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Executive Summary

Record renewables
propel the world towards
a new era of falling fossil
generation

Renewables generated a record 30% of global electricity in 2023,
driven by growth in solar and wind. With record construction of solar
and wind in 2023, a new era of falling fossil generation is imminent.
2023 was likely the pivot point, marking peak emissions in the power
sector.

The renewables revolution — led by solar and wind — is breaking records and driving
ever-cleaner electricity production. The world is now at a turning point where solar
and wind not only slow emissions growth, but actually start to push fossil generation
into decline.

Indeed, the expansion of clean capacity would have been enough to deliver a fall in
global power sector emissions in 2023. However, drought caused a five-year low in
hydropower, which created a shortfall that was met in large part by coal. Nonetheless,
the latest forecasts give confidence that 2024 will begin a new era of falling fossil
generation, marking 2023 as the likely peak of power sector emissions.

r] Renewables provided 30% of global electricity for the
first time

In 2023, growth in solar and wind pushed the world past 30% renewable
electricity for the first time. Renewables have expanded from 19% of global
electricity in 2000, driven by an increase in solar and wind from 0.2% in
2000 to arecord 13.4% in 2023. China was the main contributor in 2023,
accounting for 51% of the additional global solar generation and 60% of new
global wind generation. Combined with nuclear, the world generated almost
40% of its electricity from low-carbon sources in 2023. As a result, the CO?2
intensity of global power generation reached a new record low, 12% lower
than its peak in 2007.
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Solar was the main supplier of electricity growth in 2023

Solar is leading the energy revolution. It was the fastest-growing source of
electricity generation for the 19th year in a row, and surpassed wind to become
the largest source of new electricity for the second year running. Indeed, solar
added more than twice as much new electricity as coal in 2023. The record surge
in installations at the very end of 2023 means that 2024 is set for an even larger
increase in solar generation.

Hydropower fell to a five-year low, preventing a fall in
emissions in 2023

Drought conditions resulted in a record fall in hydropower generation, which
dropped to a five-year low. Under normal conditions, the clean capacity added
during 2023 would have been enough to enable a 11% fall in fossil generation.
However, the shortfall in hydropower was met by an increase in coal generation,
which led to a 1% increase in global power sector emissions. 5% of the coal
generation rise in 2023 occurred in four countries that were severely affected by
droughts: China, India, Viet Nam and Mexico.

Demand growth slowed in 2023, but in future it will only go up

Global electricity demand rose to a record high in 2023, with an increase of 627
TWh which is equivalent to adding the entire demand of Canada (+607 TWh).
Nevertheless, the 2023 increase of 2.2% was below the average for recent years,
due to a pronounced decrease in demand in OECD countries, notably the US
(-14%) and the EU (-3.4%). In contrast, the rapid demand growth in China (+6.9%)
was equivalent to the total global growth in demand in 2023. More than half of the
electricity demand rise in 2023 was from five technologies: electric vehicles (EVs),
heat pumps, electrolysers, air conditioning and data centres. The spread of these
technologies will accelerate the growth in electricity demand, but overall energy
demand will decline as electrification is much more efficient than fossil fuels.

A new era of declining power sector emissions is about to
begin

Ember forecasts fossil generation to fall slightly in 2024, leading to larger falls in
subsequent years. Demand growth in 2024 is expected to be higher than in 2023
(+968 TWh) but clean generation growth is forecast to be even greater (+1300
TWh), leading to a 2% fall in global fossil generation (-333 TWh). Already the
rollout of clean generation, led by solar and wind, has helped to slow the growth
in fossil fuels by almost two-thirds in the last ten years. As a result, half the world’s
economies are already at least five years past a peak in electricity generation
from fossil fuels. OECD countries are at the forefront of this, with power sector
emissions collectively peaking in 2007 and falling 28% since then.



The decade ahead will see the energy transition enter a new phase. A permanent decline in fossil
fuel use in the power sector at a global level is now inevitable, leading to falling sector emissions.
Clean electricity additions — led by solar and wind — are already forecast to outpace demand
growth in the coming decade, securing moderate reductions in fossil fuel use and hence emissions,
even as demand accelerates to meet the growing needs of electrification and other booming
technologies.

For the goal of achieving international climate change targets, this is critical, with multiple analyses
finding that the power sector should be the first to decarbonise — by 2035 in OECD countries, by
2045 in the rest of the world. The sector is currently the highest emitting of all, producing more than
a third of energy-related carbon dioxide emissions. Clean electricity is also key to decarbonising
transport, heating and much of industry, by replacing the fossil fuel burning that currently takes
place in car and bus engines, boilers, furnaces and other applications. An accelerating transition to
a clean electrified economy powered by wind, solar and other forms of clean energy will also unlock
benefits in areas such as economic growth, jobs, air quality and energy sovereignty.

The pace of emissions declines will be shaped by how quickly the build-out of clean power
continues. There is a global consensus on the scale of ambition needed. At the UN's COP28 climate
change conference in December, world leaders reached a historic agreement to triple global
renewables capacity by 2030. The target would see the world reach 60% renewable electricity by
2030, almost halving power sector emissions and putting the world on a pathway aligned with the
1.5C climate goal. Leaders also agreed at COP28 to double annual energy efficiency improvements
by 2030, which will be crucial to delivering the full potential of electrification and avoiding runaway
growth in electricity demand.

Countries are already demonstrating the key enablers that galvanise rapid growth in solar and wind,
including high-level policy ambition, incentive mechanisms and flexibility solutions. The report
highlights three countries — China, Brazil and the Netherlands — which show that despite very
different starting points, the combination of these approaches is delivering rapid transformations of
their electricity systems and preparing the way for a clean, electrified economy.


https://www.iea.org/news/major-growth-of-clean-energy-limited-the-rise-in-global-emissions-in-2023
https://www.iea.org/news/major-growth-of-clean-energy-limited-the-rise-in-global-emissions-in-2023

“The renewables future has arrived. Solar in particular is accelerating
faster than anyone thought possible.

The decline of power sector emissions is now inevitable. 2023 was likely
the pivot point — peak emissions in the power sector — a major turning
point in the history of energy.

But the pace of emissions falls depends on how fast the renewables
revolution continues. The good news is we already know the key enablers
that help countries unleash the full potential of solar and wind.

There’s an unprecedented opportunity for countries that choose to be
at the forefront of the clean energy future. Expanding clean electricity
not only helps to decarbonise the power sector. It also provides the step
up in supply needed to electrify the whole economy; and that’s the real
game-changer for the climate.”

Dave Jones

Global Insights Programme Director, Ember




Chapter 1- Electricity Transition in 2023

World hit 30%
renewable electricity
in 2023, driving carbon
intensity to record low

Strong growth in wind and solar drove the share of renewables in the
global electricity mix above 30% and total clean generation to almost
40%. As aresult, the carbon intensity of the world’s electricity reached
a new record low.

However, clean sources were unable to meet all of the rise in demand, and a record
fall in hydropower created a further shortfall, so fossil generation increased to meet
the gap. Therefore, total power sector emissions rose to a new record high.

Chapter contents

1 11  Renewables hit 30% of global electricity
15 1.2 Demand growth was below trend but clean growth still fell short

18 1.3 Carbon intensity fell, but emissions narrowly hit another record high



11 Renewables
hit 30% of global

electricity

Strong growth in wind and solar drove the share of renewables in the
global electricity mix above 30% for the first time. 102 countries had a
renewable generation share of 30% or higher, up from 98 in 2022 and for
69 countries the renewables share exceeded 50%, up from 66 in 2022.
Combined with nuclear, 39.4% of global electricity now comes from low-
carbon sources.

Global growth in wind and solar pushed renewables to make
up more than 30% of the global electricity mix in 2023

Share of global electricity generation from renewable sources (%)

30 Wind and solar

20

Hydro
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0 J
2000 2010 2020 2023

Source: Annual electricity data, Ember EMBE R
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Record solar and wind generation

Wind and solar generation continued to expand faster than any other source of electricity.
Together they reached a new record high of 13.4% (3935 TWh) in 2023, gaining another 1.5
percentage points of the global electricity mix compared to 2022 (119%, 3,422 TWh).

China was the main contributor, accounting for 51% of the additional global solar
generation in 2023 and 60% of new global wind generation. Other major contributors to
global wind growth include the EU (24%) and Brazil (7%), while global solar growth was
provided by the EU (12%) and the US (11%). Together the top four solar growth economies
— China, the EU, the US and Brazil — accounted for 81% of solar power growth in 2023.

Solar growth outpaced wind, but both were slower than
expected

Solar is leading the energy revolution, adding more than twice as much new electricity as
coal in 2023. It was the fastest-growing source of electricity generation for the 19th year

in arow. 2023 was the second consecutive year in which global growth in solar generation
(+307 TWh, +23%) outpaced wind (+206 TWh, +9.8%). Solar reached a 5.5% share of the
global electricity mix (1,631 TWh), up from 4.6% in 2022. Wind still provides a higher share of
global electricity, at 7.8% in 2023 (2,304 TWh).

Solar outpaced wind generation growth in 2023 for the second year
running

Annual change in electricity generation (TWh)
B Solar [ Wind

300
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2001 2020 2023

—
Source: Annual electricity data, Ember E M B — R
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Despite reaching new record highs, the absolute growth in wind and solar (+513 TWh)
was below expectations and slightly smaller than in 2022 (+517 TWh). This was mainly due
to lower-than-expected wind growth, which was 18% lower compared to the 249 TWh
increase in 2022.

The US was a key contributor to the wind slowdown, experiencing a fall in wind generation
for the first time since at least 2001 (-91 TWh, -21%). Low wind conditions kept load factors
close to the lowest levels seen in the past five years, while capacity additions slowed
before an anticipated uplift from the Inflation Reduction Act. These were likely short-term
factors, bringing confidence in a return to growth levels similar to those from 2020-2021.

Solar generation growth was also lower than expected, lagging behind record high
capacity additions (+36%) in 2023. The biggest reasons (further examined in Chapter 2.2)
are the higher share of capacity additions in areas like China which experienced lower
sunlight in 2023, and the underreporting of solar generation in some countries. When
correcting for temporary factors — underreporting, sunniness and the timing of additions
— the 2023 increase in generation could have been as high as 29% instead of 23%,
bolstering our confidence in a larger increase in 2024.

A record fall in global hydropower generation led to a five-
year low

Following a record annual fall (-88 TWh), global hydropower generation fell to a five-year
low of 4,210 TWh. Although it remained the largest source of clean power globally, its
share in the world's electricity mix dropped 0.6 percentage points to 14.3% — the lowest
level since at least 2000 and just 1 percentage point above wind and solar. This occurred
despite the construction of new dams, with 7 GW of hydro capacity added in 2023
according to IRENA.

Droughts affected hydro output in different regions, including Asia (-59%) and North
America (-74%) — especially Mexico which saw a fall of 42%. Meanwhile, EU hydro
generation recovered only partially from the 2022 multi-decade low (+14%).

China saw the largest absolute drop in hydro of 59 TWh (-4.5%), with the fall concentrated
in the first half of the year as generators were instructed to save water for the winter
period to avoid power shortages. Other Asian economies were even more severely
affected, with hydro generation falling 15% in India and 20% in Viet Nam.


https://www.energy.gov/articles/us-department-energy-projects-strong-growth-us-wind-power-sector
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/us-wind-installations-crater-in-q3-2023-to-lowest-level-in-years-79662207
https://www.irena.org/Publications/2024/Mar/Tracking-COP28-outcomes-Tripling-renewable-power-capacity-by-2030
https://www.reuters.com/markets/commodities/china-braces-record-winter-electricity-demand-kemp-2023-11-24/
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Nuclear remained the same

Nuclear provided 91% of global electricity in 2023, unchanged from the previous year.
Global nuclear power generation increased by a marginal 46 TWh (+1.8%) to 2,686 TWh,
recovering less than 40% of its fall in 2022 (=123 TWh, -4.4%). The partial recovery of
French nuclear power from 2022 contributed strongly (+41 TWh), together with restarts

in Japan's nuclear fleet (+26 TWh). Elsewhere in the world, new reactors in Finland, the US
and China came online and helped offset the effect of voluntary early closure of reactors in
Germany and Belgium.

Bioenergy showed a small increase

Global bioenergy electricity generation increased by 21 TWh (+31%), mainly due to growth
in China (+28 TWh, +15.6%), while in OECD countries it fell by 892 TWh (-2.6%). As a result,
its share in the global mix remained at just 2.4%. The risk of emissions, plus wider social and
ecological impacts, constrains the use of bioenergy for decarbonising the power sector
(see Chapter 47).

Wind and solar power grew most in 2023, but other clean electricity
sources underperformed

Annual change in electricity generation (TWh)

Fossil Demand
135 627

Other clean
68

Wind and solar
513

Hyé:iaro

Baseline = 28,844 TWh (Total
generation in 2022)

-
Source: Annual electricity data, Ember E M B - R



Demand growth was lower than usual in 2023, but despite this, clean
growth was not able to meet all of the increase and so fossil generation
grew marginally to meet the shortfall.

Demand growth was below trend

In 2023, global electricity demand increased by 627 TWh (+2.2%), the equivalent of adding
the entire electricity demand of Canada (607 TWh). This brought total global demand to a
new record high of 29471 TWh. Nevertheless, 2023's growth rate was lower than the 2.5%
average growth of the past decade (2012-2022).

China remained the main engine of global electricity demand growth. China’s rapid growth
(+606 TWh, +69%) was just 21 TWh lower than the net global increase. India’s growth (+99
TWh, +5.4%) was the next largest contributor.
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China was the main driver of global electricity demand growth, while the
EU and US saw sharp falls

Change in electricity demand in 2023 (TWh)
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India
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Middle East
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Source: Annual electricity data, Ember E M et
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The increase in global electricity demand was limited primarily by a pronounced decrease
in OECD countries. The largest demand falls were seen in the US (-14%) and the EU
(-3.4%), amid milder weather and — mainly in the case of the EU — a temporary downturn in
industrial activity and demand reduction measures. Demand also fell in Japan (-19%) amid
economic headwinds in the manufacturing sector and demand reduction measures.

Demand growth is expected to accelerate going forward as electrification picks up speed
alongside growing pressures from technologies like Al and greater demand for cooling
(as explored in Chapter 2.3), raising the question of whether clean power growth will
accelerate fast enough to meet it.

Wind and solar met most of the electricity demand rise

Wind and solar rose by 513 TWh, slightly less than in 2022 (+517 TWh) but they met 82% of
the 2023 global electricity demand growth, compared to 77% in 2022. The higher share
was due to the smaller demand increase in 2023 (+627 TWh) compared to 2022 (+674
TWh).


https://www.eumonitor.eu/9353000/1/j4nvhdlglbmvdzx_j9vvik7m1c3gyxp/vm1jhr8j4uyt#:~:text=The%20amendments%20brought%20about%20to,the%20Commission%20to%20take%20the

17

Growth in wind and solar met 82% of the global electricity demand rise in
2023

Annual change in electricity generation (TWh)

I Wind and solar Other clean Fossil [l Demand

1500

1000
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—
Source: Annual electricity data, Ember E M B - R
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Despite their lower-than-expected growth, solar and wind were the powerhouses

of newly added clean electricity. In aggregate, all other clean electricity sources fell —
small rises in bioenergy and nuclear were not enough to counter the large fall in hydro
generation caused by extensive droughts. Together, all clean sources met 79% of the
increase in electricity demand, creating a shortfall that was met by fossil generation.
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1.3 Carbon intensity
fell, but emissions
narrowly hit another
record high

2023 marked another major leap forward in reducing the CO2 intensity of
global power generation, reaching a new record low of 480 gCO2/kWh,
down 1.2% from 486 gCO2/kWh in 2022, as the share of clean sources
reached a record high.

However, absolute fossil generation increased 135 TWh (+0.8%) to meet
the remainder of demand growth not met by clean sources, with small
increases in coal and gas. As a result, global emissions rose by 1% (+135
million tonnes of CO2) in 2023, reaching 14,153 million tonnes of CO2 — a
record high.

2023 came very close to becoming the first year of a new era of falling
power sector emissions. As clean electricity growth continues, we have
growing confidence that in 2024, it will rise above electricity demand and
lead to a fall in emissions (as explored in Chapter 21).
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Small increases in coal and gas

Global coal generation increased by 1.4% from 10,288 TWh in 2022 to 10,434 TWh in
2023, but its share in the global electricity mix fell by 0.3 percentage points from 35.7% to
35.4%. Although it is a relatively small decrease it is a positive sign of the progress in the
global energy transition. As explored below, coal generation is in rapid decline in mature
economies, while coal increased mainly in four emerging economies hit by droughts in
2023.

Global gas generation increased only slightly (+53 TWh, +0.8%) and its share in the mix fell
0.3 percentage points to 22.5%. The increase in the US (+115 TWh, +6.8%) was more than
2.5 times the growth recorded at the global level, but was largely offset by sizable falls in
the EU (-86 TWh, -16%), the UK (=25 TWh, -20%) and Japan (-27 TWh, -74%), where falling
demand and rising clean power pushed out both coal and gas. The EU has now seen gas
generation fall for four years in a row.

Droughts and high demand drove coal rises in key emerging
markets

The hydro deficit in 2023 was a major factor behind the increase in fossil generation at a
global level. 95% of the coal generation rise occurred in four countries that were severely
affected by droughts, while also having above-average demand growth, in part boosted
by heatwaves and greater cooling requirements. Coal generation increased by 319 TWh
(+59%) in China, by far the largest contributor, followed by India (+100 TWh, +7.3%), Viet
Nam (+24 TWh, +23%) and Mexico (+12 TWh, +55%).

In China and India, lower hydro accounted for 18% and 26% of the rise in coal, respectively.
The rest of the coal increase in these two countries was to meet the shortfall in additional
electricity demand. In Viet Nam, lower hydro accounted for 81% of its coal rise and the
country struggled to meet the rise in demand, experiencing rolling black-outs. In Mexico,
both coal and gas generation had to increase to meet the hydro shortfall.
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95% of the global rise in coal generation in 2023 occurred in four countries
that were severely affected by droughts

Annual change in electricity generation, 2023 (TWh)
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Coal generation and emissions fell strongly in many mature
economies

The increase in coal generation in key emerging markets was partly offset by large falls in
mature economies. 86% of the fall in global coal generation came from OECD economies.
The largest falls were registered in the US (=156 TWh, -19%), the EU (-113 TWh, -25%) and
Japan (-22 TWh, -6.3%). Demand reduction and clean power generation contributed to
these coal falls. In Europe, this was mainly thanks to wind and solar. In the US, it was coal to
gas switching, while in Japan nuclear was the main contributor.



Chapter 2 - The Big Picture

The mega-trends
shaping the electricity
transition in 2024

This section explores four trends that define today’s electricity
transition.

The world is entering a new era of falling power sector emissions. This chapter begins
by examining why power sector emissions are likely to fall in 2024 — leaving 2023 as
the peak of fossil generation — and then examines how fast global power emissions
may fall this decade, as policymakers gear up to triple global renewable capacity and
expand other clean sources.

Solar energy is leading the energy revolution, unlocking the possibility of achieving
the tripling goal, and putting the electricity sector on course towards climate targets.
We look at how the rise in new solar capacity in 2023 surpassed expectations and
how growth in 2024 will continue.

We then contrast the weak electricity demand growth in 2023 — especially in OECD
countries — with the big rise expected in 2024 and beyond. The future expansion

of electrification — with China leading on this — and also the growth in data centres
and rising use of air conditioning are significantly adding to electricity demand. We
highlight just how important it is to avoid wastefulness and inefficiency, which reduce
our ability to quickly reduce emissions.

Finally, we look at case studies of policies that have helped three very different
countries — China, Brazil and the Netherlands — achieve rapid growth in solar and
wind in the last few years.

Through these four trends, we explore the factors behind the rapid and profound
changes rippling through the electricity sector, and set out the reasons why these
changes will only accelerate in the coming years.
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2023 was likely the peak of fossil generation, unlocking a new era of

falling power sector emissions. Solar and wind have dramatically slowed
emissions growth, and many countries are already past peak power
emissions. We forecast that power sector emissions will likely fall in 2024 —
and would likely have done so already in 2023 had it not been for droughts
reducing hydro generation. In last year's report, Ember estimated that there
would be a 0.4% reduction in power sector emissions in 2023, but because
of the record fall in hydropower generation emissions instead grew by 1%.

In the years ahead, solar and wind additions are forecast to be sufficient
to reduce power emissions, even under scenarios of high electricity
demand growth. The fact that solar and wind will continue to increase
gives confidence that power sector emissions will not just plateau, but
will in fact fall. Tripling global renewable electricity capacity by 2030 could
supercharge the transition, and has the potential to help halve power
sector emissions by 2030.

Now is the time to look past the peak, and to focus on how clean power
could force emissions into a fast decline.


https://ember-climate.org/insights/research/global-electricity-review-2023/
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The scene is set for falling emissions

The growth of solar and wind have set the conditions for a peak and decline in power
sector emissions. Solar and wind have already dramatically slowed emissions growth and
many countries are past the peak.

Solar and wind have slowed the rise in emissions

Clean electricity growth — led by solar and wind — has helped to slow the growth in fossil
fuels by almost two-thirds in the last ten years. Fossil fuel generation rose on average by
3.5% per year from 2004 to 2013, slowing to 1.3% per year from 2014 to 2023.

Fossil fuel electricity generation was 22% lower in 2023 than it would have been if solar
and wind generation hadn't been built. Between 2005 and 2023, wind and solar have
avoided 19 gigatonnes of CO2 emissions, which is over half of 2023's total global CO2
emissions.

Although power sector emissions reached an all-time high in 2023, solar and wind have
prevented emissions rising even faster.

Wind and solar power have already slowed fossil fuel growth substantially
Global electricity generation (TWh, 000s)

30

Other clean

Wind and solar
Without them, fossil
power would have been
22% higher in 2023

rowth rate

Fossil

2023

-—
Source: Annual electricity data, Ember E M B - R



https://www.iea.org/reports/co2-emissions-in-2023
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More than half of the world is already past the peak

More than half of economies are already at least five years past a peak in electricity
generation from fossil fuels. Emissions from these 118 power sectors have fallen by a
quarter in the last decade. Collectively, they represent 43% of global electricity demand.

Many developed economies peaked over a decade ago. European countries have seen
the biggest falls — fossil generation in the UK has fallen by 63% since its peak in 2008,
Greece by 57% (having peaked in 2007), Spain by 59% (2005) and Germany by 42%
(2007). The biggest falls have happened in the last few years as solar and wind power have
accelerated.

Other key developed economies have peaked, and seen smaller falls. Fossil generation in
the US has fallen by 16% since its peak in 2007, Canada by 26% (having peaked in 2001),
Australia by 24% (2009), Japan by 29% (2012) and South Korea by 13% (2018).

Collectively, OECD countries saw power sector emissions peak in 2007, with a fall of 28%
since then.

Falling power sector emissions is already the reality for many countries, and the scene is
now set for global emissions to start falling.



More than half of economies are already at least five years past a peak in
fossil generation

Electricity generation from fossil fuels as a share of countries' peak in the period 2000-2023 (%)
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The world is past the peak

Looking back in time, it is likely that 2023 will have been the peak of power sector
emissions.

Clean capacity growth was already enough to deliver an emissions decline in 2023, but a
record fall in hydro generation prevented that. We forecast that power sector emissions
will likely fall in 2024, due to solar surging and a rebound in hydro generation, even as
electricity demand picks up.

A signal is emerging from the noise of year-on-year variability: the world is at the peak, and
about to enter a new era of falling power sector emissions.

Clean capacity growth was enough to drive down emissions in 2023, but a fall
in hydro generation prevented that

Clean power capacity growth reached a critical point in 2023 where, for the first time, it
was enough to more than exceed typical demand growth and lead to a fall in emissions.

Clean power capacity additions increased in 2023. Solar capacity additions were 74%
higher in 2023 than in 2022. Wind additions were 47% higher. This new clean capacity
added during 2023 should have led to an increase of 930 TWh of electricity generation

at typical load factors. This expected growth would have been more than the average
annual rise in electricity demand of 2.5% over the last 10 years, which for 2024 would have
been 730 TWh. This means the capacity added during 2023 would have been expected to
deliver a 11% (200 TWh) fall in fossil electricity generation.

However, instead of falling, emissions rose slightly in 2023 because only half (493 TWh) of
the expected rise in clean generation was recorded. This was predominantly because of
a shortfall in hydro generation. Despite lower-than-expected demand growth, the clean
growth was still not sufficient to meet all the rise in demand, which created a shortfall that
was met by fossil generation.

The factors preventing a fall in 2023 masked the fact that clean growth was already fast
enough to deliver falling emissions.
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Clean power capacity growth in 2023 was - for the first time - enough to
more than exceed typical demand growth and lead to a fall in emissions
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Ember forecasts that power sector emissions will fall slightly in 2024

We forecast that 2024 will likely see a fall in power sector emissions, as bumper growth in
clean generation outweighs higher electricity demand growth.

We forecast that electricity demand will increase significantly by 968 TWh in 2024. But
clean generation will likely grow even faster, adding an estimated 1300 TWh in 2024, which
is more than double the increase in 2023 (+493 TWh). As a result, Ember estimates fossil
generation is set to decline slightly by 333 TWh or 2% in 2024.

The latest forecasts give confidence in the projected growth in clean generation in 2024.
Hydro generation should see a large rise, most importantly in China, even as a warmer
climate increases the risk of droughts in future years. As demonstrated in Ember’s Mid
Year Insights, long term trends on hydro capacity factors vary significantly across regions
and years. Solar and wind additions will hit new records. BloombergNEF (BNEF) forecasts
a 29% rise in solar additions from 444 GW in 2023 to 574 GW in 2024, and the Global Wind
Energy Council (GWEC) forecasts a 9% increase in wind additions from 115 GW in 2023 to
125 GW in 2024.

Electricity demand will also grow. We forecast the rise in electricity demand in 2024 will

be around 3.3% (+968 TWh), compared to 2.2% (+627 TWh) in 2023, and well above the
last 10 years’ trend growth of 2.5%. The expected increase is driven by a bounceback in
OECD electricity demand from low levels in 2023, and spurred on by a step-rise in electric
cars, heat pumps and data centres, and strong industrial growth in China and India. Ember
forecasts a 2-3% rise in the EU, compared to a 3% fall in 2023. The US Energy Information
Administration (EIA) forecasts a 3% rise in the US, compared to a 1% fall in 2023.


https://energyandcleanair.org/analysis-chinas-emissions-set-to-fall-in-2024-after-record-growth-in-clean-energy/
https://ember-climate.org/insights/research/global-electricity-mid-year-insights-2023/#chapter-1-global-analysis-global-hydro-output-sees-historic-fall
https://ember-climate.org/insights/research/global-electricity-mid-year-insights-2023/#chapter-1-global-analysis-global-hydro-output-sees-historic-fall
https://about.bnef.com/blog/1q-2024-global-pv-market-outlook/
https://gwec.net/globalwindreport2023/
https://ember-climate.org/insights/research/european-electricity-review-2024/
https://www.eia.gov/outlooks/steo/report/elec_coal_renew.php
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Ember’'s 2024 forecast assumes much faster electricity demand growth worldwide (+3.3%)
than in 2023, and January-February data already indicates strong industrial production in
China, and stronger than expected GDP growth in India. As the IMF and others upgrade
industrial growth in China and India for 2024, it remains possible that electricity demand
overshoots our forecast, which could result in power sector emissions registering another
small rise in 2024, especially if droughts do not come to an end.

Most significantly, China is set to see a decline in fossil fuels in 2024. China’s strong growth
in solar and wind power deployment in the last months of 2023 led the IEA to forecast

a 3% fall in coal generation in China for 2024, which is a substantial change from their
previous forecast of a coal rise. China added 37 GW of new solar and 10 GW of new wind
capacity in January and February alone, surpassing previous record additions. Furthermore,
early signs point to the drought relenting in 2024, which should boost hydro generation.
This sets the country on a path to achieve new record additions of clean electricity in 2024.

Bumper renewables growth forecast for 2024 will reduce fossil generation,
even as demand picks up

Annual change in electricity generation (TWh)
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The choices we make now will determine how rapidly
emissions fall

Power sector emissions will fall, but the pace of the decline depends on how fast the world
embraces clean electricity.

Power sector emissions will inevitably reduce given current forecasts for solar and wind,
but the step up to tripling renewables would almost halve them.


https://www.imf.org/en/Publications/WEO/Issues/2024/01/30/world-economic-outlook-update-january-2024
https://www.iea.org/reports/electricity-2024
https://www.bloomberg.com/news/newsletters/2024-01-15/china-s-dams-are-refilling-and-that-s-good-news-for-the-climate?embedded-checkout=true
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Solar and wind forecasts are already big enough to enable emissions to fall

The latest industry forecasts give confidence that clean electricity deployment will provide
enough electricity generation to meet even accelerated electricity demand growth
throughout this decade.

The latest solar forecast from BNEF and wind forecast from GWEC are for annual additions
to continue to rise from the record levels in 2023, throughout this decade. Almost 20%

of the forecast rise in clean generation is driven by solar and wind additions, with nuclear,
hydro, bioenergy and geothermal making up most of the rest.

Even if the annual increase in demand rises from the historic 2.5% per year to the 3.5%
increase envisaged by 2030 in the IEA Net Zero Emissions scenario, clean generation is
forecast to rise even more, reducing fossil fuel consumption and power sector emissions.

Strong solar and wind industry forecasts give confidence that power
sector emissions will fall, even with accelerated demand growth
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Tripling renewables would bend the curve on emissions
Tripling global renewable electricity capacity by 2030 — as countries committed to do at
COP28 in 2023 — has the potential to almost halve power sector emissions by 2030.

Tripling renewable electricity means adding 14,000 TWh of annual generation by 2030,
compared to 2022. This would help cut fossil power generation by 6,570 TWh (-37%).


https://about.bnef.com/blog/1q-2024-global-pv-market-outlook/
https://gwec.net/globalwindreport2023/
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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And because generation from coal, the most carbon-intensive fossil fuel, falls fastest, that
leads to a 45% fall — an almost halving — in power sector emissions, according to the |[EA
Net Zero Emissions scenario.

Furthermore, renewables will not only replace fossil fuels in the power sector, but also
across the energy system. Under the IEA scenario, over half of the rise in renewable
electricity generation is used to meet a 32% rise in electricity demand, which adds 2000
TWh to global electricity demand by 2030. Much of this is due to electrification, where
renewable electricity would cut oil and gas from sectors like transport and buildings, and
therefore reducing CO2 emissions outside the power sector.

Tripling renewables would simultaneously meet significant electricity
demand growth and almost halve power sector emissions

Global electricity generation (TWh)
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The tripling of renewable capacity would provide a massive boost in clean energy. In the
IEA NZE scenario, renewables leapfrog past oil, coal and gas to become the world’s largest
primary energy source by 2030, from fourth place today. Already, renewables are the
second largest source of electricity, after coal.

Ember's research shows that government plans to 2030 already align with a doubling of
global renewable capacity. The analysis showed that many national plans are behind the
curve of current renewables growth and need updating to keep up; this would then make
a global tripling a real possibility. Many OECD countries — including the US, Canada, the UK,
Netherlands and Germany — are already aiming for net zero power by 2035.

Power was the biggest emitting energy sector in 2023. It is possible that it could become
the first sector to reach net zero, while unlocking emissions reductions across the global
economy as the world moves towards a clean, electric future. Power sector emissions will
fall this decade. But how rapidly they fall depends on the actions taken now.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://ember-climate.org/insights/research/tracking-national-ambition-towards-a-global-tripling-of-renewables/

2.2 Solaris leading the
energy revolution —
and there is more to

come

In recent years, solar’s rapid capacity additions have surpassed all
expectations, positioning it at the forefront of the clean energy revolution.
Solar generation rose more slowly than capacity in 2023, but will see

a huge increase in 2024, with projections of a bumper year for solar
generation. 2023 brought an unprecedented rise in supply — and fall in
price — of solar panels, making them cheaper and more plentiful than ever.
Given the excess of supply, and the rapid drop in battery storage costs,
solar is increasingly limited only by how fast it can be connected to the
grid.

Solar capacity has been growing fast

Solar growth has taken the world by surprise. Solar capacity additions have been growing
exponentially since 2000. From 2000 to 2010 cumulative global capacity doubled every
two years, then from 2010 to 2023 the rate slowed to doubling every three years. This
move to a slower pace of exponential growth is not a cause for concern, and the path

to a global tripling of renewables or meeting the IEA NZE scenario for 2030 does not
require exponential growth to continue. A doubling every 3.8 years from 2023 to 2030 is
consistent with the IEA's NZE scenario.


https://www.pv-magazine.com/2023/12/01/battery-prices-down-14-this-year-says-bloombergnef/
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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Record-setting solar capacity additions exceeded expectations in 2023

Record-setting annual capacity additions were 76% higher in 2023 than in 2022, and
continue to exceed predictions. Each year the |[EA has upgraded predictions: from 2021
to 2022 to 2023 the IEA's accelerated case scenario predicted that 2023 annual additions
would be 218 GW, 257 GW, and 406 G\W, respectively. With recent updates from China,
the actual additions for 2023 are 444 GW according to BNEF. To put the scale of additions
in 2023 into context, annual additions of solar capacity had not broken 200 GW per year
until 2022, which itself was a record year.

A record year for solar capacity additions in 2023 puts the global scale-up
for net zero in a strong position

Capacity additions: actual and projected (GW)
2023 figures are by date of estimate

Expectations for 2023 were repeatedly revised upwards The pathway to IEA net zero is now less steep
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Source: 2016-2022 data from BNEF (DC), 2024-2030 data are projections to meet IEA NZE 2030 cumulative —
solar capacity of 6101 GW - *IEA accelerated case E M B - R

Solar capacity has boomed due to steep declines in costs, supportive policy
environments, technology efficiency improvements, and increased manufacturing
capability. A key to the rapid rise is Wright's law of technology learning curves, whereby the
technology gets cheaper as it is deployed more and it is deployed more as it gets cheaper.
Increased deployment is evident as there are now 33 countries with more than 10% share
of solar generation, including Chile (20%), Australia (17%) and the Netherlands (17%), as well
as the state of California at 28% (itself the world's fifth largest economy).



https://about.bnef.com/blog/1q-2024-global-pv-market-outlook/
https://www.iea.org/reports/renewables-2021/renewable-electricity?mode=market&region=World&publication=2021&product=Total
https://www.iea.org/reports/renewables-2022/renewable-electricity
https://www.iea.org/data-and-statistics/charts/renewable-electricity-capacity-additions-by-technology-and-segment-2016-2028
https://about.bnef.com/blog/1q-2024-global-pv-market-outlook/
https://www.iea.org/reports/renewables-2023
https://ourworldindata.org/learning-curve
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The growth in annual solar additions unlocks a plausible pathway to tripling
renewables

According to the IEA NZE scenario, a global tripling of renewables from 2022 to 2030
means a quintupling of global solar capacity from 1,223 GW in 2022 to 6101 GW in 2030.
Solar has been so successful that its contribution to renewables capacity in 2030 was
revised upwards from 48% in the 2021 IEA NZE scenario to 55% in the 2023 update.

Given 2023's record additions, meeting this goal means annual solar additions need to
increase at a compound annual growth rate of 9% through to 2030, which is just over a
third of the historic growth rate of 23% from the prior decade (2012 to 2022). According
to the IEA NZE scenario, the land resources needed to support this level of growth are a
fraction of the available suitable land.

Solar generation rose less than expected in 2023, but 2024
will see a big increase

Solar generation did not rise as much as solar capacity did in 2023, primarily because of
the location of additions and growing underreporting. Nonetheless, solar generation in
2024 should reflect the capacity boom of this year and next.

Cumulative global solar capacity rose 36% in 2023, but solar generation rose
only 23%

Global solar generation increased by 23% (+307 TWh) in 2023, with the share of solar
reaching 5.5% in 2023 (1,631 TWh), up from 4.6% in 2022 (1,324 TWh). While impressive, this
growth is not as fast as expected given the large amount of capacity installed.

There has been a strong linear relationship between capacity and generation over the past
seven years, which shows 1 GW of solar capacity yields 1.09 TWh of generation. Based on
that strong relationship, generation in 2023 was 182 TWh less than expected.

The shortfall is primarily explained by the location of capacity additions, under-reporting of
generation, the timing of installations and weather.

1. 60% of solar capacity added was in China, and 14% in Europe. These regions receive
relatively little sunlight by global standards.

2. There were large additions in countries that do not report up-to-date generation,
particularly in Asia and the Middle East and North Africa. There are also growing
challenges with reporting distributed generation, including behind-the-metre rooftop
solar, and underreporting in large markets like the EU and Japan.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions

35

3. Installations occurred unusually late in the year, and therefore contributed less to 2023
generation. Some of this effect will be persistent: Chinese installations always spike
in December to meet targets. 2023 was particularly extreme however, with almost a
quarter of China’s capacity additions happening in December.

4. Solar insolation varies year to year, with the EU in particular experiencing less than
average insolation in 2023.

5. A number of factors contributed to the remaining shortfall. Curtailment increased in
some markets, particularly in Japan, the Netherlands and Australia, though it remained
consistent with recent years in China and most of the EU. Other possible explanations
include the increasing proportion of rooftop solar in China, temperature-related
efficiency changes, the use of less optimal sites, and patterns in the location and timing
of installations that could not be measured from available data.

Global solar power generation in 2023 was relatively low given the
significant capacity additions

Solar generation was well below the trend... ..but much of this effect is temporary

Generation (TWh) Modelled impact on solar generation, by cause (TWh)

- and inter-regional effects. Other factors includes curtailment, lower rooftop E M B — R
-

site availability, and unmeasured locational and installation timing effects

Generation is still growing but deeper integration of solar requires proactive
planning

Although the increase in generation was lower than expected in 2023, the boost will be
seen in 2024 generation figures. The additional electricity generation from panels installed
late in 2023 (+21 TWh), less sunny weather (+6 TWh) and the under-reported generation
(+45 TWh) would have brought total solar generation to 1,703 TWh in 2023, representing an
increase of 29% compared to 2022.
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Based on 2023 additions and BNEF’'s 2024 Q1 solar installation outlook, we expect
recorded solar generation in 2024 to be between 2150-2,350 TWh, depending on
how accurate installation forecasts are. This change represents at least a 32% increase
compared to 2023, and provides reassurance that solar remains on track with the 26%
average growth rate required for net zero.

Nonetheless, challenges must be addressed. Grid congestion is already a major
bottleneck to solar deployment around the world, with suitable connection points
becoming rarer. In 2024, curtailment is expected to increase in China and California due
to insufficient storage. With long construction lead times, investing in new transmission
capacity now will maximise the benefits of solar. In the meantime, connect-and-manage
approaches to planning — ensuring a quick grid connection with some curtailment risk in
exchange — can ensure congestion does not unnecessarily slow the energy transition.

Harnessing the full potential of solar

2023 brought an unprecedented rise in supply of solar panels, yet many countries — even
many sunny countries — still have a low amount of solar generation.

Global solar supply can meet global tripling goal and then some

Global solar PV manufacturing capacity is forecast to reach 1100 GW by the end of 2024.
According to the IEA market update in June 2023, this is more than sufficient to meet the
needs of the IEA NZE scenario. This suggests that solar can potentially play an even bigger
role in the global clean energy transition if needed.

In 2023, the amount of solar manufactured in China outpaced global demand, with module
spot prices collapsing by more than 50% in the second half of the year and pushing
domestic installations higher and higher. Solar module prices are now significantly

lower than would be expected based on Wright's law of technology learning curves. As
Chinese state lending has been increasingly redirected from the residential sector to
manufacturing, the country now accounts for 80-85% of global solar module production.

Oversupply of modules will persist into 2024. EU demand remains large, but with
inventories high, electricity prices falling and barriers to installation, exports to the EU are
unlikely to be larger than in 2023. Meanwhile China’s solar exports to India, which grew
rapidly in the last four months of 2023 as prices fell, will shrink drastically, as from April
onwards any government supported solar projects will be required to use domestically
manufactured solar panels. China’s need to find new export markets is a tremendous
opportunity for countries around the world to take advantage of how cost competitive and
available solar is compared to other generation sources.


https://www.pv-magazine.com/2024/02/20/bloombergnef-says-global-pv-installations-could-hit-574-gw-this-year/
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.nasdaq.com/articles/china-likely-to-increase-curbs-on-wind-solar-as-grid-capacity-strained
https://www.pv-magazine.com/2023/11/01/california-curtailing-more-solar-than-ever-before/#:~:text=In%202022%2C%20the%20California%20Independent,causing%20temporary%20gluts%20of%20generation.
https://pv-magazine-usa.com/2023/09/05/bringing-ercots-speedy-interconnection-process-to-the-rest-of-the-u-s/
https://pv-magazine-usa.com/2023/09/13/a-terawatt-of-solar-module-capacity-expected-within-16-months/#:~:text=Clean%20Energy%20Associates%20projects%20that,within%20China's%20borders%20by%202025.
https://www.iea.org/reports/renewable-energy-market-update-june-2023
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://taiyangnews.info/china-exit-2023-180-gw-ac-solar-pv/#:~:text=China%2C%20the%20world%27s%20largest%20solar,PV%20Industry%20Association%20(CPIA)
https://taiyangnews.info/china-exit-2023-180-gw-ac-solar-pv/
https://ourworldindata.org/learning-curve
https://www.reuters.com/world/china/with-manufacturing-loans-rising-can-china-avoid-new-supply-glut-2023-11-12/#:~:text=%22China%20has%20adopted%20a%20strategy,producing%20industries%2C%22%20said%20Neumann.
https://ember-climate.org/insights/research/putting-the-mission-in-transmission-grids-for-europes-energy-transition/
https://taiyangnews.info/china-exported-208-gw-solar-modules-globally-in-2023/
https://ember-climate.org/data/data-tools/china-solar-exports/
https://energy.economictimes.indiatimes.com/news/renewable/mnre-brings-back-almm-for-solar-modules-to-be-in-effect-from-1-april-2024/107622705
https://energy.economictimes.indiatimes.com/news/renewable/mnre-brings-back-almm-for-solar-modules-to-be-in-effect-from-1-april-2024/107622705
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Solar prices fell much faster than the historic trend in 2023

Prices have been declining consistently as manufacturing of solar PV modules has increased - as
per Wright's law*
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Promising solar regions remain untapped

There is not a clear relationship between sunshine and solar uptake, with many sunny
countries yet to tap the potential of solar. While a few leaders like Australia and Spain
are producing almost 20% of their power from solar, 66% of countries get less than 5%
of electricity from solar. The presence of high solar generation even in countries with
relatively poor insolation like Germany (12%) and the Netherlands (17%) highlights the
potential solar has for meeting generation needs regardless of natural endowments.

There are promising signs in some regions, with module imports to the Middle East rising
in 2023. Many countries across the globe face financial and logistical challenges, and it

is important to enable development in high potential countries through the appropriate
financing and de-risking mechanisms. Africa alone accounts for one-fifth of the global
population and has huge solar potential, and yet the region currently attracts just 3% of
global energy investment.


https://ember-climate.org/data/data-tools/china-solar-exports/
https://ember-climate.org/data/data-tools/china-solar-exports/
https://www.iea.org/reports/financing-clean-energy-in-africa
https://www.iea.org/reports/financing-clean-energy-in-africa
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The untapped potential of solar power

Bubble sizes represent total solar generation in 2023 (TWh)
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2.3 Demand growth in

2023 was below trend,
but in future it will only

go up

Global electricity demand growth was particularly weak in early 2023,
mostly due to falls in OECD countries, but the latest monthly evidence
shows growth is already picking up.

Five fast-growing technologies accounted for over half of the demand
growth, and all could benefit from a focus on efficiency — EVs, heat pumps,
electrolysers for green hydrogen, data centres and air conditioners. As
electrification picks up speed, OECD demand growth will begin to rise for
the first time in two decades. But as of 2023, China is ahead of the world in
beginning electrification of its economy.

Demand growth will not just bounce back from the weak levels in 2023, it
will enter a new era of faster growth — just how fast will depend, in part, on
a focus on efficiency.

Global demand growth was below trend in 2023 but
acceleration is already underway

Global electricity demand increased by 627 TWh in 2023, mostly due to strong growth in
China and other developing countries. Falls in OECD countries were due to short-term
non-structural factors and the latest monthly evidence shows growth is already picking up.
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Global electricity demand was weak in 2023 due to falls in OECD countries

Global electricity demand rose by 2.2% in 2023, which was 0.3 percentage points below
the average annual increase from the past ten years (+2.5%). The slowdown was caused
mainly by a fall in electricity demand in OECD countries, which shaved 0.6 percentage
points from global demand.

The drop in OECD electricity demand in 2023 kept global growth below
average

Percentage point contribution to the annual change in global electricity demand

EEOECD EEChina [l Rest of the World Net change

3

| -
O .

2012-2022 average 2023

s
Source: Annual electricity data, Ember E M B - R

h

The downturn in EU electricity demand was due to multiple factors, including a drop in
industrial electricity consumption, mild weather and energy savings and efficiency. The
US saw a dramatic shift in weather conditions from a particularly cold winter and hot
summer in 2022 to unusually mild temperatures in 2023. Among OECD countries in Asia
Pacific, especially in Japan, high energy prices incentivised the adoption of energy saving
measures and put pressure on industrial consumption.

Many South Asian countries experienced economic headwinds and power shortages,
especially Pakistan and Bangladesh, where severe gas shortages spiralled into power
shortages.

This left China as the main driver of global demand growth, contributing 21 percentage
points to global demand growth in 2023.


https://ember-climate.org/insights/research/european-electricity-review-2024/
https://www.pakistantoday.com.pk/2023/12/25/punjab-grapples-with-unprecedented-gas-power-crises/
https://gasoutlook.com/analysis/bangladesh-electricity-crisis-persists-on-fuel-shortages/
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Electricity demand was already picking up by the end of the year

The main factors weighing on global electricity demand had already subsided towards the
end of the year, leading to a gradual acceleration of demand growth over the second half
of 2023. Global electricity demand from January to August 2023 was 1% higher than the
same period in 2022. In the last four months of 2023, demand was 4.5% higher than the
same period in 2022.

Growth in global electricity demand was slow at the start of 2023 but
accelerated over the course of the year

Year-on-year change in electricity demand (%) and percentage point contribution by country
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In the EU, the energy crisis that followed Russia’s invasion of Ukraine had already eased as
electricity prices fell to pre-war levels and heavy industry started to recover; so demand
has been on a mild recovery path since October 2023.

In the US, the demand fluctuations were driven by extreme weather. January 2022 was
colder than usual, followed by an extremely hot spring and summer, especially in May,
contributing to spikes in electricity demand, while the winter of 2023 was milder than usual.

Meanwhile, demand growth in the rest of the world accelerated after a relatively slow start
to the year. Strong growth in China in Q4-2023 was anticipated by national authorities as
a result of increased economic activity after the easing of Covid-19 restrictions, although
colder-than-average weather in November and December made the rise particularly large.

The evidence suggests the slowdown in global demand growth has now likely come to an
end.


https://www.climate.gov/news-features/features/us-climate-summary-january-2022
https://www.noaa.gov/news/may-2022-among-earths-top-10-warmest
https://www.reuters.com/markets/commodities/china-braces-record-winter-electricity-demand-kemp-2023-11-24/
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Electrification, data centres and air conditioning are driving
demand growth

Five fast-growing technologies are already noticeably contributing to electricity demand
growth, accounting for over half of the world’'s demand growth in 2023 — EVs, heat pumps,
electrolysers for green hydrogen, data centres and air conditioners. All these technologies
require a strong focus on efficiency to avoid wasteful demand growth in a world of limited
clean electricity.

29% of global electricity demand growth was from electrification of transport
and heating and green hydrogen

The contribution of key electrification technologies, which replace fossil fuels with
electricity, is already significant at the global level. EVs and heat pumps have added an
estimated 0.6% to global electricity demand in 2023 — 27% of total growth.

The contribution of heat pumps to global electricity demand is substantial, although it has
eased slightly in 2023 — an estimated 100 TWh compared to 103 TWh in 2022, mainly due
to slower heat pump sales in the US and the EU amid falling gas prices and uncertainty
regarding policy support. Meanwhile, the contribution of EVs has increased, as strong

EV sales in China, Europe, the US, Japan, and India created additional demand for an
estimated 72 TWh of electricity, a 50% increase compared to 2022, bringing the share of
EVs in global electricity demand to an estimated 0.7% from 0.5% in 2022.

The acceleration of electricity demand growth coming from EVs and heat pumps has
contributed not only to reducing fossil fuel demand outside the power sector, but also to
considerable efficiency gains and CO2 savings. The 72 TWh of additional demand from
EVsin 2023 was enough to displace over 260,000 barrels of oil equivalent per day, had it
been burned in ICE vehicles. This is comparable to Australia’s total gasoline consumption
in 2021. The 100 TWh of additional demand coming from the new heat pump sales in 2023
would have required around 300 TWh of gas, if burned in a conventional boiler to produce
the same amount of heat. This is similar to the total gas consumption of France.

As the world continues to electrify, the efficiency gains will mean that less overall energy is
needed, even as demand for electricity increases. The benefits to electrification are many:
cutting energy waste delivers cost savings, in addition to reducing emissions.


https://www.ahrinet.org/news-events/news/ahri-releases-december-2023-us-heating-and-cooling-equipment-shipment-data
https://www.ehpa.org/news-and-resources/press-releases/heat-pump-sales-falling-risking-e7-billion-in-investments/
https://cec.org.cn/detail/index.html?3-330280
https://ember-climate.org/insights/research/european-electricity-review-2024/
https://www.coxautoinc.com/market-insights/q4-2023-ev-sales/#:~:text=In%202023%2C%20the%20EV%20share,oft%2Dreported%20slowdown%20is%20real.
https://asia.nikkei.com/Business/Automobiles/Japan-EV-sales-hit-record-high-in-2023-but-with-slow-growth
https://www.business-standard.com/industry/auto/electric-vehicle-sales-jumps-49-to-1-52-million-units-in-2023-fada-124010901062_1.html
https://www.iea.org/reports/global-ev-outlook-2023/prospects-for-electric-vehicle-deployment
https://www.theglobaleconomy.com/rankings/gasoline_consumption/
https://www.theglobaleconomy.com/rankings/gasoline_consumption/
https://ec.europa.eu/eurostat/databrowser/view/nrg_bal_s__custom_9900375/default/table?lang=en
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Five fast-growing technologies are already noticeably contributing to
electricity demand growth

Share of global electricity demand growth attributed (percentage points)
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28% of electricity demand growth was from air conditioning and data centres

Another major source of global electricity demand growth has come from two key sectors
— space cooling and data centres. Efficiency in these two sectors is particularly important
to ensure the success of the energy transition.

Air conditioning added an estimated 0.3% to global electricity demand in 2023, assuming

a continuation of the 4% per year on average since 2000 (+5% in 2022).

These high growth rates are influenced by poor efficiency standards: most air conditioners

sold globally tend to be half as efficient as the best available technology, despite the
limited difference in costs.

Data centres contributed as much as air conditioning to global demand growth in 2023
(+90 TWh, +0.3%), with an average annual growth rate of electricity demand from this
sector of almost 17% since 2019. State-of-the-art cooling systems can improve energy
efficiency of data centres by at least 20%.

Even with electrification, there needs to be a focus on efficiency, as the least efficient EVs

on the market have double the consumption of the most efficient models. Heat pump
efficiency can be improved by 10% or more, depending on refrigerants.


https://www.iea.org/energy-system/buildings/space-cooling
https://www.iea.org/commentaries/keeping-cool-in-a-hotter-world-is-using-more-energy-making-efficiency-more-important-than-ever
https://www.iea.org/reports/electricity-2024
https://www.sciencedirect.com/science/article/pii/S2214157X23002319
https://insideevs.com/news/534083/most-efficient-bev-us-20210918/
https://willbrownsberger.com/evolution-of-heat-pump-technology/
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China is ahead of the curve, but even here electrification is
still in its infancy

China is ahead of the curve in electrifying heating and transport and building electrolyser
capacity. In 2023, China'’s electricity demand from the charging and battery swapping
service industry grew by 78% and added an estimated 56 TWh to China's electricity
demand — 3.5 times more than the rest of the world. While China accounts for 60% of
electric light-vehicle sales, this segment represents only an estimated 18 TWh of the 56
TWh demand increase, with the rest coming from electric vans, trucks, buses and two-
wheelers, which China dominates globally. It is also the largest heat pump market in the
world with more installations per year than any other country. Electrolysers, used mostly
in demonstration plants by chemical and petrochemical companies, have also grown
faster in China than the rest of the world. As a result, China accounted for 50% of global

electrolyser capacity in 2023.

China deployed key low-carbon technologies far more quickly than the rest
of the World combined in 2023

Additional demand per technology (TWh)
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Even in China, electrification is still in its infancy. Only a fifth of China's electricity demand
growth in 2023 (124 TWh of 606 TWh) was from the three electrification technologies, but
this share will rise in time. These technologies added 14% to China’s electricity demand in
2023, up from 11% in 2022. Meanwhile in the rest of the world, electrification added 0.25%
to electricity demand in 2022 and 0.28% in 2023.

As China further accelerates the deployment of key electrification technologies and the
world continues to catch up, the contribution of electrification will expand even further.


https://www.technologyreview.com/2023/05/17/1073265/how-5-minute-battery-swaps-could-get-more-evs-on-the-road/
https://www.cec.org.cn/upload/website/detail/index.html?3-330321
https://www.weforum.org/agenda/2023/05/electric-vehicles-ev-sales-growth-2022/
https://www.weforum.org/agenda/2023/05/electric-vehicles-ev-sales-growth-2022/
https://www.nature.com/articles/s41560-022-01104-8#ref-CR18
https://www.iea.org/reports/global-hydrogen-review-2023/executive-summary
https://www.iea.org/reports/global-hydrogen-review-2023/executive-summary
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Demand is now entering an era of faster growth

As electrification continues to accelerate, global electricity demand is entering a new
era of stronger growth and at 3.4% annual growth over 2024-2026 is even expected to
exceed global GDP growth (+31%).

Global electricity demand will speed up in the coming years, as more
industries switch to electricity

Percentage point contribution to the annual change in global electricity demand
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Mature economies such as the US and the EU will see electrification underpin stronger
electricity demand growth, leading to a greater contribution to global growth. In emerging
economies, where demand will grow the fastest, wind and solar are ideal enablers for
accelerating electricity access and economic growth, as already demonstrated by
China's experience. Even as global electricity demand increases from electrification in
transport, buildings and industry — accounting for 54% of demand growth by 2030 in the
IEA Net Zero Emissions scenario — this will lead to lower overall energy demand due to
considerable efficiency gains.

The IEA NZE scenario forecasts an annual increase in demand of 3.5% until 2050, assuming
ambitious efficiency improvements across sectors and technologies, so even faster
growth is possible if efficiency improvements disappoint. In a world of limited clean
generation, wasteful demand growth would slow CO2 cuts in the power sector.

Without a strong move towards adopting the best available air cooling technologies, a
continuing 4% annual growth rate in electricity demand from this sector would add 117
TWh per year by 2030. Cumulatively, this would add 730 TWh in total from 2023 levels —
the equivalent of Brazil's total electricity demand. Meanwhile, electricity demand from data
centres could nearly double to 1,050 TWh within the next three years if the fast expansion
of this sector continues without efforts to introduce more efficient cooling solutions.



https://www.iea.org/reports/electricity-2024
https://www.imf.org/external/datamapper/NGDP_RPCH@WEO/WEOWORLD
https://chinadialogue.net/en/energy/9934-three-lessons-from-china-s-effort-to-bring-electricity-to-1-4-billion-people/
https://chinadialogue.net/en/energy/9934-three-lessons-from-china-s-effort-to-bring-electricity-to-1-4-billion-people/
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/electricity-2024
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The world is moving towards an electric economy, and governments need to embrace
electrification, plan for fast renewables growth to meet electricity demand, and prevent
wastefulness by having a strong focus on efficiency.
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Transforming an electricity system requires a variety of actions, but some
common key enablers are galvanising the rapid growth in solar and wind
around the world: high-level policy ambition, incentive mechanisms to
unlock residential and utility-scale deployment and removing technical
barriers to deployment. The following examples of three countries -
China, Brazil and the Netherlands — show that despite very different
starting points, the combination of these approaches is delivering rapid
transformations of their electricity systems.

Different pathways, shared enablers

The power sectors of many countries are changing rapidly, largely due to the rise of wind
and solar generation. Since the Paris Agreement in 2015, the combined share of wind and
solar in the global electricity mix has increased from just 4.5% to 13.4%. This progress has

made wind and solar the key solutions to combat climate change.

No other sources of electricity have ever grown from 100 TWh of generation to 1000 TWh
faster. Solar and wind took just 8 and 12 years respectively, far ahead of gas (28 years), coal
(32 years) and hydro (39 years). Like wind and solar, nuclear power also saw fast growth
after it first passed 100 TWh in 1971, taking 12 years to pass 1000 TWh. However, now we
have two clean sources growing even faster, and doing so at the same time.


https://ember-climate.org/insights/in-brief/why-wind-and-solar-are-key-solutions-to-combat-climate-change/
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Wind and solar have scaled up faster than any other sources of electricity
in history
Global electricity generation, by technology (TWh)

Wind

Solar

8 years 12 years 28 years S2years 39 years
(to 2021)

(2017) (1981) (1957) (1967)

1 | 12years
! (1983)

nual electricity G

-
_ -
EMB=R

Rapid wind and solar scale-up has been achieved by countries with different geographies,
stages of economic development and political systems, demonstrating that we have all the
tools necessary to make this fast change happen in power sectors across the globe.

There are many paths to a successful transition of the power sector and each country
has different challenges to overcome. However, effective approaches have many things
in common. Geography can be important, but it alone does not determine the ability to
deploy wind and solar. Rapid large-scale deployment is driven by national or regional
policy ambition, incentive mechanisms to increase demand and the removal of technical
barriers to enable integration into the electricity mix.

Ambition

Ambition is often expressed through targets or commitments. Whether on a regional or
national basis, these can be an effective tool for guiding long-term planning and driving
deployment of renewables. They give customers, businesses and investors confidence in
wind and solar.

Incentive mechanisms

Policies that incentivise the adoption of wind and solar drive up demand and investment
for these technologies. Feed-in tariffs and net metering schemes that reward customers
for excess generation are particularly effective in driving residential solar adoption. Tenders
and auctions for large-scale installations ensure competition and push prices lower. Tax
incentives and power purchase agreements (PPAs) make utility-scale deployment more
attractive.
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Removing barriers

For a fast transition to happen, there are many technical barriers to overcome. Integrating
large proportions of variably-generating renewables into a power system requires efficient
planning processes and grid connection, and ensuring a focus on flexibility. Maximising
flexibility means creating a portfolio of actions, including ensuring fossil plants are flexible,
building energy storage, building stronger, more efficient and smarter grids, redesigning
electricity market rules and encouraging demand-side participation.

Furthermore, using natural resources effectively means facilitating the development

of wind and solar in regions where conditions are more suitable through long distance
transmission. With the electrification of transport, heating and industry, smart demand
strategies, for example for electric vehicle charging or heat pump use, can match demand
with wind and solar generation patterns and ease integration.

Case studies

Three leaders in the fast deployment of wind and solar — China, Brazil and the Netherlands
— offer crucial insights on how countries are successfully applying these tools.

1. Chinais the global leader in wind and solar, with both the largest absolute generation
and the highest annual additions for over a decade. It has delivered wind and solar
additions at breakneck speed, transforming the world’s largest electricity system.

2. Brazil is using wind and solar to meet growing electricity demand. The country is taking
advantage of the low costs of wind and solar and has made its power system more
resilient, enabling it to be a leader in renewable electricity and avoid building up a
reliance on gas or coal as electricity demand rises.

3. The Netherlands has reshaped its power system as it seeks to rapidly phase out coal
power and phase down gas power. The rapid build-up of wind and solar has reduced
fossil generation from more than 80% of the power mix to less than 50% in just five
years, putting the country on a path to rapid decarbonisation.

All three countries have used both wind and solar to deliver this transformation of their
power sectors.
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China

What has been achieved?

China is the global leader in wind and solar deployment. In 2023, more than half of global
additions in wind and solar generation came from China. China’'s wind and solar share has
grown from just 39% in 2015 to 15.6% in 2023. This is especially remarkable given the size
of China’s electricity system. Wind and solar are now generating 1,470 TWh of electricity,
37% of the total global wind and solar generation and more than the entire electricity
demand of Japan or 75% of India’s electricity demand in 2023.

The speed of the transition has accelerated in recent years with wind and solar generation
doubling in just three years from 2020 to 2023. The additions of wind and solar since

2015 have helped to meet strong growth in electricity demand. This reduced growth in
fossil generation and therefore avoided emissions of more than 4 gigatonnes over that
period. This is equivalent to the annual power sector emissions of the US, India and the EU
combined.

More than half of the global additions in wind and solar generation came
from China in 2023

Annual additions of electricity generation from wind and solar (TWh)
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What enabled it?

e Clean energy has received strategic prioritisation at the highest level, specifically of the so-
called “new three” industries of solar power, EVs and batteries, leading to a huge surge in clean
energy investments. This was driven not only by climate and pollution concerns, but also by a
desire to reduce China's energy import dependency and build future export markets. In 2023,
clean energy was already the top driver of China's economic growth.


https://www.carbonbrief.org/analysis-clean-energy-was-top-driver-of-chinas-economic-growth-in-2023/#:~:text=Chart%20by%20Carbon%20Brief.,up%20from%207.2%25%20in%202022.
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e Chinaintroduced targeted policies to incentivise wind and solar. Feed-in tariffs and subsidies
through tax incentives have resulted in higher investment and faster adoption.

e  The build-out of grid infrastructure, such as long distance transmission lines, is particularly
important to reduce curtailment and make use of the abundant wind and solar resources in
China’s inland. Over the past decade, the country has constructed more than one-third of the
global expansion of transmission grids. In combination with market reforms to prioritise offtake
from wind and solar producers, China has managed to reduce the curtailment of wind and solar
power in recent years despite connecting more installations to the grid than ever.

e  Targets for renewable deployment have been successful at driving fast installations at scale.
While China has often overachieved targets at a national level, with the country on track to
achieve its 2030 deployment goals for wind and solar in 2025, local targets have been much
more ambitious. Programs such as “whole county PV”, which required solar PV to be installed
on a certain percentage of rooftops, have contributed to the rapid build-up of rooftop solar
throughout 2022 and 2023.

Brazil

What has been achieved?

Wind and solar reached 21% of Brazil's electricity generation in 2023, up from just 3.7% in 2015. It is
a global leader in wind and solar, recording the second largest additions of any country in 2023, up
from being the fourth largest in 2022 and has the second cleanest power sector in the G20. The
country has avoided a major increase in its emissions, despite hydro generation not growing, thanks
to wind and solar meeting all new demand in the last ten years.

In Brazil, wind and solar power have met rising demand for the past 10
years, halting growth in power sector emissions
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https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.woodmac.com/press-releases/china-leader-in-renewables/
https://globalenergymonitor.org/report/a-race-to-the-top-china-2023-chinas-quest-for-energy-security-drives-wind-and-solar-development/
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What enabled it?

e  Brazil became an early adopter of wind and solar in the region. After the 2001 energy crisis that
saw droughts heavily restrict availability of hydropower, the country introduced the “Alternative
Energy Sources Incentive Program” (PROINFA) to promote other renewable sources such as
wind and solar. This included auctions for wind and solar projects starting in the mid-2000s
that enabled fixed price contracts and spurred investment and growth in the renewables
sector. This was aided by financial support for private companies through the Brazilian
Development Bank (BNDES).

e  Brazil is using natural resources effectively. The country has great wind as well as solar
potential due to its latitude. It has further plans to develop more offshore wind, predominantly
in the northeast of the country where conditions are most suited to development. Additionally,
large hydropower plants and reservoirs provide the flexibility needed to incorporate variable
renewables into the grid.

e  The country's National Electricity Agency (ANEEL) introduced and subsequently expanded
the size of installations that qualify for net metering. This is a tremendous driver of adoption of
distributed generation, with solar PV making up the vast majority of such installations.

The Netherlands

What has been achieved?

The Netherlands is one of the fastest adopters of wind and solar in the world. Wind and
solar generation rose from 8% in 2015 to 41% in 2023. This has reduced the country’s
reliance on fossil fuels from 84% in 2015 to less than half (49%) of generation. As a result,
the emissions intensity of power generation has halved (-48%) and emissions have
declined 46% since 2015. Solar additions have been rising especially fast in recent years.
Despite its high latitude, the Netherlands now has the second highest per capita solar
generation in the world, behind Australia.


https://www.offshorewind.biz/2023/09/14/petrobras-unveils-23-gw-wind-power-play-offshore-brazil/
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Wind and solar have grown to 40% of the Netherlands' electricity
generation, halving emissions intensity since 2015
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What enabled it?

e  The government announced in 2017 that it would phase out coal by 2030 to reach its climate
targets. In 2019, the Dutch government agreed legally binding targets to reduce CO2
emissions by 2030, which necessitated a phase down in gas generation as well. The decision
included targets for onshore and offshore wind, as well as solar energy. These targets set top-
down ambition, ensuring policymakers introduce further actions to enable faster renewables
growth.

e Long-running financial incentives through its Sustainable Energy Production and Climate
Transition Incentive Scheme (SDE, SDE+ and SDE++) reward producers for the CO2 reduction
achieved by wind and solar and create a stable environment for investment into renewables.

e Toincentivise the adoption of rooftop solar, the Netherlands introduced a net metering
scheme in 2004. Combined with high energy prices and the reduction in costs for solar PV
installations, this policy has made rooftop solar an attractive investment for home owners. The
Dutch government recently decided to continue its current net metering scheme until at least
2025.

China, Brazil and the Netherlands have seen remarkable growth in wind and solar that
has transformed their electricity systems at a rapid pace. Signalling ambition can create
an environment in which wind and solar can thrive, enabling trust and confidence among
investors. Choosing the right set of incentive mechanisms to drive the demand for wind
and solar systems as well as the regulatory solutions to overcome technical barriers and
facilitate the integration of wind and solar into the mix is more important than a country’s
economic or geographic starting position.


https://www.reuters.com/article/us-netherlands-government-energy/dutch-government-shut-down-all-coal-fired-power-plants-by-2030-idUSKBN1CF1DU/
https://www.pv-tech.org/the-netherlands-rejects-bill-to-phase-out-net-metering-scheme/
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Of course, even countries that have been successful in their transition so far are still facing
challenges. For example, in the Netherlands new wind and solar installations are being
held back by grid congestion issues that could have been avoided with better long-

term planning. Similarly, policies like net metering offer great incentives for residential
solar adoption, but ensuring that additional grid costs are not shifted onto lower income
households is an important consideration to achieve a just transition. Additionally, the
impacts of wind and solar deployment on local communities have underlined the need to
ensure adequate safeguards are in place.

Crucially, China, the Netherlands and Brazil have overcome barriers to the transition in the
past. The current political, economic and engineering challenges are also solvable. We
have all the tools we need to get transitions off the ground where they have just started,
facilitate acceleration where it is most needed and push progress further in countries
leading the global transition.
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Renewables reached a record 30% of global power
generation in 2023

Clean generation made up almost 40% of generation in 2023

Renewables increased from 19% in 2000 to 30% in 2023,
driven by rapid growth in solar and wind

Global growth in wind and solar power pushed renewables to
30% of the global electricity mix in 2023

Share of global electricity generation from clean sources (%)
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Generation: Current status

Renewables reached 30% of global power generation in 2023, but fossil fuels
still dominated

In 2023, fossil sources such as

coal and gas produced 61% Global 9|eCtI"ICIty mix in 2023
of global electricity. Coal was Share of electricity generation, by source (%)
the single largest fuel, making Other .
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generation. Gas produced
23% (6,634 TWh) and other
fossil generation made up 2.7%
(786 TWh).

In 2023, renewables reached
30% of global electricity
generation for the first

time. Hydro remained the _
largest low-carbon source

of electricity at 14% (4,210 St AT lectrohy data Erub ot EMB=R
TWh). With 919% coming from

nuclear power (2,686 TWh),

clean generation made up 39% of the global electricity mix. Wind produced 7.8% (2,304 TWh) and
solar produced 5.5% (1,631 TWh). Together, solar and wind generated 13.4% (3935 TWh). Bioenergy
produced a reported 2.4% (697 TWh), but actual generation is likely to be higher due to its use in
off-grid generation. Lastly, other renewables generated 0.3% (20 TWh). This was mostly geothermal
generation, with tidal and wave energy providing only a small portion.

0 20 40 60 80

Generation: Long-term trend

Wind and solar are gaining a growing share of the global electricity mix, but
fossil fuel generation is increasing

The share of fossil generation peaked at 68% in 2007 and has since declined to 61% due to fossil
fuels growing at a slower rate than global electricity demand.

While the share of fossil sources in the global electricity mix is declining, fossil generation is still
rising in absolute terms, with both coal and gas reaching record levels in 2023. Coal generation
nearly doubled from 5,809 TWh in 2000 to 10,434 TWh in 2023. Gas generation more than doubled
from 2,745 TWh in 2000 to 6,634 TWh in 2023. Other fossil fuel generation declined from 1,324 TWh
in 2000 to 786TWh in 2023, driven by a fall in oil generation.
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Renewables increased from

19% in 2000 to 30% in 2023, How the global electricity mix has evolved over
driven by rapid growth in wind time

and solar, which have grown B Sclar [l Wind Other renewables Hydro [liBicenergy [llNuclear
substantially over the last two Othecfossit Il Coel MCeS

decades. In 2023’ wind and Generation (TWh) Share of generation (%)

solar made up 13.4% of global 30,000

generation, rising from only 25,00¢

0.2% in 2000. Most of this
growth happened in recent
years. Wind and solar grew
more in the five years since
2018 (+2,092 TWh) than in the
17 years before that (+1,811
TWh).

Hydro generation grew 60%

between 2000 and 2023, but its share in the electricity mix declined from 17% to 14% as it failed to
keep pace with rising demand. In fact, with a share of 16%, non-hydro renewables surpassed hydro
generation in 2023 for the first time.

Nuclear generation has mostly remained stable, with the reduction in generation in Europe and
Japan largely offset by growth in China. Consequently, with electricity demand nearly doubling over
the last two decades, the share of nuclear generation fell from 16.6% in 2000 to 91% in 2023.

Since 2015, almost all sources

of electricity have seen an How global power generation has changed since
increase. The largest gains 2015

came from wind (+1475 TWh, Change in electricity generation from each source (TWh)
+178%) and solar (+1,375 T\th ElCoal Ml Gas Other fossil Nuclear [l Bioenergy Hydro
+537%) with solar generation n Other renewables [llWind [ Solar [l Net imports

2023 growing to more than six I 4

times 2015 levels. Coal (+1153
TWh, +12%) and gas (+1,080
TWh, +19%) grew slightly less.
There were smaller increases
in bioenergy (+220 TWh,
+46%), hydro (+326 TWh,
+8.4%) and nuclear (+153 TWh,
+6%). Generation from other
fossil fuels, such as oil, fell by
333TWh (-30%).

China saw the largest changes of any country for coal, nuclear, bioenergy, hydro, wind and solar.
China's growth in coal generation (+1,670 TWh) since 2015 amounted to more than the overall global
increase, as coal generation fell significantly in the US and other countries in that period. However,
China also contributed nearly half (47%, 700TWh) of the global growth in wind and 40% (545 TWh)
of the increase in solar generation from 2015 to 2023.
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The US is the main driver of gas growth globally and the only major economy displaying a shift from
coal generation to gas. Since 2015, gas generation in the US rose 469 TWh, accounting for 43% of
the global increase over that period. In comparison, China is planning a transition from coal straight
to clean energy without a transition via gas.

Generation: Progress towards net zero

Continued rapid growth in solar and wind is key to delivering emissions cuts

The global electricity sector

must be decarbonised for the Key power sources and the pathway to net zero
world to keep global heating Global electricity generation (TWh)

below 1.5C. Strong growth Wind Solar Hydro

in wind and solar in recent

years offers a glimpse of the ', s

future clean electricity system, : - = =
but continued — if slogvinyg - _// — |
growth in fossil fuels is still : 2022 2030 2001 2022 2050 20 2022 203
holding back progress for a Nuclear Coal Gas

pathway aligned with 1.5C. At 100 S

COP28, the world agreed to a N

global goal to triple renewable e /

electricity capacity by 2030,
which would almost halve 2022 2030
power sector emissions. Source: Annual electricity data, Ember, IEA (WEQ 2023 EMB=R

To align with the IEA Net Zero Emissions scenario, wind must triple between 2022 to 2030 (+16%
per year). Solar needs to grow more than five times its current generation (+26% a year). In 2023,
solar grew at 23% and wind grew at 10%.

Growth in hydro generation needs to return and even surpass growth seen over the last two
decades, but recent years have seen output from hydro plants stagnate. Nuclear generation has
remained unchanged on a global level for the last two decades, but would likely need to see a
significant increase of 47% over 2023 levels. In 2023, nuclear generation increased by just 1.8% and
hydro generation fell by 2%.

Under the IEA's scenario, coal and gas generation both need to fall, with coal generation responsible
for most of the required emissions reductions. Coal generation would halve from 2023 to 2030 and
be overtaken by wind, solar and hydro generation.

Gas generation would need to see more moderate reductions from 6,634 TWh in 2023 to 6,007
TWh in 2030. In 2023, both coal and gas generation increased.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions

3.2 Power
Demand

Key highlights

01 Global electricity demand hit a record high in 2023

O 2 Demand fell in mature high-income economies including the
EU, US, Japan and South Korea, but rose in China and India

03 Global electricity demand almost doubled from 2000 to 2023
and will continue to grow

China was the main driver of global electricity demand
growth, while demand fell in high-income economies

Change to electricity demand in 2023 (TWh)

World

Japan

United States
EU

Rest of World

0 200 400 600

-
Source: Annual electricity data, Ember E M B: R
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Demand: Current status

Global electricity demand hit a record high in 2023

In 2023, global electricity
demand reached a new record
high of 29471 TWh, rising 627
TWh (+2.2%) compared to
2022. However, the annual
growth was below average
(this is explored further in
Chapter 2.3).

More than half (52%) of the
world’s electricity demand

in 2023 was in Asia, which is
still relatively low given the
region has 55% of the world’s
population. China, the country
with the highest demand at
9441 TWh, made up 62% of

A breakdown of global electricity demand in 2023

Share of global electricity demand (%)

South
Korea
EU
China

Other economies

United States

than 2% of global electricity

Asia’'s and 32% of global electricity demand.

The United States had the second highest electricity demand at 14.5% of global demand (4,270

TWh).

African countries accounted for only 3% of global electricity demand, despite comprising 18% of

the world’s population.

Global per capita demand in
2023 was 3.7 MWh. Countries
with a similar per capita
demand include Argentina

or South Africa. As a result of
improved living standards,

per capita demand has been
steadily rising over the last two
decades and was up nearly
50% over 2000 (2.5 MWh).

Among the ten largest
electricity consumers, Canada
and the US have the highest
per capita demand. Canada'’s
per capita demand of 159 MWh

Demand per capita of top electricity consumers in
2023

MWh
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in 2023 was more than four times the world average. Per capita demand in the US and Canada was
also about twice as high as that of the largest industrial nations in Western Europe, with France (7.2
MWh) and Germany (6.2 MWh) showing significantly lower values.

China's per capita demand has grown by more than six times since 2000 (11 MWh) to reach 6.6
MWh in 2023, surpassing Germany for the first time. In 2012, China had only half the per capita
demand of Germany.

Despite substantial electricity demand growth, India’'s per capita demand of 1.4 MWh remained at
less than half the world average.

As the global power

supply becomes cleaner, Electrification of global energy use
electrification will be the Share of electricity in final energy consumption in 2021 (%); height
key lever in decarbonisation of the bars represents final energy consumption by sector (PJ)

across industries. As of 2021
(the latest year with data
available), 21% of final energy 400,000

I Electricity Other energy

Commercial and

public services
consumption globally came - Industry
from electricity. This number IGO0
is set to increase substantially T - Residential
as electrified technologies are - Other
introduced. 100,000 |
Transport
Key sectors that are expected s == = = =
to see increased electrification
EA World Energy Balances Highlights EMBE R

include transport, residential Source: I
energy use (for example,
heating) and industry.

Commercial and public services currently have the highest share of final energy consumption
provided by electricity at 52%. Conversely, only 1.3% of the energy consumption in the transport
sector comes from electricity. This is expected to grow rapidly as battery electric vehicles gain
market share. Similarly the faster adoption of heat pumps is set to increase the electrification rate of
the residential sector from 26% in 2021.

Demand: Long-term trend

Global electricity demand almost doubled from 2000 to 2023 and will continue
to grow

Global electricity demand has nearly doubled over the last two decades, from 15,277 TWh in 2000
to 29471 TWh in 2023.
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The growth in electricity
demand was largely driven

by economic growth in Asia,
where demand more than
tripled from just 4199 TWh in
2000 10 15,228 TWh in 2023. To
put this into perspective, Asia’'s
electricity demand in 2023
was almost as high as the total
global electricity demand in
2000.

How global demand for electricity has evolved
over time
TWh

30,000 Oceania

North America

20,000
Europe
g Asia
10,000
o Africa
2000 2005 2010 2015 2020
Source: Annual electricity data, Ember E M B - R

For emissions to fall, clean
electricity growth needs

to meet and exceed new
electricity demand. This has
happened only twice since
the turn of the century. In 2015
and 2019, clean electricity
growth from wind, solar

and other clean sources
exceeded electricity demand
rises, leading to a small
reduction in fossil generation.
Consequently, 2015 was the
only year with falling fossil
generation, excluding the
demand falls caused by the
financial crisis in 2009 and the

Is the global growth in clean electricity meeting
demand growth?

Annual change in electricity generation (TWh)

Il Wind and solar Other clean

Fossil |l Demand

o — o o ] | [ III

Source: Annual electricity data, Ember

Covid-19 pandemic lockdowns in 2020.

In 2022 and 2023, clean electricity capacity additions meant generation increases came close to
meeting electricity demand growth, but poor nuclear output in 2022 and low hydro generation in
2023 kept increases below demand growth, resulting in small increases in fossil generation.

As electrification drives an increase in electricity demand over the coming years (as explored in
Chapter 2.3), the rapid addition of clean generation capacity becomes even more crucial to meeting
new demand while decarbonising existing power generation.
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Demand: Progress towards net zero

Demand growth key to decarbonisation pathways, as clean electrification
unlocks economy-wide emissions cuts

Growth in electricity demand
is a central part of any
pathway to net zero, as clean
electrification helps reduce
emissions across sectors like
transport, heating and industry.

In the IEA Net Zero Emissions
scenario, electricity demand
grows by 3.5% annually
between 2023 and 2030, a
rise from the average annual
growth of 2.7% between
2016-2022.In 2023, electricity
demand grew 2.2% (+627 TWh)
compared to the year before.
Electrification increases

Annual changes to global electricity demand

Year-on-year changes (%)

I Actual ] Average 2016-2022 (CAGR) [l |EA Net Zero (2023-2030)

IEA Net Zero
pathway

EMB=R

electricity demand, while energy efficiency also helps to suppress it.

Electrification is already driving up demand (see Chapter 2.3) and with growing demand from data
centres, air conditioners, and industry, a strong focus on efficiency is critical for meeting climate

targets.

The power sector, the
fastest-growing source of

final energy demand, is set to
grow substantially, driven by
electrification as the world
tackles the climate crisis,

along with a growing global
population and improved living
standards. According to the IEA
NZE scenario, electricity’s share
of final energy consumption
would increase from the
current 21% to 27% by 2030,
enabling the electrification of
transport and industry.

It is clear that higher ambition

Global electricity demand and the pathway to net
zero
TWh

IEA Net Zero
pathway -

.

scenarios that rebuild the energy system around clean electricity will require far higher electricity
demand than the current trajectory. In the IEA NZE scenario, demand is expected to grow to 38127
TWh by 2030, up from 29471 TWh in 2023.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions

Key highlights

01 Power sector emissions reached a new record high in 2023, as
fossil generation increased to meet rising demand

O 2 Carbon intensity reached a record low, as the share of clean
sources increased

03 Power sector emissions have almost doubled since 2000, but
growth has slowed in recent years

Electricity is getting cleaner around the world
Carbon intensity of electricity generation (gCO2/kWh)

Absolute Change since 2000
800 \/‘___\_\A 200
100
- \ i
Japan
Japan
World o .
Russia R e B
400 - us Russia
World
EU -100
200
EU
-200 us
China

0 ' v T v ] ! ' ' ' ! ]
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

Source: Annual electricity data, Ember E M B E R
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Emissions: Current status

Power sector emissions reached a new record high in 2023, but carbon
intensity is declining

In 2023, global power sector o .
emissions rose to 14153 million A breakdown of global power sector emissions in

tonnes of CO2, an increase of 2023
1% (+135 MtCO2) over 2022. Share of global power sector emissions (%)

Asia made up 63% of global
power sector emissions at
8966 MtCO2. China had the
highest global power sector » T .
emissions with 5491 MtCO2, Chea States Ghisteconaties
representing 39% of global
power sector emissions.
95% of China's power sector
emissions are the result of
burning coal.

India

jith . than 2% of global power E M BE R

The US was the second largest
emitter in 2023 with 1,570
MtCO2 (11% of global power sector emissions), followed by India with 1,404 MtCO2 (99%).

Economies that individually had 2% or less of global power sector emissions still made up 28% of
global power sector emissions.

In 2023, global emissions
intensity dropped to its lowest Emissions of top electricity consumers in 2023
value in at least two decades. Emissions intensity (gCO2/kWh) Emissions per capita (tC02)

At 480 gCO2/kWh, the average
kWh of electricity generated

in 2023 is cleaner than at any
point since at least 2000.

th Kare

Canada, Brazil and France had Sauih Kore
the lowest carbon intensity Garmar
among the top ten countries
with the highest demand. All
three countries generated

a majority of their electricity
from clean sources. Canada'’s
electricity generation in 2023
was 58% hydro power and

~
o
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!
o
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14% nuclear. Brazil had a 60% share of generation from hydro. Additionally, 21% of Brazil's generation
came from wind and solar. Historically, France’'s generation has been dominated by nuclear power
which still made up 65% in 2023, while wind and solar contributed a further 14%.

India (713 gCO2/kWh) and China (581 gC0O2/kWh) were the only two countries among the top ten
global electricity producers with an emissions intensity higher than the global average in 2023. This
can be attributed to their substantial coal use for electricity generation — 75% of India’'s and 60% of
China’s electricity generation came from coal in 2023.

However, both China and India have lower per capita emissions than other major emitters. The top
per capita emitters among the top electricity consumers are South Korea and the US. Indeed,
India’s per capita power sector emissions are 1.8 times lower than the global average.

Emissions: Long-term trend

Power sector emissions have almost doubled since 2000, but growth has
slowed in recent years

Since 2000, absolute power

sector emissions have almost The long-term trend in global power sector
doubled, rising from 7911 emissions

MtCO2 in 2000 to 14,153

MtCO?2 in 2023. This e qu ates Emissions intensity (gCO2/kWh) Total emissions (MtCO2)

to an average annual increase
of 2.6%. Rapid economic
growth across many regions

has driven this increase, as s fepplele

global electricity demand o

has risen while the world s

maintained a significant - i

dependence on fossil fuels.

However, growth has slowed e e e S

in recent years with annual

increases of 1.5% in 2022 Sa0ros Arinia) Slsotiotie date Ermber EMB=R
and 1% in 2023. This followed

arapid increase in 2021 when economic recovery from the Covid-19 pandemic saw emissions
increase 6.3%.

Emissions intensity has declined significantly from its peak in 2007 at 547 gCO2/kWh. In 2023,
emissions intensity of global electricity production was 12% lower, at 480 gCO2/kWh. With the
exception of 2013 and 2021, emissions intensity has fallen every year since 2011 due to clean
electricity (mainly in the form of wind and solar) growing faster than fossil sources of electricity
production.
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Over the last two decades,

only four years have seen falls Annual changes in global power sector emissions
in power sector emissions. A Year-on-year changes (%)

drop of 1.5% in 2009 came

amidst the global financial 10 Global financial Covid-19

crisis. In 2015, reduced coal clisis And recovery pa““‘f;?!ﬁf;l‘f,

generation in China led to a
temporary global emissions
fall of 1%. In 2019, low global
demand growth alongside
coal to gas switching in the 0
US enabled emissions to fall
11%. In 2020, the impact of the
Covid-19 pandemic led to a
record emissions fall of 31%.

! ' ( ! i !
2000 2005 2010 2015 2023

The last decade has seen

significant growth in emissions compared to the 2000s. Between 2003 and 2012, emissions rose
by an average of 3.8% annually. Between 2013 and 2022, this growth rate slowed to 14%. The 1%
increase in 2023 is further below this average.

2023 is likely to have been the peak of power sector emissions (see Chapter 21), with a new era of
falling emissions beginning from 2024 onwards.

Emissions have not been

rising across all regions. How global power sector emissions have evolved
Power sector emissions in the over time

OECD - including both the US MtCO2

and EU - peaked in 2007 and

have fallen 28% since then. Oceania
Emissions in Latin America Mgt Eaence
reached a peak in 2015.
In the last two decades, Asia AR
has seen the largest rise in
power sector emissions mainly
as a result of increased coal
use for electricity generation
as the region’'s emerging
economies grew rapidly. Power Source; Annual electricity data, Ember EMB=R
sector emissions in Asia more

than tripled from 2,623 MtCO2 in 2000 to 8266 MtCO2 in 2023. Combined with the stagnation and
falls in other major emitting regions, Asia’s share of global power sector emissions rose from just
33% in 2000 to 63% in 2023. However, Asia has a large share of the global population and the bulk
of global economic growth is now happening in Asia.

Africa
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Despite a 75% increase in power sector emissions from African countries since 2000, they still only
made up 3.4% of global emissions in 2023 - the same as Japan's share. There is an opportunity for
Africa to meet rising demand with clean sources and leapfrog fossil fuels to avoid the increase in
emissions previously associated with economic development.

Emissions: Progress towards net zero

Power sector emissions need to halve this decade to align with net zero

To align with the IEA Net Zero

Emissions scenario, mature Global power sector emissions and the pathway
(OECD) economies must to net zero
decarbonise their electricity MtCO2

generation by 2035 and the
rest of the world by 2045. We
are not yet seeing the declines TS

needed for those milestones, 3o
which require emissions oo

.
from the power sector to fall e,

by more than 7.6% per year .
between 2023 and 2030. *u,

Il Power sector emissions (Ember) [lIEA NZE Electricity and heat emissions

In 2023, emissions increased 26on aooe  sco o

1% (+135 MCO2), compared D00 2005 2010 2015 2045 205C
to an average annual increase Source: Annual electricity data, Ember, I[EA (WEO 2023 EMB=R
in emissions of 1.5% between

2016 and 2022. OECD economies, which will decarbonise first, are already seeing declining power
sector emissions, with a fall of 6.8% in 2023.

The world is closing in on falling power sector emissions, but will need to move much faster to
achieve the steep declines required. If delivered, the global goal to triple renewable electricity
capacity announced at COP28 has the potential to almost halve power sector emissions by 2030,
according to the IEA NZE scenario. This would see solar and wind provide around 40% of global
electricity generation by 2030.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions

Chapter 4 - Global Electricity Source Trends

Analysis of the
different electricity
sources in 2023

Data on global electricity generation from solar, wind, coal, gas, hydro,
nuclear and bioenergy in 2023, with an overview of changes and
trends over the last two decades alongside the role of each source

in reaching net zero. We have ordered the sections according to the
fastest growing sources of electricity.

Chapter contents

61 41 Solar
67 42 Wind
73 43 Coal
79 44 Gas
85 4.5 Hydro
Al 4.6 Nuclear

97 47 Bioenergy



Key highlights

01 Solar produced a record 5.5% of global electricity in 2023
O 2 China made up more than half of record solar growth in 2023

03 Solar added twice as much new electricity in 2023 as coal

Solar grew more than any other source of electricity in 2023
Year-on-year change in global electricity generation (TWh)

Wind

Coa

Gas
Nuclear
Bioenergy
Other renewables

Other fossi

Hydro
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Source: Annual electricity data, Ember
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Solar: Current status

Solar produced a record 5.5% of global electricity in 2023

Solar power produced a record
5.5% (1,631 TWh) of global
electricity in 2023. As of 2023,
33 countries generated more
than a tenth of their electricity
from solar.

Solar provides clean power that
can be deployed quickly and
locally to the demand source.
New solar power produces
the cheapest electricity in
history, according to the IEA.
As such, together with wind,
solar will form the backbone of
the future electricity system,
providing nearly 70% of global
electricity by 2050.

Solar: Role in the global electricity mix in 2023

Share of electricity generation, by source (%)

Il Wind |l Solar Other renewables [JllHydro [l Bicenergy [llNuclear
| Other fossil llGas [l] Coal

(0] 20 40 60 80 100

data, Ember E M B E R

Source: Annual electricity

In 2023, China generated the
most electricity from solar
power (584 TWh), ahead of
the United States (238 TWh).
China’s generation made up
more than a third (36%) of
global solar generation. India
overtook Japan to become
the third largest solar power
generator in 2023 (113 TWh).

Chile continued to have

the highest share of solar
generation in the electricity
mix, increasing to 20% in
2023, from 17% the previous
year. This ranking excludes

Solar: Global rankings in 2023

Generation (TWh) % share

Per capita (kWh)

=
=

Chir

Unit E-CI Greece
State

Hungary

I
e 2
0

Netherlands 7.

Australia 171

o

o
-~

IE#

(+:]
-
~

countries with less than 5 TWh of solar generation. Greece had the second highest share (19%),
followed by Hungary (18%) and Netherlands (17%).

On a per capita basis, Australia produced the most electricity from solar at 1,810 kWh, while the
Netherlands came in second with 1,208 kWh. Spain became the third largest solar producer on a per
capita basis in 2023, after ranking fifth in 2022.


https://www.iea.org/reports/world-energy-outlook-2020

73

Solar: Current status

China made up more than half of record solar growth in 2023

2023 saw a record absolute

increase in solar generation Solar: Global generation in 2023 compared to the
of 307 TWh — the largest rise historical trend
of any eleCtrICity source in Total (TWh) Year-on-year change (TWh)

2023, adding more than twice
as much new electricity as
coal. 2023 was the eighth
consecutive year of record
TWh growth for global solar 1,000
generation. Added total solar

generation rose to a new high B

of 1,631 TWh. This represents 200 £

a 23% rise year-on-year, only

slightly lower than the 25% TR q_...ll o ______-III I

increase seen in 2022. The 2001 2010 2020 2001 2010

record generation increase in Source: Annal electrioity data, Ember EMB=R
2023 was the result of record

solar capacity additions,

particularly in China.

Solar’s share of global generation in 2023 increased from 4.6% in 2022 to 5.5%.

The record global increase in

solar generation was in large Solar: Largest generation changes in 2023
part driven by China, which TWh

saw an increase of 156 TWh Global change in 2023: 307 TWh

(+37%). Growth in China made

up more than half (51%) of T
global growth in solar in 2023.

Major year-on-year increases

Australia -

in solar generation were also open I

seen in the United States (+33 south Africa i

TWh, +16%), Brazil (+22 TWh, Netherlands I}

+72%) and India (+18 TWh, nd |

+19%). Brazil nearly doubled Rest of World ||
0

solar generation due to new 50 100 150
regulation and feed-in tariffs. Source: Annual electricity data, Ember EMB: R
Together the top four solar

growth countries accounted for 75% of growth in 2023.

The remaining solar growth was widespread, with countries outside the top ten contributing 13%
(32 TWh) of global growth.
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2023 saw substantial increases
and new records in solar
generation for every month of
the year. The highest monthly
generation occurs from May to
August when solar irradiation

is highest in the northern
hemisphere, which is where
most of the world's solar
installations are located.

In August 2023, a new record
was set for the all-time monthly
high for solar generation at 159
TWh. August’s record was 28%
above generation in August
2022 and 23% above the

Solar: Monthly global electricity generation
Electricity generation (TWh)

Grey area represents range from 2019 to 2021

previous record of 129 TWh in July 2022.

Solar generation in every month between March to October of 2023 was higher than any month in

2022.

Solar: Long-term trend

Solar generation in 2023 was more than six times higher than in 2015

Global solar generation has
increased significantly over
the last two decades, from just
1TWh in 2000 to 1,631 TWh in
2023.1n 2023, solar was the
source with the largest year-
on-year percentage growth
for the 19th year running.

As a result, the share of solar
generation has increased from
just 11% in 2015 to 5.5% in
2023.

Most of the growth came in
recent years. Solar generation
in 2023 was more than six
times larger than in 2015 (256

Solar: Role in the global electricity mix over time

Coal Gas Other fossil Nuclear Bioenergy Hydro
Other renewables Wind [l Solar

Generation (TWh) Share of generation (%)

EMB=R

TWh). Solar still continues to accelerate and has more than doubled (+131%, +225 TWh) since
2019. Deployment of solar capacity has been rapidly increasing, in part due to costs falling by

87% from 2010 to 2020.
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Many countries have seen their
solar share increase. China’s
share in 2023 was above the
world average at 6.2% (584
TWh), up from just 0.7% (39
TWh) in 2015. Over the same
period, in the US the solar
share increased from 1% (39
TWh) to 5.6% (238 TWh) and in
Japan from 3.4% (35 TWh) to
1% (110 TWh).

Across all regions, solar
generation is playing a more

prominent role in the mix.

In Latin America, Brazil saw

Solar: Changes in the electricity mix since 2015 for
major regions and countries

Share of electricity generation (%)
2015 @ 2023

Regions Top 6 emitters

e e EMB=R

solar rise from negligible amounts in 2015 (0.01%, 0.06 TWh) to 7.3% (52 TWh) in 2023. In Chile, solar
went from 19% (1.4 TWh) in 2015 to 20% (17 TWh) in 2023.

Large increases also occurred across Europe. Spain saw an increase from 5% (14 TWh) in 2015 to
17% (45 TWh) in 2023. Germany saw its share double from 6% (38 TWh) in 2015 to 12% (62 TWh) in

2023.

The Middle East and Africa are still lagging behind, but countries like South Africa (11% in 2015
to 6.8% in 2023) and the United Arab Emirates (0.2% in 2015 to 4.5% in 2022) have seen recent

increases.

Solar: Progress towards net zero

Growth in solar generation is on track for net zero targets

Global solar generation needs
to grow by more than five
times from the current 1,631
TWh in 2023 to 8,316 TWh in
2030, according to the IEA_
Net Zero Emissions scenario.
This would take solar’'s share
of global electricity generation
from 5.5% in 2023 to 22%

in 2030. Solar’s trajectory in
the scenario is steeper than
current deployment rates,
although additions have
increased rapidly in the past
few years.

Solar: Progress towards net zero

Generation from source (TWh) Share of global electricity generation (%)
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https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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In the IEA NZE scenario, solar continues to grow beyond 2030, making up 43% of all generation

in 2050.

While solar generation will need to see a large rise across the globe, country trajectories will
inevitably vary. Countries with good solar conditions like Australia, China or the US may well
exceed the global average, while others will rely more on other clean sources like wind, hydro
and nuclear in their power sector transition.

In 2023, solar generation

rose by 23%. This was slightly
below the average growth
rate recorded since 2015, of
26%. However, the growth
rate from 2016 to 2022 was

in line with net zero targets,
and as explained in Chapter
2.2 the slower growth in 2023
does not represent a structural
slowdown. To align with the
goal for solar generation
outlined in the IEA NZE
scenario, an average annual
growth rate (CAGR) of 26%
needs to be maintained from
2023 to 2030.

Solar: Annual change needed for 1.5 degrees
Annual change in generation (%)

Average 2016-2022* [l Needed for 15 degrees*

IEA pathway to net zero

This growth rate would see larger and larger absolute increases every year. This requires additions
in generation of more than 1,000 TWh per year by 2030, compared to the 314 TWh in 2023.
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Global wind generation reached a new record high, adding

enough electricity to power all of Poland

32 countries generated more than a tenth of their electricity

from wind power in 2023

Wind generation has nearly tripled since 2015

The economies with the largest increases in wind share

between 2015 and 2023

Share of electricity generation (%)
Year @ 2015 @ 2023+

Denmark
Uruguay [ 2 t 1 t @
Ireland L2

United Kingdom . B
Germany *-— -
Netherlands - P

Greece [

Sweden [ S

Belgium . | .

Finland - -
Kenya & @

Brazil | e
Chile *~—1—18
Norway | = -«
Argentina @ ——8
! i i i i | ! | i

e} 5 10 15 20 25 30 35 40 45

Source: Annual electricity data, Ember

*2023 or latest available year

Graphic shows top 15 increases; analysis only includes countries with at least 10 TWh of
electricity demand and electricity imports of less than 50% of demand
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Wind: Current status

32 countries generated more than a tenth of their electricity from wind power

in 2023

Wind produced 7.8% (2,304
TWh) of global electricity in
2023.

Wind, alongside solar, is key

to reducing emissions in the
electricity sector. Both sources
will form the backbone of the
future electricity system by
providing nearly 70% of global
electricity by 2050. Therefore,
rapid scale-up is required this
decade.

Wind: Role in the global electricity mix in 2023

Share of electricity generation, by source (%)

Il Wind |l Solar Other renewables [JllHydro [Jll Bicenergy [llNuclear
| Other fossil [lGas [ij Coal

0 20 40 60 80 100

—
Source: Annual electricity data, Ember E M B = R

China leads the world in wind
power. It generated 886 TWh
from wind in 2023, more than
twice that of the United States
(425 TWh) and six times that of
Germany (137 TWh).

32 countries generated more
than a tenth of their electricity
from wind power in 2023.
Denmark had the highest
share of wind generation in

the electricity mix at 58% in
2023, up from 54% in 2022
and setting a new record high.
Ireland had the second highest
share at 36%.

Wind: Global rankings in 2023

Generation (TWh) % share Per capita (kWh)

World ]

tion —
ed —

2 c o o T
oo S0 .J 32 = 3
3 !

The Scandinavian countries of Sweden (3,317 kWh), Denmark (3,316 kWh), Norway (2,769 kWh) and
Finland (2,643 kWh) lead the world in wind generation per capita.
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Wind: Change in 2023

Global wind generation reached a new record high, adding enough electricity

to power all of Poland

Global wind generation reached
anew record high of 2,304 TWh
in 2023, up 206 TWh (+9.8%)
compared to 2,099 TWhin
2022. As a result, wind's share

in the global electricity mix
increased from 7.3% in 2022 to
78% in 2023.

The growth in wind power in
2023 of 206 TWh was the third-
largest addition after 2021and
2022.

Wind: Global generation in 2023 compared to the
historical trend

Total (TWh) Year-on-year change (TWh)

|‘ ?I.:: |‘|
100
2010

2020 200 2020

EMB=R

China’s wind increase of

123 TWh (+16%) accounted
for 60% of global wind
generation additions in 2023.
It was more than eight times
higher than the second-
highest increase recorded in
Brazil of 14 TWh (+17%).

Across the EU, wind
generation grew by 50

TWh (+12%) with the largest
increases in Germany, France
and the Netherlands.

The US saw wind generation
fall 9 TWh (-21%) despite

Wind: Largest generation changes in 2023
TWh
Global change in 2023: 206 TWh

Inclia

s
2
o
o

EMB=R

capacity additions, due to unfavourable wind conditions. Generation is expected to rise again in

2024.
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Throughout 2023, monthly

global wind generation Wind: Monthly global electricity generation
remained mostly above 2022 Electricity generation (TWh)
values. Grey area represents range from 2019 to 2021

December 2023 set a new i

all-time monthly record for 2023
wind generation with 231 240 2ee
TWh, a 14% increase over

December 2022.

Wind generation is

generally highest during

the winter months in the

northern hemisphere, with

wind capacity currently Source: Monthly electricity data, Ember EMB=R
concentrated in Europe, the

US and China.

Wind: Long-term trend

Wind generation has nearly tripled since 2015

Wind and solar are currently
the only two sources Wind: Role in the global electricity mix over time
growing SUbStantia”y in the Coal Gas Other fossil Nuclear Bioenergy Hydro
global electricity mix. Wind Other renewables [Wind ~ Seolar
generation was just 31 TWh Generation (TWh)

and 0.2% of the mix in 2000.

In 2015, this had grown to
830 TWh and 3.5%. In just
eight years since 2015, wind
generation nearly tripled to 15,000

2,304 TWh, with its share 10000 B ot 40
more than doubling to 7.8% in

2023. ‘_____d 4____-‘

Share of generation (%)

Europe has the highest share of wind generation. This was mainly driven by increases in the EU,
where the share of wind generation reached a record high of 17% in 2023 — almost double the
9% share in 2015. Over the same period, the share in the United Kingdom increased from 12% to
28%, and in Denmark, it reached a share of 58%, up from 49% in 2015.
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The Americas, Asia and

Oceania also saw rapid build Wind: Changes in the electricity mix since 2015
up of wind power in some for major regions and countries

countries. In Australia, wind Share of electricity generation (%)

generation increased from 2015 @2023

47% in 2015 t0 1219 in 2023. Regions _ . Top 6 emitters
China's share increased from R

3.2% to 94% in the same _E o === f ' e
period. Wind generation in o ' I nited State —

the US increased from 4.7%
in 2015 to 10% in 2023, while
Brazil's share reached 13% in
2023, up from 3.7%.

Africa and the Middle East
have recently seen more wind
installations, but shares still
lag behind. Morocco stood out with an increase in wind generation share from 2015 to 2023
from 8.4% to 14.8%.

erves and Gerlbiseer EMB=R

Wind: Progress towards net zero

To reach net zero, wind needs to grow at twice the rate it did in 2023

According to the [EA Net

Zero Emissions scenario. Wind: Progress towards net zero
9|Oba| wind generation needs Generation from source (TWh) Share of global electricity generation (%)
to increase to 7070 TWh in .

) ’ h
2030 from today’s 2,304 TWh e ) e
to meet rising demand and <0009 i e
replace fossil fuels. This would J i
increase the share in the mix 000 '," ,."
from 7.8% to 18.5%. By 2050, § &

] o 4

the IEA NZE scenario sees 7 % g
wind growing further to 31% }o' i
of the global electricity mix. 5,00C v

Wind generation is not -—/

expected to rise uniformly
across the world. The |argest Source: Annual electricity data, Ember, IEA Net Zero (2023 EMBE R
increases are expected in
China, the US and Europe.



https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/renewables-2023/executive-summary
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Global wind generation
rose by 9.8% in 2023. This Wind: Annual change needed for 1.5 degrees
was significantly below Annual change in generation (%)

the average annual growth
of 14.2% seen between
2016 and 2022. In part this
was caused by temporary B o e
weather conditions in the

US. Additionally, capacity
additions — while larger in L
absolute terms every year
— are not yet growing fast 5
enough to maintain high

0

percentage growth rates.

Average 2016-2022* [l Needed for 1.5 degrees*

20

20Z0

EMB=R

S0

To align with the IEA NZE et
scenario, global wind

generation needs to grow at an average 16.2% every year through to 2030. This is nearly twice
as fast as in 2023 and two percentage points higher than the average growth between 2015 and
2023.
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4.3 Coal

Key highlights

01 Coal generated 35% of global electricity in 2023, with China
responsible for more than half of global generation

O 2 The increase in global coal generation was driven in large part
by low hydro output in just four countries

03 OECD economies including the EU, US and Japan saw major
falls

There were major coal falls in the US, the EU and Japan in
2023

Annual change in electricity generation from coal (%)

United States EU Japan
20

2010 2015 2020 o 2070 2010 2020 2025 20710 £ 2025
ce: Annual electricity data, Ember
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Coal: Current status

Coal generated 35% of global electricity in 2023, with China responsible for
more than half of global generation

Coal generated 35% (10,434

TWh) of global electricity in 2023, Coal: Role in the global electricity mix in 2023

remaining the largest source of Share of electricity generation, by source (%)

electricity generation. Wind Sl o N o o -
-.Dtlkr:er ﬁgsil O;Gas Hrrcrg;}ewa es [lHydro [l Bioenergy llNuclear

Coal power is the single largest

contributor to emissions from
the power sector, and indeed
the single largest source of
emissions across the entire World
global economy. The world
must move rapidly to reduce its
role in the next two decades to
0 20 40 60 80 100

have a chance at limiting global

warming to 1.5C. As per the IEA.

Net Zero Emissions scenario, Source: Annual electricity data, Ember EMB=R
unabated coal plants will have to

be phased out by 2030 in mature economies and by 2045 in emerging economies.

China produced by far the most

electricity from coal in 2023 Its Coal: Global rankings in 2023
output of 5716 TWh represented Generation (TWh) % share Per capita (kWh)
more than half (55%) of total Taiwan
global coal generation in 2023. australia | R
India produced the second .
highest amount of electricity Kazakhstan
from coal, but at 1,480 TWh this south korea [ RS
amounted to only a quarter of ( Kosow
China's coal generation. ) Serbia

:

3,22

Just 13 countries generated Bc 5054
more than half of their electricity

from coal. Kosovo had the ] |

highest share of coal power

in its electricity mix (88%). EMB=R

Mongolia (85%) and South
Africa (81%) had the second and third highest shares respectively. China and India were also in the top
ten for share of generation from coal, producing 60% and 75% of their electricity from coal.

Taiwan (5115 kWh) and Australia (4220 kWh) had the highest coal generation per capita, more than three
times the world average of 1,319 kwh.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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Coal: Change in 2023

The increase in global coal generation was driven largely by low hydro output
in four countries, but OECD economies including the EU, US and Japan saw
major falls

Coal generation reached

another record high in 2023. Coal: Global generation in 2023 compared to the
Globally, 10,434 TWh of historical trend
electricity was produced from Total (TWh) Year-on-year change (TWh)

coal last year.

Generation increased by 146

TWh (+14%) compared to 2022,

slightly higher than the annual

growth seen from 2021to 2022 5000
of 131 TWh (+1.3%). However,

while total global electricity

generation increased, the share
of coal in the global mix has
actually fallen slightly, by 0.3 L)
percentage points, from 357% Source: Annual electricity data, Ember EMB=R
in 2022 to 354% in 2023.

500
' ' '
2020 2001

2010 0
2010 .

Of countries with available
data for 2023, 38 showed falls ~ Coal: Largest generation changes in 2023
in coal generation and only 14 TWh

showed increases. Only four Global change in 2023: 146 TWh

countries had increases over :
10 TWh, driven in large part

by drought conditions that
caused low hydro output.

Coal generation increased
most in China (+319 TWh,
+59%) and India (+100 TWh, 3¢
+7.3%). Smaller increases Unite
were recorded in Viet Nam Rest of Worlc
(+24 TWh, +23% T\/\/h) and 200 100 O 100 20C 300
Mexico (+12 TWh +55%). Source: Annual electricity data, Ember EMB=R

In the US, coal generation
collapsed 156 TWh (-19%). In Germany, coal fell by 45 TWh (-25%). The entire EU saw a fall of 113
TWh (-25%).
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In January and February 2023,
coal generation remained
below 2022 values. However,
as droughts in China

reduced availability of hydro
generation, coal generation
saw larger increases from
March to July.

In the second half of the year,
coal generation was only
slightly above 2022 as hydro
generation in China returned
to previous levels. With China
accounting for more than

half of global coal generation,
changes in the country have a

Coal: Monthly global electricity generation

Electricity generation (TWh)

Grey area represents range from 2019 to 2021

W oz

large-scale impact on generation worldwide.

2023

EMB=R

Generation tends to be high in the winter and summer months of the northern hemisphere
when electricity demand peaks due to increased demand from heating and air conditioning.

Coal: Long-term trend

Coal’s share in the electricity mix has declined since its peak in 2013

Electricity generation from coal
has been consistently growing
for the last two decades.
Generation nearly doubled
from 5,809 TWhin 2000 to
10,434 TWh in 2023.

At the same time, the share
of coal in the electricity mix
decreased slightly, from 38%
in 2000 to 35% in 2023. Coal
generation share increased
globally until 2013 when it
reached a peak of 41%. Even
though coal generation
continued to grow after 2013,
growth was slower than
increases in overall electricity

Coal: Role in the global electricity mix over time

Il Coal Gas
Other renewables

Generation (TWh)

Other fossil
Wind

Nuclear Bioenergy

Solar

Share of generation (%)

Hydro

EMB=R

demand, resulting in declining share. In particular, additions of solar and wind power in the last
decade have resulted in coal's share of the mix declining six percentage points from its peak in

2013.



Since 2015, the share of coal
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generation has fallen across
all regions. The largest falls
came from North America,
driven by growth in gas in the
United States pushing coal
out. As a result, coal share in
the region fell from 30% in
2015 t0 14% in 2023. Globally,
the share of coal fell from

39% to 35% over the same
period.

Among the top emitters,
China, the US and the EU all
saw large falls in coal share. In
the US, the share more than

Coal: Changes in the electricity mix since 2015 for
major regions and countries

Share of electricity generation (%)
2015 @2023

Regions

Top 6 emitters

d Caribbear EMB=R
halved, falling 17 percentage points from 33% to 16% of the mix.

Coal: Progress towards net zero

Net zero pathways see coal generation halve this decade, a sharp reversal of
the ongoing increases

According to the IEA Net

Zero Emissions scenario, coal
generation needs to be almost
entirely phased out by 2040.
By 2030, this pathway requires
a halving of coal generation,
from 10,434 TWh in 2023 to
5144 TWh. As a result, the share
in the global electricity mix

would fall from 35% now to just
14% by 2030.

On this pathway, countries in

Europe and North America, as
well as other OECD countries
such as Australia, Japan and
South Korea, which have a

larger historical responsibility

for emissions, would phase out coal by 2035. For less developed countries with large amounts

Coal: Progress towards net zero

Generation from source (TWh)

Share of global electricity generation (%)
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of coal generation — such as China, India and Indonesia — the next step is to end growth in coal
generation and begin a phasedown.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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Between now and 2030, the
IEA NZE scenario requires

an average 8.5% annual
decrease in coal generation.
In 2023, generation increased
by 1.4%, while the average
annual growth recorded since
the Paris Agreement in 2015
was 1.5%.

However, there are
encouraging signs in the
OECD. From 2016 to 2022,
coal declined by an average
of 5% annually across OECD
countries. In 2023 the decline
accelerated to 13%.

Coal: Annual change needed for 1.5 degrees

Annual change in generation (%)

Average 2016-2022* [l Needed for 1.5 degrees*

IEA pathway to net zero
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Key highlights

01 The US was responsible for a quarter of global gas generation in
2023, more than three times the second largest generator, Russia

O 2 US gas growth prevented a global fall in gas generation in 2023

03 The world’s three highest power sector emitters per capita are all
highly dependent on gas: Bahrain, Qatar and Kuwait

Without the US, global gas generation would have fallen in the
last two years

Year-on-year change in electricity generation from gas (TWh)
I World |l United States Rest of Werld

500

400

300 I

200 l

100

0

_‘|GO - .

! : .
2010 2015 2020 2023

Source: Annual electricity data, Ember EMB:R
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Gas: Current status

The US was responsible for a quarter of global gas generation in 2023, more
than three times the second largest generator, Russia

Fossil gas produced 23%
(6,634 TWh) of global electricity ~ Gas: Role in the global electricity mix in 2023

in 2023, the second-largest Share of electricity generation, by source (%)
source worldwide.

Il Wind |l Solar Other renewables [JllHydro [Jll Bicenergy [llNuclear
| Other fossil llGas [l Coal

After coal, gas is the second-
largest contributor to
emissions from the power
sector. Although it will play
arole in the medium term,
helping with power system
flexibility to accommodate
larger shares of wind and solar,
the use of unabated gas will be
limited as countries move to
clean power systems.

The US had the highest

electricity generation from gas Gas: Global rankings in 2023

in 2023 with 1,802 TWh (42% Generation (TWh) % share Per capita (kWh)

of the mix). This was more than ynited ieta Baeai
three times the second-highest, e Turkmenist..
Russia, at 545 TWh (46% of Uni )

the mix). US gas generation K [ 11964
accounted for more than a Oman EBA

quarter (27%) of the global total. Singe
Turkmenistan, Bahrain and
Qatar all produced nearly 100%
of their electricity from gas.
Globally, 15 countries had a gas
share of over 80%.

ot e
World I

Countries in the Middle East

with high electricity demand and a generation mix dominated by gas had the highest per capita gas
generation worldwide. Bahrain reached 24,281 kWh per capita - ahead of Qatar (20,177 kWh) and the UAE
(13,632 kWh).

The world's three highest per capita power sector emitters are all highly dependent on gas: Bahrain,
Qatar and Kuwait.
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Gas: Change in 2023

US gas growth prevented a global fall in gas generation in 2023

Gas generation reached a new
record high of 6,634 TWh in
2023. Gas generation was up
53 TWh (+0.8%) from 6,582
TWh in 2022.

Despite the record total gas
generation, the increase of
53 TWh is one of the lowest
increases recorded since
the turn of the century. While
generation increased, the
gas share fell slightly by 0.3
percentage points, from 22.8%
in 2022 to 22.5% in 2023 due
to overall electricity demand
rising at a faster rate.

Gas: Global generation in 2023 compared to the
historical trend

Total (TWh) Year-on-year change (TWh)
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Growth in gas generation in
2023 was largely driven by the
US, which saw an increase of
115 TWh — more than double
the global growth and more
than four times the increase in
China of 25 TWh. Iran recorded
the third-largest increase in gas
generation in 2023 (+14 TWh).

In other large economies, gas
generation is falling. In 2023,
Japan saw the largest fall with
27 TWh, followed by the UK (-24
TWh) both in part due to high
gas prices and a fall in electricity
demand. Italy (=23 TWh), Spain
(=23 TWh) and France (=14 TWh)
also recorded significant falls.

Gas: Largest generation changes in 2023

TWh
Global change in 2023: 53 TWh

United Kingdon
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Monthly global gas generation
across 2023 remained largely
similar to 2022. There were
minimal monthly fluctuations.

July and August recorded two
consecutive new all-time highs
for gas generation in a single
month, with 629 TWh and 633
TWh respectively, beating the
previous record set in August
2022 of 618 TWh.

Gas: Monthly global electricity generation

Electricity generation (TWh)

Grey area represents range from 2019 to 2021

600 2022
2023

Gas: Long-term trend

Gas generation has doubled since 2000, but growth is slowing

Global gas generation has
grown substantially over the
last two decades. It more than
doubled, rising from 2,745
TWhin 2000 to 6,634 TWhin
2023.

However, growth has been
slowing recently. In the four
years from 2015 to 2019, gas
generation increased 816
TWh. In the four years since,
generation only increased

a third of that (+265 TWh)
signalling a slowdown in global
gas growth.

Gas: Role in the global electricity mix over time
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The share of gas generation in the global electricity mix increased four percentage points, from 18%
in 2000 to 23% in 2023. Gas share peaked in 2019 at 24%.



The share of gas generation
increased in the Middle East and
Africa from 2015 to 2023, but

it has stagnated in Europe and

Gas: Changes in the electricity mix since 2015 for
major regions and countries

Share of electricity generation (%)
fallen in Latin America, Oceania 2015 @2023
and Asia.

Rgl op0 eriheis

In the US, the gas share R Husgels *

increased from 33% in 2015 - [

to 42% in 2023 as the country B

saw a significant shift from ; . ‘

coal to gas generation. From . ‘F =4 By
2015 to 2023, the growth P
in gas generation in the US |
contributed 43% of the total
global increase.

Gas plays only a small role in generation in China and India. Unlike the US, China and India are not

planning a transition from coal to gas generation and are instead focusing on the deployment of
renewables.

Gas: Progress towards net zero

Gas growth is slowing, but should be falling

According to the IEA Net
Zero Emissions scenario
gas generation needs to see

Gas: Progress towards net zero

Generation from source (TWh) Share of global electricity generation (%)
moderate falls until 2030,
dropping to 6,007 TWh from ,Eﬁg?;’;‘:’:" .;’?12?;’;‘:"5"
6,634 TWhin 2023, with larger o 1 ‘\‘
falls in the following decade "‘ )
to 2040. Although growth has - y '
been slowing in recent years, \ ".
this would represent a reversal ".‘ t
from current trends. ".‘ ".‘
e \'. % ‘\
This pathway sees the share of e L
generation from unabated and 0 - o) e
abated gas fa” from 23% Of U0 LOS0 2080 LUoU) 2000 2010 2020 2030 2040 2050
g|oba| e|ectricity generation in Source: Annual electricity data, Ember, IEA Net Zero (2023 EMBE R
2023 t0 16% in 2030 and then

further to just 2.4% in 2040.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions

The reduction in gas generation
by 2030 requires an average Gas: Annual change needed for 1.5 degrees
annual fall of 1%. From 2016 to Annual Change in generation (%)

2022, gas generation increased
by an average 2.5% per year.

Average 2016-2022* [l Needed for 1.5 degrees*

|EA pathway to net zero

The increase in 2023 of 0.8%,
while below the recent average,

4
still represents a trend in the
wrong direction. However, the
global energy crisis and high
gas prices over the last two _ . .

years have led to significant
falls in gas generation in Europe
and some Asian countries,
highlighting that a rapid change
in trend is possible.




Key highlights

01 Hydro remains the largest source of clean power globally

O 2 Global hydropower generation fell by a record amount in 2023
to a five-year low, as droughts affected output in the first half of
the year

03 Hydro generation has flattened since 2019, with less clean
electricity added to the mix at a crucial moment in the transition

Global hydro generation fell by a record amount in 2023

Year-on-year change (TWh)
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Source: Annual electricity data, Ember EMB:R
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Hydro: Current status

Hydro remains the largest source of clean power globally

Hydro power produced 14%
(4,210 TWh) of global electricity
in 2023.

Hydro power has an important
role in the current energy

mix. Not only is it the largest
source of clean power, but

it also provides flexibility to
help accommodate the large
influx of wind and solar. The
world needs new hydro power
plants, but in many regions
hydro resources have already
been maximised, and in others
where there is potential, the
projects may come at too high
an ecological cost.

Il Wind |l Solar

Hydro: Role in the global electricity mix in 2023

Share of electricity generation, by source (%)

Other renewables [llHydro [l Bioenergy [llNuclear
| Other fossil [lGas [ij Coal
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Source: Annual electricity data, Ember

In 2023, China produced the
most electricity from hydro
power with 1,244TWh (13% of
its mix), ahead of Brazil (431
TWh) and Canada (365 TWh),
which both rely on hydro for
about 60% of their electricity
generation.

Bhutan, Paraguay and the
Democratic Republic of the
Congo produce 100% of
their electricity from hydro.
Many other countries with
the right topography also rely
overwhelmingly on hydro.

Hydro: Global rankings in 2023

Generation (TWh) % share Per capita (kWh)
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Iceland and Norway lead the per capita generation of hydro power with 37642 kWh and 25164 kWh,

respectively.



Hydro: Change in 2023

Global hydropower generation fell by a record amount in 2023 to a five-year
low, as droughts affected output in the first half of the year

Despite continued additions of
new hydro capacity, generation
growth has stagnated since
2019. At 4,210 TWh, generation
in 2023 was lower than in 2019
(4,226 TWh) and significantly
below the level in 2020 (4,344
TWh).

2023 saw a record fall in hydro
generation (-88 TWh, -2.0%,).
Crucially, the fall in 2023 came
after a similarly large fall in
2021and only a moderate
recovery in 2022. Thisled to a
fall in hydro share in the global
electricity mix, from 15% in
2022 t0 14% in 2023.

Hydro: Global generation in 2023 compared to the

historical trend

Total (TWh) Year-on-year change (TWh)
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The largest increases in hydro
generation in 2023 occurred
in Paraguay (+13.0 TWh,
+30%), Italy (+9.5 TWh, +34%),
Argentina (+9.3 TWh, +39%)
and Norway (+77 TWh, +6%).
These countries all recorded
arebound in output as a result
of experiencing poor hydro
conditions in 2022, rather
than increases due to added
capacity.

The global fall in hydro
generation in 2023 was

predominantly driven by China,

where hydro fell by 59 TWh,

Hydro: Largest generation changes in 2023

TWh
Global change in 2023: -88 TWh

making up 67% of the global fall. This resulted in a larger increase in coal generation.

Canada, India, Viet Nam, Mexico and the United States also saw significant falls due to poor
conditions. Despite the rest of the world recording increases in 2023, the falls in China and other
countries were large enough to cause a significant global hydro deficit of 88 TWh compared to

2022.
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Global hydro generation
underperformed particularly in
the first half of 2023. This was
especially noticeable in May
and June, when droughts in
China had the largest impact.
Generation remained below
2022 levels until August and
even fell below generation
levels seen in 2019-2021 for
much of the first half of the
year.

Generation recovered partially
in the second half of the year,
with three months recording
five-year highs.

Hydro: Monthly global electricity generation
Electricity generation (TWh)

Grey area represents range from 2019 to 2021

400
2023
2022
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data, Ember

Hydro: Long-term trend

Hydro generation has flattened since 2019, adding less clean electricity to the
mix at a crucial moment in the transition

Hydro's role in the electricity
mix has become smaller over
the last two decades. While
generation increased from
2,629 TWhin 2000 to 4,210
TWh in 2023, the share in

the mix fell from 17% to 14%
due to total global demand
nearly doubling over the same
timeframe.

Over the last two decades,
hydro capacity continued to
increase, leading to consistent
growth in hydro generation
until 2020. As the last few
years have shown, however,

Hydro: Role in the global electricity mix over time

Coal Gas Other fossil Nuclear Bioenergy [JllHydro

Other renewables Wind Solar
Generation (TWh) Share of generation (%)
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poor hydro conditions in Latin America, China, the US and Europe have caused a plateau and even

small decreases in generation.

Although individual events like droughts may be temporary, hydro generation has remained
effectively flat since 2019, meaning that less clean electricity has been added to the mix at a critical

point in the energy transition.
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Hydro generation has
remained stable in the
electricity mixes of most
countries and regions since
2015, with relatively few
undergoing structural shifts in
their hydro generation.

Hydro generation tends to
fluctuate significantly from
year to year. Therefore,
small decreases in some
European countries, such as
Norway's change from 96%
in 2015 to 89% in 2023, do
not necessarily represent a
structural decline in hydro
generation.

Hydro: Changes in the electricity mix since 2015
for major regions and countries

Share of electricity generation (%)
2015 @2023
Regions Top 6 emitters
0 10 8] 20
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Shares of hydro generation are highest in the Americas, Asia and Europe. Only a few countries
in Africa rely on hydro for significant parts of their electricity mixes. In Nigeria, the share of
hydro increased from 19% in 2015 to 20% in 2023. The average generation share of hydro in the
Middle East was just 1.3% in 2023, slightly down from 1.5% in 2015.

Hydro power: Progress towards net zero

Hydro generation needs to return to growth to meet net zero goals

According to the IEA Net Zero
Emissions scenario, hydro
generation needs to increase
from the current 4,210 TWh

to 5,507 TWh in 2030 and
then further to 8,225 TWh in
2050. Due to the rapid growth
in electricity demand, the
share of hydro generation

is expected to fall to 11% by
2050.

While most of the clean
electricity additions are
expected to come from wind
and solar, other low emissions
sources like hydro and nuclear
are a key part of a successful
electricity transition.

Hydro: Progress towards net zero

Generation from source (TWh) Share of global electricity generation (%)
IEA pathway |IEA pathway
to net zero ‘,.-" to net zero
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https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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In 2023, hydro generation
saw its largest absolute and
second-largest percentage
fall in at least two decades.
The 2% fall was therefore
significantly out of step with
the 1.5% average annual
growth seen from 2016 to
2022.

For hydro generation to
grow in line with the IEA

NZE scenario, annual growth
until 2030 needs to reach
an average of 29% between
2023 and 2030 — double the
rate achieved between 2016

Hydro: Annual change needed for 1.5 degrees
Annual change in generation (%)
Average 2016-2022* [l Needed for 1.5 degrees*

[I I I

IEA pathway to net zero

20Z0)

and 2022. The fall in 2023 is a step in the wrong direction.

The IEA assumes hydro output from added capacity will continue at historic rates. However, the
long-term global outlook on the impact of climate change on hydro output is uncertain, as the
effects of climate change on hydro potential vary geographically. If hydro does not grow at the
rates needed, it is possible that solar and wind may need to compensate.


https://ember-climate.org/insights/research/global-electricity-mid-year-insights-2023/#chapter-1-global-analysis-global-hydro-output-sees-historic-fall
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The US, China and France accounted for more than half of
global nuclear generation in 2023

Nuclear generation rebounded slightly from a five-year low in
2022

Nuclear’s share in the mix has nearly halved since 2000

The US, China and France accounted for more than half of
global nuclear generation in 2023

Electricity generation (TWh)

Russia 21747 ‘South Korea 180.49
China 43472
Spain56.8
Canada 8851
Japan 77.45 Rest of World 4601
France 335.65
Ukraine 58.81

Source: Annual electricity data, Ember . EMB=R
Only economies with a share of global nuclear generation of more than 2% are labelled -
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Nuclear: Current status

The US, China and France accounted for more than half of global nuclear

generation in 2023

Nuclear power made up 91%
(2,686 TWh) of the global
electricity mix in 2023.

Nuclear power is an important
source of low-carbon energy.
Many scenarios foresee
nuclear power capacity
increasing significantly over
the coming decades in line
with growing electricity
demand.

Il Wind |l Solar

Nuclear: Role in the global electricity mix in 2023

Share of electricity generation, by source (%)

Other renewables [llHydro [l Bioenergy [llNuclear
| Other fossil [llGas [Jij Coal
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Source: Annual electricity data, Ember

In 2023, the US was the largest
producer of electricity from
nuclear power with 775 TWh,
ahead of China (435 TWh) and
France (336 TWh). Together,
these three countries account
for more than half (58%)

of global nuclear power
generation.

The highest shares were in
European countries, including
France (65%), Slovakia

(62%) and Hungary (44%).
Based on estimated data,
Ukraine generated 60% of its
electricity from nuclear power
in 2023.

Nuclear: Global rankings in 2023

Generation (TWh) % share Per capita (kWh)
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Finland (6,127 kWh) and France (5,201 kWh) have the highest per capita nuclear generation.
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Nuclear: Change in 2023

In 2023, nuclear generation rebounded slightly from a five-year low in 2022

In 2023, nuclear generation
rose slightly to 2,686 TWh —up
46 TWh (+1.8%) from a five-
year low in 2022. At the same
time, nuclear’s share in the mix
remained mostly unchanged
from 2022 at 91%.

After a period of consistent
growth from 2013 onwards, the
last five years have seen global
nuclear generation fluctuate
significantly. Retirements in
some European economies,
maintenance in France and
Japan, as well as growth

in China, have resulted in
increased volatility.

Nuclear: Global generation in 2023 compared to
the historical trend

Total (TWh)

Year-on-year change (TWh)

--------

France saw the largest
increase in nuclear generation
in 2023 (+41 TWh) ahead of
Japan (+26 TWh) and China
(+17 TWh). France’s additions
were due to a recovery

of reactor availability from

the previous year. Similarly,
reactors coming back online
after maintenance caused the
generation increase in Japan.
China’s increase represents
new additions to the country’s
nuclear fleet.

The largest reductions
occurred in Germany (-26

Nuclear: Largest generation changes in 2023

TWh
Global change in 2023: 46 TWh

EMB=R

Source: Annual electricity data, Ember

TWh), which completed its planned phaseout of nuclear power in 2023. Belgium also saw a
significant reduction (<10 TWh) due to reactor retirements.
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Despite starting the year
below the January 2022
level, nuclear generation was
higher for 2023 from April
onwards.

Nuclear generation does
not traditionally see large
seasonal fluctuations.
Maintenance is scheduled for
summer months to minimise
disruption during the

winter when there is higher
electricity demand. This
explains the slightly lower
summer generation values
in the northern hemisphere,

Nuclear: Monthly global electricity generation
Electricity generation (TWh)

Grey area represents range from 2019 to 2021

2023
A 2022

where most nuclear installations are located.

Nuclear: Long-term trend

Nuclear’s role in the electricity mix has declined since 2000

Nuclear generation in 2023
was only slightly higher than

in 2000, increasing by 145
TWh (+6%), from 2,541 TWh

to 2,686 TWh. However, 2023
levels are the result of a fall and
recovery after the Fukushima
disaster in 2011 which resulted
in generation dropping
significantly in 2011 and 2012,
primarily in Japan.

Due to global electricity
demand nearly doubling over
the same period, the share of
nuclear power in the global
electricity mix has declined
significantly. In 2000, 16.6% of

Nuclear: Role in the global electricity mix over time

Coal Gas Other fossil lNuclear
Other renewables Wind Solar

Bicenergy Hydro

Generation (TWh) Share of generation (%)

100

global electricity came from nuclear power. This had shrunk to 91% by 2023.
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The global share of nuclear
generation declined from
10.6% in 2015 to 91% in 2023.
Asia and the Middle East were
the only two regions that saw
an increase in nuclear share,
with new reactors coming
online in the UAE, Japan and
China.

Europe saw a stronger
decline due to Germany’s
nuclear phaseout as well as
lower output in France.

Japan's nuclear share
increased rapidly from just

Nuclear: Changes in the electricity mix since 2015
for major regions and countries

Share of electricity generation (%)
2015 @2023

Regions Top & emitters
0 5 10 O 5 10 15

0.4% in 2015 to 7.6% in 2023 as the country restarted reactors. All of Japan’s nuclear reactors
were shut down after the Fukushima nuclear disaster in 2011.

Nuclear: Progress towards net zero

Nuclear needs to grow nearly three times faster than 2023’s rate to achieve

net zero

The IEA Net Zero Emissions
scenario sees nuclear
generation growing
significantly, from 2,686 TWhin
2023 t0 3936 TWh in 2030 and
6,015 TWh in 2050.

With electricity demand
growing as well, the share of
nuclear power would remain
roughly stable over the next
three decades. By 2030, the
share would reach 10.3%, up
slightly from 91% in 2023, and
would fall to 7.8% by 2050.

Slow build up of new nuclear

Nuclear: Progress towards net zero

Generation from source (TWh) Share of global electricity generation (%)
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plants may mean that additional wind and solar growth is needed to meet the clean electricity
additions required in a net zero scenario.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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In the IEA scenario, nuclear
generation would grow Nuclear: Annual change needed for 1.5 degrees
49% annually until 2030. Annual change in generation (%)

The average annual growth

Average 2016-2022* [ Needed for 1.5 degrees*
rate from 2016 to 2022 was

significantly below this at [Eripatiway tonetzern
0.6%. Even 2023's growth

rate of 1.8% is more than

three times slower than -. . = .

required in the scenario. 2021
almost reached the required
level, with growth of 4.3%,
but this happened in the -4
context of a rebound from
low generation in 2020.

20Z0




Key highlights

01 The share of bioenergy more than doubled since 2000, but
remains low at 2.4%

O 2 Electricity generation from bioenergy increased most in China
and Japan in 2023 and fell most in the US

03 Further expansion of bioenergy in net zero pathways presents
an emissions risk

The role of bioenergy will remain limited in a net zero power
sector

Share of global electricity generation (%)

Il Bicener: Wind Solar Other renewables Hydro [ Nuclear Other fossil
I Gas %oa’

Global electricity mix in 2023 ‘ _

Global electricity mix in 2050
(IEA NZE scenario)

0 10 20 30 40 50 &0 10 80 90 100

Source: Annual electricity data, Ember, IEA NZE (2023) E M B: R
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Bioenergy: Current status

Bioenergy produces 2.4% of global electricity

Bioenergy power produced
24% (697 TWh) of global Bioenergy: Role in the global electricity mix in

electricity in 2023. 2023

Share of electricity generation, by source (%)

Although bioenergy is
; Il \Wind [l Sclar Other renewables [llHydro [l Bicenergy [llNuclear
categorised as a renewable Other fossil M Gas [l Coal

source in this report, its
climate impact is highly

dependent on the type of

feedstock used and how

it was sourced. Scientific R

evidence is mounting that in

some cases using bioenergy

for power contributes to o - i o 5 e

climate change. Wider social

and ecological impacts also Source: Annual electricity data, Ember EMB=R

constrain its use, which

renders bioenergy a questionable approach for power sector decarbonisation. Other clean power
generation will likely be a more viable option.

China produced the most

electricity from bioenergy Bioenergy: Global rankings in 2023
in 2023 With 204 T\/\/h, Generation (TWh) % share Per capita (kWh)
representing more than a Denmark Finland

quarter of global generation Finland Denmark
from bioenergy, followed by 5
Brazil (54 TWh) and Japan (49
TWh).

18 countries generated more
than 10% of their electricity
from bioenergy in 2023.
Denmark had the highest share
of bioenergy in its electricity
mix at 21%, ahead of Finland
(14%) and the UK (12%).

Finland had the highest per capita electricity generation from bioenergy at 2,000 kWh, ahead of
Denmark (1182 kWh) and Sweden (1125 kWh).
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Bioenergy: Change in 2023

In 2023, electricity generation from bioenergy increased most in China and
Japan and fell most in the US

Bioenergy reached a new
record high of 697TWh in 2023. Bioenergy: Global generation in 2023 compared to

the historical trend

o

Electricity generation from Total (TWh) Year-on-year change (TWh)
The increase in bioenergy
in 2023 was slightly larger

bioenergy increased by 21 TWh
(+31%) from 2022 levels (676 e
TWHh). The share of bioenergy ‘ |
. il I||| | I\
than in 2022, but smaller than lIIIllI“Il“|||“ : l
annual increases from 2017 o .
to 202’] However, thlS does 1 2010 2020 2001 2010 2020

in the global electricity mix
remained unchanged at 2.4%.

not represent a structural \nnual electricity data, Ember EMBER
slowdown but rather a

correction from record growth in 2021 during the energy crisis, when high fossil prices led to an
increase in bioenergy.

The biggest increase in

bioenergy in 2023 came from Bioenergy: Largest generation changes in 2023
China which added 28 TWh TWh
(+16%), followed by Japan (+73  gjopa change in 2025: 21 Twh

TWh, +18%).

==

The largest decline in O
bioenergy generation i
occurred in the US, falling by =
44 TWh (-8.5%). In Germany, Net =
bioenergy fell 21 TWh (-4.4%). United | IS
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In 2023, global bioenergy
generation was higher in Bioenergy: Monthly global electricity generation
every month compared to Electricity generation (TWh)

previous years. Bioenergy
generation reached an
all-time monthly record in

December 2023 at 48 TWh. 2023
40 W 2022

Bioenergy only shows

small seasonal variations in
generation. Generation in the
peak month of December
was only 1 TWh higher than
in June - the month with the
lowest values.

Grey area represents range from 2019 to 2021

rce: Monthly electricity data, Ember EMBE R

Bioenergy: Long-term trend

The share of bioenergy more than doubled since 2000, but remains low at
24%

Bioenergy generation has

more than quadrupled since Bioenergy: Role in the global electricity mix over
2000, from 154 TWh to 497 time
TWh in 2023. _ :

Coal Gas Other fossil Nuclear [l Bioenergy Hydro

Other renewables Wind Solar

While generatlon has Generation (TWH) Share of generation (%)
increased significantly, 30,000

bioenergy still only represents
a small part of the global
electricity mix. The share of
bioenergy increased from 1%
in 2000 to 2.4% in 2023.
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The share of bioenergy
increased slightly in most
regions. The largest increase
was in Asia, with the share
increasing from 1.4% to 2.4%.

Japan saw a significant
increase in its bioenergy
share, from 2.8% in 2015 to
4.8% in 2023.

In China, the share of
bioenergy increased slightly
from 09% to 2.2% over the
same period.

Bioenergy: Changes in the electricity mix since
2015 for major regions and countries

Share of electricity generation (%)
2015 @2023

Regions Top & emitters

Bioenergy: Progress towards net zero

Reliance on bioenergy in net zero pathways presents an emissions risk

Despite concerns around
emissions from bioenergy
generation, the IEA Net Zero
Emissions scenario sees a
somewhat increased role for
bioenergy in the electricity
mix as a flexible source of
electricity. Some models rely
on bioenergy with carbon
capture and storage (BECCS)
to deliver negative emissions.
In the IEA scenario, BECCS
would only account for 177% of

bioenergy generation in 2050.

In the pathway, bioenergy’s
share in the mix would

Bioenergy: Progress towards net zero

Generation from source (TWh) Share of global electricity generation (%)
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increase to 3.6% by 2030 and 4% by 2050, from a current share of 2.4%. This would see bioenergy
generation grow from the current 697 TWh to 1,313 TWh by 2030 and 3,056 TWh in 2050.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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To align with the IEA

NZE scenario, bioenergy
generation would have to
grow at an average annual
rate of 8.4% between 2023
and 2030.

This rate is not only
significantly above 2023’s
growth rate of 3.1%, but
crucially also above the
longer term growth rate of

51% observed between 2016

and 2022.

The risk of emissions, plus
wider social and ecological

impacts, constrains the use of

bioenergy for decarbonising
the power sector.

Bioenergy: Annual change needed for 1.5 degrees

Annual change in generation (%)

Average 2016-2022* [l Needed for 1.5 degrees*

IEA pathway to net zero




Chapter 5 - Major Countries and Regions

Analysis of key power
sector emitters in

2023

This chapter provides a deeper analysis of what has happened in
countries and regions that are the world'’s top six emitters from the
electricity sector. Collectively, they are responsible for around 72% of
global emissions from the electricity sector.

We have ordered the sections in this chapter according to the amount
of emissions produced from the electricity sector of the given country
or region in 2023.

A summary analysis of the current state of play of the electricity
transition in a further twenty-five countries and regions that are
among the world biggest absolute CO2 emitters can be found in the
Annex - Country Snapshots.

Chapter contents

104 51 China

12 5.2 United States
120 5.3 India

128 S.4 European Union
135 5.5 Russia

141 5.6 Japan
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China accounted for 37% of global generation from solar and
wind and more than half of global coal-fired electricity in 2023

China added more than half of the world’s new wind and solar
generation in 2023

Without wind and solar growth since 2015, China’s power
sector emissions would have been 21% higher in 2023

China added more than half of the world’s new wind and solar
generation in 2023

Annual additions of electricity generation from wind and solar (TWh)

[l China Rest of World

200 : :
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2010 2015 2020 2023

Source: Annual electricity data, Ember E M B E R
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China: Current status

China was responsible for 37% of global generation from solar and wind in
2023, and more than half of global coal-fired electricity

In 2023, China was the largest

power sector emitter globally, China: Electricity mix in 2023

emitting 5,491 million tonnes of Share of electricity generation, by source (%)

CO2 (MtCO2) from electricity

generation — more than three -g.f::edr f‘g‘yils-ala-rGaSanrcréa&l:iewahles B Hydro [l Bioenergy [l Nuclear

times as much as the US

(1,570 MtCO2) and India (1,404

are largely caused by its high

generation.
o] 10 20 30 10 &0 70 80 90 100

(6,102 TWh) of its electricity

from fossil fuels. 60% of S
generation came from coal. Gein il blee by data Crnbe EMB=R
China’s coal share is above

the regional average in Asia

of 56% and significantly above the global average of 35%. In 2023, China was responsible for more
than half (55%) of global coal generation.

Clean electricity made up 35% (3,353 TWh) of China’s electricity mix with hydro remaining the
largest single source of clean electricity at 13% (1,244 TWh).

Wind and solar recorded a new record high share of 16% (1,470 TWh) in 2023, together surpassing
hydro, as a result of China’s rapid build out of new wind and solar capacity. China was responsible for
37% of global generation from solar and wind in 2023, and now generates enough electricity from
these two sources to power the whole of Japan.

At 581 gCO2 per kWh, the carbon intensity of China’s electricity generation is significantly above the
global average of 480 gCO2/kWh.

China's electricity demand has grown rapidly over the last decade while population growth has
stalled. At 6.6 MWh in 2023, China’s per capita demand was nearly twice the world average (3.7
MWh) and that of Asia (3.5 MWh).

China’s per capita emissions from electricity generation (32 tCO2) were more than twice the world
average of 1.8 tCO2.
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Electricity provided 28%

of China's final energy
consumption in 2022,
compared to the world
average of 21%. China is ahead
of the curve in electrification
of its wider economy,
deploying key technologies
such as EVs and heat pumps
faster than any other country.
This added almost 120 TWh to
its electricity demand in 2023,
compared to less than 90
TWh in the rest of the world
combined.

China: Power sector status in 2023

@China ( Asia @World  Other countries

Carbon intensity (QCO2/kWh)
® O

Demand per capita (MWh)

> e

Emissions per capita (tCO2)

« o

Electricity % of final energy consumption*

China: Change in 2023

China added more than half of the world’s new wind and solar generation in

2023

China'’s electricity demand
continued to grow in 2023,
increasing by 69% (+606 TWh)
compared to the previous
year. This was higher than

the average annual demand
growth of 59% between 2013
and 2022 and well above the
low demand growth in 2022 of
37% (+314 TWh).

Wind (+123 TWh, +16%) and
solar (+156 TWh, +37%) met
46% of the demand increase.
They continued to be the
sources with the fastest
relative growth in generation.

China: Changes in electricity generation in 2023
TWh

EMB=R

China made up 51% of global growth in solar and 60% of global growth in wind in 2023.

Coal generation (+319 TWh, +59%) met most of the remaining increase (53%). Poor hydro conditions
meant that hydro generation fell 59 TWh (-4.5%), resulting in greater use of fossil fuels. China’s
increase in coal generation was more than twice the global increase of 146 TWh.
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With coal generation
increasing in 2023, China’s
power sector emissions rose
by 59% (+307 MtCO2) — six
times higher than the global
average of 1%. Between 2016
and 2022, average annual
emissions growth in China was
at 4.2%.

The 2023 emissions growth
comes after a near plateau

in 2022, with an increase of
just 1.4% that year. This was
due to lower demand growth
in 2022 (+314 TWh) caused
by the ongoing impact of
China’s ‘zero-Covid' policy.

China: Annual changes in power sector emissions
Year-on-year change in emissions from electricity generation (%)
Covid-19

pandemic
and recovery

Financial
crisis and
recovery

] ] ]
2005 2010 205 2020

EMB=R

Source: Annual electricity data, Ember

Furthermore, wind and solar met two-thirds of China’s electricity demand increase in 2022,
compared to 46% in 2023, resulting in a reduced need for additional coal generation.

March to July saw large falls in
hydro generation in China as
droughts led to low reservoir
levels and lower output.
Consequently, coal generation
increased most during this
period. In the second half of
the year, hydro rebounded
slightly, although some of this
rebound can be explained

by low generation during the
same months in 2022, when
droughts had already started
to impact hydro generation.

Solar and wind grew
consistently throughout the
year. The largest increase

China: How electricity generation changed during
2023

Year-on-year change in generation (TWh)

Coal [l Gas Other fossil llNuclear [l Hydro
Wind [l Solar [l Net imports

Other clean

e: Annua
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was recorded in November. Solar generation grew by 20 TWh compared to November 2022 —
equivalent to more than the annual solar generation of the Netherlands.
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China: Long-term trend

China’s coal generation has increased fivefold since 2000, meeting more than
half of the rise in demand

Alongside sustained strong

growth in electricity demand, China: How electricity generation and power

China's power sector sector emissions have evolved over time

emissions have also increased .COaI B Gas Other fossil [ElNuclear [l Hydro Other clean
Wind |l Solar

substantially over the last two
decades. Rapid economic
growth meant that electricity
demand was more than seven
times higher in 2023 (9,441
TWh) than in 2000 (1,347 TWh).

Generation (TWh) Emissions (MtCO2)

Over the same period, coal
generation increased by more
than five times from 1,060 TWh
to 5,716 TWh to meet more than
half of the increase in demand.
This resulted in emissions
rising from 1,062 MtCO2 in 2000 to 5491 MtCO2 in 2023.

However, emissions increases have slowed down in recent years. While emissions grew an average
of 9% annually between 2001 and 2015, this rate has dropped to 4.4% annually between 2016 and
2023. Generation from clean sources has increased more than 13 times since 2000 to 3,353 TWh

in 2023 with particularly strong growth in wind and solar in recent years. In fact, had wind and solar
generation not increased since 2015, and demand had instead been met by coal, emissions would
have been 20% higher in 2023.

In 2000, China produced 18%
(242 TWh) of its electricity from  China: How clean is electricity generation?

Coal Gas Other fossil [lNuclear [l Hydro Other clean
Wind Solar

clean sources. The share has
doubled since then, reaching
35% in 2023. Most of the
growth in the share of clean
sources happened in recent
years. The rapid addition of
wind and solar, as well as
additions of nuclear power,
increased the share of clean
electricity by nine percentage
points since 2015.

Share of electricity generation (%) Emissions intensity (gCO2/kWh)
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Wind and solar power grew from just 39% of generation in 2015 to reach 15.6% in 2023. This meant
that wind and solar combined produced more of China’s electricity than hydro for the first time.

As a result of the higher share of clean generation in the mix, the carbon intensity of China’s
electricity declined from 783 gCO2/kWh in 2000 to 581 gCO2/kWh.

Despite significant additions
of wind and solar generation,
clean electricity growth is

not yet displacing fossil fuels,
but simply meeting part of
new electricity demand. With
the exception of 2015, when
electricity demand growth was
exceptionally low, China has
not yet seen clean generation
growth surpass demand
growth in a single year.

Strong wind and solar
additions in recent years have
brought the country closer

to a power sector emissions
peak. But the fall in output from

China: Is clean electricity displacing fossil power?
Annual change in electricity generation and demand (TWh)
I WWind and solar

Other clean [ Fossil

Net imports il Demand

800

400

other clean generation, plus strong demand growth, prevented this from happening in 2023. This
fall was principally due to the poor performance from hydro power as a result of droughts, despite
significant hydro capacity additions. Additionally, growth of clean sources other than wind and solar
in 2021 and 2022 was at the lowest level in a decade.

Since the Paris Agreement
in 2015, trends in China's
electricity mix have been
similar to global trends. At
the same time, due to its
size, China's power sector is
shaping world trends.

China's wind share grew from
3.2% in 2015 to 24% in 2023,
compared to a global increase
from 3.5% to 7.8%. Similarly,

its solar share increased from
07% in 2015 to 6.2%, against

a global change from 11% to
5.5%.

China: Electricity mix vs the rest of the world

Share of electricity generation (%)
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China's share of hydro declined faster than the global trend over the period. At the same time, China
is one of the few countries showing growth in nuclear share — up from 3% to 4.6%. Globally, nuclear
generation has fallen from 11% of the mix to 9%.

China’s fossil generation fell from 73% in 2015 to 65% in 2023, while globally, it declined from 66% to
61% over the same period.

China: Progress towards net zero

China may have reached peak power sector emissions in 2023

According to the [EA Net Zero
Emissions scenario, China’s China: Power sector emissions and the pathway to
power sector emissions and net zero

those of other emerging
economies would have to
reach zero by 2045.This . IEA pathway to net zero
requires a rapid reversal from LG

the current trend of rising o
emissions. v

Emissions from electricity generation (MtCO2)

However, due to the speed *
and scale of China’s buildup of o .,
clean sources, particularly wind .
and solar, the country may s
have already reached a peak -

in power sector emissions Source: Annual electricity data, Ember, IEA Net Zero (2023 EMBER
in 2023 or will reach this

milestone in 2024 or 2025. China's strong growth in solar and wind power deployment in the last
months of 2023 as well as an expected recovery in hydro generation led the IEA to forecast a 3%
fall in coal generation in China in 2024. This is a substantial change from a year before, when the IEA
forecast arise in 2024.

In 2023, China was responsible for 39% of global power sector emissions. Peaking and declining
power sector emissions in China will contribute significantly to global progress towards net zero.

The IEA NZE scenario sees rapid growth in wind and solar continuing in China with solar increasing
to make up a quarter of the power mix by 2030 and wind rising to 19%.

Despite large increases in 2023, the pace of wind and solar additions in China needs to continue to
accelerate to meet these targets.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/electricity-2024
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According to Ember's
renewable target tracker
China does not have an official
updated target for renewables
capacity by 2030, but national
modelling projects 1,025 GW
of solar and 800 GW of wind
by 2030.

China: Wind and solar electricity generation and
the pathway to net zero

Share of electricity generation (%)
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30 |IEA pathway
to net zero
(linear) 0
,
-
L
20 f'
20 50 9

2025 2030

£ £ I
EMB=R
—



https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/

Key highlights

01 US per capita power sector emissions are nearly three times
higher than the global average, due to high demand and a
reliance on gas

O 2 US gas growth prevented a global fall in gas generation in 2023

03 US power sector emissions peaked in 2007 and have since
fallen 33%

In the US, fossil gas is replacing coal generation

Cumulative change in electricity generation since 2015 (TWh)

BN Coal W Gas [ Othersources [l Demand

500

-500

2016 2017 2018 2019 2020 2021 2022 2023

Source: Annual electricity data, Ember - Other sources include wind, solar, hydro, nuclear, E M B — R
bioenergy, other renewables, oil and net imports —
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United States: Current status

US per capita power sector emissions are nearly three times higher than the
global average, due to high demand and a reliance on gas

In 2023, the United States
was the second largest power
sector emitter globally, emitting
1,570 million tonnes of CO2
from electricity generation,
behind China (5,491 MtCO2).
This was driven mostly by a
high reliance on fossil fuel
generation, predominantly
gas, as well as high per capita
power demand.

In 2023, the US generated 59%
(2,510 TWh) of its electricity
from fossil fuels, which is similar
to the global average of 61%.
Gas had the largest share at

Il \Wind [l Sclar

United States: Electricity mix in 2023

Share of electricity generation, by source (%)

Qther renewables [iHydro [l Bicenergy [llNuclear
Other fossil llGas [l Coal
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42% (1,802 TWh), followed by coal (16%, 675 TWh) and other fossil fuels (0.8%, 33 TWh).

Clean electricity made up 41% of the US electricity mix, similar to the global average of 39%.

The share of wind and solar reached a record 16% (663 TWh), slightly higher than the global average

of 13%.

Electricity generation in the US
is less carbon-intensive (369
gCO2/kWh) than the global
average (480 gCO2/kWh) due
to a lower reliance on coal.

However, per capita power
sector emissions are nearly
three times higher than the
global average (4.7 tCO2 vs. 1.8
tCO2). This is because the US
has a high per capita power
demand of 127 MWh, which

is more than three times the
global average of 3.7 MWh.

Electricity provided 21% of final

United States: Power sector status in 2023

@ United States © North America @World  Other countries

Carbon intensity (gCO2/kWh)
® o
Demand per capita (MWh)

O 10 20

o
b

Emissions per capita (tCO2)

0 10 15

Electricity % of final energy consumption*

S0

EMB=R

energy consumption in the US in 2021, the same as the world average of 21%. This is expected to
increase as sectors like transport and industry electrify.
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United States: Change in 2023

US gas growth prevented a global fall in gas generation in 2023

In 2023, US electricity demand
decreased by 14% (-59 TWh), United States: Changes in electricity generation in
while global demand increased 2023

by 2.2%. Demand in the US

TWh
has grown, at an average rate
of 0.6% between 2013 and <l
2022. The drop in 2023 was . e
largely caused by a 3.6% fall in S L,S-O
demand from the residential _ 4l
sector (Ember calculation from 1LE
US electricity sales), mostly
due to rising utility prices, Other fossil =
inflation and a relatively mild Net imports -2 .
winter. Demand -so I
Coal generation saw a steep Source: Annual electricity data, Ember EMB=R

fall of 19% (-156 TWh) in 2023

as coal power plants in the US

continued to close. Accordingly, the share of coal (16%) was down three percentage points in the
US electricity mix compared to 2022 (19%). In line with the trend of gas replacing coal generation in
the US, gas experienced the largest absolute increase out of all generation sources in 2023, rising
by 6.8% (+115 TWh).

US gas growth prevented a global fall in gas generation in 2023. Excluding the US, the rest of the
world recorded a 62 TWh fall in gas generation in 2023, whereas the US increased by almost twice
that amount (+115 TWh).

US solar generation grew 33 TWh (+16%) in 2023, the second largest absolute increase of any
country, behind only China. The US contributed 11% of global growth in solar. Wind generation fell by
21% (=91 TWh) due to poor wind conditions, but growing capacity installations in 2023 and onwards
suggest growth in 2024.

In 2023, emissions from the US power sector dropped by 51% (-85 MtCO2) compared to 2022,
similar to the decline seen in Japan (-7.3%) but slower than the EU (-19%). This reduction was the
result of a steep decline in coal generation, an increase in solar generation and lower overall power
demand. This was in contrast to the emissions increases of 1% globally and a fall of 7.6% in the G7.


https://www.eia.gov/electricity/monthly/current_month/february2024.pdf
https://www.eia.gov/todayinenergy/detail.php?id=55439#:~:text=In%202023%2C%20operators%20plan%20to,Preliminary%20Monthly%20Electric%20Generator%20Inventory.
https://www.eia.gov/todayinenergy/detail.php?id=55439#:~:text=In%202023%2C%20operators%20plan%20to,Preliminary%20Monthly%20Electric%20Generator%20Inventory.
https://www.eia.gov/todayinenergy/detail.php?id=61242
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In 2023, the US recorded the
7th annual fall in power sector
emissions in the last 10 years.
The drop in emissions in 2023
was twice its average annual
emissions decrease (-2%) for
the ten years between 2013
and 2022.

United States: Annual changes in power sector
emissions

Year-on-year change in emissions from electricity generation (%)

10 Financial Covid-19
crisis and pandemic
recovery and recovery

2005 2010 2015 2020

Source: Annual tricity data, Ember EMBE R
US coal generation declined
most compared to 2022 United States: How electricity generation
during the first half of the year changed during 2023
where it was largely replaced Year-on-year change in generation (TWh)
by additional gas generation.
Other fossil lNuclear [l Hydro Other clean

The first half of the year also
saw falls in hydro generation in
most months due to drought
conditions.

Solar generation saw
consistent year-on-year
increases throughout the year
with additions strongest during
the US summer. Poor wind
conditions meant monthly
wind generation remained
below 2022 levels for most of
the year. The largest drop in
wind generation was recorded
in May (=99 TWh).
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United States: Long-term trend

US power sector emissions peaked in 2007 and have since fallen 33% due to
the decline in coal generation

US power sector emissions
have been falling since
reaching their peak in 2007.

In 2023, emissions were 1,570
MtCO?2, about 33% lower
than the peak level of 2,331
MtCO2. The reduction in US
power sector emissions since
2007 was driven by growth

in wind and solar, as well as
gas replacing coal. The fall in
emissions has been achieved
despite the increase in
electricity demand. In 2023,
power demand stood at 4,270
TWh, about 1% higher than in
2000.

United States: How electricity generation and
power sector emissions have evolved over time

Coal Gas Other fossil [liNuclear [l Hydro Other clean
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Until 2015, coal was the main source of electricity in the US. However, as coal generation became
less economically viable and more tightly regulated, increasing numbers of coal power plants were

retired throughout the 2010s.

Most of the retired plants’ output was replaced with gas, along with growing amounts of wind and
solar. By 2015, gas had overtaken coal as the largest source of electricity in the US. In fact, 69% of
the fall in coal generation since 2015 was met by an increase in gas. The increase in gas generation
in the US over that period contributed 43% to the total global gas growth.

Among clean power sources, wind has shown the highest growth since 2000, followed by solar.
Wind generation grew from 5.6 TWh in 2000 to 425 TWh in 2023. Meanwhile, solar generation hit a
record high of 238 TWh in 2023, up from 0.5 TWh in 2000.
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Since 2000, the share of clean

generation in the US electricity

mix has increased significantly.
In 2000, wind and solar
accounted for only 0.2% of the

country’s power generation, yet
by 2023 they had reached 16%.

The emissions intensity of

the US power sector fell
significantly to 369 gCO2/kWh
in 2023, a 35% decline from
2000 levels (571 gCO2/kWh).
This was due to a number of
factors, with increased solar
and wind deployment and the
reduction of coal generation
being the major contributors.

United States: How clean is electricity generation?

Coal Gas Other fossil lNuclear [l Hydro
Wind Solar

Other clean

Share of electricity generation (%) Emissions intensity (gCO2/kWh)

&00

In 2023, US fossil generation
fell as a result of falling
electricity demand. The
increase in solar output
further reduced the need for
fossil generation, but the fall
could have been even larger
if other clean generation —
mainly hydro and wind — had
not decreased. In fact, every
year since 2018 has seen falls
in clean generation other
than wind and solar, which
was largely driven by falls in
hydro power due to ongoing
droughts.

United States: Is clean electricity displacing fossil
power?
Annual change in electricity generation and demand (TWh)

Il \Wind and solar Other clean [l Fossil

Net imports [l Demand

200

hydro, bicenergy, =
-

Additionally, 2016 was the last year with increasing electricity demand that simultaneously saw a
fall in fossil generation. With electricity demand expected to increase due to the electrification of
transport and industry, accelerating the deployment of wind and solar, as well as avoiding further
falls in other clean generation, is key to reducing fossil generation and emissions.

The electricity mix in the US has become cleaner since the Paris Agreement in 2015. The share of
fossil fuels in the electricity mix dropped by eight percentage points, from 67% in 2015 to 59% in

2023.
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Over the same timeframe,
wind and solar grew by ten United States: Electricity mix vs the rest of the
percentage points in the US, world

from 5.6% in 2015 to0 15.6%

in 2023, which is faster than
the global change over the
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United States: Progress towards net zero

US power sector emissions need to decline three times faster to be on track
for net zero

According to the [EA Net Zero

Emissions scenario, power United States: Power sector emissions and the
sector emissions in the US and pathway to net zero
other advanced economies Emissions from electricity generation (MtCO2)

need to reach zero in 2035.

Since 2015, emissions have =
been falling by an average of 5500
50 MtCO2 every year. To align o

IEA pathway to net zero
(linear)

with the IEA NZE scenario, this - =
would have to accelerate to a 1,000 e
fall of 139 MtCO2 annually from el
2024 onwards. S
, , ; Y
00 2030
: i Zero (202 EMB=R

The IEA estimates that wind generation needs to reach 22.6% of the US electricity mix in 2030,
more than doubling from 10% in 2023. Similarly, solar generation needs to reach 22.5%, compared
to a share of 5.6% in 2023.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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The Inflation Reduction Act,
along with other policies that
support clean energy such as
the Bipartisan Infrastructure
Law, are expected to set the
US on course for 238 G\W of
renewable capacity by 2030.
To meet this implicit target, as
defined in Ember’s renewable
energy tracker, the US needs
to add 73 GW of renewable
capacity on average every year
to 2030, which is three times
the capacity added in 2022.

United States: Wind and solar electricity
generation and the pathway to net zero

Share of electricity generation (%)
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https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/

Key highlights

01 India overtook Japan to become the third-largest solar power
generator in 2023, providing 5.9% of global growth in solar

O 2 Solar generation in 2023 was 17 times higher than in 2015, but
coal is still meeting the majority of India's demand growth

03 India’s per capita emissions from the power sector are the
fourth lowest in the G20, despite high coal reliance

India is now the third largest solar generator
Global rankings of solar electricity generation (TWh)
2015 2016 2017 2018 2019 2020 2021 2022 2023

1 b=

EMB=R

Source: Annual electricity data, Ember
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India: Current status

India’s per capita emissions from the power sector are the fourth lowest in the
G20, despite high coal reliance

In 2023, India was the third-
largest power sector emitter
globally, emitting 1,404 million
tonnes of CO2 from electricity
generation, behind China (5,491
MtCO2) and the US (1,570
MtCO?2).

In 2023, India generated 78%
(1,536 TWh) of its electricity
from fossil fuels, which is higher
than the global average of

61% and the regional average
of 68% in Asia. Coal had the
largest share at 75% (1,480
TWh) — the second highest
share of coal generation in the

Il \Wind [l Sclar

India: Electricity mix in 2023

Share of electricity generation, by source (%)

Other fossil llGas [l Coal

Qther renewables [iHydro [l Bicenergy [llNuclear

0 10 20 30 10 &0 70 80 @0 100

EMB=R

G20 behind South Africa. Gas contributed 2.6% (51 TWh) while other fossil fuels contributed 0.2%

(4.0 TWh).

Clean generation made up 22% of India’s electricity mix, compared to the global average of 39%

and 32% in Asia.

The share of wind and solar reached a record high of 99% (196 TWh), though India remained 3.5
percentage points behind the global average of 13.4%. In Asia, China (16%), Japan (12%) and Viet
Nam (13%) have higher shares of wind and solar power in their electricity mix.

India’s electricity generation

is more carbon-intensive (713
gCO2 per kWh) than the global
average (480 gCO2/kWh), with
coal accounting for three-
quarters of generation in 2023.

However, India’s per capita
emissions from the power
sector are just over half the
global average (1.0 tCO2 vs. 1.8
tCO2) and even further below
the average in Asia (21tCO?2).
They are also the fourth lowest
in the G20.

India: Power sector status in 2023
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This is because India’s per capita power demand (1.4 MWh) is significantly below the global average
(3.7 MWh) and less than half of the average in Asia (3.5 MWh).

Electricity provided 16% of India’s final energy consumption in 2022, significantly below the world
average of 21%. This is expected to increase as India’'s economy electrifies.

India: Change in 2023

India overtook Japan to become the third-largest solar power generator in
2023, providing 5.9% of global growth in solar

India’'s power demand

increased by 54% (99 TWh) India: Changes in electricity generation in 2023
in 2023 compared to the TWh

previous year — more than

twice as fast as the global -

increase (+2.2%). This was in Solar s

line with the country’s average Hydro -2 |

annual demand growth rate |

for the last decade (+5.4%) Rdc ol I

and lower than in 2022, when L2l [
it rose significantly (+8.3%) as oA | B
the economy rebounded from it 9
the Covid-19 pandemic. Hetsnhports o[l

mend S S

Wind and solar generation ' -
increased by a combined 30 Source: Annual electricity data, Ember EMB=R
TWh. This met 30% of India’s

demand increase. India reported the third largest increase in wind and solar globally behind China
and Brazil. Solar generation alone grew 18 TWh, providing 59% of global solar growth in 2023.
Consequently, India overtook Japan to become the third-largest solar power generator in 2023.

Coal generation saw the largest absolute increase among India’'s generation sources (+7.3%, +100
TWh). India also saw the second-highest increase in coal generation globally, behind China, and was
among just four countries with an increase greater than 10 TWh. 26% of the rise in coal generation
in India was caused by the 26 TWh deficit in hydropower generation due to droughts. As a result,
the share of coal in India’s power generation rose one percentage point from 2022 to 75% in 2023.

Due to the increased generation from coal, India’s power sector emissions rose by 7.2% in 2023 (+94
MtCO2) compared to 2022. This was far higher than the global increase of 1% and also higher than
in most G20 countries including China (+59%). The only G20 country with a larger relative emissions
increase in 2023 was Mexico (+11%, +17 MtCO2).
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This is the third consecutive
annual increase in India’s
power sector emissions
since the Covid-19 pandemic
and the consequent fall in
electricity demand, which
caused emissions to decline
42% in 2020.

India: Annual changes in power sector emissions

Year-on-year change in emissions from electricity generation (%)
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Source: Annual electricity data, Ember

India’s hydro generation fell
throughout most of 2023
compared to 2022, but
particularly in the second half
of the year due to droughts.
As aresult, increases in coal
generation were larger to
make up the hydro fall. Coal
generation grew most from
August to October, with
generation in October 2023
27 TWh above October 2022
levels.

Solar generation also
increased throughout the
year, with January showing the
largest increase of 27 TWh.

India: How electricity generation changed during
2023

Year-on-year change in generation (TWh)
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India: Long-term trend

Solar generation in 2023 was 17 times higher than in 2015, but coal is still
meeting the majority of India’'s demand growth

India’s solar generation has

been increasing significantly India: How electricity generation and power sector
over the last two decades, emissions have evolved over time
from just 0.01 TWh in 2000 to Coal Gas Other fossil [iiNuclear [ Hydro Other clean

Wind Solar

13 TWh in 2023. Most of the Generation (TWh) Emissions (MtCOZ2)

growth came in the past five
years. Generation in 2023 was
17 times larger than in 2015 (6.6
TWh). Solar more than doubled
(+145%, +67 TWh) since 2019.
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However, coal has accounted
for the largest rise since 2000,
increasing by nearly four

times (+1,090 TWh) from 3920
TWhin 2000 t0 1,480 TWhin
2023. As a result, India’s power
sector emissions have also more than tripled since 2000. However, had wind and solar generation
not grown over the last two decades and this demand had been met by coal, India's power sector
emissions in 2023 would have been 13% higher. Given the current growth of electricity demand and
coal generation, emissions are unlikely to peak soon.

Although India’s total power
sector emissions have India: How clean is electricity generation?
increased the emissions Coal Gas Other fossil [lNuclear [l Hydro Other clean
' Wind Solar
intensity of eleCtriCity has Share of electricity generation (%) Emissions intensity (gCO2/kWh)
declined slightly.
The share of coal generation
increased from 68% in 2000
to 75% in 2023. Generation
from gas and from other fossil
fuels declined.

In 2000, wind and solar
accounted for only 0.3% of
India’'s power generation, but
jumped to 99% in 2023. Other
clean generation fell, with the
share of hydro declining from 13% to 7.6%. Nuclear has remained between 2-3% of India’s electricity
generation.
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However, additions of wind and solar were enough to increase the overall share of clean electricity

from 17% in 2000 to 22% in 2023.

Consequently, the emissions intensity of India’'s power sector fell slightly to 713 gCO2/kWh, below

the level in 2000 (740 gCO2/kWh).

Despite progress, wind, solar
and other low-carbon sources
are not yet growing fast
enough to meet India’s rapidly
growing electricity demand,
leading to continuously rising
power sector emissions.

In 2023, growth in clean
generation met just 5.2% of
India’'s demand rise. While
solar and wind met 30% of
the increase, low hydro output
created a shortfall. There

have been only two years
where clean electricity growth
surpassed demand increases:

India: Is clean electricity displacing fossil power?
Annual change in electricity generation and demand (TWh)

Il Wind and solar

Other clean [ Fossil

Net imports [l Demand

=

i EMB=R

in 2019 due to good hydro conditions and low demand growth and in 2020 because of a pandemic-

induced demand fall.

Accelerating clean electricity additions will be key to meeting rising electricity demand. The recent
volatility in hydro conditions puts even more emphasis on the case for growth of other clean

sources such as wind and solar.

Although clean power growth
is not rising quickly enough to
meet the increase in demand,
India’s electricity grid has
become cleaner since the
Paris Agreement in 2015. The
share of fossil fuels in India’s
electricity mix dropped by
four percentage points, from
82% to 78%. However, by
comparison, the share of
fossil generation in the global
electricity mix fell faster,
dropping six percentage
points.

India: Electricity mix vs the rest of the world
Share of electricity generation (%)
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The share of hydro generation fell over this period in India (2.5 percentage points) but by less than
the average fall across Asia (3.4 percentage points).

Wind and solar both increased their share of power generation. Solar generation grew from just
0.5% in 2015 to 5.8% in 2023. This is in line with the trend globally and in Asia. India’'s wind generation
increased slightly from 2.5% to 4.2%, but lagged behind the global growth in wind.

India: Progress towards net zero

India’s emissions continue to increase as demand growth outpaces clean

growth

India’'s power sector emissions
are expected to increase

for several years until clean
sources grow fast enough to
meet all of the rise in electricity
demand, which would lead to

a peak in fossil emissions and
the beginning of their decline.

However, to align with the IEA
Net Zero Emissions scenario,
the power sector would need
to decarbonise by 2045.

This would require a reversal
of India’s current emissions
trajectory.

India: Power sector emissions and the pathway to
net zero

Emissions from electricity generation (MtCO2)

IEA pathway to net zero
1,500 {linear)

The Indian government has
set out ambitious renewables
targets, which will see solar
generation reach 602 TWh
and wind generation reach
237 TWh by 2030. Achieving
these targets would require an
annual growth rate of 27% for
solar and 16% for wind, which
was achieved in 2023.

According to Ember’s
calculations, these targets
would need to increase further
to be compatible with the IEA
NZE scenario, requiring $101
billion in additional financing.

India: Wind and solar electricity generation and
the pathway to net zero

Share of electricity generation (%)
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https://ember-climate.org/insights/research/beyond-tripling-india/
https://ember-climate.org/insights/research/beyond-tripling-india/
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Generation would need to grow to 819 TWh for solar and 259 TWh for wind to reach the IEA
scenario’s 2030 target for India of a 33% share for solar and a 9.8% share for wind generation.

India is one of the few countries planning to triple renewable capacity by 2030, aiming for 509 GW.
According to Ember analysis, annual capacity additions need to significantly increase for India to
meet this capacity target.



https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/insights/research/tracking-national-ambition-towards-a-global-tripling-of-renewables/

Key highlights

01 Wind overtook gas in the EU in 2023 to become the second-
largest source of electricity at 17.5% — more than twice the global

average of 7.8%

O 2 The EU contributed 17% of the global growth in solar and wind in

2023

03 In the last ten years, the EU has seen the second-largest decline
in coal generation, after the US, which has driven down emissions

The EU has seen the largest shift away from fossil fuels among
major OECD emitters

Change in electricity generation from fossil fuels since 2015

EU Japan United States
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Source: Annual electricity data, Ember E M B: R
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European Union: Current status

Wind overtook gas in the EU in 2023 to become the second-largest source of
electricity at 177.5% — more than twice the global average of 7.8%

In 2023, the European Union
was the fourth-largest power
sector emitter globally,

behind China, the US and
India, emitting 657 million
tonnes of CO2 from electricity
generation.

The EU has the lowest share of
fossil fuels in its electricity mix
out of the top four emitters,

at only 33%. This is about half
of the share of fossil fuels in
global electricity production
(61%). In the EU, gas plays a
bigger role (16.7%, 449TWh)
than coal (12.5%, 336TWNh).
Compared to the whole of

EU: Electricity mix in 2023

Share of electricity generation, by source (%)

Il Wind [l Solar Other renewables [JllHydro [Jll Bicenergy [llNuclear
Other fossil llGas [l Coal
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Europe — which includes Russia and Turkiye among others — the EU is less reliant on fossil fuels.

Clean power made up 67% of the EU's electricity mix. Nuclear remained the largest single source
of electricity (23%, 619 TWh). Wind became the second-largest source of electricity in the EU with
a share of 17.5%, higher than gas for the first time at 16.7%. The share of wind and solar reached a
record high of 26.6% (718 TWh) in 2023, almost twice the global share of 13.4%.

The carbon intensity of
electricity generation in the EU
is 244 gCO2 per kWh — almost
half the global average (480
gCO2/kWh). This is because
the EU has a higher share of
clean electricity than the global
average.

The EU’s per capita power
sector emissions are 1.5 tCO2,
less than the world average of
1.8 tCO2.

EU: Power sector status in 2023
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Meanwhile, the EU's per capita power demand (61 MWh) is almost two-thirds higher than the world
average (3.7 MWh).

Electricity provided 21% of the EU's final energy consumption in 2021, similar to the world average.
This is expected to increase as member states electrify further.

European Union: Change in 2023

The EU contributed 17% of the global growth in solar and wind in 2023

The EU's power demand
decreased by 34% (-94 TWh) EU: Changes in electricity generation in 2023
in 2023. The drop was mostly TWh

driven by reductions in output

in energy-intensive industries. Wi I 50
Over the past decade, the EU’s - SOk i
power demand has decreased " —
at an average annual rate of il
0.4%. The percentage fall in
2023 was similar compared
to 2022, when the EU started
grappling with the gas crisis
caused by Russia's invasion of
Ukraine.

Thanks to a strong rise in clean Source: Annual electricity data, Ember EMB=R
power (+123 TWh, +7.3%), both

coal and gas generation dropped significantly, by 25% (=113 TWh) and 16% (-86 TWh), respectively.
This was the largest absolute drop in fossil generation in the EU since at least 2000. Wind saw the
highest absolute rise in generation in the EU's history, growing by 50 TWh (+129%). Solar also saw
substantial growth of 37 TWh (+18%).

Wind and solar grew most in France (+14 TWh), Germany (+13 TWh), Spain (+12 TWh) and the
Netherlands (+12 TWh). As a result, the EU contributed 17% of global growth in solar and wind in
2023.

In 2023, the EU's power sector emissions decreased by 19% (=154 MtCO2) compared to 2022, as
aresult of a drop in coal and gas generation, a decrease in total power demand and the growth
of clean power generation. This was in contrast to the world and the G20, where power sector
emissions both increased by 1%.
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This is the largest absolute
reduction in power sector
emissions that the EU has
seen since 2000 The year-
on-year percentage change
in emissions (-19%) was nearly
seven times greater than the
average emissions decrease
between 2013 and 2022
(-2.8%).

EU: Annual changes in power sector emissions
Year-on-year change in emissions from electricity generation (%)

20

Financial Covid-19
crisis and pandemic
recovery and recovery

, —ml
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city data, Ember

Lower electricity demand
alongside strong wind

and solar growth in the EU

led to falls in coal and gas
generation throughout 2023.
EU fossil generation fell most in
December due to good wind
and hydro conditions, with a fall
of 23 TWh (-24%) compared to
December 2022.

The highest increases of solar
generation were recorded in
the summer, with September
(+71TWh) and June (+6.2 TWh)
showing the strongest year-
on-year increases.

EU: How electricity generation changed during
2023

Year-on-year change in generation (TWh)

Other fossil llNuclear [l Hydro Other clean

.Coal B Gas
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European Union: Long-term trend

Over the last decade, the EU has seen the second-largest decline in coal
generation, after the US, driving down emissions

In the early 2000s, electricity

demand in the EU was on an EU: How electricity generation and power sector
upward trend, growing at an emissions have evolved over time
average annual rate of 1.5%. Coal Gas Other fossil [ijNuclear [ Hydro Other clean

Wind Solar

However, since the global
! 9 Generation (TWh) Emissions (MtCOZ2)

financial crisis this trend
has reversed, to an average
decrease of 0.6% annually
between 2008 and 2023.

1200
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Electricity demand also fell
sharply in 2020 due to the
Covid-19 crisis. Demand in the
EU rebounded to 2019 levels in
2021, but fell by more than 3%
in both 2022 and 2023.
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In contrast, clean power generation has grown remarkably, up by 43% from 2000 to 2023. Wind and
solar are the largest contributors to growth in clean generation, especially in the last ten years. Wind
grew from 209 TWh in 2013 to 470 TWh in 2023. Solar tripled from 84 TWh in 2013 to 248 TWh in
2023.

In the last ten years, EU coal generation fell by 393 TWh, the second-largest fall after the US (-206
TWh). EU power sector emissions peaked in 2007 and have been on a downward trajectory ever
since, reaching their lowest level in 2023, 46% below the peak.

While the EU’s share of hydro
generation remained steady at EU: How clean is electricity generation?
10-14% from 2000 to 2023, the Ev?glj %aoslar Other fossil [liNuclear [l Hydro Other clean
share of nuclear power in the Share of electricity generation (36) Emissions intensity (gCO2/kWh)
EU mix began to drop gradually

after 2010, from 29% in 2010 100
to 23% in 2023. Wind and solar
grew from 0.8% to 27% of the
total electricity mix from 2000

400

to 2023. Fossil generation 200
declined from 52% of the mix
in 2000 to 33% in 2023. o«
;5(3}'}{'? }.‘i‘.'ll'.'lf: ?-‘."-I'L? }TCI-‘:-"; 2020
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m bicenergy, geothermal, wave E M B— R
gy, g —
-



143

The EU's power sector emissions intensity fell to 244 gCO2/kWh in 2023, 58% lower than the level
in 2000 (419 gCO2/kWh). The world average saw a decline of 7% in the same period.

The EU's power sector

emissions peaked in 2007, as EU: Is clean electricity displacing fossil power?
clean growth has consistently Annual change in electricity generation and demand (TWh)
been large eHOUgh to displace Il Wind and solar Other clean [l Fossil Net imports [l Demand

fossil fuels. As a result, the EU’s
power sector is decarbonising
rapidly.

However, this has been
achieved mostly in the context
of falling electricity demand

in the EU. 2008 was the only
year with growing electricity
demand in the EU where 2000 2015
clean electricity growth was S

higher than demand growth, e EMB=R
resulting in a decrease in fossil

generation. Apart from 2008, reductions in fossil generation have only occurred in years where
demand fell.

200

In 2023, the absolute increase in the EU’s clean power generation (+123 TWh), together with the
demand fall (-94 TWh), was large enough to drive the significant drop in fossil fuel generation (-206
TWh).

In 2022, poor hydro generation as a result of droughts meant fossil generation increased despite
record additions of wind and solar. In 2023 generation recovered to its usual level. It is unclear
whether hydro generation will stabilise, as extreme weather and conditions worsen.

The EU's electricity grid has
become cleaner since the EU: Electricity mix vs the rest of the world
Paris Agreement in 2015. The
fossil fuel electricity share
dropped by ten percentage

Share of electricity generation (%)

— EU Europe = \World

pOiﬂtS, from 43% to 33% _ Wind Solar Hydro Nuclear Fossil

twice the percentage point

decrease in the world's fossil

generation. e
Wind power is the source that - A“\“\.ss
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Solar increased by five percentage points from 3.5% in 2015 to 9.2% in 2023. The increase in wind
share was much steeper in the EU compared to the world average, while the solar share increase
matched worldwide trends.

European Union: Progress towards net zero

EU wind and solar growth is on track to meet targets

According to the IEA Net Zero
Emissions scenario, the EU
and other mature economies
need to reduce their emissions
from the power sector to near-
zero by 2035.

Since 2015, the EU has
recorded an average annual fall
of 43 MtCO2. To align with the
IEA NZE scenario, an average
annual fall of 54 MtCO2 is
needed. If the EU continues
to scale up its deployment of
clean energy sources at the
current rate, particularly wind
and solar, this trajectory is
within reach.

EU: Power sector emissions and the pathway to
net zero

Emissions from electricity generation (MtCO2)

IEA pathway to net zero
(linear)

In the IEA NZE scenario,

the share of wind and solar
increases rapidly throughout
the 2020s. Wind would grow
to a share of 32% and solar to
20% by 2030. Combined, the
two sources would make up
more than half of EU electricity
generation in 2030.

In recent years, wind and solar

generation has increased in line

with this trajectory.

The EU aims to reach 1,236 GW

of renewable capacity by 2030

and 69% of renewable share

EU: Wind and solar electricity generation and the
pathway to net zero

Share of electricity generation (%)
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40 |IEA pathway
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in total generation as proposed in the REPowerEU plan. This target is achievable if annual capacity
additions continue on their recent growth trajectory.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en

Key highlights

o1

02

03

Russia’'s power sector emissions increased 2% in 2023, faster
than the global average

Per capita emissions in Russia were double the global average
in 2023

Russia’s electricity mix remains nearly unchanged compared to
two decades ago

As EU power sector emissions per capita drop below
the world average, Russia's continue to grow

Tonnes of CO2 per capita from electricity generation

O v v 3
2000 2010 2020 2023

Source: Annual electricity data, Ember -
Emissions are CO2 equivalent E M B - R
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Russia: Current status

Per capita emissions in Russia were double the global average in 2023

In 2023, Russia was the
fourth-largest power sector
emitter globally with 519
million tonnes of CO2.

Fossil fuels make up 64% of
the country’s electricity mix.
Gas generation is the largest
fossil fuel at 46% (545 TWh),
followed by coal (17%, 196
TWh).

Clean power made up 36%
of the mix with 18% (217 TWh)
coming from nuclear and 17%
(201 TWh) from hydro. Wind
and solar remained marginal

Russia: Electricity mix in 2023

Share of electricity generation, by source (%)

Il Wind |l Solar Other renewables [JllHydro [l Bicenergy [llNuclear
| Other fossil llGas [l Coal
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Source: Annual electricity data, Ember

at just 0.5% (5.4 TWh). In contrast, wind and solar generation in its neighbour, the EU, was 133 times

larger (718 TWh).

At 441 gCO2 per kWh, Russia’s
electricity production is slightly
less carbon intensive than the
global average (480 gCO2/
kWh), but significantly above
the average across European
countries of 300 gCO2/kWh.

Per capita emissions in Russia
were at 3.6 tCO2, double the
global average of 1.8 tCO2.

Russia’s per capita demand of
81MWh in 2023 was more than
double the world average of 3.7
MWh.

Russia: Power sector status in 2023

@ Russia ¢ Europe @ World  Other countries

Carbon intensity (gCO2/kWh)
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Russia: Change in 2023

Russia’'s power sector emissions increased 2% in 2023, faster than the global
average of 1%

Changes to Russia’s power
sector were minimal in 2023 Russia: Changes in electricity generation in 2023
Power demand grew by 19 TWh

TWh which constituted a _

moderate 1.6% increase. d |

0 |
(Gas generation met most of yaro ‘3

this increase, growing 11 TWh Bioenergy 0
(+2%) compared to 2022. A Nuclear
decrease in exports (increase Coal -

in net imports) met most
of the additional electricity

production required. Net imports i=:F

Demand 1?2

Nuclear saw a small decline of -

6.2 TWh (-2.8%), while coal and  Source: Annual electricity data, Ember EMB=R
hydro both grew by 39 TWh

and 29 TWh respectively.

Wind and solar combined saw a small reduction of 1.2 TWh — due to poor weather conditions — from
an already low baseline of just 6.6 TWh in 2022.

Russia’'s power sector

emissions increased by 2% Russia: Annual changes in power sector emissions
in 2023 as a result of the Year-on-year change in emissions from electricity generation (%)
moderate rise in demand

which was predominantly met S Financial Covid-19

by coal and gas generation. ‘122'253",3 andpfgggfn;:;

The 2% increase in 2023 5

marks the thi.rd Con§e§utiv§ ) I _I II.I I.-  m me I.
year of growing emissions, in - — I i

contrast to Russia's neighbour,
the EU, which recorded an
unprecedented emissions
drop of 19%. Russia's power ]
sector emissions rose faster -

than the global increase of 1%. Source: Annual electricity data, Ember EMB=R
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Despite generation changes
over 2022 remaining small
throughout 2023, there is a
clear pattern between the first
and second half of the year.

In the first half, lower output
from nuclear and hydro plants
in comparison to 2022 led to
stronger growth in coal and
gas generation as well as lower
exports (higher net imports).
For example, May showed a 1.8
TWh drop in nuclear and a 17
TWh drop in hydro generation.
This was made up by a 11 TWh
rise in coal, a reduction in
exports and a 3 TWh rise in gas,

Russia: How electricity generation changed during
2023

Year-on-year change in generation (T\Wh)

Coal Gas Other fossil lNuclear [l Hydro
Wind Solar [l Net imports

Other clean
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the largest year-on-year gas increase of any month in 2023.

The second half of the year saw a recovery in hydro conditions compared to 2022, with generation
growing consistently year-on-year from July to December.

Russia: Long-term trend

Russia’s electricity mix remains nearly unchanged compared to two decades

ago

Electricity demand in Russia
has been growing over the
last two decades with short
interruptions from the 2008
financial crisis and the 2020
Covid-192 pandemic. Electricity
demand in 2023 (1169 TWh)
was 35% higher compared to
2000 (864 TWh).

Similarly, fossil generation,
predominantly from gas, has
increased 29% from 2000 to
2023. The increase of 170 TWh
from 583 TWh to 753 TWh
met more than half (56%) of
Russia’s increase in electricity

Russia: How electricity generation and power
sector emissions have evolved over time
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demand over that period. The rest was met by a moderate increase in hydro and nuclear generation.

As a result of the increase in fossil generation, emissions increased 26%, from 413 MtCO2 in 2000

to 519 MtCO2 in 2023.
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Russia’s electricity mix remains
nearly unchanged compared
to two decades ago. As a
result, the emissions intensity
of electricity generation in
2023 of 441 gCO2/kWh was
only 6.2% lower than it was

in 2000 (470 gCO2/kWh).

In contrast, the EU saw its
emissions intensity fall by 42%
to 244 gCO2/kWh over the
same period.

Russia’'s continued reliance
on fossil power is partially
explained by the availability
of domestic coal and gas

Russia: How clean is electricity generation?

Coal Gas Other fossil lNuclear [l Hydro
Wind Solar

Other clean

Share of electricity generation (%) Emissions intensity (gCO2/kWh)
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resources. However, Russia is not only lagging behind the EU. Fossil fuel-rich nations in the Middle
East, such as the United Arab Emirates and Saudi Arabia, have started to diversify their electricity

mixes.

Clean electricity additions

are dominated by changes in
hydro and nuclear generation.
Growing electricity demand

is mostly met by additions in
fossil generation. Conversely,
large drops in fossil generation
are generally a result of falls in
electricity demand.

The last significant fall in fossil
generation occurred as a
result of the demand reduction
during the Covid-19 pandemic
in 2020.

Russia: Is clean electricity displacing fossil power?
Annual change in electricity generation and demand (TWh)
Il \Wind and solar

Other clean [ Fossil Net imports [l Demand

Russia’s electricity mix has remained largely unchanged since the Paris Agreement in 2015. The
share of fossil generation has dropped only two percentage points since 2015, from 66% to 64%,
despite Russia announcing an economy-wide 70% emissions reduction target by 2030 compared

t0 1990 levels.



https://unfccc.int/sites/default/files/NDC/2022-06/NDC_RF_eng.pdf
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Other sources have also

remained at largely the same Russia: Electricity mix vs the rest of the world
levels as 2015. Crucially, Share of electricity generation (%)

Russia’'s adoption of wind and il ~=EixOpe = Wold

solar lags behind the world T e Hydro Miciear et

and its neighbours. Wind and

solar still only made up 0.3%

and 0.2% respectively in 2023.

Since 2015, Europe as a whole Tre—=tu
saw the share of wind rise

from 6.3% to 12.3% and the

share of solar rise from 2.2% 6ommzst7 ¢ '9
. . . . —
to 59%, with similar trends at b === 1 =
the global level. 2015 2023 2015 2023 2015 2023 2015 2023 2015 2023

Russia: Progress towards net zero

Russia’s power sector emissions are rising when they should be falling

According to the IEA Net Zero

Emissions scenario, Russia Russia: Power sector emissions and the pathway
needs to reduce its emissions to net zero
from the power sector to near- Emissions from electricity generation (MtCO2)

zero by 2045.

600 !EA pathway to net zero
Between 2016 and 2023, ey
Russia’s power sector - W S
emissions have been rising by o9
an average of 5.6 MtCO2 per .,
year. This trend would need to h'Y
reverse to an annual fall of 24 .
MtCO2 to align with the IEA M,
NZE scenario. With growth in o ' ; T
clean sources, and particularly _
wind and solar lagging behind Source: Annual electricity data, Ember, [EA Net Zero (2023 EMB=R
other countries, Russia is
currently at risk of missing climate targets by a wide margin if it does not accelerate the deployment
of these technologies.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
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Solar generated 11% of Japan's electricity in 2023, twice the
global average, but wind generation remained low at just 09%
of the mix

Japan’s power sector emissions fell by 7.3% in 2023, just below
the G7 average of 7.6%

Japan’s emissions intensity of electricity was 14% higher in 2023
than in 2000, whereas all other G7 countries saw declines

Japan is a solar leader in the G7, but lags behind on wind
Share of electricity generation in 2023 (%)

Solar Wind
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Japan United States

United States France
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France Canada
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Source: Annual electricity data, Ember
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Japan: Current status

Solar made up 11% of Japan’s electricity in 2023, twice the global average, but
wind'’s share of the mix remained low at just 0.9%

In 2023, Japan was the sixth
largest power sector emitter
globally, emitting 491 million
tonnes of CO2 from electricity
generation, behind China,

the US, India, the EU and
Russia. Japan's high emissions
are mostly driven by its
reliance on fossil fuels. It has
the highest share of fossil
power generation among G7
countries (69%). This is also

eight percentage points higher

than the global fossil share in
electricity generation (61%).
Coal (32%) and gas (33%) are
both major sources of power
generation in Japan.

Japan: Electricity mix in 2023

Share of electricity generation, by source (%)
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Clean electricity made up less than a third of Japan’s electricity mix (31%) in 2023, eight percentage
points lower than the world's clean electricity share of 39% and below the average in Asia (32%).

Most of Japan’s clean electricity growth came from solar in the last decade, which reached a record
share of 1% in 2023, placing Japan ninth globally for solar share and twice the global average of
5.5%. Wind generation remained low at just 09% of the mix, despite significant potential. Nuclear
generated 7.6% of Japan’s electricity in 2023 and hydro generated 7.3%.

In 2023, the carbon intensity
of Japan's power sector was
485 gCO2 per kWh, similar

to the global average of 480
gCO2/kWh. However, per
capita emissions (39 tCO2)
were more than twice the
world average (1.8 tCO?2). This
is because Japan's per capita
demand for electricity was 81
MWh, more than twice the per
capita demand across Asia and
globally.

Japan: Power sector status in 2023
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Electricity provided 30% of Japan'’s final energy consumption in 2021, significantly above the world
average of 21%. This is expected to increase further as its economy electrifies.

Japan: Change in 2023

Japan’s power sector emissions fell by 7.3% in 2023, just below the G7 average

of 7.6%

In 2023, Japan's power
demand decreased by 19%
(=20 TWh) after it grew for

two consecutive years in 2021
and 2022. The decrease in
demand, together with a rise in
clean power, led to falls in both
gas (-27 TWh, -74%) and coal
generation (=22 TWh, -6.3%).
The fall in fossil fuel generation
in 2023 (-61 TWh, -8%) was
Japan’s largest absolute drop
since 2009.

In recent years, Japan's
nuclear phase-out policy has
been reversed by the ‘Green

Japan: Changes in electricity generation in 2023
TWh

I

Transformation’ (GX) policy, which came into force in 2023. The GX policy seeks to increase the
use of clean power, including the lifetime extension of nuclear power plants. As some of the oldest
nuclear reactors restarted their operations in 2023, Japan’s nuclear generation grew by 50% (+26
TWHh). Nuclear power generated 7.6% of total electricity, up 2.6 percentage points from 2022.

Japan's power sector
emissions in 2023 were 491
MtCQO2, a decrease of 7.3%
(-39 MtCO2) compared to
2022. The fall was a result of
the drop in coal and gas use,
as clean power generation
increased and demand fell. In
contrast, the world saw a rise
in power sector emissions of
1%. In the G7, power sector
emissions fell 7.6% in 2023.

Japan: Annual changes in power sector emissions
Year-on-year change in emissions from electricity generation (%)
Covid-19

pandemic
and recovery

Financial
crisis and
recovery
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In 2023, Japan achieved the largest absolute and percentage reductions in emissions in the past
decade. The year-on-year percentage fall in emissions (-7.3%) was significantly higher than the
average annual emissions decrease over the last decade (-21%).

Japan’s fossil generation saw

the largest falls in the first half Japan: How electricity generation changed during
of the year. The fourth quarter 2023
saw smaller decreases in fossil Year-on-year change in generation (TWh)

generation compared to 2022.
Coal [l Gas Other fossil llNuclear [l Hydro Other clean

Wind [l Solar [l Netimports
=
.

J an ,."-. pr Jul Oct

Year-on-year, coal generation
fell every month except
January, while nuclear
generation increased
throughout the year due to
higher reactor availability.

Solar generation increased
the most from July to October, Source |

i 7 ; ration frrom Diocenergy, gecthermal, wave E M B: R
although overall gains were and tidal =
modest.

y data, Ember

Japan: Long-term trend

Japan’s emissions intensity of electricity was 14% higher in 2023 than in 2000,
whereas all other G7 countries saw declines

Japan's power sector emissions

peaked in 2012. 2011 and 2012 Japan: How electricity generation and power
had seen a rapid increase in sector emissions have evolved over time
emissions after the Fukushima .Coal ‘Gas Other fossil liNuclear [ Hydro Other clean
nuclear disaster and the Wind' =0

Generation (TWh) Emissions (MtCO2)

subsequent decision to shut
down nuclear plants, causing
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—
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a steep rise in fossil fuel 1000 -
generation to fill the power 800 A
deficit. In recent years, nuclear 600 oo

generation has increased again. S0

The growth in solar in the
2010s replaced some of the o
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fall in nuclear power. However, S a, Ember

H H 9] weration from bioenergy, geothermal, wave -
Japan has yet to tap into its - RSN RS EMB=R

wind power potential, with
generation remaining stagnant at less than 1% over the past decade.
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At the start of this century,
Japan produced 38% of its
electricity from clean power
sources, mostly from nuclear
(29%). Today, Japan's clean
power accounts for 31% of
total generation. The drop in
clean power share was mostly
driven by the halt in nuclear
generation after Fukushima
in 2011 and slow growth in
renewables except for solar.

The fall in the share of clean
power sources led to a sharp
increase in the emissions
intensity of Japan's power

Japan: How clean is electricity generation?

Coal Gas Other fossil lNuclear [l Hydro
Wind Solar

Other clean

Share of electricity generation (%) Emissions intensity (gCO2/kWh)
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sector during 2011-2012. As Japan expanded solar and reintroduced nuclear power, the emissions
intensity of electricity has been declining steadily since its peak in 2012. Nonetheless, it was 14%
higher in 2023 than in 2000, whereas all other G7 countries saw emissions intensity decline during

this period.

In 2023, the absolute increase
in clean power (+40 TWh),
together with the demand fall
(=20 TWh), was large enough to
drive a significant drop in fossil
fuel generation (=61 TWh).

Solar has been rising fast in
Japan, having grown at an
average annual rate of 24%

in the past 10 years. The high
growth was driven by the
strengthening of subsidies for
solar (feed-in-tariff and feed-
in-premiums) after Fukushima.

However, as Japan gradually

Japan: Is clean electricity displacing fossil power?
Annual change in electricity generation and demand (TWh)

Il \Wind and solar Other clean [ Fossil Net imports [l Demand

200

200

phased out subsidies, the rate of solar growth has slowed in recent years, down to 7.6% in 2023.
Meanwhile, wind has shown almost no growth.

An acceleration of clean electricity growth is needed to further displace fossil generation from
the electricity mix. Electrification of transport and industry is also expected to result in increased
demand. This adds additional pressure to clean generation growth to meet and exceed new

demand and drive down emissions.
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Japan’s power grid has
become cleaner since the Japan: EIectrEcity mix vs the rest of the world
Paris Agreement in 2015. The Share of electricity generation (%)

fossil fuel share in electricity
dropped by 16 percentage
points, from 85% to 69%. This
is faster than the percentage
point reduction globally.

- Japan Asia = World

Wind Saolar Hydro Nuclear Fossil

. 59

&7 ‘-\_‘__. 7

Solar and nuclear power

showed the highest increase

in share among individual oy i
generation sources. Solar grew i P ——— = :
from 3% in 2015 to 11% in 2023. 2015 2023 2015 2023 2015 2023 2015 2023 2015 2023
As nuclear power stations UL RE L S i R e e =
resumed their operations, . - ' EMB=R
the share of nuclear power

increased from just 0.4% in 2015 to 7.6% in 2023. The increase in the share of solar and nuclear
power is faster than in Asia or the world. However, wind power has shown no growth while the world
wind share increased from 3.5% in 2015 to 7.8% in 2023.

" ——g

Japan: Progress towards net zero

Annual emissions falls need to triple to achieve a clean power sector by 2035

Japan's power sector
emissions would need to reach  Japan: Power sector emissions and the pathway to

net zero by 2035 to align with net zero

the |IEA Net Zero Emissions Emissions from electricity generation (MtCO2)
scenario.

IEA pathway to net zero
(linear)

After peaking in 2012, Japan’s
power sector emissions have o M
declined by an average of 15 ~

MtCO?2 per year. To be ontrack ~ ““° .
with the IEA NZE scenario, 2o
annual emissions falls would 200 .
have to triple (-41 MtCO2 per B
year) until 2035. Despite Japan o ' : : ' : T
recording its second-largest

fall in power sector emissions Source: Annual electricity data, Ember, IEA Net Zero (2023 EMBE R
in the last two decades in

2023, the decline of 39 MtCO?2 was still below the levels needed to reach net zero.

Japan, along with the G7, committed to secure a predominantly clean power system by 2035, but
has yet to map out a clear path for the goal.


https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach/a-renewed-pathway-to-net-zero-emissions

157

Japan's wind and solar share
needs to increase significantly
if the country is to reach net
zero emissions by 2035. In

the IEA NZE scenario, Japan's
share of solar generation is
expected to grow to 16% by
2030, up from 1% in 2023. This
would require solar growth to
continue its current trend.

Wind generation would

also see a more rapid
transformation, with the share
climbing to 15%, up from just
09% in 2023.

Japan: Wind and solar electricity generation and
the pathway to net zero

Share of electricity generation (%)

B Solar I Wind

20

|IEA pathway
to net zero
(linear)

According to Ember’s 2030 Global Renewable Target Tracker, Japan is only targeting a 21% solar

and wind share of generation by 2030, which falls far short of the 30% in the IEA NZE scenario. A
renewed nuclear programme presents a possible alternative path to clean power.



https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/
https://ember-climate.org/data/data-tools/global-renewable-power-target-tracker-2030/

Conclusion

A clean energy future
comes into view

2023 confirmed that the transition to clean electricity is irrevocable

As we have shown in this Global Electricity Review, the advance of renewable
generation, spearheaded by wind and solar, has probably already caused fossil fuel
use in the power sector to peak.

This is good news for the planet, as building a clean electricity system worldwide is
an essential step towards mitigating the worst impacts of global heating. Combined
with rapid electrification of transport, heating and industry, the world can move to a
pathway aligned with the 1.5C climate target agreed by all governments at the 2015
Paris summit.

The continuing cost reductions for solar and wind power, battery storage, EVs and
other key technologies show that a clean energy future is also a cheaper energy
future. The supply and price shocks resulting from Russia’s invasion of Ukraine, and
the OPEC+ supply cuts that have kept international oil prices high, illustrate the
wider risks of continued reliance on fossil fuels. A rapid transition to a world running
on clean energy would bring added benefits in areas such as air quality, jobs and
freedom from import dependency, while reducing the risk of stranded fossil fuel
assets.

Government targets, industry forecasts and economic logic all indicate that the
growth of wind and solar generation is likely to continue accelerating. G7 and IEA
member governments have pledged to virtually decarbonise their electricity systems
by 2035. The |IEA forecasts that renewable energy will expand quickly enough in
China to cut coal consumption by 3% in 2024. Delivering the pledge made at COP28
to triple renewables capacity by 2030 would mean renewables producing 60% of
our electricity within seven years. The implications for fossil fuel use are stark, as this
would eliminate more than one-third of their demand in the power sector by 2030,
and make an impact beyond the power sector as well.

However, the speed of global progress on decarbonising the power system is not
certain, and challenges remain. Nuclear and hydro generation are not growing at the
rates envisaged in many 1.5C-compatible scenarios. The pace of energy efficiency
improvements across the world needs to double by 2030, along the lines agreed at


https://www.cell.com/joule/pdf/S2542-4351(22)00410-X.pdf
https://www.opec.org/opec_web/en/press_room/7305.htm#:~:text=OPEC%20%3A%20Several%20OPEC%2B%20countries%20announce,the%20second%20quarter%20of%202024
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021EF002558
https://www.weforum.org/agenda/2022/03/the-clean-energy-employment-shift-by-2030/
https://www.iea.org/reports/electricity-2024

159

COP28, to unlock the full fossil-fuel-shrinking potential of economy-wide electrification.
Buildout of grid infrastructure and the system flexibility necessary to support high wind
and solar capacities lags behind deployment of wind and solar, creating bottlenecks. Many
developing countries face high financing costs for renewable electricity projects, and
need financial support in order to take advantage of the opportunities that a faster rollout
would bring.

Nevertheless, the big takeaway from 2023 is that solar and wind power are, right now,
reshaping the global energy system, signalling the beginning of the end for the fossil fuel
era.

From now on, increasing electricity demand will be met principally by the accelerating
growth of wind and solar generation. The transition is at different stages in different
countries, but it is happening in every region of the world. Societies will continue to
develop on the back of increasing electricity use, but development will be powered by
renewables instead, as the need for coal and gas eventually shrinks close to zero.

From 2023 onwards, thanks to the rise of wind and solar generation and clean
electrification, the future of energy looks very different indeed. The year will likely go down
in history as the pivot point in the world’s shift from fossil fuels to clean electricity.
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Supporting Materials: Methodology

Generation, imports and demand

Annual data from 2000 to 2022 is gross generation, taken primarily from the Energy Institute
Statistical Review of World Energy, the Energy Information Administration (EIA), Eurostat and
IRENA. 2023 data is an estimate of gross generation, based on generation gathered from monthly
data. This estimate is calculated by applying absolute changes in monthly generation to the most
recent annual baseline.

Net imports from 1990 to 2022 are taken from the EIA and Eurostat, with recent data estimated in
the same manner as generation. Demand is calculated as the sum of generation and net imports,
and where possible validated against published direct demand figures. Because it uses gross
generation and does not include transmission and distribution losses, it will tend to be higher than
end-user demand.

Monthly data is gathered for 80 countries from 70 sources, including national transmission system
operators and statistical agencies, as well as data aggregators such as ENTSO-E. In some cases
data is published on a monthly lag; here we have estimated recent months based on our generation
model. These cases are flagged in the dataset.

Monthly published data is often reported provisionally, and is far from perfect. Every effort has
been made to ensure accuracy, and where possible we compare multiple sources to confirm their
agreement. A full detailed methodology can be found here.

Emissions

Ember’s calculations for emissions are continually improving, but may be conservative or otherwise
uncertain in ways we describe below. These figures aim to include full lifecycle emissions including
upstream methane, supply chain and manufacturing emissions, and include all gases, converted into
CO2 equivalent over a 100-year timescale.

Emissions can vary over time as power station efficiency changes, and as different fuel qualities
are used. Therefore, we report emissions values by fuel type, and emissions intensity by country.
These values are calculated by multiplying our generation numbers by emissions factors taken
from a number of sources, detailed below. We aim where possible to capture variance between
geographies and over time in emissions intensity from different fuels. We have recently updated
this approach and are actively working to improve it. If you have any comments or suggestions for
improvement, please email data@ember-climate.org.

Our sources and methodology for different fuels are described below. All factors we use are for net
generation. Where we report gross generation, we adjust our factors by 6% for thermal fuel sources
and 1% for others, following a standard conversion approach.


https://www.energyinst.org/statistical-review
https://www.eia.gov/
https://ec.europa.eu/eurostat
https://transparency.entsoe.eu/generation/r2/actualGenerationPerProductionType/show
https://ember-climate.org/app/uploads/2022/07/Ember-Electricity-Data-Methodology.pdf
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Coal

Data is taken from Gibon et al. 2022 (UNECE) and the Global Energy Monitor Coal Plant Tracker
(GEM). UNECE provides lifecycle emissions factors for different fuel types for the year 2020 for
each REMIND region. UNECE reports values for different technologies using bituminous coal. We
derive factors for different coal grades based on IPCC 2005 direct combustion emissions factors.
Using country-level annual technology and coal grade mixes from GEM capacity data, we estimate
blended emissions factors per country per year for coal.

Gas

Country-level factors are taken from Jordaan et al. 2022, and are for generation for the year 2017.
Two sets of factors are provided; we use the ones that attempt to account for combined heat and
power. For smaller countries where no data is available, a world average number is used.

Nuclear and wind

We use region-level data from UNECE.

Bioenergy, hydro, solar, other renewables and other fossil fuels

We use data from the IPCC AR5 WG3 Annex |l (2014). These are global estimates for the year 2020;
we use midpoint lifecycle factors. These are:

o Bioenergy: 230 g/kWh

e Hydro: 24 g/kWh

e Solar:48 g/kWh

e  Otherrenewables: 38/kWh

e  Other fossil: 700/kWh

Caveats

This approach attempts to account for some geographical and temporal variance in emissions
factors. It is a work in progress, and figures may differ from reality for a number of reasons. Some of
these are listed below:

o Coal: UNECE base factors are for coal plants in the year 2020. They do not capture operational
efficiency losses associated with older plants or intra-technology efficiency differences. Finally,
we make assumptions to derive factors for coal grades other than lignite, including identical
combustion efficiencies and upstream emissions per MWh generated.


https://unece.org/sed/documents/2021/10/reports/life-cycle-assessment-electricity-generation-options
https://globalenergymonitor.org/projects/global-coal-plant-tracker/
https://www.pik-potsdam.de/en/institute/departments/transformation-pathways/models/remind
https://www.researchgate.net/figure/Regional-definitions-used-in-the-REMIND-model_fig1_272242991
https://www.nature.com/articles/s41558-022-01503-5
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_annex-iii.pdf
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Gas: Our gas factors are specific to the year 2017, so do not account for temporal variations
in plant efficiencies or methane leakage rates. The methodology in Jordaan et al. 2022 also
prefers to underestimate methane emissions where there is doubt. In general there is very
significant uncertainty around methane emissions rates, even in countries that prioritise
collecting this data. Some authors believe that emissions rates are significantly higher than
assumed in our factors.

Time horizon: Upstream methane emissions for gas and coal generation are calculated on a
long-term basis assuming methane is 21 times as potent as CO2. However, the short-term
impact of methane is actually four times higher, at 86 times the potency of CO2. See this page
for more information.

Solar and wind: Recent efficiency improvements have seen wind and solar emissions intensity
drop, as energy output has increased relative to emissions from manufacturing. Our numbers
may therefore be higher than reality. We also do not currently capture geographical variation
in emissions intensity within REMIND regions; this can be significant, as countries with lower
annual solar capacity factors will have proportionately higher lifecycle emissions.

Bioenergy: Our value is very likely to be a significant underestimate of the actual emissions
caused by bioenergy generation. The emissions intensity of bioenergy is highly dependent

on the feedstock, how it was sourced, and what would have happened had the feedstock

not been burnt for energy. The IPCC figure we use is for dedicated energy crops and crop
residues, rather than the much more commonly used woody or forest biomass, which has been
shown to carry a greater risk of high-carbon outcomes. In certain cases, bioenergy can have

a carbon intensity significantly greater than coal. Bioenergy is also frequently cofired with
fossil fuels. We have disaggregated these wherever possible, but in certain cases recorded
bioenergy generation may include some co-firing. In these circumstances, actual emissions will
be higher than we estimate.

Hydro and other renewables: Hydropower emissions are generally very low, but can vary based
on emissions during construction and biogenic emissions, and so in a small number of cases
can be much higher than our value. Similarly, other renewable sources such as geothermal can
in rare outlier cases have high emissions.

Gross and net generation: In the EU, we report net generation for monthly data and gross
generation for yearly data. For gross generation, we perform the conversion described above,
which may introduce some error.

Combined heat and power (CHP): In many cases, thermal power plants produce both heat and
electricity. Our coal factors are based on only the electricity produced by such plants, ignoring
heat. It may not therefore be fair for our dataset to include all emissions attributed to co-firing
plants, which actually have greater efficiency than reported when considering total useful
energy output. Our gas factors account for CHP.

2024 generation and demand forecast

The 2024 demand and generation forecast is based on the following assumptions:

Demand: 3.3% increase from 2023, based on IEA projections.


https://www.nature.com/articles/s41558-022-01503-5
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials#Learn%20why
https://www.gov.uk/government/publications/use-of-high-carbon-north-american-woody-biomass-in-uk-electricity-generation
https://www.nature.com/articles/s41560-017-0032-9
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/02065.pdf?
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e  Solar: BNEF regional 2024 capacity addition projections (mid-case scenario). Regional average
load factors are used based on 5-year average of weather and timing of additions. Prediction
range is based on Monte Carlo analysis varying capacity deployment and panel performance.

e Wind: Global capacity additions of 115 GW, from GWEC. Assumes 27% average global capacity
factor.

o Hydropower: Assumes capacity factor recovers halfway towards pre-2021 global average.

o Nuclear: 2024 estimates calculated for the US based on EIA data, and for China based on
capacity additions. Rest of world based on expected capacity additions.

° Other renewables: Follows historic trend.

Missing solar disaggregation
Missing solar is disaggregated as follows:

° National insolation and timing effects (i.e. the changes from a country having a less sunny year
or unusually late installations) are estimated in individual countries where data is available,
covering 75% of global capacity, and scaled up to a global figure. National insolation effects are
recorded as “less sunny weather”.

e  Globalinsolation and timing effects (i.e. the changes caused by a global capacity shift towards
countries which are less sunny or generally install later in the year) are calculated. Global
insolation effects are recorded as “installations in less sunny countries”.

e  Global and national timing effects are combined as “late year additions”.

e “Underreported solar generation” refers only to marginal underreporting — that is, it is an
explanation of why 2023 departed from the historic trend rather than a comprehensive
estimate of missing reporting. It is estimated from:

e  Solar generation in countries where we know a portion is not reported (e.g. in Spain)

e  Capacity installed in countries which do not report up-to-date generation (primarily in the
Middle East and Asia).

Demand disaggregation

e  Electricity demand from EVs is estimated based on the number of vehicles sold, multiplied
by the annual average electricity consumption for key vehicle types: passenger cars, light
commercial vehicles, trucks, buses, and two-wheelers, including battery-electric and plug-in
hybrid vehicles. Key sources on EV sales: China (passenger cars, light commercial vehicles,
trucks, buses, two-wheelers), India, EU, US, Japan, rest of the world.

o Electricity demand from heat pumps estimated based on the number of units sold, multiplied
by annual average consumption. Key sources on heat pump sales: EHPA, AHRI, Rosenow et al
JRAIA, IEA.



https://www.electrive.com/2024/01/11/chinas-market-grows-by-9-5-million-electric-cars-and-plug-in-hybrids-in-2023/
https://interactanalysis.com/insight/more-than-300000-new-energy-commercial-vehicles-to-be-sold-in-china-in-2023/
https://interactanalysis.com/insight/more-than-300000-new-energy-commercial-vehicles-to-be-sold-in-china-in-2023/
https://www.sustainable-bus.com/electric-bus/china-electric-bus-truck-market-2023-geely/#:~:text=Foton%20placed%20fourth%20with%2015K,around%20160%2C000%20units%20in%202023.
https://www.statista.com/statistics/1300149/china-sales-of-electric-two-wheelers/#:~:text=Sales%20of%20electric%20two%2Dwheelers%20in%20China%202012%2D2022&text=In%202021%2C%20China%20sold%20approximately,2022%20to%2045%20million%20units.
https://www.business-standard.com/industry/auto/electric-vehicle-sales-jumps-49-to-1-52-million-units-in-2023-fada-124010901062_1.html
https://alternative-fuels-observatory.ec.europa.eu/transport-mode/road/european-union-eu27/vehicles-and-fleet
https://www.coxautoinc.com/market-insights/q4-2023-ev-sales/#:~:text=In%202023%2C%20the%20EV%20share,oft%2Dreported%20slowdown%20is%20real.
https://www.strategyand.pwc.com/de/en/industries/automotive/electric-vehicle-sales-review-2023-q4.html#:~:text=The%20performance%20in%20the%20last,the%20year%2C%20at%2084%25.
https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://www.ehpa.org/wp-content/uploads/2023/06/EHPA_market_report_2023_Executive-Summary.pdf
https://www.ahrinet.org/news-events/news/ahri-releases-december-2023-us-heating-and-cooling-equipment-shipment-data
https://www.nature.com/articles/s41560-022-01104-8
https://www.jraia.or.jp/english/relations/file/2023_July_OEWG45_JRAIA_side_event_Presentation_4.pdf
https://www.iea.org/commentaries/global-heat-pump-sales-continue-double-digit-growth

164

Acknowledgements

Authors and other contributors

Matgorzata Wiatros-Motyka, Nicolas Fulghum, Dave Jones, Katye Altieri, Richard Black, Hannah
Broadbent, Chelsea Bruce-Lockhart, Matt Ewen, Phil MacDonald, Kostansa Rangelova, Sarah Brown,
Libby Copsey, Reynaldo Dizon, Sam Hawkins, Leo Heberer, Sanghyun Hong, Uni Lee, Aditya Lolla,
Josie Murdoch, James Robinson, Neshwin Rodrigues, Chris Rosslowe, Oya Zaimoglu.

Peer reviewers

Harry Benham (Ember), Kingsmill Bond (RMI), Nathaniel Bullard (Business Climate Pte. Ltd), Duncan
Burt (Reactive Technologies Limited), Kanika Chawla (SEforALL), Toby Lockwood (Clean Air Task
Force), Hannah Ritchie (Our World in Data), Oliver Then (vgbe energy e\V.), Bryony Worthington
(Ember).

Annex - Country Snapshots

The separate Annex provides a summary analysis of the current electricity transition status in a
further twenty-five countries and regions that are among the world biggest absolute CO2 emitters,
alongside the top six set out in Chapter 5 - Major Countries and Regions.
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