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In the last months of 2020 the international land-
scape of commitments to decarbonize the global
economy fighting climate change has rapidly al-

tered.
Following the European commitment of "climate

neutrality" by 2050 and a 55% reduction in emissions
by 2030, China pledged to achieve “carbon neutrality”
before 2060 with “peak emissions” before 2030, and
President Joe Biden announced the US commitment
for a carbon-free electricity sector by 2035 and carbon
neutrality  by 2050. 

Japan, UK, South Korea, Canada share the same
commitments, while India planned to achieve around
60%  of its installed electricity generation capacity
from renewables and clean sources by 2030 as the first
step towards  de-carbonization. In other words the
major economies of the planet have made unilateral
and unconditional commitments to zero carbon emis-
sions   within the next 30-40 years, and the interna-
tional reference framework of  the endless  COPs ne-
gotiations has drastically changed.

Today the focus of large economies shifts from
suitable wording to certify the stalemate in climate
change negotiations to an achievable global conver-
gence of policies and measures to drive the  "inertial
turn" (industrial, technological and economic) neces-
sary  to  the progressive phasing out  of fossil fuels.

The new decade will be decisive, because achieving
the 2030-2035 objectives requires not only the growth
of alternative zero-emission sources in the energy port-
folio of world economy, but also building and manag-
ing efficient systems in order to optimize the use and
access to clean energies all over the world. 

Powering the
globe

Among low-carbon sources, nuclear energy and
hydrogen take too long to meet reduced emissions by
2030-35. The grow potential of solar and wind power will
resolve that challenge faster. Yet green electricity will
require infrastructure, grid capacity and multiplied
network lines.

The Noor-Ouarzazate
complex, delivers
enough power to
control a city the size
of Prague, or double
the size of Marrakesh.
Arranged at the
entryway to the Sahara
Desert, the entire
complex gives 580
megawatts – sparing
the planet from more
than 760,000 tons of
carbon outflows.

by corrado clini
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What are the available technological and industri-
al options that can start the no return decarbonization
path within 2030-2035? As for the availability of zero
carbon emission sources and technologies able to
meet the 2030-2035 targets, today nuclear energy, hy-
drogen and  renewables must be considered.

Nuclear energy is today the second low-carbon
source of electricity. According to the International
Energy Agency “Sustainable Development Scenario”
(SDS), fully aligned with the Paris Agreement,  an av-
erage of 15 GW of new nuclear capacity is required
annually between 2020 and 2040 ( Nuclear Power-
tracking report- June 2020).

Nevertheless, data show that the construction of
new plants is far below the objectives of the SDS, while
the decommissioning of existing plants continues
mainly due to post-Fukushima in Japan and to the en-
ergy policies in Europe (Germany, Sweden, Switzer-
land) or  of  high management costs (US).

In 2019 and 2020, the new installed nuclear capac-
ity has been lower than the decommissioned one. It
should also be noted that the refurbishment of existing
plants further reduces the contribution of nuclear en-
ergy to electricity production in the short term.

The long times required to build and bring new
nuclear energy facilities into commercial operation
should also be underlined.

In the 2030-2035 horizon, nuclear energy will there-
fore not make a significant contribution to decar-
bonization, while in the medium to long term a  more

effective contribution  is expected by new plants in Chi-
na, Russia, USA, India, Korea, UK, United Arab Emi-
rates.

Hydrogen is an energy carrier that can be used to
store, move, and deliver energy. It can be produced
from natural gas, coal and other fossil fuels, water and
biomass.

Today the primary uses of hydrogen are in the oil re-
fineries and chemical industries, and about 95% of all
hydrogen is produced from fossil fuels –mostly steam
reforming of natural gas. “As a consequence, produc-
tion of hydrogen is responsible for annual CO2 emis-
sions equivalent to those of Indonesia and the United
Kingdom combined”,  according to “The future of Hy-
drogen”  report by the International Energy Agency.

Nevertheless,  hydrogen is becoming a flagship of
green energy transition.

There are two drivers of the hydrogen environ-
mental appeal and enthusiasm : first, hydrogen fuel
cells vehicles and power/heat production plants fueled
by hydrogen emit clean water; secondly, hydrogen can
store energy for days, weeks or months, and can be
used in power generation as well as in energy trans-
portation over long distances through the existing nat-
ural gas pipelines.   

But as long as the production of hydrogen is a source
of carbon emissions, it is clear that hydrogen cannot be
the "key" to the energy transition in the short term. Zero-
carbon hydrogen, or green hydrogen, can be produced
from water via electrolysis supplied by zero-carbon elec-

The European energy
sector has reached a
“watershed” where
cheaper, clean energy
will destroy the
economic viability of
coal production within
a decade.

A
P
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tricity,  from either  renewable  or nuclear energy. 
However, this necessary option towards a clean

energy future requires medium to long times.  The IEA
report has confirmed that “producing all of today’s
dedicated hydrogen output from electricity would re-
sult in an electricity demand of 3.600 TWh, more than
the total annual electricity generation of the European
Union”.

Furthermore, green hydrogen’s cost is today more
than double that of blue hydrogen. Many analyses agree
that green hydrogen will be competitive with the cost of
blue hydrogen no earlier than 2030, as a result of  de-
creasing costs of renewables and electrolysers, as well as
of the increasing renewable energy production.  

A parallel option, very much supported by the ma-
jor energy companies, is the production of blue hy-
drogen from reforming of natural gas associated to
Carbon Capture, Utilization and Storage (CCUS). 

Without considering the costs and despite the fact
that at least 20 plants are already in operation and an-
other 10 are under construction, the technological so-
lutions for these plants are still in an experimental
phase.  It should also be considered that the parallel de-
velopment of green hydrogen could make the role of
natural gas marginal in 10-15 years and the CCUS
plants not economically sustainable.

In short, hydrogen will be a ready and widespread
solution only in the next decade.

The role of renewable energy grows as well as  both
the reduction of costs and the development of new

technologies and  new materials, with increasingly
higher yields in solar and wind power. 

According to the Report IEA, “Renewables 2020
Analysis and forecast to 2025” (November  2020), the
total installed wind and solar PV capacity is on track to
overtake natural gas in 2023 and coal in 2024. Overall,
the  generation from all renewable resources will be-
come the “largest source of electricity generation
worldwide in 2025,” supplying one-third of global pow-
er output and accounting for 95% of the increase in to-
tal power capacity through 2025

The grow potential of renewables is well repre-
sented by Global Solar Atlas released in December
2020 by World Bank Group- Energy Sector Manage-
ment Assistance Program (ESMAP) and by the Global
Wind Atlas released by the Technical University of Den-
mark (DTU) in  partnership with the World Bank
Group-ESMAP.

The solar PV annual market could reach about 150
GW – an increase of almost 40% in just three years
(IEA, 2020 Renewables). 

The theoretical potential is immense: it is estimat-
ed that the solar energy available annually is in a range
between 1500 and about 50,000 exajoules (EJ). If we
consider that world energy consumption is about 590
EJ, the use of the potential of solar radiation would be
able to make energy available far greater than the cur-
rent global demand and the expected increasing  con-
sumption in the coming decades.

The map of the potential of global horizontal so-

The world’s largest
“green” hydrogen
production facility has
commenced operation
at a steel mill in
Austria.  The 6MW
“CO2-neutral”
hydrogen plant will
seek to demonstrate
that fossil fuels can be
replaced for industrial
uses such as steel
production.
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lar irradiation (GHI), measured in kilowatthours per
square meter (kWh / m2), offers a very clear picture
of the "wells" of solar energy in the different regions
of the planet.

Based on GHI, and taking into account the physi-
cal/technical constraints to the installation of PV mod-
ules, the  Practical Photovoltaic Power Potential ( meas-
ured in kilowatt-hours per installed kilowatt-peak of the
system capacity -kWh/kWp) has been calculated.
Around 20% of the global population lives in 70 coun-
tries boasting excellent conditions for PV, with an av-
erage that exceeds 4.5 kWh/kWp per day, while coun-
tries in the favorable mid-range between 3.5 and 4.5
kWh/kWp account for 71% of the global population. 

The data show  that solar energy can respond wide-
ly to the global demand, and highlight that the highest
potential is largely located in areas distant from centers
of consumption.

The Global Wind Energy Council expects that over
355GW of new capacity will be added between 020-
2024, that is nearly 71GW of new installations each
year until 2024.

The IEA report, “Renewables 2020 Analysis and
forecast to 2025” estimates that annual global wind ad-
ditions in 2023-25 could range from 65 GW in the main
case and 100 GW in the accelerated case. 

But the potential is much higher. The Global Wind
Atlas highlights the on-shore and off-shore potential of
wind power in all the regions, with the highest poten-
tials often concentrated in remote and low-demand
areas  on the coasts and seas of northern Europe, Cana-

da, the Arctic region, southern Latin America, southern
Africa and Australia.

According to many estimates, the potential of wind
power is more than 40 times current worldwide con-
sumption of electricity, and more than 5 times total
global use of energy. 

Solar PV and wind energy are the most accessible
energy sources to successfully face the challenge of
decarbonization by 2030-2035, supported by consoli-
dated technologies with continuous improvements in
performance. And, very importantly, they are now the
least-cost option for power generation in many coun-
tries.

Solar PV has achieved grid parity in many regions
of the world and is forecast to become even cheaper
driven by the innovation in the solar cells materials and
efficiency, as well as in the energy storage. 

Lazard’s latest annual “Levelized Cost of Energy
Analysis” (LCOE 14.0) shows that the price of solar PV
declined by 90% in 2010-2020, while on-shore wind en-
ergy declined by 70%.

Technologies, competitiveness and maps suggest
that the growth of Solar PV and Wind Energy is the
feasible and most immediate response to the 2030-
2035 targets challenge, as highlighted by the  IEA.

However, it should be noted that if renewables will
become the “largest source of electricity generation
worldwide in 2025,” supplying one-third of global pow-
er output and accounting for 95% of the increase in to-
tal power capacity through 2025, adequate power grid
capacity will be necessary.
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Siemens’ Offshore-
Windpark Lillgrund. The
entire offshore wind
farm has a total power
of 110 megawatts.
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corrado clini is former Italian Minister for the environment and
former chairman of the G8 Task Force on Renewable Energy 

The growth of green electricity, and the develop-
ment of  a green hydrogen production chain itself, will
require increasing and dedicated capacities in the
network. 

In a national context, this will be feasible both im-
proving the capacity for grid-side accommodation of
renewable energy, as well as extending  the network
lines. In this perspective, according to the World Ener-
gy Outlook 2020, the global electricity network will
double between 2009-2030.

But, if we come back to the Solar and Wind Atlas,
and if we look at the full exploitation of solar and wind
global energy potential, the efficient transmission
across continents and different time zones of  elec-
tricity produced from renewable sources in remote
and low-demand areas is a  key driver for building in
the present decade the infrastructure for the shift from
fossil fuels to clean energy, as well as for balancing de-
mand and supply at a  global level. 

This is the vision of the Global Energy Intercon-
nection (GEI) initiative, launched by  Chinese President
Xi Jinping at the UN General Assembly in 2015 to “fa-
cilitate efforts to meet the global power demand with
clean and green alternatives”.

We must recognize that GEI is today the most fea-
sible option to integrate the growth of renewables with
access to green electricity worldwide. 

Long-distance transmission supported by Ultra
High Voltage (UHV) lines  “can link remote renewables
to demand centers to create transnational backbone
power lines. These sorts of links could help mitigate re-

newable supply intermittency by offering diversity of
supply. Smart grid technology would enable the com-
plex operational demands of optimizing dispatch and
maintaining grid stability over these enormous areas”,
the Columbia University’s Center on Global Energy
Policy affirmed in its “Powering the globe” last year.

Obviously we are not in the world of wonders, and
the difficulties in integrating cross-border networks
are well known. 

Technologies are available, both for the produc-
tion of green electricity and for high-capacity and long-
distance transmission. Technical barriers to intercon-
nection are marginal. The barriers are political, pol-
luted by the blunder of the decoupling of economies
which, among other things, involves very high addi-
tional costs to avoid cooperation and integration.

Notwithstanding, global responses are required to
face the global challenge of climate change. We have lit-
tle time. If the 2030-2035 targets will not be met,  it will
be very difficult to win the challenge or even simply lim-
it the damages. I hope that the G20 under the Italian
presidency can promote a global alliance on renewables
and interconnection for greening the planet. 

Emrod's wireless
power transmission
devices can beam large
amounts of electrical
power between two
points, with line of
sight between relays
the only limit on
distance.
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GLOBAL WIND ATLAS 
2019 IN M/S

GLOBAL HORIZONTAL SOLAR IRRADIATION (GHI) 
2020, IN KWH/M2

POWERING THE GLOBE, 2020

GLOBAL ELECTRICITY NETWORK EXPANSION
2009-2030, IN MILLION KM

2009
2019
2020
2030

Yearly totals

Daily totals 2.4 3.2 4.0 4.8 5.6 6.4 8.0

876 1168 1461 1753 2045 2337 2922

Long-term average of GHI

Oceania
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Pacific
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Indian
ocean

Asia
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Africa
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Solar PV-Rooftop C&I

RENEWABLE ENERGY

CONVENTIONAL ENERGY

Solar PV-Community

Solar PV-Crystaline Utility Scale

Solar PV-Thin Utility Scale

Solar Thermal Tower with Storage

Solar PV-Rooftop Residential

Geothermal

Wind

Gas Peaking

Nuclear

Coal

Gas Combined Cycle

PRODUCING LOW CARBON HYDROGEN AT SCALE
THE ROYAL SOCIETY, LONDON, 2018

LEVELIZED COST ENERGY COMPONENTS - LOW END
LEVELIZED COAST, $/MWh
Certain renewable energy generation technologies are already cost-competitive with conventional 
generation technologies; a key factor regarding the continued cost decline of renewable energy 
generation technologies is the ability of technological development and industry scale to continue 
lowering operating expenses and capital costs for renewable energy generation technologies

LEVELIZED COST OF ENERGY COMPARISON
HISTORICAL UTILITY SCALE GENERATION
SELECTED HISTORICAL MEAN UNSUSBSIDIZED 
LCOE VALUES, $/MWh
Lazard’s unsubsidized LCOE analysis indicates significant historical
cost declines for utility-scale renewable energy generation 
technologies driven by, among other factors, decreasing capital 
costs, improving technologies and increased competition
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POWER GRID / RESOURCES ENERGY CONVERSION SYSTEM APPLICATION

Biomass

Renewable
energy

Nuclear

Fossil
fuels

Power
grid

Industry

Heating

Transport

Agriculture

Ammonia

Carbon
capture and

storage

Hydrogen

Biorefining

Biological routes
Anaerobic digestion

Autothermal reforming
Partial oxidation

Downhole conversion
Microwave

technologies

Solid oxide
electrolyser

Polymer electrolyte
membrane electrolyser 

Photo fermentation
Bio electrochemical

systems

Electrolytic routes
Alkaline electrolyser

Coal / biomass 
gasification

Steam methane 
reforming

Thermochemical routes

Solar to fuels

Alternative thermochemical 
routes

Current methods

Capital
cost

Fixed
O&M

Variable
O&M

Fuel
Cost

Feedstocks

Electrical pathways

Carbon pathways

Other pathways

Future methods
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