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Our agenda

Enhanc ing  powe r flow a long trans mis s ion line s

• Re lie f from conge s tion and  re ne wab le  curta ilme nt
• Be ne fits  of grid - e nhanc ing  te chnologie s  (GETs )
Sta tic  line  ra tings

Dynamic  Sys te m Ra ting  (DSR) WAMPACS

• Dynamic  line  ra tings  (DLR)
• Dynamic  powe r ra ting  (DPR)
• Optima l powe r- flow controlle rs  (OPFC)
Imple me nting  a  DSR WAMPACS

What DSR provide s  to ope ra tors  and  to EMS

Simula tion re s ults
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Conge s tion / re ne wab le - curta ilme nt re lie f ne e de d  now

Nationa l Re ne wab le  Ene rgy Labora tory grid  capac ity mus t trip le  to achieve  ze ro ca rbon by 203 5

US cons ume rs  pa id  $ 21 b illion USD in conge s tion cos ts  in 2022

More  than 1.4  te rawa tts  of re ne wab le  e ne rgy proje c ts  a re  s tuck in inte rconne c tion que ue s

Europe  to re duce  gre e nhous e -gas  e mis s ions  by a t le a s t 55% by 203 0  and  s ource  4 0% e ne rgy from re ne wab le s

Aus tra lia  has  67 GW of re ne wab le  e ne rgy proje c ts  cannot conne c t be caus e  of conge s tion
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Grid - e nhanc ing  te chnologie s  (GETs ) be ne fits

Situa tiona l aware ne s s  for s a fe r, re a l- time  ope ra tion

As s e t de fe rra l, to g ive  time  to imple me nt longe r- te rm s olutions

Incre as e d  grid  re s ilie nce

As s e t he a lth monitoring
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Sta tic  line  ra tings

Mainta in s a fe  ope ra ting  cond itions  on powe r line s  from ge ne ra tion to loads  

IEEE 73 8  “IEEE Standa rd  for Ca lcula ting  Curre nt Te mpe ra ture  Re la tions hip  of Bare  Ove rhe ad  Conductors ”

Cons e rva tive  a s s umptions  limit line  us age

• Sta tic  we a the r cond itions
• Ave rage  wind  s pe e ds  and  d ire c tion
• Ave rage  amb ie nt te mpe ra ture s
• Sola r cond itions  for s umme r and  winte r
Cannot take  advantage  of favorab le  cond itions

V1    δ V2    0

ZL = R + jX

S = P + jQ



FERC 881 ambient ratings

Pub lic  utility trans mis s ion provide rs  imple me nt 
amb ie nt- ad jus te d  ra tings  (AAR) on trans mis s ion line s

Re giona l trans mis s ion organiza tions  and  inde pe nde nt s ys te m ope ra tors  
(RTO / ISO) upda te  trans mis s ion- line  ra tings  e le c tronica lly, a t le a s t hourly

Pub lic  utility trans mis s ion provide rs  

• De te rmine  e me rge ncy ra tings
• Share  trans mis s ion line  ra tings  and  trans mis s ion line  ra ting  me thods  with

re s pe c tive  trans mis s ion provide r(s ) and  with marke t monitors  in RTOs /ISOs
• Mainta in da tabas e  of trans mis s ion owne rs ' trans mis s ion line  ra tings  and  

trans mis s ion line  ra ting  me thods
• Ope n Acce s s  Same -Time  Informa tion Sys te m (OASIS) we bs ite
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Dynamic  s ys te m ra ting , DSR = DLR + DPR

DSR optimize s  trans mis s ion ne twork

• DLR—dynamic  line  ra ting  
• DPR—dynamic  powe r ra ting  
DLR—the rma l me as ure me nt
improve me nt ove r previous  me thods

• AAR—ambie nt- ad jus te d  ra tings
• AAR+—ambie nt- ad jus te d  ra tings , ne w
DPR from phas or- me as ure me nt units  (PMUs )

• Angula r s tab ility
• Voltage  s tab ility

Angular stability
Voltage stability

Transient margin

DLR

AAR+
AAR

DPR

D
SR
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Dynamic  line  ra ting  (DLR) incre as e s  the rmal limit

The rma l line  capab ility

• Se ns or and  computa tiona l ana lys is
• Computa tiona l fluid  dynamics
Incre as e s  line  powe r flow

Current limit—static ratingLi
ne
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Dynamic  powe r ra ting  (DPR); angula r s tab ility

where

PE1 is  e lectrical power

PM1 is  mechanical power

V1 is  transmitting line- te rminal voltage

V2 is  rece iving line- te rminal voltage

X is  line  Impedance  (neglect res is tance  R)

s in � is  s ine  of the  line  angle
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Dynamic power rating (DPR); equal - a re a  c rite rion
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Dynamic power rating (DPR); voltage stability
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Dynamic power rating (DPR) nose curves
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A—all lines in

B—one line out

C—two lines outBus 
voltage

100%

0
Stable operation for N - 1 Unstable conditions

Curve A 
nose

Curve B 
nose

Curve C 
nose

Increasing load (MW)

A2 is largest load level where transition 
to N-1 contingency (Curve B) stable 
operation is possible

A3

B2

A1

B1

A2

A2
B2

P

V
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Optima l powe r- flow control (OPFC)

Adjus t loca l re s ource s

Shunt- conne c te d  device s  change  V1 and  V2

Se rie s - conne c te d  device s  change  jX

Phas e - s hifting  trans forme rs  change  δ 

Shunt connected change voltages, V1 and V2 Series connected change impedance, jX

Static VAr compensators (SVCs) Fixed, series-compensation capacitors 

Synchronous condensers SSCs Static synchronous series compensators (SSSC)

Static synchronous compensator (STATCOM)

Shunt capacitors

Load-tap-changing transformers

Phase-shifting transformers change phase angle, δ



Stability control over time

C. W. Taylor, “Powe r Sys te m Voltage  Stab ility,” McGraw- Hill, 1994



Weather 
data

DLR thermal 
model

PMU PMU

PMU PMU

PMU PMU

PMU PMU

DNP3

EMSWAMPACS

PMUs

DLR model 
training

LiDAR line sensor
LTE communication
PMU communication

Implementing proactive DSR WAMPACS:  increasing DLR
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DSR I/O and calculations
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Dynamic line thermal 
rating (DLR)

Dynamic power rating 
(DPR) 

angular stability

Dynamic power rating 
(DPR) 

voltage stability

Optimization 
objective 

(DSR)

Min

Weather data

LiDAR sensors

Node voltage, Ui

Node phase angle, δi

Node phasor current, Ii

PThRate

PAngRate

PDynInject

Vmin / Vmax

Qmin / Qmax

PDynTrans

CB status

Position, 
LTC tap-changer 

Pinject

Qinject

ktap

Pevacuate

Ploss

Ptrans

Vnode



Dynamic System Rating simulation use case
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Trans mis s ion 
inte rconne c tion

Re ne wab le  s ola r 
G2 max 6 0 0  MW

 OLTC and  Cap. bank 
online  tap  Control

Dynamic  Line  
Ra ting  online  line  

capac ity

Re ne wab le  wind  
G3  max 50 0  MW

Conve ntiona l G5 ac tive  
powe r d is pa tch; 
V re g  1.0 25 pu

Conve ntiona l G4  ac tive  
powe r d is pa tch; 
V re g  1.0 25 pu

Unus e d  re ne wab le  
e ne rgy
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Without DSR (bas e  cas e )

Sys te m initia l cond itions

• Re ne wab le s  a t 50%
• Cap bank a t Tap  0
• Xfmr OLTCs  a t ce nte rs
• Branch 3  load ing  a t 67%
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Maximizing  re ne wab le s  with DPR powe r evacua tion

Us e  controllab le  e le me nts  in
loca l zone  to adapt powe r flow 

Ge n 2 inje c ting  23 0  MW more

Ge n 3  incre as e d  to full 
capac ity

Taps  optimize d

Branch 3  load ing  a t 100% 
(s ta tic  ra ting)
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DSR fully optimize d ; DPR plus  DLR

Dynamic  Line  Ra ting  upda te s  
Branch 3  ra ting  to 125 MW

WAMPACS a lgorithms  
re ca lcula te  s ys te m ra tings  

Ge n 2  and  Ge n 3  incre as e d  
to full capac ity; minima l 
curta ilme nt  

Branch 3  a t 118% load ing  
(within dynamic  line  
ra ting  limit)
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What DSR provide s  to ope ra tors  and  to EMS

Informa tion

• Powe r- trans fe r limits  pe r line  in a  powe r corridor
• DLR (the rma l) and  DPR (angula r and  voltage  s tab ility) 

for e ach line
• Wors t- cons tra int limit (ove ra ll dynamic  s ys te m limit )
Actions

• Ope ra tor s ugge s tions  for control of powe r- flow e le me nts  to 
optimize  e ne rgy trans fe r, changing  ope ra ting  s che dule  
(re d is pa tch)

• Commands  for ope ra tor confirma tion 
(e .g ., L1 We s t Te rmina l:  ra is e  LTC two taps )

• Dire c t control of powe r- flow e le me nts  whe re  fa s t 
re s pons e  is  ne e de d  (e .g ., “Bus  3 :  SVC to 3 MVAr")
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Be ne fits  of DSR

Enab le s  more  powe r trans fe r ac ros s  a  line

Fos te rs  us e  of the  le a s t- cos t margina l powe r from re ne wab le  s ource s

Acce le ra te s  inte rconne c tion of re ne wab le  a s s e ts

Re duce s  conge s tion and  curta ilme nt

Enhance s  grid  re s ilie nce

Incre as e s  s itua tiona l aware ne s s

Supports  a s s e t he a lth ins ight
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Conclus ions

Trad itiona l me thods  us e d  s ta tic  ra tings  and  s ta te  e s tima tion

Now, proac tive  WAMPACS e mploys  dynamic  s ys te m ra ting  (DSR) 

DSR combine s  dynamic  powe r ra ting  (DPR) voltage  / angle  ca lcula tions  
to s upple me nt the rma l dynamic  line  ra ting  (DLR)

Re a l- time  ca lcula tion and  continge ncy ana lys is  re d ire c ts  and  re d is pa tche s  powe r flow

Maximum s a fe  powe r flow occurs  on line s  and  load  bus e s  in PMU monitore d  a re a

DSR re lieve s  grid  conge s tion and  curta ilme nt
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