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Key industry drivers

Accelerated Adoption of WAMS sensors
Need for Scalable and 
High Performance 
WAMS platform

Changing  Lands cape  of WAMS Se ns ors  (e .g . North Ame rica )

 Cus tome r fie ld  ins ta lla tions  growing  from 100s  → 1000s  (e .g . ONS, 
Brazil 1000+ ;   Powe rGrid , Ind ia  2500+)

 Multifunc tiona l IEDs  (s uch a s  Re lays  & Fault  Re cords ) capab le  of 
provid ing  WAMS da ta .

Higher Renewables Penetration
 Ne e d  for highe r re s olution vis ib ility and  fa s te r ag ility to monitor 

and  manage  the  grid .

 Gre a te r and  re g iona l va riab ility in fre que ncy (due  to 
re duce d /s pa rs e  ine rtia ) 

 Grid  ope ra ting  c los e r to its  s tab ility limits  (fre que ncy and  
voltage )

2018 2025

Need for Better 
Visibility and 
Higher Agility

The rmal
Nucle a r
Hydro

GridOS WAMS 
 Pe rformance  and  Sca lab ility

 Fle xib ility and  Agility

 Modula rity and  Exte ns ib ility

 Additive  Solution
©  2023  GE Ve rnova  and /or its  a ffilia te s . All rights  re s e rve d .
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GridOS® Advance d  EMS
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ARCHITECTURE
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GridOS WAMS

Smaller Total Cost of 
Ownership
• Le ve rage s  Continuous  Inte gra tion & 

Continuous  De ployme nt
• Full Te s t Automa tion

Just the right bits
• Native ly modula r s olution

Future proof
• Clus te r ba s e d . Ve rtica l and  

Horizonta lly s ca lab le
• On- Pre m; Hybrid  or Cloud . Your 

choice

Ge ne ra tion Trans mis s ion Dis tributionWAMS DERMS

GridOS Pla tform
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GridOS WAMS
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Ownership
• Le ve rage s  Continuous  Inte gra tion & 

Continuous  De ployme nt
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• Clus te r ba s e d . Ve rtica l and  
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DERMS

WAMS
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Line a r Sta te  
Es tima tor

Effe c tive  
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Dynamic  
Pa rame te r 
Es tima tion

Os c illa t ion 
Manage me nt
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REAL-TIME APPLICATIONS
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Is land ing , Re s ynchroniza tion & Blacks ta rt
Os c illa tory Stab ility Monitoring
Sys te m Dis turbance  De te c tion and  Loca tion
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Ma jor Os c illa tions  in Re ce nt Ye a rs

United Kingdom
Load Shed Event ( Aug 9 th , 2019)

• Dis turbance  s ource  was  a  ba tte ry 
s torage  s ys te m in Southe rn 
Ca lifornia

• Os cilla tion fre que ncy, 0 .25  Hz, 
c los e  to NS- A mode

• Sus ta ine d  os c illa tions  la s t  about 
15  mins

• Os cilla tions  inte rac te d  with 
s ys te m na tura l dynamics  and  
obs e rve d  throughout We s te rn 
Inte rconne c tion 

United States Eastern Interconnection
Forced Oscillation Event ( Jan 11th , 2019)

 Faulty PT:  Errore d  voltage  
me as ure me nt

- Imba lance d  powe r load  
cond ition

- Ste am turb ine  of a  combine d  
cyc le  powe r p lant

 The 0.25 Hz forced oscillation 
interacted with the natural system 
mode causing the entire EI to 
experience the forced oscillation

 Wind  fa rm s hut its e lf down due  to an 
unstable control system response to the  
d is turbance .

 voltage  d ip  - > WF ac ts  to ra is e  voltage  - > 
os c illa tion de ve lops

 Horns e a  te s te d  & mode lle d  in line  with Grid  
Code  - no re a s on to s ugge s t 9 th Augus t 
be havior.


Is s ue  a lre ady ide ntifie d , but only e xpe c te d  
whe n fina l unit  conne c te d .


Control upgrade  b rought forward  to 
re s olve

Impact: Generator £4.5m “voluntary 
payment ”

United States Western Interconnection
Forced Oscillation Event (Jan, 2022)

United States Local Oscillation
Forced Oscillation Event (Feb, 2022)

Voltage /MVars Os c illa tion Eve nt Caus e d  by 
IBR
and  comme nce d  whe n ac tive  powe r 
rampe d  up .

• Sus ta ine d  os c illa tions  la s t  more  than 5  
hours  until the  magnitude  got 
s ignificant and  p lant was  take n offline  
by ope ra tor ac tion.

• Sus ta ine d  os c illa tions  we re  obs e rve d  
mos tly in voltage  magnitude  and  
re ac tive  powe r s igna ls .

• Os cilla tion magnitude  be came  
s ignificant with pe ak- to- pe ak va lue s  of 
8  kV and  50  Mvar.
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Os c illa tion Stab ility Manage me nt
Governor Frequency Control

Reducing system inertia
Rotor Angle  Stab ility 

Control Modes

Sub -Synchronous Oscillation

0 .002Hz

0 .2Hz

4 Hz

50 /60Hz

12Hz

Are a  ine rtia  e ffe c ts

Re duc ing  s ynchronous  ge ne ra tor PSS 

Resonances:  Series Capacitor – Shafts – VSC/HVDC 

Reducing System Strength

What ’s New in OSM:    
 Extended Frequency Range for Os c illa t ion monitoring  (up  to 4 6Hz/54 Hz) 
 Os cilla tory Monitoring  a ls o e xte nd ing  to Voltage and MVAR measurements
 Oscillation Source Location to  ide ntify s ource  of Os c illa t ion.

2021 IEEE-NASPI Oscillation Source Location 
Contest  - GE 1st Place Winner!

A Worldwide Contest! – 60+ teams registered
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Effe c tive  Ine rtia

11

Solution Highlights

Expectations

• Enab le  highe r pe ne tra tion of low ine rtia  re ne wab le  
ge ne ra tion.

• Re duce  curta ilme nt fe e s  and  pe na ltie s .

• Lowe r fre que ncy re s pons e  s e rvice s .

• Inc re as e  ne twork re s ilie nce ; minimize  ris k of s ys te m 
s e pa ra tion.

Effective Inertia

• Nonintrus ive  me te ring  of “e ffe c tive ” ine rtia .

• No e xpe ns ive  ha rdware  re quire d ; le ve rage s  e xis ting  
WAMS inve s tme nt.

• Re giona l and  g loba l re a l- time  ine rtia  me as ure me nts .

• Ine rtia  fore cas t from AI/ML ana lytic s .

• EMS and  PMU/PDC agnos tic .

Meter and Forecast to Master High 
Renewable Integration

Area
Effectiv
e Inertia

The  Inertia Challenges

Measuring Are a- Ine rtia  with 
WAMS

Forecasting a re a -
ine rtia  by machine  
le a rning

Ine rtia  
Me as ure me nt 
and  Fore cas t
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GB Example : De cre as ing  ine rtia , s pa rs e ly d is tribute d

2018 2025

 Large  ine rtia  s ource s  be coming e xtre me ly s pa rs e , pa rticula rly in high re ne wab le  s ce na rios .

 Addre s s ing  the  re g iona l d is tribution of ine rtia  ke y to fre que ncy control and  grid  s tab ility.

The rmal
Nucle a r
Hydro
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Effe c tive  Ine rtia
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Line a r Sta te  Es tima tor

Solution Highlights

Comply with NERC IRO-008 -2 R4 and 
TOP-001 -4 R13 as  back -up to e xis ting  

EMS State Estimation .

 Te rtia ry re a l- time  as s e s s me nt s olution
– Leveraging WAMS -> Independent of data from EMS

– Solves at incoming WAMS data rate; built - in error 
processing to ensure solution robustness

 Extends WAMS observability beyond existing 
infrastructure

 Detect and correct for erroneous/missing 
WAMS data

Modular, IEC CIM based, state of the art UI/UX, 
cybersecure, HA,  interoperable



Before LSE

©  2023  GE Ve rnova  and /or its  a ffilia te s . All rights  re s e rve d . 15

Ma in
EMS

Backup
EMS

RTU

Thre a ts
Single  RTU pe r Sta tion (Los e  RTU = Los e  s ta tion vis ib ility)
Backup EMS s ub je c t to s ame  fa ilure s  a s  Ma in EMS 
(conve rge nce  is s ue s )
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Extra  Re s ilie ncy 
with WAMS LSE

WAMS LSE

Main
EMS

Backup
EMS

PMU

GPS
Synchroniza tion

Opportunitie s
PMUs  a re  more  and  more  ava ilab le
Inde pe nde nt s olution from EMS
No conve rge nce  is s ue s
Ze ro d is ruption to ope ra tor’s  ac tivitie s

RTU
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Sample  LSE d is p lays
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ENGINEERING APPLICATIONS
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Everything in grey 
is “not acceptable ”
per WECC modeling 
list..

Dynamic  Pa rame te r Es tima tion

Challenges :
• Inaccurate Dynamic & IBR Models le ad ing  to inab ility to 

pre d ic t g rid  cond itions .

• Small Disturbance Testing not Sufficient as  this  doe s  not 
cap ture  the  la rge  d is turbance  be havior.

Solution Highlights

A Non - Invasive & Data -Driven Approach that is:
 Cost -effective me thod  for TOs  and  GOs  to satisfy NERC Reliability 

Standards .

 More  accura te  mode ls  for s tab ility ana lys is  => Improved Reliability
 More  accura te  ca lcula tion of s ys te m ope ra ting  limits  => Better Asset 

Utilization
 Works  for Conventional/Renewable Gens, Composite Load, System External 

Equivalent Network

Estimated by Model

Actual 
Measurements

Dynamic Models 
(US Western Interconnection 
August 10 th, 1996 Blackout)

93%

Wind Plant Models

Solar PV Models

Where using appropriate 
model default parameters 
widely used …

Everything above the line has 
incorrect, obsolete or no 
model …

Inverter Based Resources
(WECC Base Case Review, August 2020)

Compliance with NERC MOD -26/27 requiring transmission planners & 
operators to verify generator models (turbine & excitation controls) on 

a periodic basis.
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Mode l Va lida tion

Frequency (measured) Voltage Magnitude (measured)

IN
PU

Ts
O

U
TP

U
Ts

Active Power (measured vs. simulated) Reactive Power (measured vs. simulated)

Simulation Engine (PSLF/TSAT)

 Run Forced Simula tion us ing  Me as ure me nts
 Compare  me as ure me nts  to initia l mode l re s pons e

Remainder of
Power system Model

(external)

Subsystem for hybrid modeling

Boundary
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Conce ptua l approach

Design

Forced Simulation

Run Simula tion Engine  us ing  
Force d  Simula tion

Simulation Validation

Compare  me as ure me nts  to initia l 
mode l re s pons e

Event Analysis

De te rmine  e ve nts  qua lita tive ly 
d iffe re nt from pre vious  e ve nts

Parameter Identifiability

De te rmine  mos t ide ntifia b le  s e t of 
pa rame te rs  ac ros s  a ll e ve nts

Optimization

Optimiza tion bas e d  pa rame te r 
e s tima tion

Calibration Validation

Compare  me as ure me nts  to 
ca lib ra te d  mode l re s pons e

Disturbance Data
 V, f, P, Q PMU da ta  a t POI
 Ne twork Mode l

Calibration Report
Re port e s tima te d  pa rame te r 
va lue s , confide nce  me trics

Model Validation Sensitivity Analysis Model Calibration

Stage I Stage II Stage III

Drivers
Inaccura te  Dynamic  Mode ls
Re liab ility Standa rds
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MV&C Example

Mode l Ve rifica tion Mode l Ca lib ra tion
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WIDE AREA CONTROL
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Produc t Offe ring

PhasorController GE Power Gateway
Small form fac tor re quire d  within capab ility of de vice  (e .g . 

d is tribution s ys te ms , DSR)
Large  Form fac tor not an is s ue

Longe r MTBF (if cus tome r re quire me nt) Shorte r MTBF (long  MTBF not re quire d )

SPDC for s ma ll s ca le  (s ma ll numbe r of PMUS, limits  aggre ga tion, 
outputs  and  s tanda rd  da ta  ra te s )

SPDC for la rge r numbe r of PMUs , gre a te r outputs  from PDC, highe r 
da ta  ra te s  or da ta  manipula tion (e .g . 100Hz or virtua l phas ors )

Control s olutions  which do not re quire  high e ffort  and  utilis e  
s tanda rd  EMS/WAMS protocols

Advance d  control which re quire d  high computa tion e ngine  or 
inte ns ive  protocols  (SV)

Simple , fa s t de ployme nt, e a s ily us e r configurab le Turnke y s olutions , advance d  ope ra tors /us e rs , high le ve ls  of 
inte gra tion to e xis ting  s ubs ta tion e quipme nt

Produc t d ive rs ity
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Frequency

Pre - e ve nt Pos t- e ve nt Poor fa s t  re s pons e Extre me  Re s ult

Manage ab le  Powe r 
Flows  acros s  
boundary

Initia l los s  cove re d  
by e xtra  powe r from 
North re s ulting  in 
angle  s wing

De ploying more  powe r 
in North pus he s  angle  
furthe r
Long be fore  the rma l 
limits

Angle  d iffe re nce  
incre as e s  be yond  
s tab ility limits  and  
line s  trip

Phase Angle Difference

DER Los s  of 
Ma ins  trips  -
ca s cade

Trans mis s ion 
Ove rload

Los s  of angle  s tab ility 
& is land

Uns tab le  os c illa tions

Solution

Inje c t a  s te p  of powe r in 
the  right a re a  to re duce  
s tre s s

…In proportion to the  
e ve nt

…Within ~1s  to avoid  
load - s he d

…Without ris k of 
uns tab le  os c illa t ion

…Us ing  e xis ting  
re s ource s

Re s ult of Fas t Re s pons e  in Wrong Loca tion
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Po
w

er

Time

Grid - forming windfarm (VSM) with e ne rgy 
limite r control provide s  <1s  ve ry re s pons e  for 
in- a re a  d is turbance  (loca l control)

Dispatchable DER s e tpoint change  provide s  
longe r- te rm re s pons e , but s low ac tion.

EV charging control provide s  me d ium- s pe e d  
s us ta ine d  re s pons e . May be  combina tion of 
multip le  de vice s .

BESS control provide s  fa s t- ac ting  
re s pons e  and  gap- filling . Small e ne rgy 
s torage  me ans  lowe r cos t de vice , or 
s torage  can be  us e d  for othe r e ne rgy 
ne e ds .

Compiled response us e s  ava ilab le  re s ource s  
to provide  a  we ll-de fine d  fa s t- re s pons e  
s e rvice .

Demand response s he ddab le load  
provide s  fa s t, s us ta ine d  re s pons e , but only 
to be  us e d  for s e ve re  and  infre que nt 
e ve nts .

26

Inertia Metering & Forecasting
Control Room Operational Awareness

Fas t d is pa tch of ava ilab le  re s ource s  to 
ma tch e ve nt trigge r

Trigger in <0.5s

De te c t & e xtrac t s ize  of 
d is turbance


PMU

PMU

PMU

PMU

Controller+sPDC

Controller+sPDC

AEMS WAMS

PMU

Field Controller

PMU

Field Controller

PMU

Field Controller

PMU

Field Controller

PMU

Field Controller











C
on

tro
l R

oo
m

Zo
na

l C
on

tro
l

Pure  WAMS 
s e ns ing

Machine  Le a rning  Mode l 
from Grid  Ana lytic s

GE Vernova ’s End- to -End Solution for Effective Inertia Management

Locational Fast Balancing Response 
Automated Stability Support Services
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Dis tribution Blacks ta rt

Challenge

• Blacks ta rt- capab le  ce ntra l ge ne ra tion is  
re tiring , s o the  conve ntiona l s e rvice  is  
compromis e d  and  re ma ining  re s ource s  
e xpe ns ive

• Fos s il fue l ge ne ra tion re ma ins  in s e rvice  to 
provide  b lacks ta rt, s lowing  the  e ne rgy 
trans ition

• Re s ilie nce  of s ys te m re duce d  due  to 
re duce d  b lacks ta rt s e rvice  ava ilab ility

• Eme rging  re gula tory s tanda rds  for 
b lacks ta rt re quire  a  ne w approach

Solution Highlights
• Ene rgis e  & run d is tribution ne twork is land  with 
multip le  DERs
• Me rge  fa s t & s low ba lanc ing , fre que ncy d roop,  re s ync  control 

capab ilit ie s
• Cus tome rs  re s tore d  e a rly
• Is land  can run as  long  as  re quire d
• Re s tora tion zone s  can be  conne c te d
• Trans mis s ion e ne rg is e d  from d is trib ution re s tora tion zone
• Re s ilie nce  improve d , b lacks ta rt  s e rvice  cos t re duce d
• Control infra s truc ture  ava ilab le  for othe r s e rvice s

POC

33kV

EWE HILL WF 
12MW

MIDDLEBIE 
33kV SWS

GRETNA A 33kV GRETNA B 33kV

GRETNA
11kV

NOP

ANNAN
11kV

NOP

NEWCASTLETON
11kV11kV

CRAIG WF – 8 MW

MIDDLEBIE 
PRIMARY

11kV

LANGHOLM A 33kV33kV

LANGHOLM

33kV

POC

24.5 km 2.9 km 2.9 km

8.3 km

12.8 km

12

16.9 km

LANGHOLM B

WT

CRAIG 2 WF – 4.7 MW WT

15.9 km

STEVENS CROFT 
45MW

DUMFRIES
18.3 km

LOCKERBIE A 33kV33kV LOCKERBIE B

LOCKERBIE
11kV

KIRKBANK
11kV

10.7 km

MOFFAT

26.8 km

MINSCA WF
37 MW

SOLWAYBANK WF
30 MW

17.3 km

Composite:
  OHL - 15 km
  UGC - 1.6 km

13.7 km

19.6 km

14.2 km

8.1 km

T1
12 MVA
Dyn11

T2
12 MVA
Dyn11

T1
24 MVA
Dyn11

T1
5 MVA
Dyn1

T1
12 MVA
Dyn11

T2
12 MVA
Dyn11

T1
10 MVA
Dyn11

T1
24 MVA
Dyn11

T1
5 MVA
Dyn1

T1
7.5 MVA
Dyn11

T2
7.5 MVA
 Dyn11

Grid T1
90 MVA

CHAP

Grid T1 
Earthing 

Transformer

415V

x3

x1

17.6 km

400kV

Underground 
cable

Overhead line

275kV
132kV
33kV
11kV

WT LV

T2
24 MVA
Dyn11

T2
24 MVA
Dyn1112 22

Grid T2
90 MVA 

132kV

Grid T1 
Earthing 

Transformer

415V

8.3 km

17 km

14 km

11

15

SG

12

12

13 14 23 22 2111

13

11

WT

14 11

WT
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12

WT

POC

24 26
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x4

13 23

01
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NO1 NO2
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VT

VT VT

VT VT

VT

VT

VT

2010 01 10
VT

10

VT VT
2010 01

10

VT VT
2010
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VT VT

2010 01

VT

VT

VT

12

BESS

Load 
Bank

VT

SG

PMU

PMU

PMU

PMU

PMU

ADMS

 PHASORPOINT

FIELD I/F UNIT

FIELD I/F UNIT

ZONE CONTROL

FIELD I/F UNIT

PMU

FIELD I/F UNIT

Ne twork s witching  
load  p ickup

WAMS 
da ta

Supe rvis or
y vie w, 
control Distribution 

Restoration 
Zone

FIELD I/F UNIT

Re s ync  
bounda ry
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Dis tribute d  Re s ta rt
Ba lanc ing  an Is land  with Dive rs e  Control Re s ource s

Fast Balancing
BESS, Load bank

Renewables

Controllable
loads

Anchor 
synchronous DER

Control 
Zone

Blackstart Progression 
• Ene rgize  out to trans mis s ion
• OR Re s ync  to live  trans mis s ion
• OR Synch to ne ighboring  zone

ELECTRICITY RESTORATION ZONE TRANSMISSION 
SYSTEM

Blackstart service

Zone  s e lf- ba lance s
Fre que ncy s tab ilis e d
Controlle d  re conne c t

Fast balancing 
service

Aggre ga te d  fa s t 
powe r re s pons e
Trigge r/inhib it  bas e d  
on loca tion

Grid -connected fast balance
• Ste p- change  of powe r from zone
• De live rs  s ingle  b lock of re s pons e
• Trigge r <0 .5s  by s ys te m e ve nt 
• Improve s  grid  s tab ility

Innovation Project
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ROADMAP
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GridOS WAMS roadmap & opportunitie s

New opportunities in 2024

By adopting  any GridOS applica tion, cus tome rs  ge t 
re ady to re ce ive  any re le as e d  GridOS applica tion 
due  to its  common de s ign and  na tive  inte gra tion.

Both GridOS EMS and  GridOS WAMS a re  bas e d  on 
the  CIM16  mode l of the  ne twork.

Cus tome rs  who upgrade  to GridOS WAMS and  
adopt Line a r Sta te  Es tima tor will be  ab le  to fe e d  
lice ns e d  GridOS EMS applica tions  with LSE re s ults  
ob ta ining  a  fully re dundant EMS bas e d  on 
PMU/WAMS te chnology.

The  firs t  GridOS EMS applica tions  a re  be coming 
ava ilab le  in 2024 , and  the  full GE EMS apps  will 
be come  GridOS na tive  in the  coming ye a rs

WAMS

WAMS

Line a r Sta te  
Es tima tor

Effe c tive  
Ine rtia

Dynamic  
Pa rame te r 
Es tima tion

GridOS Pla tform

Generation

Load  
Fre que ncy 

Control

Transmission Analytics

Digita l DLR

Renewables & 
DER

Fore cas ting

Os c illa t ion 
Manage me nt

Continge ncy 
Ana lys is

Powe r Flow

Stab ility 
Ana lys is
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