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01.

LETTER FROM COLETTE LEWINER

CLIMATE CHANGE & INFRASTRUCTURES & RETAIL
ENERGY TRANSITION ADEQUACY OF SUPPLY MARKETS

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?

More than 18 months after the pandemic
started, the world is still uncertain. However,

FINANCE TRANSFORMATION

some of these questions will be answered in
this editorial and other issues will be debated.

| 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 pandemicin 2020 led to successive
periods of lockdown and a drop in energy consumption
which reached 20%' 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%* during the first lockdown but,
similar to energy consumption, levels dropped only by
around 6%* over the year.

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
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Commodity prices were low; the price of oil was even in
negative territory in April 2020 in the United States’. 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 Q420192.1n Q1 2021, the U.S. GDP was only slightly
below pre-crisis level while the EU GDP was 5% lower. South

1 WTI at-36.98 on April 20, 2020

2 https://www.pwcen.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
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America is badly hit. For example, it is expected to take six
years? 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 pandemicrelated 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 Qil & 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.

FINANCE TRANSFORMATION

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%*, 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.

-
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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 Percebois', historical
figures show a linear relationship between GDP and

energy consumption at global level. Globally, economic
growth should therefore continue to be accompanied by
anincrease in energy consumption, albeit at different rates
depending notably on energy efficiency progress? 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 COz/capita.As seen

CLIMATE CHANGE &
ENERGY TRANSITION

INFRASTRUCTURES &
ADEQUACY OF SUPPLY

RETAIL
MARKETS

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 2050° 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

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 1EA 2021 report: “Net zero by 2050. A roadmap for the global energy sector”
5 Compared to 1990
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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%° ; 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/d", following a collapse of 8.7 Mb/d last year.? Qil
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 da
2 https://www.iea.org/reports/oil-market-report-may-2021
31n 2020, about 65% of total U.S. crude oil production were produced from shale oil resources.
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By mid-2021, the crude oil price increase helped shale
producers boost their output. Therefore, U.S. crude
production® was oscillating around 11 Mb/d, after
climbing above 13 Mb/d in 2019. EIA*, 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+
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.

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
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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 (includinga 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 OPECH+, as well as stagnant production of shale
oilin the United States. After the July OPEC+ agreement
announcement, the Brent oil price decreased to $68/b.

HOME

18


http://� Mb/d: million barrels per day
� https://www.iea.org/reports/oil-market-report-may-2021

Global COMMODITIES &
Editorial TECHNOLOGIES

REGIONS
DESCRIPTION

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

1 ETS: Emission Trading System
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continued to grow and surpassed €80/MWh in early July
2021.

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:|n 2020, the price of the CO2
certificate on the European ETS' 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

* Regularreduction 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.

FINANCE TRANSFORMATION

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:
« Areform and extension of the ETS system, including:

*  More rapid tightening of the ETS cap currently set at
2.2% peryear to 4,2% per year';

* 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
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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

FINANCE TRANSFORMATION

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 demandis expected to increase by 3.2% year-
on-yearin 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, itis expected to see limited growth (1.2%)
which is not sufficient to offset the estimated 2.1% year-on-
year drop seenin 2020.

Following strong growth in Q1, European gas demand is
expected toincrease 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)
willimpose 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.
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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 2021", available supply in Europe was up 19% from Q4
2020 due toincreases in production, storage withdrawals,
and LNG supply more than offsetting lower pipeline entries

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.spalobal.com/platts/en/market-insights/topics/hydrogen
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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 Analytics?.

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 toincrease 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 mustincrease 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™ 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,? 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 terminals?.

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.

« Torespond 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,
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reaching more than €30/MWHh. This price increase is the
consequence of:

« Acold 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;

« Afire 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. Coaldemand 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

1 PCl: 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://gz.com/1760615/china-quits-coal-at-home-but-promotes-the-fossil-fuel-in-developing-countries,
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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 today“ . 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
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addition, stimulus plans implemented in North America,
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 China'.

According to IEA scenarios?, 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 double?.
Among the low-carbon technologies, nuclear electricity has
the lowest “mineral matter intensity” per unit of installed
capacity.

FINANCE TRANSFORMATION

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

11EA 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
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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," 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
(PPA?), 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:?

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
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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 thanin 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.

https://www.irena.org/newsroom/pressreleases/2021/Apr/World-Adds-Record-New-Renewable-Energy-Capacity-in-2020
4 http://www.world-nuclear.org/uploadedFiles/ora/WNA/Publications/Working_Group_Reports/comparison_of_lifecycle.pdf
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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 kwh#,
it appears that the median value for nuclear energy is 29g
CO, 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.
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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.!

With a share of around 66%? 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. Solar’ 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

CLIMATE CHANGE &
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3 https://ratedpower.com/blog/solar-power-technology,
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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.

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

MARKETS
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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:’

* 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-energ
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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 yearin 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 fFewer, modern ones offers many advantages:

* It enablesto 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.

2 https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Framing-Note-on-Repowering.pdf

3 https://www.xprize.org/prizes/elonmusk
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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 Foundation?
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:

« Reducedtime spentin standard inspections and repairs;
and

« Improved predictive maintenance based on data
analysis and machine learning technologies.

HOME

26


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

Global
Editorial

COMMODITIES &
TECHNOLOGIES

REGIONS
DESCRIPTION

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 LCOE' 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
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i. 2020-2021 achievements:

According to the latest Irena report, in 2020, renewable
power generation costs continued to fall significantly year-
on-year?. 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

T

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
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awarded the Atlantic Shores Offshore Wind? 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/MWHh.

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

The prices of Chinese solar panels are increasing®. This is
partly related to the increase in the price of steel® (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.

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/
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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. Itis 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%.
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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)!

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 public? 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 projectis
completed. If the renewable costs stop decreasing, their
profitability (as well as that of the sector) will be negatively
impacted.

5 AFrench renewable energy company that develops, finances, builds and operates solar power plants, wind farms and energy storage facilities

6 https://www.spalobal.com/spdji/en/indices/esq/sp-global-clean-energy-index/#overview
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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 power® was interpreted

as the warning signal of the continued erosion of the
profitability* of capitalinvested in offshore wind. Following
this announcement, Orsted’s share price dropped by 35%
between January and June 2021.

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

The S&P global clean energy index® has decreased
significantly since January 2021. After increasing steadily
from around 500 pointsin 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 I'Enerrgie
2 In its provisional assessment of the electricity system for 2021-2030, presented on March 2021
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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
TwWh and there was no electricity supply problem during the
winter of 2020-2021. However, French reactors’ availability
will stay bel