covers detail energy system ow from resource
extraction to nal energy consumptions with energy integration to agriculture and land
use activities. The model further integrates human activities to the climate model to
assess the anthropogenic emissions impact into global climate change.

RU-Times model description:

The RU-TIMES model is based on the Integrated MARKAL-FOM System aimed
at modeling and long-term planning of energy systems and technological processes.
The model covers major sectors and industries of Russian economy, including energy
industries (power and heat, oil, gas, coal, nuclear, renewables, etc.), ferrous and
non-ferrous metallurgy, transport, chemical and petrochemical industry, residential and
commercial buildings, foreign trade with energy resources [80]).

IPAC-AIM/technology model description:
Seehttp://ipaca€smodel.org.cn/About%20IPAC%20Model.html
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DDPP Energy model description:

The model is developed using GAMs based (v.2.5) - AIM EndUse and AIM EXSS.
The AIM Enduse covers technology selection based on least cost to marginal abatement
cost). The AIM ExSS for the projection of energy demand.

2.7.2 Scenario Implementation

Table 2.2: Implemented scenario by national model

Model/Scenario CurPol NDCplus GPP Bridge 2Deg2030

TIMES-AUS X X X X X
BLUES X X X X X
IPAC X X X

GCAM Canada X X X X X
PRIMES X X X X

India MARKAL X X X X X

DDPP Energy X

AIM/Enduse X X X X X
AIM/CGE X X X X X

RU-TIMES X X X X
GCAM USA X X X
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2.8 Supplementary results

Figure 2.5: Contribution of each sector to the reduction of carbon emissions between
the NDCplus and GPP scenario in 2030. 2015 emissions are shown for comparison
(Negative values represent an increase in emissions between the compared scenarios).
Di erent scales are applied to better read the results of each region
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Figure 2.6: Share of electricity in the industrial sector from national/regional models
(lines) and global models (wedges)

Figure 2.7: Share of electricity in the residential and commercial (buildings) sectors from
national/regional models (lines) and global models (wedges)
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