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The Global Sustainable Electricity Partnership (GSEP)

is a unique international organization dedicated to
electrification and sustainable energy development.

We are a not-for-profit comprising the leading companies
in the global electricity sector. Together, our companies
serve 1.2 billion customers, and generate and deliver about
one-third of the electricity used in the world, over 65%

of which is generated with no direct carbon emissions.
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GSEP: COMMITTED TO
SUSTAINABLE ELECTRIFICATION

This report is the collective work of the Global Sustainable Electricity Partnership’s
(GSEP) members, global leaders in the radical transformation of today's electricity
industry. The GSEP companies believe that electricity is the energy of the future.
Cleaner electricity generation, energy efficiency and massive electrification of
end-uses will be needed to decarbonize the economy and to reach the world’s
development and climate goals.
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GLOBAL SUSTAINABLE ELECTRICITY PARTNERSHIP:
The eight GSEP companies are a unique alliance serving more
than 1.2 billion customers worldwide.
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Our collective expertise in power systems and electricity technologies

is unparalleled.

« Our companies invest more than
$120 billion US per year in generation,
transmission, distribution and energy
services

APPROXIMATELY

1/3

OF THE ELECTRICITY CONSUMED
IN THE WORLD IS PRODUCED
BY THE EIGHT COMPANIES

OF THE GSEP

« Our companies own and operate
more than 5.9 million km of transmission
and distribution lines around the world

We are actively tackling climate change, reducing the environmental
impact of our operations and moving towards lower-carbon solutions

« Together, our companies
have more than 400 GW
of installed capacity in all
generation technologies
(of which 31% hydro,

23% nuclear, 4% other
renewables, 19% coal
and 7% natural gas)

OVER

65%

OF OUR ELECTRICITY
IS PRODUCED WITH
NO DIRECT CO, EMISSIONS

We are investing in innovation and digital solutions to shape

a cleaner, brighter future

- We are deploying new
digital and mobile
solutions that empower
our consumers, offering
them new electricity
services for every aspect
of their daily lives

MORE THAN

S2.2 billion US

INVESTED BY OUR COMPANIES
EACH YEAR IN RESEARCH

AND DEVELOPMENT TO DEVELOP
CUTTING-EDGE INNOVATIONS
AND NEW TECHNOLOGIES
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EXECUTIVE SUMMARY

The size of the environmental challenge in front of us is unprecedented. As we rise
to this challenge, electrification is an absolutely vital pathway to decarbonizing
energy. For GSEP, electrification is part of the journey to a safe future. This report
provides an overview of the conditions that must be met to achieve electrification.
It outlines six fundamental convictions about the future of electricity.

1. Electricity fostered development in the 20th century.
It will be the energy of the 21st century.

Electricity was a major driver of development and economic growth in the 20th century.

It is set to play an even more important role in the 21st century, given four key qualities
that make it indispensable to meeting the growing need for reliable, affordable and clean
energy.

Electricity is efficient: Electrical technologies have very efficient output. Heat pumps in
buildings and electric vehicles for transportation are up to three to five times more efficient
than traditional fossil fuel boilers or internal combustion engines. Thanks to its efficiency,
electrification results in a significant reduction in overall energy consumption, which also
reduces the cost of use and limits the impact of new types of consumption on infrastructure.

Electricity is flexible: The electrification of end-uses enhances overall energy security
of supply, thanks to a diversified portfolio of energy sources in the power mix. The
diversification of sources and technologies makes the electricity system more resilient. At
the same time, electrification provides more flexibility in demand management between
sectors, allowing the optimization of renewable generation by coupling power, heat and
mobility. The parallel development of electricity end-uses is required as volumes of variable
renewable energy increase, in order to facilitate their integration at the lowest possible cost.

Electricity is an essential tool for climate protection: with well-balanced policies,
emissions from the power sector can be reduced while keeping costs in check. Low-carbon
electricity can then easily replace fossil fuels in transport, buildings and industry. Technologies
already exist for efficient and competitive electricity end-uses. Electrification enables
economies to get on track to meet ambitious decarbonization goals without having to wait
for hypothetical future technologies, thus avoiding the lock-in to emitting technologies and
associated stranded costs, and making the transition to a low-carbon society more affordable.
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Electricity is the energy of the digital and urban eras: Electricity is at the heart

of the two megatrends sweeping our societies: urbanization and digitalization. One in

three people lived in cities in 1950, rising to one in two today and set to reach two in three
by 2050. People in cities consume 2.5 times more electricity than their rural counterparts.
Urban development is thus driving up the electrification of end-uses and it should therefore
be accompanied by the construction of smarter infrastructure. Digitalization is also gathering
momentum at an extremely fast pace, with electricity at the heart of this trend: the number
of gigabytes produced per second worldwide has risen from 100 in 1992 to almost 50,000
today. This boom in big data is creating the need for more electricity, which could be offset
by significant energy efficiency gains.

The four unique attributes of electricity listed above mean that it has major potential to help
solve the energy challenges that lie ahead. However, several conditions mentioned in this
report will have to be met if it is to play this role. One crucial prerequisite will be the ability
to keep it as affordable and reliable as possible while steadily reducing emissions. In a
previous report drafted in preparation for COP 21, Powering Innovation for a Sustainable Future,
GSEP described the main conditions that would have to be met.

2. Electrification needs to shift gears, rapidly doubling its pace
compared to recent trends

We need to speed up electrification. Governments can shift gears by promoting the
electrification of end-uses in all sectors. Electrification has two major knock-on benefits for the
climate: improving energy efficiency and decarbonizing power generation. In order to reach
zero net emissions in the second half of the century, the efficient and cost-effective electrification
of end-uses must be enhanced at the same time as the power mix is decarbonized, in order

to avoid lock-in effects and stranded investments from the overdevelopment of fossil-fuel
infrastructures.

Electricity will become the world’s leading energy source by 2050, according

to most projections, with a share in final energy demand that should double, from 18%

today to about 36% in 2050. This represents a major shift in the energy sector. As long as

electricity prices are kept affordable, and bearing in mind the current decreases in electricity

technology costs, higher electrification rates should be possible, reaching over 50% of final

energy by 2050.

« In buildings, electricity’s share in global final energy (for lightings, appliances and thermal
uses) could go from 30% today to 75% in 2050.

« In transportation, electricity and other carbon-free energies (biofuels, hydrogen) must rise
from 4% today to above 40% in 2050, with virtually all light-duty vehicles being electrified.

+ Inindustry, electricity's share could double from 23% today to about 50% in 2050.

Thus the pace of electrification worldwide needs to double at least from the
current rate of increase of 1.2% per year of total energy consumption to over 2.5% per year.
Efficient electrification of end-uses should spread quickly in all sectors, thanks to already-
available technologies, thus contributing to achieving the below 2°C target.

1. https://globalelectricity.org/content/uploads/final_powering_innovation_for_website_and_usbs_2.pdf
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EXECUTIVE SUMMARY

3. The momentum for efficient electrification is building,
thanks to competitive technologies that are ready for mass
deployment now

Many technologies capable of making end-uses efficient, competitive and better for the
environment already exist. One example is light electric vehicles (EVs). Battery costs are
dropping rapidly, indicating that the total cost of ownership of EVs could be the same as for
internal combustion engines in the near future. Gains in the energy density of batteries, the
efficiency of electric motors and more electricity-specific vehicle designs all point to electric
vehicles becoming more competitive going forward. Furthermore, autonomous vehicles will
mostly be electric. Though it is still not clear when that technology will mature, greater use
of these vehicles through car-sharing suggests an additional reduction in the cost of electric
mobility.

In the building sector, heat pumps are a competitive solution for producing heat and cold
when consumption per square meter is medium to high. Thanks to mechanical vapour
recompression, heat pumps are also suitable for certain industrial processes that do not
require very high temperatures. Thermodynamic water heaters make it possible to supply
hot water in buildings at a competitive price and to store energy, making the electricity
system more flexible. When consumption per square meter is low, electric heating is a
competitive solution, one that in combination with low-carbon electricity contributes to
climate protection.

Digital and the role it can play in managing demand will be a key facilitator for all these
end-uses: smart homes and smart cities will enhance the efficiency of technologies, increase
the flexibility of the electricity system and thus encourage the integration of intermittent
renewable energies while further lowering the cost of energy services for users. It will also
play a vital role in ensuring the reliability of networks and optimizing infrastructure needs
(i.e.via smart grids).

In short, efficient electrification is at hand, thanks to available and mature technologies:
action is called for now.

4. Innovation and technology improvements will, in the
longer term, enlarge the current portfolio of uses that run
on efficient electricity

Over the longer term, R&D and demonstrations should add new technologies to the
portfolio and allow for emissions reductions in sectors of activity where decarbonization
is still expensive.

In the transportation sector for instance, electrifying long-distance freight calls for R&D
starting now on electric trucks (battery or catenary systems) or hydrogen produced using
low- or zero-carbon electricity and fuel cells, two feasible paths for which competition is
currently open.
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In buildings, larger heat pumps will be needed for collective heating as higher temperatures
are required than with individual heat pumps. The relevant technologies have been clearly
identified and the first full-scale demonstrations are being carried out in some countries,

for example in Scandinavia. The challenge is to facilitate the emergence of a market and to
create the structure for a competitive industry for these products.

R&D efforts are required on some industrial processes to lower the cost of technologies

that could potentially result in their electrification, either directly or indirectly via hydrogen
produced with electricity via electrolysis. Two examples of areas with significant potential are
the direct reduction of iron ore in steel and heat pumps for industrial processes requiring very
high temperatures. "Power-to-X" technologies that enable the production of hydrocarbons
from hydrogen and CO, is another potential avenue for R&D. However, the low efficiency of
power-to-X technologies and their impact on prices are such that they can only complement
direct electrification. Targeted R&D and demonstration programs should make it possible to
manage and guide the decrease in the cost of electrolyzers and carbon capture and synthetic
hydrocarbon manufacturing techniques.

5. Electric utilities are moving forward and evolving

This shift toward an efficient electrification of our economies will change the role played by
electricity companies. Utilities must ensure a reliable and affordable electricity system while
facing new challenges: (i) more intermittency from renewable generation, (ii) integrating

a more decentralized, customer-oriented approach, and (iii) new and diversified end-uses.
These challenges are causing them to evolve. One key characteristic of their transformation
is that they are now providing new services to prosumers and managing flexibility as a new
source of value for the electricity system.

The declining cost of digital together with the spread of communication devices are paving
the way for personalized and more fine-tuned management of comfort in homes, cities and
mobility. Electric utilities will play a role in the emergence of these new services aiming to
deliver increasingly specific solutions to each customer, while also locking in economies of
scale to ensure the lowest possible prices. They will accomplish this by forging partnerships
with new players from other sectors (particularly construction and mobility), which are also
being impacted by electrification and digitalization trends.

With more variability in electricity systems, flexibility and adaptive management will be
crucial in guaranteeing the reliability of systems around the clock, seven days a week. The
digitalization of networks and infrastructure and new digital services to increase comfort
in homes (smart homes), efficiency in cities (smart cities) and mobility (vehicle-to-grid,
vehicle-to-home) will pave the way for an optimization of electricity infrastructure and cost
reductions, while complying with the most stringent system reliability requirements.

Electric utilities have a vital role to play by continuing to find new ways to foster these
personalized services while ensuring the efficiency and reliability of electricity systems as a
whole. These changes will be a challenge for utilities. GSEP companies are already moving
in the right direction. The present report provides many examples of the progress members
have made in this area: it highlights the wide range of models that can be developed

to address the uncertainties surrounding these new activities, differences between the
circumstances of individual regions and the importance of public policies.
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