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- Project Windmaster

Participatory multi-modelling of the energy transition

Dr. ir. Igor Nikolic and Windmaster partners 16-4-2019
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Goal en scope of Windmaster project gty for ife

* Goal
— Proof of concept multi-modelling approach for the development of a robust adaptive energy infrastructure investment strategy
— Insight into the effectiveness of investment decision policies of infrastructure providers
— First insights into the investment options
* Scope
— Electricity-, H2- en natural gas infrastructure in the Port of Rotterdam
- Landfall of 5 GW of wind generated electricity in Maasvlakte 2
- 2020 - 2050
— no spatial limitations considered

— no company investment dynamics

Performed under very tight time schedule and very limited hours
Very large potential impact - hot political issue

Close industry - academia collaboration
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Scope gas infrastructure

* Bron: Naar een groene waterstofeconomie in Zuid-Holland, een visie voor 2030, een advies aan de Provincie Zuidgand, Maart 2019
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Scientific setup TUDelft  ~ i o

* Deep integration of social sciences and engineering
* Participatory

- Design of the participatory social process

- Boundary Object approach

* Boundary object, process, institutions

* Points of Passage and Translation between social worlds
- Exposing the stakeholder and initialising the multi-model ecology
* Multi-modelling

- Boundary object co-creation

Test of Netlogo py extension, as a possible route to SImOMQ

- EMA - NetLogo - Python

(Integration of Business Model Ecosystem approach by Siemens)
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Boundary object gty for Gfe

* Models as a boundary object (Star & Griesemer, 1989)

— A good model is a model that is useful to stakeholders

* Boundary object:

— “analytic concept of those scientific objects which both inhabit several intersecting social worlds [...]
and satisfy the informational requirements of each of them. Boundary objects are objects which are
both plastic enough to adapt to local needs and the constraints of the several parties using them,
yet robust enough to maintain a common identify across sites.” (Star & Griesemer, 1989, p393)

* Translation between social worlds
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Windmaster project and multimodel Boundary object
/ \ +— translations

Time horizon 2030  Climate negotiations industry table Go no go Point of passage
System decomposition,

Hackathons, data collection Boundary object

Own organization Participants industry table Partners Windmaster TUD  Actors

. oundary object

— Mulitmodel
/
Sensemaking workshop Point of passage

/

Follow up options  — Closing session Boundary process / Point of passage
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Project process flow

* Qualitative part

Kick-off / Generic visioning
Specific visioning
Back-casting

System decomposition

* Quantitative part

Hackathon
Multi-model implementation
Interpretation and sense-making

(Project closing session)

5
TUDelft

SIEMENS
’hg&aui\‘y{or&fe.



5
- . . SIEMENS
General Visioning TUDelft 70 e

* Regulatory uncertainty key!

* Fairness during transitions

* Institutions regulating infra
operators are broken

.1: Samengevatte problemen en onzekerheden.
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Specific visioning and Backcasting TUDelft
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* Visions

High carbon, high growth

Low carbon, high growth
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System decomposition - Guided brainstorms and interactive
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Insights through the modeling process TUDelft ™ e

- Liberating segments of GTS backbone for H,
- H, export to the hinterland and value creation for the the region
- “Low” invesment costs for creation of large H, transport capacity.



Liberating segments of GTS backbone for H2

EUROPOORT

BOTLEK

GTSgrid3: 4 GW,7 km length

Fohox )k Cabol >

Emerald, Climax, Almatis
Huntsman, Ducor
Invista, Hexion Botlek
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Wijngaarden



H2 export to the hinterland and value creation for

the the region

130 GW

2018

Oil

s

s
Oilmarket
Hi_nterland
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“Low” investment costs for creation of a large H2 transport c gty for ife
capacity, and radically smaller spatial footprint

Meuro/meter/GW



Quantitative modelling

Energy production Required energy
and consumption infrastructure transport
scenarios capacity per infra type

Alternative investment : : :
decision making policies by Infra extension Available capacity

infra providers plans after expansion

Per year, per scenario

=

]
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TUDelft Ingemuity for Ufe.

CAPEX development infra providers
[

Feasible transition pathways
Capacity and utilization of infra



Public, open data and process models

- Strictly based on public information

- 73 energy conversion assets
- 33 energy consumption sites

- Boilers, Ovens,

Steam Methane Reformers,

CHPs, Powerplants...

Maigas: 7,350

Coal: 4,130

Rest oil; 5,670

B Waste: 625

Elactricty; 4,845

Loss: 5,743

H2: 1,754

Steam; 2 645

HT haat; & 562

LT heal: 226

e
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Electricity demand: 876

Electricity export; 3,869

H2 demand; 1,754

Steam demand; 2 G645

HT heal demand: 2562

LT haat axporl; 226
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Topology of the energy-infrastructure TUDelft e
* 'i‘ Year Is

Electricity - White
H2 - Blue
Matgas - Yellow

Coal - Brown
Steam - Green
LTheat - Orange
HTheat - Red




Multi-model approach -ifu Nalft SIEMENS
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Scenario space via EMA %
g TuDelft S'EVENS

Potential changes

Export/import e- Production and
TenneT to ‘rest NL consumption industry

|‘ Production/consumption scenarios

Import energy

: ‘ o H, market hinterland
carrieres ‘westside

Natural gas :
consumption built ‘ Frees Natgas infra for H, transport
envirnment




Possible pathways for steam
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Optie 1: ((;I;) +

Hybride huidig
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Optie 2: D +

Hybride H, \If ‘ H, \ + ‘ A\
\_ Boiler Boiler Boiler
p

Optie 3: ey + ‘ \

E-Boiler \" A

NG Boiler Boiler

Optie 4: ‘f"") ‘ H \

H,-boiler “‘ + :
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Capacity of curent natural gas infrastrucutre is sufficient for all future 2 SIEMENS
_ TUDelft gty for Gfe
scenarios =
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H, transport capacity requirements TUDelft 5','53&",{'“'57'}'3%

MAASVLAKTE EUROPOORT BOTLEK_Pernis Wijngaarden connect,
H:transportvraag a H; transportvraag b H: transportvraag c H; transportvraag d

Wijngaarden

Mieuw H:
aanbod

* Energy balance over 4 pipe segments leads to transport capacity requirements
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Bleiswijk “Rest NL”
380kV

Supply
offshore
wind

VEEVEL Simonshaven Krimpen
BritNed 380kV 380kV 380kV

-~
-~
—
-
——-----------
———

--------------- Maasstroom
Enecogen

MPP3
CoallBio
Engie
Coal/Bio

Maasvlakte Europoort Botlek
150kV 150kV 150kV

Waalhaven Rijnmond
150kV energie

Electricity demand industry
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Modelling of transport capacity of TenneT

Extreme operational state

* Hourly power ballance needed for determining possible transport capacity

* Capacity calculations done for 1 ‘extreme’state per year:
Max. offshore wind, min. flexibible gas generation , max. coal generation, BritNed

exchange

Ballance
* Closed electricity balance with the “rest NL” node

Rules of thumb
 Connection station Stedin > 50MW -> TenneT 150 kV

e Connection station TenneT 150 kV > 300MW -> TenneT 380kV
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Modeling distribution grid of Stedin TUDelft  ~ e
- 7 “separate” distribution grids

Maasvlakte
150kV

Stedin
Maasvlakte

AP S P g iy = Skt ifadigheiadsfacior = {3 pirk capaciiviireramy — F priek progecidecapaciie i __I
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Assesing the impact of different investmnet

fuDelft  STEMENS
behavior of infra providers

h«g,ww\‘y for life

——

TenneT
GTS

M' M' M' x
Stedin J o o X
)_ 4 )_ 4 )_ 4 o

Haven infrabeheerder



Agent can choose from different sets of investments

Reactive
- events within 1 year time horizon

- investment with smallest overcapacity and only if we stay within the
existing budget, if a part of the investment outside budget ->skip that
part

- No saving
Current

— Short time horizon

— build the thing that will be done soonest

- if you can't afford it, wait ill text year, save up
Proactive

- Much longer time horizon

- Build the thing with biggest overcapacity

Collaborative

- One large infraprovider, very long time horizon .
_ Capacity
- Combined budget problem

- Build the biggest overcapacity

e
TUDelft S'EMENS,

Choices facing the infraprovider

Investment set A

Investment set B
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Architecture as we would like to have it

Software activities

Existing software to ba nstalled and
configured

Existing softwarg to bo bmproved

New software 1o be developed (excl.
inbirfaces bo the bus)

e
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Proposed HEATMASTER software architecture

Specific software tools are meant as guidelines

o, Data | t, Analylics, and .
Decision Support Interface Raviuur.?u Knowledge Management Data Repository Proprietary Data Sources
Sonse-making, prasenting Multi-model ecology f.eap all pubic and privale
i altarnatives, tracking Raviaw collected and documentation and HEATMASTER data, such Exikling propretany datn
[ asswmplions and madel oulput data, Data message siuctune BF AEIUMPRONS, sources from project
2 decisions (Regional g analytics and visualisation | & description. Tool use ] simulation rasults, logs, g partners g
2 localised interface) & k] Annmankiton Bnd B inc. access and revision
E E E training materiad, E control E E
=
% Interactive web agplication Tﬁ'r‘b'-""".;"“""“““g” A sermantic wiki TBD TBD
@
Message Bus (SimOMQ)
: itutional and Social " | Deep Uncertainty :
Business Model Canvas nt-based Modeli Institutiona Techno-economic and - el Future Expansions
2 o it Modeling Environmental Optimization | Exploration
3 | - |
c : Case-specific exploration of
S Capture habits, norms, |
& || capture the business model Lot BN un ndidus informal institutions and Determine optimal heat and | | ransdtion dynamics under
E acosystem for 8 specific ';"“"’ .mr"'*'{“.“"*‘m formal s and regulations cold flows, and related il Geep Unceniainty. New toots may be added
reqaon and case § ynamics of a regian and E § envirenmental and { | Exploration of dynamic B
- B0 ralated to & region and case : :
e E case % = = BOOMOME IMpacts E’ BN adaptive pathways. T 'E |
E 3 = E = £ E E
BAALA (ool for inslitutional |
EMF / Java AMIE (EMF/Java) modeling (EMFlJava) OSMOSE (LUA and GAMS) EMA Workbench (Python)
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(some of the) methodological issues with multi-modelling e Ingemity fortfe

* Software implementations

* Scales (nesting, contguity) time, space, organisation, institutions, social

* Model fidelity / resolution / accuracy / precision

* Uncertainty (propagation)

* Multi-formalism alignment and incompatible ontologies

* Conflicting rationalities / abstractions /

* Participatory modeling process , “bundary institutions”, sense-making and authoritativeness



Thank you !

Windmaster team

and

Dr. Ir. Igor Nikolic
l.nikolic@tudelft.nl
@ComplexEvo
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