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TRANSMISSION NETWORK CONGESTION
• Why do we care?

– Higher generating costs as low-cost generation is “constrained off”
– Stressed networks are less reliable

• Why does congestion emerge?
– Thermal/physical limits on lines and transformers
– Engineering reliability and contingency criteria (N-1, N-2, etc.)

• How are these engineering criteria defined?
• How do they relate to economic valuations of lost load (VOLL), priced-based 

demand response, rolling blackouts, and network collapse?
• How to allocate “scarce” transmission capacity with competitive G sector?

– Alternatives to central dispatch by vertically integrated utilities
– Non-price rationing hierarchies (intra- and inter-control area TLR protocols) with 

tariff-based transmission service contracts
– Security constrained bid-based dispatch (nodal pricing) plus financial transmission 

rights (FTR)
– Tradeable cost-based physical transmission rights between defined zones or  “flow 

gates” 
• How do we stimulate investment in new transmission capacity?

– Reliability rules
– Congestion cost reduction
– Market power mitigation
– Regulated transmission investment
– Merchant transmission investment
– Hybrid models



TRANSMISSION CONGESTION 
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TRANSMISSION CONGESTION WITH LOOP FLOW

Node 1: Cheapgen

Cost: C1(q1)

Node 2: Deargen
Cost: C2(q2)

Node 3: Consumption
q3 = D(p3)

KC1’ < C2’

q1 + q2 = q3
1/3(q1  - q2) <  Κ
p1 = p3 - η/3
p2 = p3 + η/3
p3 = (p1+p2)/2
p1 = C1’(q1) = C1’(q2 + 3K) 
p2  = 2P(2q2 + 3K) - p1

p3 = P(q3)
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RELIABILITY AND CONTINGENCY 
CRITERIA

• Transmission capacity is rarely limited by thermal constraints on 
facilities

• Limits are typically a consequence of applying engineering reliability 
and contingency criteria
– These criteria are not simple
– They are based on a large number of assumptions about system 

conditions on many transmission links, generating stations and 
interconnected control areas

– They can vary widely with system conditions and weather conditions
– They can be affected by the installation of enhanced real time 

monitoring equipment
– They are affected by the status of remedial action plans, information 

transfer and communication speeds
– They give the system operator a lot of discretion

• These reliability and contingency criteria have been carried over 
from the old world of (many) regulated vertically integrated 
monopoly control area operators
– There has been little evaluation of the economic rational or economic 

effects of these criteria
– They affect wholesale market prices for energy
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Source:  Platts

MAJOR U.S. CONGESTED INTERFACES 
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DAY-AHEAD PEAK WHOLESALE ENERGY 
PRICES (2004) $/MWH
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CONGESTION MANAGEMENT IN 
THE U.S.

• Nodal Pricing Areas
– New England
– New York
– PJM
– MISO
– California (next year)
– Texas (Zonal/flowgates nodal)

• Rest of U.S.
– Tariff-based transmission service with limited trading
– No congestion pricing
– Administrative rationing of scarce capacity



Source:  State of the Markets Report 2004, FERC Office of Market Oversight and
Investigations (2005, page 53).
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Source:  FERC 2006 State of the Markets Report
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NODAL PRICING MODEL
• The nodal pricing models now work reasonably well in 

the Eastern ISOs from both economic dispatch and 
reliability perspectives

• NE, NY and PJM now include marginal losses in prices
• Congestion is managed economically and least bid-cost 

dispatch is achieved
• Nodal prices provide a good indication of congestion 

costs (except during scarcity conditions)
• Day-ahead and real-time prices are well arbitraged in an 

expected value sense
• Market power and gaming are more transparent than 

with other systems
• Coordination between ISOs is improving

– PJM internalized through expansion and joint operating 
agreements with MISO

• California and Texas are moving to nodal pricing due to 
problems with zonal models



NON-PRICE RATIONALING
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NON-PRICE RATIONING

• Works reasonably well from a reliability 
perspective as long as there is good 
communication between SOs, between SOs and 
generators and generators follow instructions

• Redispatch is not necessarily efficient because it 
is not based on hour-ahead costs of redispatch

• TLRs continue to increase
• Continuing arguments about whether redispatch

was “fair” and consistent with contracts
– This problem is exacerbated when SO also owns 

generating capacity on the network
• Cost and price of congestion is not transparent
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TRANSMISSION INVESTMENT
• Driven by reliability criteria and economic opportunities 

to reduce congestion
– These are not independent
– Implementation of reliability criteria affect market prices

• Origins of engineering reliability criteria are opaque
– Solutions to restore reliability criteria are complex and do not

have unique solutions
– Require interaction over entire synchronized network involving 

multiple SOs
• Not conducive to link-by-link merchant investments
• Regional planning and integrated assessment of 

reliability and economic criteria are essential
• Economic implications and justifications for reliability 

criteria need a fresh assessment 


