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Global reach — local competence

150+

years

=
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Organized to maximise customer value

MARITIME OIL & GAS ENERGY

R TTITI

MARINE CYBERNETICS

RESEARCH & INNOVATION

BUSINESS
ASSURANCE
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Assisting companies in solving the energy trilemma
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Global service portfolio

" \ N
PO,V W S

Production Transmission & distribution

= Power testing, inspections and = Smart grids and smart cities
certification = Energy market and policy design

= Renewables advisory services = Energy management and operations

= Renewables certification services

= Electricity transmission and distribution = Energy efficiency services

= Software
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21 DNVGL® NV-GL

Power Systems and Electrification

Build competence, methods and tools to achieve competitive advantage and prepare
DNV-GL for the future of the rapid changing power indu .

Prepare DNV GL for
services within Smart the growth market of §§ the shift of

Energy Storage renewables towards
the free market

Help to position DNV Innovate and enhance J Prepare DNV GL for

GL as strong player in
the Super grid arena and Micro grids
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+7 more (smaller) Arnhem laboratories

NV-GL

25 DNVGL®

Performance evaluation of energy storage systems in the energy infrastructure

4} Battery testing for home storage systems ) Distribution substation
€ Battery testing for e-mobility © Substation

) Battery testing for miltary applications
) Power failure analysis on storage systems
O Ayt NGB g A

BATTERY TESTING LAB

tasting lah hlps th haica. it offers

indspendant non-dastnuctiva [pra) tasting of battaries in dedicatad faclities by
anargy storage axparts. This is backed up with impertial advics end suppart an
et s 3 e a2

systam far . Tha activitiasin our bettary testing lab can ba
combinad with our sarvices of the Flax Power Grid Lab, whare we can tast the

lergor anargy storaga systems and their ivartars.
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Manage cyber security of critical energy infrastructures

""" vommrgd Q) conwtrm
i Oybersscurty .

CYBER SECURITY LAB

I the cybar security |ab, we test tha impkemantad level of cbar security of davices
and systams used to monitor, control and opsrate tha slectricity grid. Exemplas of
dinchuck achancad SCADA
FTU's and
o testing and

perform
anploit and robustness testing.

Manage interoperability of smart meter infrastructures

Power grid €} Distrbution substation
------ Information grid @ Commiroom
@ Substation

SMART METER LAB

In the smeart matar lab, smart akectricity maters, smart gas meters, data concanirators.
and haad tmstart for various ios for conformity,

ity. This is ok

ilty, cybar security, privacy and
‘smart matar tast systems.
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Manage interoperability of power system automation and control

Power grid ) Distribution substation
""" Information grid @ Control mom
@ Substation

PROTOCOL TESTING LAB
e : Alab, i ATPer:

‘to monitor, control and operata the slactricity grid are tested for conformity,
intaroparability and functionality. This is dora via our word laading UNIGRID tast
systams. Examples of systams testad induds SCADA EMS/OMS, substation
Eutcmation systams, RTUs and natwork componants.

Testing of materials used in the energy infrastructure

A} Material quality and failure investigation {3 Composite testing & racycling
., of wind turbines
) Miaterial tests for medium and high voltage
cable type testing ) Power failure analysis on electricity
cables & overhead lines
) Material quality and failure investigation
€} Distribution substation
£} Low voltage cable type testing
() Substation
) Testing of materials for solar panels

MATERIALS TESTING LAB
and ressarch on m.ﬁ:‘.’:ﬂ”:: mmp;inm with standsrch and mars. ;J.pmding

i, tast, isting or now
products can ba carriad out. Tha lah also ofars varfication of tha quality of products
with indapendant rassarch and tasting. Chacking of product complianca to

o A ki ot
Cabla typa testing sarvicas ara ako providad.




Oil sampling, analysis and advice for high- and medium-valtage equipment

) Power plant ) Distribution substation
) Substation @ Substation
) Industry

OIL TESTING LAB

High volts

end condition its

ondar o ansura sty

i part of this. The rasults provida insightinto tha quality of the il and tha candiion
of tha equipment. Tha ail |
alsa interpratation of the test results

Failure investigation services for high-, medium- and low-voltage equipment

) Powerplant @ Disribution substation
) Power cables (on-shore, off-share] @ Substation

) Overhead lines

() Substatians (on-shor, offshore)

@ Fault

POWER FAILURE INVESTIGATIONS LAB

Aftar an slectrical powar filura, many DNV L tha oot cause

analysis. It is & growing business. Part of tha power failura investigation i 1 study of tha background,

‘hew testing hawe bacn dons, how the stallation has baon carried out, atc. Additiorally and most

L istha tha The Powsr Failura Invest Laboratory i
iali ismantling werk. it contains ic i

. o th
ks pracision dismanting toks, microscopy, ight, stc. Afurthar advantage of the prasant laboratory
s i by amatarial tosting ywith its
relatad axparts.

05/06/2017
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Flex Power Grid Lab (FPGLab)

Applications

The Flex Power Grid Lab (FPGLab)
offers unique services, as an
independent laboratory, related to
Distributed Energy Resources
(DER) and Renewable Energy
Systems (RES) integration for
SmartGrids and power electronics
development and testing for
industrial high voltage (24kV) and
power up to 1MVA, by offering a
predefined “bad” grid or load.

o

www.FlexPowerGridLab.com
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Key figures make test facility unique

= Voltage level up to 24 kV

= DC to 75 Hz frequency range

= Continuous power up to 1 MVA

= Up to >25t harmonics

= 4 Quadrant operation

= Synchronization with other source
= Controllable power exchange

= Adjustable loads (0.5MW, 1MVAr)

1 MVA

24 kv

/2.4 kHz

A free programmable “nightmare” grid

35 DNVGL®©
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2013 Anderson Electric Controls ACZE60F 1.32MW
Mater/Slave Dual Powar Supply.

= Solar Simulater Equipped — mest powerful available

* Bidirectional Power — ideal for battery operations

= DCDC End — Full C: Zero Current

and Voltage to 2500 Amps and 1000 Volts
* Low Hours, Perfect Operational History

.G Dual per

Specifications

Single Unit
DC Side: 2500A, 1000V, G60KW
AC Side: 480Vac, BEOA, 0,99 pf nominal

Dual Units = Series

DC Side: 25004, 2000V, 13206W

AC Side: 480Vac, BS0A (sach], 0.99 pf nominal
Duol Units - Parolle!

DC Side: S000M, 1000V, 13206W
AC Side: 480Vac, BEOA (each], 0.99 pf nominal

Liquid Coalied — Dual Units include Biquid/liquid chiller

ACIEE0P Valtage | Current | Power Curves

36 DNVGL©®
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OPAL RT as Real Time Digital Simulator

= OP5600 system

= HIL box

= RT-Lab

DNV GL © NV-GL
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Flex Power Grid Lab (FPGLab) P[_\\ m

39 DNVGL® NV-GL

Platform for Power Cybernetics (using HIL)

40 DNV GL®© NV-GL
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Intelligent device validation

O Inverter
Paower grid
=« Information grid
o Testphysical component +software controls
-« Virtualized hardware + software + system
o 4 Faultcondition

POWER CYBERNETICS

Fit-for-purp: testing of (parts of) power systems in a risk-free
environment beforeinstaling in the real world

Grids become Cyber Physical Systems

Cyber Space

Actuation
Information

Lo«

z I: -

-2~

—-—
s e

- .

il a2
Real Space i
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THE UBIQUITY OF POWER ELECTRONICS

Functionalities of active networks
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Power Cybernetics

= Component testing:
— Individual performance validation
— Certification on component level
— General application information
— =‘complies to standard’

= System testing:
— System performance validation

—
— Validation on system level (=1 component) = ="
— Specific application informatio ‘oop

— Interaction verificati in X do t“\s S

— Dynamic a\‘e
— = Fit \-\a\‘d‘N m'\seS ‘o

44 DNVGL®
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What is hardware-in-the-loop testing?

I —

Interaction analysis
e Fault ride-through, etc. e

= Test systems beyond the physical limitations of a laboratory

45 DNV GL®© NV-GL

erigrid-

Power Cybernetics

In Real-Time Simulator

I
Simulated model l Simulated model
<> HMI | <—>»
@ Comm. (ROS) | o (ROS)
|
I

In Real-Time Simulator Forward Feedback
I signals Power signals
Feedback Control Interface
signals signals I
I A/D and D/A conversion I l N 2 I
|
i |
Feedback Control I ! Amplifier |
signals signals | I\ _______________ 4
Controller board Power hardware
(HuT) I (HuT)
CHIL I PHIL
46 DNV GL® NV-GL
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Power Cybernetics

ergrid-
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50 DNVGL®© NV-GL
Position paper Power Cybernetics — available now!
v DNV-GL
POSITION PAPER 2016
POWER CYBERNETICS
The future of validation
53 DNVGL® NV-GL
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HIL activities within DNVGL

Maritime applications
= Service offering: Marine Cybernetics
— CHIL testing of vessel systems (a.o0. Dynamic Positioning Systems)

= Competence centre: Trondheim, Norway

55 DNVGL®© NV-GL
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HIL activities within DNVGL

Wind applications
= Service offering: BLADED

— HIL test module for turbine control development and validation
= Competence centre: Bristol, United Kingdom

57 DNVGL® NV-GL
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Control algorithm design process using BLADED

1. Steady-state
design

2. Linear modelling,

design & analysis 3'*
3. Full nonlinear ‘] AR i
model simulations Algorithm TRt B
Design Linear Non-linear Hardware-in-the- Prototype turbine
Analysis simulation studies loop factory tests testing

4. Implementation,
real time testing

C

5. Commissioning,
system 1D,
prototype testing

Private and confidential

58 DNVGL®© NV-GL

HIL activities within DNVGL

Power system applications
= Service offering: Power Cybernetics -
— P/HIL using a.o. the FPGLab for system level validation

= Compentence centre: Arnhem, the Netherlands

59 DNVGL®© NV-GL
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International cooperation on Power Cybernetics

Global

Europe

66 DNV GL© NV-GL
-

Distributed Energy Resources Laboratories Iab

A Network Excellence for Smarter Grids I

OMV-GL

W"‘Em

N\

Qe

oA <=eDF
VIO e
Sshctyste
m T Fraunheter

recnalia ¥ een

as of March 2016
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Program Project
R&I-P&E ERIGRID

erigrid-

= Full project Nname: European Research Infrastructure supporting Smart Grid Systems Technology

. . Development, Validation and Roll Out
= Objectives:
— To jointly develop common methods, concepts and procedures for a
holistic system validation approach for smart grids, with special
attention towards cyber-physical systems (Power Cybernetics).

— To provide a single entry point to the research infrastructure to offer
a broad spectrum of services to researchers active in Smart Grids.

— To integrate and enhance the necessary research services for
analyzing, validating and testing Smart Grid configurations.

.
® LT
— Provide system level support and education for industrial and Ul g r ‘ d
°

academic researchers to foster future innovation.
— Expected outcome:

— Develop and enhance common system validation approaches (HIL)

— Strengthen the technical leadership of DNVGL in power cybernetics.
= Role of DNV GL: Project member, Provide Trans-National access
= Partners:

— 18 European laboratories (AIT, CEA, CRES, DERlab, FPGL, DTU,
ENEL, GINP, ICCS, IWES, OCT, OFF, RSE, SIN, TEC, TUD, UST, VTT)

® Smart Grid

Connecting Eurcpean
astructure

75 DNVGL®

NV-GL

Opportunity — Don’t miss it!

= Trans-national access to any of the 18 DER laboratories

Projects awarded based on quality, relevance and compatibility
— Proposals submitted to project

— Committee with independent members reviews proposals

Free of charge:
— Including lab usage
— Including travel & accommodation (also from the U.S.A.1)

Must publish results at conference or in journal

2nd call now OPEN, closes 15 June 2017 ( erigrid.eu )

76 DNVGL©
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http:erigrid.eu

Questions?

77 DNVGL®
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Thank you for your Attention

Erik de Jong

Erik.deJong@dnvgl.com
+31 26 356 2794

www.dnvgl.com

SAFER, SMARTER, GREENER
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