
Designing Incentives for Flexibility in the 
Transmission Sector

Chin Yen Tee
Advisor: Professor Marija Ilic

10th CMU Electricity Conference
Pre-conference Workshop 

March 30, 2015



Why Flexibility in the Transmission 
Sector?

 Increasing short‐run and long‐run uncertainties in the 
electricity industry

 Large‐variety of smart control, communication, and sensing 
available to more efficiently and reliably operate the electric 
power system

 Changing economies of scale of transmission technologies –
Big is no longer necessarily more efficient

 Need operational, investment, and institutional flexibility to 
enable these technologies and better manage uncertainties
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Institutional Flexibility: Some Institutional 
Framework are More Conducive for 
Flexibility
Key Question: What kind of institutional 
design and market rules are needed to 
provide incentives for flexibility in the 
transmission sector?

3

Understanding 
Impact of 

Uncertainty on 
Transmission 
Investment 

Decision Through 
Centralized 

Optimization and 
Simulation

Design 
Institutional 
Structure, 

Information 
Exchange, and 
Market Rule for 
Transmission 

Flexibility

Test Design on 
SGIRS



Why do we need testbeds and simulators 
for policy/regulatory design?
 Traditional economic and regulatory theory based on assumption that 

there is perfect information. In reality – no such thing as perfect 
information

 Centralized social welfare optimization can guide policy/institutional 
design but does not fully reflect how a certain policy will work in the real 
world

 Testbeds and simulators allow us to understand how policy/institutional 
design works under:
 Imperfect information
 Private incentives
 Different market rules

4



Insight 1: Operational and Market 
Rules have a Significant Impact on 
Incentives for Flexibility
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Operational 
Framework

Investment Decision Operational and 
Annualized Investment 

Cost
Economic Dispatch FRD Line 1 (0.0025 

pu)
$0.303 Billion

Preventive N-1 Line (450MW) $0.314 Billion
Corrective N-1 Line (353MW),FRD 

Both Line (0.0053 pu)
$0.311 Billion

Corrective N-1 with 
Dispatchable Load

FRD Line 1(0.0025pu) $0.307 Billion



Insight 2: Load Participation in Markets and 
Well‐Designed Long Term Markets Needed to 
Promote Information and Risk Sharing 
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gi m Load 
Elastic?

Investment Decision

1 1 No Invest in 0.0025 pu of flexible reactance in line 1 during Year 1 
and invest in the 450MW new line in Year 9.

0.5 0.5 No Build the 450 MW new line in Year 1. The flexible reactance 
device will be built in Year 5 or Year 9 only if the demand 
increased from the base case. 

0.5 0.5 Yes Invest in 0.0025 pu of flexible reactance in line 1 during Year 1 
.The new line will only be built in Year 5 or Year 9 if the load 
increased to 1500MW and the wind farm is built. 



Different Institutional Frameworks have 
Different Design Questions and Information 
Needs
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Rate-of-Return 
Regulation

Merchant Transmission 
Investment

Performance-
based Regulation

• Combined vs. Separate Ownership and 
Operation of Transmission System

• Used and Useful/ Performance Metrics
• Information Availability to Regulators

• Design of long-term 
transmission rights

• Design of market rules and mechanisms
• Risk sharing considerations
• Reliability/Policy Investments vs. Economic 

Investments



Separate Ownership and 
Operation of Transmission System
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Separation of 
operation and 
ownership makes
it difficult to 
implement 
performance 
based regulation.



Combined Ownership and 
Operation of Transmission System
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Easier to implement performance based 
regulation. What kind of information is 
needed by the regulators and at what time 
scale?



Merchant Transmission 
(Centralized Market)
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Fully market-
based 
system. How 
do we design 
the market 
rules to make 
such a 
system 
work?



Merchant Transmission(Bilateral 
Contracting)
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Merchant Transmission Example –
Transmission Demand Function 
 Assume bilateral contracting, load submits demand function to generator, 

generator problem (Adapted from [1]):
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 Sufficient condition gives demand function(total energy transaction as a 
function of transmission charge) for transmission which is submitted to 
the ISO. 
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Merchant Transmission Example –
Transmission Supply Function
 Assume transmission owner compensated based on the marginal value of 

capacity + reactance [2,3], the transmission owner problem for line ij
becomes:
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 Given that transmission investment is lumpy, the resulting supply function 
for transmission submitted to the ISO will look like:
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Merchant Transmission Example –
ISO Clearing
 Extending TSP/ISO problem given in [1]: 

max
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 Transmission demand function included in objective function
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Conclusion

 Testbeds and simulators are needed to guide future policy 
and institutional design for Smart Grids

 Different institutional frameworks lead to different model 
design question and information exchange

 SGIRS allow us to compare different institutional framework 
and market rules

Future work:
Mathematically define the private objective and information 

exchange for the different stakeholders.
 Test out different institutional design and market rules on 

SGIRS and evaluate the incentives for flexibility 15


