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Abstract

In this presentation, we show the process of constructing a roadmap. The Dutch
energy system is taken as an example.
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Roadmap Energy System The Netherlands

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

CROADroadmap Version 0.3, 23 April 2023
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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

Colophon

'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
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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)*




Initial Roadmap for a sustainable Best

Author: Gerrit Muller, contributions from Laura Elvebakk & many Best Duurzaam volunteers

BDRASinitialRoadmapBest Version 0.7, May 8, 2019

— CHEDIEE  pepiieEily  YiErEreEiie — What is happening, what do we need?
Objectives ) . plan m energy plan 45% co, (5) '
ransport | 1210 r i 100% CO -
fossil fuel (2) €D, [Sancten reduction 2g ®
heating | go5 extreme weather, droughts, flooding, heat waves A D energy 1.1PJ
1 gas 0 use
Trends C )electric . increasing population, #houses, mobility (4) rlg(g/gi\r’:’;?e ® @
new buildings (3) electric driving (4) niches: wind, bio gas, bio mass, sewer, rest heat supermarkets How to get there?
energy neutral . &
@ (5) reduce energy consumption e
i rain water & &
Solutions o e — I &\ o
Capabilities infiltration ® solar residential, commercial, utility scale 0.5PJ eé\x&\'& ©
2j1eating options:  heat pumps heat networks Hydrogen (9) - \\é& N 0\6
characteristics:  individual (7)  collective infrastructure gas infrastructure, individual I:l solar ‘\OQ\C’\\ee X
\' kN
concerns: noise, space primary energy source? D © &e'i\@'zs
. . . C 5" &
technologies: brine (1) high T(2) lowT (3) Fuelcells(4) O e,do What means do we need/get?
air2air - — S et
| insufficient data A m,r,p,ne o0 LSO
air2water N
Means _ S
maturity: mature mature less mature Immature X Ry &
(5 )concrete-less buildings W &
(6 )insulation (and rebuilding?)( 7) A &
(1 )shortage engineers, construction personnel A m,r,n,e What resources do we need?
(2)lack of acceptance m, 1, n,e
(3jbuilding cooperatives, utility and network providers, schools
Resources —
“seduce” chargin commercial funding, new business modelsO
(‘D infram g 7
(5) educate collective/social funding (7))
NEN 7125 and ?naer:gstﬁeutrnélm ,6§aci|itate solutions, adapt regulations m, p, n, e What governance do we need?
r:;;rrgsetwork new buildings@ (7}timulate & regulate new business models n, e g
Governance nTI,(plysn mandate  Mandate (&reliable, predictable regulations m, p, n, e
artikel3.5. : : . . .
waterwet _infiltration (ra]dgcatlon (g)how to do risky things with public money? m, p, n, e
@ mpn . . -
improve reputation and incentivize manual labor @ m, p, n, e
past short term medium term long term very long term
1 energy use 2017 1 make all new developments sustainable 1 air2air for heating is efficient; how to get tap water? 1 action plan to attract and educate 1 7125 and reports overrate sustainability of bio mass

N
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mandatory 2020 heating plan
per neighborhood

mandatory 2021 regional

small increase per year

IPCC 2018

IPCC 2018

may increase energy use

energy use after full electrification
and some reduction

2 selection of options for heating plan

3 transport is major CO, producer

4 niche solutions in Best

5 reducing energy consumption is must

6 all forms of solar may result in 0.5 PJ/yr

7 mature; noise, space is concern

8 few rest heat sources; large collective
infrastructure investment

9 long-term option; re-use gas infra

2 compatible with older houses; challenge data
is not public due to commercial interests

3 efficient allows re-use of any rest heat;
storage is the big challenge

4 source to use little efficient; solves seasonal storage;
production infrastructure expensive

5 concrete is major CO, producer

6 insulation is first step; external insulation needed?

7 when is rebuilding better (justified and acceptable)

2 involve, engage, seduce, incentivize
3 roadmap and master plan to coordinate
4 more effective than enforcement
5 primary, secondary schools;
avoid overload
6 enable electric driving
7 be creative to get economy
and funding working

2

©oo~NO U BN

and rest heat sources; lack absolute data
ASAP! waiting increases problem
vng.nl/3-gemeentelijke-watertaken; should be
standard operation when maintaining streets
how to do this effectively?
culturally ingrained
agile (fast response) governance
facilitate and regulate
past pitfall; blocks investments
major dilemma for 6, 7, and 8

legend
b Best Duurzaam
m municipality
r regional
p province
n national
e Europe
g global
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Simplified process view

customer

supplying business

strategy

process

customer oriented (sales,
service, production) process

@
<
>
AN

product creation
process

people, process and technology
management process

|
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Tension between processes

supplying business

strategy

process

customer

>
e

i

&
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Platform strategy adds one layer

customer

supplying business X l ﬂ
/ Sshort term;
Yl % cashflow!

v/
/
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CAFCR Framework

Example roadmaps

Business Process Context
CAFCR framework
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CAFCR Framework for Architecting

drives, justifies, needs .
- enables, supports
What does Customer need
in Product and Why?
PN Product
/ AN How
Customer Customer Product PN
What How What / AN
Customer Application Functional Conceptual Realization
objectives

Roadmapping For Strategy Exploration
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Integrating CAFCR

What does Customer need

In Product and Why?
N\ Product
é N How
Customer Customer Product A
What How What 7 N
Customer Application | Functional Conceptual Reallzatlon
objectives

' context objectlve ‘
understandlng driven

oppor- constraln knowledge
tun|t|es awareness based

Roadmapping For Strategy Exploration A version: 0
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Use CAFCR Recursively

customers Apple, Dell, Tesla, Samsung

T

OEM customer | TSMC, Samsung, Intel, Micron

!

OEM suppliers | ASML, AMAT, KLA

!

suppliers to OEM| Zeiss, Trumpf, VDL

!

subsuppliers
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Roadmapping How To

}xample roadmaps

Business Process Context
CAFCR framework
Roadmapping How To
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From Ideas to Communicatable Roadmaps

Share domain understanding market, applications,stakeholders
Formulate initial strategy mission, vision
Gather data and synthesize roadmap A3 data and roadmap
Package roadmap for target groups (over) simplify
I?A(f)admag%ipr% r/lour”gﬁrategy Exploration AL ,E’:%S:?:,%;ﬁ% m ESI
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Build Shared Domain Understanding

Use a few half to full day workshops to explore the domain and map it.
Potential tools:
e Systems Oriented Design https://systemsorienteddesign.net/, using
e Gigamapping
https://systemsorienteddesign.net/how-to-gigamap/ and
e ZIP analysis (Zoom-Innovation-Potential)

https://systemsorienteddesign.net/zip-analysis/

e CAFCR analysis https://gaudisite.nl/ArchitecturalReasoningBook.pdf

Roadmapping For Strategy Exploration Version: 0
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Result of 3-day CAFCR Workshop

Roadmapping For Strategy Exploration puergion: 0
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The Roadmap Integrates Five Views

Customer objectives

Market

Application

Functional PrOd ucts

Conceptual

<Marketing»>

¢Architect

Technology

Realization

People

——supports, enables—

<——rives, requires

Process

technology, process
people manager

-

—time, ca 5 years—

|
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From generic mission to factual roadmap

business specific,
but
open and generic

Market forecasted facts
Products educated scenarios
Technology roadmap forecasted facts
People estimates
Process educated scenarios

.|
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Example of Data Gathering Sustainability Roadmap
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From Market, Product, Technology to People, Process

Customer objectives

Application Market homework \
Functional

Products - 2004 | 2005 | 2006 | 2007

electronics |2002§b\ 04| 2005|2006|2007 B

Conceptual 2002|2003 | 2004 | 2005 | 2006 | 2007 | H | ]
ftwar

R eChnOIC)gy SONtWare 1.ctual , - - - 5 |

ealization Orion| 1 1% 5 8 4% %8 ]

Gemin| 2 1o | 30| 3 20 10 [

Scorpior] 54 gg ?,8 38 252 lg H

1 1
researcf 4 [ B | | B | 3| B |[UF
maintenancg 22 28 533(5) 2-,18 fs% gg ||

feedback total 83 | 132 | 199 | 136 | o1 | 80 |
estimate by program manager
estimate by people manager

People

after iteration

Process

A
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Granularity of Roadmap Material

Top-level
roadmap

w

o

ol

Supporting
roadmaps

| | | | | |
[ [} = B — I — ]
O o oo &

ETRET S

B B s &

B = =9

| | | | | |

‘I IDII:.I‘=I.=I
| | | | | |
o o [ =N — I — ]

o o o o
ETRETE B
B B s =
B = =

Supporting
reports

Single page

Single page
per view
or per driver

Document
per relevant
subject

Poster

part of many presentations

Poster

part of many presentations
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Package Roadmap for Target Groups

Initial Roadmap for a sustainable Best, Summary | | Author: Gerrit Muller, contributions from Laura Elvebakk & many Best Duurzaam volunteers SoSE2020initialRoadmapBestSummary Version 0.2, October 7, 2023
energy use 2 gpJ heating  renewable - ; ; s
Objectives ) t olanm  energy plan o What is happening, what do we need*
ransport | 1210 — i 100% -
fossil fuel El trifi . reduction g redugnon (6)
heatin eC Il lcatlon hl ici . energy 1.1PJ
R , nigher efficiency, and reduction -> 3* less energy e
Trends electric | 746 increasing population, #houses, mobIlty NG (9)
— g .
new buildings 3 electric driving (4)niches: wind, bio gas, bio mass, sewer, rest heat su Solar may How to get there?
@ energy neutral (5) 7 reduce energy cornrsumption . O
Solutions rain water - provide about %2
Caialifiee infiltration (6) solar residential, commercial, utility scale 0.5PJ
P <2§1eat|ng options:  heat pumps_ heat networks (8) Hydrogen (9) . Of need
= pas infrastructure, individual D SRS
- heating plan: e&d\@ O
. = = o2 &
e many options, we know too little [U¢c"sc4) (et What means do we neediget?
TSR A m, r,p,n,e 0 Q‘\o @
Means airg- =+ P (@ﬂ‘ow@
3 c S D
maturity: mafINSUlation » less mature  immature @,z‘,@‘\o‘c?’;)d\\o
.. uildings 2> (@
O a2
coinsuafdemolition - A S
(1 )shortage engineers, construction personnel A Shortage Of What resources do we need?
(2)lack of a A mrne ;
R (3 acceptance and network providers, schools InStallerS
esources =
<—4 Support base commercial funding, new business models(7j
(5) educate collective/social funding (7))
NEN 7125 and mandate n, m iR : : e
NEN 25 810 onerqy neutral (g oo e Solutions, adapt regulations facilitate What governance do we need?
e ne I t ﬂstimulate & regulate new business models )
Governance @ ml,(p|,3n ] regu ate (8,>reliable, predictable regulations St|mUIate
~ artikel3.5. o8 - A . . . )
waterwet  infi mandate (9 )how to do risky things with public money? rel |ab|e, predICtab|e
™ 2, 17
@ improve reputation and incentivize manual labor (5) m, p, n, e
past short term medium term long term very long term
Roadmapping For Strategy Exploration version: 0
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Summary

Example roadmaps

Business Process Context
CAFCR framework
Roadmapping How To
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Summary of strategy process

business specific,

e}

but
Sharpen open and generic
> ©
I~ R
N )
G — 12002 2003
Market forecasted facts €MINI Jacwal| o1 | 92 | 93 | 04
- SaleS kgfi 300 | 70 | 90 | 100 | 105
Products educated scenarios in D ut W—gﬂ . N
recmology  [02AMAP  forecastea s F " POSERES committal -
People estimates or ?Aiﬁ%ﬁ% § p I an |
Process educated scenarios fte L R |
=
£ g 8 q J z g = 2
58 > == 3
) v ] e
o) ()

o

input for next roadmap

Roadmapping For Strategy Exploration
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Summary of role in business

customer

strategy process

roadmap plan

reality facts
reality facts

empowerment

focus, context, overview

empowerment customer oriented

context, overview process

(sales,
service, production)

product creation
process

empowerment

context, overview

people, process and

technology
management process

Roadmapping For Strategy Exploration
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More Information

Cambridge Roadmapping by Rob Phaal

http://www.cambridgeroadmapping.net/

Gaudisite Roadmapping Module
https://gaudisite.nl/ModuleRoadmappingPaper.pdf

Applying Roadmapping and Conceptual Modeling to the Energy
Transition: A Local Case Study by Gerrit Muller

https://www.mdpi.com/2071-1050/13/7/3683/pdf
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The Architecture Captures the Rationale

Systems Engineering: Fitness-For-Purpose
Achieving customer and business key drivers
via key performance parameters of system
customer value based on technical expertise
proposition [N

%,’,@
~5 customer S\ — .
key drivers E . oo T
v reguirements technology
S
_ 5N ~10 key ~10 key
business |~ performance design and
proposition parameters technology
~5 business & = enabling choices
life cycle
key drivers
Road ing For Strat Explorati version: 0 ~
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Creation or Update of Roadmap in Burst Mode

Market Market

\ Market /
Products Products
Collective Collective Collective

meeting meeting

meeting
ca 2 days Techno- ca 2 days Techno- ca 2 days Shared
logy logy Roadmap

Products

Techno-

logy
e\ /7
Process Process Process

preparation
— by expert —»><—
teams

2 weeks to digest > < 2 weeks to digest
and prepare and prepare

A
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From Roadmap to Detailed Plans

201X 201Y
L Q2 | @ | @ | o1 | Q2 | @ ;| & | Q1
— —>
r_oadmap n roadmap n + 1 Policy
roadmapping and Planning
Process
pusiess pan: budget | | Q1 Q2 Q3| | budget | [ Q1
udget « allocation delta delta delta delta
| A A A 4
detail_ed oy et Product Creation
planning : ST ven Process
g 0T A Wy Il.!fl.?..
[] gl 7y Hp E W NN gl 7y Hy Eo WO
V" g [ ] Ao ., OO
tech hurdle tech hurdle }ﬁ
tech’hurdle
version: 0 : =
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3-Tier Approach

horizon update scope type
roadmap 5 years 1 year portfolio vision
budget 1 year 3 months program commitment
detailed plan | 1 mnth-1yr | 1 day-1 mnth |program or activity |control means

Roadmapping For Strategy Exploration
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