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) To help combat climate changes, by 2050, the
Netherlands wants to be using energy

) Using a combination of

Wind, Solar, Nuclear, Heat networks
) It enables more sustainable industry

) It requires
Expanding energy infrastructure

Using energy differently




NEW CONNECTIONS FACE A WAITING LIST




STEDIN building challenge

“Our goal: 3 times more, 3 times less. That means
building 3 times more, but 3 times less labor intensive.
Because we only have 1/3 of the people to do the job.”

Provincie Utrecht
Aantal belangrijke e B it

grootschalige
projecten TenneT
en Stedin tot 2030
uitgelicht,

Totale investeringen
740 miljoen eurc

.............

TenneT bundlng challenge

“We can no longer afford to work at a pace of

‘bottleneck by bottleneck’
* Do 3 times more work with twice as fast project execution
* Expanding infrastructure at 350 locations in NL

i>TenneTr STEDINT




CONSTRAINTS TO EXPANSION

) Limited land

) Prolonged permit process

Q) Labor shortages D

significantly hinder timely electricity grid development.

Fot Laadp alen en straatverlichti Mﬁm sluiten met nieuwe
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FOCUS OF THIS TALK IN THE CONTEXT OF GRID EXF

1
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Main question: How can Systems Engineering methodologies help increase
productivity?

Sub-questions:
How can Standardization and PLE (Product Line Engineering) approach help?
What can be learned from high-tech industries’ PLE approaches?




) ELECTRICITY GRID SYSTEM

Energy supply Energy transmission Energy distribution
systems systems systems

Energy system
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NATIONAL AND REGIONAL GRID OPERATORS

Adapted from:
https://www.hoogspanningsnet.com/stroomcursus/deel-6/




) THE VALUE OF SE FOR THE ENERGY TRANSITION

1. Grid operators share problems, but tackle them differently
2. Each grid operator works independently on standardization
3. Itis now too late to develop joint realization standards

. _Product line development is not seen as SE>

5. Contractor cooperation still in development at most parties

6. Transfer of information not optimal, both internally and externally
7. Trust between operators and contractor parties must grow

OBSERVATIONS - CONCLUSIONS FOR THE ENERGY TRANSIT :‘N,-
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) PLE enables organizations to efficiently engineer a portfolio of similar
systems by leveraging commonalities and managing variability.

INCOSE

) Successfully adopted in aerospace, automotive, high-tech and defense,

Feature-based Systems and Software

where systems are increasingly modular, configurable, and expected Product Line Engineering: A Primer
to evolve rapidly —

) Feature-based PLE treats the product line as a single production system
rather than a collection of individual products

TNO (2
¥ for life .
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) PRODUCT LINE ENGINEERING: AUTOMOTIVE

FEATURES, ASSETS, CONFIGURATOR (ISO/IEC 26580:2021)

) Example of a user (buyer) configuring their car ) The layers in the reference model for feature-based PLE

Business strategy: maximal offer with minimal variation Business organization management

) Selection Technical organization management
Model Technology
7
Key standard features

Optional packages and standalone options
) Feature constraints

Govern valid configurations

Feature Variant R e
, ama Configuration o= ) = A
Selection g Selection o :
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) MID-VOLTAGE STATION CONFIGURATION ALLIANDER /
150/20KV CONVERSION, 160MVA: 3 TRAFO’S AND 2X22 OUTGOING FIELDS/ /

Station anatomy

* Primary installation:

* Electricity (conversion) /

* Transformer, switchgear, cables

» Secondary installation

* Station control & automation

* Tertiary installation

* Buildings and facilities




) PRODUCT LINE ENGINEERING FOR GRID OPERATORS
CONTEXT INFLUENCES CHOSEN APPROACH

S™Tennet € ENEXIS

STEDIN"
Clone & Own Component Library

+ easy to use + component sharing + s@bstantial reuse + substantial reuse

- no sharing (features & Qittle design support - c?mplex variability

fixes) /

From K. Czamecki U. Waterloo \ 'l"\ Mﬂgtﬂ" 15
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Comparison of High-tech and Energy sector

Reuse culture
and maturity

Variability
management

Feature-based PLE requires cross-functional
alignment and centralized governance.

Decades of experience with platform
strategies and software reuse.

Institutionalized reuse through frameworks
and standards.

Feature-based PLE emphasizes consistent
variation handling across domains.

Factors High-tech industry Energy sector
Market Driven by competitive differentiation, and Projects are capital-intensive, Iong |IV€A sub/ect
pressure and rapid innovation cycles. to strict regulatory oversight. / //
drivers .f’

Pressure to release frequent upgrades Rapid iterations are less feasible.
Strategic PLE supports business agility and market Energy sector organizations are tradltlon y
alignmentand responsiveness. siloed. : :
governance

Modularization efforts emerge fromengmeermg
rather than enterprlse W|de" ' -

Reuse is often constralned Dy
requirements and legac mfr'a

pecnr ic
ure.
Ae,&tlon

Energy sector practlces are
still evolving toward this Ievel o |
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) Project management is complex

/\ Regulatory constraints, permits
Multi-stakeholder landscape: municipalities, regulators,
/ \_ contractors, communities

) PLE introduction requires strategic shift from Engineer-to-
Order to Configure-to-Order

Less flexibility, more discipline
Emphasis on standardization and reuse (aligned with SE)

Feature-based Systems and Software

Product Line Engineering: A Primer Su pports Sca“ng and re peatab”rty

Needs to be balanced with site-specific requirements




) .... AT PROGRAM AND PORTFOLIO LEVEL

IPM-MODEL o

Praject
Management

Key objective

MPB

Projectbeheersing
Doing the
Omgevings W) ™ cM Lonttact : right things
—0— —- ot ting
Manager management
Program management Realzng
the benefits
Project management Doing
Feature-based Systems and Software ) g thinqs right |
Product Line Engineering: A Primer




) BENEFITS OF MODULAR BUILDING ARE SIGNIFICAN
ENEXIS BENEFIT ESTIMATES: MORE THAN 4 TIMES FASTER. MORE THAN 10 TIME

Ontleed NetNL nummer 45 | Netbeheer Nederland

Energiekwestiesin beeld
Sneller via standaardisatie
De energl: itie dwir nﬂﬂf. '-umnu-' ',_.'_--..""- varing flink
op te voeren. Soms In die mate dat er met'gewoon’ harder iet tegenop valt te

boksen. Ze moet hetoplevertempo van nleuwe transport-verdeelstations bii Enexis
maar llefstvertien- tot -twaalfvoudigen: van zo'n 10 per jaar naar 100 3120 perjaar,
Een nleuwe, modulalre werkwlize moet ultkomst bleden.
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