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ASML machine, an example of a high-tech system

©ASML

Station Nederweert 150 kV (Tennet), an example of energy (sub-) system

WHAT DOES A HIGH-TECH SYSTEM HAVE IN COMMON WITH A (FUTURE) ENERGY SYSTEM?
From a systems engineering perspective…
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DELIVER AT SPEED

Short time-to-market

Innovate faster with the same number of people

TenneTbuilding challenge
“We can no longer afford to work at a 

‘bottleneck by bottleneck’ pace”
• Do 3 times more work with twice as fast project 

execution
• Expanding infrastructure at 350 locations in NL

TO MEET MARKET DEMANDS

©ASML
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LACK OF SKILLED LABOUR



Modern machines are software-driven

Need frequent upgrades

(Cyber) resilience essential
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FROM ELECTROMECHANICAL TO SOFTWARE-DRIVEN
DIGITALIZATION

~100 ECUs

~100 M lines of code

With digitalization there will be frequent upgrades, 

Lifecycle (asset) management

(Cyber) resilience essential

Credit: Rinke van de Rhee (keynote this morning) 



FOCUS OF THIS TALK IN THE CONTEXT OF GRID EXPANSION
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Main question: How can Systems Engineering methodologies help improve modular 
building efforts?

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



PLE enables organizations to efficiently engineer a portfolio of similar 
systems by leveraging commonalities and managing variability.

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

where systems are increasingly modular, configurable, and expected 
to evolve rapidly

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



PRODUCT LINE ENGINEERING: AUTOMOTIVE
THE USER (BUYER) CONFIGURES THEIR CAR

Selection

Model

Key standard features

Optional packages and standalone options



Finest component level driven by:

Technical de-coupling (split different lifecycles pc vs mechanics)

Functional de-coupling (do  not combine different functions) 

Standardization

Update/maintenance considerations (what to update separately)

Pre-integration (subsystem) level

Reduce integration effort and risk for project teams

Offer enough flexibility required for the market diversity
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PLE: TECHNICAL ASPECT

Basic, smaller 
components

Preconfigured 
components

Product A Product B

Flexibility / 
Reuse

Integration 
effort



FEATURES, ASSETS, CONFIGURATOR (ISO/IEC 26580:2021) 
PRODUCT LINE ENGINEERING: AUTOMOTIVE

Feature 
Selection

Configuration
Variant 

Selection
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150/20KV CONVERSION, 160MVA: 3 TRAFO’S AND 2X22 OUTGOING FIELDS
MID-VOLTAGE STATION CONFIGURATION ALLIANDER

Station anatomy
• Primary installation: 

• Electricity (conversion)
• Transformer, switchgear, cables

• Secondary installation
• Station control & automation

• Tertiary installation
• Buildings and facilities

Adapted from Alliander Modulair Bouwen
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CONTEXT INFLUENCES CHOSEN APPROACH 
PRODUCT LINE ENGINEERING FOR GRID OPERATORS

Superset PlatformFramework LibraryComponent LibraryClone & Own

+ substantial reuse+ substantial reuse+ component sharing+ easy to use

- complex variability- complex variability- little design support- no sharing (features & 
fixes)

import import

config

From K. Czamecki U. Waterloo 
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FROM ONE STATION AND PROJECT / YEAR TO MULTIPLE ONES

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)

Supports scaling and repeatability

Needs to be balanced with site-specific requirements



…. AT PROGRAM AND PORTFOLIO LEVEL
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ENEXIS BENEFIT ESTIMATES: MORE THAN 4 TIMES FASTER, MORE THAN 10 TIMES THE VOLUME
BENEFITS OF MODULAR BUILDING ARE SIGNIFICANT

NetNL nummer 45 | Netbeheer Nederland



THANK YOU!


