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Presentation Outline       

Ą  Wholesale power market design proposed in 2003 by 

the U.S. Federal Energy Regulatory Commission (FERC), 

the basis of the AMES test bed architecture  
  

Ą  Basic features and capabilities of AMES test bed  
  
AMES = A gent - based Modeling of  Electricity  Systems  
 

 

Ą  Illustrative Dynamic 5-Bus Test Case Results 
 

Ą  On-Line Resources 
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  AMES Project Context:  Restructuring of  

North American Electric Power Markets   

Ç  In April 2003 the U.S. Federal Energy 
Regulatory Commission (FERC) proposed a 
wholesale electric power market design for 
common adoption throughout U.S.  
  

Ç Over 60% of North American generation now 
operates under some version of FERC design.    

ÇAdopters to Date:  New York (NYISO ),    
Mid -Atlantic States (PJM),  Texas (ERCOT),    
New England (ISO -NE), California  (CAISO),  
Midwest/Manitoba (MISO),  & Southwest (SPP) 
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FERC Wholesale Power Market Design Adopters to Date  
http://www.ferc.gov/industries/electric/indus -act/rto/rto -map.asp 
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U.S. Wholesale Electric Power Transmission Grid  
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Core Features of FERCõs Market Design 
 

ÅMarket to be managed by an I ndependent System  
Operator (ISO) or  Regional Transmission 
Organization (RTO) having no ownership stake     
ÅTwo- settlement system:   Concurrent operation of   

day-ahead (forward) & real -time (spot) markets    
ÅTransmission grid congestion managed via Locational 

Marginal Prices  (LMPs), where LMP at bus k = least 
system cost of servicing 1 more MW of fixed demand 
(load) at bus k     
ÅOversight & market power mitigation by outside agency 

 



7 

Complexity of FERC Market Design   
Example:  MISO  Business Practices Manual 001  

 Two- Settlement System  

           Core of  
        FERC design 

       

S 

s 

AMES focus to date  

X 

x 

X 
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DART = Day - Ahead and Real - Time Markets  
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Typical ISO/RTO Two - Settlement System Activities  
on a Single Day D - 1 

8 

00:00 

11:00 

16:00 

23:00 

Real-
Time 

Market  

(RTM) 

open all 

24 hours 

of day 

D-1 

 

 

Day-Ahead Market (DAM) 

for day D 
 

ISO/RTO collects bids/offers  

 from Load-Serving Entities 

and Generation Companies 

 

 

ISO/RTO  opens ñre-offer 
periodò for generation,  

reassesses resource needs 
for day D, & changes day D 

schedule as needed 

ISO/RTO solves SCUC/SCED 
& posts dispatch set-points  

and LMP schedule for D 

      Day-ahead settlement 

Real-time  

settlement 
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    Typical ISO/RTO Two - Settlement System Activities 
on Successive Days D - 1 and D  

Morning of Day D-1 
Afternoon of Day D-1 Thru 

Operating Hour on Day D 

ISO/RTO 

Posting of 

day-ahead 

dispatch 

and LMP 

schedule 

ISO/RTO 

Dispatch 

signals and 

calculation 

of real-time 

LMPs 

 

Adjust day-ahead 

offers, adjust day- 

ahead schedule 

 Reliability Assessment 

Adjust 

dispatch 

set points 
. 

SCUC/SCED 

Demand bids &  

supply offers 

submitted to the 

day-ahead market 

for day D 
. 

Generators, 

ISO/RTO 
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Potential Volatility of RTM LMPs under FERCõS Market Design 

Real- Time LMPs ($/MWh) in Midwest ISO (MISO)   
April 25, 2006 , at 19: 55 

Note this  price,$156.35  
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Five Minutes Later ƕ 

73% drop in price in 5 minutes!  
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Real- Time LMPs ($/MWh) in Midwest ISO (MISO)   
    September 5, 2006, 14:30  

  

Note this price, $ 226.25  
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Five Minutes Lateré 

79% drop in price in 5 minutes! 
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AMES Computational Modeling Approach  

Ç  Problem:   FERCƍs market design is a 
complicated mix of features   

     Č Difficult to model and study using standard 
analytical and statistical tools  

 

Ç AMES Approach :  Develop an agent-based test 
bed  permitting careful experimental testing of  

· the FERC market design  

· new/modified market design features  
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AMES Wholesale Power Market Test Bed   
www.econ.iastate.edu/tesfatsi/AMESMarketHome.htm  

 
 
ÂResearch/teaching/training grade test - bed    
Â Operational validity  ( òsimple but not too simpleó ) 

 
 

Â Permits  dynamic testing with learning traders  
  

Â Permits intensive experimentation  with alternative scenarios  
  

Â Free open - source Java implementation  (full access to code)  
  

Â Flexible & modular (easy to modify test bed features)  
 

Â V1.31 released  (IEEE PES General Meeting, June 2007)  
  

Â V2.05  released (IEEE PES General Meeting, July 2009)  

Â All version releases to date  are posted at the AMES homepage  
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AMES (V 2.05 ) Architecture  

(based on business practice manuals for ISO - NE) 

ü Two- settlement system  

Á Day-ahead market (double auction, financial contracts)     

Á Real-time market (settlement of differences)   
 

ü AC transmission grid  

Á Generation Companies (GenCos)  & Load- Serving Entities (LSEs)  
located at user -specified transmission buses  

Á Grid congestion managed via Locational Marginal Prices (LMPs)  

ü Independent System Operator (ISO)  

Á System reliability assessments  

Á Day-ahead scheduling via bid/offer 
based optimal power flow (OPF)  

Á Real-time dispatch  
 

ü Traders  

Á GenCos (sellers)  

Á LSEs (buyers)  

Á Learning  capabilities  
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AMES Modular & Extensible Architecture (Java)  

ÉMarket protocols & AC transmission grid structure  
ɲGraphical User Interface (GUI) & modularized class 

structure  permit easy experimentation with alternative 
parameter settings and alternative institutional/grid 
constraints    

ÉAny AMES decision - maker can be a learning agent   
ɲJava Reinforcement Learning Module (JReLM)  

 
ɲòTool boxó permitting experimentation with a wide variety 
    of learning methods (Roth -Erev, Temp Diff/Q -learning,é)   

ÉSCED implemented via an extensible DC - OPF module 
ɲBid/offer - based DC Optimal Power Flow Module (DCOPFJ)  
ɲPermits experimentation with various DC OPF formulations  

 
ÉOutput displays and test case templates  
ɲCustomizable chart/table displays & 5 -bus/30 -bus test cases  
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AMES Graphical User Interface (GUI)   

Tool Bar/Menus for DAM Data Input and Output Displays  
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Illustration of AMES Dynamics with No Shocks  
 (day- ahead contracts fulfilled as planned)  
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Activities of AMES ISO During a Typical Day D - 1 
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ISO collects energy bids & 

offers from LSEs & GenCos. 

 

 

ISO solves SCED (bid/offer-
based DC OPF) to 

determine dispatch set-
points & LMP schedule for 

each hour of day D. 

ISO posts dispatch set-
points and LMP schedule  

for each hour of day D. 

  Day-ahead settlement 

Real-time  

settlement 
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AMES ISO (Market Operator)  

 

 

 

Public Access:   
 

  //  Public Methods  
    getWorldEventSchedule( clock time,é );  
    getMarketProtocols( bid/offer reporting, settlement,é ); 
    Methods for receiving data;  
    Methods for retrieving stored ISO data;  

Private Access:  
 //  Private Methods  

    Methods for gathering, storing, posting, & sending data;  
    Method for solving hourly DC optimal power flow;  
    Methods for posting schedules and carrying out settlements;  
    Methods for implementing market power mitigation;  

 //  Private Data  

    Historical data (e.g., cleared bids/offers, market prices,é); 
    Address book (communication links);  
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AMES LSE Hourly Demand - Bid Formulation  

ÉHourly demand bid for each LSE j  

Fixed + Price-Sensitive Demand Bid 

ÅFixed demand bid = pF
Lj (MWs) 

ÅPrice-sensitive demand bid  

    = Inverse demand function for  

    real power pS
Lj (MWs) over 

    a purchase capacity interval: 

        Fj(p
S
Lj)  =  cj   -   2dj p

S
Lj 

          л  Җ    ǇS
Lj   Җ   {[aŀȄj
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AMES Load - Serving Entity  
(Wholesale Energy Buyer ) 

 

 

 

Public Access:   
 

 //  Public Methods   
     getMarketProtocols(posting, trade, settlement);  
     getMarketProtocols(ISO market power mitigation);  
     Methods for receiving data;  
     Methods for retrieving LSE data;  

Private Access:  
 // Private Methods  

      Methods for gathering, storing, and sending data ;  
      Methods for forecasting customer energy demands;  
      Methods for calculating own expected & actual net earnings;  
       
 //  Private Data  
      Own downstream demand, grid location, current wealthé; 
      Data recorded about external world (prices, dispatch,é); 
      Address book (communication links);  
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AMES GenCos are learners who report 
strategic supply offers to ISO for DAM  
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AMES Generation Company  
(Energy Producer and Seller ) 

 

 

 

Public Access:   
 

 // Public Methods   
     getWorldEventSchedule( clock time,é ); 
     getMarketProtocols( ISO market power mitigation,é ); 
     Methods for receiving data;  
     Methods for retrieving GenCo data;  

Private Access:  
 //  Private Methods  

      Methods for gathering, storing, and sending data;  
      Methods for calculating own expected & actual net earnings;  
      Method for updating own supply offers ( LEARNING );  
 //   Private Data  
      Own capacity, grid location, cost function, current wealthé ; 
      Data recorded about external world (prices, dispatch,é); 
      Address book (communication links);  
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Agent learning in AMES implemented via JReLM module  
(Java Reinforcement Learning Module developed by   

   Charles J. Gieseler , Comp Sci M.S. Thesis, 2005)  

Market Simulation  

Learning Agent 



27  

ISO goal is max[Total Net Surplus] subject to   
trans & gen constraints:   2- bus example  

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.  
 

r = Rate charged by the LSE to its 
retail customers on flat -rate 
contracts.  
 
ISO net revenue stream:  
 

ISO Net Surplus  

  =  [ LSE Payments  

        ð GenCo Revenues ] 
  
    =  M x [LMP 2 ð LMP1]  
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Total Net Surplus (TNS)  
2- Bus Exampleé Continued  

 
ISO Net Surplus:    
    INS=M x [LMP 2 ð LMP1]   
GenCo Net Surplus:  
    Area S1 + Area S2   
LSE Net Surplus:   
    Area B  
Total Net Surplus:  
  TNS  = [INS+S1+S2+B]  
 
ISO Objective (DC - OPF): 

   maximize TNS   subject to  

      trans/gen constraints.  


