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Abstract

In this presentation, we show how to construct a roadmap. The Dutch energy
system is taken as an example.
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A Roadmap Provides a Single Page Overview

| Title | Authors: || croADIemplate Version 1.0, 26-3-2023 |
Objectives - What is happening, what do we need?
Trends
Solutions How to get there?
Systems
Capabilities
Performance

What technologies do we need/get?
Technologies

driving
enabling

What people and competences do we need/have?

People
What processes do we need/have?
Process N L
past short term medium term long term very long-term vision
room for notes per layer sources
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This work is using a lot of information from the presentation that
Prof. Dr. Wim C. Turkenburg
gave at INCOSE on March 21 2023 in Eindhoven for INCOSE-NL.

The affiliations of Prof. Dr. Wim C. Turkenburg are
Copernicus Instituut voor Duurzame Ontwikkeling ,Universiteit Utrecht
(Copernicus Institure for Sustainable Development, University Utrecht)

and

Wim Turkenburg Energy and Environmental Consultancy, Amsterdam
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product market

technology

Roadmap Energy System The Netherlands

|| Author: G. Muller, heavily using Turkenburg 2023*

CROADroadmap Version 0.3, 23 April 2023

20%

Areva Nuclear EPR?

France 1.6 GWe, 19G€

29

%

<

small nuclear reactors*
HTGR Pebble Bed reactor (China)
Rolls Royce reactor (UK)

2020 [ 2021 | 2022 [ 2023 | 2024 | 2025 | 2026 | 2027 | 2028 [ 2029 | 2030 [ 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 [ 2039 | 2040 [ 2041 | 2042 | 2043 | 2044 [ 2045 | 2046 | 2047 | 2048 [ 2049 | 2050 |
{ ‘ 60% ‘COZ 80% CO, | net zero : : net zero|no fossil
consumption®  TWh ‘ reductiontl " raduction®| electricity* increasing droughts | "L 0% 11T
heat industry&agro | 140 : : : : : - increasing floodings .
heat buildings 120 - 5 0 consumption® TWh'
materials 145 (CIRIF R 2 Bl PIETEET electricity 300
mobility 125 | [ | I I - l final energy | 450-500
electricity 110 electrification primary energy | 650-700
losses 190 energy neutral buildings bunkers 150-200
total 830 _ insulation total primary | 800-900
bunkers® 170 Lzl sl peak power 45GW>
CO, price M2
EU policy for climate, energy, and circularity’
\
sources® |[TWh offshore wind 22.8 GW total sources® TWh'!
gas 370 — wind land 20-25
ol 300 SiETETE e . wind offshore | 308-330
+4 GW NL Nuclear reactor
coal 50 16 GW.. 12.5 TWh solar 100-120
renewable | 85|offshore wind offshore wind offshore wind : e total 450
nuclear 10[2.5 GW? +1,4 GW? +4 GW3 12-15 GE€ (*2 or *8)
h = heat TWh
? i elr 830 offshore ;vmd offshare wind offshore wind geo, aqua 80
ot +2.2 GW. +2 GW? +6.7 GW?® environment, sun 50
2 2 rest 50
so_l_ar GW s_olar 25.9 GW total 180
utility 8.6 o i
residential | 5.8 (PO GwW
total 14.4 wind land 8
11.3 TWh wind offshore 75
\ | : solar 125
generation Il nuclear reactors tnuc earFyv?s ?:il electrolyser 51
SIS IR E H, generator 45
Areva Nuclear EPR? Areva Nuclear EPR* tbattery_ (short) igg
Finland 1.6 GWe, 11G€ UK 2*1.6 GWe, 30G€ ransmission

generation IV nuclear reactors®

>

NuScale reactor (USA)
Molten salt reactor (‘thorium reactor’)

Stable Salt Reactor (Canada)
U battery (Urenco UK).

>

people, competence

process

This work is using a lot of information from the presentation that

Prof. Dr. Wim C. Turkenburg

gave at INCOSE on March 21 2023 in Eindhoven for INCOSE-NL.
The affiliations of Prof. Dr. Wim C. Turkenburg are

Copernicus Instituut voor Duurzame Ontwikkeling ,Universiteit Utrecht

Wim Turkenburg Energy and Environmental Consultancy, Amsterdam
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'INCOSE lecture 21-3-23 Prof. Dr. Wim Turkenburg
?https://windopzee.nl/onderwerpen/wind-zee/waar/
*https://open.overheid.nl/documenten/ronl-
7438902539596226b438ef329f782cfla8a05aee/pdf
*https:/iwww.rijksoverheid.nl/binaries/rijksoverheid/
documenten/rapporten/2022/09/30/monitor-zon-pv-2022-in-
nederland/Monitor+Zon-PV+2022.pdf
Shttps://www.cleanenergyreviews.info/blog/most-efficient-

solar-panels

M1
M2

excluding® P1
Direct Air Capture CO> p2
+15% for stability*

o for stability P3

renewables cover ~50%®

mind the losses!*

heat covers low temp needs
only (<<100TWh)*




market

product

technology

Roadmap Energy System The Netherlands

|| Author: G. Muller, heavily using Turkenburg 2023* | |

CROADtrendsAndObjectives Version 0.1, 25 March 2023

2020 [ 2021 | 2022 [ 2023 | 2024 [ 2025 | 2026 | 2027 | 2028 [ 2029 | 2030 [ 2031 | 2032 | 2033 | 2034 [ 2035 | 2036 | 2037 | 2038 [ 2039 | 2040 [ 2041 | 2042 [ 2043 | 2044 [ 2045 | 2046 [ 2047 | 2048 [ 2049 | 2050 |

60% CO,
reduction*

80% CO,
. | reduction’

net zero
electricity’

net zero|no fossil

increasing droughts |0 0% T,
2

increasing floodings

GDP increasea 1.5 a 2% per year1

=

electrification
energy neutral buildings
insulation
industry shift
CO, price
EU policy for climate, energy, and circularity*

people, competence

process

“INCOSE lecture 21-3-23 Prof. Dr. Wim Turkenburg
2https://windopzee.nl/onderwerpen/wind-zee/waar/
3https://open.overheid.nl/documenten/ronl-
7438902539596226b438ef329f782cflaB8a05aee/pdf
*https://www.rijksoverheid.nl/binaries/rijksoverheid/
documenten/rapporten/2022/09/30/monitor-zon-pv-2022-in-
nederland/Monitor+Zon-PV+2022.pdf




Step 1: Market Layer

Determine the long-term objectives
List the major relevant trends in the context
Make them specific

Quantify them (order of magnitude), as-is a

nd to-be

Constructing a Roadmap version: 0.1
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product market

technology

Roadmap Energy System The Netherlands

Author: G. Muller, heavily using Turkenburg 2023* | |

CROADcontextData Version 0.2, 9 April 2023

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 | 2049 | 2050\

60% CO, 80% CO; | net zero : : net zero|no fossil
consumption* TWh ot o k1 ! increasing droughts A a
heat indEstry&agro 140 reduction reduction” | electricity increasing floodings CO, fuels
heat buildings 120 ‘ - . T ‘ consumption® TWh'
materials 145 GDP increasea 1.5 a 2% per year electricity 300
mobility 125 \ - \ M1 )final energy | 450-500
electricity 110 electrification primary energy | 650-700
losses 190 energy neutral buildings bunkers 150-200
total 830 _ insulation total primary | 800-900
bunkers® 170 el st peak power 45GW-
CO, price M2
EU policy for climate, energy, and circularity’

'INCOSE lecture 21-3-23 Prof. Dr. Wim Turkenburg

2https://windopzee.nl/onderwerpen/wind-zee/waar/

3h'[tps://openoverheid.nI/documenten/ronI—

7438902539596226h438ef329f782cf1a8a05aee/pdf
people, Competence *https:/mww.rijksoverheid.nl/binaries/rijksoverheid/

documenten/rapporten/2022/09/30/monitor-zon-pv-2022-in-
process nederland/Monitor+Zon-PV+2022.pdf

M1 |excluding®

M2

Direct Air Capture CO,

+15% for stability*




Block Diagram Past Energy System

connectors legend
wind solar import <) electricity
farm export <€ H;
l l ¢ — heat
N transmission, distribution, local grid energy
i convertors consumers
9as, oll, el gas, ol el fossil fuel gas industrial
biomass biomass :
: storage extraction consumers
import generator
fossil fuel distribution network
v v
loss loss loss
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Block Diagram Future Energy System

connectors legend
wind farm solar import battery <P electricity
export <€ H;
l l ¢ ¢ —p heat
denr transmission, distribution, local grid energy
i convertors consumers
H, import H, H, storage H> industrial
generator tank electrolyzer consumers

Y

t

v

v

H, distribution network

v v

low temperature heat distribution network

version: 0.1
July 9, 2023

CROADblockDiagram

Constructing a Roadmap
9 Gerrit Muller

SN EsI



Schematic Typical Energy Demand and Supply Dynamics

Author: Gerrit Muller

CROADdynamics Version 0, March 26, 2023
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Local Energy; 30% Loss!

solar and wind
450

All numbers in TWh
=P Datteries 33 26
100
electrolysers
=P H, generators
205
— 105

actual use 293

\]
>«

total loss 157

-«

data from INCOSE lecture 21-3-23 Prof. Dr. Wim Turkenburg
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product market

technology

| Roadmap Energy System The Netherlands

Author: G. Muller, heavily using Turkenburg 2023*

CROADroadmapTechnology Version 0.2, 9 April 2023

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 | 2049 | 2050\

- 60% CO, 80% CO, | net zero : ing d ht net zero|no fossil
consumptlon1 TWh i1 S 9 T increasing droughts A a
heat industry&agro | 140 reduction reduction” | electricity increasing floodings CO, fuels
heat buildings 120 ‘ - . T ! consumption® TWh'
materials 145 GDP increasea 1.5 a 2% per year electricity 300
mobility 125 \ - \ M1 final energy | 450-500
electricity 110 electrification primary energy | 650-700
losses 190 energy neutral buildings bunkers 150-200
total 830 _ insulation total primary | 800-900
bunkers® 170 Lzl sl peak power 45GW>
CO, price M2
EU policy for climate, energy, and circularity’
| |
- nuclear waste
generation Il nuclear reactors ) 1
storage Finland
Areva Nuclear EPR! Areva Nuclear EPR?
Finland 1.6 GWe, 11G€ UK 2*1.6 GWe, 30G€
Areva Nuclear EPR? .
France 1.6 GWe, 19G€ small nuclear reactors generation IV nuclear reactors®
HTGR Pebble Bed reactor (China) 7
------------------------------ Rolls Royce reactor (UK) ; - 4
----------------------- 2904 NuScale reactor (USA) ZINCO'SEl lecture 21-3-23 Prof. Dr. Wlm Turkenburg
. . s https://windopzee.nl/onderwerpen/wind-zee/waar/
Molten salt reactor (‘thorium reactor’) *https://open.overheid.nl/documenten/ronl-
Stable Salt Reactor (Canada) 7438902539596226h438ef329f782cf1a8a05aee/pdf
U battery (Urenco UK). *https://mww.rijksoverheid.nl/binaries/rijksoverheid/
documenten/rapporten/2022/09/30/monitor-zon-pv-2022-in-
nederland/Monitor+Zon-PV+2022.pdf
people’ Competence Shttps://www.cleanenergyreviews.info/blog/most-efficient-
prOCGSS solar-panels
M1 excluding® P1 [renewables cover ~50%"
Direct Air Capture CO, P2 |mind the losses!*
M2 |+15% for stability" p3 |heat covers low temp needs
only (<<100TWh)*




Step 2: Technology Layer

List the major relevant trends in the technology
Make them specific
Quantify them (order of magnitude), as-is and to-be

When stuck start sketching solutions and how they
work.

Constructing a Roadmap
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product market

technology

Roadmap Energy System The Netherlands

|| Author: G. Muller, heavily using Turkenburg 2023*

CROADroadmap Version 0.3, 23 April 2023
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small nuclear reactors*
HTGR Pebble Bed reactor (China)
Rolls Royce reactor (UK)
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consumption®  TWh ‘ reductiontl " raduction®| electricity* increasing droughts | "L 0% 11T
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heat buildings 120 - 5 0 consumption® TWh'
materials 145 (CIRIF R 2 Bl PIETEET electricity 300
mobility 125 | [ | I I - l final energy | 450-500
electricity 110 electrification primary energy | 650-700
losses 190 energy neutral buildings bunkers 150-200
total 830 _ insulation total primary | 800-900
bunkers® 170 Lzl sl peak power 45GW>
CO, price M2
EU policy for climate, energy, and circularity’
\
sources® |[TWh offshore wind 22.8 GW total sources® TWh'!
gas 370 — wind land 20-25
ol 300 SiETETE e . wind offshore | 308-330
+4 GW NL Nuclear reactor
coal 50 16 GW.. 12.5 TWh solar 100-120
renewable | 85|offshore wind offshore wind offshore wind : e total 450
nuclear 10[2.5 GW? +1,4 GW? +4 GW3 12-15 GE€ (*2 or *8)
h = heat TWh
? i elr 830 offshore ;vmd offshare wind offshore wind geo, aqua 80
ot +2.2 GW. +2 GW? +6.7 GW?® environment, sun 50
2 2 rest 50
so_l_ar GW s_olar 25.9 GW total 180
utility 8.6 o i
residential | 5.8 (PO GwW
total 14.4 wind land 8
11.3 TWh wind offshore 75
\ | : solar 125
generation Il nuclear reactors tnuc earFyv?s ?:il electrolyser 51
SIS IR E H, generator 45
Areva Nuclear EPR? Areva Nuclear EPR* tbattery_ (short) igg
Finland 1.6 GWe, 11G€ UK 2*1.6 GWe, 30G€ ransmission

generation IV nuclear reactors®

>

NuScale reactor (USA)
Molten salt reactor (‘thorium reactor’)

Stable Salt Reactor (Canada)
U battery (Urenco UK).

>

people, competence

process

This work is using a lot of information from the presentation that

Prof. Dr. Wim C. Turkenburg

gave at INCOSE on March 21 2023 in Eindhoven for INCOSE-NL.
The affiliations of Prof. Dr. Wim C. Turkenburg are

Copernicus Instituut voor Duurzame Ontwikkeling ,Universiteit Utrecht

Wim Turkenburg Energy and Environmental Consultancy, Amsterdam
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nederland/Monitor+Zon-PV+2022.pdf
Shttps://www.cleanenergyreviews.info/blog/most-efficient-
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M1
M2

excluding® P1
Direct Air Capture CO> p2
+15% for stability*

o for stability P3

renewables cover ~50%®

mind the losses!*

heat covers low temp needs
only (<<100TWh)*




Step 3: Product/Solutions Layer

List the solutions that the organization is working on

or Is planning (short-term)

Make them specific (features, performance,

gualities)

ldentify future solutions that fit the trends and

objectives

Make them specific

Constructing a Roadmap
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