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PROBLEM
The energy transition is tightening operating margins for 
managing congestion in the Power Grid Control Room. 	
Current tools to help with aid the operator are only one- 
directional: the operator is not involved

 GOAL
Enable collaborative congestion remediation and move 
towards a unified AI-powered control room interface. 
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Key findings 
 
●  Integrating AI into critical decision support requires human    
and AI teaming. 
 
●  Collaboration needs shared situational awareness built in a 
shared environment. 
 
●  The environment should enable mutual initiative and co-
iteration, combining strengths to optimise outcomes. 
 
●  Interactive tools enable proactive congestion remediation, 
which increases situational awareness for the intraday and 
day ahead timeframes 
 
●  Proactive planning for intraday and day ahead timeframes 
enables the creation of robust plans in uncertainty, increasing 
situational awareness in the forecast horizon

Congestion 
forecasts

Targetted 
optimisations

Adopted 
remediation

plans

APPROACH
Observations in the control room
 
Framing how collaboration modes change across operational 
timeframes 
 
Defining core collaborative  interaction patterns based on 
timeframes
 
Derive design implications analysis using scenario based design 
 
Enable collaboration through design interventions
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Section A - Identification
AI[P] [1/4]Perceives outage of element and severe violation of 
security constraints
AI[Suggests] [4]Conveys urgency to act based on violation
Operator[P] [4]Perceives notification and identifies problem
Operator[D] [4]Decides action is needed now

Section B - Congestion remediation optimisations
Operator[P] [2]Looks at existing remediation plans based on N-1 
calculation
Operator[D] [2]Decides on quick N-2 validation with most recent 
data
Operator[A] [1]Specifies constraints for optimisation(t<5 mins, 
focus on region X)
AI[A] [1] Executes constrained N-2 optimisation 
AI[Present] [1]Shows results with trade- offs.

Section C - Evaluation
Operator[P] [4]Evaluates results and effectiveness of options
Operator[D] [4]Chooses plan than remediates congestion for N-2
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Section A - Problem Identification
AI[Presents] [4]Shows congestion is expected and remediation required
Operator[P] [4] Comprehends the expected congestion
Operator[D] [5] Decides to develop a staggered congestion remediation 
plan to cope with moderate uncertainty

Section B - Iteration loop from effective baseline
Operator [P] [4] reviews the N-1 strategy plans; one substation 
configuration dominates across effective strategies
Operator [D] [4] judges strategy effective as starting point, but 
wants to balance  reduction of congestion and the complexity of the 
plan
Operator [A] [1] Set constrainting substation configuration and 
request new N-1 optimisation for second substation configuration
AI [A] [2] runs constrained N-1 Calculations
AI [Suggests] [4] presents results and makes recommendation

Section C - Iteration loop for staggered strategies
Operator[P] [4]  Analyses results; highlighting persistent moderate 
congestion in 2 areas
Operator[D] [4] Operator adopts most effective strategy; wants to 
target optimisation for residual congestion in region A and B
Operator [A] [1] Set switch and staggered target regions, requesting 
new N-1 optimisation
AI [A] [2] runs constrained N-1 Calculations
AI [Presents] [2] presents constrained optimisation results for 2 
scenarios

Section D - Acceptance and adoption
Operator [P] [4] reviews results, uncertainty covered by staggered 
actions
Operator [D] [5] judges remedial actions effective; adopts plan with 
staggered actions
Operator [A] [1] Sets system to run subsequent optimisations on 
updated forecasts and to notify when congestion development increases 
to outside the capabilities of the plan

Section E - Monitoring
AI [A] [3] System runs subsequent cyclic optimisations following the 
plan
AI [A] [4] Sytem monitors KPIs in order to notify operator when 
effectivity reduces
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Section A - Problem framing
AI[Presents] [4] Shows 4 different congestion forecasts; congestion is 
expected in all forecasts and remediation required
Operator[P] [6] Notes congestion across forecasts differs in severity and 
location across grid and recognises a weather- driven uncertainty pattern: 
congestion is very likely to happen, but where and how much remains 
uncertain because it is significantly different between forecasts

Section B - Strategising diverging forecasts
Operator[D] [6] Decides to develop a scenario- based remediation plans to 
account for (weather based) locational uncertainty
Operator [A] [4] Requests a N-1 optimisation studies for 2 relevant 
diverging forecasts, possibly constrained
AI [A] [2] Runs 2 new baseline forecasts (scenarios) N-1 optimisations
AI [Presents] [2] presents constrained optimisation results for 2 
scenarios/forecasts

Section C - Finding overlapping strategies for single robust plan
Operator[P] [4]  Analyses results; different solutions have been found for 
each forecast
Operator[D] [5]  Operator wants to see if there is a strategy that works 
for both scenarios
Operator[A] [3] Prompts the AI to runs studies, applying set of strategies 
from opposite scenerios
AI [A] [2] Runs constrained set of strategies to find outcome
AI [Presents] [2] Presents study results

Section D -  Iteration loop for staggered strategies
Operator[P] [4] Analyses results; strategies have an overlap
Operator[D] [5] A robust plan that covers both scenarios can be adopted, 
but needs consecutives actions to be more effective. Staggered plan is 
required
Operator [A] [1] Set constrainting substation configuration and request new 
N-1 optimisation 
AI [A] [2] Runs constrained N-1 Calculations
AI [Presents] [2] Presents constrained optimisation results for 2 scenarios

Section E - Evalutation
Operator[P] [5]  Analyses results; staggered plan is robust effective
Operator[D] [5]  Due to the long timespan of this congestion the operator 
decides to wait for implementation and monitor the effectivity of the plan
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Section A - Identification
AI[P] [1/4]Perceives outage of element and severe violation of 
security constraints
AI[Suggests] [4]Conveys urgency to act based on violation
Operator[P] [4]Perceives notification and identifies problem
Operator[D] [4]Decides action is needed now

Section B - Congestion remediation optimisations
Operator[P] [2]Looks at existing remediation plans based on N-1 
calculation
Operator[D] [2]Decides on quick N-2 validation with most recent 
data
Operator[A] [1]Specifies constraints for optimisation(t<5 mins, 
focus on region X)
AI[A] [1] Executes constrained N-2 optimisation 
AI[Present] [1]Shows results with trade- offs.

Section C - Evaluation
Operator[P] [4]Evaluates results and effectiveness of options
Operator[D] [4]Chooses plan than remediates congestion for N-2
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Section A - Problem Identification
AI[Presents] [4]Shows congestion is expected and remediation required
Operator[P] [4] Comprehends the expected congestion
Operator[D] [5] Decides to develop a staggered congestion remediation 
plan to cope with moderate uncertainty

Section B - Iteration loop from effective baseline
Operator [P] [4] reviews the N-1 strategy plans; one substation 
configuration dominates across effective strategies
Operator [D] [4] judges strategy effective as starting point, but 
wants to balance  reduction of congestion and the complexity of the 
plan
Operator [A] [1] Set constrainting substation configuration and 
request new N-1 optimisation for second substation configuration
AI [A] [2] runs constrained N-1 Calculations
AI [Suggests] [4] presents results and makes recommendation

Section C - Iteration loop for staggered strategies
Operator[P] [4]  Analyses results; highlighting persistent moderate 
congestion in 2 areas
Operator[D] [4] Operator adopts most effective strategy; wants to 
target optimisation for residual congestion in region A and B
Operator [A] [1] Set switch and staggered target regions, requesting 
new N-1 optimisation
AI [A] [2] runs constrained N-1 Calculations
AI [Presents] [2] presents constrained optimisation results for 2 
scenarios

Section D - Acceptance and adoption
Operator [P] [4] reviews results, uncertainty covered by staggered 
actions
Operator [D] [5] judges remedial actions effective; adopts plan with 
staggered actions
Operator [A] [1] Sets system to run subsequent optimisations on 
updated forecasts and to notify when congestion development increases 
to outside the capabilities of the plan

Section E - Monitoring
AI [A] [3] System runs subsequent cyclic optimisations following the 
plan
AI [A] [4] Sytem monitors KPIs in order to notify operator when 
effectivity reduces
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Section A - Problem framing
AI[Presents] [4] Shows 4 different congestion forecasts; congestion is 
expected in all forecasts and remediation required
Operator[P] [6] Notes congestion across forecasts differs in severity and 
location across grid and recognises a weather- driven uncertainty pattern: 
congestion is very likely to happen, but where and how much remains 
uncertain because it is significantly different between forecasts

Section B - Strategising diverging forecasts
Operator[D] [6] Decides to develop a scenario- based remediation plans to 
account for (weather based) locational uncertainty
Operator [A] [4] Requests a N-1 optimisation studies for 2 relevant 
diverging forecasts, possibly constrained
AI [A] [2] Runs 2 new baseline forecasts (scenarios) N-1 optimisations
AI [Presents] [2] presents constrained optimisation results for 2 
scenarios/forecasts

Section C - Finding overlapping strategies for single robust plan
Operator[P] [4]  Analyses results; different solutions have been found for 
each forecast
Operator[D] [5]  Operator wants to see if there is a strategy that works 
for both scenarios
Operator[A] [3] Prompts the AI to runs studies, applying set of strategies 
from opposite scenerios
AI [A] [2] Runs constrained set of strategies to find outcome
AI [Presents] [2] Presents study results

Section D -  Iteration loop for staggered strategies
Operator[P] [4] Analyses results; strategies have an overlap
Operator[D] [5] A robust plan that covers both scenarios can be adopted, 
but needs consecutives actions to be more effective. Staggered plan is 
required
Operator [A] [1] Set constrainting substation configuration and request new 
N-1 optimisation 
AI [A] [2] Runs constrained N-1 Calculations
AI [Presents] [2] Presents constrained optimisation results for 2 scenarios

Section E - Evalutation
Operator[P] [5]  Analyses results; staggered plan is robust effective
Operator[D] [5]  Due to the long timespan of this congestion the operator 
decides to wait for implementation and monitor the effectivity of the plan
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Section A - Identification
AI[P] [1/4]Perceives outage of element and severe violation of 
security constraints
AI[Suggests] [4]Conveys urgency to act based on violation
Operator[P] [4]Perceives notification and identifies problem
Operator[D] [4]Decides action is needed now

Section B - Congestion remediation optimisations
Operator[P] [2]Looks at existing remediation plans based on N-1 
calculation
Operator[D] [2]Decides on quick N-2 validation with most recent 
data
Operator[A] [1]Specifies constraints for optimisation(t<5 mins, 
focus on region X)
AI[A] [1] Executes constrained N-2 optimisation 
AI[Present] [1]Shows results with trade- offs.

Section C - Evaluation
Operator[P] [4]Evaluates results and effectiveness of options
Operator[D] [4]Chooses plan than remediates congestion for N-2
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Section A - Problem Identification
AI[Presents] [4]Shows congestion is expected and remediation required
Operator[P] [4] Comprehends the expected congestion
Operator[D] [5] Decides to develop a staggered congestion remediation 
plan to cope with moderate uncertainty

Section B - Iteration loop from effective baseline
Operator [P] [4] reviews the N-1 strategy plans; one substation 
configuration dominates across effective strategies
Operator [D] [4] judges strategy effective as starting point, but 
wants to balance  reduction of congestion and the complexity of the 
plan
Operator [A] [1] Set constrainting substation configuration and 
request new N-1 optimisation for second substation configuration
AI [A] [2] runs constrained N-1 Calculations
AI [Suggests] [4] presents results and makes recommendation

Section C - Iteration loop for staggered strategies
Operator[P] [4]  Analyses results; highlighting persistent moderate 
congestion in 2 areas
Operator[D] [4] Operator adopts most effective strategy; wants to 
target optimisation for residual congestion in region A and B
Operator [A] [1] Set switch and staggered target regions, requesting 
new N-1 optimisation
AI [A] [2] runs constrained N-1 Calculations
AI [Presents] [2] presents constrained optimisation results for 2 
scenarios

Section D - Acceptance and adoption
Operator [P] [4] reviews results, uncertainty covered by staggered 
actions
Operator [D] [5] judges remedial actions effective; adopts plan with 
staggered actions
Operator [A] [1] Sets system to run subsequent optimisations on 
updated forecasts and to notify when congestion development increases 
to outside the capabilities of the plan

Section E - Monitoring
AI [A] [3] System runs subsequent cyclic optimisations following the 
plan
AI [A] [4] Sytem monitors KPIs in order to notify operator when 
effectivity reduces
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Section A - Problem framing
AI[Presents] [4] Shows 4 different congestion forecasts; congestion is 
expected in all forecasts and remediation required
Operator[P] [6] Notes congestion across forecasts differs in severity and 
location across grid and recognises a weather- driven uncertainty pattern: 
congestion is very likely to happen, but where and how much remains 
uncertain because it is significantly different between forecasts

Section B - Strategising diverging forecasts
Operator[D] [6] Decides to develop a scenario- based remediation plans to 
account for (weather based) locational uncertainty
Operator [A] [4] Requests a N-1 optimisation studies for 2 relevant 
diverging forecasts, possibly constrained
AI [A] [2] Runs 2 new baseline forecasts (scenarios) N-1 optimisations
AI [Presents] [2] presents constrained optimisation results for 2 
scenarios/forecasts

Section C - Finding overlapping strategies for single robust plan
Operator[P] [4]  Analyses results; different solutions have been found for 
each forecast
Operator[D] [5]  Operator wants to see if there is a strategy that works 
for both scenarios
Operator[A] [3] Prompts the AI to runs studies, applying set of strategies 
from opposite scenerios
AI [A] [2] Runs constrained set of strategies to find outcome
AI [Presents] [2] Presents study results

Section D -  Iteration loop for staggered strategies
Operator[P] [4] Analyses results; strategies have an overlap
Operator[D] [5] A robust plan that covers both scenarios can be adopted, 
but needs consecutives actions to be more effective. Staggered plan is 
required
Operator [A] [1] Set constrainting substation configuration and request new 
N-1 optimisation 
AI [A] [2] Runs constrained N-1 Calculations
AI [Presents] [2] Presents constrained optimisation results for 2 scenarios

Section E - Evalutation
Operator[P] [5]  Analyses results; staggered plan is robust effective
Operator[D] [5]  Due to the long timespan of this congestion the operator 
decides to wait for implementation and monitor the effectivity of the plan
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