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« System trends

US Electricity Generation Projection = 3.5X prOjected Capacity Increase from
B O 2020

» Expected retirement of conventional
generation sources

« System challenges
........................................................ - = |[ncreased uncertainty

= Low-inertia systems with IBRs
= Power electronics heavy

2020 Ref.  Decarb Decarb+E Ref.  Decarb Decarb+E o Modeling and simulation Challenges
2035 2050
Credit: DOE EERE SETO Solar Futures Study 2021. » Large number of scenarios

» Larger/more complex EMT system model
= Slow simulation speed
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- Funded jointly by DOE EERE-WETO and
DOE-OE AGM

* Duration: Three years. Started June 2022

EMT Sim. Module

* High-performance (parallel computing) Wind
dynamics simulation for wind-heavy systems | WWTHOSTVERETS)
» GridPACK-Wind: an extension of GridPACK L)Y Offshore Wind
for wind heavy systems
= On-shore and off-shore wind plant and controller —— NE‘.’?’E"
modeIS Existing

= Uncertainty quantification through dynamic
stability analysis

= Large-scale high-performance EMT simulation




Pacific

Northwest  GridPACK-Wind: technical thrusts

* Three technical thrusts:
1. Massive dynamic contingency analysis for wind-uncertainty scenarios
2. Electromagnetic simulation engine
3. Validation and performance assessment

Dynamic contingency analysis EMT simulation engine

Smart Sampling + C-PAGE GridPACK-Wind

2"d level partition

Forecasts/ ) Base case
Uncertainty

- 1%level(task) 2™ level (DSA
parallelization parallelization

[ [PYP— (a) A two-level partitioning scheme (b) multi-rate EMT simulation

5|
.h to different contingencies

15t |evel partition
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o Contingency Analysis  _g_1otal Time
. . " g N 'r d —a— Power How
» GridPACK — an open-source grid-specific HPC Qeariinear speedup) - ——towr o
programming library/framework Wrte Statistics
« GridPACK functionality |
= Power Flow and Contingency Analysis (CA)
Transient Simulation and Dynamic Security Assessment
(DSA), under uncertainty with 2-level parallelism
Task manager to support Windows-based tools

:

Compute time (sec)
g

|
=
[=]

Real-time path rating 1.0E+01 1.0E:02 1.0E+03

# of cores

Cloud version

: Y No. of 20 sec Full WECC Transient
GridPACK application examples Cores ke (G

HPC-powered remedial action schemes
WECC path rating studies in 10 minutes
ML-based emergency control

T & D co-simulation (GridPACK + HELICS + GridLAB-
D) for large-scale inverter-based system studies

72.9
45.0
31.0

23.0
16 19.5
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An open source grid-specific HPC programming library/framework 
Lower the threshold of HPC development
Allow power grid application developers to focus on algorithms, instead of parallel computing
Reduce the cost and effort of developing HPC power grid simulations
A shortcut to develop and test HPC applications
A vehicle to test with vendors’ legacy codes

http://www.gridpack.org/
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@ o Existing IBR component models in GridPACK:
Bus 30 Y Bus 37 D . Grld-follcl)wmg: REGC_A, REEC_A, REPC_A (Type 4 wind without
> Bus 25 drive train model)

Bus 26 Bus 28 Bus 29  Grid-forming: droop-controlled inverter model GFMDRP_A' (Assume
constant DC-side voltage)

Bus 2

18 Bus 19 Bus 27 o In this study, the original synchronous generators are replaced by grid-
Bus 1 following inverters at Buses 32, 35 and 37
@ o AO0.1s fault is applied at Bus 4
Bus 39 Bus 3 )
us Bus 15I Real and Reactive Power (Based on 100 MVA)
Bus 4 Bus 14 A inverters inverters
Bus 12
Bus 9 —I— A — gen-32 — gen-32
Bus 5 10 - ge _ 104 ge
[“ L§ s 24 3 ——  gen-35 = — gen-35
Bus 13 =1 ]l =
— —_— gen-37 4 — — gen-37
Bus 8 e =
A Bus 19 1
Bus 11 0 T T 0 T T
Bus 7 A Bus 10 | 4 B B8 10 4 b 8 10
A time (s) time (s)
o Bus 20 ‘
__ " Bus 73 SYNC. gen. SYNc. gen.
Bus 6 "
AL — gen-32 — gen-32
Bus 31 Bus 32 Bus 34| Bus 33 Bus 36 Fl 101 — gen-35 E 10 4 —— gen-35
. . . o F“':"ﬂ“"— gen-37 3 S — gen-37
@ & N | | . | |
4q B 8 10 4 B 8 10
time (s} time {s)

1. https://lwww.wecc.org/Reliability/Model%20Specification%200f%20Droop-Controlled, %20Grid-Forming%20Inverters PNNL-V2-Final.pdf
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Vret/Vreg OF Quet/Quen ~ Freq_ret/ Freq and

At plant level Piant_pret/Pgen
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Type 3

Plant Level Control

vt
QJJ'; y reec_a v
L regc_o
for Qext) il Igcmd Iq N
Wigra a QControl | (ot [ I,
Prefo Qgen Umit Generator/Converter
Torque Pref 8 P Control lpcmd’= Logic Ipcmd Model Ip
Control for Text) i)
Pe — Pord 3
- 4
wref L

v v Pqflag

wigpt_a - wtgor_a " wigt_a =1(P priority)

PitcthontroI| —> } Aero | ., |Drive~TrainI =0(Q priority)

m Model combination

W REGC_A(OR _B), REEC_A(OR D), REPC_A, WTGT_A, WTGA_A,
"B \VTGP_A, WTGQ_A

REGC_A(OR_B), REEC_A(OR_D), REPC_A (Optional: WTGT _A; Preferred
WTGT_B when available)

Type-4
WTG

1. WECC REMTF - Type 3 Generic Wind Turbine Generator Model (Phase II)
2. WECC REMTF — Type 4 Generic Wind Turbine Generator Model (Phase Il)

Vre I/Vreg or Qug I/ng Fr!q,mf/va and

At plant level Puant.pref Pyan
'Yy 4y
e i

Plant Level Control |

generator models for including Iin

Type 4 class A

_ Vvt
avs AR T B T
L rege o :
Xt 1 ! | lgemd | | --
Sl | QControl M» current | FE——>| | -'H—b
Qgen L Lmie B |Generator/Converter |
Pref pemd” | | oaic lpemd | | Model J
Tor Text) P Control i — 8 _ > ._._L)
G o
spd
':'L\th!‘.ﬂ i | Paflag
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o Type 4 class B
| Plant Level Control
vt
Qref el i b R .
(or Qext) » Q Contral iqcmd‘; T Igemd > | 1q
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Pref ! Ipemd’ Logic Ipemd Model Ip
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=1(P priority)
=0 (Q priority)



e Dynamic security assessment (DSA) under

Pacific

Northwest  Uncertainty

Forecasts/ Base case r -
Uncertainty

Scenario 1
Smart

sampling Scenario 2§

GridPACK

DS
(Base case)

* GridPACK application for uncertainty analysis (includes contingencies)

Probability Outputs/
analysis Visualization
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Simulation time
(sec)

Time step (sec) 0.005 € 5 O 0 [0 omputimigorss: asloneng :

= Apps }j PIC - Trac . DDDDDD - High Pe D Advanced Grid Anal @ IEEE Schalars L hitpsy//cgifederal se: E SEATTLE events, fairs 7 BPA Balancing Authc &3 Designer Men's Eye £l Other bookmarks
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* Implicit integration algorithms

« Backward Euler, Trapezoidal, Runge-
Kutta, Rosenbrock, BDF

 Variable time-stepping

h _p €abs + ma,x(:cn, d\jn)erel !
n " ||55n - in”

* Handling discontinuities

( .
x—xt =0, ifx>z"

srx—x =0, ifx<ax™

& = f(z,y), otherwise

S. Abhyankar, R. Huang, S. Jin, B. Palmer, W. Perkins, Y. Chen, “Implicit-Integration
dynamics simulation with the GridPACK framework”, Proceedings of 2021 IEEE Power

& Energy Society General Meeting

* Accuracy
604 ‘ - :
- - Implicit-Integration }

. — Alternating-Explicit |
N
L 60.2
>
%)
@
S5 60 i
o
v
© 598
) “

59.6 ' - :

0 3} 10 15 20
Time (sec)

« Performance

# of cores | Alternating-Explicit | Implicit-Integration
1 72.32 47.63
2 42.1 32.51
4 25.8 18.73
8 18.1 14.59
16 18.1 12.91
32 21.5 15.21

10


https://ieeexplore.ieee.org/document/9637909
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* Three Years: 06/01/2022 — 05/31/2025
FY22

= Extend dynamic contingency analysis for wind uncertainty
= Wind power plant models
= Variable time-stepping dynamics simulation

FY23

= Dynamic contingency analysis for synthetic Texas system with wind uncertainty scenarios
= EMT simulation engine core development including typically electromagnetic models

FY24

= EMT simulation engine development incorporating on-shore and off-shore wind plant models
* Interface GridPACK-Wind with RTE France’s Grid20p tool

FY25
» GridPACK-Wind performance assessment and validation, incl. Grid20p + GridPACK-Wind

12
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* GridPACK-Wind
* Three-year project funded by DOE-EERE and DOE-OE AGM
» High-performance modeling and simulation for wind heavy systems

* Looking for inputs on
* Modeling suggestions for on-shore and offshore wind plants
= Example power grid networks for testing dynamics simulation, EMT simulation
» Data/models for testing/validation
= Any comments, suggestions

13
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Thank you

Shrirang Abhyankar
shri@pnnl.gov
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