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Current issues in power systems 
• Key driver - decarbonisation 

‒ Greater variability of supply, other issues such as integrating 

complementary technologies such as storage – more or less network? 

• More complex trading – between people and countries 

‒ Larger computer models, more complex control strategies 

• Doing things more efficiently 

‒ Using risk based approaches instead of traditional deterministic 

heuristics 

• All of these require expert judgment 

‒ What does planning background look like? 

‒ How much data (in the traditional sense) do we have? 

 

• Expertise in and acceptance of expert judgment 

‒ Expert judgment does not always get a good press 

‒ Limited statistical expertise in the industry 



∂ EXAMPLE: ADEQUACY 

ASSESSMENT 
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Risk of absolute supply shortages 
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Risk of absolute supply shortages 
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Risk of absolute supply shortages 
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Risk of absolute supply shortages 
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Adequacy assessment: formulation 
• Snapshot margin of available generating capacity over demand 

𝑍 = 𝑋 + 𝑌 − 𝐷 = 𝑀 + 𝑌 

‒ 𝑋, 𝑌: available existing and additional generating capacity, 𝐷: demand 

‒ Loss of Load Probability:  
LOLP = P(𝑍 < 0) 

‒ Expected Power Unserved: 
EPU = E[max −𝑍, 0 ] 

• Unified framework for annual peak and whole season calculations 

‒ 𝑋, 𝑌, 𝐷: demand and available capacity at a randomly chosen time 

‒ Expectation values conditional on assumed state of knowledge 
 

LOLE = P(𝑍𝑡 < 0)
𝑡

= 𝑛periods LOLP  

EEU = 𝑡period E[max −𝑍𝑡, 0 ]
𝑡

= 𝑛periods𝑡period EPU  
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Limited historic data (objectivity?) 
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System background scenario 

• What scenarios 

• How to take decisions? 

‒ Assign subjective probabilities and define utility? 

‒ Look for solution which has most benign worst outcome? 
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Station 

outages 
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Hot weather 
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Cold weather 
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Cold weather 
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How to take decisions on HILP events 
• Data 

‒ These events do not happen very often 

‒ And events of a given class may not be homogeneous (in basic 

nature, or in location e.g. of weather) 

‒ If weather is relevant, over what period might one assume stationary 

climate  

• What are the possible consequences of extreme weather events? 

 

• Major concern in N America that adequacy risk models which 

utilities use are largely meaningless in winter – how to do 

alternative statistical modelling and plan mitigation measures 

systematically? 

 



∂ EXAMPLE: CAPITAL 

PLANNING 
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Network investment 
• Network investment to achieve economic 

balance between capital costs and costs 

of finite network capacity constraining 

generation schedule 

‒ Uncertainties in location of plant, 

availability properties, demand growth, etc 

etc etc 

‒ Need to imagine being the system planner 

and quantifying that entity’s uncertainty 

about system background 

‒ Fairly standard decision problem, 

challenges coming in computational 

complexity (use emulators?) 

‒ Watch this space: Antony Lawson (with 

Michael Goldstein) 
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Generation investment (e.g. DDM) 

• How to project investment in generating plant 

‒ Design of markets, prices in capacity market 

‒ Need to imagine being market designer/operator, and 

make that entity’s assessment of judgments of gencos!! 

‒ How to draw conclusions about real world? 

‒ Watch this space: Meng Xu and Amy Wilson 
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Conclusions 
• Expert judgment is everywhere in power system planning 

‒ This is widely (implicitly) recognised when looking at 

development of scenarios against which to plan 

‒ It is less often thought of in terms of quantifying uncertainty 

in evolution of system background 

‒ Apart from people in this room, I see very few people in 

power systems talking about the methods discussed today! 

‒ Communication of higher mathematical/statistical methods 

can be difficult as skills are not widespread (particularly in 

industry) – but there are many genuinely useful techniques 

available (not just toys for people like me to play with!!) 

‒ There is very little analysis of relationship between modelling 

results and real systems 
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Durham University 

• ‘Risk and Reliability Modelling of Energy Systems’ day, 12 

November, Google Durham Risk Day 


