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Peter Vaessen

= MSc in High Voltage and Power Engineering

= Legacy KEMA (many different positions since 1985)
— Transient (field) measurements in HV-grid
— Development of Digital Lighting Impulse Test System

— Power transformer modelling and diagnostics
— Manager HV installations department

— Innovations, FPGLab and Watt Connects

— Consultant HVDC and Smart Grids

= Present
— Segment Director Future Transmission Grids
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Six Power System Challenges

HOW TO

MANAGE

AN AGEING

RES integration

Security threats
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The power system is transforming (fast) due to the impact of
changing requirements and disruptive technologies

DC technology
No single frequency
Wind and Solar
Changing Storage
requirements Aging infrastructure

& Cyber vulnerability

COMPLEX
HYBRID

Disruptive Volatile generation

technologies Digitization SYSTEN!

Flexibility

Human behaviour

Power to the people
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Business Changes due to:

variable renewables
new technology
digitisation
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Two developments: interconnectivity and “hybridisation”

= ENTSO-E estimates the total investment costs (for the next 15 years) for
projects of pan-European significance at approximately €150 billion, of which
€25 billion will be for subsea cables.

Cumulative Power and Length of HVDC systems

2020

growth of HVDC

(draft) TYNDP16 4
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A trend is (transmission) undergrounding
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Digitalisation and increased complexity
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From an analogue physical system to an interrelated non-linear digital control system
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Power system grid architecture changes due to DC

HVDC Interconnector

Offshora wTdfarm DC cunnef:l\ons (UHVDC bulk power link

HVDC back to back connector

to another synchronous area

Multi-terminal —
HVDC

MV ring AC grid %j
D

C power supply
for transportation

DC applications

LV radial AC grid Local DC grid - DC

A

Source: DNVGL
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Key HVDC LCC components for bulk power transmission

wall bushing

transformer reactor
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TECHNOLOGY
OUTLOOK

2025

Wind: larger and smarter
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By 2025 onshore wind will be the

Distance to shore and average water depth of a representative
selection of European wind farms. The size of the bubbles are
indicative of the capacity of the wind farms.

- - - 120
least-cost option for building excess
electricity capacity almost universally 100
;E 80
Fixed offshore wind moves towards 2 s
deeper waters, further from shore 8
2 a0
z
20
Floating offshore wind is entering = s e 5 e J 55
demonstration phase Average water depth (m)
 inoperation [l Under construction  [J] Approved
The size of the are indicative of the ity
of the wind farms.
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Developments in solar PV will drive down costs @

Decline of solar PV cost relative to installed capacity
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Electricity storage for three discharge durations o
Application range for alternative energy storage technologies
Renewables - a key driver for TS Tapaiinpeet R
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System power ratings, module size
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Hybrid grids

Combination of ultra-high voltage DC

and AC systems

Blogs: http://blogs.dnvgl.com/energy/what-are-hybrid-grids-a-brief-primer
15 DNV GL © 2016 DNV-GL
10 Technology trends creating a new power reality
Adoption of new technologies New power reality
!
g o . % R /
Wind: :'
s e @ ggmgl:gsg K
]
. : Smamgnergy !
Digitalisation EL?&?:;Q > "r
@ e Bi-directional l’
matenals :ommumcat\ons 1
in energy 1
]
The Bl ,’
electrification SRy
I;ftdin:tand ° o storage "
Al
i : & >
2016 2025
DNV-GL

1975
https://www.dnvgl.com/energy/publications/download/technology-outlook-2025-energy.html
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Future Transmission grids focus areas

T&D system resilience, opportunity and
risk scenario model, new technology
qualification

Complex hybrid systems: embedded DC
and increasing complexity of systems

ANALYTICS

operation, grid stability GRIDS INDICATOR
= Cyber physical system testing (closed . S ——
loop testing) = bt g

Data analytic services for grids, cyber =~ =S
security and reliability
Verification of power systems, different

quality levels and testing processes
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High-Voltage DC circuit breaker testing,
develop requirements and test methods
for future meshed HVDC grids.
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Thank you for your attention.

Peter Vaessen segment director Future Transmission Grids
peter.vaessen@dnvgl.com
+31 (0) 26 356 3584

www.dnvgl.com

SAFER, SMARTER, GREENER
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