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Background: Electricity vs Ice Cream
Electricity Ice Cream

Homogeneous good (except green 
power)

Differential product (e.g., flavors: 
peach, strawberry, etc)

Real-time balance Inventory (refrigerator, storage, 
etc)

No real-time pricing

Low short-run demand elasticity

You know prices at spot

High elasticity due to product 
substitution

Power follows Kirchhoff’s laws

Ancillary services (e.g., reactive 
power, spinning reserves)

Transported by trucks and follows 
lights
Only need spoon and refrigerator
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Generation

Transmission

Distribution

Background: 
Vertical Integrated Power Sector



7	  

Generation 

Transmission

Distribution

Independent
System Operator (ISO)

Load Serving Entity (LSE) 

Background: 
Restructure or Deregulation



•  Provide correct signal for long-term investment in 
generation capacity and transmission

•  Improve economic efficiency
–  Productive efficiency: production frontier (lower 

costs), innovation
–  Allocative efficiency: quantities and prices

Contemporary Federal and State leadership
•  FERC Order 888, 889 (1996) and 2000 (Regional 

Transmission Organization, RTO) and Standard Market 
Design (2002), etc.

•  CA and MA lead in 1995
–  most States were following until California 2000-2001 

crisis
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Background: Why Deregulation?



h&p://www1.eere.energy.gov/femp/pdfs/primer.pdf	  

Background: A snapshot

Not  Active

Active

Suspended

Electricity Restructuring by StateElectricity Restructuring by State



Background: Electricity Markets

A 

B 

C 

Independent
System Operator (ISO)



Models: Producers & Market Clearing 
Conditions
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Models: Consumers & ISO & Arbitrager
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Solving a duopoly (2 firms) game
Consider two firms with constant marginal cost c facing a linear 
demand function: p(Q)=a-Q, where Q=qi + qj. For firm i, we have

A Nash Equilibrium is defined by a pair of strategy (q*i, q*j) such that 
for each i, we have 

To find each i's optimal strategy, we solve for
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q2#

q1=#R1(q2)##

q2=#R2(q1)##

q1#

(0,#a/c)#

(0,#(a/c)/2)#

((a/c)/2,0)# (a/c,#0)#

Solving a duopoly (2 firms) game
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q2#

q1=#R1(q2)##

q2=#R2(q1)##

q1#

(0,#a/c)#

(0,#(a/c)/2)#

((a/c)/2,0)# (a/c,#0)#

(q*1,q*2)#

Solving a duopoly (2 firms)  game
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Solving a duopoly (2 firms)  game
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Model Structure

Supplier i 
Production of  
Power 
 

K-th location 
consumer Demand 
for Power 

Multifirm Market Models 

Market Clearing Conditions for Power, 
Transmission Services, etc 

Transmission System Operator 

Supplier j 
Production 
of Power 

L-th location 
consumer Demand 
for Power 

Equilibrium calculation: Solve n conditions for n unknowns



Electricity Markets

A 

B 

C 

Independent
System Operator (ISO)

( 10 Facilities, 3 producers) 

255 MW 120 MW 

30 MW 



Case Analysis

•  Case 1: Perfect Competition

•  Case 2: Oligopoly Competition (Cournot)

•  Case 3: Duopoly Competition (Merger)

•  Case 4: Monopoly Competition

•  Case 5: Transmission Investment (A-C: 30 à 430 
MW)



Results: Competitive Market

A 

B 

C 
55.4

37.7

20.1

(Price in $/MWh)

        

Variables Firm 1 Firm 2 Firm 3
Producer's Surplus [$k] 5.9 3.8 1.1
Consumer's Surplus [$k] 131.8
ISO Revenue [$k] 1.6
Social Surplus [$k] 153.7
HHIa   3500
 a: Herfindahl–Hirschman Index(Congested)



Results: Oligopoly Cournot Markets

A 

B 

C 
75.2 (55.4)

47.7 (37.2)

49.5 (20.1)

(Price in $/MWh)

        

Variables Firm 1 Firm 2 Firm 3
Producer's Surplus [$k] 19.0 (5.9) 13.5(3.8) 20.7(1.1)
Consumer's Surplus [$k] 92.1 (131.8)
ISO Revenue [$k] 5.1 (1.6)
Social Surplus [$k] 150.5 (153.7)
HHIa  3350 (3500)
 a: Herfindahl–Hirschman Index

What is the impact on power prices & 
distribution on surplus under an 
alternative market structure?

(Congested)



Results: Duopoly Markets
(Merger Analysis)

A 

B 

C 
87.2 (75.2)

59.5 (47.7)

54.6 (49.5)

(Price in $/MWh)

      

Variables Firm 1 Firm 2
Producer's Surplus [$k] 27.5 37.2
Consumer's Surplus [$k] 76.3 (92.1)
ISO Revenue [$k] 5.1 (5.1)
Social Surplus [$k] 145.6 (150.5)
HHIa 5030 (3350)
 a: Herfindahl–Hirschman Index

What is the extent that a merge might
affect power prices?

(Congested)



Results: Monopoly Markets

A 

B 

C 
101.5

75.5

76.7

(Price in $/MWh)

    

Variables Firm 1
Producer's Surplus [$k] 70.5
Consumer's Surplus [$k] 54.6
ISO Revenue [$k] 4.8
Social Surplus [$k] 129.9
HHIa 10000
 a: Herfindahl–Hirschman Index

What is the extent that a single
 supplier can exercise market power? 

(Congested)



Results: Transmission Investment

A 

B 

C 
41.8

21.6

22.6

(Price in $/MWh)

        

Variables Firm 1 Firm 2 Firm 3
Producer's Surplus [$k] 1.5 0.3 4.3
Consumer's Surplus [$k] 151.1
ISO Revenue [$k] 12.2
Social Surplus [$k] 153.7
HHIa   43
 a: Herfindahl–Hirschman Index

Will the investment be justified from 
the society’s perspective? 

(Congested)



Results: Competitive Market

A 

B 

C 
55.4

37.7

20.1

(Price in $/MWh)

        

Variables Firm 1 Firm 2 Firm 3
Producer's Surplus [$k] 5.9 3.8 10.6
Consumer's Surplus [$k] 131.8
ISO Revenue [$k] 1.6
Social Surplus [$k] 153.7
HHIa   3500
 a: Herfindahl–Hirschman Index

(Congested)



Advantages of Process Models for Policy 
& Markets Analysis

•  Explicitness:
–  assumptions can be laid bare
–  changes in technology, policies, prices, objectives can be 

modeled by altering:
•  decision variables
•  objective function coefficients
•  constraints

•  Descriptive uses:
–  show detailed cost, emission, technology choice impacts of 

policy changes
–  show changes in market prices, consumer welfare

•  Normative:
–  identify better solutions through use of economic models
–  show tradeoffs among policy objectives



Other Research: ���
Air Pollution & Public Transportation

http://www.cnn.com/2016/04/20/health/air-pollution-report-irpt/index.html



Other Research: ���
Air Pollution & Public Transportation

http://www.cnn.com/2016/04/20/health/air-pollution-report-irpt/index.html

George Thurston, professor of Environmental 
Medicine at New York University stated “ … 
One of the cities with the best air quality is 
Salinas, California… “



Other Research: ���
Air Pollution & Public Transportation
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Motivation 

•  Mass Transit sector is very large and growing: 
–  155 million people ride mass transit everyday in 110 cities. 
–  25 mass transit systems are currently under expansion  
or construction worldwide 
–  Since 2000 – 37 new systems have opened. 
–  Seen as potential ‘Green’ Policy: Beijing to become ‘Public transit 

city’ 
•  Travel by mass transit produces significantly less 

pollution than private vehicle travel per mile. 
•  We know little about the impact of of urban mass 

transit on air pollution, as the size of two key 
elasticities is not clear: 
–  Substitution towards low-emissions travel 
–  Substitution towards total travel 



Research Questions  

•  Does urban mass transit infrastructure effect 
air quality? 

•  How do tailpipe and indirect pollutants 
respond?  

•  How big are the effects and their economic 
benefits? 
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What We Do 

•  Study the effects of the opening of the 
Metropolitan Rapid Transit (MRT) system in 
1996 in Taipei 

•  Quantify the effects of the opening of the MRT 
on air quality 
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Map of Monitoring Stations and Metropolitan Rapid 
Transit System in Taipei 





Other Research: ���
Air Pollution & Public Transportation
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Empirical Approach 
Regression Discontinuity Based Specification: 
 
 
 
yt = pollution outcome in log scale 
MetroOpent = MRT open 
xt= regulation, humidity, wind and temperature controls 
P(t) = 3rd Order Polynomial time trend 
 
-  cluster standard errors at 5 week level 
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Results: Main Regressions 
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CO Mean Daily Pollution Level in Taipei, 
Polynomial Time Trend 
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Results: Falsification Tests 
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MRT Health Benefits 

MRT leads health effects valued at $85 million USD 
the first year 

1)  COê 1ppm, infant mortality ê2.5% (Currie, et al., 
2008)  

2)  Value per life: 1.2 million USD (Liu and Hammit 1999) 
è1.7 infant lives saved, $8.6 million USD 
  (=0.834ppm×0.156×0.025×0.00666×77029) 
è(speculative) 58 elderly lives saved, $76.4 million 
USD

3) Total benefits = $85 million USD
4) Per passenger-mile benefit ($) 
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Other Research: ���
Biofuel -- Environment & Economics



TIM 165���
���

Decision 
Analysis ���

���
Coming soon in 

UCSC���
Fall, 2016
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Thank you!
Yihsu Chen, Ph.D.

Email: yihsuchen@ucsc.edu
	  
	  




