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Research Question & Motivation

How does a cap-and-trade program for greenhouses gases impact
the distribution of local air pollution?

ENVIRONMENTAL JUSTICE V. CAP-AND-TRADE.

Tapped - Feb 28,2008

In a cap-and-trade system, poor communities, where polluting plants are ... But the EJ groups in
California are taking a hard line: "[OJur demands ... concerns of the EJ groups regarding pollution
trading, like possible hot spots, ...

Do environmental justice groups have a legitimate beef with
Grist Magazine - Apr 5,2011

STOP BLOC] mc Environmental justice groups' beef with emission trading in California goes ... It may
be that California should have passed command-and-control ... that cap-and-trade
systems do not create hotspots or exacerbate inequality.

Cap-and-trade? Not so great if you are black or brown

Grist - Sep 16,2016

Environmental justice advocates have long warned that ... A preliminary report on
California's cap-and-trade program shows they just might be right. ... California EJ
groups issued a declaration against cap-and-trade back in 2008. The new report — by
] researchers at UC Berkeley, the University of Southern ...
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Expected responses of the electricity industry to
cap-and-trade

1. Redistribution of market share to low-emission intensity
units

— change in unit capacity factors

2. Decrease in carbon emissions intensities

— investments to improve to unit efficiency (reduce heat
rate) in natural gas dominated markets; fuel switching in
markets with coal
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Model and identification

Firms, as single-agents, makes two decisions in each period:
Decides whether to operate — determines production quantity

Decides whether invest to improve its efficiency — determines next period
heat rate

» Per period profits constructed a function of state variables including
lagged operating state and investment decision

Identification of unknown structural parameters:

> Start-up costs are identified by the willingness of the generator to operate
in two states that differ only in last period operating decision

> Investment costs are identified by difference in heat rates across different
marginal costs (carbon prices)
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Estimation approach

» Two-step estimation approach

Use Bajari, Benkard, and Levin (2007) approach to estimate
policy functions for production and investment decisions;
develop approximation of electricity price paths in
counterfactuals.
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Data

» Prices: Hourly wholesale electricity prices from CAISO;
carbon allowance prices: ICE; fuel input prices: federal
reporting requirements and Bloomberg coal /natural gas spot
prices

» Production quantities: Unit-specific hourly electricity output
from CEMS

» Emission quantities: Hourly emissions of NO,, SO,, CO,
from CEMS

» Unit characteristics: various EIA reporting requirements
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Average profits per hour, 2012-2016

$ Profits
1000 1500 2000
1

500
L
°
°

0
|
[ ]

-500
|
[ ]

T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22
Hour of the Day

Paige Weber Dynamic Responses to GHG Regulation 7 /18



Motivation Estimation Approach Data and Summary Statistics Intended contributions Appendi

Carbon prices over time

California Carbon Prices by Vintage, Jan 2013 - present
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Data and Summary Statistics

Input fuel prices over time

Henry Hub Natural Gas Spot Prices
$ per MMBtu
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Capacity factors for sample month (Sept.), 2012 - 2016

Capacity Factor
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Unit efficiency by month for example units

Von Raesfeld: SOMW CC (Natural Gas)
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Heat rates for sample month (Sept.), 2012 - 2016
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Contributions of this work

1. Develop a dynamic model of electric generating behavior that includes
both production and investment.

2. Simulate counterfactual outcomes of redistribution and investment in
efficiency under different GHG policy scenarios (e.g. a more stringent
policy with higher prices, a command and control approach).

3. Map market outcomes across carbon policy scenarios to local air quality
outcomes and damages to human health (leveraging epidemiological work
and/or AP2 (APEEP) model).
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Per Period Profits
mt(q(ait), Pt, Git, Tie, Lit) =

qit(Pr — Ce(hrie, mer, eg,7¢)) — T(zie, vie; Vi), air=1,Le =1
qit(P: — Ce(hrie, mcr, eg,1¢)) — [(2it, vie; i) — starti, ax =1,L;x =0
O, adjt = 0
(1)
P start;: start-up costs incurred when turning on after lagged operating state
Li =ap-1=0
> P:: exogenous hourly price (to be discussed)

» C:(-): marginal cost function:

Ct = hrjs x mcg + hris * ef7t (2)

> hrj: heat rate, mcy: marginal costs of fuel, eg: emissions rate of fuel, 7:: GHG
emissions permit price

» [¢(-): cost of investment (previous slide)
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Firm Decision 1: Operation (production) choice

Firm i =1, ..., N makes operating decision a; € {0,1} in each
hour t which determines g;;

dit = Qmax,i if Pt > Gy and ajy =1
it = Qmin,i if Pt < Cit and ajy = 1

git: MWh produced by firm i if hour t
Gmax(min),i: unit-specific production constraint

P:: wholesale electricity price in hour t

vvyyvyy

Ci+: marginal cost of electricity

Back to
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ix

Firm Decision 2: Investment choice

When aj; = 1, firm makes an investment decisions z; € R+, which
improves the efficiency (reduces the heat rate) hrjz1 with cost I'(+)

hrigr1 = hrig(1 + 6) — ziz
Z,

[(zit, hrie, Vi, vie) = 1(zie > 0)(7g(iy1 + ’Yg(i)2ﬁlt't + Vit)

(4)

» §: depreciation rate
> Yg(i)1,Vg(i)2: fixed and variable costs of investment for technology group g()

» v;;: stochastic shock to investment costs

Back to

Paige Weber Dynamic Responses to GHG Regulation

16 / 18



Estimation Approach Data and Summary Statistics Intended contributions Appendix

State Transitions and Timing

Transitions
> Hepr = He +1— 1(H, = 24) % 24
> L1 =a:
> hrepr = hre(1+0) — z
» Py = F(Pet1|Pe, He) - AR (1), beliefs consistent with equilibrium prices

» 7ip1 = T (7e41|7e, He) or T(7et1|7e, m:) - AR(1), beliefs consistent with

equilibrium prices
Timing
> In period t, firm observes P:, H;, L¢, hre, ¢, €:, and v; develops

expectations about P:y1 and 7:11, decides whether to operate, and
conditional on a; = 1, decides z;.

Back to
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Intertemporal Problem

» Firms choose a; and z; to maximize the sum of discounted profits:

V(St) = Tazx Zﬁoﬁjn(atﬂ': Zt+j, $t+j|at+j72t+j7 5:)
ty<t

St = {Xt; et} = {Ph Hi, Ly, hre, 7e; f(at)7 Vt}

» The Bellman equation for this dynamic programming problem is:

V(se) = max{M(s¢, a¢, z:) + BE[V(st+1)|a¢, 2¢, st (6)

at,Zt

EIV (scin)|ac, 22, 5 =

/ V(Pt+17 Hiv1, Legr, hrecr, Tega; €t+1(at+1)v Vt+1|'Dt7 H:, Le, hre, Tf)[] (7)

dP(€t+1(3t+1)7 Vert, Pera, Tt+1)

Back to
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