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L E T T E R  F R O M  C O L E T T E  L E W I N E R

Last year’s editorial was written in the middle of the COVID-
19 pandemic when many questions were on the table. Let’s 
recall a few of them:

When and how will the world emerge from the crisis? Will 
different regions have the same recovery?

Will the post-pandemic world be different from the old one?

Will the lifestyle adopted during the lockdown periods, 
notably e-purchases, working from home and less travel, 
continue after the crisis?

Will companies continue to implement and use new 
digital processes?

Will cyberattacks grow?

Will sustainability issues be forgotten with the pandemic?

Will the consumption and emissions decrease observed in 
2020 be sustained? 

Will renewable energy development and green 
initiatives stall?

1 https://www.iea.org/data-and-statistics/charts/year-on-year-change-in-weekly-electricity-demand-weather-corrected-in-selected-countries-january-december-2020
2 https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-report.pdf
3 https://www.nature.com/articles/s41558-020-0797-x
4 https://www.nature.com/articles/d41586-021-00090-3

More than 18 months after the pandemic started, 
the world is still uncertain. However, some of these 
questions will be answered in this editorial and other 
issues will be debated.

I wish you good reading.

Pandemic-related crisis 2020 to H1 

2021

A differentiated economic recovery from the pandemic 
crisis:

1.   2020 was an exceptional year: 

The crisis linked to the pandemic in 2020 led to successive 
periods of lockdown and a drop in energy consumption 
which reached 20%1 during the first confinement (March-
May 2020).

During Q3 and Q4 2020, end of lockdowns (or less severe 
restrictions) in many countries allowed a global economic 
recovery and energy consumption grew again. Over the year, 
the decline was only 4.5%2. 

GHG emissions fell 20%3  during the first lockdown but, 
similar to energy consumption, levels dropped only by 
around 6%4  over the year.

Introduction
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Commodity prices were low; the price of oil was even in 
negative territory in April 2020 in the United States1 . Other 
commodities, such as cooper (a critical metal for electricity 
growth and energy transition) followed a similar path. 

The average price of electricity and gas prices declined 
sharply in 2020 with a deep decline during the confinement 
period and a relative recovery after. For example, average 
electricity prices in European day-ahead markets fell by 
around 30% in 2020 compared with the previous year.

In the U.S., Henry Hub gas prices averaged $2/MBtu in 2020, 
the lowest price level since 1995.

2.   During the first half of 2021, the global economy 
rebounded:

However, the recovery was uneven from region to region. 
Indeed, each country’s economic structure, governmental 
decisions regarding barrier gestures and containments, 
economic stimuli and, above all, the effectiveness of 
vaccination campaigns have drawn different ways out of 
the crisis.

The Chinese economy started to improve by the end of 
2020 and recorded around 7% growth in Q12021 compared 
to Q420192 . In Q1 2021, the U.S. GDP was only slightly 
below pre-crisis level while the EU GDP was 5% lower. South 
America is badly hit. For example, it is expected to take six 

1 WTI at -36.98 on April 20, 2020
2 https://www.pwccn.com/en/research-and-insights/china-economic-quarterly-q1-2021.html
3 Starting in Q1 2020
4 https://www.enerdata.net/publications/reports-presentations/world-energy-trends.html

years3  for Argentina to reach pre-pandemic GDP per capita, 
while it should take 18 months for the U.S. and three years 
for the EU. The lack of vaccination in India and Africa are 
delaying any economic recovery. 

Certain sectors such as IT, electronic platforms, 
telecommunications, and logistics have been boosted by 
the pandemic-related crisis while transport and tourism 
have been severely impacted by the containment, 
the increase in teleworking, and the drastic decline in 
business travel and air travel. The same is true for certain 
components of the tertiary sector, such as catering, 
retail, and others.Electric and gas utilities players were 
moderately impacted while Oil & Gas companies were 
heavily impacted by both lower consumption and lower 
prices (see below).

Supported by unprecedented levels of monetary and fiscal 
support and vaccination campaigns, the global economy 
should pick up speed in the second half of the year. 
However, the pandemic resurgence linked notably to new 
variants could slow down this recovery.  

Energy consumption growth resumed after the crisis:

Linked to economic growth, energy demand and CO2 
emissions will grow again.

In 2021 G20 countries, energy demand is expected to 
rebound by 4.1%4 , pushing global energy use in 2021 0.6% 
above pre-COVID levels. 

However, the crisis has changed behaviours in a sustained 
way. For example, it seems that business trips will not grow 
to the 2019 levels as distant meetings by Zoom, Teams, 
or other platforms proved to be efficient. The increase in 
teleworking should be sustained, as will e-purchasing and 
digitization of many business processes. This trend should 
impact the travel sector (air, railroad and, to a lesser extent, 
road), thereby decreasing related energy consumption. 

4
W

E
M

O
 2

0
2

1

https://www.pwccn.com/en/research-and-insights/china-economic-quarterly-q1-2021.html
https://www.enerdata.net/publications/reports-presentations/world-energy-trends.html


L E T T E R  F R O M  C O L E T T E  L E W I N E R

1.   Are energy consumption and GDP still correlated? 
Will these new ways of living and working impact the 
correlation between energy consumption and GDP? 

According to research work by J Percebois1 , historical 
figures show a linear relationship between GDP and 
energy consumption at global level. Globally, economic 
growth should therefore continue to be accompanied by 
an increase in energy consumption, albeit at different rates 
depending notably on energy efficiency progress2  and new 
post-pandemic consumption patterns.

At the regional level and even more at the national level, it 
could be different. Technical improvements and structural 
changes in GDP, such as those resulting from relocating 
manufacturing plants to lower-cost countries could result in 
relatively lower energy consumption. 

In addition, when calculating the energy footprint related 
to GDP, it is necessary to count the energy spent to 
manufacture imported goods and services. As such, the 
energy saved in some countries is expended by others. 

The same is true of GHG emissions. For example, the carbon 
footprint of France is 11 tCO2/capita, while emissions linked 
to national production alone are only 5 t CO₂/capita.As seen 

1 https://theconversation.com/a-lechelle-mondiale-aucun-decouplage-a-attendre-entre-pib-et-consommation-denergie-158903
2 Primary energy intensity is the amount of primary energy to produce a unit of activity. Its decrease measures energy efficiency improvement.
3 https://www.iea.org/data-and-statistics/data-product/net-zero-by-2050-scenario
4 IEA 2021 report: “Net zero by 2050. A roadmap for the global energy sector”
5 Compared to 1990

in 2021, economic growth is pushing energy consumption 
up, demonstrating that the correlation between GDP and 
energy growth is still true. 

However, in the May 2021 Net Zero for 20503  report, 
the International Energy Agency (IEA) questions this 
correlation. In some of its scenarios, researchers suggest 
that our civilization can accommodate an additional 2 billion 
people with over twice the quantum of economic activities 
at present and still reduce energy consumption by 8%! 

This statement is debatable as developing countries 
will need more energy to accommodate their increasing 
population and to raise their standard of living. Reversing 
the historical trend of per capita rising energy consumption 
will be very difficult. Since 1800, this consumption has risen 
more than four-fold from 0.43 tonnes of oil equivalent (toe) 
to 1.96 toe.the historical trend of per capita rising

energy consumption will be very difficult.Since 1800, this 
consumption has risen more than four-fold from 0.43 
tonnes of oil equivalent (toe) to 1.96 toe.

2.   Energy efficiency improvement is difficult: 

As a result of the crisis and continuing low energy prices, 
many investments in more efficient technologies were 
delayed. Meanwhile, global energy intensity improved 
by only 0.8% in 2020, roughly half the rate, (corrected 
for weather) in 2019 (1.6%) and 2018 (1.5%). This is well 
below the average annual energy intensity improvements 
of 4% needed by 20304, to be consistent with meeting 
international climate and sustainability goals.At the 
European level, the same difficulties are illustrated by the 
2020 energy and climate change objectives achievement.

These objectives were: reducing Green House Gas Emissions 
GHG by 20%5 ; increasing the share of renewables in energy 
consumption to 20%; and achieving a 20% improvement 
in energy efficiency measured by comparing energy 
consumption to GDP. While the GHG emission decrease and 
the renewables share increase, targets were met in 2020, 
the energy efficiency target was met thanks only to the 
pandemic crisis: in 2019 primary energy consumption in the 
EU was 3.4 % above the 2020 target.
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3.   Energy-related commodities prices are growing: 

The prices of commodities soared during the first half of 
2021 for different reasons:

1. Oil 

In 2021, world oil demand is not expected to reach the 
pre-crisis level. It should expand by 5.4 Mb/d in 2021 to 
96.4 Mb/d1 , following a collapse of 8.7 Mb/d last year.2  Oil 
production of US (the first producing country) and of OPEC 
(which represents around 40% of the world supply) are 
analysed below. They are often correlated. For example, 
during 2014-2016 period, OPEC decided to ease production 
quotas to “kill” shale oil production. The oil prices went 
down to $30/b; shale oil producers suffered and produced 
less, tightening the production/consumption balance. Oil 
prices went up and shale producers, thanks also to their 
efforts to lower costs, survived.

i.   U.S. production: Since the shale oil basins are not 
profitable at the low oil prices reached in 2020 and as 
many shale producers were highly indebted, oil production 
decreased in the U.S. in 2020. Some shale producers had 
difficulties surviving. For example, Chesapeake Energy 
Corp. filed for bankruptcy protection in June 2020, due 
to heavy debt combined with the coronavirus outbreak 
consequences. 

1 Mb/d: million barrels per day
2 https://www.iea.org/reports/oil-market-report-may-2021
3 In 2020, about 65% of total U.S. crude oil production were produced from shale oil resources.
4 EIA (Energy Information Administration) is the US governmental Agency https://www.eia.gov/outlooks/steo/report/us_oil.php.
5 In addition to formal OPEC members, 10 additional oil exporting countries, led by Russia, form the OPEC+ cartel

By mid-2021, the crude oil price increase helped shale 
producers boost their output. Therefore, U.S. crude 
production3  was oscillating around 11 Mb/d, after 
climbing above 13 Mb/d in 2019. EIA4 , is forecasting U.S. 
oil production to rise by about 7%  in 2022 (to around 12 
Mb/d) spurred by higher crude prices and a rebound in 
shale drilling. The 2020 price drop triggered consolidation 
in the sector. From Q4 2020 to Q2 2021, about $50 billion 
worth of deals have been struck. For example, in May 2021, 
Cimarex and Cabot Oil shale producers revealed a “merger 
of equals” that will create a group with an enterprise value 
of $17 billion.

ii.   OPEC production: 2020 was a bumpy year for OPEC+5  
oil producers. 

 On March 8, 2020, Saudi Arabia initiated a price war that 
resulted in an oil price drop of around 30% (in addition to 
a 30% drop since the beginning of 2020). Shortly after, oil 
consumption dropped sharply because of pandemic-related 
lockdowns sending WTI oil prices into negative territory for 
the first time in history.

Finally, on April 12, 2020, OPEC+ members decided to adjust 
downwards their overall crude oil production by 9.7 Mb/d, 
starting on May 1, 2020 for an initial period of two months; 
it was further extended until the end of July. 

From the end of 2020 until June 2021, these OPEC+ cuts 
were reduced to around 6 Mb/d, which is equivalent 
to more than 6% of global demand (including a 1 Mb/d 
voluntary cut by Saudi Arabia). 

In response to increasing oil prices, and after difficult 
negotiations, OPEC+ members reached an agreement by 
mid-July 2021 to raise their oil output. They should, by the 
end of 2022, restore all output cut during the spring of 
2020. According to this agreement, they will pump an extra 
400,000 b/d each month from August 2021, reaching about 
2 million b/d in total by year end.

This modest increase of output is a sign of concerns about 
the strength of the global recovery, given that China’s 
growth slowed at the end of H1 2021 and the spread of new 
COVID variants.

iii.   Oil price: The increase in oil prices, which reached 
$77/b for the Brent in early July 2021, is explained not only 
by the recovery in demand but also by better control of oil 
output by OPEC+, as well as stagnant production of shale 
oil in the United States. After the July OPEC+ agreement 
announcement, the Brent oil price decreased to $68/b.
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2.   The electricity share in global energy consumption is 
growing:

Global electricity demand declined most markedly in the 
first half of 2020 as lockdowns restricted commercial 
and industrial activity. During the first lockdown period, 
demand was 20-30% lower than the pre-lockdown period. 
For the whole 2020, demand decreased by around 1%. This 
decrease is lower than global energy demand and highlights 
the fact that electrification is continuously progressing as 
electricity is the best de-carbonization energy vector.

In the future, electricity demand should follow a different 
path than energy demand. This is illustrated in G20 
countries. While 2021 energy consumption should increase 
by 0.2% compared to 2019, 2021 electricity consumption 
should surpass its 2019 level by 3.5%. The electricity share 
in final energy consumption, which progressed in 2020, 
should continue to do so in 2021, reaching 22%. 

The correlation between electricity consumption and CO2 
emissions reduction is well illustrated by Germany. In May 
2021, the country announced an increase in its 2030 CO2 
reduction targets from 55% to 65%; shortly after, it revised 
upwards its electricity needs by 15%.

On the European plate, electricity prices that fell to 
around € 17/MWh in April 2020 grew to €45/MWh by the 
end of December. Since the beginning of 2021, the prices 
continued to grow and surpassed €80/MWh in early July 
2021. 

1  ETS: Emission Trading System

This price increase is linked to an electricity demand 
increase, as well as CO2 ETS certificate price growth.

3.   Despite increasing significantly, carbon certificates 
prices are still too low to guide energy policies:

i.   Present situation: In 2020, the price of the CO2 
certificate on the European ETS1  market rose from €17/t 
in March 2020 to €67/t early July 2021. This increase is 
explained by several factors:

• The Market Stability Reserve in place since 2019 
absorbs part of the extra quotas

• Regular reduction of the ceilings of allocated quotas

• The EU agreement to reduce CO2 emissions by 55% by 
2030 (compared to 1990) 

• Anticipated purchases by industry players and 
speculation by the financial sector. The latter sees 
ETS certificates as an investment that is both green 
and lucrative as the price continues to grow. This 
speculation increases the liquidity of the market, 
making it more volatile.

Since Brexit, the prices of CO2 emission allowances in the 
United Kingdom have been decoupled from the ETS and 
linked to a purely British auction. Several industrialists in 
the U.K. and Europe have called for linking the future U.K. 
carbon market and the EU emissions trading market.
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In the future, the price should continue to grow as new “Fit 
55” directives unveiled in July 2021 provide a more rapid 
tightening of the ETS allocations cap. 

On one hand, this price increase will handicap the 
European industry until the EU Carbon Border Adjustment 
Mechanism (CBAM) is implemented. On the other, a higher 
carbon price gives the right economic signal to accelerate 
green investments.

ii.   The European Commission’s “Fit for 55” directives 
should enable the EU block to become the world’s first 
mover on achieving net zero emissions by 2050.

These directives aim to ensure that the continent meets its 
goal of reducing greenhouse gas emissions by 55% in 2030 
(as compared to 1990). Hundreds of pages of legislative 
proposals intend to both deepen and broaden the 
decarbonization of Europe’s economy.

The broad package proposals include:

• A reform and extension of the ETS system, including:

• More rapid tightening of the ETS cap currently set at 
2.2% per year to 4,2% per year1 ;

• An ETS scheme extension to cover the shipping 
industry;

1 https://ec.europa.eu/commission/presscorner/detail/en/qanda_21_3542
2 IEA quarterly report April 2021

• A new EU emissions trading system for buildings and 
road transport; and

• A gradual phasing out of free credits that many sectors 
have benefitted from.

• A CBAM, which is a levy on imports based on their 
carbon footprint, as an attempt to prevent carbon 
leakage. This tool will be implemented in 2026 and 
initially limited to products such as such as steel, 
cement, aluminium, and fertilizers.

• Renewables target increase. The commission wants 
to raise the region’s renewables target to 40% of the 
energy mix by 2030, as compared to the present target 
of 32%. This new target could be challenging to meet as 
nearly 66% of current renewable energies are derived 
from biomass and the commission will rightly introduce 
stricter sustainability rules for biomass (most notably, 
excluding biomass from primary forests).

• Energy efficiency targets for 2030 increase: A 36% 
reduction in the final energy consumption by 2030 (an 
increase compared to the previous target of 32.5%). 

• A profound restructuring of energy taxation in Europe.

• Revised CO2 emissions standards for new vehicles, 
which will set a de facto ban on new petrol and diesel 
cars sales in Europe beginning in 2035. At the end of 

2020, the U.K. government announced a ban on the sale 
of new petrol and diesel vehicles will be moved up by a 
decade from 2040 to 2030.

The plan will be subject to fierce negotiations among the 
bloc’s 27 member states and could take years to complete, 
given that taxation policies require unanimous approvals.

4.   Gas demand and prices should increase in the short 
term. It could be different in the long term: 

i.   Global gas demand is expected to increase by 3.2% year-
on-year in 2021, which is more than enough to offset the 
1.9% lost consumption in 20202 . Global gas consumption for 
power generation was already the most affected segment 
in 2020; in 2021, it is expected to see limited growth (1.2%) 
which is not sufficient to offset the estimated 2.1% year-on-
year drop seen in 2020.

Following strong growth in Q1, European gas demand is 
expected to increase by 3% in 2021, returning to pre-crisis 
levels. 

Future demand for gas in the more mature markets of 
northwest Europe is expected to decline by 50 bcm/
year by 2040. The drivers for this drop are heating 
efficiency gains and electrification Growth. In addition, 
renewables generation growth is displacing baseload gas-
for-power demand.
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The biggest drop should be in residential demand related to 
measures aimed at fighting global warming. For example, 
in France, the new buildings energy regulation (RE2020) 
will impose the gradual phasing out of new gas-heated 
housing by setting a maximum threshold for greenhouse 
gas emissions from energy consumption.

ii.   Blue hydrogen derived from natural gas (see below), 
could open new sectors to gas demand. Gas supply in 
Europe: In 2020, the Dutch government announced that 
the production cap for the Groningen field will be halved 
(compared to its Q4 2020 level) as of October 2021.

This decision will decrease the domestic gas supply and 
increase European imports.

Nord Stream 1 remained the most important supply route 
of Russian pipeline gas to the EU in Q4 2020, having a share 
of 44% in the Russian pipeline imports.

Comforted by the suspension of threats of American 
sanctions in May 2021, Moscow and its European partners 
have continued to complete the gas pipeline intended to 
supply Europe with Russian gas without passing through 
Ukraine. On July 21th 2021, the United States and Germany 
reached an agreement to allow the completion of this $11 
billion controversial pipeline. Completion is expected by 
August 2021.

1 https://www.mckinsey.com/industries/oil-and-gas/our-insights/petroleum-blog/snapshot-of-gas-and-lng-flows-and-market-dynamics
2 https://www.spglobal.com/platts/en/market-insights/topics/hydrogen

This US-German agreement aims also to invest more than 
200 million euros in energy security in Ukraine as well as 
sustainable energy across Europe. depend now on the 
German regulator decisions.

The new Trans Adriatic Pipeline, which is part of the 
Southern Gas Corridor and provides access to Azeri gas 
sources, began shipping gas at the end of December 2020.

In Q1 20211 , available supply in Europe was up 19% from Q4 
2020 due to increases in production, storage withdrawals, 

and LNG supply more than offsetting lower pipeline entries 
In 2021, LNG supplies are catching up as Q1 2021 supply was 
up 3% compared to Q4 2020, but flat compared to Q1 2020.

Russia is set to remain the dominant gas supplier to Europe 
through 2040, according to the latest long-term European 
gas outlook from S&P Global Platts Analytics2 .

Russia’s market share in Europe is expected to remain 
above 30%, rising close to 40% by 2040, as domestic 
European gas production and supplies from Norway and 
Netherlands decrease.

The share of global LNG supplies in Europe’s energy mix is 
expected to increase by  2040 however less than Russian 
deliveries as piped Russian gas remains competitive given 
its low-cost production base. Global Russian gas output 
is expected to grow significantly as Moscow targets also  
increased exports to China and focuses on building out its 
LNG export capacity.

iii.   In Europe gas networks are facing a few challenges:

• They must increase their operational flexibility to face 
the more volatile gas to power demand, as the latter is 
now corelated with renewables variable output. Gas, 
contrary to electricity, is easy to store, so the latter 
levels need to be sufficiently well-correlated to these 
variable needs.
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• Investing in new import gas pipelines is questionable. 
In 2020, the EU approved a “Projects of Common 
Interest”1  list including tens of millions of dollars’ 
worth of investment in 32 gas projects. This funding 
is contrary to EU climate commitments and may be 
unnecessary,2  as EU “Fit for 55” directives are setting 
an ambitious trajectory for reducing greenhouse 
emissions. Moreover, EU’s natural gas import capacity 
is already largely above its needs, with an average 
pipeline utilization rate of 57% over 2019 and an 
average utilization rate of 51% for LNG terminals3 . 
In addition, newly approved projects risk losing value 
before the end of their economic life, thus becoming 
stranded assets. To match its “Green deal” objectives, 
in December 2020, the European Commission proposed 
new rules to end EU funding for natural gas (and oil) 
pipelines and instead funnel cash into electricity and 
low-carbon energy networks to meet climate goals. 

• To respond to these challenges, gas networks intend 
to become greener by incorporating hydrogen or 
biomethane. However, the acceptance of hydrogen and 
biomethane is still in an early stage of development, 
with the former mainly driven by pilot projects and 
biomethane being somewhat more advanced.

iv.   Gas prices in Europe: At the end of Q2 2021, gas prices 
on wholesale markets in Europe hit a high since 2008, 

1 PCI: Projects of Common Interest that entitle investors to receive funding and loans from the European Investment Bank, EU institutions and private investors.
2 According to the January 2020 Arthelys report “the EU risks over-investment of €29bn in unnecessary projects”.
3 http://www.carbone4.com/analysis-new-gas-infrastructure-eu/?lang=en
4 https://qz.com/1760615/china-quits-coal-at-home-but-promotes-the-fossil-fuel-in-developing-countries/

reaching more than €30/MWh. This price increase is the 
consequence of:

• A cold and long winter, which led utilities to draw on gas 
storages, which must now be refilled;

• Strong growth in Chinese demand;

• Strong demand in Brazil, where drought limits the 
operation of hydraulic dams; 

• A fire that forced the Norwegian Equinor to close its 
LNG production plant north of the Arctic Circle; and

• Gazprom’s strategy, which restricts its exportations to 
Europe through Ukraine to promote its Nord Stream 2 
gas pipeline (see above).

5.   Coal demand is increasing in developing countries as 
well as developed countries:

Demand for coal in G20 countries decreased by 4% in 
2020 but should rebound to 5% in 2021, ending above 
2019 figures.

Coal remains vital for China as the lack of energy is one 
the key obstacles to maintain a “moderately prosperous 
society” and as the country’s energy security of supply relies 
on coal. 

In 2019, 58% of the country’s total energy consumption 
came from coal and China continues to build coal-
fired power plants at a rate that outpaces all other 
countries combined.

 In 2020, China brought 38.4 GW of new coal-fired power 
into operation, more than three times what was brought 
online elsewhere. A total of 247 GW of coal power is now in 
planning or development stages, nearly six times Germany’s 
entire coal-fired capacity.

In addition, China finances more than 70% of all coal plants 
built today4 . Korea and Japan finance 12% and 10% of coal 
plants projects, respectively, and are backing away from 
these projects.

By the end of Q2 2021, the high-quality cooking coal price 
in China has risen above $300/t for the first time since 2017, 
up almost 150% since October2020. This underlines the 
difficulties that China faces in trying to cool commodity 
markets which it has identified as a key risk to its economic 
recovery and foreign policy goals.
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While China is relatively self-sufficient in cooking coal with 
domestic mining supplying about 80% of its needs, it still 
imports $70 million a year for its steel industry. About half 
of these imports used to come from Australia. In October 
2020, Beijing placed an unofficial ban on coal imports 
from this country because of a diplomatic issue over the 
origins of the coronavirus. This boycott, combined with 
lower domestic cooking coal production and pressure from 
safety and environmental inspections, explains why Chinese 
steelmakers are paying around $100/t more than India. 

6.   GHG energy related emissions growth in 2021 should 
reverse at least 80% of the 2020 drop:

In 2020, G20 countries’ GHG energy related emissions, 
which represent 80% of global emissions, decreased by 
5.2%. With the 2021 economic rebound, these emissions 
growth should amount to 4.4% and stay below 2019 levels. 
This would reverse 80% of the drop in 2020, raising fears 
that after 2021, the increase in emissions will return to the 
pre-crisis rate.

4.   Energy transition metals price surges could wipe 
out part of the renewables 2021 cost decreases: 

The strong economic recovery in countries like China, the 
lack of mining investments during the crisis, and logistical 
congestions, explain the price increase in these metals. In 
addition, stimulus plans implemented in North America, 

1 IEA The Role of critical minerals in clean energy transitions (2021) p.14https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
2 https://www.iea.org/news/clean-energy-demand-for-critical-minerals-set-to-soar-as-the-world-pursues-net-zero-goals
3 https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
4 It takes about 16 years between the discovery of the ore and the production

Europe, and the United Kingdom, target investments in 
infrastructure (rail, road, or electrical) which will require 
significant amounts of these metals.

However, after highs reached in May 2021, commodity 
prices slipped by mid-July, as driven by the spread of COVID-
19 variants and concerns over slowing growth in China, the 
biggest consumer of raw materials.

The implementation of the energy transition increases the 
needs of certain metals such as copper, lithium, cobalt, 
and rare metals.They are produced and refined in a limited 
number of countries. For example, 50% of the world’s 
copper is produced by three countries (Chile, Peru, and 
China),  70% of the cobalt is produced by the Democratic 
Republic of Congo, 60% of the rare earths are mined in 
China and 90% are refined in China1.

According to IEA scenarios2, energy transition will result in 
a surge of demand for those “transition minerals,” as driven 
by electric grid expansion, electrical vehicle production, and 
storage batteries growth. By 2040, total mineral demand 
from clean energy technologies will more than double3 . 
Among the low-carbon technologies, nuclear electricity has 
the lowest “mineral matter intensity” per unit of installed 
capacity. 

This increase in demand for “transition minerals” is 
expected to push prices sharply upward unless mitigated by 

early4  investments to discover ore deposits, the opening of 
mines, and building of refinery facilities. 

A sharp rise in the price of these minerals could wipe out 
the significant progress made over the past ten years 
in renewable electricity production costs and the cost 
of batteries. This slowdown in price decrease could be 
amplified by inflation and interest rates growth in 2021 
since producing renewable electricity and hydrogen 
requires significant investments.

The warning has been issued for several years about the 
West’s dependence on these rare metals. Some regions, 
such as the U.S. and EU, have issued strategic plans to 
secure supply of these critical minerals by encouraging 
investments in geographically diversified sources of supply, 
as well as development of metals recycling, most notably 
from used batteries.
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Energy system decarbonization
Electricity generation: Low carbon sources:

1.   Renewables are increasing their share in 
the electricity mix: 

a.   Consumption of renewable energy increased 
by 3% in 2020,1  while the consumption of energy in 
general decreased. This is mainly due to a 7% increase 
in the consumption of renewable electricity, while the 
consumption of biofuels has fallen

The priority of access to the network, the construction of 
new renewable installations, certain long-term contracts 
(PPA2), and the fall in costs have enabled this growth.

Like other industrial installations, wind or solar farm 
projects have slowed in 2020 due to pandemic lockdowns 
and social distancing rules. This will have an impact on 2021 
and 2022 generation.

b.   Renewables generation growth:3 

Despite the economic slowdown, global renewable energy 
capacity growth in 2020 was higher than the previous years’ 
trend. Renewable generation capacity increased by 261 
GW (+10.3%) in 2020, representing more than 80% of all 

1 https://www.iea.org/reports/global-energy-review-2021/electricity#electricity-demand
2 PPA: Price Purchase Agreement
3 https://www.irena.org/publications/2021/March/Renewable-Capacity-Statistics-2021
https://www.irena.org/newsroom/pressreleases/2021/Apr/World-Adds-Record-New-Renewable-Energy-Capacity-in-2020
4 http://www.world-nuclear.org/uploadedFiles/org/WNA/Publications/Working_Group_Reports/comparison_of_lifecycle.pdf

new electricity capacity added. While hydropower has the 
largest installed capacity base, solar energy continued to 
lead capacity expansion, with an increase of 127 GW (+22%), 
followed closely by wind energy with 111 GW (+18%).

These sources jointly accounted for 91% of all net 
renewable additions in 2020.

China and the U.S. were the two outstanding growth 
markets : China, already the world’s largest market for 
renewables, added 136 GW last year, while the U.S. installed 
29 GW, nearly 80% more than in 2019.

Renewables’ rising share of total electricity installed 
capacity is also attributable to net decommissioning of 
fossil fuel power generation in Europe, North America 
and, for the first time, across Eurasia. Total fossil fuel 
additions fell to 60 GW in 2020 from 64 GW the previous 
year, highlighting a downward trend of fossil fuel-fired 
plants expansion.

Consequently, the percentage of renewables in electricity 
production increased by 29% in 2020 as compared to 27% 
in 2019.

c.   Sustainability of energy sources is key in the fight 
against climate change:

When evaluating the sustainable character of an energy 
source, one must analyse its impact on atmospheric 
pollution, rare mineral resources, water utilization, and land 
occupation. 

Hydro, solar, or wind are natural resources and do not 
generate GHG emissions. However, the construction of 
dams, solar, or wind farms will generate emissions.

When comparing the total emissions over the lifecycle of 
the different sources of electricity used to produce a kWh4, 
it appears that the median value for nuclear energy is 29g 
CO2 eq/kWh, which is similar to wind generation (26) and 
hydro-electricity (26 g CO2 eq/kWh Photovoltaic solar farms 
is 85, which is still a very low value as compared to gas (499) 
and coal (888).

Rare metals are needed in solar panels, windmills, and 
electrical batteries, highlighting the importance of recycling 
so as not to deplete those resources.

It must also be acknowledged that unlike fossil fuel 
plants or nuclear reactors, wind and solar farms use little 
water resources.

1
2

W
E

M
O

 2
0

2
1

https://www.irena.org/newsroom/pressreleases/2021/Apr/World-Adds-Record-New-Renewable-Energy-Capacity-in-2020
http://www.world-nuclear.org/uploadedFiles/org/WNA/Publications/Working_Group_Reports/comparison_of_lifecycle.pdf


L E T T E R  F R O M  C O L E T T E  L E W I N E R

Concentrated energies, such as nuclear energy, occupy 
much less land surface than diffuse energies such as wind 
and solar energy The occupied land surface (for a given 
electric power) for solar electricity is 500 times larger than 
that for nuclear electricity and 2500 times larger for wind 
electricity than for nuclear electricity.1 

With a share of around 66%2  of the renewables’ energy 
consumption, biomass constitutes the main renewable 
energy source within the EU. Expanding its utilization 
is the key to reaching the 2030 goal of 40% renewable 
energy in the total consumption. To answer to questions 
on the sustainability of certain biomass products, the EU 
“Fit for 55” package strengthens its “suitability criteria” 
on certain forms of biomass, which involve combustion of 
wood pellets. Indeed, burning wood contributes both to 
carbon emissions and to a reduction in the absorption of 
CO2 by forests. Moreover, if those pellets must be supplied 
from far-flung locations, their transportation creates 
additional pollution.

d.   Technology improvements are either specific to 
each renewable source or common to all:

i.   Solar3  technology progress aims at: 

• Increasing solar cell conversion efficiency: For example, 
by layering perovskite crystals over silicon to increase 
the conversion of sunlight into energy, it is possible to 

1 https://mcusercontent.com/1c10cc56874327bd9a8c7fa54/files/c6222552-0b1e-e8b1-ec47-1326b62478d0/Artificialisation_sols.pdf
2 https://etipbioenergy.eu/images/ETIP_B_Factsheet_Bioenergy%20in%20Europe_rev_feb2020.pdf
3 https://ratedpower.com/blog/solar-power-technology/

reach a conversion rate of 27%, as compared to 22% at 
present. Using hexagonal lenses in the protective glass 
that coats solar panels concentrates light and produces 
more energy; this technology has reached an efficiency 
rate of 30%.

• Generating higher volumes of electricity at a lower cost, 
as compared to land-based solar farms, thanks to large 
installations of floating photovoltaic panels. 

• Building-integrated photovoltaics within building 
materials themselves, as opposed to only rooftop-
mounted solar panels. Solar glass is of particular 
interest in hot climates where it reduces the amount of 
heat penetrating the windows, in turn reducing energy 
consumption from air conditioning.
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ii.   Wind new technologies aim at:1

• Increasing blade size and tower height: Ten years 
ago, the length of the rotor blade, from vertex to tip, 
measured 30–40 meters long. Today, blades are double 
that length, thereby increasing the wind capture. Wind 
turbines and their towers are getting larger and taller. 
Ten years ago, most wind turbines averaged about 80 
meters in height. At 248 meters tall, the new towers (GE 
Haliade X) will far exceed the height of today’s tallest 
wind turbines.Bigger blade size and taller turbines make 
for stronger production capacity. For example, the 
average turbine of one decade ago had the capacity to 
produce 1.5 MW of electricity. The average nameplate 
of newly installed land-based wind turbines in the U.S. 
in 2019 was 2.55 MW.

• On-site assembly: Huge blades can cause road 
transportation issues. Companies are exploring how 
to make the blades easier to ship by creating them 
as segmented pieces, which can later be fit together. 
Some equipment providers are experimenting with new 
composites like carbon fibre that could make on-site 
assembly easier.

• Turbine recycling: With huge blade waste forecasted 
to reach 43 million tons by 2050, more wind-turbine 
makers are looking for ways to recycle their products 
when they are no longer viable. For example, in 

1 https://www.asme.org/topics-resources/content/6-advances-in-wind-energy
2 https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Framing-Note-on-Repowering.pdf
3 https://www.xprize.org/prizes/elonmusk

December 2020, GE Renewable and Veolia signed 
an agreement to recycle blades removed from U.S. 
onshore wind.

• Floating turbines: Putting turbines on floating 
platforms in the water, rather than fixed foundations 
allows for the installation of offshore wind farms in 
larger seawater depth. In 2017, Equinor opened the 
first full-scale floating offshore 30 MW wind farm. The 
facility had the highest capacity factor in the U.K. for 
the third year in a row as of 2020. 

• Repowering: Up to 76 GW of the EU’s onshore and 
offshore wind energy capacity will come to the end 
of their operational life between 2020 and 20302 . 
Repowering these wind farms by replacing aging assets 
with fewer, modern ones offers many advantages:

• It enables to harness a higher amount of power; 

• Long-term wind resource data are already 
available, which facilitates the tailoring of turbine 
size to local wind conditions to optimize power 
output; and

• Local communities are accustomed to 
the presence of wind farms, which means 
that repowered projects could be more 
easily accepted.

iii.   CO2 sequestration: 

Thanks to prototypes return of experience, there is 
progress in Carbon Capture and Storage (CCS) technology, 
which has led to price decreases.  

In addition, new research is aimed at finding ways to remove 
carbon dioxide directly from the atmosphere. To accelerate 
discoveries, in 2021, Elon Musk and the Musk Foundation3  
launched a $100 million, four-year competition that invites 
innovators to create and demonstrate solutions that can 
pull CO2 directly from the atmosphere or oceans and 
sequester it durably and sustainably.

iv.   Digital enabled progress: 

Intelligent sensors and better granular weather forecasting 
allow improved renewables operations and maintenance.

Gathering wind or solar farm fleets data into one platform 
via advanced energy software products enables significant 
savings in operation and maintenance costs thanks to:

• Reduced time spent in standard inspections and repairs; 
and 

• Improved predictive maintenance based on data 
analysis and machine learning technologies.
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e.   Renewable energy costs have continued to 
decrease. Will there be a pause?

In recent years, renewable energies’ costs have dramatically 
decreased, making electricity generation technologies 
competitive, in LCOE1  terms, with dispatchable fossil fuel-
based electricity generation in many countries. While the 
cost of electricity from new nuclear power plants is high, 
electricity from existing long-term nuclear power plants 
constitutes the least cost option for low-carbon generation.

1 LCOE: Levelized Costs Of Electricity
2 https://www.irena.org/newsroom/pressreleases/2021/Jun/Majority-of-New-Renewables-Undercut-Cheapest-Fossil-Fuel-on-Cost
3 Atlantic Shores is a 50-50 joint venture between EDF Renewables North America and Shell New Energies US
4 https://www.livemint.com/news/india/hike-in-solar-panel-prices-by-chinese-cos-to-hit-projects-11617213860784.html
5 Renewables energy (solar and wind) that have a low energy density use more steel and concrete per kWh generated than centralized generation. https://fortune.com/2021/07/08/steel-prices-2021-going-up-bubble/

i.   2020-2021 achievements: 

According to the latest Irena report, in 2020, renewable 
power generation costs continued to fall significantly year-
on-year2 . The global weighted-average LCOE of utility-scale 
solar PV fell by 7%, year-on-year, from $61/MWh to $57/
MWh, while that of onshore wind fell by 13%, year-on-year, 
from $45/MWh to $39/MWh and that of offshore wind 
decreased by 9%, from $93/MWh to $84/MWh.  By the 
end June 2021, the New Jersey Board of Public Utilities 
awarded the Atlantic Shores Offshore Wind3  a contract to 

develop an 1,510 MW offshore wind energy project located 
off the coast of New Jersey at a price of $86/MWh .

Over the last ten years (2010-2020) the renewables cost 
decrease was spectacular. The global weighted-average 
cost of electricity from newly commissioned onshore wind 
projects fell by 56%, while that of utility-scale solar fell by 
85%, offshore wind declined by 48%, and Concentrated 
Solar Power (CSP) fell by 68from $340/MWh to $ 108/MWh.

ii.   Will there be a pause in the drop in renewable 
energy costs?

The prices of Chinese solar panels are increasing4. This is 
partly related to the increase in the price of steel5  (nearly 
three-fold from November 2020 to May 2021but also to 
the dominant position of China in this market. For example, 
the price of containers for transporting floating solar 
floatsfarms has increased dramatically. With rising inflation, 
the cost of capital will increase, thus increasing the cost of 
energy produced.

In countries like France there is a strong opposition to 
onshore wind. The legal suits and the project changes to 
accommodate local neighborhoods increase the length 
of the construction and thus the cost. All of these factors 
could slow down the renewables cost decrease. 
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iii.   LCOE costs comparison limitations:

The LCOE method is used to compare electricity costs of 
different energy sources. This method allows analysts to 
compare very different means of producing electricity with 
different life spans, capital investments, operating costs, 
and availability factors. 

However, it does not reflect all external factors, such 
as electricity storage cost for renewables, cost of 
reinforcement of networks, or end-of-life costs; nor does 
it measure the impact of intermittency on power grid 
balancing. It is also a static indicator that does not consider 
the impact of renewable generation on the market and the 
value of these variable sources of electricity.

For example, on a very sunny day with high PV solar 
penetration, the grid can be overloaded with this electricity 
generation. As a result, the excess supply could be curtailed 
to balance the system. In this case, the value provided by 
this excess PV solar electricity is zero. 

However, unlike PV solar farms, CSP, with thermal energy 
storage, has the flexibility to target output in high-cost 
periods of the electricity market, irrespective of whether 
the sun is shining. 

1 https://www.iea.org/reports/projected-costs-of-generating-electricity-2020
2 https://renewablesnow.com/news/?topic=ipos
3 Offshore wind should still be 60% of Oersted’s power capacity 2030
4 This profitability declined in a few years from more than 15% to a range of 5% to 10%.
5 A French renewable energy company that develops, finances, builds and operates solar power plants, wind farms and energy storage facilities
6 https://www.spglobal.com/spdji/en/indices/esg/sp-global-clean-energy-index/#overview

The LCOE also fails to consider other potential sources of 
revenue. For example, hydropower generators can earn 
revenue from providing ancillary grid services. This is not 
the case for variable renewable generation. 

However, hybrid power plants that aggregate variable 
renewables with batteries and, in the future, hydrogen 
production and fuel-cells, are more grid friendly.

LCOE measurement is no longer sufficient and new metrics 
need to be introduced to measure the renewables value 
provided to the electric system. Therefore, IEA introduced 
the value adjusted LCOE (VALCOE).1 

iv.   Clean energy companies: 

In 2021, a speculative bubble is growing as renewable 
energy companies attract financing, thanks to decreasing 
costs and increased governmental support. In 2021, many 
renewable companies have gone public2  with promises of 
significant increases in their installed capacity. They need 
to win tenders and therefore are proposing low prices 
and counting on cost decreases by the time the project is 
completed. If the renewable costs stop decreasing, their 
profitability (as well as that of the sector) will be negatively 
impacted. 

Orsted, a former Oil & Gas company majority-owned by 
the Danish state, has successfully developed in offshore 
wind power and was ranked third among European energy 
companies by market capitalization. A slight change in 
its strategy in renewable energies with a higher weight 
of solar and onshore wind power3  was interpreted 
as the warning signal of the continued erosion of the 
profitability4  of capital invested in offshore wind. Following 
this announcement, Orsted’s share price dropped by 35% 
between January and June 2021.

Similarly, Neoen5  stock decreased from €64 at the 
beginning of the year to €38 at the end of H12021.

The S&P global clean energy index6  has decreased 
significantly since January 2021. After increasing steadily 
from around 500 points in 2016 to 900 in January 2020, it 
decreased sharply due to the COVID-19 crisis to 600and 
then grew continuously to more than 2000 in January 2021. 
In June 21 it had decreased to 1400.
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2.   Nuclear electricity is indispensable to 
reach the climate related goals: 

Nuclear electricity remains the single largest source of low-
carbon generation in advanced economies.

After being set aside for years, climate change issues are 
bringing this very low carbon electricity source back to 
the forefront. It is recognized by many institutions as an 
essential component to achieving carbon neutrality.

• The existing reactors have operated in 2020 and 
H1 2021 without significant incidents and have 
provided about 10% of the world’s electricity, making 
nuclear the world’s second largest source of low-
carbon power. Globally, nuclear electricity provided 
2553 TWh of electricity, down from 2657 TWh in 2019. 
The availability rate was reduced due to the inability 
to perform heavy maintenance work during the 
containment periods. 

Prior to 2020, electricity generation from nuclear energy 
had increased for seven consecutive years. China was 
the second largest producer of nuclear electricity after 
the United States, overtaking France, which moved to 
third place.

In 2020, five new reactors (out of a total of 442) became 
operational and five reactors were shut down (in the 
U.S., France, and Russia). Some shutdowns, such as the 

1 Programmation Pluriannuelle de l’Enerrgie
2 In its provisional assessment of the electricity system for 2021-2030, presented on March 2021

two French reactors at Fessenheim, were completed for 
political reasons.

In April 2020, during the first confinement, EDF forecasted 
a nuclear production of 330 TWh compared to 2019’s 
production, which was slightly above 379 TWh. Thanks to 
EDF’s efforts to optimize the annual reactor’s shutdowns 
maintenance works , the production for the year was 335 
TWh and there was no electricity supply problem during the 
winter of 2020-2021. However, French reactors’ availability 
will stay below 2019’s level for two or three years and the 
winters 2021-2022 and 2022-2023 could remain tense in 
France and Europe.

In February 2021, the French Nuclear Safety Authority (ASN) 
agreed to extend, subject to conditions, the lifespan of 32 
French 900 MW reactors to 50 years. This is a welcomed 
decision and will help ensure the security of electricity 
supply at a competitive cost.

Many European energy transition plans call for the 
premature shutdown of nuclear plants.

In Germany, the Energiewende has ordered all nuclear 
reactors to be shut down by 2023. With the acceleration of 
the shutdown of coal plants decided in 2021, controllable 
production is decreasing, which can increase the risk 
of blackouts.

To achieve the goal set by French Energy Transition law 
of reducing the share of nuclear power to 50% of the 
electricity mix by 2035, the 2020 Multiannual Energy 
Program PPE1 has set a path to shut down 14 of its 
oldest reactors by 2035. This plan forecasts anticipated 
closures (before their 50-year lifetime) of two reactors 
by 2025-2026 and two others by 2027 and 2028, as well 
the decommissioning of all coal-fired power stations by 
2022. However, the operator of the electricity transmission 
network, RTE,2  estimated that by 2026 the safety margins 
of the electricity system will be very low or even insufficient 
and therefore recommends not closing reactors in 2025 and 
2026.
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Belgium plans to phase out its nuclear reactors between 
2022 and 2025 making  the country a major importer of 
electricity if enough electricity is available on the European 
electric  plate.

The climate change emergency and the difficulty of 
balancing networks with a high proportion of renewables 
give us hope that these policies will be reviewed.

• New large reactor construction in the West is 
challenging:

In 2020, China, UAE, and Belarus added nuclear units. China 
is taking the lead in new construction with 18 reactors 
under construction. In 2020, Fuqing 5, the first of two 
Hualong One reactors’(HPR 1000; China’s third-generation 
1000 MW pressurized water reactor), was connected to the 
grid. 

In Pakistan, the HPR 1000 Karachi 1 reactor sold by China 
was connected to the grid in 2021.

The Barakah facility is the first nuclear power plant in the 
Arab world. When its four APR-1400 reactors become 
fully operational, they should deliver about 25% of the 
UAE’s electricity.

1 50 reactors are under construction in 16 countries notably China, India, Russia and the United Arab Emirates. 7 new reactors came online in the second half of 2020 and Q1 2021 and up to ten more new reactors could be connected to the grid worldwide by the end of 2021, including four in China.
2 https://www.world-nuclear.org/information-library/current-and-future-generation/plans-for-new-reactors-worldwide.aspx
3 https://www.iea.org/reports/global-energy-review-2021/nuclear
4 For example, Nuward, the French SMR project, is designed with modules of 170 MWe each
5 HTR: High Temperature gas cooled Reactors
6 These start-ups are often supported by the US Department Of Energy
7 NRC: Nuclear Regulatory Commission

However, other projects, including most notably the 
Flamanville (in France) and Olkiluoto (in Finland) EPR 
reactors, have encountered significant construction 
difficulties with construction costs exceeding than 3 times 
the original budget and construction durations of at least 
3.5 times the original timeline.

Nuclear power capacity continues to grow worldwide, as 
larger reactors1  are added to the grid and smaller units are 
retired. Furthermore, uprates to some existing reactors 
have also added to the world’s nuclear power capacity. The 
World Nuclear Association reports the total net installed 
capacity is about 400 GW as of early 2021.2  

Nuclear power should rebound and increase by 2% in 20213, 
reversing only half of the decline in output that took place 
in 2020. 

• Small Modular Reactors are promising for certain 
usages:

These are reactors with a power per module between 50 
and 200 MWe4 . Several technologies can be used including 
pressurized water reactors, as well as HTR5  reactors as 
in China.

These modules are connected to obtain powers of up to 
600 MW.

At the end of 2020, the IAEA counted 72 projects in 
development or under construction across 18 countries. 
They are developed by many players, ranging from public 
companies, including those in China and Russia, to North 
American start-ups6 . 

In 2021 no small modular reactors were  in operation except 
the Russian barge of Rosatom, whose level of safety should 
be assessed. The most advanced projects are:

1. In North America, the NuScale Power: after the NRC7  
design approval in 2020, their first 720MW plant should 
be connected to the grid in 2029. 

2. In North America, GE-Hitachi BWRX-300: a boiling 
water 300 MW reactor is at the stage of pre-application 
review. 

3. In China: the ACP 100 (designed by CNNC) construction 
has started in July 2021 in Changjiang (Isle of Hainan). 

4. South Korean’s SMART 100 MW reactor is at the 
preliminary review stage.
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In the United Kingdom, Rolls-Royce unveiled in mid-May 
2021 its reactor design and plans a commercial operation by 
the early 2030s. The French Nuward project, developed by 
EDF, Technicatome, Naval Group, and the CEA, is currently in 
the industrial design phase.

Thanks to their small size and simplified designs with 
passive safety features, SMR construction should be 
easier than that of large reactors. They are designed to 
use factory-built modules assembled on site. This modular 
construction was also the design of the APR 1000 from 
Westinghouse. However, this large reactor construction 
encountered significant setbacks, as factory production 
of the modules was prematurely started without all safety 
clearances which required many to be remanufactured. 

The SMR’s modular design is expected to significantly 
reduce construction times as compared to large nuclear 
reactors. The target time is around 4 years (compared 
to around 10 years for Hinkley Point C1  EPR and more 
than 15 years in the case of Olkiluoto and Flamanville 
3 EPR reactors). As such, a reduction in construction 
expenses should significantly reduce the cost of electricity 
generated2. The modular and standardized approach will 
also reduce manufacturing costs. However, the cost of 
safety studies and regulatory approvals for these reactors 
are similar to those for large reactors, while the electrical 
generation output is around half (or less) of that of large 
reactors. This will lead to a cost per kWh increase factor.

1 https://world-nuclear-news.org/Articles/Hinkley-Point-C-delayed-until-at-least-2026
2 Investment costs represents 80% of the cost of the final kWh
3 https://www.nuscalepower.com/benefits/cost-competitive

According to Nuscale, the capitalized construction cost 
per kW for their plant should be well below a 4-loop PWR 
($2,850/kW versus $5,587/kW). Operating and maintenance 
costs for a NuScale plant should also be lower than those of 
the top 25% of U.S. large nuclear power plants3 .

SMRs are better adapted to small grids than large reactors, 
with large electricity injections from the latter posing 
balancing issues. This would enable SMRs to replace coal 
plants, particularly those in the developing world, provided 
that the nuclear non-proliferation issues are solved and 
that spent fuel and wastes are managed in a sound way.
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• Large reactor financing is complex: 

A nuclear power plant project is characterized by high 
upfront capital costs and long construction periods, low and 
stable operational costs, and lengthy payback periods.

This investment profile, combined with the risks associated 
with construction, mean that the cost of financing is a key 
determinant of the cost of electricity generated.

Most nuclear power plants in operation were financed in 
regulated energy markets where returns on investment 
were generally secure. Market deregulation has worsened 
the risk profile related to investing in these new capacities 
because electricity prices are less predictable.

Several models have been used in recent years to facilitate 
large nuclear plant investments:

i.   In the Western world, most models combine a long-term 
power purchase contract to reduce revenue risk, as well as a 
means of capping investor exposure. For example, this may 
be done through loan guarantees. 

In the United Kingdom, the Hinkley Point project benefited 
from the sale price defined bythe “cost for difference” 
system. This mechanism has helped EDF and CGN finance 
the investment from their own funds together with loans 
benefiting from a British state guarantee. 

1 For example increasing it from €42 to €48/MWh
2 ARENH Accès régulé à l’électricité nucléaire historique)
3 PPA: Power Purchase Agreement

Funding for Sizewell B could be different from Hinkey Point 
C in that it may have greater U.K. state involvement. This 
financing scheme is still under discussion.

In France, a higher price for the ARENH12    mandatory 
100 TWh/year sales from EDF to its competitors could 
improve the EDF balance sheet and allow it to finance 
the construction of new EPR reactors (EPR2). EDF has 
summitted in May 2021 its plan for the construction of 
three pairs of EPR2s. 

The discussion on ARENH and related issues are lengthy and 
complex. They are linked to an EDF activities reorganisation 
(see below the “Hercule-Grand EDF” project description). 
However, long-term governmental commitment to the 
French new nuclear power program is indispensable. 

The inclusion of nuclear energy in the green taxonomy in 
the EU would help attract potential investors wanting to 
fund green projects. The first EU act published in April 2021 
did not include nuclear energy. It should be the subject of a 
separate decision, probably by end 2021. 

ii.   National companies such those as in China (CGN, CNNC) 
or Russia (Rosatom) are financing reactors in their territory 
and providing financing for reactor exportation. This is one 
of the reasons why Rosatom is successful in exporting its 
reactors. However, as Rosatom has both military and civil 

nuclear activities, the financing source of its civil activities 
is unclear.

iii.   Financing SMRs should be less of a problem because 
they are smaller, easier to build, and lower investments are 
needed. One could even imagine financing them through a 
PPA3  model.

• Sector consolidation:

Faced with the delay in the decision of the French State to 
launch new EPRs, Framatome continues to consolidate the 
nuclear sector. At the end of May 2021, it formalized the 
takeover of Valinox, which specializes in the manufacturing 
of seamless tubes. Earlier in the year, Framatome bought 
the Civil Nuclear activities of Rolls-Royce and acquired 
FoxGuar Solutions, the American specialist in industrial 
cybersecurity, in addition to overtaking the Schneider 
nuclear control command activities. These acquisitions aim 
to strengthen its skills, expand its offer, and gain a foothold 
in new markets.
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3.   Electrical batteries manufacturing 
has accelerated, driven by electrical cars 
development: 

Electric batteries have experienced significant development 
in recent years, as driven by the need to decarbonize the 
transportation sector by increasing the electrical vehicles 
(EVs) sales. Stationary batteries (used for grid balancing) 
are benefiting from progress in EV batteries even if 
their characteristics, such as weight or charging time, 
are different.

These batteries will be more and more needed with the 
development of variable renewable energies. The latter 
reached up to 46% of electricity produced annually in 
Germany in 20201  and 47% in U.K. in Q1 2020.  Much larger 
renewables shares in the electricity mix, can be reached on 
certain days. For example, in California, for a few hours in a 
row, the renewables percentage of electricity generation 
reached 90%2  , with variable renewables (solar and 
wind farms) being the main contributors.  In these cases, 
blackouts are possible as evidenced by one that occurred in 
California in August 2020.

More dramatic situations can be experienced. For example, 
fatal renewable generation, due to PV solar rooftop 

1 https://ieefa.org/renewable-energy-will-supply-46-3-of-germanys-electricity-this-year-utility-group/
2 Most of Saturday April 24 2021 afternoon
3 https://www.statista.com/statistics/973698/china-pv-power-curtailment-rate/
4 https://ourworldindata.org/ghg-emissions-by-sector
5 https://www.iea.org/reports/global-ev-outlook-2021/trends-and-developments-in-electric-vehicle-markets
6 The U.S. currently has less than 29,000 public EV chargers, according to the U.S. Department of Energy
7 The passenger car standards are 95 g/km of CO2, phasing in for 95% of vehicles in 2020 with 100% compliance in 2021. The light-commercial vehicle standards are 147 g/km of CO2
8 https://canalys.com/newsroom/canalys-global-electric-vehicle-sales-2020#:~:text=New%20research%20from%20Canalys%20shows,passenger%20car%

development, exceeded demand midday on October 11, 
2020 in South Australia. In the absence of the possibility 
of balancing the network, the operator, if permitted, will 
curtail renewables. Curtailment was as much as 8.5% for 
solar PV in certain parts of Australia, 3% in China3 , and a 
few percentage points in California.

• Electric vehicles sales are growing fast: 

EVs, as well as hydrogen vehicles powered by low-
carbon electricity, should contribute significantly to 
decarbonization of the transportation sector, which is 
responsible for more than 16% of global GHG emissions4 . 
Of course, this makes sense only if the electricity used to 
power the batteries is predominantly carbon free.

In 2020, EV development was boosted both by battery 
cost decrease and by public policies5. The U.S. federal 
government is presently subsidizing electric cars with a 
$7,500 consumer tax break for the first 200,000 vehicles an 
automaker sells. President Biden has promised $400 billion 
in public investment in clean energy, including battery 
technologies for EVs.  It will notably support 500,000 
new EV charging outlets by the end of 20306 . In Europe, 
2020 was the first year of CO2 emission targets for new 
passenger cars and light-commercial vehicles in the EU7 

. As part of the stimulus plans, EV purchase incentives 
increased, most notably in Germany and France.

In July 2021, the EU Commission revealed its “Fit for 55” 
plan that establishes a ban on internal combustion vehicles 
by 2035. In 2020, global sales increased by 39% year on 
year to 3.1 million units. This compares with a sales decline 
of 14% of the total passenger car market during the same 
year. In 2020, the global electric car stock hit the 10 million 
mark, a 43% increase over 2019, representing a 1% stock 
share. China, with 4.5 million electric cars on the road, has 
the largest fleet. That said, in 2020, Europe had the largest 
annual increase, reaching 3.2 million vehicles.

Studies8  forecast that the number of EVs sold will rise to 30 
million in 2028 and that EVs will represent nearly half of all 
passenger cars sold globally by 2030.
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1 100MW/129MWh with 50MW/64.5MWh expansion under construction https://hornsdalepowerreserve.com.au/

Electric vehicles are both a problem and a solution for 
the electricity grid. On one hand, they are a problem as 
simultaneous EV charging could saturate the distribution 
networks (even if this threat is lowered by Battery 
Management Systems development). On the other, as EV 
batteries are only used a few hours a day, they could help 
balance the grid. This point must be assessed by solving the 
following two issues: 

i.   Conflict between car owner and grid managers to use 
the EV or its battery 

ii.   Batteries manufacturers’ guarantee for grid usages  

• To be economically viable, stationary batteries 
must be multipurpose: They can be used in any of the 
following ways:

i.   Standalone to offer ancillary services to the networks, 
notably through frequency regulation, primary regulation 
services, and secondary reserve services. For example:

• Large Neoen-Telsa battery installed in South 
Australia (Hornsdale Power reserve 150MW/200 
MW) is collocated with Hornsdale wind farm and 
helps to stabilize the grid1 . 

• The U.K.’s first directly connected grid-scale AI 
controlled battery system of 50MW has started 
operation in June 2021 near Oxford.
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ii.   Participation in capacity markets together with demand 
response. For example, in France RTE retained 250MW 
battery storage in early 2020 and was able to release it in 
half a second as power back to the grid when needed.

iii.   Participation in grid bottlenecks solutions by avoiding 
heavy network investments: For example, the concept of 
a “virtual battery line” implemented by the French RTE in 
the Ringo experiment with 30-40 MWh battery storage 
to help solve congestion problems. In July 2021, the first 
batteries were installed on site. This project, initiated 
by RTE and its partner Nidec ASI, is intended to test the 
storage of occasional surpluses of variable renewables 
production and their destocking. By balancing storage and 
electricity release at all times, RTE does not modify the 
balance between production and consumption; therefore, 
RTE remains a neutral operator within the regulatory 
framework. The grid’s regulation should evolve to allow 
more virtual lines to relieve congested power lines. 

iv.   Coupled with renewables to improve the regularity 
of their output and avoid curtailment: PV, onshore wind 
generation, and energy storage combined in hybrid farms 
are becoming a least-cost combination in advanced markets 
to avoid curtailment. A significant proportion of new 
renewables projects launched by large investors are hybrid 
projects, including storage batteries.

1 https://www.power-technology.com/comment/global-battery-energy-storage-market/
2 LCO: Li-cobalt battery, LMO: Li-manganese battery, NMC: Lithium Nickel Manganese Cobalt Oxide ,LFP: Lithium Iron Phosphate ,NCA: Nickel Cobalt Aluminum Oxide
3 https://roskill.com/market-report/lithium-ion-batteries/

v.   The global battery energy storage market is expected 
to reach $11 billion in 2025, with the market increasing by 
close to $5 billion between 2020 and 20251 . Asia Pacific 
will continue to lead the market, accounting for 54% of the 
global market value. 

• Technical improvements related to the battery’s 
electrode composition, safety, and digitization: 

Presently Li-based batteries are dominating both EV and 
stationary batteries markets.  Lithium-ion batteries come 
in a range of types2  and have a variety of characteristics, 
including energy density, power density, safety, 
performance, and lifespan. That means that some are 
better suited for key applications than others. 

In the late 2020s, Li-ion technologies could see increasing 
competition from other battery technologies, though 
Li-ion cells are expected to maintain their dominant 
position. The transition to solid-state battery technologies 
provides a clear ‘next-step’ for the industry, improving 
the flammability issues. Those safety issues will also be 
improved with diagnostics on the state of the battery, 
mostly by introducing intelligence through the injection of 
sensors, the role of which will be to detect the evolution of 
key parameters governing parasitic reactions. 

• Manufacturing boost: 

Li-ion battery global demand should increase more than 
ten-fold by 2029, reaching more than 1,800 GWh capacity. 
The pipeline capacity of battery giga-factories exceeds 
2,000 GWh at over 145 facilities globally3 .

i.   China plays a dominant role in battery plants 
investments: In 2020, battery producers were mainly 
Chinese; the rest were Korean or Japanese. Planed mega-
factories are predominantly in Asia (mainly China).

Chinese players are striking significant partnership deals 
with European automakers (CATL with Daimler and Volvo 
and BYD JV with Daimler.) CATL and SVOLT (from China) are 
building plants in Europe.

The Chinese company Envision, which acquired AECS, 
the Japanese battery manufacturer from Nissan, is also 
investing in Europe. At the end of May 2021, the company 
announced the construction of a battery plant in France in 
partnership with Renault (the French car manufacturer). In 
the U.K., in partnership with Nissan, the company should 
build a giga-factory able to support production of 200,000 
battery’s car a year.
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ii.   China has also established a predominant place in 
upstream battery manufacturing by: 

• Acquiring cobalt, lithium, and nickel mining projects 
in Chili, Australia, and Canada.

• Developing refining capacities: half of the lithium, 
cobalt and graphite refining capacities is located 
in China.

iii.   Europe is reacting to its loss of sovereignty and in 2019-
2021, 14 mega-factories have been launched, many of which 
are located in Germany. France and Germany have launched 
a strategic project called “batteries Airbus” to locate 
batteries manufacturing in their countries. In France, two 
mega-factory construction projects have been announced 
in 2020: the first being led by Automotive Cell Company, a 
joint venture formed by Saft (Total) and the PSA Group, and 
the second named Verkor, supported by EIT InnoEnergy, 
Schneider Electric, Capgemini, and the IDEC Group. The 
market for batteries in Europe is expected to grow at a 
CAGR of approximately 15.52% during the period between 
2020-20251  to cover all the industrial needs of European car 
manufacturers. By 2030, 900 GWh batteries manufacturing 
capacity should be installed, covering the needs of 12 
million EVs per year2 .

2 https://www.mordorintelligence.com/industry-reports/europe-battery-market-industry
2 Le Figaro May 28, 2021
3 Bloomberg NEF The Role of Storage in the Path to Net Zero Accenture RAEL in collaboration with the University of California - Berkeley
4 https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
5 https://www.transportenvironment.org/what-we-do/electric-cars/how-clean-are-electric-cars
6 https://spectrum.ieee.org/energy/batteries-storage/lithiumion-battery-recycling-finally-takes-off-in-north-america-and-europe

• Dramatic cost decrease:

Li-ion battery pack prices have fallen by nearly 90% over 
the last decade3  reaching $137/kWh in 2020; fully installed 
stationary batteries system costs dropped to $299/kWh 
in 2020 and should decrease to $167/kWh by the end of 
the century4 . Standalone stationary batteries are usually 
not economical as in most regions, ancillary services 
remuneration is not sufficient. Securing multiple revenue 
streams is the key to providing the business case for 
battery storage.

• Environmental and supply considerations are 
important: 

i.   Environmental issues: According to recent studies5 ,, the 
battery manufacturing process equates to approximately 
40-45% of total CO2 emissions for a typical plug-in EV, 
which is by far the largest component. As a result, greater 
importance is now being placed on the sustainability of 
Li-ion battery supply chains, including second life and 
recycling of spent/faulty Li-ion cells. Second-life EV 
batteries could be used for stationary usages. However, 
their value to the grid is unclear. They need to be 
thoroughly tested and the cost of their end life should be 
clearly allocated between their first and second life span.

ii.   Recycling: Batteries are using strategic metals, such 
as nickel and cobalt, the latter of which is supplied 
predominantly from the Democratic Republic of Congo 
and extracted in conditions that do not comply with 
humanitarian rights. Thus, many battery manufacturers are 
decreasing the use of cobalt in their products. 

With the forecasted batteries expansion, there is a risk to 
totally deplete these already not abundant resources. It is 
thus imperative to recycle used batteries.

The battery recycling industry is presently concentrated 
in China and South Korea, where most of the batteries are 
made. Chinese players have already started to integrate 
their activities with recyclers. For example, CATL with 
Brunp. 

Elsewhere,6  many start-ups or conglomerates are emerging, 
such as: Li-Cycle in North America; Northvolt, BASF, 
Umicore in Europe; the newly-formed consortia Renault 
Veolia and Solvay in France; and Neometals and SMS Group 
in Germany.

These organizations aim to reduce recycling costs by 
automating and streamlining clean up 
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In Europe, the cost of recycling batteries was estimated 
at $62/kWh in 2020, while in China, it is around $32/kWh1 . 
Revenue generated from the sale of recycled material was 
estimated at $42/kWh in Europe and China. 

By 2025, thanks to automation and scaling up, costs of 
recycling batteries should fall to around $40/kWh in Europe. 

1 https://www.argusmedia.com/en/news/2178338-eu-battery-recycling-could-be-profitable-by-2025
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4.   Hydrogen

a.   What is new?

Today, the role of hydrogen in the world energy system is 
still modest, making up just 2% of global primary energy 
demand. Production of pure hydrogen reached 70 Mt and 
total hydrogen, including syngas, reached 120 Mt in 2020. 
Most was used in oil refineries and chemical production.

Political support for hydrogen development acquired more 
momentum at the 2019 G20 summit in Japan. It is now at 
the forefront of Chinese, Japanese,1  and European climate 
policies. 

A few factors explain this shift: 

i.   The decreased cost of renewable electricity generation.

ii.   The electrical grid balancing issues, which includes a 
large share of variable renewables. Hydrogen production 
would help balance the grid, as it allows for storage of large 
volumes of electricity, as compared to batteries, which 
can store only a few hours2 . The same equipment that 
generates hydrogen by electrolyzing water (electrolyser) 
can release electricity when functioning as fuel cells.

1 https://www.mfat.govt.nz/en/trade/mfat-market-reports/market-reports-asia/japan-strategic-hydrogen-roadmap-30-october-2020/#:~:text=Japan’s%20Hydrogen%20Roadmap%20has%20an,fuel%20cell%20buses%20by%202030
2 Pumped hydro can do also but in Europe for example nearly all sites are equipped
3 https://www.globalccsinstitute.com/wp-content/uploads/2021/03/Global-Status-of-CCS-Report-English.pdf
4 pglobal.com/marketintelligence/en/news-insights/latest-news-headlines/experts-explain-why-green-hydrogen-costs-have-fallen-and-will-keep-falling-63037203#:~:text=Green%20hydrogen%20produced%20with%20renewable,Commission’s%20July%202020%20hydrogen%20strategy
5 https://irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf

iii.   Hydrogen usage could decarbonize around 15% of our 
economy (including steel, refinery, and chemical), which 
cannot be done by using low-carbon electricity. 

iv.   Finally, hydrogen can be used in heavy transportation, 
such as trucks, trains, and boats, where battery volume 
would be too large and too heavy.

b.   What are the challenges?

At present, 98% of hydrogen is produced from coal and 
methane (natural gas). Both processes generate significant 
CO2 emissions, which is why it is called “Grey Hydrogen.” A 
very small portion (0.3%) is produced from electrolysis of 
water, as powered by renewables.

Two main routes are available for low emissions hydrogen 
production:

i.   “Blue hydrogen,” which is produced by the reforming 
of natural gas or by gasification of coal or coke with CCS. 
With a large existing fleet of gas and coal-based hydrogen 
plants, the move to large-scale, low-emissions hydrogen will 
require significant deployment of CCS plants. 

Today there are a few industrial-scale reforming gas or 
coal gasification hydrogen facilities with CCS worldwide, 
producing a total of 1.4 Mt per year, representing slightly 

more than 1% of global production3. However, in August 
2021, scientists from Stanford and Cornell universities 
published a study on the lifecycle greenhouse gas emissions 
of blue hydrogen accounting for emissions of both carbon 
dioxide and unburned fugitive methane. They conclude that 
far from being low carbon, greenhouse gas emissions from 
the production of blue hydrogen are quite high.

ii.   “Green hydrogen,” which is produced by electrolysis of 
water using carbon-free electricity is a low carbon energy 
source. 

• It is however expensive. According to the European 
Commission’s July 2020 hydrogen strategy report4 ,  
green hydrogen produced with renewable resources 
costs between $3/kg and $6.5/kg, whereas grey 
hydrogen costs about $1.80/kg and blue hydrogen 
costs about $2.40/kg. Further renewable generation 
costs decrease is a key factor for green hydrogen to 
reach parity with grey hydrogen in 2030. In addition, 
electrolysis cost (including installation) should decrease 
by 40% in 20305  thanks to:

• Electrolyser cost reduction by technology 
improvements e.g., PEM(Proton Exchange 
Membrane) technology fitted  for an intermittent 
electricity generation feed  is not yet mature and 
improvements are expected. Other concepts are
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experimented as high temperature electrolysers 
developed by the CEA  that promise higher 
production yields of hydrogen, thus driving a cost 
decrease

• Return of experience on prototypes

• Scale effect: the Norwegian electrolyser producer 
Nel unveiled early 2021its plans to cut the cost of its 
electrolysers by about 75% in a new 2GW factory — 
set to be the world’s largest — which would reduce 
the price of green hydrogen to $1.50/kg by 2025.

• Electricity feeding optimization: either electrolysers 
operate during periods when there is an excess 
renewables production, or they are fed by 
dedicated renewables installations with collocation 
of wind/solar farms with the electrolysers. The 
latter option is probably more competitive as it 
saves balance of plan and other installation costs.

• Green electricity availability is a challenge : Europe’s 
ambition is to develop at least 40 GW of electrolysers 
by 2030, imply a huge green electricity generation 
increase. If provided only by intermittent renewables, 
this would pose grid balancing problems. To mitigate 
this challenge:

1 1 bar is the atmospheric pressure, 700 bar is thus 700 times the atmospheric pressure. It is a lot
2 Hydrogen energy transported is only 25% per unit volume compared to gas

• Existing safe nuclear reactors should not be 
prematurely closed, present nuclear projects should 
be finished, and new builds launched. 

• Hydrogen could be imported from low-cost 
renewables generation countries (such as Morocco).  
It would be easier to transport hydrogen as 
ammonia than as liquid hydrogen that needs to be 
compressed at 700 bars1  and cooled at  -253°2  

• Impact on electricity grids will depend on the  electricity 
feed system:

• Small electrolyzers collocated with renewables 
will require the storage of hydrogen (bottles, 
cavities) followed by transportation via pipelines. 
Investment in dedicated pipelines will be necessary.

• If electrolyzers are located near their usages (such 
as steel plants or refineries), green electricity 
provided by the grid will be used to feed them, 
particularly when renewable generation exceeds 
consumption. In this case, electricity grid 
investments will be needed.

c.   Hydrogen logistics and security questions are 
challenging:

It is possible to mix hydrogen in natural gas pipelines. 
Presently 6% is authorized in France and 10% in Germany. 
However, hydrogen, which is the smallest molecule, can 
escape through the steel interstices of certain steel grades, 
posing security problems since hydrogen combined with 
air explodes. Some existing pipelines could be converted 
to hydrogen, but there is the need to build dedicated ones. 
In Europe, 12 gas TSOs are planning to create 22,900 km 
pipelines for hydrogen. 

Moreover, as hydrogen energy density is low, it must 
be compressed in dedicated vehicle fueling stations at 
700 bars.

d.   Many regions have launched subsidized hydrogen 
development programs 

i.   Europe: 

Europe, the home of hydrogen industrial champions such 
as Air Liquide and Linde, wants to keep sovereignty on 
hydrogen technology and production. In 2020, Europe 
committed €180-470 billion to very large green hydrogen 
projects between 2020 and 2050.Member states like France 
and Germany have also committed to significant plans by 
2030, pledging €7 billion and €9 billion, respectively.
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The European plan is to build 6GW of electrolysis by 
2024 and a minimum of 40GW by 2030. By 2050, its quite 
ambitious objective is a 560 Mt/year CO2 abatement with 
green hydrogen providing 24% of the European energy 
needs.1 

Many players are positioning themselves to contribute 
to the economy’s further decarbonization, as well as 
benefit from the huge amount of funds allocated. Present 
champions include:

1 https://www.fch.europa.eu/sites/default/files/20190206_Hydrogen%20Roadmap%20Europe_Keynote_Final.pdf
2 Jupiter 1000 is a Power-to-Gas industrial demonstrator project aiming at transforming renewable electricity into gas to be able to store it. The surplus electricity will be converted into hydrogen but also into synthetic methane
3 https://www.globaltimes.cn/page/202104/1220923.shtml
4 https://www.reuters.com/business/sustainable-business/sinopec-launch-first-green-hydrogen-project-2022-2021-05-25/

• Air Liquide and Linde; 

• Utilities, including EDF, which has has created a 
dedicated subsidiary Hynamics, and invested in 
electrolyzers manufacturer, McPhy; 

• Oil & Gas companies such as BP, which has entered 
a dedicated JV with Oersted (that will provide wind 
offshore electricity);

• Electrolyser’s manufacturers (such as Nel, McPhy) or 
new players (like membrane specialist GTT acquiring 
Areva H2); 

• Gas TSOs, such as “GRT gaz,” which is sponsoring the 
Jupiter1000 power to gas prototype2 , or Terega with 
“Lacq Hydrogen”; and

• Investment funds, which intend to acquire smaller 
players, many of which have a skyrocketing market 
valuation. 

ii.   China, the biggest contributor of greenhouse gases, 
has incorporated the hydrogen industry in its 14th Five-
Year Plan (2021-2025) as one of China’s six industries of 
the future.

The China Hydrogen Alliance3  predicts that by 2030, 
China’s demand for hydrogen will reach 35 million tons, 

accounting for at least 5% of China’s energy end usage. 
The country announced in May 2021 that the fuel could 
account for 20% of the nation’s energy mix by 2060, the 
deadline that President Xi has set for China to become a 
carbon-neutral country.

Chinese state-controlled oil giant Sinopec4, the country’s 
largest grey hydrogen producer, said it expects to launch its 
first green hydrogen project, fed by renewable electricity 
in the Inner Mongolia region in 2022. Located in Ordos, the 
green hydrogen plant is designed to have annual production 
capacity of 20,000 tons, with a total investment of ¥2.6 
billion ($405.58 million). The city of Beijing has an ambitious 
plan to develop low-carbon fuels and aims to have more 
than 10,000 fuel cell vehicles on the road and build 74 
hydrogen filling stations by 2025.
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Electricity grids are at the heart of the 
energy system

1.   Large investments are needed for various reasons: 

a.   Grid enhancement: Massive investments in electric 
grids are necessary. The single biggest investment driver is 
infrastructure modernization and enhancement.

i.   In Europe, approximately one-third of the grid is more 
than 40 years old.This share is likely to surpass 50% by 
2030. The European “Ten-Year Network Development Plan 
2020” forecasts a total CAPEX of €123 billion until 2030 for 
transmission and storage projects. In addition, European 
distribution grids will need investments of €375-425 billion 
until 2030.

The EU policy objectives1  regarding energy network 
funding are changing with the “Green Deal” and the “Fit 
for 55” package. New rules are being proposed to stop EU 
funding for natural gas infrastructure and instead funnel 
cash into electricity and low-carbon energy networks to 
meet climate goals. According to EU energy commissioner 
Kadri Simson, “From now to 2030, we estimate that 
investments in electricity grids will have to double, 
compared to the last decade, reaching more than €50 
billion per year.”

1 https://www.euractiv.com/section/energy/news/eu-shifts-energy-infrastructure-funding-away-from-gas-into-electricity-grids/
2 https://www.mordorintelligence.com/industry-reports/north-america-power-markets https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_2020.pdf
3 HVDC : High Voltage Direct Current

ii.   The U.S. grid is older than the Europe’s grid: the average 
age of the U.S. installed base is 40 years old, with more than 
a quarter of the grid being at least 50 years old. 

The Department of Energy announced in early June 2021, 
the availability of up to $8.25 billion in loans for efforts to 
expand and improve the nation’s transmission grid. This 
will support the Biden Administration’s commitment to 
modernize the nation’s power grid.

The North American Power & Energy industry will be 
under pressure2  as electricity demand is expected to grow 
at a rate of about 2% per year with strong renewables 
development and limited schedulable power capacity. 
The industry faces billions of dollars in maintenance and 
upgrades, which have been deferred for many years.It is 
also urgent to upgrade the grid’s robustness for exceptional 
climate events that could become more frequent or more 
extreme given the current climate change trends.

For example, in February 2021 Texas experienced extreme 
cold weather which had never been observed in the past. 
Wind turbines froze and could not generate electricity while 
electricity consumption soared. The result was massive 
power cuts lasting several days.

In addition to equipment robustness to manage 
extreme weather conditions, investments are needed 
all over the world to accommodate a higher share of 

variable renewables in the electricity mix as well as new 
consumption behaviours. Hydrogen development will also 
require grid reinforcements.

b.   Developing interconnections that help improve 
security of supply. For example, if the Texas grid would have 
been interconnected with neighbouring grids, restoration 
of the grid may have been quicker during the 2021 outages. 

There are many submarine interconnections under 
construction or in project in Europe. These projects aim to 
improve security of electric supply and allow for better use 
of renewable electricity by matching customer needs on a 
larger geographical area.

For example, NordLink, inaugurated in May 2021, will allow 
Norway to export excess hydroelectricity to Germany, and 
Germany to sell excess wind power to Norway. This record-
breaking 634-kilometer HVDC3  cable has capacity of 1,400 
MW with a voltage of ± 525 kV. 

2.   Digitization will improve grids stability: The 
grid—and distribution grids in particular—must become 
more and more digital with improved data collection 
via IoT equipment, such as: transformersuse of Artificial 
Intelligence for predictive asset management and 
self-healing; digital twin development; improved grid 
management IT systems; and more granular weather 
forecast data.
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This increasing digitization is also driven by decentralized 
generation, microgrids, self-consumption, and EV charging 
growth. Consequently, data volume is increasing quickly and 
data storage is getting more decentralized.

In the EU, the global data volume generated by grids is 
growing very significantly with increasing decentralized 
storage increasing cyberattack risks.  

3.   Cybersecurity is a growing concern both in Europe 
and the U.S.: Data volume growth and theshift to a 
decentralized storage model are increasing the risk of 
cyberattacks. 

Cyber risk has more than quadrupled since 2002 and more 
than tripled since 2013.

In April 2021, following a high-profile, through ultimately 
unsuccessful, cyberattack in Florida that sought to 
compromise a water treatment plant, the Biden 
administration kicked off a 100-day effort to enhance 
cybersecurity of the nation’s power grid, calling for industry 
leaders to install technologies that could thwart attacks on 
the electricity supply. 

On May 7, 2021 the Colonial Pipeline, an American pipeline 
system that originates from Houston and transports fuel 
oil primarily to the South-Eastern part of the U.S., suffered 
a ransomware cyberattack, which forced the computerized 

1 German Energy Transition
2 https://ec.europa.eu/energy/sites/default/files/documents/pci_factsheet_de_ns_interconnection_2017_0.pdf
3 XLPE Cross-linked polyethylene
4 Ringo RTE project

equipment operating the pipeline to shut down. The attack 
interrupted all pipeline operations and disrupted supplies 
for several days, causing fuel shortages in states such as 
Georgia, North Carolina, and South Carolina. U.S. President 
Joe Biden declared a state of emergency on May 9. It was 
the largest cyberattack on oil infrastructure in U.S. history.

Cyberattacks are a significant concern for President Biden. 
On June 16, 2021 at a U.S.-Russia presidential meeting, 
President Biden warned his Russian counterpart that 16 
specific entities defined as critical infrastructure under 
U.S. policy, including energy and water, were “off limits to 
cyberattack.”

4.   Energy transition is transforming grid management: 
Another significant part of the electrical grids’ investment 
need is driven by the ongoing energy transition. 

a.   These include expansions and replacements related to 
integration of variable renewables such as solar and wind.

The German Energiewende1 with the closure of the 
country’s nuclear plants (an in the future the coal plants) 
has triggered a grid overhaul. The North-South German 
Interconnection’s2  four corridors project now under 
construction will wheel electricity from offshore wind 
farms in the North Sea to the southern, industrial part 
of Germany. These North-South underground lines 
constructions are challenging projects, especially on the 

technical side involving 700 kilometers HVDC cables ( ±525 
KV) using XLPE3 insulation. 

b.   In addition to new lines construction, new flexibilities 
are needed to face intermittent decentralized generation 
growth. As mentioned in the 2020 WEMO edition, these 
flexibilities can be provided by better using the available 
data improving ancillary services remuneration to allow 
new player involvement and by enabling new technologic 
solutions. For example, this may include physical assets, 
such as using storage batteries or idle EV batteries or virtual 
components, such as a battery-enabled virtual power lines4 . 

Smart grids at scale with higher digitization are 
progressively being deployed at the distribution grid level 
to enable managing increasing shares of renewables, 
stationary batteries (see above )and  new consumption 
patterns as collective and individual self-consumption and 
energy communities. Growth of EVs represents a potential 
source of storage and demand-side flexibility, but also 
poses challenges to the grid balancing.
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1 https://www.iea.org/commentaries/more-of-a-good-thing-is-surplus-renewable-electricity-an-opportunity-for-early-decarbonisation
2 See WEMO 2020

c.   As pointed out in the WEMO 2020, the regulatory 
framework should be adapted. To finance these large 
investments, remuneration of capital, as included in 
transmission tariffs, is a main pillar.

However, most European regulatory framework tariffs do 
not cover non-capital-related activities, including those 
aimed at system management, digital solution deployment, 
and other innovations.

These investments are essential to increasing the grid 
management flexibilities needed to accommodate 
significant variable renewables share. Thus, grid tariff 
calculating rules should evolve to remunerate these “softer” 
investments.

5.   Security of supply is a growing concern: In IEA’s1  New 
Policies Scenario, 21% of global electricity production is 
projected to come from variable renewables by 2040, up 
from 7% in 2018. This is supported by about $5.3 trillion in 
investments. The EU share is even higher at around 39%. 

This expansion of variable renewables is leading to 
challenges to power systems management as illustrated 
by the near blackouts in Europe2  during the confinement 
period in April 2020.
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The August 2020 California rolling blackouts were, 
unfortunately, another illustration of the difficulty 
to balance grids with high renewable shares. Those 
blackouts were triggered by an exceptional heat wave 
and a consequence of heavy reliance on solar power. The 
regulator and the network operator have recognized a need 
for more generation redundancy, electricity storage, and 
demand-response solutions implementation. Consequently, 
in August 2021, California authorities gave their green light 
to the construction of five gas plants (30MW each)in order 
to avoid new blackouts.

However, fears of electricity supply shortage during the 
2020-2021 winter in Europe were not justified. Those fears 
were linked to the lower nuclear plant availability due to 
the lack of or slow-down of maintenance operations during 
confinement months. Even with the two Fessenheim 
reactors closed for political reasons, EDF succeeded in 
putting enough nuclear reactor power stations back into 
service to provide needed electricity generation during 
tense winter days. However, as mentioned above, they are 
worries about security of electricity supply in Europe during 
the winter 2021-2022and the following one.

6.   Electricity markets rules must be adapted: As more 
countries move to higher variable renewables shares, 
it appears that curtailment will be more widely used to 
balance the grid, leading to waste a portion of the billions 
invested in renewables. 

1 https://www.rechargenews.com/wind/-china-wind-capacity-to-double-by-2028-as-curtailment-drops-/2-1-659479
2 https://www.businesswire.com/news/home/20200903005165/en/Ontario-Wasted-Enough-Clean-Electricity-to-Power-720000-Homes-in-2019-OSPE-Data
3 https://asset-ec.eu/wp-content/uploads/2018/10/Dynamic-electricity-prices.pdf

In China, for example, the national average for wind 
curtailment was around 7% in 2018, with much higher levels 
in certain provinces1. 

In 2019, the Canadian province of Ontario has curtailed 6.5 
TWh of clean electricity– an amount sufficient to power 
720,000 average-sized homes for one year2  

To avoid these curtailments:

a.   Renewables generation should become more 
schedulable  thanks to:

i.   The development of hybrid farms associating storage 
batteries and/or green hydrogen production to wind or 
solar generation; or 

ii.   The use of more accurate and granular weather 
forecast algorithms.

b.   Demand side management must be boosted. Market 
players as 

aggregators have already developed technologies enabling 
even small customers to take advantage of grid managers 
remuneration for removal of their consumption during 
tense periods.

In addition, dynamic pricing, when implemented, can enable 
end customers (including domestic customers or small- 
and medium-sized businesses) to take advantage of cheap 
electricity when there is abundant renewables production. 

The June 2019 European Directive requires suppliers with 
more than 200,000 customers to offer   dynamic pricing 
contracts from 2021 onwards. 

These are electricity supply contracts that reflect price 
variations in the spot electricity markets. In its 2018 report 
on dynamic electricity prices3 , Ecofys demonstrates that 
dynamic power prices can lead to cost savings at the system 
and consumer level and that the results are generally 
positive in European countries that have already adopted 
this pricing system.

However, this system could be difficult to understand by 
individual customers and could lead to erratic electricity 
bills. In France, the Energy Regulatory Commission (CRE) 
has noted that the absence of relevant supplier information 
poses a risk for domestic consumers and wants to strictly 
regulate those offerings through clear communication and 
easy-to-understand criteria or definitions.
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Energy players:

1.   Oil & Gas companies are under a lot of pressure:

The Oil & Gas industry is in the eye of a new storm, with:

a.   Increased volume and price volatility: In 2020, Oil & 
Gas companies had to absorb a double shock:  the oil price 
decrease linked to the OPEC-Russia divergences (the barrel 
prices crashed by more than 60% in just four months) and 
the consumption decrease linked to the pandemic. The 
2020 results of the industry’s five major players have shown 
cumulative losses of more than €60 billion as compared to 
2019 when they had reported cumulative gains exceeding 
€40 billion. Many of them have sharply reduced their 
exploration spending, halting the implementation of new 
projects, and prompting re-evaluation of their 

1 Financial Times 7 July 2021 https://www.ft.com/content/4dee7080-3a1b-479f-a50c-c3641c82c142

asset portfolios to concentrate in already known areas and 
thereby limit risk. In 2020, their investments in upstream 
activities dropped to around $300 billion, the lowest since 
2005. 

The economic recovery in 2021 has led to an increase in oil 
demand and prices. Price levels will depend on the global 
economic recovery pace, shale oil production growth, and 
the OPEC+ member’s discipline.

b.   Stakeholder’s pressure: Oil & Gas majors are subjected 
to strong pressures from climate change-related influencers 
and shareholder activism. 

i.   In May 2020, the IEA published its Net Zero by 2050 
report. This report sets out 400 milestones to achieve 
net zero and provides analysis on what it considers to be 
the most technically feasible, cost-effective, and socially 
acceptable pathways to bringing global energy-related 
carbon dioxide emissions to net-zero by 2050. It outlines a 
route to net zero emissions by 2050 in which coal demand 
falls by 90%, gas demand is down 55% and oil demand falls 
75%. Most importantly, it states that all oil companies must 
curb all exploration by 2022 to reach the net zero goal by 
2050. 

ii.   This report is strengthening major oil companies’ 
shareholders pressure to establish a carbon neutral 
strategy by reducing their scope 1 and 2 emissions, as well 
as scope 3 emissions, which is much more challenging. This 

movement, which started in the late 2010s in European 
majors’ shareholders meetings, is now spreading to 
American companies.

In mid-May 2021, Royal Dutch Shell lost a Dutch legal case 
brought by environmental activists. The court ruled that 
the company had to reduce its greenhouse gas emissions 
more aggressively than planned. Meanwhile, shareholder 
protesters shook both ExxonMobil and Chevron when 
climate-change activists took two seats on Exxon’s 
board and Chevron was forced to commit to tougher 
emissions-reduction targets.

On the other hand, TotalEnergies’ strategic climate plan was 
approved by more than 90% of shareholders. The Company 
is committed to investing €60 billion in renewables and 
electricity and reducing its sales of petroleum products by a 
third (compared to 2015) over the next ten years. 

This combined pressure from reputable institutions such 
as IEA and oil major’s shareholders could force Oil & Gas 
majors to stop exploration campaigns and not launch new 
projects, which could in turn lead to a significant decrease in 
their reserves and push oil prices up. 

Consequently, majors are targeting more than $30 billion1  
in disposals in the coming years. Private companies and 
National Oil Companies (NOCs) that are not under the same 
environmental related pressure are natural buyers. 
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Let’s recall that major Oil & Gas companies account for only 
12% of oil and gas reserves, 15% of production, and 10% of 
the emissions from the sector’s operations. 

These asset’s transfer would be negative for the 
sovereignty of Western countries and for the climate. In 
addition, the resulting price shock would make access to 
energy more expensive, especially for developing countries 
which are large oil consumers. 

c.   European Oil & Gas companies are aiming to become 
renewables champions: 

Unlike Americans majors who are betting on CCS, European 
oil companies have started to invest in renewables several 
years ago. Capitalizing on their expertise in running giant 
offshore structures and managing the production, storage, 
transport, and distribution of gas, oil operators would 
have the ability to generate value in offshore wind power 
projects or the large-scale use of “green” hydrogen as an 
energy source.

For example, Repsol is participating in the development 
of the first semi-submersible wind farm off the coast of 
Portugal with Engie and EDP. Shell has signed a deal with 
Amazon for the distribution of renewable electricity from 
an offshore wind farm in the Netherlands. BP, for its part, 
is stepping up its expansion in wind power generation with 
the purchase of a 50% stake in two offshore wind projects 
in the U.S. from Equinor for $1.1 billion; more recently, the 

1 https://ec.europa.eu/energy/sites/default/files/quarterly_report_on_european_gas_markets_q4_2020_final.pdf
2 Leverage ratio: net debt/EBITDA

company formed a new partnership with EnBW for setting 
up and operating a 3 GW wind farm in the North Sea.

Orsted, the former Danish national oil company, plans to 
grow its 10 GW installed capacity in 2020 to 30 GW by 2030. 

Total has made a dramatic move by positioning itself 
across all segments of carbon-neutral energy and has 
adopted a new name, TotalEnergies. The French group, 
which is investing heavily in wind and solar electricity 
generation with the ambition to reach 100 GW installed 
capacity by 2030, is also developing its battery subsidiary, 
Saft. Together with the PSA group, Saft intends to build 
gigafactories in northern France and Germany.

2.   Utilities weathered the 2020 storm better than Oil & 
Gas majors:

a.   European utilities are increasing their renewables 
portfolios:

i.   Financial results were lowered by the crisis: In 2020, 
utilities’ financial results were impacted by consumption 
and spot prices decreases.  

Electricity consumption decreased by 4% and spot prices 
by 32%; gas demand and  spot prices decrease was 
similar to that of electricity1.  European utilities financial 
situation was diversely impacted with in general moderate 
revenue decreases and more significant net margins 

drops deteriorating their leverage ratio2 . In certain cases, 
important divestments, such as Engie’s sale of its Suez 
shares to Veolia, led to an improvement in this ratio. 

The pandemic-related lockdown and social distancing 
measures prevented EDF from executing its nuclear 
reactor’s annual maintenance and fuel loading program. 
These programs are difficult to reshuffle, since they are 
the result of a complex optimization between regulatory 
constraints, specialized workers’ availability, and spent fuel 
replacement by fresh one (see above).

These players weathered the crisis much better than the oil 
companies for several reasons:

• While conventional electricity generation (including 
nuclear) was significantly reduced, renewables 
generation increased with generally good margins.

• Thanks to electricity generation hedging policies, their 
turnover was not too severely impacted by the drop in 
spot prices. 

• They benefited from the resiliency of their 
network operations.

• As oil companies, they implemented cost-cutting 
programs and delayed investments when possible.
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Some utilities’ 2021 results could still be impacted by the 
pandemic crisis through 2020 forward electricity sales at 
low prices. In France, nuclear reactors’ availability will not be 
restored to pre-pandemic levels before mid-2022, leading 
to lower nuclear electricity generation for EDF.

New plant construction suffered pandemic-related delays. 
For example, Hinkley Point C and Flamanville 3 have 
increasing construction costs.

However, the electricity and gas consumption rebound in 
2021 and significant price increases will contribute to the 
restoration of utilities’ financial situation. 

ii.   Large utilities reform plans are in progress: While 
European utilities are focusing their investments on 
renewables, batteries, and electrical mobility, they are 
lowering their ambition in services. The latter was a 
strategic development component over the past several 
years that proved difficult and insufficiently profitable. 
They have been partly cannibalized by the development 
of digital. For example, thanks to the development of 
smartphones, which allow for remote control, residential 
utilities customers can directly adjust their heating 
and air conditioning and provide remote monitoring 
of their home security. This makes many home utilities 
services unnecessary.

1 https://www.optima-energie.fr/actualite/l-arenh-en-2021-un-fonctionnement-en-perte-de-vitesse/
2 They buy this electricity only if the market price is above 42 € / MWh
3 EDF’s debt amounted to € 43bn at the end of 2020
4 It would be necessary to decide at the end of 2022 to launch the construction of 3 pairs of EPR2 reactors, the first of which would start electricity generation in 2035-2037
5 This price would apply to all of EDF’s French nuclear electricity production with the current fleet and the Flamanville 3 EPR, and no longer only to the present 100TWh

• Engie:  After a net loss of €1.5 billion in 2020, and under 
the leadership of its Chairman and new CEO, the Engie 
group has begun its overhaul to refocus on renewable 
energies (biomethane, wind power, photovoltaic, etc.) 
and the supply of natural gas (transport, distribution, 
and storage).

At the start of 2020, the company sold 29.9% of Suez 
(water management services) to Véolia for €3.4 billion. The 
company should complete the sale of its service activities 
by end 2021. They are grouped in the “Equans” entity, 
whose activities include electrical engineering, HVAC 
&refrigeration mechanical and robotic engineering, digital 
and ICT and facility management. These activities represent 
around €13 billion in turnover and are valued between €4 
and €6 billion

• EDF:  Hercules project

In 2011, France set up a system called ARENH1 , which 
aimed to encourage the development of competition 
in its electricity market. This regulation, which will be 
extinguished in 2025, requires EDF to sell 25% of its total 
nuclear production (around 100 TWh) to its competitors at a 
regulated price of € 42/MWh.

This system has several drawbacks for EDF:

- It is asymmetrical: EDF has a commitment to keep this 
electricity (for example not to sell it on the forward 
markets) for its competitors while the latter have no 
commitment to buy it2 

- The regulated price of € 42/MWh has not been revised 
since 2012; it is very clearly below the marketas  in the first 
half of 2021, average spot price was around € 58/MWh.

- Finally, with the evolution of the electricity market, EDF’s 
competitors are no longer young start-ups but large groups 
(TotalEnergies, Engie) or subsidiaries of large European 
energy companies (Alpiq, ENI, Iberdrola, Vattenfall) that do 
not need to be supported in their diversification policies.

This system is a handicap for EDF which has a heavy debt3  
on its balance sheet and which must finance extending the 
lifetime of its current reactors, the construction of new 
reactors4  in order to replace those reaching the end of their 
lifetime, as well as development of renewable energies 
and storage. Negotiations have started with the European 
Commission to repeal this regulation from 2022 and 
increase the regulated price of nuclear-regulated electricity 
to around €48/MWh5 .

In exchange, EDF should reorganize by setting up three 
entities:
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- The “EDF Bleu” entity, which is 100% owned by the State1,  
to house nuclear activities

- A regulated entity, EDF Azur, which would be a subsidiary 
of EDF Bleu, to house the hydraulics, making it possible to 
avoid competition between hydraulic concessions.

- Finally, the creation of EDF Vert, where the commercial 
department, energy-related services, renewables, and 
Enedis electricity distribution activities would be housed. 
The capital of EDF Vert would be open on the stock 
market2  to finance development in renewable energies and 
investments in the distribution network. 

This project, called ”great EDF” formerly known as 
“Hercules” , encountered strong opposition from EDF trade 
unions. In addition, negotiations with the EU commission 
on the rules of governance and circulation of financial flows 
between the entities making up the new EDF turned out to 
be very complex. 

Given the French electoral deadline3  and the need to pass 
a law to change the structure of EDF, it is very unlikely that 
this project will materialize in 2021.

iii.   Renewables development: Like Oil & Gas companies, 
utilities are racing to increase their renewables and storage 
capacity portfolios.

1 At the beginning of June 2021, the State held 83.7% of the capital of EDF
2  At 30% maximum
3 In May 2022
4 https://www.eei.org/issuesandpolicy/Finance%20and%20Tax/Financial_Review/FinancialReview_2020.pdf
5 The Edison Electric Institute (EEI) is the association that represents all U.S. investor-owned electric companies. Its. members provide electricity for 220 million Americans and operate in all 50 states and the District of Columbia.
6  It measures Utility’s shares Total Shareholder Return, 

The renewable champions are: Enel (46 GW); Iberdrola (34 
GW); EDF (33 GW); Engie (31 GW); and, in the U.S. Nextera 
(25 GW).

The most ambitious companies, Iberdrola and Enel, are 
planning to triple their capacity by 2030.

EDF, limited by indebtedness, plans to “only” double its 
capacity. Engie also has an ambitious plan to reach 80 GW 
by 2030.

Utilities are also embracing new technologies development 
as hydrogen.

b.   U.S. utilities trends are like those in Europe4 :

i.   Sustainability is a growing commitment:

Like their European counterparts, U.S. utilities, are 
committed to getting the energy they provide as clean 
as possible without compromising on reliability or 
affordability. In 2020, 40% of the U.S. electricity came from 
carbon-free sources, including nuclear energy, hydropower, 
wind, and solar energy. Carbon emissions from the U.S. 
power sector were at their lowest level in more than 40 
years—and will continue to fall.

Replacement of coal by gas in electricity generation has 
enabled significant emissions decreases. 

ii.   U.S. utilities are more profitable than their European 
counterparts: In 2020, U.S. Q2 electric output fell by 4.7% 
year-to-year with a full-year decline of 2.9%. However, that 
weakness was focused on commercial and industrial load, 
which fell more than 10% year-to-year from Q2 onwards. 
Residential demand actually jumped by 7.5% in Q2, from 
roughly 3% to 4% in 2020’s second half as people remained 
at home. The rise in higher margin residential demand 
helped soften the pandemic’s impact on utility earnings. 

As a result, total EEI5  utilities revenue declined by 3.8%, 
from the prior year. Thanks to lower energy operating 
expenses, net income rose by 4.2%.

The utilities Index6  fell by 6% percent in 2020, a deviation 
from the classical pattern as utilities are usually seen as safe 
havens in times of market stress.

This performance was far better than the oil industry, 
where the index fell by more than 33%.
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iii.   Utilities investments are mainly in renewables: The 
electric utility industry brought around 35 GW of new 
capacity online in 2020; this was a 38% increase over 2019.

Similar to Europe, wind and solar new capacity accounted 
for a 75% share of 2020’s added capacity. Projected capacity 
is overwhelmingly renewable with solar representing 48% 
of the total and wind 30%. Natural gas generation accounts 
for 18% and nuclear 3%.

Since 2015, total installed energy storage capacity in the 
U.S. has increased about 13%, from nearly 23 GW to about 
26 GW. Pumped hydro accounts for the majority, at roughly 
84% of the total. Yet battery storage is, by far, the fastest-
growing storage technology, increasing six-fold from 540 
MW in 2015 to more than 3 GW in 2020. By 2025, energy 
storage is expected to continue its rapid growth, with 
approximately 31 GW of new battery and pumped hydro 
energy storage projected to come online, increasing total 
capacity by 120%.
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The conditions for a successful 
energy transition

Populations in developed countries, and young people in 
particular, are very concerned by climate change questions. 
The COVID-19 pandemic has not changed this attitude; in 
fact, it has in some ways reinforced it. Their wish is for the 
world post-coronavirus to be “greener” than before.

By contrast, populations in developing countries, notably 
the poorest countries, (the populations of which represent 
a large majority of the world population) want, above all, to 
get out of poverty and achieve an acceptable standard of 
living; thus, climate issues do not come first. 

All GHGs impact climate change:

According to the scientific studies analysed and reported by 
IPCC1 , anthropogenic greenhouse gases are extremely likely 
to have been the dominant cause of the observed warming 
since the mid-20th century. 

Continued emission of greenhouse gases will cause further 
warming, increasing the likelihood of severe and irreversible 
impacts for people and ecosystems. 

1 https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_SPM.pdf
2 A tonne of methane has a GWP of 84 on a 20-year scale,
3 https://news.un.org/en/story/2021/05/1091402
4 https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
5 https://www.iea.org/news/global-carbon-dioxide-emissions-are-set-for-their-second-biggest-increase-in-history
6 According to June 2021 new report extracts

In December 2015, nearly all countries signed the Paris 
Climate agreement and committed to substantially reduce 
their GHG emissions to limit global warming to below 2°C 
and better than 1.5°C, relative to pre-industrial levels, 
by 2100.

Different GHGs exist, including carbon dioxide (CO2), 
methane (or natural gas), nitrous oxide, and ozone. These 
GHGs have different lifespans in the atmosphere and 
different Global Warming Power (GWP) scores compared to 
CO2. Methane is a potent GHG2  responsible for about 40% 
of planetary warming.

Methane levels in the atmosphere surged during 2020, 
driving the biggest increase since records began in 1983. A 
May 2021 United Nations backed study3  urged reductions 
of methane emissions by 40% during the coming decade. 

Agriculture is a major source of methane and accounts for 
about 40% of human-related emissions; fossil fuels account 
for 35% of those emissions, while landfill and wastewater 
accounts for 20%. 

The measures to cut methane recommended by the report 
include faster gas leak detection, landfill covering, and 
eating less meat.

As primary energy demand dropped nearly 4% in 2020, 
global energy-related CO2 emissions fell by around 6%4,  
the largest annual percentage decline since World War 
II. In absolute terms, the decline in emissions of almost 2 
billion tonnes of CO2 is the equivalent of removing all of the 
European Union’s emissions from the atmosphere. 

However, due to the global economic recovery, energy-
related carbon dioxide emissions are on course to surge 
by 1.5 billion tonnes in 2021, reversing most of last year’s 
decline5 .

Unless a new global crisis happens, GHG emissions would 
increase even more in 2022.  

The world temperature increase is not on the right 
trajectory to meet the goals set in the Paris Agreement. 
According to the Nationally Determined Contributions 
(NDCs) that were summitted, temperatures are set to 
increase by 2.7°C by 2100. In its June 2021 report, the IPCC 
estimates 6  that exceeding +1.5°C could lead “gradually 
to serious consequences, for centuries, and sometimes 
irreversible.” Moreover, the World Meteorological 
Organization suggests that there is a 40% probability that 
this threshold of +1.5°C will be exceeded as early as 2025.
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In addition to energy conservation, the substitution of 
fossil fuels by carbon-free energies (that we analysed in 
preceding sections) should be accelerated. In 2020, fossil 
fuels (that are GHG emitters) represented more than 80% 
of global energy consumption and up to 84% in China1 . 
However, those primary sources of energy are essential to 
ensuring an affordable energy supply needed to sustain 
economic growth in certain developing countries and 
in China.

Thus, the question that arises is: How can we ensure the 
energy supply of populations under acceptable economic 
conditions without depleting the planet’s resources 
(energy, aquifers and minerals) and without temperature 
increases exceeding 1.5°C by 2100 (compared to the pre-
industrial era)?

We will analyse the involvement of governments, the 
financial sector, and businesses in answering this crucial 
and complex question and try to define the conditions of 
success for this difficult transition. 

Government mobilization is key:  Politicians 
enlightened by scientists should adopt realistic plans with 
the means to achieve them.

1 https://theconversation.com/china-finances-most-coal-plants-built-today-its-a-climate-problem-and-why-us-china-talks-are-essential-161332
2 https://odi.org/en/insights/five-expert-views-on-chinas-pledge-to-become-carbon-neutral-by-2060/
3 https://theconversation.com/china-finances-most-coal-plants-built-today-its-a-climate-problem-and-why-us-china-talks-are-essential-161332
4 Compared to 2013
5 The earlier target was for renewables to contribute 22-24% of electricity in 2030.

1.   In 2021 country leaders increased their 
commitments to fight against climate change: 

a.   China2 : At its address to the 75th session of the UN 
General Assembly in February 2021, President Xi Jinping 
declared that China would aim to have CO2 emissions peak 
before 2030 and achieve carbon neutrality by 2060. 

China also announced that it would enhance its nationally 
determined contributions under the Paris Agreement for 
2030 and issued rules for its emissions trading scheme for 
the power sector. Carbon trading is expected to begin in 
late 2021.

If achieved, China’s carbon neutrality would lower the 
projected rise in average global temperature by an 
estimated 0.2 to 0.3°C. This commitment alone would 
represent 25% of the climate effort needed to keep the 
average global temperature rise within the 1.5°C Paris 
Agreement target (assuming all other factors remain 
constant).

China3  sits at a crossroads. On one hand, China is 
well positioned to reap a large share of the economic 
opportunities and geopolitical advantages of a low-
carbon transition. China has positioned itself as a leading 
manufacturer of green technologies, from EVs and electric 
batteries to solar panels and wind turbines. The country 
is therefore poised to meet growing global demand for 

cleaner technologies and become one of the big winners in 
a global low-carbon transition. 

On the other hand, coal is critical for the country to 
provide the energy needed to pursue its economic 
growth and increase the living standards for 1.44 billion 
citizens. Therefore, China has accelerated the construction 
of coal fired plants (see above), threatening China’s 
decarbonization plans and hampering worldwide efforts to 
tackle climate change.

b.   Japan: At the Climate Summit hosted by U.S. President 
Biden in April 2021, Japan’s prime minister committed 
to nearly doubling the country’s 2030 target for cutting 
carbon emissions, raising the target to 46%4  (from 26%).

In July 2021, the industry minister unveiled a draft of 
Japan’s 2030 revised energy policy. According to this plan:

i.   The renewable energy share in the country’s electricity 
mix would grow to 36-38% (double the level of 18% in 
2020)5;

ii.   Nuclear electricity should contribute to 22% of the 
electricity generation even though the country has 
struggled to reopen nuclear reactors after the 2011 
Fukushima accident; and

iii.   The use of coal in the energy mix will be reduced to 19% 
(from 26%) and that of gas will decrease to 41% (from 56%).
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c.   U.S.: On June 1, 2017, then-U.S. President Donald Trump 
announced that the U.S. would cease all participation in the 
2015 Paris Agreement on climate change mitigation. The 
withdrawal took effect on November 4, 2020, one day after 
the presidential elections. In January 20, 2021, on his first 
day in office, President Biden signed an agreement to bring 
the United States back into the Paris Agreement.

In his “American Jobs Plan,” President Joe Biden aims to 
achieve unprecedented investment in action to address 
climate change.

The administration’s $ 2 trillion infrastructure plan included 
$174 billion in spending to boost the electric vehicle market 
and shift away from gas-powered cars.

The plan also proposed $100 billion in funding to update 
the country’s electric grid and make it more resilient to 
climate disasters, such as the recent winter storm that 
disrupted Texas’s power grid and California’s July 2021 
outages related to the big Dixie Fire. Following Pacific Gas 
and Electric acknowledgment that its equipment might 
have sparked the Dixie Fire1 , the company committed to 
moving 10,000 miles of its power lines underground.

Biden’s plan should also retrofit millions of homes to 
increase energy efficiency, with efforts focused on the 
low-income and minority communities most vulnerable to 
climate change. 

1 https://www.sacbee.com/news/california/fires/article252927498.html
2 Evidence from 2020 and Pathways for Inclusive Green Recovery Spending https://wedocs.unep.org/bitstream/handle/20.500.11822/35281/AWBBB.pdf

The plan provides for the creation of an agency, ARPA-C (C 
for climate) “to develop new methods of reducing emissions 
and strengthening climate resilience.” An estimated $15 
billion could l be directed towards the storage of large-scale 
energy, carbon capture and storage, hydrogen, advanced 
nuclear, tidal turbines, biofuels, quantum computing, and 
electric vehicles.

Passing this plan through Congress and Senate is difficult. 
However, early August 2021, the Senate passed a $1 trillion 
bipartisan infrastructure plan, half the amount of the  initial 
plan but still an historic piece of legislation that should  
reshape American infrastructures. 

d.   Europe: The €750 billion European COVID-19 recovery 
plan, adopted in June 2020, dedicates 30% of funds to 
climate change issues. Unfortunately, it took around one 
year to free the related funds, thus slowing down the 
related actions.

In December 2020, the EU member states have agreed, 
after difficult negotiations, to lower by 2030 the region’s 
emissions targets by 55% as compared to 1990. On July 14, 
2021 the EU commission announced its bold “Fit for 55” 
package that will take years to implement (see above).  

e.   Global COVID-related recovery plans: A 
comprehensive analysis2  of COVID-19-related fiscal rescue 
and recovery efforts has shown that in the largest 50 
economies $368 billion of the $14.6 trillion in 2020 spending 
was green.

It is estimated that 18% of the future spending, or $341 
billion, can be considered green. This includes:

•   $66.1 billion invested in low carbon energy, thanks 
in part to Chinese and Korean support for renewable 
energy projects, as well as French and German 
hydrogen investments;

•   $86.1 billion announced for green transport, notably 
through electric vehicle transfers and subsidies;
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•   $35.2 billion dedicated to green building upgrades 
to increase energy efficiency, mostly through retrofits, 
notably in France and the U.K.;

•   $56.3 billion announced for Nature Based Solutions 
ecosystem regeneration initiatives and reforestation;

•   $28.9 billion was announced in green R&D, including 
renewable energy technologies and  technologies for 
decarbonising sectors such as aviation, plastics, and 
agriculture, and carbon sequestration.

The report estimates that without progress notably in 
green R&D, meeting the Paris Agreement targets would 
require even greater pricing and lifestyle changes.
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2.   All facets of the problem must be considered when 
changing: This includes public opinion, international 
relationships, employment, security, and cost of energy 
supply. 

Here we share a few examples: 

a.   Excessive recommendations are damageable:  
According to the IEA May 2021 “Net Zero by 2050” report 
(see above), energy groups must stop all new oil and gas 
exploration projects by the end of 2021 if global warming 
targets are to be kept1. The agency admits the contraction 
of oil and natural gas production will have “far-reaching 
implications” for producing countries and companies. These 
implications have been discussed above.

However, a sudden halt to new oil and gas exploration 
projects appears improbable. 

The agency recommendation is at odds with a deal the U.K. 
government reached in March 2021 to continue allowing 
North Sea offshore oil licensing in exchange for pledges to 
cut emissions. Consequently, the U.K. will not commit to 
stopping new oil exploration in the North Sea, owing to the 
fact that a halt would threaten jobs in Britain’s large oil and 
gas industry.

Norway appears to be taking a dual approach to energy 
transition. In its June 20212  energy white paper, the 

1 https://www.iea.org/reports/net-zero-by-2050
2 https://www.regjeringen.no/en/aktuelt/regjeringen-legger-frem-stortingsmelding-om-verdiskaping-fra-norske-energiressurser/id2860271/
3 https://www.upstreamonline.com/energy-transition/bombshell-iea-report-fuels-row-on-oil-and-gas-industrys-climate-goals/2-1-1012771
4 https://www.montelnews.com/fr/news/1197920/la-france-ratera-ses-objectifs-enr-pour-2023--ser

Norwegian government says it is committed to producing 
renewable energy and bolstering its power grid. However, 
the country is unwilling to halt development of its oil and 
gas resources.

The prospect of no new exploration drew a frosty response 
from U.S. industry groups3 . 

For example, the National Offshore Industries Association 
(NOIA), which supports the Paris climate treaty’s goals, said 
the IEA’s roadmap places efforts to reduce global warming 
ahead of all other concerns. “Climate and emissions 
solutions need to balance the environmental, social, 
economic and energy needs for society. Progress in one 
cannot come at the expense of another need,” said NOIA 
president Erik Milito.

b.   Energy transition plans are generally not realistic: 

i.   According to the latest estimates and despite an 
acceleration expected in 2021, France will not achieve its 
objectives of the Pluriannual Energy Programming (PPE) 
which included installing 44.2 GW of onshore wind and solar 
capacity by 2023. This is duenotably, to many oppositions at 
the local level4 

ii.   In January 2020, the German government agreed on a 
€40 billion deal with coal-producing regions to phase out 
coal power plants by 2038.

Less than 18 months later, a climate law adopted by 
Merkel’s cabinet will  require Germany to close these plants 
much earlier than 2038. Germany now plans to become 
carbon neutral by 2045 (rather than 2050) and reduce 
greenhouse emissions by 65% (rather than 55%) by 2030. 

This change was in response to a constitutional court ruling 
that the previous law placed too much responsibility on 
the young generation for cutting emissions. Under the new 
plan, Germany must raise the share of wind and solar within 
the electricity mix from 43% to 65% by 2030. This could 
be very challenging as approval for wind farms may take 
much longer than it used to, given that local resistance has 
increased. This new plan, which accelerates the closure of 
coal plants and coal mines, is threatening the jobs of tens of 
thousands of workers, either in opencast mines or coal-fired 
power stations. It is also threatening the electricity security 
of supply in Europe (see above).

Moreover, Germany’s accelerated Energy Transition plan 
is costly. The country has one of the highest electricity 
prices in the world; other countries, such as the U.K. and 
U.S., have done better at reducing CO2 at lower cost for 
their populations.
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c.   Carbon prices or carbon taxes have negative impacts 
on local industries competitiveness: It is generally 
recognized that high enough carbon prices, usually 
estimated at a level of €100/t, are needed to give the right 
economic signals for low carbon investments. 

There are many carbon emissions markets or carbon taxes 
at the national or local levels.

The European ETS system is one of the best because of its 
coverage of the region’s total remissions and the level of 
price reached. The price has increased in 2020 and 2021 
to a level of €55/t in June 2021 thanks to sound reforms 
implemented by the EU commission as MSR and annual cap 
reduction. In addition to pursuing these reforms, the EU 
“Fit for 55” package includes an ETS extension to cover the 
maritime traffic and construction sectors (see above). 

Very early on, relatively high prices gave rise to fears in 
industries that emit a large amount of CO2, which were at a 
disadvantage compared to their non-European competitors, 
which did not have the same constraints. Concerns about 
the relocation of these industries out of Europe (carbon 
leakage) have arisen. 

To protect its heavy industry, and avoid carbon leakage, 
the European Commission has distributed CO2 emission 
certificates free of charge to so-called carbon intensive 
companies, such as those related to cement, steel, 
chemical, and petrochemicals. 

1 https://carbonmarketwatch.org/wp-content/uploads/2016/03/Policy-brief_Industry-windfall-profits-from-Europe%E2%80%99s_web_final-1.pdf

Those free allocations have resulted in significant windfall 
profits for corporations1 .

Energy-intensive companies made over €50 billion selling 
those EU ETS during 2008-2019. Moreover, European 
taxpayers are picking up the bill as governments lost the 
revenues raised from auctioning these pollution permits. 
During the 2008-2014 period, governments had given out 
11 billion free pollution permits and have thereby missed 
out on at least €137 billion in auctioning revenues.

Without an urgent change of these rules, emission 
reductions of industry will stall, since giving away free 
emission allowances reduces the incentive of companies 
to produce more efficiently or to invest in breakthrough 
technologies that reduce CO2. When the Carbon Border 
Adjustment Mechanism (CBAM) will be implemented, there 
will be less “carbon leakage” risks and these free allocations 
will be progressively phased out.

d.   Compliance with international treaties must be 
considered: In July 2021, the European Commission has put 
forward its proposal for the CBAM. Under this regulation, 
EU carbon pricing would apply to imported goods in the 
same way as goods produced in the EU. The aim is to tackle 
carbon leakage (estimated in the range of 5 to 30%) more 
effectively than existing instruments (like free allowances) 
within a framework compatible with World Trade 
Organization rules.

The EU CBAM must address several legal, technical, 
economic, and political challenges. For example, South 
Africa, India, and China, have criticised the plan as 
“discriminatory” and unfair to developing nations.

The U.S. is also raising concerns. John Kerry, the U.S. climate 
leader declared that an EU carbon border tax should be a 
“last resort”.

e.   Economic and social impacts must be assessed:  The 
EU “Fit for 55” package plan could trigger social unrest 
across Europe from poorer people and less developed 
member states, who may argue that the changes and 
increased regulations will be a financial burden for them. 
In addition, some political and industry leaders have 
expressed concerns.

To cushion this blow, the package includes a “Social 
Climate Fund” of €72 billion (financed by 25% of the new 
ETS revenues), which is aimed at supporting building 
renovations and pledges to subsidize clean cars to 
vulnerable families and small businesses . It remains to be 
seen how fairly and efficiently the funds will be allocated.

These few examples demonstrate how decision-making 
related to climate measures is complex as it must consider 
all implementation facets, while also allowing for time 
for adjustment.
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3.   Governments should demonstrate a sustained will. 

They should avoid “stop and go” efforts in subsidy policies. 
This is detrimental for investor and operator confidence; 
it also discourages the sustained development of 
new technologies.

For example, after strong growth in its renewable 
production capacity, China will end government 
subsidies for new solar power plants and wind projects in 
August 2021.

The electricity produced by the new projects will be sold at 
a market price or the benchmark price of coal.

Electricity produced by projects already approved in 2021 
will be sold at prices set by the provincial governments 
where they are located. This measure will allow the Chinese 
government to avoid increasing its backlog in the payment 
of subsidies, which amounts to ¥400 billion (€51 billion).

The French government is also going back on its 
commitment by revising the feed-in tariffs for solar 
electricity granted between 2006 and 2010 at a price of 
€300-600/MWh (as compared to the European electricity 
market price of €55/MWh). The reason for this backward 
movement is the same as in China: the need to decrease 
related government debt.

1 In 2020, French electricity was carbon-free at 92%.

4.   Sound regulations must be implemented

a.   Buildings’ regulations 

In the EU, the buildings sector represents 36% of global 
GHG emissions. 

Around 35% of buildings in the EU are over 50 years old 
and almost 75% of the building stock is energy inefficient. 
Renovation of existing buildings can lead to significant 
energy savings and play a key role in the transition to clean 
energy, in that it could reduce total EU energy consumption 
by 5-6% and CO2 emissions by about 5%. However, only 
0.4-1.2% (depending on the country) of the building stock is 
renovated each year. Many transition plans outline efforts 
to accelerate this renovation and allocate subsidies to do so. 
However, as of now, the pace of deep housing renovations 
is still slow.

Recently, the French government decided to act on 
emissions from new buildings in the residential and tertiary 
sector, which represent 25% of national greenhouse 
gas emissions.

The country will implement a new regulation (RE2020) 
that is among the most ambitious in Europe, along with 
regulations in the Netherlands and Sweden. The aim of 
RE2020 is to reduce the carbon footprint of buildings and 
improve their thermal performance.

Thus, individual dwellings must not exceed a CO2 emissions 
ceiling for energy consumption of 4 kilos of CO2/m²/year. 
This implies the end of gas heating for new dwellings in 
favour of heat pumps and electric heating using low carbon 
French electricity1.  

CO2 emissions linked to the construction phase of the 
building will also need to be limited by the use of using 
materials such as wood. The total energy consumption 
should be less than 100 kWh/m², which is half that of 
current regulations.

These new rules will require a strong adaptation of building 
professionals and gas vendors and could result in a housing 
price increase, which will be a handicap for low-income 
populations. Therefore, enforcement of this regulation has 
been postponed until 2022 and gas will be authorized until 
the end of 2023.
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b.   Transport regulations

Transportation share of GHGs varies between 30% in high 
income economies to less than 3% in low-income countries1. 
Numerous regulations exist to limit consumption and 
emissions of gasoline or diesel vehicles. In Europe, these 
regulations were considerably tightened when the member 
states agreed in 2014 that car manufacturers should limit 
CO2 emissions to 95 g/km, across the entire model range 
within seven years. The figure for 2015 was around 130 g/
km on average.

If the target is not met, groups must pay fines of €95/g 
over the limit, multiplied by the number of cars they sell. 
Therefore, manufacturers who fail to meet these targets 
risk significant penalties totalling several billion euros.

This directive has prompted European car manufacturers 
to bring more electric cars models to the market. They are, 
however, very late compared to Asian manufacturers, and 
in particular Chinese ones. Therefore, these manufacturers 
could take advantage of the “Fit for 55” ban on sales of 
internal combustion cars from 2035 onwards. 

Other transportation sectors are also aiming at reducing 
their emissions: the International Maritime Organization, 
which regulates shipping, is trying to reach an agreement 
to reduce the fleet’s carbon intensity by 40% by 2030 

1  https://www.eea.europa.eu/highlights/new-cars2019-co2-emissions-well
2 5 to 10% of the electricity generated is lost in transmission and distribution
3 0°K is -273°C, 92°K is -181°C
4 MRI: Magnetic Resonance Imaging

(compared with 2008 levels). Its members should take swift 
action in this direction since the maritime sector will be 
included in the European ETS scheme.

On the aviation side, GE and Safran are exploring plans to 
cut engine fuel consumption and emissions by 30% by 2035.

5.   Long term future must be prepared now: There is a 
need to accelerate research in fundamental science. 

For example, superconductors materials conduct electricity 
with zero resistance, thus avoiding energy losses in 
electricity transmission and distribution2  and in electronic 
devices. Eliminating these losses would save billions of 
dollars and have a significant climate impact.

In 1911, Dutch physicist Heike Kamerlingh Onnes found 
that mercury becomes a superconductor when cooled to 
a few degrees above the absolute zero (-273 °C). He soon 
observed the phenomenon in other metals.

For many decades afterwards, superconductivity was 
created only at extremely low temperatures. Then, in 
late 1986 and early 1987, a group of researchers at IBM’s 
Zurich laboratory found that certain ceramic oxides can 
be superconductors at temperatures as high as 92°K3. 
(Crucially, this is above the boiling temperature of liquid 
nitrogen, which is 77°K). This transformed the study of 

superconductivity, as well as its applications in areas like 
hospital MRIs4,  since liquid nitrogen is cheap and easy 
to handle. This huge leap in the 1980s led to feverish 
speculation that room-temperature superconductivity 
might be possible.

Room-temperature superconductors avoiding cooling have 
been discovered in laboratories.  However, they operate 
at extremely high pressures (roughly 2.5 million times 
greater than the atmospheric pressure). Scientific progress 
in those room temperature superconductors could enable 
their industrialization. This technology would not only save 
energy, but enable magnetically levitated trains, generate 
magnetic fields for MRI machines (in better conditions than 
today), and accelerate quantum computing. Investing more 
in this fundamental research field should be considered.

Beyond public spending on energy developments, it 
is interesting to note private initiatives by American 
billionaires.  Since 2008, Bill Gates and Warren Buffet have 
financed Terrapower, which recruited high level scientists 
and top engineers to develop a novel nuclear reactor 
concept: the Traveling Wave Reactor.

General Fusion, a Canadian start-up backed by Jeff Bezos 
(Amazon founder) and Shopify founder Tobias Lütke, will 
build a $400 million fusion demonstration reactor in the 
U.K.  The construction of the plant, which will be 70% of

4
5

W
E

M
O

 2
0

2
1

https://www.eea.europa.eu/highlights/new-cars2019-co2-emissions-well


L E T T E R  F R O M  C O L E T T E  L E W I N E R

the size of a true fusion reactor will begin in 2022 and is 
expected to be completed in 2025. This plant, like the 
international large ITER project, is using magnetic fields to 
confine the matter. It would be able to heat its hydrogen 
plasma fuel to 150 million°C. Its cost will be a fraction of the 
cost of ITER, an international nuclear fusion megaproject 
being built in the south of France that is estimated between 
€22 billion and €65 billion. 

This start-up approach is unusual in the nuclear sector. Until 
recently, nuclear activity was relegated to large companies. 

1 https://www.unepfi.org/wordpress/wp-content/uploads/2021/04/GFANZ-Launch-press-release.pdf
2 https://www.ran.org/bankingonclimatechaos2021/

New entrants should enable progress in the use of this 
promising energy source.

Inertial fusion using confinement by lasers is another way 
than magnetic confinement, to reach fusion. On August 
8, 2021, researchers at the National Ignition Facility (NIF) 
at the Lawrence Livermore National have approached the 
threshold of ignition, the moment when one recovers 
as much thermonuclear energy as what the laser energy 
provided. The yield was 0.7, very close to 1, the ignition 
threshold, a result never obtained before. The NIF 
researchers thus obtained a proof of concept of the ability 
to reach ignition by inertial fusion.

Financial institutions have a crucial role to 
play in climate change

1.   Increased commitment of financial players on 
climate change-related objectives. Many central 
banks, private banks, investment funds, and insurers have 
committed to reducing emissions from their asset managed 
portfolios. In April 2021, the Glasgow Financial Alliance for 
Net Zero (GFANZ), UN Race to Zero Campaign, and COP26 
presidency launched the Net Zero financial alliance with 
world’s biggest banks, asset owners, asset managers, 
and insurers1. It unites more than 160 firms (together 
responsible for assets in excess of $70 trillion) to accelerate 
the transition to net zero emissions by 2050 at the latest. 

All GFANZ member alliances must use science-based 
guidelines to reach net zero emissions and cover all three 

emission scopes (see below). They must also include 2030 
interim target setting and commit to transparent reporting 
and accounting. 

At the same time, 43 banks from 23 countries (with assets 
totalling $28.5 trillion) have launched the Net-Zero Banking 
Alliance (NZBA), which joins GFANZ. NZBA members have 
committed to align operational and attributable emissions 
from their portfolios with pathways to net zero by 2050 
or sooner.

At the same time, an activist group, RAN2  claimed that 
global banks provided $750 billion in financing to coal, oil 
and gas companies in 2020, which highlights the difficulties 
of instantaneous change. 

To achieve these commitments, the financial sector has 
defined different metrics to measure the “temperature” 
of its asset portfolio (see following paragraph). The sector 
has also launched special instruments, such as green bonds, 
to encourage companies to invest in sustained activities. It 
also uses taxonomy to identify and select the sectors for 
investment. For example, coal-related activities have been 
marked as a sector to avoid. Accordingly, during their May 
2021 meeting, the G7 countries committed to no longer 
financing coal fired-plants.
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2.   ESG1  oriented loans:

The amounts raised by companies through financing with 
an ESG dimension have constantly increased the last years. 
During the first half of 2021 they represented nearly a 
quarter of bond issues denominated in euros2 . Among 
those instruments, green bonds that enable capital-raising 
for investment in projects with environmental benefits 
are growing quickly. Even in the difficult 2020 year, green 
bond issuance reached a record-breaking $269.5 billion, just 
above that of 2019. This figure should continue to grow in 
2021. 

This green finance market experienced an Average Annual 
Growth of 60% since 2015 with a cumulative $1 trillion 
milestone reached.

3.   Taxonomy, used to select investments, should be 
based on scientific facts:

To direct investments towards sustainable activities and 
enable climate and energy targets for 2030 to be met, the 
EU commission created a “green” classification system (EU 
taxonomy) covering 13 sectors representing 80% of the EU 
GHG emissions. 

This taxonomy recognises economic activities that make a 
substantial contribution to at least one of the EU’s climate 

1 ESG: Environment, Social and Governance relates to the three main factors that make it possible to assess the sustainability of an investment.
2 https://www.bondvigilantes.com/insights/2021/070/esg-themed-corporate-bond-issuance
3 They are: climate change mitigation, climate change adaptation, sustainable use and protection of water and maritime resources, transition to a circular economy, pollution prevention and control and protection and restoration of biodiversity and ecosystems.
4 https://snetp.eu/2021/04/07/jrc-concludes-nuclear-does-not-cause-significant-harm/
5 Nature vol 592, 18 March 2021
6 https://www.reuters.com/article/us-global-climate-carbon-business-trfn-idUSKBN2BF2ZX

and environmental objectives as green, or ‘environmentally 
sustainable’3 . 

Another condition is that these activities ‘do not 
significantly harm’ any of the other environmental 
objectives. 

Surprisingly, the commission did not include in this green 
taxonomy nuclear electricity, which emits less CO2/kWh 
than solar photovoltaic farms (see above).

Other countries, such as China, Japan, and the U.S., have 
included nuclear energy in their plans to reach the Paris 
Accord objectives. 

Moreover, in March 2021, the European Commission 
research body the Joint Research Centre (JRC)4  concluded 
in its technical assessment related to the ‘do not 
significantly harm” criteria that “there is no science-based 
evidence that nuclear energy does more harm than other 
electricity production technologies already included in 
the EU taxonomy as activities supporting climate change 
mitigation. “ 

Despite these positions in April 2021, the European 
Commission unveiled a first batch of implementing rules 
effectively postponing the decision on nuclear (and gas). 

Businesses are mobilizing for the fight 
against climate change. 

Many companies have made commitments to reduce their 
GHG emissions and have established net zero emission 
targets5. Among the 2000 largest companies in the world 
(according to the Forbes Global 2000), a large majority have 
made such announcements. More than 20% of them have 
even pledged to achieve net zero emissions by 20506.
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We can also cite RE100, which is a global initiative bringing 
together the most influential companies in the world who 
are committed to a 100% renewable electricity supply. As 
of March 2021, RE100 had more than 300 members, which 
represents an annual electricity consumption volume 
of more than 330 TWh/year, which is the equivalent of 
Australia’s total consumption. 

However, their plans often lack clarity; definitions are loose, 
and they are hard to compare.

Three fundamental aspects must be specified: 

1.   Net zero targets are more credible if they have 
milestones and sound implementation plans.

The latter should be based on the following actions:

a.   Avoiding emissions by migrating to more efficient or less 
emitting technologies. For example, converting a vehicle 
fleet to electrical vehicles using carbon-free electricity.

b.   Reducing emissions through energy efficiency 
measures or by questioning the reality of the need (such 
as replacing international travel with videoconference) or 
by implementing new technologies. For example, Colas, 
the world road construction leader, has developed a cold 
asphalt product that avoids the heating step and thus 
saves energy.

c.   Compensating for the portion of remaining 
emissions that are difficult to reduce by acquiring 
off-setting certificates.

2.   Their commitments scope must be clearly defined. It 
is recommended to follow the coded definitions:

a.   “Scope 1” which corresponds to the direct GHG 
emissions generated by the company’s activities

b.   “Scope 2” which corresponds to the emissions 
associated with the consumption of electricity and heat

c.   “Scope 3” which corresponds to indirect GHG emissions, 
for example those produced by the company’s customers

Participants should also specify what GHG emissions they 
are targeting (e.g., only CO2 or all GHG including methane).

3.   Clear and universally understood measures must be 
implemented:

Government institutions, notation agencies, investors, and 
proxies are defining their own criteria and measures, which 
has introduced a lot of confusion. 

a.   There are several methods for “measuring” a business 
portfolio with are each leading to different results.  

Among the numerous initiatives, let’s cite the “Science 
Based Targets” initiative, which advocates a scientific 
assessment method for carbon neutrality targets to verify 

whether they are achieved. This provides a solid basis for 
evaluating companies’ climate change strategies. As of 
April 2020, more than 800 companies have established their 
goals using this SBT method and more than 500 companies 
have committed to doing so soon.

The International Financial Accounting Standards (IFRS) 
Foundation announced in March 2021 that it is working on 
a proposal to set up international sustainability standards. 
They are initially focusing on climate-related reporting.

These initiatives come as asset managers are already 
dealing with the EU SFRD and other regulations, such 
as Ucits, adding to many other sustainability disclosures 
including TCFD, SASB, GRI, and CDSB.

These numerous measurements create a lot of extra 
work for companies and don’t allow analysts  to 
benchmark progress.

b.   The lack of accurate data is an important obstacle 
to achieving sustainable investments. According to a 
2020 BlackRock survey of 425 investors across the world, 
which together represent $25 trillion in assets under 
management, poor quality or unavailable ESG data and 
analysis represent the biggest obstacle to sustainable 
investment. Without reliable data, companies face the 
proverbial “garbage in, garbage out” scenario.
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c.   Research can support improvements in all aspects. For 
example, studies should better characterize the future 
reliability of nature-based carbon sinks, as well as their 
potential change under climate change.

Engineering solutions, such as using chemical filters to suck 
CO2 from the air to be buried underground, are still nascent 
(see above).

Progress has been made in Carbon Capture and Storage 
technologies. Plant size is increasing, while costs are 
decreasing. If carbon prices continue to increase, they could 
become competitive. 

Research and development efforts should be boosted. 
Better communication and greater social acceptance are 
also important factors. For example, some communities are 
against CO2 storage in their vicinity.

As more and more companies engage in green 
investments, clear targets, meaningful science-
based data, and comparable reporting aggregates are 
indispensable to progress towards a cleaner world.
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2020 has been an exceptional year in recent 
human history.

Because of the health crisis and the successive 
confinements, global energy consumption has fallen by 
3.5%, which reduced GHG emissions by 6%. We would need 
a similar drop in these emissions every year for 30 years to 
meet the goals of the Paris Agreement.

The consumption of renewable energies has increased 
sharply, though there has not been a significant reduction in 
the consumption of coal.

Despite all the health issues related to the pandemic, 
governments have strengthened their position vis-à-vis 
a green economy and, under the leadership of its new 
president, the United States has returned to the Paris 
agreement. 

In addition to government commitments and declarations, 
the mobilization of businesses and the financial sector in the 
fight against climate change has increased.

However, in 2021, energy consumption and GHG emissions 
started to rise again. It is likely that this growth will offset 
the reductions seen in 2020.

In the absence of major crisis in 2022 and onwards, 
the energy and emissions growth path could be like 
pre-pandemic figures.

Climatologists warn that we are not on the right trajectory 
to reach the objectives of the Paris agreement and that we 
must increase our efforts.

However, it is necessary to consider the adaptation time 
of societies, their industries’, and the lifestyles of their 
populations. These transitions are more complex because 
our societies are dependent on each other; change is also 
more difficult in democratic societies.

This is one of the reasons for delays in realizing energy 
transition plans.

Setting ambitious but realistic goals is necessary. At the 
same time, it is also necessary to know how to measure the 
effect of actions taken.

The methods of measuring and comparing energies 
have been deeply impacted by the growth of renewable 
energies. In addition, there is a great deal of confusion in 
the definition and application of ESG indicators used by 
companies. Financial institutions should define standardized 
extra-financial indicators (at least within the same sector), 
thus enabling comparisons between efforts undertaken 
by companies.

The digitization progress associated with improved data 
management and growing use of AI has improved energy 
players’ knowledge and management of their assets. 
However, cyber crime is getting worse, as more devices are 
connected to networks and geopolitics relations become 
less stable.

Conclusion
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Faced with the delay in climate objectives, “adaptation” 
solutions should be considered, at both the country and 
company level. The latter have started to include the risks 
associated with climate change in their risk maps. 

It is time for public institutions and businesses to take the 
necessary actions to guard against these risks, including 
floods, extreme heat, and cold episodes as well as more 
frequent and violent natural events.

Rich countries should also help poorer nations. Investment 
needs linked to the fight against climate change have been 
assessed1  at $5,000 billion per year by 2030, a significant 
part of which concerns developing countries.

Finally, countries and regions must provide more funding 
for research that is likely to accelerate the fight against 
climate change.

Finally, over the period under review, China increased its 
position in the energy markets on low-carbon electricity 
production technologies (renewables, batteries, rare 
earths, and rare metals) and green hydrogen. As part of 
its “Silk Road” project, it is also positioning itself on the 
technology of direct current cables to transport electricity 
over long distances.

At the same time, it also remains the largest emitter of 
GHGs and the leading financier of coal power plants in 
the world.

1 by the International Energy Agency

With the pandemic and the rapid rebound of its economy, 
China has also strengthened its position as a rival to the 
United States and geostrategic tensions have increased in 
2020-2021.

I wish you a good reading of this new and very rich 
WEMO edition.

Colette Lewiner
Paris, August 29, 2021

5
1

W
E

M
O

 2
0

2
1



About Capgemini

Capgemini is a global leader in partnering with companies to transform and manage their 
business by harnessing the power of technology. The Group is guided everyday by its 
purpose of unleashing human energy through technology for an inclusive and sustainable 
future. It is a responsible and diverse organization of 290,000 team members in nearly 
50 countries. With its strong 50 year heritage and deep industry expertise, Capgemini is 
trusted by its clients to address the entire breadth of their business needs, from strategy 
and design to operations, fueled by the fast evolving and innovative world of cloud, data, AI, 
connectivity, software, digital engineering and platforms. The Group reported in 2020 global 
revenues of €16 billion. 

Visit us at 

www.capgemini.com/WEMO

The information contained in this document is proprietary. ©2021 Capgemini.  
All rights reserved. 

http://www.capgemini.com/WEMO

