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THE ENERGY SYSTEM NOW...

THESE ARE THE SOURCES OF OUR ENERGY (PRIMARY DEMAND)

o Renewable energy 379 PJ e Nuclear energy 40 PJ « Natural gas 991 PJ e Oil 1040 PJ, excl. 615 PJ
international shipping and aviation e Coal 232 PJ « Other 45 PJ
2712 PJ* 24% is lost
l 648 PJ
THIS IS HOW ENERGY REACHES THE CONSUMER (FINAL DEMAND) l

Electricity 374 PJ « Natural gas 501 PJ e Heat 211 PJ e Transport fuels and 433 PJ through conversion
residual gases 547 PJ « Products and feedstock 431 PJ, of which 180 PJ hydrogen 189 PJ through own use
) 26 PJ through distribution

2064 PJ

*excl. 15 PJ export of electricity

FINAL DEMAND PER SECTOR AND PER APPLICATION
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THE IMPORT GAP OF THE NETHERLANDS

OPTIONS TO CLOSE THE GAP

@ REDUCE ENERGY DEMAND
@ INCREASE RENEWABLE ENERGY PRODUCTION
© SLOW DOWN THE DECLINE OF FOSSIL ENERGY PRODUCTION

— Optimistic scenario —
4
4222 P e ~ Primary energy demand
incl. international shipping
3500 AN and aviation
3000 u Offshore wind
2500 - Import Onshore wind and solar
2000 (nofuro\igos, oil, biomass, hydrogen) » Geothermal heat
6 » Biomass

e Nuclear energy
e Natural gas (other gas fields)

e Oil

I 1
2010 2020 2030 2040 2050

e Natural gas (Groningen)

[Domesﬁc energy production (PJ)

THE GROWTH OF RENEWABLE ENERGY

© Geothermal heat

400 ® Ambient energy
Solar
® Wind
<8 Biomass:
Liquid biotransport fuel
o 200 Biogas (incl. biomethane)
Fireplaces (households)
©® Biomass boiler companies (CHP and heat)
e ® Additional and co-firing of biomass in
power generation
0 ® Waste incineration plants (biogenic part)
2018 2019 2020 2021 2022

CONVERSION OF ENERGY UNITS

1 PETAJOULE (PJ) CAN PROVIDE A CITY LIKE TILBURG WITH ELECTRICITY FOR A YEAR

1 bcm natural gas (billion

<>
“ = cubic meters = billion m? 351704
’ X100 N/ N N N NN
@ 1 TWh (Terawatt-hour = b EH I*E I’ [ P) | EJ |
= = 10° kilowatt hours) . R AR AR AR AR AR #1000
1 Mton waterstof x1000
O =» (Mton = 107 kilo) 120PJ kh
E 1 MBoe (million barrels of ol 412 p) R ARASRS
= equivalent = 1 million barrels of oil) :

Figures are based on CBS data 2022

ENERGY IN NUMBERS

... AND IN THE FUTURE

A SCHEMATIC REPRESENTATION OF THE ENERGY TRANSITION ALONG THE FOUR VALUE CHAINS

Source: NPE 2023 (Ministry EZK)
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' THE DEMAND OF NATURAL GAS
1800 A decrease from 40 to 31 billion m® (lbcm) in 2022:
1600 ¢ 1 bcm replacement of natural gas in
1400 power generation by wind and solar
1200 * 3 bcm reduction by industry
) - 1000 (particularly refineries and chemical industry)
:ggiﬂculture 800 * 3 bcm built environment (warm winter, savings
environment 600 and energy poverty)
o Industry 400 ¢ 1 bcm reduction in agriculture
RO A0 * 1 bcm other
production 0
2006 2010 2014 2018 2022
SCHEMES (FOSSIL SUBSIDIES) WITH LOW PRICING
IN RELATION TO CLIMATE DAMAGE
=7 Tax exemption .
|i“. for shippir?g € 5°8 ﬂo) sl Jels IO.W. € 2'4
and aviation BILLION energy fax in industry  BILLION
Exemption for €25 Free CO2 € 2.1
power production BILLION emission rights BILLION

[
a Tax benefits for purchasing

VAT exemption in aviation* ; -
and owning cars

Source: Research into the abolition of fossil energy subsidies 2023 (CPB and PBL)

@ THE REDUCTION OF EMISSIONS

REGARDING POLICIES AND NATIONAL GOALS
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*Not quantified

Source: KEV 2023 (PBL)

Source: KEV 2023 (PBL)



IMPORTANT

CONDITIONS

FOR THE ENERGY TRANSITION

FOR A SUCCESFULL ENERGY TRANSITION, A NUMBER OF CONDITIONS HAVE TO BE ADRESSED*

{lﬂ( Public support

* Selection based on input from experts

&
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Behavioral change

[

EEHRS

Appropriate laws

Spatial integration
and regulations P 9

Good investment climate

for market parties Respectifornafure
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Availability of

. Sufficient flexibility
raw materials

THE AVAILABILITY OF RAW MATERIAL

@ Sufficient workforce

Required
infrastructure

Below we illustrate three conditions
with facts and figures
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THE APPLICATION OF RAW MATERIALS ) THE COUNTRIES IN WHICH RAW ) THE DEMAND OF THE NETHERLANDS NOW AND IN THE FUTURE §
& MATERIALS ARE EXTRACTED AND PROCESSED & RELATIVE TO THE CURRENT GLOBAL PRODUCTION CAPACITY ©
< < 2
For production: %‘; Extraction (top 3) Processing (top 3) L.Ii Lithium >
0 o Dysprosium (REE)
q 0 20 40 60 80 100% O 20 40 60 80 100% ysprosium (REE)
Offshore wind ] § § Neodymium (REE) 2
[}
Onshore wind _‘ Copper Iridium 5
Solar ‘ ‘ g Praseodymium (REE) 8
= Cobalt z
Nuclear energy | = . ©
= , Platinum 1}
Coal I ‘ Nickel . I Nickel §
Natural gas Silver %}
o N 3 ~ — — — Silicon 5
S S S Q0
Aluminum i)
For hydrogen production Steel 2020-2030 %
Lithi Manganese 2040-2050 o
Alkaline elektrolyzer I ~ fiium g
ay 0% 5% 10% 15% 20% 25% 30% ©
e & 8 P IS) N z = 2l
8 8 8 8 3 8 =
© ° e Graphite
GLOBAL DEMAND FOR RAW MATERIALS WILL
For cars [J- INCREASE 4-6 TIMES BY 2040
Electric _ ~ Rare Earth I Source: [EA (2022)
«Q Elements
Combustion engine =5 (REE) WHAT ARE SOLUTIONS FOR THE RAW MATERIAL CHALLENGE?
Q
o 3 é‘ g § § 0 20 40 60 80 100% O 20 40 60 80 100% J‘Ll m % @ &
Copper « Nickel « Manganese e Cobalt - Chromium China « Indonesia e Congo e Australia « Chile « USA e Peru = Mozambique v @
Molybdenum e Zinc e Rare Earth Elements (REE) Finland e Canada « Malaysia « Madagascar e Russia e Philippines Do not use Reuse Repair instead Use of different Extract
Silicon e Graphite e Lithium e Other Japan e Argentina e Estonia of replace materials more
Source: Enfrance (2022), TU Delft (2023), 113050 (2023)
VARIABILITY IN DEMAND AND GENERATION OF SUSTAINABLE ELECTRICITY IN 2050

x27
Installed solar and wind capacity in 2022

Solar: 19.1 GW

Onshore wind: 6.3 GW

s Offshore wind: 2.6 GW

PJ/day

Electricity demand (2050 scenario TU Delft)

2022 I
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OPTIONS FOR FLEXIBILITY

Adjustment of the rg)) Adjustment of the I’_‘l Storage

demand profile 18 supply profile

For example: interconnectivity
(import and export) and curtailment

For example: smart car charging,
flexibility in the industry or electrolysis

THE MOST IMPORTANT STORAGE TECHNIQUES
EXPRESSED IN MAXIMUM CAPACITY, STORAGE VOLUME AND TIME

(>31) connected to district heating
<— Nefbalancing — <— Long term fluctuations — [9)
100 W One salt-cavern h
Largest battery natural gas <
10GW of the world (3 GW, 750 GWh) o 9
(750 MW, 3 GWh) Bergermeer o il
1 GW One salt cavern hydrogen gas field 55 ’
A ' Planned battery (0.7-1.5 GW, 250 GWh) (26 GW, 48 TWh) é %
= L + batt @ Noordoostpolder . )
B I0MW e et (250 MW, T GWh) HT-ATES Middenmeer @ <&
a of the Netherlands i (10 MW, 28 GWh) gg
S imw (25 MW, 48 MWh) <5
00k Batteries g §,
1 W Underground gas storage (natural gas and hydrogen) =S}
Underground high-temperature heat storage (HT-ATES) © (.') WWW-EBN-NL/
10 kW Compressed air storage oo INFOGRAPHIC
e Practical examples 3L
1 kW n >
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Short term (electrons)
Long term (molecules)

Forecast 2050
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%% Conversion to other
energy carriers
Heat, electricity,
natural gas and hydrogen

Time

CO:-free adjustable power

Power stations on biomass,
hydrogen or natural gas+CCS

Carbon

¢ 500-600 km CO: pipeline for
approximately 500 Mton of stored CO2

Electricity

* 320-510 km of additional overhead
high-voltage cables

+80,000-105,000 km of additional buried electricity
cable for low- and medium voltage*

* ~50% exira fransformer houses in neighbourhoods*

* From 9 to 19-29 GW interconnection capacity
with neighbouring countries

Source: 13050, GasUnie, TenneT, EBN

* Approximately 4500 km of electricity cables at sea
and 8-16 exira converter stations on the coast*

Aug Sep Oct Nov Dec

Hydrogen

* 1800-2000 km of hydrogen pipeline,
of which ~70% reused gas pipelines

* 300-400 km of offshore hydrogen pipeline,
possibly reused gas pipelines

* 15-60 salt caverns and possibly some gas fields
for large-scale hydrogen storage

Heat
* From 500,000 to 2.5-3 million households

*excl. investments plans 2022




