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Overview  
 Objectives 

 Investigate the real-time LMP forecast problem by an operator 

 Develop probabilistic forecasting techniques and applications  
 

 Summary of results 
 Real-time LMP models  

 Including energy only and energy-reserve markets 
 Deterministic, probabilistic, and time varying contingencies 

 Forecast methods and applications 
 A multiparametric program approach for ex ante LMP 
 A Markov chain approach for ex ante and ex post LMPs 
 Multi-area interchange scheduling under uncertainties  



Short-term LMP forecast  
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Probabilistic forecast of real-time LMP 
 Benefits  

 Valuable for generation and demand response decisions 

 Risk management 

 Congestion relief and operating cost reduction 

 Multi-area interchange scheduling under uncertainties  

 Examples: ERCOT, AEMO, …. 

 

 Short term LMP forecast by an operator 
 Access to real-time data and network operating conditions 

 Access to internal LMP computation state  

 Ability to incorporate load/variable generation forecast models. 
 



Outline 
 Introduction 
 Real-time LMP forecast model and techniques 

 LMP forecast models for energy and reserve markets 
 Forecast with probabilistic contingencies 
 Numerical results 

 Stochastic inter-regional interchange scheduling 
 The interchange scheduling problem and solutions 
 Joint optimization, tie optimization, and coordinated transaction 

scheduling 
 Stochastic interchange scheduling via probabilistic forecast 
 Simulation results 

 Conclusions and future work 

 



Ex ante real time LMP model 



Ex ante real time LMP model with co-optimization 



LMP forecast via MPLP  



Forecast of ex post LMP via Markov chain 
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LMP forecast with probabilistic contingencies  
 



Numerical results: IEEE 118 bus system 
 Quadratic cost function. 
 Deterministic load. 
 3 stochastic generators (bus 42, 45 and 60). 

 5 transmission lines have limits (67, 68, 69, 89 and 90). 
 25 critical regions. 
 3 unique congestion patterns. 

 

-30

-20

-10

0

-30

-20

-10

0
-30

-25

-20

-15

-10

-5

0

 

Stochastic gen 1Stochastic gen 2
 

S
to

ch
as

tic
 g

en
 3



Sample forecast distribution 
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Outline 
 Introduction 
 Real-time LMP forecast model and techniques 

 LMP forecast models for energy and reserve markets 
 Forecast with probabilistic contingencies 
 Numerical results 

 Stochastic inter-regional interchange scheduling 
 The inter-regional interchange problem  
 The ideal, the practical, the practically optimal, and coordinated 

transaction scheduling 
 Stochastic interchange scheduling via probabilistic forecast 
 Simulation results 

 Conclusions and future work 

 



Inter-regional interchange & the seams problem 

ISOs schedule operations independently, trading power across seams: 
 Stochastic and time varying price disparities between regions. 

 Under utilization of tie lines 

 Counter-intuitive flows 

 Estimated economic loss of $784 millions between NY & NE from 2006-2010. 

Presenter
Presentation Notes
The presence of randomness in the system further aggravates the the potential loss



The ideal: joint optimization 

Jointly optimal scheduling via decentralized optimization 
 Extensively studied: Lagrange relaxation; decomposition techniques 

 Advantages and challenges: 

 achieve globally economic solution 

 rate of convergence, required information sharing, dealing with uncertainties, 
and the role of market participants. 



The practical: decoupled optimization 

 Each ISO has a simplified model of the 
neighboring area with a proxy bus 

 Market participants submit offers/bids for 
external transactions at proxy buses 

 Export/import quantity is scheduled ahead 
of time. 

 Each ISO schedules its own operations with 
fixed interchange. 

 FERC approves coordinated transaction scheduling (CTS) for PJM & NYISO, March 2014. 

 Estimated cost saving: 9M~26M per year. 

 Versions of CTS are being implemented for MISO-PJM, NYISO-ISONE 

 



(Deterministic) tie optimization (TO) 



A market perspective 



Tie optimization (TO) and equivalence 

Surplus maximization 

Cost minimization 



Stochastic tie optimization (STO) 
STO as a two stage stochastic program 
 
1st stage:  
 
2nd stage: 
 



Stochastic tie optimization (STO) 



Stochastic coordinated transaction scheduling (SCTS) 



Numerical results: 2 area 6 bus system 

 Deterministic load. 
 All lines are identical with limit 100MW. 
 A single wind generator. 



Discrete randomness 
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Expected cost vs Interchange: P[w=30]=0.8, P[w=50]=0.2
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Continuous randomness 



Impact of uncertainty 
 Assume that wind 𝑤𝑤~𝑁𝑁 40,𝜎𝜎2 . 
 STO: capability to capture the uncertainty level 𝜎𝜎.  
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Contingency: transmission outage 

50 60 70 80 90 100
10

20

30

40

50

60

70

Interchange (θ)

P
ric

e 
( π

)

Price vs Interchange: (i)Wind: P[w~N(30,42)]=0.8, P[w~N(50,42)]=0.2
(ii) Outage: P[l+45=100]=0.98, P[l+45=50]=0.02

 

 

πA
TO(θ)

πA
STO(θ)

πB(θ)



Example: 3+118 bus system 

 Area A: 3 bus system with constant 
cost 
 1 wind generator 
 Pr[high wind]=Pr[low wind]=0.5 

 Area B: 118 bus system with 
quadratic cost 
 3 wind generators 
 Pr[high wind]=Pr[low wind]=0.5 

 Two systems are connected with a 
single tie line. 150 200 250 300
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Summary and future work 
 Summary of results 

 Real-time LMP models  
 Including energy only, energy-reserve markets & inter-regional interchange 
 Deterministic, probabilistic, and time varying contingencies 

 Forecast methods and applications 
 A multiparametric program approach for ex ante LMP 
 A Markov chain approach for ex ante and ex post LMPs 
 Multi-area interchange scheduling under uncertainties  

 Future work 
 Addressing scalability issues of forecast 
 Characterization of performance loss of decoupled optimization 
 Performance evaluation in the presence of market participants 
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