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Abstract

This edition of the Global Energy and Climate Outlook (GECO 2023) presents an updated view on the
implications of energy and climate policies wonlitle to reaching the goals of the Paris Agreemeratnd
contributes to JR€ work in the UNFCCC policy process. This report provides insight into the investment and
relatednew jobsrequired by the transition to a lovearbon economy.

Current climate policy pleges and targets imply a rapid decline in greenhouse gas emissi@til, there
remains both an implementation gap in adopting policies aligned with countries'-terich Nationally
Determined Contributions and Lotigerm Strategies, and a collective ambitigap in reducing emissions to
reach the Paris Agreement targets of pursuing efforts to limit global warming to 1.5°C. Global emissions are
projected to peak during the current decadmyt failing to implement additional policies puts the worlth a
trajectory towards a longterm temperature increase of 3°C.

The current decade is key for keeping the 1.5°C target possBECO 2023 highlights the global investment
needs of the 1.5°C scenaridAccelerateddecarbonisation effortsare needed across all sectoref the
economy. Energy sector investmentsed totriple this decade, doubling energy efficiency rates and bringing
renewables deployment to 11 TW by 203(his transition comes along with substantial investment spiler

and stimulus effects, boostinghvestment and employment across value chains, e.g. in the construction and
electrical and equipment goods manufacturing.
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Executive summary

This edition of the Global Energy and Climate Outlook (GHEZ€¥ents an updated viewfdhe implications of
energy and climate policies around the world. Since the previous editt@an energy deployment has
accelerated further, putting a peak of global emissions within reach. Calls have multiplied for siogili
global action towards triplinghe installed renewable energy capacity to 11 TW and doubling the rate of
improvement in energy efficiency by 2030. This report aims to look at investments in energy production,
transformation, supply and demand and how thaged to pick up pace during the current decade in order to
align the global trajectory of emissions with a 1.5%mpatible pathwayas well as highlighting implications

for employment

Policy context

In 2023, the impacts of climate change are alreadyeen felt with unprecedented extreme weather events
and hot temperatures, showing the urgency for acting on climate mitigation and adaptation. 2023 has also
seen unprecedented levels of investment in clean technologies.

In this year's Conference of the Parties (Council of the EU, 2023apf the United Nations Framework
Convention onClimate Change (UNFCCC), the global stocktake ends, looking back at the progress made
collectively in reaching the objectives of the Paris Agreement of 2084ilst countries have made a number

of announcements and set themselves targets for the mediunddaong term, the combined result reveals an
ambition gap that asks for additional effort.

This report explores theeffects on the energy markets ofthe latest Nationally Determined Contributions
(NDC), Longerm Strategies (LTS) and Ngero Targets submtiéd or announced in the context of the
UNFCCQat examines how the energy mix should transform and how investments need to be reethiin
order to reach the collective goal of limiting climate change to 1.5°C.

Key conclusions

Meeting the 1.5°C target setut in the Paris Agreement requires a rapid shift to energy systems dominated
by renewable sources. Along with energy efficiency improvementsydaching electrification of endises
drives down total volumes of fossil fuedxtraction

Projections with curent legislated energyclimate policies point to global emissions peaking within the current
decade, which is an important shift in expectations compared to earlier yedomsveverthere remainboth a
significantimplementation gap to reach announcedrgets and an ambition gap to align targets with a 1.5°C
trajectory.

The current decade is a key period for accelerating investments in clean technologies and slashing emissions
to keep the 1.5°C target possible. During this decade, global investmentkean technologies should triple,
renewables deployment should accelerate to reach 11 TW and annual energy efficiency improvements should
double.

Main findings

Global emissions are still not on track to deliver on the temperature targets of the Paris Aggae Both the
Reference Scenarjiavhich captures the current policy settings, and the NDIGS Scenariavhich captures the
current announced climate targets globally, fall short of limiting temperatureris 1.5°C.

Progress is being madePolicy actionin major economies continued cost reductions andéccelerated
deployment of lowemissiors technologies in the past year lead to emissions in the Reference scenario
peaking within this decade and decreasidgwn to 2017 levels by 2030, leading to a 3.0°C teperature
change by 2100.

Current climate policy pledges and targeits the NDELTS scenariamply a rapid decline in greenhouse gas
emissions, but gaps remaiim implementation § GtCQe in 2030 compared to Reference) and in ambitidi®(
GtCQe in 2060 compared to 1.5°C)



Figure 1: Global emissions and global mean temperature change, by scenario
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Source: POLERC modeliveMAGICC (probabilistic setting). The temperature lines refer to 67% probability; the ranges refer to the 83%
and 17% percentile ranges. The overshoot in the 1.5°C scenario is limited to dt&i€dian probabilityand 1.7°C at 67% probability

In the 15°C scenario, the share of renewables in total new annually installed capacity increases from 58% in
2021 to 83% in 2030, while the share of nomenewables in total installed capacity halves. The world must
move quickly in the coming decade to the point evh the bulk of newpower generation capacitiesis
renewabés. Renewable power generation technologies reach 11 TW of deployed capacity in 2030, while the
annual rate of energy efficiency improvements more than doubles this decade compared to the previous

A fossil fuel subsi@es phaseout scenario, which assumes all global fossil fuel subsidies are completely
phasedout by 2025, sees significant emissions reductions compared to the Reference scedéiam 2030

and 9% in 2050. This corresponds to a 13%dection in cumulated emissions by the end of the century,
leading to an endof-century temperature increasef 0.2°C lower than in the Reference scenafim give
some context to themagnitude of emissions reductionsn this scenario, thedecreaseachievedin 2030 is
equivalent to onethird of the emissions reductions in the NBiDly scenario, which is a result of emissions
reductionsderived fromthe Nationally Determinedontributions of 193 countries.

Keeping 1.5°C possible requires acceleratiagergyrelated investments in the current decade. Annual
spending on energy production and supply equipmirtreases by 70% this decade, and almost doubles to
reach $3.8 trillion by the middle of the century, with a particularly shamcreasein renewalble power
generationinvestmentin the current decade. Neverthelesnergyrelated investment as a share of global
GDP remains athe historicalaverage of 1.4% through the projection period.

Spending on batteriegor electric vehiclesncreases 12fold to 2030, to represent the largest investment in
clean technologes. Investments inthe production ofhydrogen and hydrogederived fuels (efuels and
ammonia) represent around a quarter of totalean technologiesnvestmens by 2050. Despite their minor
role in the aggregate final energy consumption, #eare crucial in decarbonising specific sectors such as
aviation, shipping, and steel production and replacing grey hydrogen in fertiliser production.

GECO 2023 shows that scalingp investments in clean techrogies in line with a 1.5°C decarbaation
trajectory bears potential benefits, beyond delivering the energy transition and its multiple environmental and
climate benefits.Scaling up investments in clean technologies compensébe declining investmergin fossil
fuels, boosting demand foinvestmentacross different sectorsn the economysuch as the constructioand
manufacturingsectors The demand for investment also createsbstantialemploymentopportunities across

the value chainas more workes are neededboth directly in the sectors as well da the upstream sectors

that produce goods required for the energy transition.



Related and future JRC work

The Global Energy and Climate Outlook (GECO) is published annually sincdt2@t#ributes b the JRC
work in the UNFCCC policy procebsg IPCC Assessment Repaatsd the UNEP Emissions Gap Reports

Quick guide

After an introduction describing the motivation and scope of the GECO this year, Section 2 provides details on
the climate policyscenarios Section 3 presents key results for emissions and energy systems on the global
level. Section 4 takes a deep dive into the investment needs in energy supply and demand to make the
transition a reality. A final Section provides key metrics for G2Qintries.



1 Introduction

The year 2023 was a year of records. According to the World Meteorological Organization, 2023 is set to be
the warmest year on record, at about 1.40 °C3/A2 °C) above préndustrial levels(WMO, 2023)Extreme
weather eventssuch as heat waves, droughts and wildfires, increased in 2023, with their economic impact
roughly estimated to amount to 0.6%f global GDRAllianz, 2023) up from about 0.2% for the 2002019

period (Newman and Noy, 2023)This situationunderscors the gravity of climate change and its tangible
impacts on global ecosystems, human societies, and infrastrugtwéh climate science expecting an
increasing frequency and intensity of such evente urgencyvith whichclimate adaptation and mitigation
measureshave to be pursued presents amparalleled challenge for human civiation.

The Paris Agreemeist objective to pursue efforts to limit temperature increase to 1.5°G in danger of
becoming impossile, at least not without overshoot and later temperature decrease with active carbon
dioxideremoval from the atmosphereCQ emissions are still rising anttave exceedegbre-Covid19 levels,
with an estimated increase of 1% (+0.5%) in 2023 (Sandanger and Peters, 2023jternational fossil fuel
prices are returning to lower levels after the disruptive upheaval instigated by Russia’s war of aggression in
Ukraine in 2022 However, the lasting impacts of thesasentscontinue to reverberate, underscoring the need
for resiliencebuilding measures withisupply chains and energy markets. Concurrent with this, considerable
investments in fossil fuel infragucture are still happeningA large fleet of new fossil fuel power plants are
still being constructed omlanred - over 1000 GW of coal and gas projects at different stages from
announcement to constructio(Global Energy Monitor, 2023a, 2023b) which along with the existing fleet
would exhaust the world’s remaining carbon budget if operated under businesas-usual conditionsFossil
fuel extraction projects also largely exceed the remaining carbon budget to 1(&€@ne et al., 2022)

At the same time, there ar signs of changelnvestments in clean technologies are also breaking records in
2023, with an estimated 822% increase over 2024BNEF, 2023; IEA, 2023anles of electric vehicles are
growing fast, with 2023 sales expected to be about 35% higher than the redmrglaking 2022 (IEA, 2023b;
King, 2023) Many technologies are exponentialgrowing anticipating an upcoming tide turn in the energy
mix. Policy support, technological developmeiaind shifting investor preferencesppear to align- with a
strengthened ambition to deploy new technologies aradfectively reduceemissions Accordingly, global clean
energy supply chains are scaling up and contribgtto increasing collaboration between nations and reducing
dependency on conventional energy sources.

This year sees the first global stocktake of the Paris Agreement of the UNFC@©¢cass for countries and
stakeholders to see where they collectivedyand and how they aramaking progress towards meeting the
goals of the Agreemensince 2015. Previous editions of the GECO reports have pointed out the significant
implementation and ambition gapthat remain to beclosed. This year's report examines where the world’s
emissions and energy markets are heading, what impact announcegketarcan make, and what investments
are required to limit the global temperature increase to 1.5°C.

GECO 2023 first investigates how policies, updated energy prices and technology cost evoliicinspact
the global energysystem;emissions projectionand associated temperature increasese presentedn three
scenarios (Section 3)The reportthen provide a deep dive into investments in clean technologies and
associated supply chain effects in capital and labo{8ection 4). Finallyit presens fact sheets with key
metrics for major economies (Section 6).

Box 1. Differences with GECO 2022

The POLESIRC model has been updated with tHatest historical data.Supplyside and demaneside
technologies costas well as learning ratesvere extensivelyupdated with recent literaturCETO B2, 2024
Fuel/technology preferengearameterswere revised to reflect the updated data. The carljnicein the 1.5°C
scenario was revised to refleatirgent action to limit temperature overshopthe carbon pricetrajectory
follows a sigmoid curve with amflection point before 2030




Historical C@ emissions from agriculture, land use, land use change and forestry (AF@idJpased on
(Grassi et al., 2023and thusfollow the conventions of national GHG inventories to UNF@E@all countries.
Land use fluxes projections follow the same logic as poess GECO reportsy reporting changes compared to
the base year(based on data provided by the GLOBKGMM models)For the reporting at the global leve|,
CQ AFOLU emissions were harmsad to global bookkeeping modelsas used in the Shared Socioeconiar]

Pathways(Riahi et al., 2017and IPCC AR6 W(lliitergovernmental Panel on Climate Change (IPCC), 2023)

through a constant adjustmento match 2015 emissions of CMIP@n other studies this adjustment ig
variablg trying to takeinto account the expected impact of the €&rtilisation effect on the future strength
of the land sink(Grassi et al., 2021Gidden et al., 2023)whichinfluencesthe future net global anthropogenic
emissions and the remaing carbon budget.

The JREGGEME3 was modified to include an investment matrix which creates a direct link between investing

sectors and sectors supplying the purchased investment godNsrman et al., 2023) This captureg
heterogeneity across investing sectors, in particular power generation technologies.

At al times, monetary values ($) are constant US dollars2622.

The results in this report do not prejudge the upcoming results of the 2040 Climate Target Framework.



2 Scenarios and definitions

GECO 2023 was produced based on results from the partial equilibiglobal energy model POLEIRC and
the general equilibrium model JRGEME3 that covers the interactions between the global economy, the
energy system and the environment. A description of the POIIES model used in GECO 30&an be found

in Annex1, and the JRGEME3 model description is in AnneX In addition, detail on socieconomic
assumptions and fossil fuel prices can be found in AniBex

This section provides a description of the assumptions made for the projections presented in this.r&pert
following scenarios were modelled:

Reference scenario: corresponds to a world where existing policies related to energy supply and demand
policies and targets, as well as legislated GHG policies and targets that are backedruyetesupporting
energy-sector policies, are enacted. No additional policies are considered compared to what had been
legislated as of June 203. Exogenous macroeconomic projections (GDP and population), with endogenously
calculated energy prices and technological developmspecific to the POLEIRC modeltogether with the

effect of enacted policiesresult in projections of the energy system and GHG emissions. As a consequence,
this scenario may differ from energy and emissions projections from official national sourced an
international organisations. See Annéxor the list of policies considereth the Reference scenario.

This scenario does not aim to reach stated policies or targethether legislated or nothat have not been
accompanied by concrete action plans.

A Fossil fuels subsid ies phase-out scenario was also modelledgtarting from the Reference scenario and
assuminga total phaseout of explicit and implicit subsidiem 2025, to assess the impact of one of the main
COP28 topicsThe methodology and resultsra discussed in the dedicated sectiGrb.

NDCLTSscenario: considers thetargets of NDCs in the medium term and the LTSs in the longer term. This
scenario assume that the objectives in the NDCs (including conditional objectives) are reached in their
relevant target year (2030 in most cases). To this end, carbon values and other regulatory instruments are
put in place on top of the existing, legislated measurestbé Referencescenarioto reach sectorspecific or
economywide targets Beyond 2030, the objectives of the countries’ LTS, where they exist, are pursued; if the
country has not announced an LTS, it is assumed that no additional decarbonisation effonade, and
carbon values, if any, are kept constant to their 2030 level. This scenario includes the net zero targets
announced by many countries. The NDCS scenario also considers decarbonisation proposals related to
international aviation and maritime &msportation sectorsSee Annex for a list of NDC and LTS objectives
included in this scenario.

This report’s projections differ from national modelling exercises in the NDCs, mostly due to different key
macroeconomic assumptions and consequently enedgynand growth, but also operating patterns of the
power sector. This can lead to some sectoral targets in an NDC not being reached in the ND&enario;
however, effort has been made to achieve the most important targets regarding renewables and emsssi
reductions.

An NDGOnly case was also modelled, where the effect of the LTSs was removed from the NDS
scenario in order to quantify the impact of each mechanism; carbon prices of the-NIXCscenario, if any,
were kept constant after 2030 in the NDOnly case.

1.5°C scenario: this scenarias designed to limit global temperature increasser the centuryto 1.5°Cat the
end of the century and limit overshoot of 1.5°C in the intervening decatleshis scenario, thelobal carbon
budget(cumulated et CQ emissions) from 2020 until the year when netero CQ@ emissions are reached is
of approximately530 GtCQ. Along with norCQ emissions and air pollutant emissions projectioribjs
resultsin an approximately77% probability of not exceeding the 3°C temperature limit in 2108

A single global carbon price for all regions is used in this scenatarting immediately (2024)and strongly
increasing. Bottorrup policy drivers (such aenewablegargets) from the NDELTS scenario are not included
here, as this scenario is constructed based on the policy settings of the Refersre®ario. The global carbon

! Global mean surfacéemperatures obtained with the online tool liveMAGICC, based on GHG and air pollutant emissions projections from
POLESIRC(Live MAGICC, 2023)7% probability derived as &near interpolation between the provided probabilities of 67% and
83%.



price is the sole additional policy driver in this scenario. This scenario is therefore a stylised representations of
an economicallyefficient pathway to the temperature targets, as the uniform global carbon price ensures
that emissions are reduced where abatement costs are lowest. This scenario does not consider financial
transfers between countries to implement mitigation measures. The use of tiega&missions technologies,
including the land use sinks, is consideral®® GtCGQ/year in 210Q including C@captured for the production

of synthetic fuely; CQ capture from combustion and GQ@lirect air capture technologies are made available
progressively beyond 2030<(10 GtCQlyear in 2050). The mobilisation of biomass as an energy resource is
relatively limited (remaining below 200 EJ/year for all years), in order to reflect the usertdy sustainably

grown biomas$. Within the above econoim and technological constraints, the overshoot of the temperature
target waskept low(with a peak temperaturat 1.6°C in2050, at median probability.

Unless stated otherwise, all monetary values in this report are in 2022 USD.

2 There appears to be a moderate agreement in the literature for the potential of biomass for energy use of about 200 Eaiyea,
higher level of agreement for the more conventiorfaure of 90 EJ/yeal(Creutzig et al., 2015)



3 Global emissions, and energy supply and demand

3.1 Greenhouse gas emissions and temperature change

Despite the continued deployment of renehlas,electric vehiclesgV$ and other lowemission technologies
global emissions in the Reference scenario are broadly in line with thpyesented in GECO 2022eaching
approximately 50 GtCfq by the middle of the century. The Reference scenario results in aroéraentury
temperature rise of 3.0C at a 67% probability.However, progress is being made as global emissiamne
projected topeak in the middle of this decadand decreasinglownto 2017 levels by 2030

While the postCovid19 economic recovery was slightly faster than expecteldngerterm projections are of
an overall slower economic growthAs a consequence, total globaD8 (in PPP terms) is projected to be
4.3% lower in 2050 compared to last year’s projections.

Figure 2: Global emissions and global mean temperature change, by scenario
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Source: POLERC modelliveMAGIC(probabilistic setting)The temperaturdines refer to 67% probability; theangesrefer to the83%
and 17% percentile rangesThe overshoot in the 1.5°C scenario is limited to°C&median probabilityEnd of-century values for median
probability are: 2.7°C for Reference; 2.2°C for NID{y; 1.7°C for NDCTS; and 1.2°C for 1.5°C.

The NDELTS scenarighows that if all pledges are fully achievethe resultingtemperature rise by the ed
of the centuryis 1.9°C(67% probability) indicating that more effort on both implementation and ambition are
required.

The ND&nly case, which shows the result of the submitted nationadigtermined contributions and excludes
the impact of countrieslong-term strateges, which are mostly net zero targets, se@missions stabilise post
2050 and lead to a temperature increase 02.5°C (67% probability)by the end of the centuryThe 1.5C
scenario sees net zero emissieglobally achievedefore 2070, and overshoot lirted to 1.6°C.

3 +0.2%l/year GDP growth in 2022023 compared to last yar's estimates.
4 -0.2%/year GDP growthover 2024-2040, -0.3%/year over 20412070 and -0.2%/year over 20712100 compared to last year's
estimates
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Figure 3: Global emissions, by sector, 2& Scenario
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Source: POLEBRC modelOther includesion-CQ emissions in energy, emissions froother energy transformation (biofuels production,

hydrogen and derived fuels production) as wellthe sink from thedirect air capture of CO

Breaking down the 1% scenario pathway by sector highlights whexned wheneffort needsto be focussed:

0

Signficant rates of emission reductions occur in power generation, transport, buildings and industry in
this decade and the next one in order to put the world on a 1.5°C trajectory. Transport, buildings and
industry (combustion reach unprecedented rates of @ssion reductionaround 10% on average annually

in the 2030-2040 decade.The mwer sectorsees a sustained 7% reduction annually in the current and
coming decades and a sharp decline (15%) in the 202060 decade.

Carbon capture andequestration (CCS) otributes to decreasing emissions ardads to net-negative
emissions in the power sector, indust@ainly in cement production anddirect air capture(where the
CQ that is not used to produce hydrogetterived fuels is sequesteredafter 2050.

The LULUCF sector sees sharp emission reductions occuaingst immediately, and turns from a

source to a net sink of emissiongsost 2030. Afterthat date, reforestation afforestation and better land

management practices are required for the land sector tbecome a significant sink of emissions
throughout the century.

3.2 Energy supply in the 1.5 °C scenario

3.2.1 Total primary energy supply

In the 1.5C scenario, the rapid decarbonisation leads to a transformatiothefprimary energy supply

0

The pimary energy supply fronall fossil energy carriers (coal, oil, and gaggclines through to 2050The
energy supplied from coal halves in this decaded then halves agaitetween 2030 and 2050to reach
0.9 Gtoe in 2050 Primary al supply declineso 1.0 Gtoe in2050, falling at an average of 7% annuallyn
the 2030-2040 decade. The energy supply from gas presents a slight sustained reduction in the
coming decades decliningfrom 3.5 Gtoe in 2020 to 1.6 Gtoe in 2050Unlikecoal and oi] gas still
representsmore than 10% ofthe total primary energy supply in 2050.

A reduction in energy demand this decade occurs as a result of rapid electrification in the 1.5°C scenario,
and higher energy prices in this scenario.

Energy supply from solar and wincontinues to expand, but at a slower rate over the projection period
than today The remarkable expansion of the current decade, with an average annual growth ré&2@%f
for solar and18% for wind decreases tb% annually eachin the 2030-2040 decade.Together, wind
and solar represent around 37% of total primary energy supipl\2050.
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Strong growth in biomass seesdloublingits supplyin the coming two decadedrom 1.5 Gtoe in 2020 to
3.2 Gtoe in 2050 Hydreelectricity growth levels off after 2030, while other renewablegeothermal and
oceangrow at a high rate but from relatively low levels.

Nuclear sees steady growth throught the projection periodfrom 0.2 to 0.5 Gtoeat approxmately 3%
annually.

3.2.2 Power generation

In the 1.5°C scenariaotal power generation increases 2.5 times between 2020 and 2050. This increase is
accompanied by @ransformationthat leads to several striking results in individual technologies

0

The transformativeexpansionin solarand wind:these two technologiegombinedincreasefrom 9% of
total generation in 2020 t037% in 2030 and62% in 2050. This implies &ive-fold increasefrom 2020
to 2030, with an average annual growth ratef 16% for wind and 21% for solar in this decad@ther
renewables mostlyhydro and geothemal, increase markedly, taking off in ZD.

The retirement of coalat the same time thatrenewables are introduced at increasing speed, coal
generation decreaseat an average of 11% annuallyn the current decade an@round4% after 2030.
Coal fittedwith CCS plays a minor role, reachig% of power generatiorin 2050.

Fossil gasgenerationis stable in the coming decade and thestightly decreases starting in 2040. The
dispatchablility of gas provides renewables balancing services in the next derhedgond thaf gas starts
to retire asbatteriestake overwith emissiors-free balancing. Gaglants fitted with CCSalso play only a
minorrole, reaching.4% of power generationn 2050.

Biomass generationdoubles by2030 and sees a sifold increase by2040, mostly to providenet-
negative emissionshrough bioenergy with CCS (BECCS)

Nuclearcapacity experiences ecomparablymodest growth,almost doubing by 2050 as an important
source ofzero-emissiors electricity, particularlyin countries with an existing nuclear industry and those
with relatively more limited renewabkeresources.

3.3 Final energy demand

3.3.1 Industry

Decarbonisationn the 1.5°C scenarieees the industry sector changedim one with a diversified energy mix
todayto one that is dominated by electricity in 2050

0

Total industrial energy demand remains stable through to 2050, as significant electrification improves
energy efficiency and offsets increases from a growing industrial output.

Electricity increases its sharef total industrial energy demand from approximately one quarter to 58%
in 2050 (excluding norenergy uses in industry), at a modest growth rate of 2% per annum, as an
increasing range of applications are electrified.

The share of coal in final energy demdrdecreases from approximately one third today to 5% by 2050,
as many applications switch to electricity use. Gas demand remains more robust, more than halving from
today to 2050, as it is used in both energy and n@mergy applications (feedstock).

Otherfuels play niche roles, including hydrogen anduels, which both represent a combined share of
8% of total industrial demand in 2050.

Biomass doubles its share from 8% today to 15% in 2050.
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Figure 5: Globalpower generation by technology, and decadal growth rates, 1.5°C scenario
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Figure 6: Global industry energgdemand by fuel, and decadal growth rates, 1.5°C scenario
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3.3.2 Transport

In the opposite trend from that seen in industry, the transport sector transforms from one dominated by one
fuel today, oil, to amore diversified fuel mixby 2050. Oil demand rapidly diminishes as decarbonisation
pushestowards firstacceleratingelectrigty demandand thentaking uphydrogenand e-fuels after 2040.

0 Oil demand starts to reduce immediately in the 1.5°C scenario, driven by the rapid expansion &fHeVs.
current and next decades see the most significant decrease in oil consumption in treqnspith an
average annual decline of 6% and 11% each decade

0 At the same time, electricity use expands with an average annual growth rate of 25% and 12% in the
current and next decade The greater energy efficiency of electrified transport leads tareduction in
total transport energy demandver time By 2050, electricity accounts for around half of the final energy
demand in transport

0 Hydrogen and duels start to play a role in heavy transport, aviation and maritime p@&g40, with
annual growth rates between 105%. By 2050, these two energy vectors combined meet around a
quarter of the sector’s final energy demand.

0 Biofuels use expands, but not as dramatically as the above. They double in volume by 2050 and increase
their share fom 4% today to 8% by 2050
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Figure 7: Global transport energy demand by fuel, and decadal growth rates, 1.5°C scenario
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3.3.3 Buildings

Similar to the other eneuse sectors, the buildingisector undergoes significant decarbonisationthe 1.5C
scenariomostly via electrification:

0 At the annual averagegrowth rate of 2.6%, electricity increases its share of total buildings energy
demand from 37% today to 86% by 2050.

0 The dominance of electricity comes at the expense of oil and gas which reduce at 11% for oil and 15%
for gas in the 20362040 decade.

0 Whiletraditional uses of biomass are phased out, there is a transient role for modern forms of biomass
as a substitute for fossil heating systems; however, modern forms of biomass also decrease after 2030.

0 There is naignificantrole for hydrogen anc-fuels in the building sector in the 1& scenaripremaining
below 20 Mtoe through 2050
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Figure 8: Globalbuildingsenergy demand by fuel, and decadal growth rates, 1.5°C scenario
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3.4 Global renewable and energy efficiency indicators

In recent monthsinternational discussionstook placein the context of the G20works about the need to
accelegate climate protection targetsin this regard, the G20 members have promised the New Delhi
Declarationin September2023 to pursue and encourage effortsotvards increasedjlobal renewables (RE)
and energy efficiency (EErgets easing the energyransitionat global level(G20, 2030) These targets were
endorsedby the European Council as the EU’s position for COP28 (Council of the EU, 2023I@nd were laid out
as a Global Pledge by the President of the European Commission in CgR#8pean Commission, 2023)
Theyhave been quantified as:

0 11 TW of installed renewable energy power generation by 2030 glob&I¥DP28 Presideribesignate,
2023), representing a tripling of installed capaci(iEA, 2023c; IRENA, 2023)

o0 Doublingannualenergy efficiencyimprovementsgloballyfrom about 2% to over 4%by 2030°.
The scenarios in this report nabe used to illustrate how these targets are approximated or met.

Indicators of these two targets are represented kigure9 and Figurel0 for the three main scenariosf this
report The 1.8C scenaricseesthe global instaled capacity of renewables increase frotfhnTW in 2021 toll

TW in 2030 (comprising of renewables in power generation for final electricity demand, for hydrogen
production and for direct air capture of GOThe NDE@.TS scenario reached TW in 2030, indicang that
many countrieshave the possibilityto increase their currentenewablesplans to contribute to the global
target.

The share ofenewablesn total new annuallyinstalled capacity increases frofs8% in 2021 to 83% in 2030

in the 1.5C scenario, idicating that the world must move quickly in the coming decade to the point where
the bulk of new generation is renewable. The inverse is also true, as the share ofer@mwablesin total
installed capacityin 2030 is half of that in 2021 in the 1.5C sceario.

17



Figure 9: Power indicators 1.5°C, NDEL TSand Reérencescenarios
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Thel.5°Cscenariosees thefinal energy efficiencyimprovement raté more thandoubing by 2030 compared

to the previousdecade i.e.the evolution over2020-2030 compared t02010-2020. Looking at the endise
sub-sectors showdliverse patterns. fie improvement in energy efficiency in the industry seé¢tavhich was
limited until recently,is set toincrease in allscenarios showing amore than twofold increase in the 1.8C
scenarioand reflecting a relatively large untapped potential. Energy efficiency improvements in transport
have accelerated recently given the increasing penetration of electahicles; accordingly, the Reference
scenario shows a high level of improvement already, with further acceleration in the 1l5k€wise the
buildings sectof more than double compared thistorical levels by 2030, mostly due to electrification.

6 Calculated as the annual evolution of the ratio of total final energy consumption over GDP. The impraveatef total primary
energy consumption over GDP yields a similar doubling by 2030.

7 Calculated as the annual evolution of the ratio of sectofial energy consumptioover industry value added.

8 Calculated as the annual evolution of the ratio séctoral final energy consumption over private cars’ vehicle-kilometres.

9 Calculated as the annual evolution of the ratio of sectofial energy consumptioover floor surface of residential and services.
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Figure 10: Globalfinal energy efficiency indicatord.5°C, NDE TSand Reérencescenarios
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The renewable and energy efficiency targets being discussed are intertwined, as hitting the @gifficincy
target will likely require increased electrificatipthus leadingto increased need for new electricity capacity
most of which is renewable. Likewise, further penetration of renewable power generation capacity can lead to
lower electricity pricesthus improving the economics of electricifonsuming enelise equipment with are

often considerably more energy efficient than fossil fuel alternatives. Achieving one target facilitates the
achievement of the other, therefore justifying their continued discussion of a pair of targets tpursuedin
parallel.

3.5 Fossil fuel subsi dies phase-out

Discussion on the importance of phasing out fossil fuels featured prominently at COP@Bexplicitsubsidies

to fossil fuels set a new record in 2022reaching USD1.3 trillion); together withindirect subsidiestotal
subsidies amounted t&JSD?7 trillion (IMF, 2023a)Commitments agreedby countries in the past few years to
decrease fossil fued support have been followed by few concrete actions. In November 2023, in the lgad

to COP28, the Members of the European Parliament voted in favour of ending all implicit and explicit
subsidies‘as soon as possible and by 2025 the latest” (European Parliament, 2023)

An additional scenario, not reported in Section 3.1, is reported here to indicate the impartpattthat fossil
fuel subsidy phase out cahaveon global emissins.

In POLES, energy subsidiage calculated with apricegap approach between sectoral enge prices and
reference prices (which are the import price for importing countries, the export price for exporting countries, or
the closest regional market pricwhen the former are unavailable; and are increased by a cost of fuel
distribution and valueadded tax). This approach covers implicit and explicit subsidies. Ssfdidectoral
prices are thus affected by changes in the international prices proportigni their situation in the last
historical statistics.

If that ratio reveals a subsidy, it is kept in the projections of the Reference scenbrithe subsidies phase
out scenariofor the applicable sectorsthat ratio moves to 1 in 2025 this resultsin all global fossil fuel
subsidies completely phased out by 2025.

This scenario leads to significansizeable greenhouse gasesemissions reductions at the global level
compared to the Referencecenario (Figure 11). Total emissions are.4 GtCQe lower in 2030 (a 5%
reduction and 4.6GCQe lowerin 2050 (a 9% reductior), similar to findings in literaturgJewell et al., 2018;
Kitous et al., 2016)This corresporglto a 13% reductionin cumulatedCQ emissions(all sectors)by the end

of the century, which leads to the enbf-century temperature increase being 0.2°C lower than in the
Reference scenaridJp to 6% decrease in primary energy demand is observed through tiéuce, reaching a
21% reduction of fossil fuelssupplyin 2100 (Table 1)
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To give some context to the magnitudef impact of the fossil fuel subsidies phaseout scenario, the
emissions reductions achieved in 2030 are equivalent to <hid of the reductias in the ND&nly scenario,
which is a result of emissions reductionderived from the Nationally DeterminedContributions of 193
countries(Figurell).

Figure 11: GlobalGHGemissionsby scenario
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The most significanemissionsimpact of the subsidy removal is seen in power sector decarbonisatidrere
technologies present more and cheaper- options than in other sectorsThe global power sectowould
indeedforesee substantial emissions reductisnf more than 25% in 2050(Table 1)

Table 1: Fossil fuel subsidy phaseut scenario results compared to the Reference scenario

Year 2030 2050 2100
Emissions reductionall GHGs -45% -9.4% -11.6%
Emissions reductionCQ-energy -7.1% -15.5% -19.4%
Emissions reduction CQ from power generation -13.3% -25.2% -30.7%
Primary energy demand -42% -6.3% -5.8%
Fossil fuels primary energy demand -7.0% -14.2% -20.9%

Source: POLEBRC model.

In addition, this leads to a reduction in electricity generati@®00 TWh in 2030, equivalent to India’s total
current electricity production), mainly due to electricity demand reduction in buildings andenergy
intensive industry.

Interestingly, this scenario would requir@ 8% increase in cumulated investments in electricity and hydrogen
production by 2100, but alsa 6% decrease in fossil fuels extraction investments.
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4 Energy investment needs in the 1.5°C scenario

Investment® can promote economic growth by increasing the capital stock and the productive capacity of the
economy and, therefore, its aggregate income. While the share of total investment in the economy typically
varies by country, it historically lies within the mge between 15% and 25% as a percentage of GD
advancedeconomies (e.gin 2022, 25% of GDP in the EU, and 18% of GDP in the United S)afBlsis
indicator reaches higher values iamerging economies, e.g. about 40% in China, and 30% in India or
Indonesia (World Bank, 2023

Most investments in the economy take place outside the energy sector. Across the projection period and
scenarios global energy investments alone represeatmere 1% to 2% of the GDPKigure13, section4.1),

with expendituresin machinery and equipment representing the bulk of these investis. Of note, the
comparison ofnew capital stockfigures in clean technologies across different repoifs.g.,(IEA, 2023d;
McKinsey, 2023)requires careful interpretation, as they often rely on different accounting approaches (e.g.
the consideration or omission of investments across the value cleafesof EV3.

Energy investments typicallywvolvelong-term cycles, fronthe planningphase through theirimplementation,
until reaching the operation and return on investmenstages. GECO 2023 projects thescaleup of
investmens in renewables to happemmostly over the next decaddsee also(Bertram etal., 2021)for a
discussion on how investments in the comirdecade canavoid the lockin on emissionsintensive
technologie} This reflects thainew capital stockdecisions and their implementatiomay be concentrated in
time. Their lifecycle, howeve is long, asthe return onrenewableenergy investmentsoften spreads over
decadesuntil the end of the assets’ lifespan. Nonethelessat the regional levelgcountriesgo throughdifferent
investment patterns in the GECO 2023 scenariosvith investment cycles depending on theavailable
mitigation options and the scenarios’ assumptions (as describedn section2). In addition when transitioning

to an energy systenin which electricity is produced by renewables, not only capital returns to investment are
relevant. As presented in GECO 20@eramidas et al., 2022) investment in renewables increases energy
security by reducing trade dependency, also promoting cheapectricity (and competitiveness) in the long
term.

Investments age over time and areulnerableto different risks.Depreciationaccounts forthe decline in the
value of fixed assets due to normal use and aging, but not due to major catastrophes, urderes
obsolescence and natural resources’ depletion. On the one hand, there may be climate change impacts on the
capital stock (e.qg., infrastructure at risk of being hit by natural disasters and extreme eventgFsgen et al.,
2020). On the other hand, misaligned investmenteck the energy systeminto emissionsintensive
infrastructureand may increase the probability ahem becomingprematurelystranded assetsas discussed
in section4.1.2 To avoid this risk andaccelerate the energy transition in emerging economiesernationally
coordinatedclimate action is needed (see Box 2 for a discussion on the roleJu$t Enegy Transition
PartnershipsJETPY9)

GECO 2023 shows that scaling up investments in clean technologies in line with a 1.5°C desatibani
trajectory bears potential benefits, beyond delivering the energy transition and its multiple environramda
climate benefits.Scaling up investments in clean technologies compensdte declining investmert in fossil
fuels, boosting demand for capital formation across different investment delivery sectors, such as the
construction, equipment, and eledal goods sectors (see sectiod.3.1), while creating substantial
employment opportunities across the value chain (see sectldh?). Becauseclean energy infrastucture is
often more capital intensive than fossfiuel infrastructure, aggregate investments increase under scenarios
that foster the transition to clean energy.

Figure12 shows differencesat the macro levelin the NDELTS and the 1.8 scenarios compared to the
Reference indicating a visible increase of investmenft8hisincrease in investments leads to a decline in
private consumption due to crowding out, as tlessumption of the JRGEME3 model is that the economy is
supply constraied. Additionally,the figure illustrates the relative changes i@DP, which indicate that the
reduction inprivate consumptionoutweighs the increase imvestmentt!

10 The gross fixed capital formation (GFC&)nply referred as ‘investment’, reflects the investments, deducting disposals, in tangible or
intangible assets produced as outputs from the various production processes in the economy (Eurostat., 2023).

11 There are no (net) trade effects when considerigigbal GDP. With regard to government expenditure, this is kept fixed in the analysis
and thus does not lead to any relative changes compared to the Referends.also worth noting thatwithin the consumption
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Figure 12: Investment and consumption changes’ contribution to changes in global GDP
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Global GDP decreases slightly compared to the Reference in each time periodnabhdth mitigation
scenarios. However, these relative chasge GDP never amount to more than 2¥%heaning that theratio of
mitigation costs to GDRs rather low. In the NDGLTS, global GDP decreases by 0.95% compared to the
Reference, while in the 1°€ it decreases by 1.65% in 2050, reflecting the mitigation costs needed to achieve

a more ambitious target. As GDP decreases and investment increases, the share of investment in GDP
increases in the policy scenarios. By 2050, global investment as a pesigenbf GDPreaches 26.2 in the
NDGLTS and 8.4% in the 1.8C, with the Reference projecting it as 25.7% of GBP the following sections

will demonstrate, this relative increase in investment is driven by the expansion of renewable power
generation andelectricity supply. Also within the consumption category, we observe a shift to durable
consumption goods, with additional expenditures for renovations, including heating equipment, and electric
vehicles, resulting in loweenergy consumption. For exampleyerall consumption declines by 1.1% in the
1.5°C scenariocompared to the Reference in 2030, while the consumption of durables inciebgel.3% and

the consumption of nordurables decreaseby 1.2%.

category in national accountshere are clanges towards durable consumption (e.g., purchases of heating and cooking appliances or
private vehicles), especially over the next decadéhile purchases ofdurable consumptiorgoodsis akin to investment(and are
counted as such by energy model#)is not accounted as such in the system of national accounts.
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4.1 Investments in e nergy supply

Investments inenergysupply increase from today’s levels in the 1.5°C scenario over the projection periothe
upfront, overnight investment in many lewmission technologiesis higher than thér high-emitting
competitors howeverthe total lifetime cost including running costss often lowerdue to lower operating
costs

Annual spending on equipment to produce and supply energy increts88.8 trillion by 2045 in the 1.5°C
scenariq up from ® trillion in 2022. The increase in investment requirements is particularly shdupngthe
current decade, which sees a 70% increaaed is less pronouncedhereafter towards 2050.In comparison,
the investments the Reference scenario risg 30% by 2050, representing twahirds of the 1.5°C scenario
needs.

Despite theincrease in imestments energy system investments as a share gflobal GDPremain at an
average of1.4% through the projection period in the 1.5°C scenario, suggesting thaspending the same
share as we have in the past the world can achievedtscarboniation targets. Reflecting the sharp increase
in investments this decade, the share gfobal GDP spent on energy supply increagbroughout 2030 but
then stabilises and decreases to be lowtan today bythe middle of the century.

Figure 13: Global annual energy supply investmenieference and..5°C scenar®
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Underpinning a decarbonised power system, renewable electrieikgs the largest shareaccouning for a
third of total energy supply investmenthis decade Annual investments in producing renewaldectricity
almost triple by 2030as installed capacityriples and is offset by reductions in the cost per unit installed.

A systemic view of investments

Total energy investments are larger in the 1.5°C scenario than in the Refereceearioover the projection
period, but this result is a&ombinationof reduced investments in some areas and increased investments in
other areas.Figure 14 shows a systemicperspectiveof changes in investment patterns as the world
decarbonises.

We seesignificantinvestment in additional renewables and |1e@Q power generation in the 1% compared
to the Reference scenario, which gartly offset by reduced investment in fossil fuelgwer generationBy
focusing on investments, this representatigmrecludesthe fact that a decarbonisedenergy system might
have similar or even lowetotal system costs than a fossiluel-based system, as higher investment needs are
compensated by lowerunning costsincreased investment irlean energy technologies iend-use sectors
such asindustry, transport and buildingge.g.electric vehicles and heat purspis offset by reduced spending
on the production offossil fuels used in power generationra enduse sectors Finally the 1.5°C scenario
sees an increase irexpenditureson lowemissions fuels suchas hydrogen, efuels and biebased fuels,
alongside increased spending on power gaitd direct air capture with carbon storag®ACCH
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Figure 14: Difference in cumulative (2022050) global energy sector investments between the Reference and 1.5°C
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Source: POLERC model’FEC equipmerirefers to investments in energgonsuming equipment in the industriyansport and buildings

sectors

4.1.1 Power generation sector

Global annualnvestmentsin the power sector doubley the middle of the centuryunder the 1.8C scenarip
as an almost 4fold increase in installed capacity ffset by significant unit costedudions. In the Reference
scenario, it only increases by 22% by 2050 while fossil fuels still represent almost-guarter of the

investments.

Power sector investents are dominated by wind and solar, which account forer half of all investments

throughoutthe projection period.

Investment incoal generation virtually disappears by 202%nd gas investment decreases significantly but

retains a small role in the power generation mix for its flexibility in a renewables dominated electricity mix.

There is ony marginal investment in fossil fuel capacity fitted with CCS.

By 2030 investment in storage emergeswo-thirds of which are batteriesand represents7/% of power

sector investment needs by the middle of the century.
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Figure 15: Global annual power sector investmenReference and..5°C scenari®
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Source: POLEBRC model.
Storage includes batteriebydro pumped storage, compressed air, stationary batteries;tB\(gid, stationary fuel cells.

4.1.2 Potential s tranded assets in power generation in the 1.5 °C scenario

Strandal assets in the power sector refer to power plants retired earlier than their initially expected lifetime.
Investmentsin coal and gasfired power plants not aligned with 4.5°C trajectorypose a risk of becoming
stranded assets, if climate policy brings about their premature decommissioning to align the power sector
composition with a 1.5°C scenario. The prevailing trend of deploying unabated aadl gasfired power
plants in the Reference scenario therefore dasrthe risk of their premature decommissioning.

To assess the value and regional distribution of misaligned investments in-aad gasfired power plants
Figure16 comparesthe economic value of the global coal and gas power plant fleet between th&eRRnce

and the 1.5°C scenarios. Using overnight capital expenditures, and assumingyag8G®conomicifetime and

a linear depreciation schedule, the economic value of the global power plant fleet is calculated at various
points in time by summing the remaining undepreciated value of the fleet at each year. At each point in time,
older coal power plants edribute only with the fraction of their remaining, nedepreciated value to the
global fleet. The value of the global power plant fleet changes over time, growing if new investments surpass
depreciation and shrinking otherwise.
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Figure 16: Value of global unabated coand gaspower plantfleet in the Reference and 5°C scenarios
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Source: POLEBRC model and own calculations.

To assess the value of investments at risk of premature decommissiorfingurel?7 shows the difference in

the value of the global coal and gas power fleet at any point in time between the Reference and 1.5°C
trajectories. This metric, indicatesthe potential value of misaligned investments and represents the
maximum value at risk of becoming stranded, if climate policy were to depreciate misaligned investments at
a given point in time overnight. sAsuch this analysis represents an upper bouwd the value potentially at

risk of becoming stranded.

On the one hand, an earketirementof coal and gas power plants will car over timerather than overnight

with retirement schedules starting with oldedepreciatedpower plants, thereby minirging stranded assets.
On the other hand, the realisation that the transition is underway will impact investment decisivestime,

partly averting the deployment ofinabatedcoal and gas power plants, and reducitige value of investments
at risk of beingmisaligned.

Under the construction of this analysie calculated upper boundf misaligned coal investmenté~igurel7,

left) is projected to reaclover USD300 billion by 2030 and increase to approximately USBAN billion by

2045. Notably,the Asian contintent accounts for over 80% of misaligned coal imuehts over the projection
period. By 2030, China and India accow#chfor about 30% of misaligned coal invesments. Chisagshare

grows to 60% by 2050, while India (10%) and other Asian countries (10%) decréasierelative importance.
African countriesthe Middle East and other regions contrifeuto the remaining 20% of glbally misaligned
coal invesmets bythe middle of the century.

Despite its lower value as compared to coal, misaligned investments in gas power pRigisré17, right) are
projected to be substantialas well The estimated value of midaned gas power plant invesnents is

projected to reach USD 300 billion by 2030, increasing to about 980D billion by 2045. While China (85%)
and the Middle East (15%) represent nearly the totality of misaligned gas stwents towads 2030, the
share of North America (20%), India (10%), Latin America and other regions (each 5%) increttseriddle

of the cenutry.
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Figure 17: Value of globaimisalignedcoaland gaspower plant investmentss estimate of potentialy stranded assets
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Source: POLEBRC model and own calculations.

To avert misaligned investments in fossil fuelshile accelerating the energy transition with a view to a 1.5
in emerging economies, Just Energy Transition PartnershipsP§)Eietween developed andeveloping
nationsin the Asian and African continehtave been esttablished in previs years (Box 2)

°C

Box 2: Just Energy Transition Partnerships

Aiming to boost investments in clean energy and accelerate the energy transition in emerging econg
bilateral Just Energy Transition Partnerships (JETWaie established in recent years between develop
nations and South Africa, Indonesia, Vietham, and Senegal. JETPs aim to provide financial sup|
acceleratethe energy transition of partner countrieprovisional on reaching aes of energy and climate
targets.

The first JETP was established between South Africa and the International Partners Group (IPGLQRRE)
in 2021. It committed to mobilizing an initial financial volume of USD 8.5 billion withi® §ears to support
South Africa’s most ambitious NDC target. In 2022, Indonesia and Vietnam established JETPs with the
with initial support volumes of USD 20 and 15.5 billion, respectively. Most recently, Senegal established
2.5 billion JETP with the IPG. These initial financial support ggekare envisioned to consist of 50% publ
and 50% private financ®.

While the financial volumes of these partnerships only represent a fraction of the total investment ne
they aim to catalyse a substantial upscaling of international and domestic givfinance flows to the energy
sector of the respective countries. By developing regulatory reform roadifags deliver the committed
investment volumes, JETPs aim structurally improve the regulatory framework in the energy and finan
sector andthereby, promote a favourable investment environment for clean technologies.

mies,
ed
port to

IPG,
a USD
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4.2 Investments in clean energy technologies

Global annual investmenin clean energy technologes increase 6-fold from 2022 to 2030 in the 1.5C

scenarig up from$1.0 trillion today to $.7 trillion in 2030. It represents almost twice the investment in the

Reference scenaricAnnual investment in vehicle batteries expandd-fold by 2030, as a result of a
deployment increase of a factor of 29 by 2030 ana cost reductbn of batteriesof 60% by 2030. A similar

12 See political declarations and joint statements establishing the JETP Syitith AfricalndonesiaVietnamand Senegal
13 See investment plans foBouth Africalndonesiaand Vietnam
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growth is observed in the Reference scenario, with electric vehicles investments reaching more than half the
total in 2030.

Annual investment in clean technologies for electricity production double from 2022 toO020%nual new
capacities of wind offshore and orshore increase by 8old and 2-fold, while unit costs experience a
decrease of 16% and 20%, respectivelljotal installed apacities of PV increasky 270%, which is offset by
a decrease of unit costs of 35%.

Heat pump investments to decarbaei heating are increasing in this decade, but then decline due to cost
reductions. Overall, these investments are only a relatively minor share of overall investmeatsn
Investments in efuel production emerge by 2030, and investment for ammonia production for use in
shipping starts in 2035Between 2030 and 2040 thdargestabsoluteincrease in annual investmentsccurs

in fuel cells for vehicles, whichmore than daible over the decaddpllowed by the increases of ammonia and
e-fuels of 180% and 60%, repectively.

Figure 18: Global annual cleaenergy technology investmentBeference and..5°C scenari®
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Source: POLEBRC model.

4.3 Supply chain implications of energy investment s

Ramping up energy investment will also affect other sectors of the economy that produce investment goods.
Here,usingthe aggregate sectors of the JRGEME3 model, we cannot represent specific supply chain issues
of interest, such as rare earth minerals. Instead, we are looking at this from a macroeconomic perspective,
shedding light on the sectors affected through supply chains, including the impacts on induced employment in
these sectors. We juxtapose these jobgwdirect jobs in renewabledn this section, we present results for
2040, given thatGECO 2023 projects the scalg of investments in renewables to happen mostly over the
next decade
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4.3.1 Investment s pillovers and stimulus to other sectors

When invegnents occur inphysical infrastructure, the investing sectors rely on other sectors of the economy

to deliver the goods and services (hereafter referréml as delivering sectors) to build this new physical
infrastructure. For example, investment in the windeegy sector (classified as the investing sector in our
analysis) requires the manufacturing sector to produce equipment goods (e.g., nacelle, rotors and generators)
and the construction sector to build the physical infrastructure (e.g., construction work@lean and prepare

the construction sites, welders to merge metal parts), these are classified as the delivering sectors in our
analysis.

Figure 19 visualises the distribution of global deliveries for annual econamge investment in the year

2040 in the 1.5°C scenaridnvestmentdelivering sectors are shown on the left and the investing sectors on
the right. The construction sector is the largest delivering sector to build additional capital stock on the
investment needs of all sectors of the economgccounting for 53% of global investment deliveries with a
total value of around USD 23 trillion. It is followed by the services sector (USD 6 trillion, 14%) which also
accounts for intellectual property, other equipment goods (USD 4.6 trillion, 12%)ufaaturing industries

(USD 4.4 trillion, 10%) and electrical goods (USD 3.4 trillion, 8%). Together, these sectors account for 97% of
total investment delivers to build additional capital.

At the same time, the services sector is by far the largest investwith around USD & trillion of capital
formation or 64% of total investing sectorsasit takesup a large share of economic activity. It is followed by

the manufacturing industries (USD 3.5 trillion, 8%), construction, energy intensive industriesulags
(approx. USD 2.2 trillion each, 5%). The electricity generation and transmission and distribution (T&D) sector
accounts for USD 990 billion, a mere 2.6% of total global investments. So while there is a large relative
increase in energy investmensde also section 4.1), the additional investments remain only a fraction of
aggregate investment and explain why econoiwde investment activity increases only by a small amount.

Figure 19: Global investment ir2040 by deliveing (left) and investing (rightsectors in the 1.5Cscenario
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Figure20 also shows the tpbal investmentdeliveries but providing a closer look io the electricity and T&D
as investingsectorsin 2040. In the 1.5°Cscenario Figure 2Q right), annual global investments in electricity
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generationand T&D combined i$0% higherthan in the Referencescenario,while still representing only
about 1.5% of global investment need&riven somewhat byannual investments in the wind power sector
being 3.5 times higher tha in the Referencescenario, and solar PV about 1.5 times highémnual
investments in transmission and distribution are about 10% higher, while fossil fuel investmbatome
negligibleas the economy decarbonises

The higher investmestin clean power technologiesompensatethe decline of investment deliveries to fossil

fuel based power technologies, which rely primarily on the construction, equipment goods and services sectors
to build additional capital stockAccordinglyannualinvestment deliveries from the construction and electric
goods sectors grow by 30%, services by 50%, and equipment goods by 80% as compared Reférence
scenario.

Thereby, the delivery patterns of each power sector technology contribute differently to bibest in
investmentdeliveries by sectors

0 Wind power capital formatios composed 0f70% of equipment goodsd.g,wind turbines, generators),
boosting the investmenteliveries of this sector and representing twhirds of its total annual
investmentdemand.

0 Solar PV capital formatioms composed 0f60% of electrial goods €.g,solar PV panels, invertors, and
other electrical equipment), accounting for approx. 80% of total investraé@mand for electric goods
with the remainder going to the T&D capitédrmation.

0 The T&D sector’s capital formation is composed 0f60% of investmentdeliveries from the construction
sector, reflecting the high construction demand to buifwer grids Investmertdeliveries of the
construction sector to the T&D sector repezd onethird of its total annualinvestmentdemandfrom the
power sectoy followed by deliveries to the wind sector (30%), others ¥20 and the solar PV sector
(14%).

Figure 20: Global investmergtin 2040 by delivering sectoto the electricity and T&Bectorsin the Referenceand 1.5C

scenaric
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The additional investment in the NBICTS and B°Cscenards have knoclon effects on the investment needs

of the main delivering sectors: construction, electigoods, and other equipment goods. To meet the
additional demand for investment goods, these delivering sectors need to expand their own csipitid In
other words, there is investment necessary to expand some of the upstream parts of the supplysabicine
power technologiesAdditionally, sectors such as construction also react to the increasing demand for
renovations asuildingsare made more energefficient.

This is visualised ifFigure21, whichshowsthe absolute change inworldwide sectoral investment in 2040
compared to the Reference fdyoth the NDELTS and thel 5°Cscenarics, focusing on the effects on industry.
Overall,investmentincreases compared to the Referenaeith a slightlystrongerincreasein the 15°Cthan in

the NDCLTSIt is clear thatinvestment by construction and equipment goods expands the most compared to
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the Reference, because they are expanding th@ioduction capacities to deal with increased investment
demandby other sectorsln 2040, there isaroundUSDB80 billion of additionalinvestment by the construction
sector in thel.5°Cscenariqg and aroundUSD50 billion of additional investment in the NDCTS scenario. In

the equipmentand electrical goodsectors, there is additional investment worth betwedi$D40 - 60 billion,
depending on the scenario. Additional investment by these sectors is greater ih.B€ scenariothan in the
NDCLTS scenario, reflecting the increased expansion of renewable energy technologies in the former
scenario.

Figure 21: Absolute change in sectoral investment compared to the Reference worldwide by 204
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Box 3. Job requirements in the EU industry in 2040

As discussed in Sectioh3.2, increased demand for investment goods by the power generation sextates
additional employment in the sectors delivering these investment goods. This leads to shifts in sectoral
employment in the ‘delivering sectors’, which in turn changes the demand for the different types of
occupations that are employetthere.

Figure22 visualisesthe absolute differences iselectedsectos’ employment between théd. 5°Cscenario and
the Reference for the EU in 2048yoken down byccupation. Similarly t&igure21, Figure22 focuses on the
industrial sectorsas those are someof the sub-sectors thatare impacted the most by the decarbonisation
investments in the 1.5°C scena.

In the 1.5°Cscenario, there is more demand for employment in the industrial sectors in the EU, compargd to
the Referace. As discussed in sectioAs3.1and 4.3.2 the expansion of these industry sectors is the result|of

an increased demand for investemt goods particularly due to investments irenewable power technologies.
Hence, additional demand for capital formation leads to additional upstream jobs in the equipment| and
construction sectors.

Figure 22: Absolute changes iemployment per sector in EU in 2040 in tie5°Cscenario compared to the Reference
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The occupational breakdown ofFigure22 demonstrates that the increase of employment in the industrial
sectors leads to more demand for some occupations, such as craftl &rades workers, officials, and
technicians. In the electrical and other equipment sectors, there is additional demand for arg0d
thousand craft and trades workergnd additional demand for around.80 thousand officials, managers and
professionals In the construction sectgranother sector that supplies investment goodkere is additional
demand for around 30 thousandraft and trades workers

4.3.2 Employment shifts as a result of additional investment demand

Changes in the investment flows and volusién the NDELTS and B°C <enarios also affect sectoral
employment.As illustrated inFigure 20, changes in investmentby different power technologies lead to
different investment patterns in delivering sectorshi¥ has an effect on the employment needed to make
deliveries for investmentalso referred to asthe indirect employmentimportantly, the calculations for
indirect employment in this report only capture the first round effects iofvestment when creating indirect
jobs. Purchases of intermediate inputs by the delivering sectors would also create economic activity and
require additional workforce to produce, buteanot accounted for

Figure23 and Figure24 visualisethese indirect employent effects as a result of investment by theower
generationsectors,in the 15°C senario. FirstFigure23 shows theamount of worldwide indirect jobs that
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are created per power technologys investment by thdossil fuel sectorsdeclines over timethe number of
indirect jobs related to fossil fuel investmerseesa similar decreaseOverall,however there is an increase in
the number of indirect jobs createdy investment in power technologies, caused by the expansion of
renewablesFrom 2020 to 2050, there is a clear shift ofhdirectemployment from the fossil fuels sectors to
renewable and nuclear energy.

Figure 24 illustrates the samejobs as Figure 23, those indirect workers delivering opower technology
investment but instead dualises thesectorin whichthe indirectworkers areemployed Investment by the
power generation sectors indirectly leads to employmenainly in the following sectors: electrad goods,
other equipment goods, construction, market services, and landspart. For investment by the power
sectors, construction and other equipment goods are the largest sectors delivering on investment Beds
2050 in the 1.5°C scenario, there is a total of 590 thousand jobmrldwide in constructionfor the power
generatbn sector. Moreover, there is a total of over 800 thousand jobs in the ‘other equipment goods’ sector

to producepower generatiorequipment

Employment in the electrical goods sector related to investment for power generation fluctuates over time,
mainly in line with investments by the solar PV sector. As visualisdeigure20, the solar PV sector relies to

a fair extent on deliveries of electrical equipment. Hence, investments by solar PV are a dfijabs in the
electrical equipment sector.
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Figure 23: Absoluteworldwideemployment over timeesulting from investment byhe power generation sectors in the
1.5°C scenaripby powersector
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Figure 24: Absoluteworldwideemployment over timeesulting from investment byhe power gneration sectors in the
15°C scenaripbydelivering sector
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Figure25 shows the projected number of jobs in power generation technologies in theClsgenarioEnergy
investments shift direct jobs away from coal and gas fired generation towsawdnd, solar P\and biomass
generation When compared to the Referenseenariq 4.7 million additional direct jobs in renewablese
created by 2050 under the 1.8C scenario In line with previous worKGaraffa et al., 2023;vVandyck et al.,
2016), fossil fuel sectorsface a substantial decrease irthe number of jobs by 2050put because these
sectors do notrepresenta big share of the overall labar market the deployment of renewables and greater
electrificationhelp absorbing and offsetting jobs losses. To a greater extent, this comes from the increase in
the direct jobs, but tk investment in renewables alsgromote jobs in other sectors, particularly in
constructionand manufacturingof electrical and other equipmengjoods which demand more workersn
different occupations (see BoX.3

Among the different renewable energy technologies, wind energy is the one that induces the largest share of
indirect workers. Over time, around 20% of the total jobs related to windrggeare induced indirect jobs as a
result of investment by the wind energy sector. Most of these indirect workers are employed in the



construction or ‘other equipment goods’ sectors. For solar PV, around 10% of the total employment related to

the sector casists of indirect jobs to deliver on the sector’s investment needs. These indirect workers are
mainly employed in the construction or the electrical goods sectors. As there is less investment by the fossil
fuel sectors, there is less demand for deliverie$ investment goods and hence less demand for indirect
workers.This is visible ifFigure25 where, especially for codired generation, there are few indirect jobs.

Figure 25. Absolute employment over time resulting from investment by the power generation sectors in Hi€ 1.
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5 Conclusions

This report takes stock on the state of countries’ adopted energyemissions policies and announced emissions
mitigation objectives, and what collective effect these have on the energy mix, on GHG emissions and on
temperature change throughout the century. This repguantifies both the progress that is lieg made to
reduce emissions, and the significant work left to do.

Global emissions are set to peak this decagleen without additional policy intervention. Howevewven taking
into accountannounced pledgefor 2030, 2050 and beyongdthe world is not ora pathway that is compatible
with the Paris Agreementarget of 1.5°C temperature changé&ignificant implementation gaps and ambition
gaps remain.

The emission reductions in the current decade in the 1.5°C scenario are particularly steep, re@uiring
congderable increase in the deployment of leamissiors equipment, which is reflected in the increased
investment needs in the energy sector in this scenario.

Efficiently direcing investments towards low and zereemissions equipment is key to achieving esigns
redudion goals.This reportoutlines whch sectors and technologigsolicymakers and investors shoulfbcus

on. The current decade is critiganany clean technologies are experiencing rapid growth and deployment
already, and thistrend needs tobe nurtured in order to keep the window open for the 1.5°C objective.

Invesing in low-emission technologies stimulates outpund promotes investment and employment in
adjacent sectors that supply equipment and services to the energy sedd@carbonising reates jobs
opportunities both in the energy sector and in adjacent sectors.

While decarbonisation leads to an increase in investments in the energy sector, the share of spending in
global GDRn the future remains broadly the same as today, indicating thlae global economy can manage

the burden of decarbonisatioiCare must be taken, by both policymakers and investors, to ensure that energy
sector investments are 1.5%@ligned, in order to minimise the risk of misallocated capital siogvdownthe
energytransition.
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6 Major economies and World fact sheets

This sectiorpresents fact sheets with key metrics for majeconomies (G20 and the EU) as well as the world

aggregate.

How to read the country sheets

World

Emissions by scenario
and sectoral broakdown of 1.5C scenario

Power Generation - 1 5C

Final Energy consumption - 1.5C

Decarbonisation mdcators

— Left: GHG emission projections by scenario a
sectoral breakdown in the 1.5°C scenario

Right: Final energy consumption by scenat
and fuel breakdown in the 1.5°C scenario

— Left: Power generation by scenar@md by source

Right:Changein key decarbonisation indicatorfrom
2021 to 2030 under 3 different scenariosfor each
country (which shows progress from today to 203!
based on policy settings), and in comparison to tf
global average, indicating if a country is a leader a
laggard:

Thefirst panel showsthe share of renewables and
unabated fossil fuels in total new build capacity
indicating how quickly it is installing renewables an
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retiring fossil fuels.

The second panel showsto total installed capacity
of renewabés and fossil fuels, indicating how far to
go to reach a renewabledominated power mix

Thethird panel showsthe rate of energy efficiency
improvements, indicating the country’s progress in
relation to the doubling of energy efficiency target



Argentina

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Emission

Australia

Final Energy consumption - 1.5C

s by scenario

and sectoral breakdown of 1.5C scenario
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Emissions by scenario
and sectoral breakdown of 1.5C scenario
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Canada

Emissions by scenario
and sectoral breakdown of 1.5C scenario
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China

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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European Union

Emissions by scenario Final Energy consumption - 1.5C

and sectoral breakdown of 1.5C scenario
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India

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Indonesia

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Japan

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Emissions by scenario
and sectoral breakdown of 1.5C scenario
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Russia

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Saudi Arabia

Emissions by scenario
and sectoral breakdown of 1.5C scenario
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Emissions by scenario
and sectoral breakdown of 1.5C scenario
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South Korea

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Turkey

Emissions by scenario Final Energy consumption - 1.5C

and sectoral breakdown of 1.5C scenario
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United Kingdom

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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Emissions by scenario
and sectoral breakdown of 1.5C scenario
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World

Emissions by scenario Final Energy consumption - 1.5C
and sectoral breakdown of 1.5C scenario
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