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THE HETHERLAMDS

Programme

14.00 Welcome coffee and registration

14.30 Report findings by Jan Willem Velthuijsen (Chief Economist, PwC)

Handover report with Bert Roukens (Energy Envoy, Ministry of Economic Affairs) and Jeroen van

15:00 Hoof (Chair WEC, The Netherlands)

15.10 Keynote speech by Hans Coenen (Vice President Corporate Strategy, NV Nederlandse Gasunie)
Keynote speech by Prajeev Rasiah (Executive Vice President, Energy Northern Europe, Middle East &

15.30 :
Africa, DNV GL — Energy)

15.50 Break

16.15 Breakout sessions

17.20 Interview on stage by Marcel Hoenderdos

17.40 Closing remarks

17.50 Networking drinks
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We are proud to introduce three prominent keynote speakers

Jan Willem Velthuijsen Prajeev Rasiah

Chief Economist, VP Corp, Strategy, Executive VP,
PwC Netherlands NV Gasunie DNV GL




Presentation Jan Willem Velthuijsen
Chief Economist, PwC Netherlands
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- : WORLD
The challenge iIs clear: ENERGY

Taking out the last carbon atom from the energy mix COUNCIL

Towards zero C emissions ) >

m | Coal Naturalgas [ll Hydroger

10 atoms of C 2 atoms of C 1 atom of C 1 atoms of C 0 atoms of C
for 1 atom of H for 1 atom of H for 2 atoms of H for 4 atoms of H for 2 atoms of H

The ratio of carbon versus hydrogen atoms 1 >



Some other things are clear as well:

-

COP21- CMP11
PARIS 2015
Inevitable trend: Goal:
Prosperous but Meet the Paris
ageing pOpu|ation Agreement ObjeCtiveS

by 2050
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Goal:

Maintain a substantial
competitive industrial
sector



Achieving these objectives requires three giant ifs E",‘!.‘;.Eé?

COUNCIL

1 2 3
Energy efficiency Electrification - Decarbonisation -
improvements — all where we can fuels and gases

across the board



The achievability of the objectives Is tested Iin a WorLD

model

Il Belgium
Il Denmark
B France
Il Germany
M Ireland
| Luxembourg
B Netherlands
B Norway
Sweden
UK

ENERGY
COUNCIL

Gross inland consumption by fuel in Mtoe

1,029
137

g

2015

B Solids M Natural gas [l Electricity
B Oil I Nuclear I Renewable



To begin with, we need all the efficiency
iImprovements we can find

Impact of efficiency gains on gross inland energy consumption (in Mtoe)

|
|
|
|
|
i
1,029 | 872
|
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|

2015 2030 2050

B Gross inland energy consumption in north-western Europe with continued efficiency gains

| | Additional gross inland consumption without efficiency gains after 2020
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Implementing all available
efficiency improvement options
IS the first big step — at 1.3% per
year

High-hanging fruit is exactly
what it is
Hence, any additional energy

supply will likely be carbon-
Intensive and have a
disproportional impact on
emission levels




Electrification and efficiency gains can generate big Eﬁ?ﬁé?

results for all sectors — except for manufacturing COUNCIL

Final energy demand by sector in Mtoe

« Manufacturing has less
options for electrification and
efficiency improvements for high-
grade heat, heavy-duty
mechanics and feedstock

679

Pushing the manufacturers
As a result, energy demand will

decline the least for this sector,
thus focus on industrial

I Industry I Tertiary : . . .
B Residential Il Transport emission reduction is key




An additional push needs to come from Eﬁ‘;&é?

decarbonisation of fuels COUNCIL

Gross inland consumption by fuel in Mtoe

* Fuels currently make up 70% of
final energy demand, versus 30%
for electricity

« The share of fuels is expected to
decline, but will still remain
around 50% or more in 2050

Who thinks power was easy?
Whereas green electricity
generation is planned for and

I Solids M Natural gas [l Electricity

B oii M Nuclear Il Renewable energy forms

scaling up, decarbonisation of
fuels is still very limited and no
clear pathway exists




WORLD

Even with all these efforts, investment in CCUS ENERGY

and carbon sinks is needed COUNCIL

CO, emissions (energy related) in Mt ¢ Eﬁ|C|ency |mprovements, e|eCtl’IflcatI0n,
1,984 ‘ growth in renewable power, and

decarbonisation of fuels should reduce
CO, emissions by at least 80%
compared to 2015

Where do we leave the residu?
To realise net zero emissions, either

2050 2050 the energy mix will have to be fully
I Luxembourg [l Sweden M France . . .
B Denmark nelgom I UK decarbonised or the remalnlng C_O2
Wlieland  Hl Netherlands Il Germany and other greenhouse gas emissions

will have to be eliminated via CCUS
and/or carbon sinks (forestation).




North Sea power and technologies like P2G will carry us
a long way — but our import dependency will remain
substantial

Installed offshore wind capacity by 2050 in GW
80
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WORLD

If we use less, we can afford to produce less — still EMERGY
energy import dependency remains around 50% COUNCIL
100% -

S0% 7 « Strategically managing our
relationships with energy

% supplying countries is needed for
0%

\/ ' | ' ' ' ' ' ' security of supply
-50% - What if they believe us?
Being bravely vocal about our
green ambtions should not lead

-100% - to underinvestment in energy
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2030 : .
supply capacity by foreign

countries

— Belgium — France — lIreland — Netherlands UK
— Denmark — Germany Luxembourg — Sweden - NWE-9



The vast infrastructure and the proximity to the Eﬁ:&é?

rich markets make the North Sea a perfect spot COUNCIL

« The offshore and onshore gas grids provide north-western
Europe with great opportunities to implement hydrogen
and power-to-gas technologies to produce low-carbon fuels

« Furthermore, hydrogen and power-to-gas can provide
storage and back-up capacity

It’s all there
Using part of the offshore wind power capacity for these

purposes strongly limits the required investments in
electricity grids




Optimism around renewable electricity generation A

seems spreading — but how do we scale up? COUNCIL

Factors holding back Actions to be taken:

Investments:
« Capacity remuneration
mechanisms

 EU wide long-term support
mechanisms

* Regulation to support upfront
grid investments

 Renewables locations aligned
with network

« Uncertainty around support
mechanisms

* Profitability paradox — more
renewables lower returns

 Public resistance
 Grid connection costs




Consumption and production of decarbonised fuels Eﬁ?&é?

needs to be stimulated - in sync COUNCIL

Factors holding back Actions to be taken:

investments:

« Demonstration projects for
hydrogen and power-to-gas
* Regulation for low-carbon fuels

e Harmonisation and
standardisation

Boost demand of carbon-
neutral gas

* Prescribing admixing -
guarantees of origin

« Biomass required for green
fuels affects agriculture

« Public opposition to CCS

 Hydrogen and power-to-gas
still in pilot stage

« So far little political focus on
fuel decarbonisation




Don’t forget flexibility, back-up capacity and

security of supply

Increased
interconnection capacity
within/between regions

\F He Power-to-gas
T e
o

T
I I Demand

Hl ol response

J

POWER SYSTEM
FLEXIBILITY

v
— N

e "\

Flexible

power plants

Renewables
flexibility

A
Y New technologies
@ (heat pumps, etc.)
——

Storage

Electric
vehicles
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Flexibility:
* Price formation needs to reflect system
requirements

« Make households and businesses more
responsible for flexibility via regulation or
economic incentives

Back-up capacity:
» Clarity in the Member States on the role and
mandate of TSOs and DSOs

« Capacity mechanisms

Security of supply:
» Topic higher on political agenda
« Maintain long-term strategic energy supplies



- WORLD
Summing up ENERGY

Seven key policy measures EU should consider ... COUNCIL

Set milestones and ultimate targets

Manage simultaneous emergence of demand and supply
Uphold technology neutrality

Ensure markets function well and playing fields are leveled
Admix carbon-neutral gases to stimulate use

Design support scheme to scale-up hydrogen and PtG production

L <A R A o

Facilitate the uptake demand for hydrogen by:
o Gradually discourage the industrial use of grey hydrogen or comparable feedstock
o Incentivise a fuelling infrastructure for hydrogen and other green fuels

o Tackle the greening of aviation and shipping
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... to realise a decarbonised energy mix for north-
western Europe in 2050
CIEP —— lely ity Nouryon &2 isisham
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Prsentation Hans Coenen
VP Corp, Strategy, NV Gasunie




crossing borders in energy Den Haag, 5 March 2020

An alliance of molecules and electrons in an integrated energy
system

Hans Coenen, Vice President Corporate Strategy & Business Development Gasunie

3




crossing borders in energy Den Haag, 5 March 2020

Gasunie is a European
energy infrastructure
company

Our core activities are
transport and storage of
natural gas, green gas and
hydrogen in the Netherlands
and North Germany.

|
|
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Renewable energy increases, still a lot of fossil fuels in the near
future

Dutch energy consumption (PJ)

3500

3000
Expected consumption of natural gas in 2030

still 953 PJ (2018: 1,281 PJ)

2500 —
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1000
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2018 2030
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'T] Elor- . e il -3 Tl el g ool
[3) Electricity plays an increasing roiée

\ \ \ . l' / / / / / All scenarios show electricity will have to play a much
/ &7 \ greater role than now {(almost doubling its share in
l , \\' final energy demand to 36-39% in 2050) and will

have to contribute to the decarbonisation of transport

AJ . Conclusion:
>>§ At least 50% of the energy mix will consist of molecules

"7// 4 \\%

Energy

Den Haag, 5 March 2020 roadmap 2050
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Infrastructure Outlook 2050 .

A Jomt Study by Gasunie and TenneT on lntegrated energy mfrastructure

N the Nethedands and Germany

o lter s i m(y#‘*

An energy system based on domestlc renewables W|II
reqmre a flrm mtegratlon of electr|C|ty and gas networks

i v,bv
< -

a5

Growing demand for electr|C|ty W|II reqwre expan5|on of
the electricity grids after 2030. Smart sector coupling will
enable us to keep thls expan5|on limited.

Adequate allocation of power-to-gas locations is
necessary in order to stay within the financial and spatial
pIannlng I|m|ts for investments in the eIectr|C|ty grlds
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Phase II\— Pathways to 2050

Ajjeint follow-up study by Gasunie and TenneTl
of the Infrastructure Outlook 2050

- -

The further integration of the energy
transmission infrastructure for electricity,
hydrogen and methane plays a crucial
role for future energy systems.

The Phase Il report clearly demonstrates
that the development of Power-to-Gas is
important to reach the 2050 goals
outlined in the European Green Deal.

| =] il —

Den Haag, 5 March 2020



Integrated Infrastructure Outlook 2030-2050

Tennet - Gasunie
high-voltage net high-pressure net

Rendo

Pldddedal

Stedin Cogas

Westland
Infra

fasoelled

] 2020
[Capacity: 20 GW] <4mm)  [Capacity: 350 GW |

Gasunie and TenneT took the initiative, together with the regional network operators, to develop an Integrated
Infrastructure Outlook 2030-2050, including insights from the industry, energy sector and other parties (April 2021)

This Integrated Infrastructure Outlook gives guidance to investment plans of the network operators and market
parties and forms a building block for new policies and regulations of the government.
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The greening of molecules

CC(U)S




Super Critical Water Gasification

-

Gasification plant with wide
range wet feedstock ability

J

Current status: Plant of 18 MW sng undem
construction, first test, successful, in Q4
2019

Partners: SCW Systems
Technology status: Demonstration

Role of Gasunie: Participant in demo
plant

Potential: wide range of feedstock
(manure, sewage sludge) for production of

clean energy technology

Systems

green gas or syngas in NL, EU and global

SCW Systems

Cean eergy technclogy

In samenwerking met
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Den Haag, 5 March 2020

Backbone: H, transport and storage

Phase |: 2025 - 2030

Capacity 5 -10 GW

Make use of existing infra

Demand side mainly industry
Supply side industry & wind at sea
(electrolysis)

H, Storage development Hystock
caverns to match supply & demand



Den Haag, 5 March 2020

R < NEDERLAND

North Sea Wind Power Hub:
Germany, Denmark, the Netherlands

Noordzee

Dogger-eiland

Doggersbank

NRC 110616 / Bron: Tenn

The modular Hub-and-Spoke
concept is a technically feasible
solution that can adapt to
specific design requirements.
T'he consortium ic placed to
develop, build and operate

Hub-and-5Spoke pr
14 Electricity connection point
H2 connection point

P2X conversion

Gas to power conversion
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Presentation Prajeev Rasiah
Executive VP, DNV GL




Accelerating the energy transition
Renewable energy supply and use

43 DNV GL © 2019 SAFER, SMARTER, GREENER




150+ years
100+

countries

Safeguarding life, property and

the environment

100,000

| customers

b- =
% )' : i.“i-—l ' -&

' - #12,500 ¢

BUSINESS ; DIGITAL employees

~ MARITIME . OIL&GAS ~ ENERGY

SOLUTIONSY * . =F = _“fe.iz.a”

% ' ASSURANCE | g
) = -~ 509 i
T TTT ﬂﬂ &A of revenue spent on
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Creating confidence across the energy value chain

WIND SOLAR TRANSMISSION & DISTRIBUTION

GPM, a DNV GL company, manag.esv
projects utilized our project 14.5GW of solar PV plants, which includes
certification 25 mega-plants of over 100MW each

We are a trusted technical advisor for
more than 100 large grid companies

|

STORAGE ENERGY MANAGEMENT FINANCE

»‘We have‘ca‘rrled out energy assessments and
technical due diligence for 5,000 solar projects
and 200GW of wind energy projects globally

: We have created 13.4 »' of flrst year
More than 5 million"hours of energy electricity savings through utility energy
storage battery testing efficiency programmes since 2010

45 DNV GL © 2019 05 March 2020 DNV-GL



Forecast — not a new scenario

Transition .
nﬁ
O

.Q

© o '
€%
Tve_ v

A

Time
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OUR FINDINGS

47 DNV GL © 2019 05 March 2020 DNV-GL



2019 HIGHLIGHTS

Rapid energy Existing Global energy An affordable
— but notfast = can deliver the 2030 smaller share of
enough 1.5°C target due to energy GDP spent on
efficiency energy

P |

transition technology ' use peaks by transition
:
:

)

DNV GL © 2019 05 March 2020




Close to equal split

Units: EJ/yr
700

600

44%

Non-fossil

500

400
300

200 56%

100 Fossil

0 - , | . ‘ | | L
1980 1990 2000 2010 2020 2030 2040 2050
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Decoupling of GDP

Units: Percentages of 2017 levels

250% D
B Population

o Bl Primary energy
supply

150% B Energy-felleted
CO, emissions

100% ammmm=o Il L

50% i

0%

1980 1990 2000 2010 2020 2030 2040 2050
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Energy demand will peak

Units: EJ/yr

e | | | |
300
200
100
1980 1990 2000 2010 2020 2030 2040 2050
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Efficiency gains 2050

Units: EJ/yr
800
700
600 - |
Efficiency gains
500 in transport
Efficiency gains
400 Growth in in manufacturing Efficiency gains
population, in buildings
“oe economy
200 and services

delivered

100

0

2017 demand 2050 demand
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Global electric vehicle sales

Units: Percentages

Bl Passenger
new car sales

2017 2020 2025 2030 2035 2040 2045 2050
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Global passenger vehicles

Units: Billion vehicles

2.0

B Combustion
B Plug-in-hybrid
1.5

I Battery electric

1.0

0.5

2015 2020 2025 2030 2035 2040 2045 2050
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Global electric vehicle sales

Units: Percentages

100% 3 Two and three-
wheelers
Bl Passenger
75%

new car sales

Heavy vehicle
new car sales

25%
0%
2017 2020 2025 2030 2035 2040 2045 2050
55 DNV GL © 2019 05 March 2020
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The share of electricity in the final energy demand mix will more than double

World final energy demand by carrier

Units: EJ/yr

200 Off-grid PV
0 Solarthermal

400
Bl Electricity
B Direct heat

300
W8 Hydrogen
N Biomass

200
i Geothermal
[

100 Natural gas
Bl Ol

0 Hl Coal
1280 1990 2000 2010 2020 2030 2040 2050
©DNV GL 2019 Historical data source: [IEA WEB (2018)
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World electricity demand by sector

Units: PWh/yr
60

50

40

30

20

10

1980 1990 2000 2010 2020 2030 2040 2050

Transport
Buildings
Manufacturing

Energy sector
own use

PDWEI’-tD-HE
Other
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World electricity generation

Units: PWh/yr

60 Offshore wind
Onshore wind
50
Solar PV
40 i Solar thermal
Bl Hydropower
30 B Biomass-fired
i Geothermal
20 B Nuclear
. B Gas-fired
B Oil-fired
Bl Coalfired

0
1980 1990 2000 2010 2020 2030 2040 2050
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World electricity generation

Units: PWh/yr

60 -

50

40 65:3‘3é>
Wind and

30 solar PV

37%

Other

20

10

1980 1990 2000 2010 2020 2030 2040 2050
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Tremendous growth due to high cost learning curve rates

60 DNV GL © 2019 05 March 2020




Installed wind capacity will reach 4 TW by 2050

Installed onshore and offshore wind capacity by region

2017 2030 2050

Onshore Offshore  Onshore Offshore  Onshore Offshore

NAM North America 100 0 318 69 476 355

LAM Latin America 22 0 66 1 169 100 Average capacity factor of
EUR Europe 155 16 287 56 330 168 installed onshore wind
SSA Sub-Saharan Africa 3 0 8 1 100 27 will increase from 21% to
MEA Middle East and North Africa 9 0 39 1 207 4 34% worldwide

NEE North East Eurasia 1 0 ? 0 75 0

CHN Greater China 162 3 641 8 1543 175

IND Indian Subcontinent 34 0 34 4 122 360 Average capacity factor of
SEA South East Asia 1 0 8 7 104 159 installed offshore wind
OPA  OECD Pacific 10 0 162 2 296 116 will increase from 29% to
World 496 19 1571 148 3421 1554 51% worldwide

61 DNV GL © 2019 05 March 2020 DNV-GL



The power grid will almost triple in size by 2050

40,000 12,000 5,000 3 bn

utility scale onshore offshore electric TW-km of
PV plants wind farms wind farms vehicles grid capacity

62 DNV GL © 2019 05 March 2020 DNV-GL



Hydrogen in the electricity value chain powered by low price from renewables

The main reasons for the economic
feasibility of hydrogen between

2030 - 2050

are driven by
1 3 key developments: 3

Hydrogen produced from renewable
energy will become an economic

THE COST OF PENALIZATION

ELECTROLYSERS 2 OF CARBON
EMISSIONS

WILL GO DOWN

[NME PERIODS WHEN
|'\ LOW OR ZERO COST PRICES

energy carrier to:

FOR ELECTRICITY ARE
AVAILABLE WILL INCREASE

63 DNV GL © 2019 05 March 2020 DNV-GL



Price differentials and reduced costs will make storage profitable

World storage capacity available to the grid
Units: TWh

B Pumped hydro
Power system

batteries

Bl EVstorage

2020 2025 2030 2035 2040 2045 2050
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Grid investments will outgrow demand growth

World electricity grid expenditures by driver

Units: Billion USD/yr
1750

1500

1250

1000

750

500

250

1980 1990 2000 2010 2020 2030

Dueto
vRES-related
reinforcement

Due to supply

Due to demand
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FAST, BUT
NOT FAST ENOUGH

OOOOOOOOOOOOOOOOO



Emissions by fossil fuel

Units: GtCO,/yr
35

B Natural gas

30 mm Oil

Hl Coal

25

20

15

10

1980 1990 2000 2010 2020 2030 2040 2050
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Carbon emissions and carbon budget

Units: GtCO,/yr

o AFOLU
40 ~ ' Industrial
35 processes
30 W B Energy-related
(net of CCS)
25 Overshoot
20 of 2°C
until 2050

15
10

5

2017 2028 2049
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What can be done to close the gap?

Electricity Reduced energy CCS for power
from renewables intensity and industry

69 DNV GL © 2019 05 March 2020




Measures to help close the gap and accelerate the transition

Grow solar power by

>10 times to 5 TW and |
wind by 5 times to 3 TW

by 2030

50-fold increase in

production of batteries
for the 50 million

electric vehicles needed !

per year by 2030

” 1

1o

Create new
infrastructure for
charging electric

vehicles on a large scale

70 DNV GL © 2019 05 March 2020
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New opportunity for a megatrend

COMPETITIVE ADVANTAGE BUSINESS AS UNUSAL

| B

= Engage
= Think big(ger)

= NL has all the ingredients

= Learnings from Denmark

= Electrification of processes

6‘

7

— —
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Prajeev Rasiah

www.dnvgl.com

SAFER, SMARTER, GREENER
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Hosted by René Peters (TNO), Ruud Melieste
(Havenbedrijf Rotterdam) and Hans Coenen (NV

2. Regulation/Regislation

Hosted by Karolina Ryszka (Rabobank) and Jillis fe

3. Strategy :
Hosted by Catrinus Jepma (New Energy Coalition),
Ewald Breunesse (Shell) and Marcel vd Kar (Vopak) S

-> Location: Event /l
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Thank you!




