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Infroduction/Context

« NERC Large Load Whitepaper

— White Paper Characteristics and

RISkS of Emerging Large Loads

e EPRI Industry Surveys:
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23% reported total aggregate DC
requests 2100% of their present
peak load

Most utilities with requests 2100%
of system peak range from ~10-
25 GW currently
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Challenges with Large Loads

Al Training

Fast and Fluctuations

Unanticipated

Uncertain Load Load
RGTPS Disconnection
Resource Modeling and
Adequacy Simulation
Forecasting Infrastructure
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EMT Large Load Modeling Gaps B — Transmission Harmonics
Can the EMT assessment process be more streamlined? Ty Ly

= How to model power system components in EMT? K l —ouin

= What level of detail should they be modeled for a given i | j }
study type? e T e

= Where to source model parameter values? : _

= Why the study is being run and what results are critical?
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 PS40D - Specidl
Planning Studies,
Methods, & Tools

— PS40D.B: Increase
efficiency in
transmijssion harmonic
modeling and analysis.

- PS40D.C: Develop
methods/tools to
improve EMT studies.

- PS4OD D SSO due TO nterac |ons e contrel
control interactions, ﬁ "t\t "S‘\
torsional m’rerochons
especially in

connection to Large
Loads.

C — Transmission EMT

Control
Pow
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0.003

Library of Large Load EMT Models

60 Detailed Model:

 EMT MOdel of a ; At starting furnace operating frequency
Medium Fregquency

Induction Furnace

1380 1500

 Developed both
- EMTP model

660
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Large Load System Interactions
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Eleciric Arc Furnace Flicker Example

Bus 1 Bus 3 Bus 1 Bus 3
900 MVAsc 230 kv 34.5 kv 900 MVAsc 230 kv 34.5 kv

.@ — } “Gg Bus 2 I .. Bus 2
13 323 230 kv @@ — g! 230 kV @@
- 13.8/230
TLM_100mi @@ 34.5/0.8 o 100m e.g 34.5/0.8
p— — -30 ~—
* o 230/345 — =
4 _ O

= 230/34.5
o

Y 8 -
T - R S
‘_-'-._ 45MW ‘
@ — e‘& 21.9MVAR asaw
230kVRMSLL Arc Furnace A

230kVRMSLL

SM -200 MW 1387230 EAF

Power Profile of the EAF load

Time (s)

. IScC___|PST ___|PST |

Generation Type Arc Mitigation MVA 230kV 34.5kV Replccing a 200-MW SM with a
Furnace

System + 200MW 70MW  None 689 121 166 PViarm causes voltage

Synchronous Gen fluctuation and flicker

System + 200-MW PV 70MW None 492 1.85 24  disturbances.
Replaced 200MW SM
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Grid Enhancement Technology Modeling

[ [scc et et
Generation Type Mitigation MVA 230kV 34.5kV

Bus 1 Bus 3 System + 200MW None 689 1.21 1.66
900 MVAsc 230 kv . 34.5kv Synchronous Gen
us
= e.g 230 kv
13.8/230 34.5/08

System + 200-MW PV None 492 1.85 2.4
(Replaced 200MW SM)

TLM_100mi e‘g
e

— % oS @ﬁ System + 200-MW PV 40MVA 492 1.25 207
. ‘Eﬁ’.‘éﬁm %——L 1L BE () TL=L POV RSV VI STATCOM
IBR = 200 MW 230kVRMSLL j EAF (Connec’r
50-MVA ed fo
STATCOM 34.5kV
bus)
System + 200-MW PV 50MVA 858 0.92 1.27
(GG J[e [ LRI VI Condense
Bus 1 Bus 3 r
900 MVAsc 230 kV 34.5 kV (ConneC‘I'
Bus 2 ed to
(V= G’& 230 kv @@ ISl
13.8/230 o 100m A‘ 34.5/0.8 bUS)
e —S— .
\ \ ‘ g A synchronous condenser (50 MVA) is
= —apc——N ST @Q more effective than a STATCOM in
IBR —200 MW n: mitigating voltage fluctuation and
(= (A) flicker disturbances. It brings PSTs to a
50-MVA 138230 lower level than when the 200-MW

Condenser

SM is present.
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Data Center Flicker Example

900 MVAsc

13.8/230

13.8/230

SM - 200 MW

70
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Bus 1
230 kV
Bus 2
230 kV
TLM_100mi
pr— —
* o 230/345
fe— >
XY S
45MW
21.9MVAR
230kVRMSLL

Scenario 1: Synchroni

zed Al Cluster (8000 Nodes)

Bus 3
34.5 kV

34.5/0.8

I
0 1 2

Scenario 2: Diverse Al Clusters (16 Clusters, 8000 Nodes)

1 1
3 4
Time (minutes)
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ETRV panel: Test_1120.ecf * X Test 1120.ecf X
Steps Upstream branch Help
[ ] E MT P G U | h G S b e e n Branch |Metwork + transformer + Ilne.fcableﬂ —_—
Step 1: Circuit Configuration W I
£ Step 2 Downstream Branch . B i Double dick on this button
I I I O I Ie O O OW O Step 3 Upstream Branches Branch Name JupstreamBranc] :::ﬁé:;is:egmam on
. Step 3.1 Voltage |112 KVRMSLL
more guided use of the ||+« 1 e
Sl e Metwork data type | Short-circuit currents et @—E-I—@
Step 6: Impedance transfers
W Step 7- Breaker 3-phase short-circuit current |30 KARMS
Step 8: Analysis 1-phase short-circuit current |22 KARMS
. . Connection Type IYgD -30° | w
* C | rC U I TS O re Transformer rated power |50 MVA .
automatically built with
y Secondary voltage |15 KVRMSLL
. .
the minimum amount - -
. Conductor type |cable| v
Of d O -I-O re q U I re d fo r T R V Select type ofdatal[:haracterishc impedancesﬂ P
. Line/Cable length |500 it
studies e —
Zc |70 Ohm == Transformer-limited fault TRV analysis is starting. .
Circuit breaker TRV narameters set following the transformer-limited-fault standard IEEE C37 06-1
(4] test_1120_ — [u] X |er steady-state current...
. tis 0.7317kA. The breaker TRV parameters are adjusted accordingly.
° T h e ro S e C .I. |V e T R VS File Print Copy X-har Scale Options Zoom Edit Refresh Fault clearance...
Ly &S et following the transformer-limited-fault standard IEEE C37.06-1
p p Cds|RAUBE reaker short-circuit current rating
M M M urrent is 12.5kA
O O I n e S I r ' I U O I O n b performed with the new breaker sharto-circut current rating of 12.5KkA..
TRV analysis is starting
. et following the transformer-limited-fault standard IEEE C37.06-1
are automaticall T
T T T T T tis 0.7317kA. The breaker TRV parameters are adjusted accordingly.
o o — TRV_breakerigap/b@vb@1 1 fault clearance...
3 - B et following the transformer-limited-fault standard IEEE C37.06-1
S U e rl m OS e Wl —— TRV_breaken/TRV/benvelope@control @1 <tays within the rated TRV fimits..
TRV_breaken TRV/blenvelope_@control@1 ecovery Voltage (RRRV) is 2.119kV/us
ery Voltage (TRV) magnitude is 32.903kV. This is a 3.8% margin for this breaker.
S O n O r re O e r 2 T RVs are within the rated TRV envelopes.
oge
capabilility curves 't |
L]
=00 n 119 | Test_1120
e Reports are
b MANAA A
automaticall
ted %/T th Waveform visualization |
3 lysis | mpleted '
anailtysis IS complete . | | | | . | | |
5 6 7 8 9 10 1 12 13
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Data Center Electrical Distribution

& wsr e\ About 90% of the total load is
: e electronically driven (Switlched
=3 - ——— Mode Power Supplies and
@ e HEE Electronic Drives)
Backup Wi Phase C SEIS
“Block2 | == The main electrical equipment
4[:_& - ( that interfaces with the grid are:
" e b L) = Uninterruptible power supply
ao— .. e
”Z w’"j -l = Single phase power supply
- =1 7 units (¥)
peimrs e \} = Variable speed drives/direct
510 Lighting and cooling connected motors
Goeling could be somewhere e Las
Q. } between 20%-40% of " Lighting (LED)
Tee = total load » Battery Energy Storage/Power
\ / Conditioning Equipment (¥)
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EMT Modeling of Dato
Centers

* Full facility model. Details of cables
and transformers taken from sample
real data center layout

 Each equipment modeled to the
switch level;, model can be utilized
for studying high frequency
inferactions

» Model includes transformers and
cables, and all active and reactive
power losses can be captured af site
POl
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Simulation results (Data center)

The response of a detailed EMT model (switching) of a data center was tested with

80% reduced terminal voltage

-

o
©
o

PCC voltage (pu)

400

o

09~

UPS mode

——EMT model i
—— Positive-Seq model
1 L/‘ + + + 1 1 1
0 0.5 1 1.5 2 25 3 35 4 45 5
Timeins
T T T T
——EMT model

—— Positive-Seq model |

1 1 1 1 1 1 1 1 1
0.5 1 15 2 25 3 3.5 4 4.5
Timeins

T

5

T T T
——EMT model
—— Positive-Seq model

1 1 1 1 1 1 1 1 1
0.5 1 1.5 2 25 3 3.5 4 4.5
Timeins

o
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PCC voltage (pu)

Active power Output (MW)

Reactive Power (MVaR)
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Bypass mode

— EMT model
Positive-Seq model
1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5 4 4.5
Timeins
T T
EMT model
B ; Positive-Seq model
1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5 4 45
Timeins
T T
— EMT model
Positive-Seq model
1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5 4 4.5
Timeins

Active power
response reached the
pre-disturbance level
after a time delay

Reactive power
consumption
increased due to
shunt capacitors in
the facility

Second order
response in active/
reactive power was
observed in the UPS
mode

First order response
was observed in the
bypass mode




Electrolyzer tfechnologies

High r
Voltage ]
Supp?? Tf%mer PRecti[ier P?}?ELES:IFES
H H Deoxo
4 Main E!ecfrolyzer Technologies . m
1. Alkaline - Mature Supply Purifier
2. Proton exchange membrane S o
(PEM) - Mature 1] Sees : Reservoir
. . . paratar er
3. Solid oxide electrolysis cell 0, Electrolyzer !
(SOEC) - New SR Conpico
4. Anion exchange membrane - _;L;Q_I_., K H
- | ydrogen
(AEM) — New T PUmp Product
: | Storage
. g | | Desiccati
90% power is consumed by the 9 _ “Fiter
electrolyzer stack commonto | ||| |2 « | i i o T A oyeen
all technologies P — | ognr N @' “owedptas  L_y( ) Biproduet
PlEn; - Phase I Heater HE > Storage
SOFC —— 4 Separator b !0, Stream Dashed (Optional)
AEM = I_‘
Common =

All electrolyzers technologies have similar electrical loads
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EMT modeling of H,
Electrolysis Facllity

e Full facility models with an
assumed layout of the
facility

e Includes models of cables
and fransformers

o All observations to be
compared made the POl of
the facility

%OAK RIDGE
Nat

ional Laboratory




Simulation results (Hydrogen electrolyzer)

The response of a detailed EMT model (switching) of a hydrogen electrolyzer facility
was tested with 80% reduced terminal voltage

Thyristor based rectifier IGBT based rectifier Active power response
reached the pre-

12 disturbance level after a
z ( — T model 3, time delay
g“’s' ——Positive-Seq model | | s ——EMT model
S o9 s —— Positive-Seq model .
g, \ goe 1 Reactive power could be
2 sl 2 6 . maintained at the pre-

075 . . e 5 Py s e Y s s 0 0.5 1 1.5 2 _ 2I5 3 25 s 25 5 qu" Ievels in fhe IGBT
go Tmeins 12 Timeine S— rectifier case
= ——EMT model A g ——EMT model
75’1 WL ——Positive-Seq model | | = A\ —Positive-Seq model .
Ml k 1 § s ' Reactive power
5 i 5 0s consumption of the
2 \r - 2 thyristor-based rectifier
- I | - N A S Y A S O depends on the terminal

0 05 1 15 2 Timze.sin . 3 35 4 45 5 0.5 1 1.5 2 Timze.ﬁn < 3 3.5 4 45 5 VOH.G g e

go-e T T T g T T T _E,J'T,_nodel'
i S oos| —— Posiive-Seqmodell First order response in
gosf — : A " active/ reactive power
o . o °

——Positive-Seq model] | g was observed in both
— configurations
n:o,1 . , i i i i i i 14 01 I L 1 I L I I I I

0 05 1 15 2 25 3 35 4 45 5 0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Timeins Timeins
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EMT modeling of EV
charger (aggregated)

Average model

Bidirectional power flow
PLL model
Dc voltage control loop

Current control loops (Id, Ig=0)

EV load disconnection modeling
(Aggregated)

3 phase and 1 phase EV chargers
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3 phase EV charger : Terminal Voltage reduced to 0.7 pu for 1s

(Fraction cease =0.5) i fo Vehicls

Parameter Value A
Power Rating 1 MW “ N
V cease 0.8 pu ( ‘l g
T Ceose 0.0] S d ‘50 L E _T_______' T_reconnect
T deloy O°O] S E“"‘: : Viceose: V_reconnect
V reconnect 0.9 pu P L m '5 I cease
A Time (s)
\ b o
T reconnect 0.01 s Vehicle to Grid - - — i
Tramp 5SS pr— = . < = : | |
. | % T_delay !
Fraction to be 0.5 £ !
ceased £ i
Imax 1.2pu . \ ;

Key Takeaway

For deeper voltage disturbances, mode can )
temporarily disconnect a fraction of the load I
and reconnect with a ramp after a delay

(Fraction ceased =0.5)
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Modeling for Transmission Planning Studies

kHz range
A
Ferroresoncmch
EMT ‘
Fast controller simulators
/ interactions Lack of
Sub- information
synchronous Flicker
Oscillations /
10 -15 Hz
Phasor l
Slower Dynamics g
and Ride-Through simulators
Lack of models
0.1 Hz and information
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EMT vs Phasor Model — What are the needs?

Generic

Vendor
Specific

%NOAK RIDGE

ional Laboratory

EMT Phasor

Develop understanding of device Long-term assessments, Bulk
at hand, Screen for possible risks,  system reliability risks. Not

Possibly use as starting point of suitable for equipment

OEM models. Not suitable for specific dynamics that

issue resolution. might be of interest.

Actual risk screening, solution for  Actual risk screening,

issues arising aft facilities. Not solution for issues arising at

suitable for developing facilities not represented by

understanding of device at hand generic models. Not very

(generally black-box models). suitable for long-term
assessments.



EPRI Power Delivery Research

Planning (PS40A) Planning (PS40D) Operations (P39)

* Modeling of Large Loads. * Transmission power quality e Reactive Power

e Bulk system impacts of Impact assessment from Management considering
large loads — Stability, large loads, e.g. voltage Large Loads in operation
voltage and frequency sags. voltage fluctuations, and Planning.
response. harmonics e Detection and source

e Ride-through capabilities * EMT Modeling, e.g., location of forced
and supporting industry fransients, full-phase oscillations from large
on ride thru requirements modeling, negative and loads in real-tfime

o Local interactions with Zero seguence operations.
large loads. impedances » Operational solutions to

e Fluctuations/ Sub- deal with large load
synchronous interactions disconnection

Transmission Planning and Large Load Research
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