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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 worldwide to reaching the goals of the Paris Agreement, and 
contributes to JRC work in the UNFCCC policy process. This report provides insight into the investment and 
related new jobs required by the transition to a low-carbon economy. 

Current climate policy pledges and targets imply a rapid decline in greenhouse gas emissions. Still, there 
remains both an implementation gap in adopting policies aligned with countries' mid-term Nationally 
Determined Contributions and Long-Term Strategies, and a collective ambition gap 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 decade, but failing to implement additional policies puts the world on a 
trajectory towards a long-term temperature increase of 3°C. 

The current decade is key for keeping the 1.5°C target possible. GECO 2023 highlights the global investment 
needs of the 1.5°C scenario. Accelerated decarbonisation efforts are needed across all sectors of the 
economy. Energy sector investments need to triple this decade, doubling energy efficiency rates and bringing 
renewables deployment to 11 TW by 2030.  This transition comes along with substantial investment spill-over 
and stimulus effects, boosting investment 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 (GECO) presents an updated view of the implications of 
energy and climate policies around the world. Since the previous edition, clean energy deployment has 
accelerated further, putting a peak of global emissions within reach. Calls have multiplied for mobilising 
global action towards tripling the 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 they need to pick up pace during the current decade in order to 
align the global trajectory of emissions with a 1.5°C-compatible pathway, as well as highlighting implications 
for employment. 

Policy context  

In 2023, the impacts of climate change are already been 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. 

ties (Council of the EU, 2023a) of the United Nations Framework 
Convention on Climate Change (UNFCCC), the global stocktake ends, looking back at the progress made 
collectively in reaching the objectives of the Paris Agreement of 2015. Whilst countries have made a number 
of announcements and set themselves targets for the medium and long term, the combined result reveals an 
ambition gap that asks for additional effort. 

This report explores the effects on the energy markets of the latest Nationally Determined Contributions 
(NDC), Long-Term Strategies (LTS) and Net-Zero Targets submitted or announced in the context of the 
UNFCCC. It examines how the energy mix should transform and how investments need to be mobilised in 
order to reach the collective goal of limiting climate change to 1.5°C. 

Key conclusions 

Meeting the 1.5°C target set out in the Paris Agreement requires a rapid shift to energy systems dominated 
by renewable sources. Along with energy efficiency improvements, far-reaching electrification of end-uses 
drives down total volumes of fossil fuel extraction. 

Projections with current legislated energy-climate policies point to global emissions peaking within the current 
decade, which is an important shift in expectations compared to earlier years. However, there remain both a 
significant implementation gap to reach announced targets 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 investments in clean 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 Agreement. Both the 
Reference Scenario, which captures the current policy settings, and the NDC-LTS Scenario, which captures the 
current announced climate targets globally, fall short of limiting temperature rise to 1.5°C. 

Progress is being made. Policy action in major economies, continued cost reductions and accelerated 
deployment of low-emissions technologies in the past year lead to emissions in the Reference scenario 
peaking within this decade and decreasing down to 2017 levels by 2030, leading to a 3.0°C temperature 
change by 2100. 

Current climate policy pledges and targets in the NDC-LTS scenario imply a rapid decline in greenhouse gas 
emissions, but gaps remain in implementation (8 GtCO2e in 2030 compared to Reference) and in ambition (10 
GtCO2e in 2050 compared to 1.5°C).  
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Figure 1: Global emissions and global mean temperature change, by scenario 

 

Source: POLES-JRC model; liveMAGICC (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 1.6°C at median probability and 1.7°C at 67% probability. 

In the 1.5°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 non-renewables in total installed capacity halves. The world must 
move quickly in the coming decade to the point where the bulk of new power generation capacities is 
renewables. 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 subsidies phase-out scenario, which assumes all global fossil fuel subsidies are completely 
phased out by 2025, sees significant emissions reductions compared to the Reference scenario, 4% in 2030 
and 9% in 2050. This corresponds to a 13% reduction in cumulated emissions by the end of the century, 
leading to an end-of-century temperature increase of 0.2°C lower than in the Reference scenario. To give 
some context to the magnitude of emissions reductions in this scenario, the decrease achieved in 2030 is 
equivalent to one-third of the emissions reductions in the NDC-only scenario, which is a result of emissions 
reductions derived from the Nationally Determined Contributions of 193 countries.  

Keeping 1.5°C possible requires accelerating energy-related investments in the current decade. Annual 
spending on energy production and supply equipment increases by 70% this decade, and almost doubles to 
reach $3.8 trillion by the middle of the century, with a particularly sharp increase in renewalble power 
generation investment in the current decade. Nevertheless, energy-related investment as a share of global 
GDP remains at the historical average of 1.4% through the projection period. 

Spending on batteries for electric vehicles increases 12-fold to 2030, to represent the largest investment in 
clean technologies. Investments in the production of hydrogen and hydrogen-derived fuels (e-fuels and 
ammonia) represent around a quarter of total clean technologies investments by 2050. Despite their minor 
role in the aggregate final energy consumption, these are crucial in decarbonising specific sectors such as 
aviation, shipping, and steel production and replacing grey hydrogen in fertiliser production. 

GECO 2023 shows that scaling up investments in clean technologies in line with a 1.5°C decarbonisation 
trajectory bears potential benefits, beyond delivering the energy transition and its multiple environmental and 
climate benefits. Scaling up investments in clean technologies compensates for declining investments in fossil 
fuels, boosting demand for investment across different sectors in the economy, such as the construction and 
manufacturing sectors. The demand for investment also creates substantial employment opportunities across 
the value chain, as more workers are needed, both directly in the sectors as well as in the upstream sectors 
that produce goods required for the energy transition. 
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Related and future JRC work  

The Global Energy and Climate Outlook (GECO) is published annually since 2015. It contributes to the JRC 
work in the UNFCCC policy process, the IPCC Assessment Reports and 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 policy scenarios, 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 G20 countries. 
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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 °C (+/-0.12 °C) above pre-industrial levels (WMO, 2023). Extreme 
weather events, such as heat waves, droughts and wildfires, increased in 2023, with their economic impact 
roughly estimated to amount to 0.6% of global GDP (Allianz, 2023), up from about 0.2% for the 2000-2019 
period (Newman and Noy, 2023) . This situation underscores the gravity of climate change and its tangible 
impacts on global ecosystems, human societies, and infrastructure, with climate science expecting an 
increasing frequency and intensity of such events. The urgency with which climate adaptation and mitigation 
measures have to be pursued presents an unparalleled challenge for human civilisation. 

The Paris Agreement objective to pursue efforts to limit temperature increase to 1.5°C is in danger of 
becoming impossible, at least not without overshoot and later temperature decrease with active carbon 
dioxide removal from the atmosphere. CO2 emissions are still rising and have exceeded pre-Covid-19 levels, 
with an estimated increase of 1% (+/- 0.5%) in 2023 (Sandanger and Peters, 2023). International fossil fuel 

n in 
Ukraine in 2022. However, the lasting impacts of these events continue to reverberate, underscoring the need 
for resilience-building measures within supply chains and energy markets. Concurrent with this, considerable 
investments in fossil fuel infrastructure are still happening. A large fleet of new fossil fuel power plants are 
still being constructed or planned  over 1000 GW of coal and gas projects at different stages from 
announcement to construction (Global Energy Monitor, 2023a, 2023b) -- which, along with the existing fleet, 
w get if operated under business-as-usual conditions. Fossil 
fuel extraction projects also largely exceed the remaining carbon budget to 1.5°C (Kühne et al., 2022). 

At the same time, there are signs of change. Investments in clean technologies are also breaking records in 
2023, with an estimated 8-22% increase over 2022 (BNEF, 2023; IEA, 2023a); sales of electric vehicles are 
growing fast, with 2023 sales expected to be about 35% higher than the record-breaking 2022 (IEA, 2023b; 
King, 2023). Many technologies are exponentially growing, anticipating an upcoming tide turn in the energy 
mix. Policy support, technological development and shifting investor preferences appear to align  with a 
strengthened ambition to deploy new technologies and effectively reduce emissions. Accordingly, global clean 
energy supply chains are scaling up and contributing to increasing collaboration between nations and reducing 
dependency on conventional energy sources. 

This year sees the first global stocktake of the Paris Agreement of the UNFCCC, a process for countries and 
stakeholders to see where they collectively stand and how they are making progress towards meeting the 
goals of the Agreement since 2015. Previous editions of the GECO reports have pointed out the significant 
implementation and ambition gaps that remain to be 
emissions and energy markets are heading, what impact announced targets can 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 evolutions will impact 
the global energy system; emissions projections and associated temperature increases are presented in three 
scenarios (Section 3). The report then provides a deep dive into investments in clean technologies and 
associated supply chain effects in capital and labour (Section 4). Finally, it presents fact sheets with key 
metrics for major economies (Section 6). 

Box 1. Differences with GECO 2022 

The POLES-JRC model has been updated with the latest historical data. Supply-side and demand-side 
technologies costs as well as learning rates were extensively updated with recent literature (CETO B2, 2024).  
Fuel/technology preference parameters were revised to reflect the updated data. The carbon price in the 1.5°C 
scenario was revised to reflect urgent action to limit temperature overshoot; the carbon price trajectory 
follows a sigmoid curve with an inflection point before 2030. 
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Historical CO2 emissions from agriculture, land use, land use change and forestry (AFOLU) are based on  
(Grassi et al., 2023) and thus follow the conventions of national GHG inventories to UNFCCC for all countries. 
Land use fluxes projections follow the same logic as previous GECO reports by reporting changes compared to 
the base year (based on data provided by the GLOBIOM-G4M models). For the reporting at the global level, 
CO2 AFOLU emissions were harmonised to global book-keeping models, as used in the Shared Socioeconomic 
Pathways (Riahi et al., 2017) and IPCC AR6 WGIII (Intergovernmental Panel on Climate Change (IPCC), 2023), 
through a constant adjustment to match 2015 emissions of CMIP6. In other studies this adjustment is 
variable, trying to take into account the expected impact of the CO2 fertilisation effect on the future strength 
of the land sink (Grassi et al., 2021, Gidden et al., 2023), which influences the future net global anthropogenic 
emissions and the remaining carbon budget. 

The JRC-GEM-E3 was modified to include an investment matrix which creates a direct link between investing 
sectors and sectors supplying the purchased investment goods (Norman et al., 2023). This captures 
heterogeneity across investing sectors, in particular power generation technologies. 

At all times, monetary values ($) are constant US dollars of 2022. 

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

GECO 2023 was produced based on results from the partial equilibrium global energy model POLES-JRC and 
the general equilibrium model JRC-GEM-E3 that covers the interactions between the global economy, the 
energy system and the environment. A description of the POLES-JRC model used in GECO 2023 can be found 
in Annex 1, and the JRC-GEM-E3 model description is in Annex 2. In addition, detail on socio-economic 
assumptions and fossil fuel prices can be found in Annex 3. 

This section provides a description of the assumptions made for the projections presented in this report. The 
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 backed by concrete supporting 
energy-sector policies, are enacted. No additional policies are considered compared to what had been 
legislated as of June 2023. Exogenous macroeconomic projections (GDP and population), with endogenously 
calculated energy prices and technological development specific to the POLES-JRC model, together with the 
effect of enacted policies, result in projections of the energy system and GHG emissions. As a consequence, 
this scenario may differ from energy and emissions projections from official national sources and 
international organisations. See Annex 4 for the list of policies considered in the Reference scenario. 

This scenario does not aim to reach stated policies or targets, whether legislated or not, that have not been 
accompanied by concrete action plans. 

A Fossil fuels subsid ies phase-out  scenario was also modelled, starting from the Reference scenario and 

assuming a total phase-out of explicit and implicit subsidies in 2025, to assess the impact of one of the main 
COP28 topics. The methodology and results are discussed in the dedicated section 3.5. 

NDC-LTS scenario: considers the targets of NDCs in the medium term and the LTSs in the longer term. This 

scenario assumes 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 measures of the Reference scenario to reach sector-specific or 
economy-wide targets
country has not announced an LTS, it is assumed that no additional decarbonisation effort is made, and 
carbon values, if any, are kept constant to their 2030 level. This scenario includes the net zero targets 
announced by many countries. The NDC-LTS scenario also considers decarbonisation proposals related to 
international aviation and maritime transportation sectors. See Annex 4 for a list of NDC and LTS objectives 
included in this scenario.  

projections differ from national modelling exercises in the NDCs, mostly due to different key 
macroeconomic assumptions and consequently energy demand growth, but also operating patterns of the 
power sector. This can lead to some sectoral targets in an NDC not being reached in the NDC-LTS scenario; 
however, effort has been made to achieve the most important targets regarding renewables and emissions 
reductions. 

An NDC-Only case was also modelled, where the effect of the LTSs was removed from the NDC-LTS 

scenario in order to quantify the impact of each mechanism; carbon prices of the NDC-LTS scenario, if any, 
were kept constant after 2030 in the NDC-Only case. 

1.5°C scenario : this scenario is designed to limit global temperature increase over the century to 1.5°C at the 

end of the century and limit overshoot of 1.5°C in the intervening decades. In this scenario, the global carbon 
budget (cumulated net CO2 emissions) from 2020 until the year when net-zero CO2 emissions are reached is 
of approximately 530 GtCO2. Along with non-CO2 emissions and air pollutant emissions projections, this 
results in an approximately 77% probability of not exceeding the 1.5°C temperature limit in 21001. 

A single global carbon price for all regions is used in this scenario, starting immediately (2024) and strongly 
increasing. Bottom-up policy drivers (such as renewables targets) from the NDC-LTS scenario are not included 
here, as this scenario is constructed based on the policy settings of the Reference scenario. The global carbon 

                                                        

 

1 Global mean surface temperatures obtained with the online tool liveMAGICC, based on GHG and air pollutant emissions projections from 
POLES-JRC (Live MAGICC, 2023). 77% probability derived as a linear interpolation between the provided probabilities of 67% and 
83%. 
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price is the sole additional policy driver in this scenario. This scenario is therefore a stylised representations of 
an economically-efficient 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 negative emissions technologies, 
including the land use sinks, is considerable (26 GtCO2/year in 2100, including CO2 captured for the production 
of synthetic fuels); CO2 capture from combustion and CO2 direct air capture technologies are made available 
progressively beyond 2030 (<10 GtCO2/year 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 use of only sustainably-
grown biomass2. Within the above economic and technological constraints, the overshoot of the temperature 
target was kept low (with a peak temperature at 1.6°C in 2050, 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 EJ/year, and a 
higher level of agreement for the more conventional figure of 90 EJ/year (Creutzig et al., 2015). 
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3 Global emissions, and energy supply and demand  

3.1 Greenhouse gas emissions and temperature change  

Despite the continued deployment of renewables, electric vehicles (EVs) and other low-emission technologies, 
global emissions in the Reference scenario are broadly in line with those presented in GECO 2022, reaching 
approximately 50 GtCO2eq by the middle of the century. The Reference scenario results in an end-of-century 
temperature rise of 3.0°C at a 67% probability. However, progress is being made as global emissions are 
projected to peak in the middle of this decade and decreasing down to 2017 levels by 2030. 

While the post-Covid-19 economic recovery was slightly faster than expected3, longer-term projections are of 
an overall slower economic growth4. As a consequence, total global GDP (in PPP terms) is projected to be 

 

Figure 2: Global emissions and global mean temperature change, by scenario 

 

 

Source: POLES-JRC model; liveMAGICC (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 1.6°C (median probability). End-of-century values for median 

probability are: 2.7°C for Reference; 2.2°C for NDC-only; 1.7°C for NDC-LTS; and 1.2°C for 1.5°C. 

The NDC-LTS scenario shows that if all pledges are fully achieved, the resulting temperature rise by the end 
of the century is 1.9°C (67% probability), indicating that more effort on both implementation and ambition are 
required. 

The NDC-only case, which shows the result of the submitted nationally-determined contributions and excludes 
the impact of countries long-term strategies, which are mostly net zero targets, sees emissions stabilise post 
2050 and leads to a temperature increase of 2.5°C (67% probability) by the end of the century. The 1.5°C 
scenario sees net zero emissions globally achieved before 2070, and overshoot limited to 1.6°C. 

                                                        

 

3 +0.2%/year GDP growth in 2022-2023 compared to last ye . 
4 -0.2%/year GDP growth over 2024-2040, -0.3%/year over 2041-2070 and -0.2%/year over 2071-2100 

estimates. 
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Figure 3: Global emissions, by sector, 1.5°C Scenario 

 

Source: POLES-JRC model. Other includes non-CO2 emissions in energy, emissions from other energy transformation (biofuels production, 
hydrogen and derived fuels production) as well as the sink from the direct air capture of CO2. 

Breaking down the 1.5°C scenario pathway by sector highlights where and when effort needs to be focussed: 

ð Significant 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 emission reduction, around 10% on average annually 
in the 2030-2040 decade. The power sector sees a sustained 7% reduction annually in the current and 
coming decades and a sharp decline (15%) in the 2040-2050 decade. 

ð Carbon capture and sequestration (CCS) contributes to decreasing emissions and leads to net-negative 
emissions in the power sector, industry (mainly in cement production), and direct air capture (where the 
CO2 that is not used to produce hydrogen-derived fuels is sequestered), after 2050. 

ð The LULUCF sector sees sharp emission reductions occurring almost immediately, and turns from a 
source to a net sink of emissions post 2030. After that date, reforestation, afforestation and better land 
management practices are required for the land sector to become 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 1.5°C scenario, the rapid decarbonisation leads to a transformation of the primary energy supply: 

ð The primary energy supply from all fossil energy carriers (coal, oil, and gas) declines through to 2050. The 
energy supplied from coal halves in this decade and then halves again between 2030 and 2050, to reach 
0.9 Gtoe in 2050. Primary oil supply declines to 1.0 Gtoe in 2050, falling at an average of 7% annually in 
the 2030-2040 decade. The energy supply from gas presents a slight but sustained reduction in the 
coming decades, declining from 3.5 Gtoe in 2020 to 1.6 Gtoe in 2050. Unlike coal and oil, gas still 
represents more than 10% of the total primary energy supply in 2050. 

ð 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. 

ð Energy supply from solar and wind continues 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 rate of 20% 
for solar and 18% for wind, decreases to 5% annually each in the 2030-2040 decade. Together, wind 
and solar represent around 37% of total primary energy supply in 2050. 
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Figure 4: Global total primary energy supply by fuel, and decadal growth rates, 1.5°C scenario 

 
Source: POLES-JRC model. Notes: Other RES: geothermal and ocean 
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ð Strong growth in biomass sees it doubling its supply in the coming two decades, from 1.5 Gtoe in 2020 to 
3.2 Gtoe in 2050. Hydroelectricity growth levels off after 2030, while other renewables, geothermal and 
ocean, grow at a high rate but from relatively low levels. 

ð Nuclear sees steady growth throughout the projection period, from 0.2 to 0.5 Gtoe, at approximately 3% 
annually. 

3.2.2 Power generation  

In the 1.5°C scenario, total power generation increases 2.5 times between 2020 and 2050. This increase is 
accompanied by a transformation that leads to several striking results in individual technologies: 

ð The transformative expansion in solar and wind: these two technologies combined increase from 9% of 
total generation in 2020 to 37% in 2030 and 62% in 2050. This implies a five-fold increase from 2020 
to 2030, with an average annual growth rate of 16% for wind and 21% for solar in this decade. Other 
renewables, mostly hydro and geothermal, increase markedly, taking off in 2030. 

ð The retirement of coal: at the same time that renewables are introduced at increasing speed, coal 
generation decreases at an average of 11% annually in the current decade and around 4% after 2030. 
Coal fitted with CCS plays a minor role, reaching 0.3% of power generation in 2050. 

ð Fossil gas generation is stable in the coming decade and then slightly decreases starting in 2040. The 
dispatchability of gas provides renewables balancing services in the next decade; beyond that, gas starts 
to retire as batteries take over with emissions-free balancing. Gas plants fitted with CCS also play only a 
minor role, reaching 0.4% of power generation in 2050. 

ð Biomass generation doubles by 2030 and sees a six-fold increase by 2040, mostly to provide net-
negative emissions through bioenergy with CCS (BECCS). 

ð Nuclear capacity experiences a comparably modest growth, almost doubling by 2050 as an important 
source of zero-emissions electricity, particularly in countries with an existing nuclear industry and those 
with relatively more limited renewables resources. 

3.3 Final energy demand  

3.3.1 Industry  

Decarbonisation in the 1.5°C scenario sees the industry sector change from one with a diversified energy mix 
today to one that is dominated by electricity in 2050: 

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

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

ð The share of coal in final energy demand decreases 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 non-energy applications (feedstock). 

ð Other fuels play niche roles, including hydrogen and e-fuels, which both represent a combined share of 
8% of total industrial demand in 2050. 

ð Biomass doubles its share from 8% today to 15% in 2050. 
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Figure 5: Global power generation by technology, and decadal growth rates, 1.5°C scenario 

 

Source: POLES-JRC model. Notes: Fossil-CCS: Coal-CCS and Gas-CCS; Biomass: Biomass and Biomass-CCS; Other RES: geothermal and ocean. 
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Figure 6: Global industry energy demand by fuel, and decadal growth rates, 1.5°C scenario 

 

Source: POLES-JRC model 

 

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 a more diversified fuel mix by 2050. Oil demand rapidly diminishes as decarbonisation 
pushes towards first accelerating electricity demand and then taking up hydrogen and e-fuels after 2040. 

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

ð At the same time, electricity use expands with an average annual growth rate of 25% and 12% in the 
current and next decades. The greater energy efficiency of electrified transport leads to a reduction in 
total transport energy demand over time. By 2050, electricity accounts for around half of the final energy 
demand in transport. 

ð Hydrogen and e-fuels start to play a role in heavy transport, aviation and maritime post-2040, with 
annual growth rates between 10-15%. By 2050, these two energy vectors combined meet around a 

 

ð Biofuels use expands, but not as dramatically as the above. They double in volume by 2050 and increase 
their share from 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 

 

Source: POLES-JRC model 

 

3.3.3 Buildings 

Similar to the other end-use sectors, the buildings sector undergoes significant decarbonisation in the 1.5°C 
scenario, mostly via electrification: 

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

ð The dominance of electricity comes at the expense of oil and gas which reduce at 11% for oil and 15% 
for gas in the 2030-2040 decade. 

ð While traditional 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. 

ð There is no significant role for hydrogen and e-fuels in the building sector in the 1.5°C scenario, remaining 
below 20 Mtoe through 2050. 
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Figure 8: Global buildings energy demand by fuel, and decadal growth rates, 1.5°C scenario 

 

Source: POLES-JRC model 

3.4 Global renewable and energy efficiency indicators  

In recent months, international discussions took place in the context of the G20 works about the need to 
accelerate climate protection targets. In this regard, the G20 members have promised in the New Delhi 
Declaration in September 2023 to pursue and encourage efforts towards increased global renewables (RE) 
and energy efficiency (EE) targets easing the energy transition at global level (G20, 2030). These targets were 
endorsed  (Council of the EU, 2023b) and were laid out 
as a Global Pledge by the President of the European Commission in COP28 (European Commission, 2023). 
They have been quantified as:  

ð 11 TW of installed renewable energy power generation by 2030 globally (COP28 President-Designate, 
2023), representing a tripling of installed capacity (IEA, 2023c; IRENA, 2023).  

ð Doubling annual energy efficiency improvements globally from about 2% to over 4% by 20305. 

The scenarios in this report can be used to illustrate how these targets are approximated or met. 

Indicators of these two targets are represented in Figure 9 and Figure 10 for the three main scenarios of this 
report. The 1.5°C scenario sees the global installed capacity of renewables increase from 3 TW in 2021 to 11 
TW in 2030 (comprising of renewables in power generation for final electricity demand, for hydrogen 
production and for direct air capture of CO2). The NDC-LTS scenario reaches 9 TW in 2030, indicating that 
many countries have the possibility to increase their current renewables plans to contribute to the global 
target. 

The share of renewables in total new annually installed capacity increases from 58% in 2021 to 83% in 2030 
in the 1.5°C scenario, indicating 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 of non-renewables in total 
installed capacity in 2030 is half of that in 2021 in the 1.5°C scenario.  
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Figure 9: Power indicators - 1.5°C, NDC-LTS and Reference scenarios 

 

Source: POLES-JRC model 

The 1.5°C scenario sees the final energy efficiency improvement rate6 more than doubling by 2030 compared 
to the previous decade, i.e. the evolution over 2020-2030 compared to 2010-2020. Looking at the end-use 
sub-sectors shows diverse patterns. The improvement in energy efficiency in the industry sector7, which was 
limited until recently, is set to increase in all scenarios, showing a more than two-fold increase in the 1.5°C 
scenario and reflecting a relatively large untapped potential. Energy efficiency improvements in transport8 
have accelerated recently given the increasing penetration of electric vehicles; accordingly, the Reference 
scenario shows a high level of improvement already, with further acceleration in the 1.5°C. Likewise, the 
buildings sector9 more than double compared to historical levels by 2030, mostly due to electrification. 

                                                        

 

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

7 Calculated as the annual evolution of the ratio of sectoral final energy consumption over industry value added. 
8 Calculated as the annual evolution of the ratio of sectoral -kilometres. 
9 Calculated as the annual evolution of the ratio of sectoral final energy consumption over floor surface of residential and services. 
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Figure 10: Global final energy efficiency indicators, 1.5°C, NDC-LTS and Reference scenarios 

 

Source: POLES-JRC model. Note: these graphs show the rate of energy efficiency improvements in end-use sectors, the 10-
20  value shows the average rate from 2010-2020, the 20-  value shows the rate from 2020-2030. 

The renewable and energy efficiency targets being discussed are intertwined, as hitting the global efficiency 
target will likely require increased electrification, thus leading to increased need for new electricity capacity 
most of which is renewable. Likewise, further penetration of renewable power generation capacity can lead to 
lower electricity prices, thus improving the economics of electricity-consuming end-use equipment which 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 to be pursued in 
parallel. 

3.5 Fossil fuel subsi dies phase-out  

Discussion on the importance of phasing out fossil fuels featured prominently at COP28. The explicit subsidies 
to fossil fuels set a new record in 2022 (reaching USD 1.3 trillion); together with indirect subsidies, total 
subsidies amounted to USD 7 trillion (IMF, 2023a). Commitments agreed by countries in the past few years to 
decrease fossil fuels support have been followed by few concrete actions. In November 2023, in the lead-up 
to COP28, the Members of the European Parliament voted in favour of ending all implicit and explicit 
subsidies  (European Parliament, 2023). 

An additional scenario, not reported in Section 3.1, is reported here to indicate the important impact that fossil 
fuel subsidy phase out can have on global emissions. 

In POLES, energy subsidies are calculated with a price-gap approach between sectoral end-use prices and 
reference prices (which are the import price for importing countries, the export price for exporting countries, or 
the closest regional market price when the former are unavailable; and are increased by a cost of fuel 
distribution and value-added tax). This approach covers implicit and explicit subsidies. Subsidised sectoral 
prices are thus affected by changes in the international prices proportionally to their situation in the last 
historical statistics. 

If that ratio reveals a subsidy, it is kept in the projections of the Reference scenario. In the subsidies phase-
out scenario, for the applicable sectors, that ratio moves to 1 in 2025; this results in all global fossil fuel 
subsidies completely phased out by 2025.  

This scenario leads to significant sizeable greenhouse gases emissions reductions at the global level 
compared to the Reference scenario (Figure 11). Total emissions are 2.4 GtCO2e lower in 2030 (a 5% 
reduction) and 4.6 GtCO2e lower in 2050 (a 9% reduction), similar to findings in literature (Jewell et al., 2018; 
Kitous et al., 2016). This corresponds to a 13% reduction in cumulated CO2 emissions (all sectors) by the end 
of the century, which leads to the end-of-century temperature increase being 0.2°C lower than in the 
Reference scenario. Up to 6% decrease in primary energy demand is observed through the century, reaching a 
21% reduction of fossil fuels supply in 2100 (Table 1). 
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To give some context to the magnitude of impact of the fossil fuel subsidies phase-out scenario, the 
emissions reductions achieved in 2030 are equivalent to one-third of the reductions in the NDC-only scenario, 
which is a result of emissions reductions derived from the Nationally Determined Contributions of 193 
countries (Figure 11). 

Figure 11: Global GHG emissions, by scenario 

 

Source: POLES-JRC model. 

The most significant emissions impact of the subsidy removal is seen in power sector decarbonisation, where 
technologies present more  and cheaper  options than in other sectors. The global power sector would 
indeed foresee substantial emissions reductions of more than 25% in 2050 (Table 1). 

Table 1: Fossil fuel subsidy phase-out scenario results compared to the Reference scenario 

Year 2030 2050 2100 

Emissions reduction: all GHGs -4.5% -9.4% -11.6% 

Emissions reduction: CO2-energy -7.1% -15.5% -19.4% 

Emissions reduction: CO2 from power generation -13.3% -25.2% -30.7% 

Primary energy demand -4.2% -6.3% -5.8% 

Fossil fuels primary energy demand -7.0% -14.2% -20.9% 
Source: POLES-JRC model. 

In addition, this leads to a reduction in electricity generation 
current electricity production), mainly due to electricity demand reduction in buildings and non-energy-
intensive industry. 

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

Investment10 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 range between 15% and 25% as a percentage of GDP in 
advanced economies (e.g., in 2022, 25% of GDP in the EU, and 18% of GDP in the United States). This 
indicator reaches higher values in emerging 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 represent a mere 1% to 2% of the GDP (Figure 13, section 4.1), 
with expenditures in machinery and equipment representing the bulk of these investments. Of note, the 
comparison of new capital stock figures in clean technologies across different reports (e.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 chain, sales of EVs). 

Energy investments typically involve long-term cycles, from the planning phase, through their implementation, 
until reaching the operation and return on investment stages. GECO 2023 projects the scale-up of 
investments in renewables to happen mostly over the next decade (see also (Bertram et al., 2021) for a 
discussion on how investments in the coming decade can avoid the lock-in on emissions intensive 
technologies). This reflects that new capital stock decisions and their implementation may be concentrated in 
time. Their lifecycle, however, is long, as the return on renewable energy investments often spreads over 
decades Nonetheless, at the regional level, countries go through different 
investment patterns in the GECO 2023 scenarios, with investment cycles depending on the available 
mitigation options, (as described in section 2). In addition, when transitioning 
to an energy system in which electricity is produced by renewables, not only capital returns to investment are 
relevant. As presented in GECO 2022 (Keramidas et al., 2022) investment in renewables increases energy 
security by reducing trade dependency, also promoting cheaper electricity (and competitiveness) in the long-
term. 

Investments age over time and are vulnerable to different risks. Depreciation accounts for the decline in the 
value of fixed assets due to normal use and aging, but not due to major catastrophes, unforeseen 

on the 
capital stock (e.g., infrastructure at risk of being hit by natural disasters and extreme events, see (Feyen et al., 
2020). On the other hand, misaligned investments lock the energy system into emissions-intensive 
infrastructure and may increase the probability of them becoming prematurely stranded assets, as discussed 
in section 4.1.2. To avoid this risk and accelerate the energy transition in emerging economies, internationally 
coordinated climate action is needed (see Box 2 for a discussion on the role of Just Energy Transition 
Partnerships (JETPs)). 

GECO 2023 shows that scaling up investments in clean technologies in line with a 1.5°C decarbonisation 
trajectory bears potential benefits, beyond delivering the energy transition and its multiple environmental and 
climate benefits. Scaling up investments in clean technologies compensates for declining investments in fossil 
fuels, boosting demand for capital formation across different investment delivery sectors, such as the 
construction, equipment, and electrical goods sectors (see section 4.3.1), while creating substantial 
employment opportunities across the value chain (see section 4.3.2). Because clean energy infrastructure is 
often more capital intensive than fossil fuel infrastructure, aggregate investments increase under scenarios 
that foster the transition to clean energy.  

Figure 12 shows differences at the macro level in the NDC-LTS and the 1.5°C scenarios compared to the 
Reference, indicating a visible increase of investments. This increase in investments leads to a decline in 
private consumption due to crowding out, as the assumption of the JRC-GEM-E3 model is that the economy is 
supply constrained. Additionally, the figure illustrates the relative changes in GDP, which indicate that the 
reduction in private consumption outweighs the increase in investment.11  

                                                        

 

10 The gross fixed capital formation (GFCF), 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 considering global 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 Reference. It is also worth noting that within the consumption 
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Figure 12: GDP 

 Source: JRC-GEM-E3 

Global GDP decreases slightly compared to the Reference in each time period and in both mitigation 
scenarios. However, these relative changes in GDP never amount to more than 2%, meaning that the ratio of 
mitigation costs to GDP is rather low. In the NDC-LTS, global GDP decreases by 0.95% compared to the 
Reference, while in the 1.5°C 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 percentage of GDP reaches 26.2% in the 
NDC-LTS and 26.4% in the 1.5°C, with the Reference projecting it as 25.7% of GDP. As the following sections 
will demonstrate, this relative increase in investment is driven by the expansion of renewable power 
generation and electricity 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 lower energy consumption. For example, overall consumption declines by 1.1% in the 
1.5°C scenario compared to the Reference in 2030, while the consumption of durables increases by 1.3% and 
the consumption of non-durables decreases by 1.2%. 

                                                                                                                                                                             

 

category in national accounts, there are changes towards durable consumption (e.g., purchases of heating and cooking appliances or 
private vehicles), especially over the next decade. While purchases of durable consumption goods is akin to investment (and are 
counted as such by energy models), it is not accounted as such in the system of national accounts. 
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4.1 Investments in e nergy supply 

Investments in energy sup °C scenario over the projection period. The 
upfront, overnight investment in many low-emission technologies is higher than their high-emitting 
competitors, however the total lifetime cost, including running costs, is often lower due to lower operating 
costs. 

Annual spending on equipment to produce and supply energy increases to $3.8 trillion by 2045 in the 1.5°C 
scenario, up from $2 trillion in 2022. The increase in investment requirements is particularly sharp during the 
current decade, which sees a 70% increase, and is less pronounced thereafter towards 2050. In comparison, 
the investments the Reference scenario rise by 30% by 2050, representing two-thirds of the 1.5°C scenario 
needs. 

Despite the increase in investments, energy system investments as a share of global GDP remain at an 
average of 1.4% through the projection period in the 1.5°C scenario, suggesting that by spending the same 
share as we have in the past the world can achieve its decarbonisation targets. Reflecting the sharp increase 
in investments this decade, the share of global GDP spent on energy supply increases throughout 2030 but 
then stabilises and decreases to be lower than today by the middle of the century. 

Figure 13: Global annual energy supply investments, Reference and 1.5°C scenarios 

 

Source: POLES-JRC model.  

Note: Transmission investment refers only to investment to expand the grid, it excludes maintenance and renewal investment. 

Underpinning a decarbonised power system, renewable electricity takes the largest share, accounting for a 
third of total energy supply investment this decade. Annual investments in producing renewable electricity 
almost triple by 2030 as installed capacity triples 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 Reference scenario over the projection 
period, but this result is a combination of reduced investments in some areas and increased investments in 
other areas. Figure 14 shows a systemic perspective of changes in investment patterns as the world 
decarbonises.  

We see significant investment in additional renewables and low-CO2 power generation in the 1.5°C compared 
to the Reference scenario, which is partly offset by reduced investment in fossil fuel power generation. By 
focusing on investments, this representation precludes the fact that a decarbonised energy system might 
have similar or even lower total system costs than a fossil fuel-based system, as higher investment needs are 
compensated by lower running costs. Increased investment in clean energy technologies in end-use sectors 
such as industry, transport and buildings (e.g., electric vehicles and heat pumps) is offset by reduced spending 
on the production of fossil fuels used in power generation and end-use sectors. Finally, the 1.5°C scenario 
sees an increase in expenditures on low-emissions fuels such as hydrogen, e-fuels and bio-based fuels, 
alongside increased spending on power grid and direct air capture with carbon storage (DACCS). 
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Figure 14: Difference in cumulative (2020-2050) global energy sector investments between the Reference and 1.5°C 

scenarios 

 

Source: POLES-JRC model. FEC equipment refers to investments in energy-consuming equipment in the industry, transport and buildings 
sectors. 

4.1.1 Power generation  sector  

Global annual investments in the power sector double by the middle of the century under the 1.5°C scenario, 
as an almost 4-fold increase in installed capacity is offset by significant unit cost reductions. In the Reference 
scenario, it only increases by 22% by 2050 while fossil fuels still represent almost one-quarter of the 
investments. 

Power sector investments are dominated by wind and solar, which account for over half of all investments 
throughout the projection period.  

Investment in coal generation virtually disappears by 2025, and 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 only marginal investment in fossil fuel capacity fitted with CCS. 

By 2030 investment in storage emerges, two-thirds of which are batteries, and represents 7% of power 
sector investment needs by the middle of the century.   
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Figure 15: Global annual power sector investments, Reference and 1.5°C scenarios 

 

Source: POLES-JRC model. 

Storage includes batteries, hydro pumped storage, compressed air, stationary batteries, EVs-to-grid, stationary fuel cells. 

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

Stranded assets in the power sector refer to power plants retired earlier than their initially expected lifetime. 
Investments in coal- and gas-fired power plants not aligned with a 1.5°C trajectory pose 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 coal- and gas-fired power 
plants in the Reference scenario therefore carries the risk of their premature decommissioning.  

To assess the value and regional distribution of misaligned investments in coal- and gas-fired power plants, 
Figure 16 compares the economic value of the global coal and gas power plant fleet between the Reference 
and the 1.5°C scenarios. Using overnight capital expenditures, and assuming a 30-year economic lifetime 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 contribute only with the fraction of their remaining, non-depreciated 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 coal and gas power plant fleet in the Reference and 1.5°C scenarios 

 

Source: POLES-JRC model and own calculations. 

To assess the value of investments at risk of premature decommissioning, Figure 17 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, indicates  the 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. As such, this analysis represents an upper bound of the value potentially at 
risk of becoming stranded.  

On the one hand, an early retirement of coal and gas power plants will occur over time rather than overnight, 
with retirement schedules starting with older, depreciated power plants, thereby minimising stranded assets. 
On the other hand, the realisation that the transition is underway will impact investment decisions over time, 
partly averting the deployment of unabated coal and gas power plants, and reducing the value of investments 
at risk of being misaligned. 

Under the construction of this analysis, the calculated upper bound of misaligned coal investments (Figure 17, 
left) is projected to reach over USD 300 billion by 2030 and increase to approximately USD 1,500 billion by 
2045. Notably, the Asian contintent accounts for over 80% of misaligned coal invetments over the projection 
period. By 2030, China and India account each for about 30% of misaligned coal invesments. China share 
grows to 60% by 2050, while India (10%) and other Asian countries (10%) decrease their relative importance. 
African countries, the Middle East and other regions contribute to the remaining 20% of globally misaligned 
coal invesments by the middle of the century.  

Despite its lower value as compared to coal, misaligned investments in gas power plants (Figure 17, right) are 
projected to be substantial, as well. The estimated value of misaligned gas power plant investments is 
projected to reach USD 300 billion by 2030, increasing to about USD 900 billion by 2045. While China (85%) 
and the Middle East (15%) represent nearly the totality of misaligned gas investments towads 2030, the 
share of North America (20%), India (10%), Latin America and other regions (each 5%) increase by the middle 
of the cenutry. 
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Figure 17: Value of global misaligned coal and gas power plant investments as estimate of potentially stranded assets 

 

Source: POLES-JRC model and own calculations. 

To avert misaligned investments in fossil fuels, while accelerating the energy transition with a view to a 1.5°C 
in emerging economies, Just Energy Transition Partnerships (JETPs) between developed and developing 
nations in the Asian and African continent have been esttablished in previous years (Box 2). 

Box 2: Just Energy Transition Partnerships 

Aiming to boost investments in clean energy and accelerate the energy transition in emerging economies, 
bilateral Just Energy Transition Partnerships (JETPs) were established in recent years between developed 
nations and South Africa, Indonesia, Vietnam, and Senegal. JETPs aim to provide financial support to 
accelerate the energy transition of partner countries, provisional on reaching a set of energy and climate 
targets. 

The first JETP was established between South Africa and the International Partners Group (IPG) during COP26 
in 2021. It committed to mobilizing an initial financial volume of USD 8.5 billion within 3-5 years to support 

 NDC target. In 2022, Indonesia and Vietnam established JETPs with the IPG, 
with initial support volumes of USD 20 and 15.5 billion, respectively. Most recently, Senegal established a USD 
2.5 billion JETP with the IPG. These initial financial support packages are envisioned to consist of 50% public 
and 50% private finance12. 

While the financial volumes of these partnerships only represent a fraction of the total investment needs, 
they aim to catalyse a substantial upscaling of international and domestic private finance flows to the energy 
sector of the respective countries. By developing regulatory reform roadmaps13 to deliver the committed 
investment volumes, JETPs aim to structurally improve the regulatory framework in the energy and finance 
sector and, thereby, promote a favourable investment environment for clean technologies. 

4.2 Investments in clean energy t echnologies 

Global annual investment in clean energy technologies increases 6-fold from 2022 to 2030 in the 1.5°C 
scenario, up from $1.0 trillion today to $5.7 trillion in 2030. It represents almost twice the investment in the 
Reference scenario. Annual investment in vehicle batteries expands 14-fold by 2030, as a result of a 
deployment increase of a factor of 29 by 2030 and a cost reduction of batteries of 60% by 2030. A similar 

                                                        

 

12 See political declarations and joint statements establishing the JETP with South Africa, Indonesia, Vietnam and Senegal. 
13 See investment plans for South Africa, Indonesia and 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 to 2030. Annual new 
capacities of wind off-shore and on-shore increase by 8-fold and 2-fold, while unit costs experience a 
decrease of 16% and 20%, respectively. Total installed capacities of PV increase by 270%, which is offset by 
a decrease of unit costs of 35%.  

Heat pump investments to decarbonise heating are increasing in this decade, but then decline due to cost 

reductions. Overall, these investments are only a relatively minor share of overall investment needs. 

Investments in e-fuel production emerge by 2030, and investment for ammonia production for use in 

shipping starts in 2035. Between 2030 and 2040 the largest absolute increase in annual investments occurs 

in fuel cells for vehicles, which more than double over the decade, followed by the increases of ammonia and 

e-fuels of 180% and 60%, respectively.  

Figure 18: Global annual clean energy technology investments, Reference and 1.5°C scenarios 

 

Source: POLES-JRC 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, using the aggregate sectors of the JRC-GEM-E3 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 jobs with direct jobs in renewables. In this section, we present results for 
2040, given that GECO 2023 projects the scale-up 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 investments occur in physical infrastructure, the investing sectors rely on other sectors of the economy 
to deliver the goods and services (hereafter referred to as delivering sectors) to build this new physical 
infrastructure. For example, investment in the wind energy 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 workers to clean 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 economy-wide investment in the year 
2040 in the 1.5°C scenario. Investment-delivering 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 economy, accounting 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%), manufacturing 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 investor, with around USD 28 trillion of capital 
formation or 64% of total investing sectors, as it takes up a large share of economic activity. It is followed by 
the manufacturing industries (USD 3.5 trillion, 8%), construction, energy intensive industries, agriculture 
(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 investment (see also section 4.1), the additional investments remain only a fraction of 
aggregate investment and explain why economy-wide investment activity increases only by a small amount.  

Figure 19: Global investment in 2040 by delivering (left) and investing (right) sectors in the 1.5°C scenario  

Source: JRC-GEM-E3 

Figure 20 also shows the global investment deliveries, but providing a closer look into the electricity and T&D 
as investing sectors in 2040. In the 1.5°C scenario (Figure 20, right), annual global investments in electricity 
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generation and T&D combined is 50% higher than in the Reference scenario, while still representing only 
about 1.5% of global investment needs. Driven somewhat by annual investments in the wind power sector 
being 3.5 times higher than in the Reference scenario, and solar PV about 1.5 times higher. Annual 
investments in transmission and distribution are about 10% higher, while fossil fuel investments become 
negligible as the economy decarbonises. 

The higher investments in clean power technologies compensate the 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 stock. Accordingly, annual investment deliveries from the construction and electric 
goods sectors grow by 30%, services by 50%, and equipment goods by 80% as compared to the Reference 
scenario. 

Thereby, the delivery patterns of each power sector technology contribute differently to the boost in 
investment-deliveries by sectors:  

ð Wind power capital formation is composed of 70% of equipment goods (e.g, wind turbines, generators), 
boosting the investment-deliveries of this sector and representing two-thirds of its total annual 
investment-demand. 

ð Solar PV capital formation is composed of 60% of electrical goods (e.g, solar PV panels, invertors, and 
other electrical equipment), accounting for approx. 80% of total investment-demand for electric goods, 
with the remainder going to the T&D capital formation. 

ð is composed of 50% of investment-deliveries from the construction 
sector, reflecting the high construction demand to build power grids. Investment-deliveries of the 
construction sector to the T&D sector represent one-third of its total annual investment-demand from the 
power sector, followed by deliveries to the wind sector (30%), others (20%), and the solar PV sector 
(14%). 

Figure 20: Global investments in 2040 by delivering sector to the electricity and T&D sectors in the Reference and 1.5°C 
scenarios  

 

Source: JRC-GEM-E3 

The additional investment in the NDC-LTS and 1.5°C scenarios have knock-on effects on the investment needs 
of the main delivering sectors: construction, electrical goods, and other equipment goods. To meet the 
additional demand for investment goods, these delivering sectors need to expand their own capital stock. In 
other words, there is investment necessary to expand some of the upstream parts of the supply chains of the 
power technologies. Additionally, sectors such as construction also react to the increasing demand for 
renovations as buildings are made more energy-efficient. 

This is visualised in Figure 21, which shows the absolute change in worldwide sectoral investment in 2040 
compared to the Reference for both the NDC-LTS and the 1.5°C scenarios, focusing on the effects on industry. 
Overall, investment increases compared to the Reference, with a slightly stronger increase in the 1.5°C than in 
the NDC-LTS. It is clear that investment by construction and equipment goods expands the most compared to 



 

31 

the Reference, because they are expanding their production capacities to deal with increased investment 
demand by other sectors. In 2040, there is around USD 80 billion of additional investment by the construction 
sector in the 1.5°C scenario, and around USD 50 billion of additional investment in the NDC-LTS scenario. In 
the equipment and electrical goods sectors, there is additional investment worth between USD 40  60 billion, 
depending on the scenario. Additional investment by these sectors is greater in the 1.5°C scenario than in the 
NDC-LTS 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 2040 

 

Source: JRC-GEM-E3 
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Box 3. Job requirements in the EU industry in 2040  

As discussed in Section 4.3.2, increased demand for investment goods by the power generation sector creates 
additional employment in the sectors delivering these investment goods. This leads to shifts in sectoral 
employme
occupations that are employed there. 

Figure 22 visualises the absolute differences in selected sector  employment between the 1.5°C scenario and 
the Reference for the EU in 2040, broken down by occupation. Similarly to Figure 21, Figure 22 focuses on the 
industrial sectors as those are some of the sub-sectors that are impacted the most by the decarbonisation 
investments in the 1.5°C scenario. 

In the 1.5°C scenario, there is more demand for employment in the industrial sectors in the EU, compared to 
the Reference. As discussed in sections 4.3.1 and 4.3.2, the expansion of these industry sectors is the result of 
an increased demand for investment goods, particularly due to investments in renewable power technologies. 
Hence, additional demand for capital formation leads to additional upstream jobs in the equipment and 
construction sectors. 

Figure 22: Absolute changes in employment per sector in EU in 2040 in the 1.5°C scenario compared to the Reference 

 

Source: JRC-GEM-E3 and (Cedefop, 2023)  

The occupational breakdown of Figure 22 demonstrates that the increase of employment in the industrial 
sectors leads to more demand for some occupations, such as craft and trades workers, officials, and 
technicians. In the electrical and other equipment sectors, there is additional demand for around 200 
thousand craft and trades workers, and additional demand for around 180 thousand officials, managers and 
professionals. In the construction sector, another sector that supplies investment goods, there is additional 
demand for around 30 thousand craft and trades workers.  

4.3.2 Employment shifts  as a result of  additional investment demand  

Changes in the investment flows and volumes in the NDC-LTS and 1.5°C scenarios also affect sectoral 
employment. As illustrated in Figure 20, changes in investments by different power technologies lead to 
different investment patterns in delivering sectors. This has an effect on the employment needed to make 
deliveries for investment, also referred to as the indirect employment. Importantly, the calculations for 
indirect employment in this report only capture the first round effects of investment when creating indirect 
jobs. Purchases of intermediate inputs by the delivering sectors would also create economic activity and 
require additional workforce to produce, but are not accounted for. 

Figure 23 and Figure 24 visualise these indirect employment effects as a result of investment by the power 
generation sectors, in the 1.5°C scenario. First, Figure 23 shows the amount of worldwide indirect jobs that 
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are created per power technology. As investment by the fossil fuel sectors declines over time, the number of 
indirect jobs related to fossil fuel investment sees a similar decrease. Overall, however, there is an increase in 
the number of indirect jobs created by investment in power technologies, caused by the expansion of 
renewables. From 2020 to 2050, there is a clear shift of indirect employment from the fossil fuels sectors to 
renewable and nuclear energy. 

Figure 24 illustrates the same jobs as Figure 23, those indirect workers delivering on power technology 
investment, but instead visualises the sector in which the indirect workers are employed. Investment by the 
power generation sectors indirectly leads to employment mainly in the following sectors: electrical goods, 
other equipment goods, construction, market services, and land transport. For investment by the power 
sectors, construction and other equipment goods are the largest sectors delivering on investment needs. By 
2050 in the 1.5°C scenario, there is a total of 590 thousand jobs worldwide in construction for the power 
generati
to produce power generation equipment.  

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 visualised in Figure 20, the solar PV sector relies to 
a fair extent on deliveries of electrical equipment. Hence, investments by solar PV are a driver of jobs in the 
electrical equipment sector. 
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Figure 23: Absolute worldwide employment over time resulting from investment by the power generation sectors in the 
1.5°C scenario, by power sector 

 

Source: JRC-GEM-E3 

Figure 24: Absolute worldwide employment over time resulting from investment by the power generation sectors in the 
1.5°C scenario, by delivering sector 

 

Source: JRC-GEM-E3 

Figure 25 shows the projected number of jobs in power generation technologies in the 1.5°C scenario. Energy 
investments shift direct jobs away from coal and gas fired generation towards wind, solar PV and biomass 
generation. When compared to the Reference scenario, 4.7 million additional direct jobs in renewables are 
created by 2050 under the 1.5°C scenario. In line with previous work (Garaffa et al., 2023; Vandyck et al., 
2016), fossil fuel sectors face a substantial decrease in the number of jobs by 2050, but because these 
sectors do not represent a big share of the overall labour market, the deployment of renewables and greater 
electrification help absorbing and offsetting jobs losses. To a greater extent, this comes from the increase in 
the direct jobs, but the investment in renewables also promote jobs in other sectors, particularly in 
construction and manufacturing of electrical and other equipment goods, which demand more workers in 
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 wind energy are induced indirect jobs as a 
result of investment by the wind energy sector. Most of these indirect workers are employed in the 
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the sector co
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 deliveries of investment goods and hence less demand for indirect 
workers. This is visible in Figure 25 where, especially for coal-fired generation, there are few indirect jobs.  

Figure 25. Absolute employment over time resulting from investment by the power generation sectors in the 1.5°C 
scenario, by power technology 

 

Source: JRC-GEM-E3  
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5 Conclusions 

adopted energy-emissions 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 report quantifies both the progress that is being made to 
reduce emissions, and the significant work left to do. 

Global emissions are set to peak this decade even without additional policy intervention. However, even taking 
into account announced pledges for 2030, 2050 and beyond, the world is not on a pathway that is compatible 
with the Paris Agreement target of 1.5°C temperature change. Significant implementation gaps and ambition 
gaps remain. 

The emission reductions in the current decade in the 1.5°C scenario are particularly steep, requiring a 
considerable increase in the deployment of low-emissions equipment, which is reflected in the increased 
investment needs in the energy sector in this scenario. 

Efficiently directing investments towards low- and zero-emissions equipment is key to achieving emissions 
reduction goals. This report outlines which sectors and technologies policymakers and investors should focus 
on. The current decade is critical; many clean technologies are experiencing rapid growth and deployment 
already, and this trend needs to be nurtured in order to keep the window open for the 1.5°C objective. 

Investing in low-emission technologies stimulates output, and promotes investment and employment in 
adjacent sectors that supply equipment and services to the energy sector. Decarbonising creates 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 GDP in the future remains broadly the same as today, indicating that the global economy can manage 
the burden of decarbonisation. Care must be taken, by both policymakers and investors, to ensure that energy 
sector investments are 1.5°C-aligned, in order to minimise the risk of misallocated capital slowing down the 
energy transition. 
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6 Major economies and World fact sheets  

This section presents fact sheets with key metrics for major economies (G20 and the EU) as well as the world 
aggregate. 
 

How to read the country sheets  

 

 
 
  

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

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

 

Left: Power generation by scenario and by source. 

Right: Change in key decarbonisation indicators from 
2021 to 2030 under 3 different scenarios for each 
country (which shows progress from today to 2030 
based on policy settings), and in comparison to the 
global average, indicating if a country is a leader or a 
laggard: 

The first panel  shows the share of renewables and 
unabated fossil fuels in total new build capacity, 
indicating how quickly it is installing renewables and 
retiring fossil fuels. 

The second panel shows to total installed capacity 
of renewables and fossil fuels, indicating how far to 
go to reach a renewables-dominated power mix.  

The third panel shows the rate of energy efficiency 

relation to the doubling of energy efficiency target. 
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Argentina  
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Indonesia 
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Russia 
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Saudi Arabia  

 

 

 

 

 

 

  

 

 

  



 

50 

South Africa  
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South Korea 
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Turkey 
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United Kingdom  
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United States  
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World 

 

 

 

 

 

 

  

 

 

 

  




















































