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Objective:  

Develop a demand curve for the Alberta market that meets all 
the defined principles  

Meeting intent: 

Present AESO revised demand curve proposal which take into 
account: 

– Alberta government direction on resource adequacy standard 

– Stakeholder feedback on risk of over-procurement 

– Resource adequacy modeling results/UCAP procurement 
volume 

Two workable options, seeking to discuss trade offs and elicit 
workgroup feedback 
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Outline 

Discussion material: 

• Current Context 

• Assessment of Demand & Supply Shocks 

• Resource Adequacy Standard 

• Proposed Demand Curve Shape 
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Demand Curve Principles 

1. Ensure Supply Adequacy 

2. Efficiency and price formation 

3. Balance between achieving resource adequacy and 
controlling cost to consumers 

4. Alberta’s market stays attractive to investors 

5. Compatible with and robust enough to reasonably foresee 
changes in supply, demand, transmission, and energy 
prices 

6. Analysis should incorporate experience and lessons learnt 
from other jurisdictions 

 
*Full principles listed in CMD 



Demand Curve Parameters 
CMD 1 – Working Assumption Proposal 
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• Price cap set at the greater of 
1.75X Net CONE or 0.5X Gross 
CONE 

• Set the foot of the curve at a 
price of zero, and a quantity 
that performs to the resource 
adequacy target level (13% 
above the target quantity level) 

• Inflection point or “kink” of the 
curve is set at 0.875X Net 
CONE, at a quantity 4% above 
the target quantity 

– Setting the kink above the 
target quantity reflects the 
asymmetry of risk associated 
with under/over procurement 



Current Context 

1. Government policy direction of a minimum resource adequacy standard 

–  Minimum is not the ‘target’ volume in the CMD1 working assumption 

– Expect market to clear above and below target, achieving target on 
average; capacity volumes cannot be expected to go below the Gov’t 
minimum standard 

2. Stakeholders concerned the CMD1 working assumption proposal will 
lead to over procurement 

– Stakeholders expecting the market will incent new entry in single 
auction if prices above net CONE  

– Simulation suggest proposed shape will achieve net CONE on 
average, and long-term market entry will depend on expectations of 
net CONE on average  

3. Updated analysis with draft resource adequacy results and refined 
UCAP approach 
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Demand Curve Simulation Model 



Demand Curve Analysis 

Leveraging Brattle simulation tool to evaluate ability of various demand curve shape to meet 
objectives: 

1. Ensure Supply Adequacy  
measure reliability outcomes of various curves (average EUE (MWh), Frequency at Cap (%))  

2. Efficiency and price formation  
tool presumes market will find the equilibrium of LRMC, results focused on price volatility (std deviation 
of price, distribution of clearing price) 

3. Balance between achieving resource adequacy and controlling cost to consumers  
measure of total capacity market cost to consumers (average cost ($mil/yr)) 

4. Alberta’s market stays attractive to investors  
tool presumes market will find the equilibrium of LRMC, results focused on price volatility (same as 2) 

5. Compatible with and robust enough to reasonably foresee changes in supply, demand, 
transmission, and energy prices  
model tests impact of expected shocks in capacity market supply and demand on outcomes across 
curves 

6. Analysis should incorporate experience and lessons learnt from other jurisdictions 
leveraging Brattle’s expertise in other jurisdictions  

 

 
8 



Demand Curve Analysis 

• Simulates long-run equilibrium 

– Smart block sized to ensure recovery of cost (smart capacity 
investment) 

– Presumes capacity will only enter into market if expect to recover 
long-run average costs 

• Tests robust of demand curve to foreseeable shocks in supply and 
demand when going into auction  

– Resource adequacy and price volatility tested 

– Simulations consider shift in supply and demand leading up to 
capacity market auction 

– Risks to variability within the deliverability period captured in RAM  

– Supply curve shape guided by capacity market experience in other 
jurisdictions 
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Overview 
  Primary Model Results 

▀ Estimate average, range, and distribution of 
capacity market outcomes 
− Price, quantity, and reliability 
− Across annual and summer/winter auctions 

▀ Summarize results realized with different 
demand curve shapes 

  Approach 
▀ Input annual or seasonal supply curves and 

demand curves 
▀ Use a clearing model to calculate prices and 

quantities in the auction 
▀ Simulate a distribution of outcomes using a 

Monte Carlo analysis of realistic “shocks” to 
supply and demand 

▀ Average price over all draws must equal 
Net CONE, consistent with a market that 
supports entry at long-run marginal cost  

 

Supply 
Shocks 

Demand 
Shocks 

Range of 
Price 

Outcomes 

Range of 
Quantity 
Outcomes 

Supply and Demand Shocks  
(Illustrative) 

Supply 
Shocks 

Demand 
Shocks 

Range of 
Price 

Outcomes 

Range of 
Quantity 
Outcomes 

Originally provided to SAM ADC WG Oct 4, 2017   
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Demand and Reliability Modeling 
  Demand Curves 

▀ Options developed in collaboration with 
the working group  

▀ Arbitrary number of price-quantity pairs 
▀ Quantities are relative to the reliability 

requirement  
▀ Prices expressed as % of Net CONE  
 

  Reliability 
▀ Simulation reliability results are evaluated 

with respect to the reliability standard 
▀ Using quantity outputs, the EUE is 

tabulated over all simulation draws to 
estimate weighted-average reliability 
outcomes 

 
 

 
 

 
 

Demand Curve and Reliability 
(Illustrative) 

Target:  
100 MWh/year EUE 
(Preliminary Working 
Assumption) 

Minimum 
Acceptable:  

800 MWh/year 
EUE 

(Preliminary 
Working 

Assumption) 

EUE 
Curve 

Originally provided to SAM ADC WG Oct 4, 2017   
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Supply Modeling 
  Supply curves consist of three 

component pieces 
▀ Shape Blocks 

− Supply offers at prices above zero 
− Shape based on historical PJM offer curves 
− Scaled to total MW offers, which vary based on 

annual vs. summer/winter auction type 
− Independent of demand curve shape 

▀ Shock Block 
− Zero-priced supply block  
− Quantity varies with each draw to generate 

“shocks” to the supply curve 
− Represents expected year-to-year changes  

▀ Smart Block 
− Zero-priced supply block  
− Quantity adjusted such that the average price 

across all draws equals Net CONE 
− Quantity is constant across draws, but may be 

slightly different across demand curves  

 

 
 

 
 

Supply Curve Components  
(Illustrative) 

Smart 
Block 

Shock 
Block 

Shape 
Block 

Originally provided to SAM ADC WG Oct 4, 2017   



Assessment of Demand & Supply Shocks in 
Demand Curve Simulation Model 

 



Stakeholders expressed concern that the capacity market demand and supply 
shocks in the demand curve volatility model may be too large 
• Concerns that capacity market supply variability may currently be over-estimated, 

as the capacity market will reduce the boom-bust cycle of supply relative to 
historical levels 

• Concerns that demand (i.e., reliability requirement) shocks may be partially 
double-counting variability with the Resource Adequacy Model 

After reviewing the development of demand and supply shocks, we have 
reduced demand shocks from 4% to 3.2% but have left supply shocks at their 
original value (3.7%) 

Shock Size Assessment 

Shock Size Assessment Summary 

Shock Type Original Shock Size 
Assumptions 

Revised Shock Size 
Assumptions 

Demand 447 MW 
(4.0%) 

358 MW 
(3.2%) 

Supply Offers 419 MW 
(3.7%) 

419 MW 
(3.7%) 
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Original and Revised Demand and Supply Shock Standard Deviations 
(UCAP MW and % of Reliability Requirement) 
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Shock Size Assessment 

Development of Current Supply Shocks 

Cap at 1.75× Net 
CONE 

AESO 
Capacity 

Linear Trend 

Historical Standard Deviation of 
Supply = 3.7% 

Regions the  
Size of Alberta with 
range of ~3% to ~7% 

Variability in Supply in Other 
Capacity Markets 

Supply shocks shift the capacity market supply curve in each iteration of the simulation 
Current supply shocks are estimated based on historical variability in Alberta actual 
capacity (3.7%) and are within the range of variability in supply offers in other capacity 
market regions of similar size (ranging from 3% to 7%) 
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Shock Size Assessment 

Capacity Market Moderates Supply Shocks 

Stakeholder concern: capacity market 
should reduce the boom-bust of the 
investment cycle in Alberta 
• Capacity markets facilitate ordered 

entry and exit, which should reduce 
supply variability 

• However, this effect is reflected in the 
demand curve volatility model 

• As shown in the figure, modeled 
variability in net offered supply is ~25% 
less than variability in offered supply 

• Conclusion: there is no need to 
further reduce supply variability to 
account for the effect of the market 

Variability in 
Cleared 
Supply 

Variability in 
Offered 
Supply 

Modeled Variability in Cleared Supply is 
Less than Variability in Offered Supply 

Note: the supply curve used in the demand 
curve volatility model are based on 
experience in other markets where we do 
not see a horizontal segment at Net CONE 
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Shock Size Assessment 

Development of Current Demand Shocks 

Demand shocks shift the demand 
curve to account for load forecast 
uncertainty going into the auction 
Reminder of how current demand 
shock estimates were developed: 
• Demand shocks estimated based 

on size of 1-year historical load 
forecast error in Alberta (4%, see 
chart at right) 

• Demand shocks are slightly 
above the range of variability in 
demand in capacity market zones 
of similar size (1.6% - 3.8%, see 
table at right) 

Cap at 1.75× Net 
CONE 

Historical Peak Load Forecast by Forecast Year 

Variability in Demand in Comparably 
Sized Zones in Other Capacity Markets 



Shock Size Assessment 

Avoiding Double-Counting Demand Shocks 

Stakeholder concern: demand shocks may be partially double-counting 
variability with the Resource Adequacy Model (RAM) 
• Demand shocks in the demand curve volatility model should account for variation 

in load forecasts between auctions 
– Current estimate, based on 1-year of load forecast error is intended to capture this 

• Demand variability in the RAM should account for forecast error between the 
auction and delivery year 

– However, the resource adequacy model reflects 4-years of economic forecast error, 
suggesting that 1-year of economic forecast error may be double-counted 

• Reducing the demand shock by one-year’s worth of load forecast error (~0.8% 
points) to 3.2% would bring the demand shock estimate to within the range of 
comparably sized zones in other capacity markets (1.6% to 3.8%) 

Takeaway: reduce demand shock by 1-year’s economic forecast error (~0.8% 
points) to 3.2% 
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Price and Cost Reliability
Average 

Price
Standard 
Deviation 

of Price

Frequency 
at Cap

Average 
Cost

Average 
EUE (Before 

Intervention)

Average 
EUE (After 

Intervention)

Average 
Cleared 
Quantity

Average 
Uncleared 

Supply
Demand Curve ($/kW-yr) ($/kW-yr) (%) ($mil/yr) (MWh) (MWh) (MW) (MW)

1.75 × Net CONE, Original Shocks $139 $57 7% $1,667 400 139 12,029 258
1.75 × Net CONE, Reduced Shocks $139 $57 7% $1,651 400 155 11,935 256

Shock Size Assessment 

CMD1 Demand Curve with Reduced Shock Size 

Based on AESO’s updated expectation 
of shock sizes, the demand curve can 
be steeper and still achieve same 
reliability design objective 
• For a curve achieving 400 MWh EUE 

at a price cap of 1.75x Net CONE, the 
width drops by 13%, from 2,045 MW to 
1,773 MW with reduced shocks 
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Minimum 
Acceptable:  

964 MWh/year EUE 

UCAP MW 

% Min Acceptable 

Original vs. Updated Shocks Results 

1.75x Net CONE, 
Reduced Shocks 

1.75x Net CONE, Original Shocks 

Both curves tuned to the 
same 400 MWh EUE objective 

Steeper curve slightly 
reduces procured quantity 

Demand curves are 
illustrated based on 

gross demand. Market 
demand curve will be 
right-shifted before 

clearing to account for 
self-supply. 



Assessment of Demand & Supply Shocks 

• Re-evaluated shocks used in simulation tool 

• Adjustment led to small impacts to resulting curves 

 

Does the shocks assessment and adjustments address 
concerns? 
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Resource Adequacy Standard 



Alberta Historical Resource Adequacy 
Summary 

Event LOLEV (events) LOLH (hours) EUE (MWh) 
24-Jul-2006 1 1.8 465 
9-Jul-2012 1 3.0 330 
2-Jul-2013 1 1.1 177 
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10 year aggregate 3 5.9 972 

* Originally released in  SAM ADC Workgroup July 12, 2017 

Unserved energy due to bulk supply shortfall since 2006: 
– 100 MWh on average between 2006-2015 (0.0001%) 
– 465 MWh largest event (0.0007%) 

 
 

 



• Government policy direction sets out a minimum level of 
resource adequacy (maximum level of expected unserved 
energy) 

– Maximum of 0.0011% of energy unserved 
• roughly equivalent to current LTA rule (202.6) 

– Minimum        Target 
– Develop demand curve so that resource adequacy levels 

generally expected to exceed  
    minimum level 

Government Resource Adequacy Standard 
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Resource Adequacy Standard: 
New Concept for Demand Curve Tuning 
AESO undertook a revised approach for tuning the demand curve based on a 
maximum frequency at the price cap (i.e., maximum frequency below the 
minimum acceptable reliability), rather than average EUE to align with policy  
• Frequency at the cap more directly relates to the government’s minimum 

acceptable reliability objective 

• Allows the AESO to specify the risk of going into rebalancing auction short or 
having to intervene in the market   
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Objective Options 
Considered 

Advantages 

Prior Tuning Concept 
Average EUE Target 

Guide average EUE 
to a particular level  

100 MWh, 
400 MWh 

• Similar to approaches in other 
jurisdictions 

• Shape tends to be stable 
across time & model 
assumptions 

New Tuning Concept 
Maximum Frequency at the 
Cap 

Prevent frequent 
outcomes at the cap 
(i.e., below the 
minimum acceptable 
reliability) 

3%, 5%, and 
10% at cap 

• More directly relates to 
Government’s minimum 
reliability objective 

• Mitigates the risk of AESO 
market intervention 



Resource Adequacy Standard 

• Relying on policy direction to guide resource adequacy levels 
in demand curve development 

 

Any outstanding questions, comments or concerns? 
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Proposed Demand Curve Shape 



Proposed Curves 
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Proposal 1: More Convex Proposal 2: Less Convex 

Minimum Procurement Volume • Quantity equivalent to 0.0011% of energy 
unserved 

• Quantity equivalent to 0.0011% of energy 
unserved 

Tuning Objectives 

• 5% of capacity market outcomes at price 
cap acceptable (1 in 20 auctions) 

• Minimum resource adequacy target met 
in base auction 95% of time across 
shocks 

• 5% of capacity market outcomes at price 
cap acceptable (1 in 20 auctions) 

• Minimum resource adequacy target met 
in base auction 95% of time across 
shocks 

Price Cap • Maximum of 1.9 x Net CONE and 0.5 x  
Gross CONE 

• Minimum of 1.75 x Net CONE and 0.5 x  
Gross CONE 

Inflection Point • At quantity equivalent to 100 MWh EUE 
and 1.0X Net CONE 

• The inflection point is set at 40% of the 
total width and half of the price cap to 
ensure the left portion of the curve is 1.5x 
as steep as the right portion, consistent 
with the PJM shape. 

Maximum procurement 
quantity 

• Maximum procurement volume at 132% 
of Minimum Procurement Volume (at a 
Gross UCAP level) 

• Maximum procurement volume at 118% 
of Minimum Procurement Volume (at a 
Gross UCAP level) 

Methodology for developing each of the curves: 
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Demand Curve Performance 

• In line with the Demand Curve Principles, a demand curve can be 
considered to perform well if it: 

Can accommodate shocks in supply and demand 
Performs consistently to a reliability target, and typically above 
the minimum reliability standard 
Accommodates a wide range of possible outcomes, with 
changes in supply, allowing for a well functioning and 
competitive market 
Minimizes the scope of market power exercise 
Provides adequate revenue to incent entry and exit when 
required  i.e. leads to the ‘right’ level of capacity 
 

 



Demand Curve Evaluation  

• Capacity market conditions are simulated using a Monte 
Carlo simulation model 

– Model solves to size the smart block so that prices averages to 
net cone 

– Tests the impacts of capacity market supply/demand shocks 
on price and reliability outcomes under various demand curves 

• Key ‘characteristics’ are evaluated to assess if the curve is 
meeting the performance requirements 

– Price Volatility 

– Cleared capacity 

– Average reliability, and frequency  

– Total capacity cost 

 30 
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Candidate Demand Curves 

Performance of Candidate Curves 
Two Candidate Demand Curves Achieve 
Good Performance, But with Tradeoffs 
Among Reliability, Price Volatility, and Other 
Performance Measures 
• More Convex passes through 100 MWh 

EUE at Net CONE and achieves lower price 
volatility, but is approximately 3,700 MW 
wide 

• Less Convex achieves similar EUE and 
procurement cost but somewhat higher price 
volatility 

Two curves outside the reasonable range 
also shown in chart (“Lowest Reliability” 
and “Widest”) 

Minimum 
Acceptable:  

964 MWh/year EUE 

Less Convex 
1.75 × Net CONE, 5% at Cap 

More Convex 
1.9 × Net CONE, 5% at Cap 
Kink at 100 MWh EUE and Net CONE 

Lowest Reliability (Not 
Recommended) 

1.75 × Net CONE, 10% at Cap 

Widest (Not Recommended) 
1.75 × Net CONE, 5% at Cap 
Kink at 100 MWh EUE and Net CONE  

Demand Curve Results (with Reduced Shocks) 

UCAP MW 
% Min Acceptable 

Price and Cost Reliability
Average 

Price
Standard 
Deviation 

of Price

Frequency 
at Cap

Average 
Cost

Average 
EUE (Before 

Intervention)

Average 
EUE (After 

Intervention)

Average 
Cleared 
Quantity

Average 
Uncleared 

Supply
Demand Curve ($/kW-yr) ($/kW-yr) (%) ($mil/yr) (MWh) (MWh) (MW) (MW)

Widest $139 $39 5% $1,667 276 127 12,067 222
More Convex $139 $46 5% $1,666 276 128 12,047 229
Less Convex $139 $53 5% $1,665 266 118 12,042 247
Lowest Reliability $139 $62 10% $1,635 591 205 11,819 269

100 MWh/year 
EUE 

Demand curves are 
illustrated based on 

gross demand. Market 
demand curve will be 
right-shifted before 

clearing to account for 
self-supply. 



Candidate Demand Curves 

Price and Quantity Histograms 

Candidate demand curves achieve different price and quantity 
distributions, but both are acceptable 
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Less Convex 

1.75 × Net CONE, 5% at Cap 

Kink at 40% of Curve Width 

More Convex 

1.9 × Net CONE, 5% at Cap 

Kink at 100 MWh EUE and Net CONE 

Distribution of Clearing Price Distribution of Cleared Quantity 

Foot Kink Cap 

Net CONE 

Foot Kink Cap 

Minimum 
Acceptable:  

964 MWh/year 
EUE 

Foot Kink Cap Foot Kink Cap 

Minimum 
Acceptable:  

964 MWh/year 
EUE 

Net CONE 

Wider curve reduces 
price volatility with prices 
below Net CONE most of 
the time and occasionally 
rising toward the cap 

Reliability is nearly identical for both curves 



Candidate Demand Curves 

Qualitative Considerations 

While both demand curves achieve similar performance in 
long run equilibrium: 
• Both achieve Government resource adequacy standard 
• Similar average price and cost level  

 There are several additional considerations for 
comparison in the short-term: 
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Consideration Proposal 1: More Convex Proposal 2: Less Convex 

Risk of Over-Procurement 

• Has relatively lower risk when market is 
short and higher risk when market is long 

• Over-procurement when long may be a 
particular concern if market is 
expected to be long in the early years 

• Has relatively lower risk when market is 
long and higher risk when market is short 

• Over-procurement may be less of a 
concern when market is short 

Exposure to the Exercise of 
Market Power 

• Has relatively lower risk right of the 
quantity corresponding to 100 MWh EUE 
and higher risk to the left of that point 

• Has relatively lower risk left of the 
quantity corresponding to 100 MWh EUE 
and higher risk to the right of that point 

Consistency with Incremental 
Value of Capacity 

• Demand curve price substantially 
exceeds marginal reliability value at 
higher quantities 

• Demand curve price may still exceed 
marginal reliability value at higher 
quantities, but my a much smaller margin 



Candidate Demand Curves 

Market Comparison Benchmarks 

AESO’s Less Convex curve is wider than those of larger U.S. capacity 
markets, but consistent with similarly sized New York City zone.  AESO More 
Convex curve is substantially wider than other markets 

 

34 Notes: 100% of the Reliability Requirement  corresponds to 400 MWh EUE for the AESO and 1-in-10 LOLE for the U.S. markets 

            NYISO and NYC curves are 2018 summer period curves, ISO-NE curve is FCA11 MRI curve, and PJM curve is 2021/22 BRA VRR curve. 

AESO 

Less Convex 

1.75 × Net CONE, 5% at Cap 

AESO 

More Convex 

1.9 × Net CONE, 5% at Cap 

Kink at 100 MWh EUE and Net CONE 

NYISO 

ISO-NE 

PJM 

New York City 

Minimum Acceptable:  

964 MWh/year EUE 



Discussion & Next Steps 

• Seeking feedback from the workgroup on the revised 
proposals: 

– Do the proposed curves meet the principles? 

– Are previous concerned addressed? 

– Any new concerns? 

– Are all the trade-offs considered? 

 

• AESO will provide update in CMD Final 
• Written feedback requested by June 22 

• Consultation on the demand curve will be on-going  
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Additional Materials 



Sensitivities 
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New Demand Curve Tuning Concept 

Demand Curves with Revised Tuning Concept 
New tuning concept can be used to develop 
similar curves with similar performance to the 
prior tuning concept 
• Mid frequency at cap (5%): results in similar 

curve to 400 MWh EUE curve, with similar 
price volatility, somewhat better reliability, and 
somewhat higher cost 

• Lower frequency at cap (3%): results in 
flatter, wider curve, with lower price volatility 
and higher cost 

• Higher frequency at cap (10%): results in 
steeper, narrower curve with higher price 
volatility and lower cost 

Minimum 
Acceptable:  

964 MWh/year EUE 

Demand Curve Results by Design Objective (with Reduced Shocks) 

400 MWh EUE 

Target 

(Prior Concept) 

5% at Cap 

(New Concept) 

3% at Cap 

(New Concept) 10% at Cap 

(New Concept) 

UCAP MW 

% Min Acceptable 

Price and Cost Reliability
Average 

Price
Standard 
Deviation 

of Price

Frequency 
at Cap

Average 
Cost

Average 
EUE (Before 

Intervention)

Average 
EUE (After 

Intervention)

Average 
Cleared 
Quantity

Average 
Uncleared 

Supply
Demand Curve ($/kW-yr) ($/kW-yr) (%) ($mil/yr) (MWh) (MWh) (MW) (MW)

Prior Tuning Concept
400 MWh EUE $139 $57 7% $1,651 400 155 11,935 256

New Tuning Concept
3% at Cap $139 $49 3% $1,680 177 88 12,147 239
5% at Cap $139 $53 5% $1,665 266 118 12,042 247
10% at Cap $139 $62 10% $1,635 591 205 11,819 269

Demand curves are 
illustrated based on 

gross demand. Market 
demand curve will be 
right-shifted before 

clearing to account for 
self-supply. 



Price and Cost Reliability
Average 

Price
Standard 
Deviation 

of Price

Frequency 
at Cap

Average 
Cost

Average 
EUE (Before 

Intervention)

Average 
EUE (After 

Intervention)

Average 
Cleared 
Quantity

Average 
Uncleared 

Supply
Demand Curve ($/kW-yr) ($/kW-yr) (%) ($mil/yr) (MWh) (MWh) (MW) (MW)

Less Convex
Base $139 $53 5% $1,665 266 118 12,042 247
25% Admin Net CONE Over-Estimate $139 $61 1% $1,699 71 48 12,280 260
25% Admin Net CONE Under-Estimate $139 $38 23% $1,609 1,546 351 11,633 224

More Convex
Base $139 $46 5% $1,666 276 128 12,047 229
25% Admin Net CONE Over-Estimate $139 $39 1% $1,724 42 34 12,442 217
25% Admin Net CONE Under-Estimate $139 $44 23% $1,604 1,563 372 11,605 232

Candidate Demand Curves 

Performance of Candidate Curves Sensitivities 

Both demand curves perform well under a range of sensitivities.  The biggest 
performance risk for both being underestimating Net CONE 
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Under-estimating Net CONE 
significantly reduces reliability 
and increases frequency at cap 

Steeper curves mitigate 
excess cost if Net CONE 
is overestimated 
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