ry
TUDelft oo

EMT RTDS Modelling and Control of
a 20-MW DC Wind Power Generator
Integrated with an Electrolyser

» Dr. Dwijasish Das

» Delft University of Technology

2024 EUROPE USER’'S GROUP MEETING I.“.IBIDS
DELFT, NETHERLANDS Technologies
RTDS USER’S GROUP MEETING R —



Disclaimer

The research work shown in this presentation has received funding
from Shell Global Solutions International B.V. It reflects only the
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Outline of the Presentation

Motivation and Objective

Wind Energy System Configuration

Wind Energy System Controls

RSCAD Models Overview and Simulation
Electrolyzer Integration

Electrolyzer Controls

RSCAD Model with Complete System Simulation
. Conclusion
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Future Wind Turbines
20 +MW

16 MW 300 +m

252 m
(Goldwind

GWH252, China)
| f
14 MW 4

Past and Present Wind Turbines

Motivation and Objective

Rotor Diameter

* Motivation
* High potential of wind energy

» Growing demand for large-scale o
I’e I’] ewa b | e e n e rgy SySte m S Manufacturer Model Rating Deployment Plant/Location
(vol tage and pOWGIr). . gg?j;fgﬁ:r:ecmc DB g gMw June 2024 Shantou City, China
* Im portance of .effICI.ent wind ':i”gya”gwmd MySE 16.0-260 | 16 MW July 2023 Fujian, China
energy generation with P2G ower
o O bJ ect I Ve Goldwind ?E\BII\\/4I-\|/§52— 16 MW June 2023 Fujian, China
. Siemens Gamesa SG 14-222 DD 14.7 MW April 2024 Moray West, Scotland
* Desl gn an d ana lyze an b M T GE Wind Energy Haliade-X 13 MW August2023 | DosgerBankA, Dogger Bank
model for a 20 MW DC wind | | 5. (United Kingdom)
gener.a'tor N HVDC networks with L/';r\:vg;’ra”gw'”d MySE 12-242 | 12 MW August2023 | Qingzhou 4, China
P2G | ntegrat 10N Siemons Gamesa gc[;) 11.0-200 - April 2022 :_'Noel'tigcrjlzenz:)ﬁ Zuid
MHI-Vestas V164-10 10 MW June 2023 Seagreen, United Kingdom
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System Configuration for Power Delivery

| Isolated DC-
ectifier DC converter
Rectifier  Inverter . >woP UP | MY o —
PMSG cctitier  INVeTler 1o nsformer MMC | (AR 1 1= HVDC
A : I =/ HVDC : R T — ! Network
R | V) = Network: ———————— =
Rotor Spee dl : : | Rotor Speedl : :
Pitch —» | Pitch
Wind Control System : Wind Control System
Speed : Speed
(2) ! (b)
* AC-DC-AC back-to-back system * |solated DC-DC converter used
* Multiple power conversion stages as the GSC
* Bulky and heavy step-up * Reduction of power conversion
transformer stages
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RSCAD Model Overview

Startup Timing and Snubber (in Converter Valves) for Whole System

For Snubber Para. in Valves
Draft_‘.fariat:le Drraft Warishle

Brk Control Words, DBk

: Cznb Rznb
AR _____ FiiControl Words __ —
for Whals System EENENIE
000

am

E 500~1000ahm
Set SnbTc=Rsnb*Csnb~=2*dt

Wind Turbine (WT1)
Substep
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“Modulation)waveforms

5T1_DAB Controlss Machine-side control (WT1)
[Ctrl Input Woltage)ss [control Torques and =0 or Vst))

Sam plihg current direction:
flowing into the Machine

—
ST1Vsin 1
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Wind Turbine in RSCAD

Fitch angle adjustment is used to limit the power How to select the gain Kp for pitch angle adjustment?
when the rotor speed exceeds the MtSPDset value. Step 1: select MtSPDset, generally use the wrpu value for ated power
Step 2: select the max Poweryou want to limit, Pmax
Step 3: according to the Machine cperating curve: P = Kopt®wr*3, sclve wr1 at Pmax
Strep 4: substitute wr1 inte Power curve of wind turbine to solve for Betal
Step 5 Betal = Kp*(wrl - MiSPDset) —= minimum Kp
Mote: Larger Kp will limit the powerto a smaller value.

i) 50 —
QAT b o s

BT =06 sec

| PITCH

| (Y
G=1 WIND m/s J; WT 1FtchDeg
[ SPEED
Y ) il i - —t
Wind SPD 1T+sT BT tvwind > <
T=<2sec
1

TORGUE l h
U WT1TmachPU
—u— Mote: the maximum power curve of wind turbine satisfies:

Wi Ppu = Kopt*wrpu3

(i) the coefficient Kopt = (TR/GR)/{WR}*3
(i) parameter "WR' represents wrpu at rated power Pp = 1.0 pu.
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Power Conversion in RSCAD
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Simulation at Rated Conditions

’LJ\—AC—DC DC-DC 100 kY DC
Grid
s — Stator Voltage

_, _Stator Voltage

o —
« Operational Sequence i e —
.U B S B B S B B S RN B A |

« MSC is turned on first o F1VDC Gid Voltage 3 HVDC Grid Vol

» GSC (isolated DC-DC 2 o Z o
converter) iIs turned on next 4 A NN S (N N S N~ ‘NSRS NN AN, S AR

35 __DC Link Voltage €% < DC Link Voltage

604 4

» System Behavior - e

* Initial oscillation observed 2 W ]

(© 594 3 — S () B — —
— T v T v T T T T T T il L | 1 1 T T

[ [ [ 0 j ¥
° DC | | n k VO | tage Sta b | | | Zes to 6 - ?Power ]njecteﬂld to the HVDC Grid i: E. Power Injected to the HVDC Grid
kV : E | :

__—""‘H--.___ N R e—— 6
%:z—:
3 8

[
« Power injected stabilizes to e e (e e AOSNN i  A, TS  E

2 O IVI W 0 03333 Q666642 0.999964 1333285 1666606 1.999927 o 1333333 2666667 4 5333333 6.66666T 8
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Simulation Results for Increase in Wind

Speed

20 m/s

Wind T
100 kV DC
Speed ’kL_AC-DC—DC-DC Grid

12 m/s

« Test Condition
* Wind speed change from 12 m/s to 20 m/s.

» System Behavior

* Increased wind speed leads to increased
mechanical power output of the wind turbine.

» Corresponding increase in power injected to the
HVDC grid.

» Converter maintains DC link voltage constant at 6

kV.

Validates the operation of the proposed system
under varying wind speeds.
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Wind Speed
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14 _E—//l
123 (a)

' T T T T T ] T T '| T T ‘ T T ! T T I
Mechanical Power Ouput of the Wind Turbine

mys

DC Link Voltage
606 =

£.04 —
602 =
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20 o

19 3 d
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Wavetorms During Increase in Wind Speed

20 m/s

Wind
100 kV DC
Speed ﬁ—AC DC——-DC-DC Grid

12 m/s

DC link voltage quickly settles to the reference
with a slight momentary deviation

MSC converter currents show an increase

Generator stator winding currents show an
Increase

PMSG stator winding voltages remain unchanged
despite the increase in wind speed

AC and DC voltages are maintained

Increased current leads to increased power injection to the HVDC grid.
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st DCLink Voltage

T T S e L S S i S
MSCCuIrents
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Generator Stator Currents
10—

601926
4012817
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-0.00007
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Simulation Results for Decrease in Wind
Speed

12 m/s

Wind 100 kV DC
Speed l ’kL_AC'DC_ DC-DC Grid Wind Speed
8 m/s 1::
 Wind speed Is decreased from 12 m/s to 8 m/s. G e

Mechanical Power Ouput of the Wind Turbine

« Mechanical Power Decreases as wind speed
decreases X

: . : 3-"‘177.1,.1(?)17, T 1
» Electrical Power Injection Decreases - DCLink Volage
correspondingly wank
« Power injected to the grid decreases to 5.7 MW
° _ ' ' ' Ny :Power Injected to the HVDC Grid
Valic!gt(gls Eggolr?e(%tlpe(é:s %Ptﬂ\e/ggg oggc?m;[c?ellqjsno,;[r\a};[réngv\{ind speeds . 3:—\

S A
I
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Wavetorms During Increase in Wind Speed

12 m/s

Wind
100 kv DC
Speed l ﬁ—AC-DC—DC—DC Grid

8 m/s

« DC link voltage quickly settles to the reference
with a slight momentary deviation

« MSC converter currents decrease

« Generator stator winding currents show a
decrease

« PMSG stator winding voltages remain unchanged
despite the increase in wind speed

AC and DC voltages are maintained
Decreased current leads to reduced power injection to the HVDC grid.
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Electrolyzer Integration

Intermittent nature of renewable energy — Storage Required

Lithium-ion batteries — issues like cycle life, fire safety, and limited raw
materials

Hydrogen emerging as a cleaner, high-energy-density storage solution.
Europe targeting 40 GW of electrolyzer capacity by 2

‘SUBSTEF INTERFACE
EY1TRFI1

MAINSTEP
SIDE

EYStartUp Tming
for Whale Systam

System

parameters

Measurements

for Plots (EL1)

Electrolysis Plant i “

lelzPUR=f
e

Rate Limiter
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Electrolyzer Integration

100 kV DC/ 6kV DC/
6 kV DC 33kV AC
—————————————————
g = —
100kV | 1 L = |
DC Grid 0 N\ /=T T Nyl
o= pu R A T —)
T 33kV,
Legend Maintain 6kV M}Eﬁ fzrzl‘i;”eer 20 MW
DC link voltage
— Electrolysis Plant
/| Isolated DC-DC Converter COlO-ysIs = a0
Electrolyzer H,
Stack
— — /O\—D\ ac
/| Rectifi — A 3 S H,
/\/ ecuner DC-DC | 8 % o
Converter p— ! < O .
A ! Hydrogen
= I . Storage Tank
Non-isolated DC-DC Converter ! Cooling Water
e T e (P 1 8 ] %D k:u
Vey e = |8
o 1o S g
DC-DC la Ty |S |B
'J‘}L Wind Turbine Control | ‘ Electrolyzer Plant C ontrollers ‘

L T, ]
L, . .

* QOperation with /7 MW Electrolyzer and 20 MW wind turbine
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RRRRRRRR 7 1Vi 2024 EUROPE USER'S GROUP MEETING éﬁé[@ DELFT, NETHERLANDS %&




Elect

rolyzer Configuration in RSCAD

Forthe Stack

[EL7 1 Stack & Contod

ElZ Anode

Wiater Comntro

HZ Cadling

Contro

Ot
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Electrolyzer Modes of Operation =~

Electrolyzer model has HZ2 control and |
control

 Master Mode (H2 Control)

* Priority to H2 production — mehiot
* Balance power fed to grld Refere:nceﬂz Refere;ceGrid
( Production? ( ( Power? (

PHVDC:Pgen B Pe/y '

« Slave Mode (I Control) e sy [
 Priority to grid injection ‘

P,y as perreference H, HVDC grid Pyypc

 Electrolyzer current reference based on balance ! :
p Ower Balance power bed to Electrolyzer draws

Electrolyzer draws power Reference power fed to

HVDC grid balance power P, based
Prypc = Pgen— Pey on calculation from P1I
Pe/ —_ oen —_ PHVDC controller
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_ Wind Speed

Simulation Results — H2 |
Reference Change (Master ===
Mode)

* Wind speed remains constant at 12 m/s — e s
constant power generation

m/s
Laaloalasl

MW

T

@ ,
N PPPY Y ey ey ey P

* Hydrogen production increases from 6.5 moles/s "
to 8.5 moles/s o _PoverConsaned by e Flsolesr e
» Electrolyzer power consumption increases from Tt ——
5MW to /7 MW o I W
. _Power Injected to the HVDC Grid
* Power Injected to the HVDC grid decreases from N
15 MW to 13 MW o :
* Negligible oscillation Is observed in the common | mml | -
DC bus voltage of the wind turbine
6]
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ﬁ_:WindSpeed
Simulation Results — Wind
| o LA S IS S, S
Speed Change (Master Mode) Sk
* Wind speed increases from 12 m/s to 16 m/s 3 N . I
" _:Hydrogen Production from Electrolyzer
« Corresponding rise in power generation from 20
MW to 22 MW i
« Hydrogen production remains constant at 8.5 e
moles/s :
« Power consumed by the electrolyzer also constant { ——
at 7 MW ot R RE
» Increased power generation leads to higher power " :
Injected to the HVDC grid - 13 MW to 15 MW , ComnDCBsVolage
* Negligible oscillation is observed in the common mh
DC bus voltage S e D

e
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.. Wind Speed

163

154

Simulation Results — (Slave

.2_':'

11 = (a)
_1 T T r T T T T L] 'I L T r T T T T T 'I
IVl O d e) » Wind Generator Power Output
3

(b)
T T S 1
Hydrogen Production from Electrolyzer

=1
%

MW
owd B
N T e I

 Wind speed increases from 11 to 15 m/s, power .
generation from 15 to 22 MW

* Hydrogen production increases from 6.5 moles/s to
8. 5 mO|eS/S u éPowerConsumedbytheElectrolyzer
: ——-""""Jf(-;)

« Electrolyzer power consumption increases

« Power injected to the HVDC grid constant at 15 MW B I

* Negligible oscillation Is observed in the common DC
bus voltage of the wind turbine e e B e

- . _Common DC Bus Voltage
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Conclusions

e Summary
» Developed an EMT model of a 20 MW wind generator for HVYDC networks.
 Integration of in-turbine Electrolyzer with H2 and lelz controls
* Proposed system uses an isolated DC-DC converter after AC-DC conversion.
» Reduced system size, weight, and cost by eliminating additional components.

« Key Benefits
* Enhanced efficiency by reducing power conversion stages.
« Suitable for large-scale offshore wind energy projects.

e Future Work

* Develop a HVDC network with multiple wind generating systems.
« Aim to transmit power in the GW range from offshore to shore.

* Implications

» Potential to significantly impact the scalability and efficiency of offshore wind farms with
power to gas.

SR A
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Thank You!
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