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Reserve Markets

• Energy Markets alone are not able to capture the 
reliability aspects of power system resources.

• Reserves Market are a natural extension to Energy 
Markets, which inherently model reliability.

• Most electricity markets have or are moving 
towards having a Reserves Market.

ECONOMICS SECURITY
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Reserve Markets

• In a Reserves Market generators supply bids to 
sell the ability to increase their production if called 
to do so. 

• In order to maximize profit, the producer will 
determine the best combination of bids to produce 
energy and provide reserve.

• Energy and reserve should consequently be 
cleared simultaneously through a co-optimization
process. 
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Reserve Markets

• Co-optimization of energy and reserves results in:
– Optimal generation dispatch set-points and reserve 

assignments 
– Energy locational marginal prices (LMP)
– Reserve market clearing prices (RMCP)

• Problem is numerically solved using an OPF that 
includes resource reserve controls and area or 
zone reserve constraints.

• PowerWorld: OPF Reserves
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Reserve Resource Controls

• Generators (and loads) can provide the following 
types of reserve:
– Regulation Reserve (RR)
– Spinning Reserve (SR)
– Non-Spinning 

or Supplemental Reserve (XR)
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Reserve Resource Controls

• Spinning and supplemental reserve are positive 
quantities.

• Regulation reserve is a bidirectional control.
– Two ways to model regulation controls:

1. As two independent controls: regulation reserve up 
(RR+) and regulation reserve down (RR−). 

2. As a single control. In this case the unit provides 
the same amount of regulating reserve in both 
directions. 
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Reserve Resource Controls

• Spinning and supplemental reserves combined 
together provide Contingency Reserve (CR)

• Contingency reserve plus regulating reserve up is 
called Operating Reserve (OR)

RR+ + SR + XR = OR
RR+ + CR = OR 
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Reserve Resource Controls

Spinning and Supplemental 
Reserve Control Availability

Spinning and Supplemental 
Limits and Prices

Regulation Reserve Limits 
and prices

Generators
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Reserve Constraints

• Specified at Area/Zone level.
– Operating Reserve: OR ≥ ORReq

– Regulating Reserve:  RR ≥ RRReq

– Contingency Reserve:  CR ≥ CRReq

– Some systems require that a 
percentage of the contingency 
reserve be spinning: SR ≥ %CR
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Reserve Constraints

OPF page is used to 
show OPF results and 
to define reserve 
benefit curves

Define demand curves 
for Area Reserve. 
These are positive, 
descending values.

Reserve Requirements are specified as Demand Curves.
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Reserve Constraints

Area Regulating Reserve 
Demand Curve

10 20 30 40 50    60 70 80 MW
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Reserve Constraints

• Sometimes we want to model a single value for the 
Area Reserve Constraint.
• For instance, suppose reserve is valued at $300/MWh, 

and there is a Reserve Requirement of 50MW. 
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Reserve Controls and Constraints

Operating (OR)

Regulating (RR)

Contingency (CR)

Supplemental (XR)Spinning SR)

Generator or Load Controls

Area or Zone
Constraints
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Objective Function

• The LP problem consists in maximizing total 
surplus:
Total Surplus = Benefit − Costs

• Up Regulation Reserve Cost
• Down Regulation Reserve Cost
• Spinning Reserve Cost
• Supplemental Reserve Cost

• Up Regulation Reserve Surplus
• Down Regulation Reserve Surplus
• Contingency Reserve Surplus
• Operating Reserve Surplus
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OPF Main Dialog

Check OPF 
Reserves Option.
This solves the 
LP-OPF including 
reserve controls 
and constraints

Solve LP OPF 
Including 
Reserves
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Example: Single Area System

Reserve Control Availability Available MW and 
prices of reserve controls

3-bus case with 3 generators
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Example: Single Area System

• Control variables:
– P1,  P2,  P3 (Generator MW Output)
– P1

RR+,  P2
RR+ (Gen Up Regulation Reserve)

– P1
RR−,  P2

RR − (Gen Down Regulation Reserve)
– P1

SR,  P2
SR (Gen Spinning Reserve)

– P2
XR,  P3

XR (Gen Supplemental Reserve)
– A1

RR+ (Area Up Regulation Reserve) 
– A1

RR− (Area Down Regulation Reserve)
– A1

CR (Area Contingency Reserve)
– A1

OR (Area Operation Reserve)
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Example: Single Area System

• Constraints:
P1 + P2 + P3 = PLOAD (Power Balance)
Sjk ≤ Sjk

max (Line Limits)

P1
RR+ +  P2

RR+ = A1
RR+ (RR+ Balance)

P1
RR− +  P2

RR − =A1
RR− (RR− Balance)

P1
SR + P2

SR + P2
XR + P3

SR + P3
XR =A1

CR (CR Balance)
P1

RR+ +P1
SR +P2

RR+ + P2
SR + P2

XR + P3
SR + P3

XR =A1
OR (OR Balance)

Pi + Pi
RR+ + Pi

SR + Pi
XR ≤ Pi

max (Gen Max Limits)
Pi

min  ≤ Pi − Pi
RR− (Gen Min Limits)
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OPF Reserves Solution

Area Reserve LP Variables

Area Reserve Slack 
Variables

Generator Energy, RR+, RR−, SR 
and XR control LP variables
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Spinning Percent Constraint

• Some markets require the spinning reserve of a 
zone to be at least a certain percentage of the 
contingency reserve of that zone.
– This ensures that enough “local” spinning reserve is 

available to respond to unexpected events.

• In example, the spinning percent constraint is:

P1
SR + P2

SR + P3
SR ≥ SR% × Z1

CR
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Spinning Percent Example

• Consider the 3-bus case with contingency reserves 
only.

• Since this case has only one area and one zone, 
which are the same, let us apply a 40% percent 
requirement to the Area Spinning Reserve.

• Assume the following generator data:

Gen Records

Spn Avail. Sup Avail SPN Max SUP Max SPN Price SUP Price
NO NO 120 10 6 5

YES YES 30 48 4 3.2

YES YES 30 36 4.5 3.7

Gen1

Gen2
Gen3
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Spinning Percent Example
Solution 
w/o SPN% 
Enforced

Solution 
with SPN% 
Enforced
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Spinning Percent Example
75% 
Solution
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Multiple Area/Zone Case
AREA A

AREA B

ZONE 1

ZONE 2

ZONE 3

Interface A->B

slack

1.00 pu

1.00 pu
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1.04 pu

0.99 pu
1.05 pu
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MVA
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MVA
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A
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 25 MW

One Three
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Six Seven

 15 MW

186 MW

 50 MW
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110 MW
 40 Mvar 100 MW

 30 Mvar

150 MW
 40 Mvar

 40 MW
 20 Mvar

 80 MW

150 MW
  0 Mvar

180 MW
  0 Mvar

AGC ON

AGC ON
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Eight

Nine Ten
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A

MVA

A

MVA

A

MVA

 150 MW
  60 Mvar

100.00 MW

A
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 13 MW

 13 MW

155 MW
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100.00 MW

150 MW

  7 MW

 87 MW

 100 MW
AGC ON

 89%
A

MV A

100%
A

MVA
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Multiple Area/Zone Case

• 2 Areas and 3 Zones
• 10-bus, 6-gen case
• Assume the following reserve constraint requirements:

Enforce Requirement
OPR REG CTG OPR REG CTG

Area A YES YES 150 @ 400 80 @ 300
Area B YES YES 90 @ 250 60 @ 150
Zone 1 YES 65 @ 300
Zone 2 YES 45 @ 140 
Zone 3 YES 35 @ 120
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Area Results

AREA A

AREA B

Area A enforces Operation and Regulation 
Reserve. Prices are obtained for each one 
of these constraints. There is scarcity 
pricing so the price is given by the demand 
curve. 

Area B enforces Operation and 
Contingency reserve. There is scarcity 
pricing. 
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Zone Results

ZONE 1

ZONE 2

ZONE 3
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Reserves 3-D Visualization
Supplemental Reserve
Spinning Reserve
Regulating Reserve Up
Generator MW
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Impact of Available Reserve
Supplemental Reserve
Spinning Reserve
Regulating Reserve Up
Generator MW
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Time Step Simulations

• Simulator can obtain 
hour-by-hour power flow 
and OPF solutions using 
the Time Step Simulation 
(TSS) Tool.

• TSS supports simulation 
of reserve markets
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Time Step Simulations

• Generator Results:

Verify 
change in 
Reserve Bid 
Prices

Generator  
hourly cleared 
energy output

Generator  hourly 
regulating reserve

Generator  hourly 
spinning reserve

Generator  hourly 
supplemental reserve
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Time Step Simulations
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Conclusions

• Reserve Markets capture the reliability aspects of 
power system resources by co-optimizing energy 
and reserve. 

• Price signals determined in a Reserves Market 
capture the reliability requirements.

• Future enhancements include:
– Detailed reserve price resolution
– Tight integration with SCOPF
– Detailed modeling of ramp constraints
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