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Executive summary

The European Climate Law (2021) legislated the targets set out in the European Green Deal of
climate neutrality (net-zero GHGs) by 2050 and an intermediate target of 55% reduction by 2030
compared to 1990. Established as part of the European Climate Law in 2021, the European Scientific
Advisory Board on Climate Change (Advisory Board), has been tasked with advising the EU on a
subsequent intermediate target for 2040, and indicative budgets for EU greenhouse gas emissions
for the 2030-2050 period. This advice should also be in line with other international commitments
such as the Paris Agreement.

In 2022, via a Call for Scenarios, the Advisory Board invited the wider research community to submit
emissions scenario data to support the evidence base for its advice. More than 1100 scenarios were
collected and assessed in an emissions scenario database hosted online by IIASA, with thirty
additional scenarios from the Potsdam Institute for Climate Impact Research (PIK) to further assist
the analysis.

This report, and supporting data and code, aims to transparently document the additional scenario
data processing and analysis that has been undertaken to assist the Advisory Board’s deliberations.
Much of the assessment presented here builds on best-practice methods recently used in the IPCC’s
latest report, the 6" Assessment Report (AR6).

Overall, the EU Advisory Board Scenarios Database! comprises 1062 scenarios from global, regional
and national-level integrated assessment and energy system models. A series of data processing
and quality control procedures have been undertaken on the database, preserving the original
submissions, whilst adding additional post-processed indicators and metadata.

Of the 1062 scenarios with appropriate variable and regional data, 492 successfully passed through
a vetting process to assess their quality with respect to recent trends near-term plausibility in
emissions and energy supply. Where necessary, scenarios were rescaled for consistency at the EU
level, and harmonised to observational estimates of emissions and energy supply in 2019. Scenarios
were subsequently also assessed with respect to their climate outcomes, to determine compatibility
with global emissions pathways that limit warming to 1.5 °C, as well as compliance with the EU
2030 and 2050 GHG targets.

Lastly, a multi-dimensional feasibility assessment evaluates the geophysical, technological,
economic and socio-cultural dimensions of the scenarios to understand where feasibility concerns
(and trade-offs) might arise. From 63 scenarios compatible with 1.5 °C and the European Climate

1 https://data.ece.iiasa.ac.at/eu-climate-advisory-board/
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Law, 27 were identified to have relatively high feasibility concerns, especially based on the assumed
levels of carbon capture and utilisation in 2050, leaving a set of 36 scenarios that were
recommended for further analysis by the Advisory Board.

This report, supporting data and software code, aims to transparently strengthen the evidence base
available to the Advisory Board as well as the wider climate research community. Queries about the
work in this report can be directed to eu-climate-advisory-board-support@iiasa.ac.at .
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1 Introduction

The European Climate Law (2021) legislated the targets set out in the European Green Deal of
climate neutrality (net-zero Greenhouse Gas emissions (GHGs)) by 2050 and an intermediate target
of 55% reduction by 2030 compared to 1990. The legislation also established the European
Scientific Advisory Board on Climate Change (Advisory Board) in 2021 as an independent body of
15 experts to provide the EU with scientific knowledge and advice on climate change. Amongst a
number of remits, the Advisory Board has been tasked with advising the EU on a subsequent
intermediate GHG reduction target for 2040, and a GHG budget for EU greenhouse gas emissions
for the 2030-2050 period. Additionally, this advice should remain consistent other international
climate commitments, namely the Paris Agreement and the EU’'s Nationally Determined
Contributions and reporting requirements to the UNFCCC.

In 2022, the Advisory Board invited the wider research community to submit emissions scenario
data that can support its work in advising the EU on policy measures, climate targets and
greenhouse gas budgets. The call for scenarios? was addressed towards research institutions and
modelling teams, with a view to collect data of European and national (EU Member State)
greenhouse gas emission scenarios.

More than 1100 scenarios were collected and assessed in an emissions scenario database®, making
use of database infrastructure and a Scenario Explorer online interface provided by the International
Institute for Applied Systems Analysis (I1ASA). Thirty of these scenarios were specifically requested
by the Advisory Board from the Potsdam Institute for Climate Impact Research (PIK) to further
assist the analysis. A series of data processing and quality control procedures have been undertaken
on the database, preserving the original submissions, whilst adding additional post-processed
indicators and metadata, now hosted in a public Scenario Explorer and database®*.

This report, and supporting data and code, aims to transparently document the additional scenario
data processing and analysis that has been undertaken to assist the Advisory Board’s deliberations.
Much of the assessment presented here builds on best-practice methods recently used in the
Intergovernmental Panel on Climate Change’s (IPCC) latest 6" Assessment Report (AR6), Working
Group I (WGIII) (IPCC 2022a). The IIASA and PIK both have long-standing experience with
creating and assessing emissions scenario data within large research projects such as the Network
for Greening the Financial System and international assessments such as the IPCC. The intention
of the systematic data processing and analysis has been to establish quality control, add value to

2 https://www.eea.europa.eu/about-us/climate-advisory-board/call-for-scenario-data-contributions-closed
8 https://data.ece.iiasa.ac.at/eu-climate-advisory-board-submission
4 https://data.ece.iiasa.ac.at/eu-climate-advisory-board
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the existing data, and provide quantitative assessment of the scenarios along key dimensions of

interest to the Advisory Board, including emissions, climate, energy, land use, and feasibility. These

steps are outlined in Table 1.1 and correspond to the remaining sections of the report.

Table 1.1. EU Advisory Board scenario ensemble processing workflow.

Section

Purpose

Implications for the
scenario ensemble

2. The Scenario

Introduction to the scenario ensemble
and database, including additional

1094 scenarios successfully
submitted during call phase

30 REMIND model scenarios

ensemble scenarios added at the request of the

Advisory Board. additionally added at request
(section 2.2)

3.1 Introduction to scenario 1062 scenarios vetted, of which
assessment workflows. 492 passed
3.2 Quality control in terms of the Only global scenarios consistent
dataset structure and format, and the  \yjth 1.5 °C (<low overshoot
Baseline and near-term plausibility C1) kept.
vetting and filtering

3. Scenario Scenarios not reporting “EU-27”

assessment workflow

3.3 Classification of scenarios into
climate target categories that were
developed in IPCC ARG

3.4 Rescaling and Harmonization to
2019

3.5 Selection of 1.5 °C compatible
scenarios

were downscaled

All scenarios were harmonized
to 2019

Keep only scenarios consistent
with 2030 & 2050 EU targets

63 scenarios remaining

4. Feasibility
evaluation

Scenarios were assessed along key
variables from feasibility perspective

From a reduced set of 63, 36
scenarios pass the feasibility
assessment

10
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2 The scenario ensemble

2.1 Overview of scenarios considered and assessment

Overall, the EU Advisory Board Scenarios Database® comprises 1062 scenarios from global, regional
and national-level integrated assessment and energy system models. This includes some scenarios
from the IPCC AR6 Scenarios Database (Byers et al. 2022), modelling inter-comparison projects
and scenarios submitted individually by model teams.

To encourage a wide range of submissions and diversity of evidence, researchers were encouraged
to submit as much information and regional resolution as possible, as any material may be useful
or could become relevant for the Advisory Board, both within this and future assessments.

All scenarios were assessed for variable and regional coverage. A total of 1124 scenarios were
considered in this assessment, comprising 1094 submitted scenarios and 30 additionally solicited
scenarios from the PIK REMIND model (section 2.2). After checking the region and variable
coverage, 1062 scenarios were assessed through the vetting checks, of which 492 passed.
Scenarios were then assessed for consistency with global and EU 1.5 °C climate targets, leaving 63
scenarios that were further evaluated from the feasibility perspective, of which a further 27 were
identified to have relatively high feasibility challenges.

2.2 REMIND-EU scenarios

The analysis of the initial set of submitted scenarios showed that most of the pathways that reach
climate neutrality in 2050 and deep emission reductions in 2040, feature emissions reductions for
2030 that by far exceed the current target of reducing EU emissions by 55% in 2030 relative to
1990 levels. Given recent developments - including the Covid pandemic and the 2022 energy crisis
caused by the Russian invasion of Ukraine - and policy processes, it becomes increasingly unlikely
that such deep emission reductions can be achieved in the remaining years until 2030. The
scenarios submitted in response to the initial call for submissions do not include pathways with
near-term developments until 2030 in line with the Fit-for-55 package, and high ambition towards
an accelerated transition to climate neutrality in the 2030-2050 time span.

To fill this gap, 30 additional scenarios from recent research using the REMIND-EU model
(Rodrigues et al. 2022) were included in the database and analysis. These scenarios explore high
ambition decarbonization pathways for the EU, constrained in the near-term by recent

5 https://data.ece.iiasa.ac.at/eu-climate-advisory-board/
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developments as well as inertia in policy processes and technology development (Rodrigues et al.,
n.d.). They were calculated using the integrated energy-economy-climate modelling system
REMIND (Baumstark et al. 2021) in its version 3.2 and a setup with 21 regions, thereof nine intra-
EU subregions. The scenarios were especially refined to better represent a) the development of
overall emission reductions over the last decade, b) the recent evolution of performance and market
outlooks for key zero-emissions technologies like solar power, wind power, electric vehicles or CCS,
and c) the expected effects of recent EU-level climate policy initiatives such as the expansion of
carbon pricing beyond the energy and industry sectors, zero-emission vehicle standards through
2035, or key national policies such as coal phase-out plans by various countries.

2.2.1 Scenario description

To explore scenario dimensions most relevant for the definition of the EU decarbonization through
mid-century, the assumptions in the scenario analysis are varied along the following three
dimensions: (1) the policy stringency, (2) the short-term (pre-2030) flexibility, and (3) limitations
on the use of bioenergy.

Climate policy stringency

Under its nationally determined contribution, the EU has committed to reducing emissions by at
least 55% relative to 1990 levels by 2030. This target is underpinned by the Fit-for-55 package.
The European Green Deal also establishes the objective of reaching greenhouse gas neutrality by
2050. Both the 55% reduction and greenhouse gas neutrality target are enshrined in the EU Climate
Law adopted in 2021.

The NZero scenarios reflect the ambition level set by the EU Climate Law targets from 2030 and
2050. In the NZero scenarios, a carbon price level of about 80 €/tCO, in 2025, about 140 €/tCO; in
2030, rising to 210-260 in 2040 and 290-380 €/tCO; in 2050 is consistent with achieving an emission
reduction of 55-58% in 2030 and GHG neutrality by 2050. For simplicity, carbon prices are assumed
to apply uniformly across sectors.

Based on the reference scenario, three levels of higher climate policy stringency (300, 500, 800)
are defined, expressed through exogenous CO; price trajectories (Figure 2.1). After EU Green Deal
target year 2050, carbon prices are assumed to remain constant at the level achieved until then.

12
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Figure 2.1. Climate policy stringency levels. NZero is the carbon price trajectory resulting from a
reference scenario (corresponding to marginal abatement costs). 300, 500, 600, and 800 are exogenous
carbon price trajectories used to model higher climate policy stringency.

CO; prices are assumed to start from 80 €/tCO; in 2025 - around current EU ETS prices and similar
to the carbon price level of the NZero scenarios - and to reach 300, 500, or 800 €/tCO. in 2040,
respectively, with further increases thereafter.

Short-term policy flexibility

The decarbonization progress achieved until 2030 is a crucial determinant of the transformation
achievable until 2040 and 2050, as well as remaining cumulative CO, emissions from the EU-27.
The short-term flexibility relates to the degree of deviation allowed from the reference scenario
NZero (climate neutrality in 2050 and at least 55% GHG emissions reduction compared to 1990
levels) until 2030. In addition to NZero, we define 3 cases rigid, default and flex, summarised in
Table 2.1.

Table 2.1. Short-term (pre-2030) flexibility levels.

Name Assumption

NZero Implementation of EU Green Deal and Fit-for-55 policies under
anticipation of target to reach climate neutrality by 2050

rigid Investments are fixed to reference pathway (NZero) until 2030

13
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default Limited pre-2030 deviation from reference pathway possible but
subject to high adjustment costs

flex Unlimited deviation from reference pathway before 2030 possible

The rationale behind these cases is (a) that currently agents are in the process of adjusting their
investment decisions to the ambitious measures of the Fit-for-55 package that have been
implemented in the last months or are in the process of being implemented in the next months,
and (b) that there is only very limited scope for policy processes to implement more ambitious
policies such as tighter ETS caps, lower ESR targets or tighter efficiency requirements up to 2030
beyond the level that emerged in the negotiations between EU parliament and EU Council about
the various parts of the fit-for-55 package.

In the Default scenarios, it is assumed that investments are fixed to NZero pathways until 2025,
while investments until 2030 can deviate from the NZero pathways, but such deviation is subject
to adjustment costs. These adjustment costs represent that the current NetZero targets already
stretch the currently available production capacities for most zero-emission technologies to their
limit - thus any change in actual installed technical capacity first requires additional investments
into factories and skilled workers that allow to produce and install additional electric vehicles, heat
pumps, solar cells or wind turbines. These investments will only be taken after the targets and
instruments — whose negotiation took the better part of the last two years — have been
renegotiated, and the companies have redone their financial analysis of investment decisions and
— after accounting for new subsidies, technological regulations or expected changes in CO; prices
— have arrived at a different final investment decision than before the policy changes. The extended
periods of planning and permitting required for some of these technologies (construction of
factories, grid expansion for transmission grids or district heating grids) further slows down any
upscaling of ambition.

In the Rigid scenarios, we assume that the transformation and investments do not deviate from the
NZero pathways until after 2030. The Flex scenarios, by contrast, explore the most optimistic
conceivable scenario in which investments can deviate from the NZero pathways in response to a
change in policy ambition already from 2024 onwards.

Biomass availability

The potential for bioenergy in the EU is highly uncertain. To account for these uncertainties, we
define three cases, summarised in Table 2.2. The HiBio scenario assumes no explicit bioenergy
deployment constraints beyond the agri-economic and land-use limitations assumed in the

14
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bioenergy supply curves from the MAgPIE model (Dietrich et al. 2019). These bioLim12 scenario
constrains bioenergy use in the EU-27 to 12 EJ, roughly twice the current demand level. The
bioenergy deployment levels for 12 EJ roughly match the sustainable biomass potential derived in
a bottom-up study (Ruiz 2019) as the medium reference scenario. Similarly, the bioLim7.5 case
assumes a 7.5 EJ biomass limit, corresponding to the low scenario in Ruiz et al., reflecting the
potential under more stringent sustainability exclusions.

Table 2.2. Three cases to explore uncertainties in the biomass potential for the EU were developed.

Scenario Assumption

name

bioLim7.5 Biomass availability limited to 7.5 EJ/yr

bioLim12 Biomass availability limited to 12 EJ/yr

Hibio No explicit constraints on biomass beyond land use and sustainability

constraints of the default model version

15
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3 Scenario Assessment workflow

3.1 Introduction to scenarios assessment workflow

The need for a scenario assessment workflow arises from the difficulty in compiling and comparing
multiple lines of evidence from different sources, in this case data from a variety of different energy
systems and integrated assessment models. Over the past two decades, a humber of methods,
protocols, software and processes for scenarios assessment have been developed by researchers,
with evolution through time as well as according to the needs of each assessment and project.
Recent literature (Guivarch et al. 2022; Huppmann et al. 2018) has reflected and proposed
improvements, as mitigation scenarios assessment plays an increasingly important role not just in
scientific assessments like the IPCC, but also in policy and business. Much of this is driven by
researchers working with the Integrated Assessment Modelling Consortium (IAMC), with
coordination of the Scientific Working Group on Data Protocols and Management, and collaborating
in modelling intercomparison projects and IPCC WGIII assessments.

Process ol tha acanario snsambla campialion

R T B R

Call for submissan Submission Verficaton of complatanass Regasilony Exploratian Rause of scananios
of scananos ard compilatian and wvalidation and assassmant by othar disciplines

Figure 3.1 lllustration of a scenario workflow, adapted from (Huppmann et al., 2018).

IIASA has been involved in these activities for the past 15 years, developing the infrastructure and
software to centrally handle scenario submissions and host online databases. This is supplemented
by the open-source software pyam to facilitate scenario analysis (Huppmann et al. 2021) and
nomenclature to handle ensemble structures and definitions, online connections to the databases
(via APIs), and front-end web frameworks for data visualisation © (e.g. Scenario Explorer, Climate
Solutions Explorer). This assessment contains a number of procedures for the scenario ensemble
that check the quality through vetting, assess the climate implications and consistency with EU
targets, and add value through the calculation of indicators that help assess and identify “iconic
pathways”. The purpose of this workflow is twofold, i) to curate a refined scenario ensemble of
quality and relevance, and ii) to further help identify key scenarios of interest, e.g. iconic pathways),
and follows a very similar process as done in IPCC AR6 WGIII Chapter 3 (K. Riahi et al. 2022), for
the global emissions and climate assessment, as well as for the selection of /ustrative Mitigation

6 See e.g. https://iiasa.ac.at/scenario-ensembles-and-database-resources; www.climate-solutions-
explorer.eu
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Pathways (IMPs). The IMPs were high quality scenarios highlighted in the WGII1 report with a focus
on different strategies for mitigating to 1.5 °C, including low demand, high renewables and
electrification, net-negative emissions, and sustainable development.

The workflow for this assessment comprises:

e data import quality control and scenario vetting

e climate assessment of global emissions scenarios

e compatibility with EU GHG targets and a climate assessment of global emissions scenarios
e rescaling of regional data and harmonisation to the baseline year of 2019.

3.2 Data import quality control and scenario vetting

Assessment of the scenarios database required a number of checks on the data quality and
consistency of the scenarios. The procedure used in this assessment follows and extends the
procedures developed in WGIII during the IPCC WGIII 6" Assessment Report, 20227, detailed in
Chapter 3 and Annex Il (IPCC 2022b; K. Riahi et al. 2022).

The database workflow set up for this work is documented in an open source and version-controlled
online repository, and contains information on the model and region definitions, variable definitions,
the data import code and the vetting procedure.

Checks that are made include:

e Submission checks: upon scenario upload, submitted data is screened for quality control
in terms of the file format, structure of the dataset, variable names and units, model and
scenario names, time horizon and regional designation. Data not passing these automated
checks is not imported into the database.

e Regional resolution checks: once imported into the database, scenario data is scanned
to assess the regional resolution of submitted data, equivalence to common regions (e.g.
EU-27, EU-27&UK), and documentation from model teams on the regional definition of data
(e.g. which countries are considered part of model region ‘Western Europe™)?.

e Baseline and near-term plausibility vetting: the full scenario set is checked against
recent baseline data on emissions and energy and near-term plausibility of the scenarios is
assessed:

7 IPCC WGIII Mitigation of Climate Change 2022, Annex 111 Scenarios and modelling methods.
8 Variable, model and Regional definitions, and the are specified in the database workflow:
https://github.com/iiasa/eu-climate-advisory-board-workflow
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0 This vetting is done at both the global and European region level and follow generally
the same structure, with different values depending on the region.

o0 All checks are bounded. These are specified either in comparison (e.g. % change)
to a reference value, or as absolute values.

Of the initial 1124 scenarios considered, 1062 scenarios from 47 models had either global or
European region emissions data and were passed through for the full vetting. Six models® with a
total of 62 scenarios were not processed further due to lacking relevant information for full vetting
and not included in the published database. See Annex tables A1 and A2 for more information.

3.2.1 Reference datasets

Vetting of baseline and near-term plausibility checks requires the preparation of Reference datasets
against which to check the scenario submissions. Checks were done against a selection of Emissions
and Energy variables for 2019. Although more recent data is available, this includes the effects of
COVID, which was not taken into account in the vast majority of scenarios.

Emissions

Emissions checks are based on two datasets:

e the EEA Greenhouse Gas Reporting dataset (EEA 2022)° which comprises reported data by
EU member states and is used here for EU region vetting.

e the IPCC EDGAR v6 dataset (Minx et al. 2022; 2021), that was used by the IPCC 6™
Assessment Report, used here for vetting of global emissions.

The datasets report historical emissions, by sector, gas, and country, using IPCC/UNFCCC
conventions. The following variables are checked for 2019:

e CO; — Fossil-based carbon dioxide emissions, by country
e CH. — Methane emissions, by country

Energy datasets

Primary energy and electricity supply is based on the IEA Energy Statistics (IEA 2022) dataset
produced by the International Energy Agency.

9 RECC 2.4 and 0SeMBE v1.0.0, lacked sufficient energy and emissions variables, respectively. ALADIN 1.0
and Roadmap v1.8 are transport sector models, thus also lacking sufficient variable coverage. EnergyVille
TIMES BE 1.0.0 and TIMES-Ireland Model v1.0 contained data for only Belgium and Ireland, respectively. See
Table A2 in Annex.

10 National emissions reported to the UNFCCC and to the EU Greenhouse Gas Monitoring Mechanism 2022.
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Additionally, solar and wind electricity generation is checked using the following sources:
International Renewable Energy Agency (2023), EMBER (2022) and the IEA.

3.2.2 Global and regional scales

Global vetting

For the baseline checks against the EDGAR and IEA datasets, the reported global scenario data was
checked against the same historical reference values for the world region. This scenario vetting
procedure is very similar to what was used in the IPCC AR6 WGIII report, albeit with updated values
for the IEA (2019) (see Table 3.1 for details).

Europe region vetting

For the baseline checks against the EEA and IEA datasets, the reported regional scenario data was
checked against different historical reference values, depending on the model and information
about region definitions received from the model team.

Models report data at different regional resolutions, typically “native” and “common” region

information.

e Common reporting available, e.g., to EU-27, EU-27 & UK (EU28)

(0}

National reporting, aggregated to a common EU region definition, i.e., 27 countries
aggregated to a larger common region,

Regional reporting, aggregated to a common EU region definition, e.g., North-EU +
South-EU, aggregated to an above common region,

In these cases, the reference data was aggregated using the e.g., 27 (or 28) country-
level reference datasets for direct comparison to the model-reported data

e Only native reporting available e.g., “Western Europe”

0 Regional reporting, to a bespoke (hative) European region definition, e.g., “Western
Europe”. This region would be specified by the model team as comprising countries
X1...Xn , and as being the region most comparable with the EU-27. For a different
model, a region even with the same name, might be comprised of a slightly different
set of countries.
0 Therefore, for each model and native European region, bespoke reference data for
this region would be aggregated from the reference datasets.
Types of checks
Baseline checks — “Key historical” The baseline checks determine whether a scenarios’

reporting for key emissions and energy variables corresponds to recently observed best estimates.
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Near-term plausibility checks — “Key future” The future checks determine whether some key
characteristics of the scenarios are plausible with respect to technological buildout. The intention is
to identify highly implausible scenarios, noting that this is not the same as the feasibility assessment
of scenarios, which characterises the feasibility of scenarios along multiple dimensions.

Table 3.1. Vetting criteria

Ref value Key If
Criteria historical o
EU-272 Global o futgre® o9 Comments
Emissions, 2019: EDGAR (Global), EEA (EU-27)
CO2 — Energy &
industrial 2896 Mt o
) +/- 20% 37771 Historical FAIL
processes (fossil CO2/yr
CO2)
Critical variable for
CO2 — Energy & .
] ] reporting. Checks for
industrial .
(fossil Historical FAIL model trend in
rocesses (fossi istorica
EO ) - 96 ch +10to - 0to emissions. Globally
- % change
27 g 30% +20% going up, in Europe
2015-2020 )
going down.
Critical variable for
CO2 — Energy reporting. Checks for
(fossil CO2) - % . model trend in
+5 10 - 25t Historical FAIL o
change 2015- 0 = 10 emissions. Globally
2020 30%  +20% going up, in Europe
going down.
b Critical GHG in non-
ass
CHa (Mt CHa/yr) +/- 50% 15.5 363 Historical o CO2 mitigation
missing .
strategies
Energy, 2019: /EA Energy Statistics r2022, IRENA 2022, EMBERS 2022
Primary Energy . Critical variable for
+/- 20% 58 582 Historical FAIL )
(EJ/yr) reporting
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Used as check on

Primary Energy — o Pass i
+/- 30% 0.8 10 Historical L primary-secondary
Nuclear (EJ/yr) missing )
energy accounting
Secondary Energy o Critical variable for
o +/- 30% 10.3 97 Historical FAIL .
Electricity (EJ/yr) reporting
Secondary Energy o Used as check on
ass
Electricity — +/- 30% 2.7 10 Historical o primary-secondary
missin
Nuclear (EJ/yr) 9 accounting
Secondary Energy Checks that models
Electricity — . Pass have the recent
] +/- 50% 1.8 7.6 Historical o ]
Solar+Wind missing growth in renewables
(EJlyr) well represented.
Emissions: Net negative Preliftee) e s
CO- EU-272  Global
CO2 — Energy &
industrial 0 to Oto Pass
) MtCO2/yr Future o
processes (fossil 10000 80000 missing
CO2) in 2030
Critical variable for
COz — Energy .
. i Oto Oto reporting. Checks for
(fossil CO2) in MtCO2/yr Future FAIL ) )
10000 60000 implausibly soon net-
2030 .
negative
CO2 — Carbon )
] Checks that scenario
sequestration . . Pass
) MtCO2/yr 0to20 O0to 250 Historical o has not over-
from Energy (incl. missing )
] estimated CCS
BECCS) in 2020
COz — Carbon
. Checks that near-term
sequestration 0 to Pass )
) MtCO2/yr 0 to 100 Future . scale-up of CCS is
from Energy (incl. 2000 missing

BECCS) in 2030

plausible.

Low carbon electricity production
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Checks that near-term
Secondary Energy

. Pass scale-up of nuclear is
Electricity — EJ/yr Oto5 0to 20 Future o )
; missing plausible (max
Nuclear in 2030 .
doubling)

Notes:

a - The criteria with absolute values (i.e., not % range) shown in this column are for “EU-27” common
region. However, for the models that were checked against their native region values, these absolute values
do not apply as bespoke ones would have been calculated, see section 3.2.2.

b - Notes whether a criterion is included in the baseline (Historical) or near-term plausibility (Future) checks.

If missing — this column denotes whether a scenario, which is missing a necessary variable for the
check in a particular row, is either flagged as “Pass missing” or “FAIL”. E.g. it is deemed acceptable
to not report CHs emissions, in which case Pass missing is flagged, whereas not reporting CO-
emissions from the Energy sector leads to a FAIL.

If a scenario is assessed on all checks with either Pass or Pass missing, then the scenario is classified
as Pass missing.

3.2.3 Classification of vetting and outcomes

Depending on the outcomes of the Global and Regional vetting, the following table was used to
classify the scenarios.

e Failing on either global or regional vetting leads to exclusion (FAIL).

e No global data and Pass missing on region leads to a WARNING

e Pass or Pass missing on both global and regional vetting leads to a PASS.
Scenarios must at least “Pass missing” in the regional assessment for an overall PASS
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Table 3.2. Overall classification codes of Global and Regional vetting, including the number of scenarios
per classification (bold).

REGIONAL
o Europe region
PASS Pass missing FAIL )
not available
PASS (2) 12
PASS 409 FAIL 89 FAIL 23
PASS PASS_G+Pass_missing_
PASS G+PASS R . PASS G+FAIL R PASS G+NA_R
PASS 0 PASS (3) 39 FAIL O FAIL 0
G | Pass_missing Pass_missing_G+P | Pass_missing_G+Pass_ | Pass_missing_G+F | Pass_missing_G
L ASS_R missing_R AIL R +NA_R
(0]
B FAIL (4) 24
FAIL 173 FAIL 87 FAIL 133
A FalL -
FAIL_G+Pass_missing_
L FAIL_G+PASS R 5 FAIL_G+FAIL R FAIL_ G+NA_R
Global region PASS 12 WARNING (4) 20 FAIL 41
iiabl Total = 1062
notavailable | ya G+pasS R NA_G+ Pass_missing R | NA_G+FAIL_R

OVERALL PASS/FAIL #scenarios

Global+Regional code

3.2.4 Results of vetting outcomes

Overall, the number of scenarios passing through the vetting assessment are described in Table
3.3. Of a total 1062 scenarios, 492 passed the vetting and 570 failed. Of the passing scenarios, 460
had global coverage and 32 were for the Europe region only. 156 lacked sufficient regional
information!! to proceed, mostly due to reporting only at the R5 region level (global 5 regions) or
only for a single country.

11 Models needed to report either a commonly defined European region, e.g. EU27, EU27&UK,; the R10Europe
region; or have a native model region(s) covering EU27 countries, e.g. “Western Europe”+"Eastern Europe”
from which data could be re-scaled.
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Table 3.3. Summary table quantifying the reduction of the full scenario set to the candidate pool for further
analysis.

Model data available PASS Pass_missing Fail Total
- Global+Regional 409 51 373 833
- Regional only 12 20 41 73
- No Europe region (23) 0 133 156
Total assessed 444 71 547 1062
Passing vetting 421 71
- Global+Regional 460
- Regional only 32

492 570 1062

3.3 Climate assessment of global scenarios

3.3.1 Overview of the climate assessment workflow

To compare the future global climate change outcomes of long-term mitigation scenarios, a
systematic climate assessment is essential to streamline the process of going from emissions
information of 1AM scenarios into global surface temperatures. All scenarios reporting sufficient
greenhouse gas emissions information at the global level were processed through this climate
assessment described below. The climate assessment workflow applied for this report follows the
same methodology as was used in the Working Group 11l report of the Sixth Assessment Report
(ARG6) (IPCC 2022a). The workflow is fully open source and allows for reproducing all climate data
in the report (Kikstra, Nicholls, Smith, et al. 2022).

In total, 460 global scenarios passed the vetting, and their temperature outcomes are described in
Table 3.4 below. Of these, 86 are in the C1 Category!?, maintaining global mean temperatures in
2100 below 1.5 °C with greater than 50% likelihood and with no or low overshoot. This is the most

12 5ee Box SPM1 of the IPCC AR6 WGIII Summary for Policymakers for the full definitions.
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ambitious categorisation of scenarios as used in the latest IPCC AR6 WGIII report and used as the
basis for further filtering.

3.3.2 Processing emissions pathways

The first step in the workflow, “harmonisation”, is to ensure that differences in projected climate
change result from differences in future emissions reduction strategies, rather than differences
stemming from either past emissions estimates or the extent to which emissions species with minor
climatic effects are covered. This increases comparability of scenarios by ensuring they start from
the same historical emission levels. Resulting differences in climate outcome are therefore a
consequence of future emissions due to structural change in mitigation scenarios rather than
different historical emissions estimates or assumptions. The global emissions are harmonised for
the year 20153, with convergence targets to original emissions data depending on the specific
emissions species. Details and methodological background can be found in Gidden et al. (2019;
2018), here following specific harmonisation settings as in Kikstra, Nicholls, Smith, et al. (2022).

The comparability of scenario temperature outcomes is further increased by applying a process
known as “infilling”. Models differ slightly in the emissions species reported, so this process ensures
the same complete set of climatically relevant emissions species are considered by the climate
model. Information on the projections of minor emissions species is inferred based on the
information provided for other emissions in the scenario. This infilling infers information from the
scenario database of the Sixth Assessment Report (Byers et al. 2022; Kikstra, Nicholls, Lewis, et al.
2022). Details and methodological background can be found in Lamboll et al. (2020), here following
specific infilling settings as in Kikstra, Nicholls, Smith, et al. (2022).

3.3.3 Climate emulator

Following the emissions harmonisation and infilling, a reduced complexity climate model (also
known as a climate emulator) is used to project the physical climate response to emissions. The
climate emulator used here is MAGICC (Model for Assessment of Greenhouse gas Induced Climate
Change) v7.5.3* (Meinshausen, Raper, and Wigley 2011; Nicholls et al. 2022). The Working Group
I report of the Sixth Assessment Report (Forster et al. 2021; IPCC 2021) assessed that this climate
emulator is fit-for-purpose and endorsed its use in WG IlII.

MAGICC v7.5.3 represents the atmosphere as four interconnected boxes (northern and southern
hemisphere ocean, northern and southern hemisphere land). The ocean boxes are coupled to a 50-

13 Harmonisation of global emissions was done to 2015, consistent with the assessment in the IPCC ARS,
noting that this is different to the harmonisation of the EU27 emissions (and other energy variables), that is
performed after the rescaling.

4 www.magicc.org
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layer upwelling-diffusion-entrainment ocean model. The model simulates the change in global mean
temperature given a specified evolution of climate-relevant emissions. These emissions include all
greenhouse gases (carbon dioxide, methane, nitrous-oxide, and fluorinated gases) as well as
aerosols and aerosol precursors like black carbon, organic carbon or sulfur dioxide, and are provided
by the IAMs.

Scenarios are assessed in a probabilistic setup as used in IPCC AR6 WGIII (K. Riahi et al. 2022;
Kikstra, Nicholls, Smith, et al. 2022), ensuring comparability of the climate outcomes with the latest
IPCC report and assessment. For each 1AM scenario, the emulator is run 600 times, each with an
alternative set of model parameters in a way such that a range of responses consistent with the
latest climate sensitivity assessment of the IPCC (Forster et al. 2021) is captured. Information
beyond an average, deterministic response only is reported, enabling the exploration of
uncertainties in the warming response to emissions, including risks at the higher end of current
scientific understanding. For instance, projected temperatures at various percentiles of climate
response are reported (at percentiles 5, 10, 16.7, 17, 25, 33, 50, 66, 67, 75, 83, 83.3, 90, and 95)
(e.g., ARG climate diagnostics|Surface Temperature (GSAT)|MAGICCv7.5.3]95.0th Percentile). The
setup clearly highlights the possibility and range of future changes in global mean temperature
projections as scientific understanding progresses.

3.3.4 Climate outcomes and climate uncertainty

The 460 scenarios with global climate change information have been grouped in seven distinct
global warming outcome categories (Table 3.4), which follow IPCC AR6 WGIII (Kikstra, Nicholls,
Smith, et al. 2022; K. Riahi et al. 2022). The categorization is based on the median, or best estimate,
of the temperature response to any emissions pathway. This means that it estimated that it is
equally likely that temperature could be higher or lower than this temperature. The table shows
that including such climate uncertainty means that even if a scenario is classified as “C1: Below
1.5°C with no or low OS”, there is a non-negligible chance that peak temperatures cross 2°C of
warming above pre-industrial.
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Table 3.4. Global mean temperature outcomes and ranges resulting from the scenario set, categorised by
global warming levels as used in the IPCC AR6 WGIII report.

Global mean temperature outcomes median [p5-p95]

Category Category name Scenario range 2 Climate Combined
[# range range °©
scens.]
At peak In 2100 At peak At peak
C1: limit warming to
C1 [86] 1.5°C (>50%) with 1.59 1.35 1.59 1.59
no or limited [1.46-1.61] [1.16-1.47] [1.21-2.14] [1.12-2.25]
overshoot
C2: return warming
C2 [59] to 1.5°C (>50%) 1.69 1.42 1.69 1.69
after a high [1.62-1.8] [1.22-1.48] [1.27-2.32] [1.23-2.5]
overshoot
C3 [116] C3: limit warming to 1.75 1.62 1.75 1.75
2°C (>67%) [1.63-1.83] [1.51-1.74] [1.31-2.5] [1.17-2.66]
ca [57] C4: limit warming to 1.9 1.8 1.9 1.9
2°C (>50%) [1.84-1.99] [1.64-1.99] [1.39-2.78] [1.25-2.98]
C5 [84] C5: limit warming to 2.14 2.12 2.14 2.14
2.5°C (>50%) [2.01-2.4] [1.93-2.39] [1.52-3.24] [1.44-3.58]
C6 [34] C6: limit warming to 2.66 2.66 2.66 2.66
3°C (>50%) [2.51-2.93] [2.51-2.93] [1.85-3.89] [1.74-4.35]
C7 [24] C7: limit warming to 3.37 3.37 3.37 3.37
4°C (>50%) [3.07-3.89] [3.07-3.89] [2.45-4.86] [2.2-5.49]
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Figure 3.2. Global mean surface air temperatures for the climate categories
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3.4 Rescaling and harmonisation of global scenarios

To ensure a high level of consistency and comparability of the scenario data, a process of rescaling
and harmonisation was performed. For model scenarios not reported for the EU-27 region,
European region results were rescaled to the EU level (EU-27 post-Brexit) by using a rescaling
algorithm (Sferra, van Ruijven, and Riahi 2021). The algorithm produces pathways consistent with
the regional results, based on a range of criteria including historical data, planned capacities,
country-available resources in the form of supply cost-curves, quality of governance as well as
regional benchmarks.

Subsequently, results for the EU are harmonised to match historical data, using a base year of
2019. This is done by using either offset or ratio methods, which utilise the difference (ratio) of
unharmonized and harmonised results, combined with convergence methods, and converge to the
long-term original results at a given point in time (Gidden et al. 2018).

Table 3.5. Scenario variables which were harmonised, summarising the method, convergence time and
historical data sources.

Harmonisation

Variable method Time of convergence
Emissions Historical data source: EEA (2022)
Emissions|CO2|Energy offset 2050
Emissions|LULUCF (Land Use .
Land Use Change and Forestry) offset None (constant offset over time)
Emissions|Total Non-CO2 offset 2050
Energy Historical data source: IEA (2022)
Primary energy (by fuel) ratio 2050
Secondary energy (by fuel) ratio 2050

Total Kyoto GHG emissions are calculated (including indirect LULUCF emissions) using an AR4 GWP-
100 metric (in line with the EEA historical data and official document submitted to the UNFCCC) as
the sum of:

Emissions|CO2|Energy
Emissions|CO2]|Industrial Processes
Emissions|CO2|LULUCF Direct+Indirect
Emissions|Total Non-CO2
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Table 3.6. Description of the emissions variables considered in consistently calculating GHGs across the
scenario set.

IAM Variable IAM Description

CO2 emissions from energy use on supply and demand side (IPCC category
1A, 1B)

Emissions|CO2|Energy

Emissions|CO2|Industrial CO2 emissions from industrial processes (IPCC categories 2A, B, C, E)

Processes
Emissions|CO2|LULUCF CO2 emissions from agriculture, forestry and other land use (IPCC category
Direct+Indirect * 3) + Net LULUCF CO:z flux|Indirect

This variable is calculated as the difference between Kyoto Gases and CO2
emissions from energy use on supply and demand side (IPCC category 1A,
1B), from industrial processes (IPCC categories 2A, B, C, E) and from
agriculture, forestry and other land use (IPCC category 3)

Emissions|Total Non-CO2

Emissions|Kyoto gases (incl.

Indirect AFOLU) 2 Kyoto gases (including Indirect AFOLU CO2)

Notes:

1 This variable is harmonised to match historical emission inventories from EEA (including net LULUCF
Indirect CO; flux).

2 This variable is assumed to be equivalent to ‘Total Net Emissions (UNFCCC)' reported by the EEA, as in
Table x below.

We align Kyoto GHG emissions with historical national inventories, which include indirect LULUCF
emissions (Grassi et al. 2021). Therefore, LULUCF emissions are harmonised with the historical EEA
data by using a constant offset over time. Carbon budget and emissions targets are calculated for
each country and for the EU-27 using an AR4 GWP-100 metric.
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Table 3.7. from the EEA (European Energy Agency greenhouse gas - data viewer) illustrates the different
components included in the different aggregations of total gross and net greenhouse gas emissions.
Reproduced from EEA (EEA 2021)).

Energy, IPPU,

agriculture,
waste, indirect International International
CO2 LULUCF aviation navigation
Total Emissions (UNFCCC) \/
Total emissions with
international aviation (EU \/ \/
2020)
Total emissions with
international transport (EEA) \/ \/ \/
Total net emissions (UNFCCC) \/ \/
Total net emissions with \/ \/ \/

international aviation (EU NDC)

Total net emissions with
international transport (EEA)

&
<
.
<

3.5 Assessment and selection of 1.5 °C climate compatible scenarios

To assist the Advisory Board in its assessment, more than 200 quantitative indicators were
systematically calculated across the 63 scenarios to enable consistent comparison of the scenarios
across a number of dimensions. Initially, these indicators help assess compatibility with EU climate
targets. Additionally, they can reveal key dynamics and outcomes of the scenarios and their relation
to assumptions regarding policy, economics, technology, environmental, climate and societal
change.

3.5.1 Compatibility with EU climate targets

To assess compatibility with EU climate targets, consistent comparison was facilitated by the climate
assessment of global scenarios (section 3.3) and harmonisation of scenario GHG emissions data
(section 3.4).
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All vetted scenarios (492) were assessed for compatibility with EU climate targets and commitments

under the Paris Agreement, summarised in Table 3.8.

All scenarios with global data were assessed for consistency with the IPCC AR6 WGIII C1
Category, of keeping global warming below 1.5 °C in 2100 (>50% likelihood) with no or low
overshoot. Of 460 global emissions scenarios, 86 were found to be in the C1 Category
(section 3.3.4 ), of which 83 were rescaled and harmonised.

Eighty-three global C1 scenarios and 3 regional scenarios reported sufficient variables and
information for complete rescaling and harmonisation, whilst thirty scenarios were unable
to be rescaled correctly due to lack of reported variables (Table 3.8).

This 86 were assessed for compatibility with a 55% reduction from 1990 levels in 2030%
and net-zero'® GHGs in 2050, in line with the EU 2050 long-term strategy_(European
Commission 2020). Of the 86, 77 and 71 were found to be compliant with the 2030 and
2050 targets, respectively, with 63 complying with both targets and thus remaining for the
Feasibility Assessment (Figure 3.3).

15 value for 1990 (Mt CO2-equiv/yr): 4790.123 -99.40 (4790 is Total net emissions with international
transport, source EEA; from which we subtract 99.4 of extra-EU international transport). To calculate the %
change in 2030 we used the variable 'GHG incl. International transport (intra-EU only)' divided by the 1990

value.

16 Scenarios with less than or equal to 300 Mt CO2-equiv/yr, to take into account uncertainties and modelling
artefacts.
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Figure 3.3. Net greenhouse gas emissions including intra-EU bunkers for the 86 pathways, of which 63

were compliant with the 2030 and 2050 targets.
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Table 3.8. Summary table indicating how scenarios were assessed for compatibility with EU climate and
emissions targets.

492 vetted scenarios from Table 3.3

Climate & emissions Pass Fail NA Total
- C1<1.5°Cscenarios? 86 374 32°b 492
- Rescaling and harmonisation °© 83+3 27+3 ¢ 2° 118
- 2030 GHGs = 55% reduction 77 9 a6

- 2050 GHGs = 300 Mt CO2-equiv/yr 71 15

Scenarios remaining 63 23f

Notes

a - Scenarios categorised in the climate assessment to be in “C1” Category, i.e., end of century
warming below 1.5 °C with a >50% likelihood and no or low overshoot.

b - 32 regional scenarios without climate assessment from 5 models EASMA-EU-TIMES, GEMINI-E3,
GCAM-PR, NEMESIS, PRIMES).

¢ — Number of global + regional scenarios passing/failing the rescaling and harmonisation.

d — 27 (of 32 above) scenarios unable to rescale to EU-27 due to missing variables (E4SMA-EU-TIMES,
GEMINI-E3, NEMESIS, PRIMES), thus here not considered further.

e — Two GCAM-PR scenarios not rescaled because are by definition Current Policies scenarios.
f - One scenario fails both criteria, hence 23 not 24.

3.5.2 Quantitative assessment of emissions, climate, and energy

To assess the 63 scenarios, more than 120 quantitative indicators were calculated across
dimensions including emissions, climate, energy and trade, summarised in Table 3.9 and some of
which shown in Figure 3.4-Figure 3.8. Further analysis of the indicators is available from the code
in the GitHub workflow.
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Table 3.9. Summary of indicators calculated for the final 63 scenarios.

Variables Time ranges

Year of net-zero emissions

GHGs, net CO2 -

Cumulative emissions

COz, CO2-FFI, CO2 AFOLU, non-COz, CCS, BECCS, GHGs, 2020 to year of net-zero CO2, 2020-
2030, 2020-2050, 2030-2050

Emissions reductions

GHGs, non-CO2 1990-2020, 1990-2025, 1990-2030,
1990-2035, 1990-2040, 1990-2050,
2019-2030, 2019-2035, 2019-2040,
2019-2050,

Emissions in year

CO2, GHGs, non-CO2, CCUS (including DACCS), CCS, BECCS, Year of net-zero CO2, 2020, 2030,
CCS-FFI, CCS-Industry, EU share of World Emissions|CO2, EU 2050
share of World Emissions|GHGs,

Energy & trade

Primary energy Year of net-zero COz, 2050
Primary energy total

Biomass

Renewables (incl.Biomass)
Non-biomass renewables

Fossil

Fossil|w/o CCS

Secondary energy electricity production
Secondary energy electricity total
Renewables (incl.Biomass)
Non-Biomass Renewables

Hydrogen production|Final Energy
Final Energy

Final Energy total

Electrification

Industry|Fossil

Residential and Commercial
Transportation

Trade and imports

Primary Energy import dependency
Primary Energy import dependency|Fossil
Trade

Trade|Fossil

Trade|Primary Energy|Fossil

Climate

Category, Global mean temperatures, peak temperatures, year
of peak temperature, exceedance probability
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Figure 3.4. Distributions of cumulative CO2 and GHG emissions across the 63 scenarios.
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Figure 3.5. Distributions of GHG and non-CO2 emissions reductions across the 63 scenarios.
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Figure 3.6. Distributions of emissions and removals in 2050 across the 63 scenarios.

Kyoto Gases (incl. indirect AFOLU) - ¢ '.@'1

Kyoto Gases (AR4) (EEA - intra-EU only) —

co2 - palmy

Total Non-CO2

-

tfephes
S

CCS H

',._'..... M 4

CCS Biomass

CCS Fossil - N e S
e

CCS Industrial Processes

-~

I I I I | | I I I
—250 0 250 500 750 1000 1250 1500 1750
Emissions and removals in year of net-zero CO2

Figure 3.7. Distributions of emissions and removals in the year of net-zero CO; across the 63 scenarios.
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Figure 3.8. Distributions of energy indicators shares in 2050 across the 63 scenarios.
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4 Multidimensional feasibility assessment of 1.5 °C
consistent pathways for the EU

4.1 Overview

Integrated Assessment Models (IAM) are one of the key tools to aid policymakers with long-term
planning when designing climate policies. Yet in recent years, the outputs from IAMs have been
criticised from many different angles, and there are many calls to think more systematically about
which 1AM pathways might not be feasible in the real world (Brutschin et al. 2021; Jewell and Cherp
2020; Gambhir et al. 2017; Napp et al. 2017). Given the long-term nature of climate mitigation
scenarios, the level of uncertainty about what is feasible and what is not, is high. Nonetheless,
evaluation of scenarios from a feasibility perspective can be useful for additional scenario vetting
by benchmarking the projections against different lines of evidence. In this report, we focus on
contextualising key insights about pathways for the EU region as reported by IAM mitigation
scenarios with insights from other types of models, empirical evidence, and EU goals.

Feasibility is a latent concept, and its operationalization is not straightforward. Given that feasibility
evaluation of IAMs is constrained by the type of variables reported by the models, and each scenario
represents a set of stylized internally consistent assumptions, Brutschin et al. (2021) developed a
multidimensional approach for scenario evaluation that focuses on geophysical, technological,
economic, socio-cultural and institutional dimensions to understand where feasibility concerns (and
trade-offs) might arise. The main strength of this framework is that it is flexible because it provides
a general guidance regarding which dimensions should be looked at and which indicators could be
included, but leaves it open, which thresholds and benchmarks are used for evaluation of scenarios
from the feasibility perspective, and therefore many different methods could be applied and
combined. It is also open in terms of which additional indicators could be included or which
indicators could be dropped depending on the specific research interest. The first application of this
framework was used to evaluate global 1.5°C scenarios as a proof of concept (Brutschin et al. 2021)
and more recently also applied to evaluate a set of post Glasgow scenarios (van de Ven et al. 2022)
or scenarios that include Direct Air Capture and Storage technology (Gidden et al. 2023). In this
report, we modify this framework in order to be useful for scholars and policymakers that are
interested in the climate mitigation pathways of the European Union and want to gain a better
understanding about certain characteristics of scenarios using the feasibility lens.
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4.2 Feasibility concept

Academic discussions pertaining to the concept of feasibility in the context of climate mitigation
scenarios are growing (Nielsen et al. 2020; Stern, Dietz, and Vandenbergh 2022), with the most
recent IPCC report prominently discussing feasibility of different mitigation options and different
mitigation pathways (K. Riahi et al. 2022). While evaluations of feasibility options focus on the
possible constraints and enablers of a given mitigation option, such as for example scale-up of solar
photovoltaics (PV) in electricity generation; evaluations of feasibility of a scenario have to cover a
wide range of options because a scenario represents a combination of assumptions regarding the
trends in energy, economy and land systems, and thus covers many different options (i.e. a scenario
is a set of internally consistent assumptions about how different mitigation options interact).
Therefore, the most recent IPCC WGIII report treated discussions of both the feasibility at the
option level and the feasibility at the systems level, separately. This report focuses on the feasibility
evaluation of mitigation scenarios, i.e., at the systems level.

4.3 Feasibility Definition

While many slightly different definitions of feasibility exist (see Table 4.1 for an overview), feasibility
scholars are generally interested in assessing whether the scale of transformation implied in
mitigation scenarios is out of range of what could be considered feasible in the real world. However,
scholars disagree about feasibility ranges given the high level of uncertainty surrounding the scale-
up and diffusion of existing technologies, and particularly regarding technologies that have not yet
been deployed at a large scale.
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Table 4.1. Overview of key definitions of feasibility in the context of climate mitigation scenarios

Study Definition of feasibility

Jewell & Cherp (2020) Focus on “political feasibility”: “an outcome as politically feasible if there is
an agent or group of agents who have the capacity to carry out a set of
actions which will lead to that outcome in a given context” (Gilabert and
Lawford-Smith 2012). Taken from Jewell & Cherp (2020).

Brutschin et al. (2021) “feasibility as the degree to which scenarios lie within the boundaries of
societal capacities for change in a given period”

Nielsen et al., (2020) “The concept of feasibility combines two elements: the potential for change
agents to adopt and implement initiatives (IF) and the extent to which the
targets of initiatives respond to them as intended (BP).”

Turnheim & Nykuvist, “the conditions under which transitions pathways may have greater chances
(2019) of becoming realized”
Gambhir et al. (2017) “the degree of difficulty in meeting mitigation pathways”

There is an agreement that as the first step of any feasibility evaluation, it should be identified
“feasibility of what?” is being evaluated (Gilabert and Lawford-Smith 2012). First of all, scenarios
should be comparable in terms of the temperature goal and the key set of assumptions. Scenarios
should thus be compared within the same temperature goal and within the same Shared
Socioeconomic Pathways (SSP) group (Keywan Riahi et al. 2017). Scenarios with the most ambitious
climate targets require much faster speed of transformation across all sectors, and thus are more
challenging from the feasibility perspective compared to less ambitious targets. Scenarios are
aligned along SSPs in terms of key socio-economic assumptions such as population and GDP
trajectories. It is thus not surprising that scenarios along the SSP1 trajectory (assuming more
optimistic GDP and technology developments) pose less feasibility challenges as for example SSP2
scenarios (Rogelj et al. 2018).

Additionally, given that IAMs combine a set of assumptions pertaining to many different sectors, it
is essential to evaluate a set of multiple indicators, otherwise certain trade-offs might be missed
(for example more feasible levels of solar scale-up might be observed because later less feasible
levels of CCS are assumed). A multidimensional framework of feasibility evaluation (Brutschin et al.
2021) is thus particularly suitable for the evaluation of mitigation scenarios. Building on the past
IPCC work, Brutschin et al., (2021) propose four dimensions to be evaluated: (1) geophysical, (2)

41



£

D
D

— POTSDAM INSTITUTE FOR
—— CLIMATE IMPACT RESEARCH

i
il
" "n'u:l

g International Institute for
‘ w» Applied Systems Analysis

I 1 ASA wwwiiasa.ac.at

technological, (3) economic, (4) socio-cultural. The institutional dimension is dropped from the EU
focused analysis given that all of the EU member countries have a relatively high level of institutional
capacity. The environmental dimension, which is a sixth dimension considered in the IPCC
categorization, is not included in the framework as it pertains more to the aspect of desirability
rather than feasibility concerns. This approach applies similar logic as the one used in the
assessments of viability of certain technologies, where the potential of a technology is assessed
through a set of multiple criteria, such as geophysical, economic or institutional constraints. Figure
1 highlights the key feasibility dimensions and the key areas of focus.

scale of behavioral change
economic costs
technological scalability

resources availability

Figure 4.1. Key dimensions of scenario feasibility evaluation.

Note: Based on the framework from Brutschin et al. (2021).

4.4 Scenario Evaluation Approach

Our overall approach can be described as follows (see Figure 4.2). Initially, the key dimensions that
are suitable for scenario evaluation at the EU level (Step 1) were identified. Subsequently, a set of
indicators was selected for each dimension (Step 2). The indicator selection was driven by indicator
availability and by making sure that many key goals and targets specified in the EU Climate Law or
other policy documents could be benchmarked to the values reported in scenarios.
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Step 1 Step 2 Step 3
Feasibility dimensions Indicators Thresholds
For each dimension, Categorization of level
geophysical selection of relevant of feasibility challenges
technological indicators for each indicator based

on the literature and

economic . .
available empirical dara.

socio-cultural
- high
- medium
- low

Figure 4.2. Main steps of scenario evaluation.

For each indicator, thresholds were defined for low (1), medium (2) and high (3) feasibility
challenges based on a review of the literature and empirical data (see Figure 4.3). A traffic light
methodology, similarly, to Warszawski et al. (2021), is adopted to visualise levels of a particular
indicator that may present feasibility challenges.

Assessed level of feasibility challenges

High

Could be plausibly Unprecedented and
extrapolated based on the  speculative rate of
current state of knowledge transformation

)

To indicate the key feasibility concerns in climate mitigation scenarios a few different approaches

Well documented in the
literature

Figure 4.3. Proposed categorization for scenario evaluation.

have been implemented so far. For example, some studies (Warszwaski et al. 2021) have applied
a filtering approach (i.e., excluding scenarios that are above the proposed bounds along feasibility
indicators) to show that “none can achieve 1.5 °C with no or low overshoot whilst keeping all the
mitigation levers at reasonable levels”. Given the high uncertainty about many indicators, Brutschin
et al., (2021) proposed a more comparative approach where none of the scenarios are filtered out

43



; International Institute for
w» Applied Systems Analysis

I 1 ASA wwwiiasa.ac.at

but rather the trade-offs along key indicators (high near-term feasibility concerns versus long term
concerns because of negative emissions) are explored and compared.

In this report, both approaches (Figure 4.4) are used. First, a set of indicators is proposed where
there is more general agreement about the upper bounds in the literature (Creutzig et al. 2021;
Warszawski et al. 2021; Grant et al. 2022; Odenweller et al. 2022) to filter out highly implausible
or undesirable scenarios. By applying this filtering approach, we then arrived at a sample of 36
scenarios. This sample was then used to identify iconic scenarios that cover a range of key
mitigation strategies and can be compared using quantitative and qualitative indicators. In this step
of the analysis, scenarios are filtered based on the following global indicators: (1) primary energy
biomass, and (2) the speed of scale-up of carbon storage capacity. Then, scenarios are checked
along four key indicators at the EU level: (1) primary energy biomass, (2) the speed of scale-up of
carbon storage and utilization capacity, (3) the scale-up of hydrogen and (4) reductions in final
energy demand by 2030 compared to 2020.

In the second part of our analysis, a set of indicators is then applied at the EU-level to allow for a
systematic exploration and comparison of scenarios from a feasibility perspective, similarly to the
approach in Brutschin et al., (2021). Using this approach enables identification of broader patterns
where there are more general feasibility challenges across all scenarios.

Sample for iconic scenario selection
Feasibility vetting global level
(highest concern excluded)

Scenario sample after

Biomass
general vetting Carbon storage 36 scenarios
Feasibility vetting EU-level Classification into medium and high level
63 scenarios (highest concern excluded) of feasibility challenges across different
indicators
Biomass
Carbon storage
Final Energy
Hydrogen

Filtering to exclude implausible
or highly undesirable scenarios

Comparison of scenarios along different indicators

Figure 4.4 Scenario processing by adding a feasibility perspective.
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4.5 Indicators Overview

Table 4.2 provides an overview of indicators that were used for the initial filtering of scenarios from
a feasibility perspective, using only upper bounds. Table 4.3 provides an overview of indicators and

thresholds that were used for the comparative analysis of scenarios and includes lower and upper
bound thresholds.
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Table 4.2. Key indicators and thresholds for initial scenario filtering using only upper bound thresholds.

Level Dimension Indicator Thresholds Justification
(1AMC
format)
Global- Geophysical Primary Any year Based on the estimates in Creutzig et
filtering (Sustainability) Energy| al., (2015) and Frank et al.,
Biomass >240 EJ/year — (2021).
high
Global- Technological Carbon Any year Based on calculations from Luderer et
filtering (Storage scale- Sequestration al., (2022) assuming 0.1% of regional
up capacity) CCs >8.6 Gt/year — technical potential and Grant et al.
high (2022). McKinsey scenarios estimate
around 4 Gt COz/year globally, which
they also consider to be challenging
(McKinsey 2022).
EU-27- Geophysical Primary 2050 Based on the literature overview from
filtering (Sustainability) Energy| other reports and assessments.
Biomass >20 EJ/year - (European Commission, Joint Research
high Centre (JRC) 2019; Material Economics
2021).
EU-27- Technological CCUsS 2050 Holz et al., (2021) for the indicative
filtering (Storage scale- values for the lower and upper bounds.
up capacity) >500 Mt/year - Similar values are also indicated in the
high Sustainable carbon cycles for a 2050
climate-neutral EU
Technical Assessment’. International
Association of Oil and Gas Producers
builds its policy proposal around 300 Mt
CO2/year. (International Association of
QOil and Gas Producers, 2023).
EU-27- Technological Secondary 2030 The lower bound is approximately the 95
filtering Energy|Hydro percentile from the study by Odenweller
genin EJ/year >150 GW - high et al. (2022) assuming the emergence
converted to growth rate. The upper bound is the
GW 50% increase compared to the current
EU ambition which roughly aligns with
the projections from Monitor Deloitte
(2022) for an ambitious hydrogen scale-
up (170 GW by 2030).
EU-27- Socio-cultural Final Energy 2030 Based on the global threshold derived in
filtering Demand Brutschin et al., (2021) motivated by
decline in % Grlbler et al. (2018).
>20pp - high

17 https://climate.ec.europa.eu/system/files/2021-12/swd_2021 451 parts_1 to 3 en_0.pdf.
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100 - Final
Energy in
2030/Final
Energy in

2020*100

Table 4.3. Key indicators and thresholds for scenario comparison applied at the EU-27 level using upper

and lower feasibility thresholds.

Indicator
(1IAMC
format) Thresholds Justification EU target/goal
Geophysical
Biomass scale- 2050 The lower bound as identified in the
up <9 EJ/year - report by Material Economics, while
low upper bound is similar to that calculated
Primary >20 EJ/year - by JRC and across many other studies
Energy]| high (European Commission, Joint Research
Biomass Centre (JRC) 2019; Material Economics
2021)
Technological
Solar scale-up 2030 900 GW assumes 20% yearly growth 600 GW
<900 GW -  rate, 1245 GW assumes 25% yearly (European Commission
Capacity low growth rate (based on the average 2022).
Electricity]Sola  >1245 GW -  historical growth rates). We use 2022
r high and the reported capacity of 208.9 GW
as the base value (Solar Power Europe
2022).
Wind scale-up 2030 623 GW assumes 15% yearly growth 510 GW
<623 GW - rate, 875 GW assumes 20% yearly (European Commission
Capacity low growth rate (based on historical growth ~ 2022).
Electricity|Win >875 GW -  rates). We use 2022 and the reported
d high capacity of 204 GW as the base value
(IRENA, 2023; Wind Europe, 2023).
Hydrogen 2030 The lower bound is approximately the 95 2030:
scale-up <50 GW - low percentile from the study by Odenweller 100 GW capacity (European
>150 GW - et al., (2022) assuming the emergence Commission, 2022,
Secondary high growth rate. The upper bound is the calculations based on

Energy|Hydro
gen in EJ/year
converted to

50% increase compared to the current
EU ambition which roughly aligns with
the projections from Monitor Deloitte

Odenweller et al., (2022),
when taking 10 Mt domestic
production?®).

19 Capacity = (Prod [Mt] * Lower Heating Value [kWh/kg]) / (Full Load Hours [h] * Efficiency), Prod =
10Mt, LHV = 33.3 kWh/kg, FLH = 5000h, Efficiency = 0.7).
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GwlS
assuming 70%
efficiency and

(2022) for an ambitious hydrogen scale-
up (170 GW by 2030).

5000 full load
hours
CCS scale-up 2050 Holz et al., (2021) for the indicative 2030:
<300 Mt/year values for the lower and upper bounds. 50 Mt (Net Zero Indusrty Act
Carbon - low Similar values are also indicated in the 2023).
capture, use >500 Mt/year Sustainable carbon cycles for a 2050
and - high climate-neutral EU
sequestration Technical Assessment?°. The upper
bound is comparable to the regional
calculations for Western and Eastern
Europe in the study by Grant
International Association of Oil and Gas
Producers built its policy proposal
around 300Mt/year (International
Association of Oil and Gas Producers
2023).
Economic
Coal phase 2030 Poland?! represents currently around Many EU member states are
out one third of EUs coal consumption and members of the PPCA?% and
<30 % - has later coal phase-out goals compared have a clear coal phase out
Secondary medium to other countries. For other countries date?4,
Energy|Electri the proposed phase out as in PPCA
city|Coal in around 2030 would be ambitious but
2030/ with some historical precedents??
Secondary (Muttitt et al. 2023).
Energy|Electri
city|Coal in
2020

Socio-cultural

8 To convert from EJ/year to GW the following conversion was applied (assuming 5000 hours load):
Generation in GW=Generation in EJ/year *107°6/3.6/5000. To account for efficiency losses the value was
then divided by 0.7 as in Odenweller et al., (2022).

20 https://climate.ec.europa.eu/system/files/2021-12/swd_2021 451 parts 1 to 3 en 0.pdf.

2! https://ember-climate.org/countries-and-regions/countries/poland/.

22 “This suggests that, for most of the largest coal consumers, the PPCA timelines are close to the limits of
feasibility based on historical precedent such that it is hard to imagine a faster phase-out: in other words,
they could be characterized as ‘difficult but possible’.”(Muttitt et al. 2023).

23 Qur members - PPCA (poweringpastcoal.org).

24 Europe's coal exit - Europe Beyond Coal : Europe Beyond Coal (beyond-coal.eu).
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Final Energy 2030 Based on the global threshold derived in  reduce final energy
Demand Brutschin et al. (2021) motivated by consumption at EU level by
decline in % >20pp - high  Gruebler et al. (2018). 11.7% in 20302°
<10pp - low
100 - Final
Energy in
2030/Final
Energy in
2020*100

4.5.1 Indicators for global evaluation

Estimations of the potential for biomass are often derived from complex land models that differ
greatly due to variations in key assumptions and uncertainty regarding land data. As a result, the
literature contains a wide range of estimates, ranging from approximately 10 EJ/year to over 650
EJ/year by 2050 (Beringer, Lucht, and Schaphoff 2011; Cornelissen, Koper, and Deng 2012;
Creutzig et al. 2015; Daioglou et al. 2020; Frank et al. 2021; Hanssen et al. 2020; Kalt et al. 2020).
According to Creutzig et al., (2015) the literature shows high agreement that the sustainable
technical potential of biomass, taking land availability concerns into account, is up to 100 EJ/year.
There is medium agreement that biomass potential could increase up to 300 EJ/year (Creutzig et
al. 2015). Recently, Frank et al. (2021) estimated that biomass potential, without considering SDGs,
could be approximately 240 EJ/year. Therefore, we use 100 EJ as the upper limit for medium
concern and 240 EJ/year as the upper limit for high concern.

The extent of available geologic storage for carbon remains uncertain, as noted in Budinis et al.
(2018). While the potential range of storage is estimated to be between 10,000-42,000 Gt CO;
(Budinis et al. 2018; Kearns et al. 2017), the fossil industry suggests a commercial capacity of only
550 Gt CO,?%. The cumulative estimates of storage potential do not capture the speed of scale-up,
which might be one of the major concerns from the feasibility perspective. We thus propose to
focus on the yearly reported scale of carbon storage across the technologies such as bioenergy-
CCS and fossil-CCS, as well as Direct Air Capture if reported by a model. While the level of
uncertainty remains high, recent literature has proposed a few possible benchmarks to evaluate the
scale-up of carbon storage. For example, the REMIND-MAgQPIE Model estimates an upper bound for
geologic CCS storage of 4 Gt/year (Luderer et al. 2022) by assuming 0.1% of technical geological
storage potential in each region (A similar level is also calculated in a McKinsey analysis of required

25 https://www.consilium.europa.eu/en/press/press-releases/2023/03/10/council-and-parliament-strike-

deal-on-energy-efficiency-
directive/&sa=D&source=docs&ust=1681374535453019&usg=A0vVaw2d0Ob310p2QQoyCQow0Ov4kz

28https://www.globalccsinstitute.com/wp-content/uploads/2021/11/Global-Status-of-CCS-2021-Global-CCS-
Institute-1121.pdf
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levels to achieve Net Zero targets (McKinsey 2022)). Grant et al. (2022) estimate the global
potential based on historical oil and gas extraction rates to be around 8.6 Gt CO./year. Based on
the ranges currently discussed in the literature, we propose as a medium level of concern the
benchmark of 4 Gt CO/year, while for a high level of concern 8.6 Gt/year.

4.5.2 Indicators for EU level evaluation

Solar

The level of uncertainty regarding feasible levels of solar deployment is quite high. For instance,
even the IRENA's REmap scenario, developed in 2018, projected only 270 GW of installed solar
capacity by 2030 for the EU 282%’. However, more recent studies and projections are far more
optimistic. A comprehensive EU study, for example, assumes 1250 GW of solar capacity in the EU-
28 by 2030 in 1.5 °C scenarios (Victoria, Zeyen, and Brown 2022). Another study investigating the
impacts of limited gas imports reported an estimated 2000 GW of installed solar capacity by 2030
(Pedersen et al. 2022).

To evaluate the scenarios outlined in this report, we suggest a simple method for determining upper
bounds on potential feasibility challenges. We gather the most recent capacity data up to 2022 and
create two upper bounds. If the annual capacity growth rate exceeds 25 percent, we highlight the
challenges as high, while a 20 percent capacity growth rate or less results in the challenges being
classified as low (see Figure 4.5). While it is technically feasible to reach higher levels, this would
necessitate a substantial policy shift, as demonstrated in other scenarios (Pedersen et al. 2022;
Victoria, Zeyen, and Brown 2022).

Annual data can fluctuate significantly, with some years seeing growth rates of over 50 percent
(e.g., from 2007 to 2008), while others only reach around 5 percent (e.g., in 2014 and 2015). The
mean growth rate for the EU-27 from 2000 to 2022 is 26 percent, while China's average yearly
capacity growth rate is 30 percent and the United States' is approximately 24 percent for the same
period. As a result, we suggest using the 25 percent yearly growth benchmark as a guide for
identifying particularly high challenges, since sustaining levels similar to those seen in China and
already achieved in the EU until 2030 may be difficult. The 20 percent benchmark, on the other
hand, is more consistent with observed trends.

27 https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Feb/IRENA REmap EU 2018.pdf
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Figure 4.5. Historical and projected solar capacity in EU-27 (2000-2030).

Note: This Figure reports historical capacity data as reported by (IRENA, 2023) until 2021. The value for 2022 is taken
from a report by (Solar Power Europe, 2023). Green line indicates the upper capacity bound assuming yearly capacity
growth of 25 percent, while red line indicates upper capacity bound assuming yearly capacity growth of 20 percent.

Wind

To determine the feasible bounds for wind energy, a methodology similar to that for solar energy
was utilised. However, due to the slower diffusion rates of wind energy, we assumed slightly lower
yearly growth rates compared to solar energy (Wilson et al. 2020). This assumption is supported
by observed yearly capacity growth rates, with the average yearly growth rate for wind energy in
the EU-27, China, and the USA during the period under consideration being around 12%, 26%, and
189%, respectively (based on capacities reported by (IRENA 2023)).

Despite generally lower yearly capacity growth rates being around 6 percent in the past five years,
recent trends suggest that EU member states are ramping up their wind scale-up ambition (Janipour
2023). Therefore, it can be reasonably assumed that yearly growth rates below 15% would pose a
low feasibility challenge (for example those were consistently observed in the period from 2005 to
2009), while values above 20% would be more challenging in the EU context (see Figure 4.6).
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Figure 4.6. Historical and projected wind capacity in EU-27 (2000-2030).

This Figure reports historical capacity data as reported by IRENA (2023) until 2021. The value for 2022 is taken from a
report by Wind Europe (2023). Green line indicates the upper capacity bound assuming yearly capacity growth of 20
percent, while red line indicates upper capacity bound assuming yearly capacity growth of 15 percent.

4.6 Scenario comparison along key quantitative indicators

Applying indicators and thresholds from Table 4.3 provides a general overview of how the scenario
ensemble under consideration (63 scenarios that are consistent with the EU 2030 and 2050 targets)
compares along key indicators. Overall, most of the scenarios are below what have been considered
as highly concerning levels from the feasibility perspective. Especially in terms of assumed wind
capacity in 2030, most scenarios are below the proposed 623 GW that assumes a 15% vyearly
growth rate and are less ambitious than the EU target of 510 GW. Similarly, most scenarios
(approximately 75%) are below the lower threshold for solar capacity. However, most scenarios fall
within the medium level of concerns regarding biomass and hydrogen, and over 40% of scenarios
are highly concerning in terms of the scale-up of carbon storage and utilization by 2050. This main
finding aligns with the general insights from global analyses that highlight the assumed medium-
term levels of carbon storage capacity, unless there is a major political shift, might be concerning
from a feasibility perspective (Grant et al. 2022). Nearly all scenarios raise medium level concerns
in terms of the assumed speed of coal phase-out and declines in final energy consumption by 2030.
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Figure 4.7. Results from scenario categorization.
Note: Based on 63 scenarios that pass GHG** vetting in 2030.

As described in section 4.4, the next step involves excluding scenarios that were categorized as
highly concerning in at least one of the four key indicators (biomass, CCUS, final energy, hydrogen).
This exclusion results in a scenario ensemble consisting of 36 scenarios. From these 36 scenarios,
we then focus on three iconic scenarios that represent different mitigation strategies: (1) Demand-
side focus pathway (REMIND-MAgQPIE 2.1-4.2 SusDev_SDP-PkBudgl000), (2) High renewable
energy pathway (REMIND 3.2 NZero_bioLim7p5_withICEPhOP), and (3) Mixed options pathway
(MESSAGEIix-GLOBIOM 1.1 EN_NPi2020_600_DR1p).

To gain a better understanding of the feasibility concerns and key trade-offs, a more qualitative
assessment of the iconic pathways was conducted and is presented in Figure 4.8. This assessment
focused on a wider range of indicators, which are presented in Table 4.3.

The first panel (from the left) in Figure 4.8 displays the level of ambition across the three iconic
scenarios. The Mixed options pathway assumes a 69% reduction in greenhouse gas (GHG)
emissions (excluding international trade) by 2030 compared to 1990. The Demand-side focus
pathway assumes a 65% reduction in GHG emissions, while the High renewable energy pathway
assumes a 57% reduction. These varying levels of ambition are reflected in the differences across
key mitigation levers.
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Figure 4.8. Iconic scenarios across key feasibility indicators.

Note: An overview of the iconic scenarios is provided along key dimensions, with yellow shading indicating areas where
medium levels of concern arise. Since scenarios with any of the indicators categorized as having a high level of feasibility
concern not considered further, none of the iconic scenarios raise high-level feasibility concerns based on the proposed
thresholds. The dashed lines indicate EU targets or goals where applicable (see also Table 4.3).

Both the Mixed options and High renewable energy pathways assume relatively high levels of solar
deployment, surpassing the current EU target outlined in the REPowerEU Plan. However, the
reported wind capacity levels in these scenarios fall below the EU's ambition.

The Demand-side focus pathway, on the other hand, assumes a complete coal phase-out by 2030,
which could be feasible but would require a major policy shift in some EU countries. This pathway
also anticipates a significant decline in final energy consumption levels compared to other pathways,
necessitating a major shift in lifestyles, particularly in terms of meat consumption, as described in
the scenario narrative (Soergel et al. 2021). Additionally, the Demand-side focus pathway projects
higher levels of biomass by 2050 (13 EJ/year).

In contrast, the Mixed options pathway assumes a relatively high level of overall carbon capture
and storage by 2050 (417 Mt CO; per year). However, all scenarios fall below the EU hydrogen
target, which has been deemed extremely ambitious by other studies (Odenweller et al. 2022).

This explorative comparison of the iconic scenarios indicates that similar goals could be achieved
through different combinations of levers. Some of these levers align with the current EU plans,
while others would require additional policies to ensure the attainment of overall climate goals.
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Annex

Table Al. Details of the regional information available for each model, the vetted regions, and the vetting
procedure applied.

Model Relevant regions Full EU ISO3  Vetted Vetted #
version country data  regions type scens.
Models with World region, considered for global vetting and climate
assessment
AIM/CGE 2.0 R5 FALSE None NA 24
AIM/CGE 2.1 R5 FALSE None NA 8
AIM/CGE 2.2 Europe (R10), AIM/CGE FALSE AIM/CGE native 40
2.2|EU 2.2|EU
COFFEE 1.1 Europe (R10), COFFEE FALSE COFFEE native 72
1.1|Western Europe, 1.1|Western
COFFEE 1.1|Eastern Europe
Europe
GCAM 4.2 R5 FALSE None NA 21
GCAM 5.3+ EU-27 & UK, EU-27, TRUE EU-27 common 6
NGFS GCAM
5.3|Europe_Eastern,
GCAM 5.3|Eastern EU,
GCAM
5.3|Europe_Non_EU,
GCAM 5.3|European Free
Trade Association, GCAM
5.3|Western EU & UK
GEM-E3 v2021 Europe (R10), GEM-E3 FALSE GEM-E3 native 41
v2021|EU28 v2021|EU28
GENeSYS-MOD EU-27 (excl. Malta & common 4
3.1 Cyprus)
IMAGE 3.0 Europe (R10), IMAGE FALSE IMAGE native 23
3.0|Western Europe, 3.0|Western
IMAGE 3.0|Central Europe,IMAGE
Europe 3.0|Central
Europe
IMAGE 3.0.1 Europe (R10) FALSE Europe (R10) common 30
IMAGE 3.2 Europe (R10), IMAGE FALSE IMAGE native 45
3.2|Western Europe, 3.2|Western

IMAGE 3.2|Central

Europe,IMAGE
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MESSAGE-
GLOBIOM 1.0
MESSAGEix-
GLOBIOM 1.0

MESSAGEix-
GLOBIOM 1.1

MESSAGEix-
GLOBIOM 1.1-
M-R12

MESSAGEix-
GLOBIOM 1.2

POLES-JRC

POLES-JRC
ENGAGE
PROMETHEUS
1.2

REMIND 2.1

Europe
R5

Europe (R10),
MESSAGEix-GLOBIOM
1.0]Western Europe,
MESSAGEix-GLOBIOM
1.0|Eastern Europe
Europe (R10),
MESSAGEIix-GLOBIOM
1.1|Western Europe,
MESSAGEix-GLOBIOM
1.1|Eastern Europe
EU-27 & UK, EU-27,
MESSAGEix-GLOBIOM
1.1-M-R12|Western
Europe, MESSAGEix-
GLOBIOM 1.0|Eastern
Europe

Europe (R10),
MESSAGEix-GLOBIOM
1.2|Western Europe,
MESSAGEix-GLOBIOM
1.2|Eastern Europe
EU-27 & UK, EU-27,
Europe (R10)

Europe (R10)

Europe , PROMETHEUS
1.2|Central Europe,
PROMETHEUS
1.2|Western Europe

EU-27 & UK, EU-27,
Europe, Europe (R10),
REMIND 2.1]EU Center-
East Europe, REMIND
2.1|EU Center-South
Europe,REMIND 2.1|EU
North-Center Europe,
REMIND 2.1|EU North-
West Europe, REMIND
2.1|EU South-Center

FALSE

FALSE

FALSE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

3.2|Central
Europe
None

MESSAGEix-
GLOBIOM
1.0]|Western
Europe

MESSAGEix-
GLOBIOM
1.1|Western
Europe

EU-27

MESSAGEix-
GLOBIOM
1.2|Western
Europe

EU-27
Europe (R10)

PROMETHEUS
1.2|Western
Europe,PROME
THEUS
1.2|Central
Europe

EU-27

NA

native

native

common

native

common

common

native

common

15

29

164

29

70

14
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REMIND 3.0

REMIND 3.2

REMIND-EU 2.0

REMIND-MAgPIE
15
REMIND-MAgPIE
1.7-3.0
REMIND-MAgPIE
2.1-4.2
REMIND-MAgPIE
2.1-4.3
REMIND-MAgPIE
3.0-4.4
TIAM-ECN 1.1

TIAM-ECN 1.2

WITCH-
GLOBIOM 3.1

WITCH-
GLOBIOM 4.4

WITCH 5.0

WITCH 5.1

Europe, REMIND 2.1]EU
South-West Europe,
REMIND 2.1|Non-EU
Northern Europe,
REMIND 2.1|Non-EU
Southern Europe
EU-27 & UK, EU-27,
Europe, Europe (R10)
EU-27 & UK, EU-27,
Europe, Europe (R10)
EU-27 & UK, Europe
(R10), lots of europe
regions

R5

Europe (R10)

EU-27 & UK, Europe
(R10), REMIND 2.1|EU 28
EU-27 & UK, Europe
(R10), REMIND 2.1|EU 28
EU-27 & UK , REMIND
3.0]EU 28

Europe (R10), TIAM-ECN
1.1|Western Europe,
TIAM-ECN 1.1|Eastern
Europe

Europe (excl. Turkey),
TIAM-ECN 1.2|Western
Europe, TIAM-ECN
1.2|Eastern Europe

R5

R5

Europe (R10), WITCH
5.0|Europe
EU-27 & UK, EU-27

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

EU-27
EU-27

EU-27 & UK

None

Europe (R10)

REMIND 2.1|EU

28
EU-27 & UK

EU-27 & UK

TIAM-ECN
1.1|Western
Europe, TIAM-
ECN
1.1|Eastern
Europe
TIAM-ECN
1.2|Western
Europe, TIAM-
ECN
1.2|Eastern
Europe

None

None

WITCH
5.0|Europe
EU-27

common

common

common

NA

common

native

common

common

native

native

NA

NA

native

common

30

16

10

83

46

22

78

Models considered only in the regional assessment (no World data)
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E4SMA-EU- EU-27 & UK, EU-27, EU TRUE EU-27 common
TIMES 1.0 1SO-3
Euro-Calliope EU-27 & UK, EU-27, EU TRUE EU-27 common
2.0 I1SO-3
FORECAST v1.0  EU-27 & UK, EU-27 TRUE EU-27 common
GCAM-PR 5.3 EU-27 & UK , GCAM-PR FALSE EU-27 & UK common
5.3|Eastern EU, GCAM-PR
5.3|Western EU & UK
GEMINI-E3 7.0 EU-27 & UK FALSE EU-27 & UK common
ICES-XPS 1.0 EU-27 & UK, EU-27, some FALSE EU-27 common
EU ISO-3
MUSE 1.0 EU-27 & UK, Europe FALSE EU-27 & UK common
(R10), EU I1SO-3
NEMESIS 5.1 EU-27 & UK, EU-27, TRUE EU-27 common
PRIMES 2022 EU-27 & UK, EU-27 FALSE EU-27 common
PyPSA-Eur-Sec EU-27 & UK, EU-27, EU TRUE EU-27 common
0.0.2 I1SO-3
PyPSA-Eur-Sec EU-27 & UK, EU-27, EU TRUE EU-27 common
0.5.0 I1SO-3
PyPSA-Eur-Sec EU-27 & UK, EU-27, EU TRUE EU-27 common
0.6.0 I1SO-3
TIAM-Grantham  Europe (R10), TIAM- FALSE TIAM- native
v3.4 Grantham v3.4|Eastern Grantham
Europe, TIAM-Grantham v3.4|Eastern
v3.4|Western Europe Europe, TIAM-
Grantham

v3.4|Western
Europe

10
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Table A2. Models whose scenarios lacked either sufficient variable or region information for further
assessment.

Model version Relevant regions Full EUISO3 Reason for no further assessment #
country scens.
data

ALADIN 1.0 EU-27, EU ISO-3 FALSE Insufficient variables reported — only 2

transport sector

EnergyVille Belgium FALSE Insufficient regional coverage — only 2

TIMES BE Belgium

1.0.0

0OSeMBE EU-27 & UK, EU-27 FALSE Insufficient variables reported — only 2

v1.0.0 CO2 for electricity supply

RECC 2.4 EU-27, various FALSE Insufficient variables reported — only 3 24

Europe regions

Roadmap v1.8 EU-27, R5 FALSE Insufficient variables reported — only 7

transport sector

TIMES-Ireland  Ireland FALSE Insufficient regional coverage — only 25

Model v1.0 Ireland
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