Trippling renewable capacity:
Do-able, profitable, but...

Tokyo
2024-01-17

Tomas Kaberger

professor Chalmers tekniska h6gskola
Executive Board Chair of Renewable Energy Institute, Tokyo
Ledamot IVA och Sveriges EnergiEkonomers Férening



Industrial learning by experience

INTERNATIONAL ENERGY AGENCY Iéjl’]

Experience
Curves

for Energy
Technology.
Policy

Prof. Clas-Otto Wene, Chalmers
Univ. of Technology, 2000

Cost of Electricity (ECU(1990)/kWh)

Electric Technologies in EU 1980-1995

10
1985
Photovoltaics
1 i
1995
1980
Wind Power - Average Electricity from
_ Biomass
0.1 | Wind Power - Best mﬁ
Supercritical Coal
=
1995 NGCC
001 T T T T
0.01 0.1 1 10 100

Cumulative Electricity Production (TWh)

1000



1,5
TW, T

Global solar 1.0 |
PV capacity
1996-2023

0,5

7™ 19961999200220052008201120142017 20202023
Data: Statistical review world Energy, 2023, 2024:1EA est



Innovation and scale impacts on renewable technologies

PV module price and
cumulative installed capacity
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5GW Hollandse Kust
as started. The first

The construction of the 1.

Zuid offshore wind farm h

vessel transporting foundations to the

construction site departed today. Over the next

two years, the world's first subsidy-free offshore

wind farm will be built off the Dutch coast. The

fossil-free energy generated by the wind farm will

penefit both households, pusinesses and

(9) industrial partners.
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First power from
offshore wind farm
Hollandse Kust Zuid

delivered

The constr
Zuid offsh
vessel
constructic
two years,
wind farm
fossil-free €
benefit

The first power from Hollandse Kust Zuid wind farm
has been successfully delivered to the Dutch
= electricity grid.
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Offshore windfarm
Hollandse Kust Zuid
gurated: Vattenfall, BASF
and Allianz Sshowcase
INnnovation and biodiversity
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Today, Dutch King Willem-
wind farm The first Alexander officially inaugurateq
fossil-free has t ? wind farm Hollandse Kust Zuid.
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Renewables
2023

Analysis and forecast to 2028
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Over the coming five years, several renewable energy milestones are expected to
be achieved:

« 1In 2024, wind and solar PV together generate more electricity than hydropower.

o In 2025, renewables surpass coal to become the largest source of electricity
generation.

« Wind and solar PV each surpass nuclear electricity generation in 2025 and 2026
respectively.

o In 2028, renewable energy sources account for over 42% of global electricity
generation, with the share of wind and solar PV doubling to 25%.
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Battery backup system for Olkiluoto plant
16 June 2021

< Share

One of Europe's largest battery energy storage systems is to be built at the Olkiluoto
nuclear power plant in Finland under a contract signed by Teollisuuden Voima Oyj (TVO)
and Hitachi ABB Power Grids. The 90 MWe system will act as a fast-start backup power
source to ensure the stability of the country's energy network in the event of an
unplanned shutdown of the Olkiluoto 3 (OL3) EPR unit, currently being commissioned
at the site.

The Olkiluoto plant in western Finland (Image: TVO)
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HPR, commissioned in 2017 in South Australia and expanded to its current capacity two years ago.
Image: Neoen.

The landmark Hornsdale Power Reserve battery storage system in South Australia
now has upgraded capabilities, enabling it to provide inertia to the grid.
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European Energy helps Lego bricks go green

Danish renewables and PtX player will supply e-methanol for plastics production from its Kass9 facility from 2024

4 20 April 0023 & Other News [Image: European Energy)

RELATED STORIES European Energy has entered into an agreement with Lego, as well as medical
products producer Novo Nordisk, to deliver e-methanol to reduce fossil fuels in
the companies’ plastics production processes.

The e-methanol will be produced at European Energy’s PtX facilities in Kass®,
in Aabenraa, pDenmark.

European Energy orders The production of e-methanol will be based on renewable energy from wind

Stiesdal electrolyser and solar plants which is first used to produce green hydrogen via electrolysis,
27 MARCH 2023 . . . . . .
pefore further processing into e-methanol, which also requires biogenic c02.
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Optimal storage capacity for continuous steel making in wind rich
system

HYBRIT 21TWh (8.3TWh in SE1): ~15% cheaper
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| l U BI 2‘ I Ajoint venture between SSAB, LKAB and vattenfall

| d 4 FOSSIL-FREE STEEL

2021-06-21

HYBRIT: SSAB, LKAB and Vattenfall first in the world with
hydrogen-reduced sponge iron

SSAB, LKAB and Vattenfall have now produced the world’s first hydrogen-reduced sponge iron at
a pilot scale. The technological breakthrough in the HYBRIT initiative captures around 90% of
emissions in conjunction with steelmaking and is a decisive step on the road to fossil-free steel.

The HYBRIT pilot plantin Luled, Sweden has completed test production of sponge iron and
demonstrates thatitis possible to use fossil-free hydrogen gas to reduce iron oré instead of using
coal and coke to remove the oxygen. production has been continuous and of good quality. Around
100 tonnes have been made sO far. This is the first time ever that hydrogen made with fossil-free
electricity has been used in the direct reduction of iron oré at a pilot scale. The goal in principle is to
eliminate carbon dioxide emissions from the steelmaking process by using only fossil-free feedstock
and fossil-free energy in all parts of the value chain.
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Volvo Group is proud to reveal the world’s first vehicle made of fossil-free steel from
SSAB — made in Volvo Construction Equipment's facility in Braas, Sweden. During today’s

green steel collaboration event, it was announced that more vehicles will follow in 2022
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in what will be a series of concept vehicles and components using fossil-free steel from
SSAB.

SSAB, LKAB and Vatter
a pilot scale. The techl
emissions in conjunct

The HYBRIT pilot plar s : _ ke
demonstrates that it In July, SSAB Oxelsund r e

coal and cok olled the first fﬂf.f/l'f/?[[ﬂ[ﬂ 4 VIRENAS
coal and coke to ren s =

-
» With good results. The st

“The fi .
100 tonnes have be Sigmﬁ::;:,oSSll-free steel in
P y red .
electricity has been green i Z:y‘:iﬂ glob [ Y/ = : : A ) :
eliminate carbon d artin Lindquist, pres; steel indy (i \ . EEIN Y

and fossil-free energy in all parts of tnever

teel produced using k
eel is now being delive




Conclusions:

Low and falling costs for solar- and wind electricity

Electrification of transport sector har resulted in rapidly falling costs of batteries
Batteries solving stability in the time-scale from < 1 s to several hours
Hydrogen substituting fossil fueled in industry will reduce electrolyser costs
Hydrogen production will solve stability in timescale from minutes to weeks
Cost of energy will fall

Great opportunity for Japan to get rid of import dependence!



