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Presentation OutlinePresentation Outline

ISO net surplus (congestion rent) determination in ISO net surplus (congestion rent) determination in 
wholesale power markets with congestion managed by LMPwholesale power markets with congestion managed by LMP

Context for computational experiments: AMES testbedContext for computational experiments: AMES testbed

AMES =AMES = AAgentgent--basedbased MModeling ofodeling of EElectricitylectricity SSystemsystems

Illustrative findings:Illustrative findings: H. Li and L. Tesfatsion, H. Li and L. Tesfatsion, ““ISO net ISO net 
surplus collection & allocation in U.S. wholesale power surplus collection & allocation in U.S. wholesale power 
markets under locational marginal pricing,markets under locational marginal pricing,”” IEEE Transactions IEEE Transactions 
on Power Systems, on Power Systems, Vol. 26, to appear.Vol. 26, to appear.
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U.S. Federal Energy Regulatory Commission U.S. Federal Energy Regulatory Commission 
(FERC) Market Design Proposed for U.S.(FERC) Market Design Proposed for U.S.

• Wholesale power markets to be managed by market
operators with no ownership stake (ISOs/RTOs)

• Two-settlement system: Concurrently operating day-
ahead market & real-time balancing market

• Transmission grid congestion to be managed via Locational 
Marginal Prices (LMPs), where 
LMP at bus k ≅ least cost to system of servicing one

more MW of fixed demand at bus k

• Market power mitigation by outside agency
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Seven US Energy Regions Have Adopted 
FERC’s Market Design to Date

= FERC Market Design Adopted
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MISO BPM-002-r8 (7 July 2010), p. 7-3

Focus of Talk
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Key ISO DayKey ISO Day--Ahead and RealAhead and Real--Time Market Time Market 
Activities During Each Operating Day DActivities During Each Operating Day D
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Form of GenCo Supply Offers in MISO
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Form of GenCo Supply Offers in MISO
BPM-002-r8, 4.2.2.2.1, p. 4-26 (July 7, 2010)

*

xxx
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LSE Price-Sensitive Demand Bids in MISO
BPM-002-r8, 4.3.2, 4-84 (July 7, 2010)
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ISO Net Surplus: 2ISO Net Surplus: 2--Bus Example with Linear  Bus Example with Linear  
S/D Curves S/D Curves [adapted from H. Salazar (2008)][adapted from H. Salazar (2008)]

Cleared load = pF
L.  LSE at 

bus 2 pays LMP2 > LMP1 for 
each unit of pF

L.  M units of 
pF

L are supplied by cheaper 
G1 at bus 1 who receives 
only LMP1 per unit.  

ISO collects difference:

ISO Net SurplusISO Net Surplus
=  [ LSE Payments 

– GenCo Revenues ]

=  M x [LMP2 – LMP1]

Low Cost High Cost

Merit-order
supply curve

r
xx
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Calculation of Total Net Surplus (TNS)Calculation of Total Net Surplus (TNS)
for the 2for the 2--Bus Example Bus Example 

ISO Net Surplus:ISO Net Surplus:
INS=M·[LMP2 – LMP1]

GenCo Net Surplus:GenCo Net Surplus:
Area S1 + Area S2

LSE Net Surplus:LSE Net Surplus:
Area B

Total Net Surplus:Total Net Surplus:
TNSTNS == [INS + S1 + S2 + B]

ISO Objective (DCISO Objective (DC--OPF):OPF):

max TNS s.t.   transmission, 

generation, & balance constraints.

Low Cost High Cost

LSELSE
retail retail 
priceprice

Merit-order
supply curve
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Lagrange multiplier
(“shadow price” ) 
solution for the    
bus-k balance 
constraint (17)
gives locational 
marginal price 
LMPk at bus k

SI unit representation for 
AMES ISO’s DC-OPF 
problem for hour H of the 
day-ahead market on day 
D+1, solved on day D.

DC-OPF formulation  is 
derived from AC-OPF 
under three assumptions:

(a) Resistance on each  
branch km = 0

(b) Voltage magnitude at 
each bus k= base voltage 
Vo

(c)Voltage angle difference 
dkm =  [deltak - deltam] 
across each branch km is 
small so that cos(dkm) ≅ 1 
and sin(dkm) ≅ dkm

TNSR = Total Net Surplus
based on reported GenCo
supply offers & reported 
LSE demand bids

For each hour of DAM, ISO maximizes TNSR subject to constraints

Standard Bid/Offer-Based DC-OPF Problem Formulation
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AMES Wholesale Power Market TestbedAMES Wholesale Power Market Testbed
www.econ.iastate.edu/tesfatsi/AMESMarketHome.htmwww.econ.iastate.edu/tesfatsi/AMESMarketHome.htm

Two-settlement system
DayDay--ahead marketahead market (double auction, financial contracts)    
Real-time balancing market (pricing deviations from DAM) – in prep

AC transmission grid
Generation Companies (GenCos)Generation Companies (GenCos) & LoadLoad--Serving Entities (LSEs)Serving Entities (LSEs)
located at user-specified transmission buses
Grid congestion managed via Locational Marginal Prices (LMPs)Locational Marginal Prices (LMPs)
LMP at bus k LMP at bus k =  Least cost of servicing one additional MW of fixed =  Least cost of servicing one additional MW of fixed 
demand at bus kdemand at bus k.

Independent System Operator (ISO)
System reliability assessments
Day-ahead scheduling via bid/offer bid/offer 
based DC optimal power flow (OPF)based DC optimal power flow (OPF)
Real-time dispatch 

Wholesale Traders
GenCos (bulk sellers)
with learning capabilitieslearning capabilities
LSEs (bulk buyers)
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Illustrative computational 
experiments implemented      
via AMES: ISO net surplus 
collections in day-ahead  
energy markets under 
Locational Marginal Pricing

Li/Tesfatsion, IEEE Transactions on      
Power Systems, Vol. 26, to appear

Day-ahead market activities
on a typical operating day D:

http://dx.doi.org/10.1109/TPWRS.2010.2059052
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G4

G2G1 G3

G5

Bus 1 Bus 2 Bus 3

LSE 3LSE 3
Bus 4Bus 5

LSELSE 11 LSE 2LSE 2

Five GenCo sellers G1,…,G5 and three LSE buyers LSE 1, LSE 2, LSE 3

5-Bus Test Case Implemented via AMES
(Basic test case commonly used in ISO training manuals)

$$$250 MW Capacity
$

$ $ $$
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GenCo True Cost & Capacity Attributes

16
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AMES LSE Hourly Demand-Bid Formulation

Hourly demand bid for each LSE j 

Fixed + Price‐Sensitive Demand Bid

FixedFixed demand bid = pFLj (MWs)

PricePrice‐‐sensitivesensitive demand bid 

= Inverse demand function for 
real power pSLj (MWs) over
a purchase capacity interval:

Fj(pSLj)  =  cj ‐ 2dj pSLj

0  ≤ pSLj ≤ SLMaxj

r
Retail resale
price r for pF
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Treatment Factor 1: Demand-Bid Price Sensitivity
(from 100% fixed to 100% price sensitive)

18

R  =  SLMaxSLMaxjj /[ ppFF
LjLj + SLMaxSLMaxjj ]

For LSE j in Hour H:
pFpFLjLj = Fixed demand for real power (MWs)
SLMaxSLMaxjj = Maximum potential price-sensitive demand (MWs)     

$/MWh

R=0.0 R=0.5 R=1.0

$/MWh $/MWh

SLMaxjSLMaxjpFLj pFLj

pLj pLj pLj

D D

D

(100% Fixed Demand) (100% Price-Sensitive Demand)
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Fixed-Demand Load Profiles for the 5-Bus Test Case 
with 100% Fixed Demand (R=0.0)

Peak Hour 17

Off-Peak 
Hour 4
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AMES Total Demand & Supply Curves for Hours 4 and 17 
for the 5-Bus Test Case with R=0.2 and No Learning

S
D4 D17 “Merit-order”

supply curve,  
i.e., effects of
transmission line
congestion not
depicted here.
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Treatment Factor 2: GenCo Learning Capabilities
(No Learning vs. Learning)

RU
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Learning Treatments: GenCos use VRE Learning 
(version of Roth-Erev stochastic reinforcement learning)

Each GenCo maintains action choice propensities q, normalized to
choice probabilities Prob, to choose actions (supply offers).  A good 
(bad) reward rk resulting from an action ak results in an increase 
(decrease) in both qk and Probk.

Action Choice a1

Action Choice a2

Action Choice a3

Choice Propensity q1 Choice Probability Prob1

Choice Propensity q2

Choice Propensity q3

Choice Probability Prob2

Choice Probability Prob3

r
updatechoose normalize
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LMP Findings as Demand Varies from R=0.0 
(100% fixed) to R=1.0 (100% Price Sensitive)
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ISO Net Surplus for Benchmark Case: 
No GenCo Learning, 100% Fixed Demand

z - z
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Net Surplus Results **Net Surplus Results **Without**Without** GenCo LearningGenCo Learning::
ISO and GenCo net surplus on Day 1000 as LSE demand varies 

from R=0.0 (100% fixed) to R=1.0 (100% price sensitive)

25

R Value

$

ISO Net Surplus

GenCo Net Surplus
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Net Surplus Results **With** GenCo VRE Learning:
Mean ISO and GenCo net surplus on Day 1000 as LSE demand varies 

from R=0.0 (100% fixed) to R=1.0 (100% price sensitive)
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R Value

$
ISO Net Surplus

GenCo Net Surplus



27

ISO Net Surplus, Total Net Surplus (TNS), 
and TNS Loss (Market Inefficiency)

No Learn

Learning
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Empirical Comparisons

From PJM 2008 report:
ISO net surplus from day-ahead market: $2.66 billion$2.66 billion

From MISO 2008 report:
ISO net surplus from day-ahead market: $500$500 millionmillion

From CAISO 2008 report:
ISO net surplus from day-ahead inter-zonal congestion 
charges:  $176 million$176 million.

From ISO-NE 2008 report:
Combined ISO net surplus for real-time and day-ahead 
markets:  $121 million$121 million.

28
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Implications of ISO Net Surplus Findings

ISO net surplus not well aligned with market efficiency

Demand conditions (low price elasticity) resulting in lower 
total net surplus tend to result in higher ISO net surplus

ISO net surplus collections should be allocated for the         
ex ante remedy of structural/behavioral problems that 
encourage GenCo strategic supply offer behaviors that    
result in lower total net surplus (market inefficiency).

Should not be used ex post for offsets of high LSE LMP 
payments and GenCo LMP risk hedge support (currently the 
typical way ISO net surplus collections are allocated)
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OnOn--Line ResourcesLine Resources

Presentation SlidesPresentation Slides
www.econ.iastate.edu/tesfatsi/ISONetSurplusE3Talk.LT.pdfwww.econ.iastate.edu/tesfatsi/ISONetSurplusE3Talk.LT.pdf

Li/Tesfatsion IEEE TPWRS Article on ISO Net SurplusLi/Tesfatsion IEEE TPWRS Article on ISO Net Surplus
http://dx.doi.org/10.1109/TPWRS.2010.2059052http://dx.doi.org/10.1109/TPWRS.2010.2059052

AMES Testbed HomepageAMES Testbed Homepage (Code/Manual/Publications)(Code/Manual/Publications)
www.econ.iastate.edu/tesfatsi/AMESMarketHome.htm

AgentAgent--Based Electricity Market ResearchBased Electricity Market Research
www.econ.iastate.edu/tesfatsi/aelect.htm

AgentAgent--Based Comp Economics HomepageBased Comp Economics Homepage
www.econ.iastate.edu/tesfatsi/ace.htmwww.econ.iastate.edu/tesfatsi/ace.htm


