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Abstract

This paper investigates the transmission of fossil fuel commodity spot market price changes

to procurement costs of U.S. power producers. We measure and compare the speed and mag-

nitude with which spot prices predict procurement costs using restricted access fuel price data.

While natural gas spot prices are quickly reflected in procurement costs, coal spot prices offer

very little predictive power to coal procurement costs. Although not causal, the empirical results

also show differences across regulatory status and, for natural gas, price adjustment given pos-

itive and negative cost shocks. These findings may have implications for the electricity market

deregulation literature that creates marginal cost curves as a competitive benchmark as there

are significant differences in marginal cost curves constructed using spot versus the restricted

receipt prices.
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1 Introduction

For a variety of reasons including exposure to risk, incidence and methodological issues, cost pass-through

receives broad attention in economics ((Weyl and Fabinger, 2013)).1 In the energy sector, pass through

receives particularly intense attention as both a transportation fuel ((Knittel et al., 2015a)) and in the

electric power industry (Zachmann and Von Hirschhausen (2008), Fell (2010), Fell et al. (2013), and Fabra

and Reguant (2014)). The energy sector is particularly important because both households and firms budget

for energy expenditures, which account for roughly 5% of GDP.2

In this paper, we evaluate how fossil fuel procurement costs for U.S. electricity producers respond to

fluctuations in fossil fuel spot market prices and whether those responses vary by fossil fuel type. We pay

special attention to how quickly fossil fuel spot market price changes manifest in procurement costs paid by

power plants. The drop in natural gas prices due to hydraulic fracturing makes this an important policy

question: as more electricity is produced from natural gas, changes in the timing and completeness of spot

prices manifesting as procurement costs could affect volatility of wholesale electricity prices, the efficiency

of energy markets and in turn the wider economy. We are not aware of any previous studies devoted to this

issue.

To address the question, we collected fuel procurement data from the U.S. Energy Information Admin-

istration (EIA) under a special agreement which gave us access to fuel procurement data for almost all fossil

fuel power plants, both regulated and unregulated, in the United States for each shipment over a 11 year

period from 2002-2012. We matched each power plant to fossil fuel spot market price data from Bloomberg

Data Services. We then estimate auto-regressive models with different lag structures and fixed effects to

identify to what extent power plants’ purchase prices of coal, natural gas and oil reflect commodity spot

prices.

Our methodology bears a strong resemblance to the traditional pass through literature described above,

but the economic interpretation is different. (Weyl and Fabinger, 2013) show that pass through is a function

of competition parameters so that “pass-through rates play an analogous role for imperfect competition to

elasticities when competition is perfect.” Rather than evaluating pass through and its welfare implications,

we investigate how purchase prices of fossil fuel power plants reflect commodity spot prices. As a result,

we refer to the particular type of pass through in our paper as “opportunity cost pass through” since the

1In international economics, there are a series of studies that investigate the transmission of exchange rate fluctua-
tions to prices of imported goods (among others, see Goldberg and Knetter, 1997). The analysis of cost pass-through
also provides important implications on the issue of tax incidence in public economics (Marion and Muehlegger,
2011) and price discrimination (Aguirre et al., 2010), merger assessment (Weyl and Fabinger, 2013), the incidence of
anticompetitive firm behavior (Verboven and van Dijk, 2009) and (Kim and Cotterill, 2008) in industrial organization.

2See http://www.eia.gov/totalenergy/data/annual/showtext.cfm?t=ptb0105.
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opportunity cost of purchasing fuel inputs via a contract at any given point in time is the spot market price.3

Our main finding is that variation in the purchase price of natural gas closely follows variation in the

spot price: “opportunity cost pass through” is both rapid and complete so that natural gas spot prices are

a good proxy for power plant procurement costs. Conversely, coal spot prices are a poor proxy for coal

purchase prices: for all types of coal, “opportunity cost pass through” is very slow and incomplete. Natural

gas spot price fluctuations are reflected in fuel purchases almost completely within two months whereas

contemporaneous and lagged coal spot prices do a poor job at predicting the coal purchase price. A 1%

change in natural gas spot price leads to an approximately 0.85% change in the contract prices received by

the power plants within 1 month. However, a 1% change in coal spot price leads to an approximately 0.11%

change in the contract prices received by power plants even after 12 months. The implication is that coal

spot prices are often a poor proxy for coal procurement costs.

There are several mechanical factors which could lead to estimating slower opportunity cost pass through

for coal than natural gas. First, coal is more heterogeneous than natural gas which could lead to measurement

error and attenuation bias. Our results are robust to both controlling for coal characteristics explicitly and

estimating separate regressions for coal originating in different U.S. regions. Second, a mismatch between

observed cost shocks and a firm’s actual opportunity costs could be an issue (Nakamura and Zerom, 2010;

Fabra and Reguant, 2014). Our use of EIA’s propriety fuel cost data makes this less of a concern since we

use actual purchase data. We describe the data and reporting requirements in detail below.

While we are not able to identify the underlying reason why coal spot prices might be a poor proxy for

coal procurement costs using our research design, the results are consistent with conventional wisdom that

coal is purchased via long term contracts. Conversely, natural gas is often purchased via the spot market

since it is delivered by pipeline directly to power plants. Because our data contains some limited information

on contract length, we are able to both control for contract type in our econometric model and trim the

sample by contract lengths of different durations. In our sample, the majority of coal purchase contracts

have a duration longer than one year. However, even when we restrict the sample to contain only the shortest

length contracts explicitly listed in the sample- contracts less than one year- the result holds.

We also examine how procurement costs vary with spot prices under different regulatory and market

circumstances. First, we compare opportunity cost pass through rates across regulated power plants and

divested Independent Power Producers (IPPs). Previous literature on deregulation in the electric power

industry documents evidence that divested power plants operated more efficiently under competition pres-

sure. Specifically, deregulated coal-fired plants reduce procurement costs for coal relative to regulated plants

3We thank Glen Weyl for coining this term in informal conversation. Since we focus on opportunity cost pass
through in an upstream market, previous related work by Adachi and Ebina (2014) might use the term “wholesale
opportunity cost pass through”.
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(Chan et al., 2013; Cicala, 2015; Jha, 2015). A related question is whether procurement costs differentially

reflect commodity spot prices by regulatory status. For natural gas purchases, we find evidence that the

transmission of fossil fuel spot prices to power producers’ procurement costs is significantly faster in deregu-

lated power plants than regulated power plants. In contrast, we do not find any significant differences in the

opportunity cost pass-through pattern across regulatory status for coal purchases. We attempt to control for

geography and the deregulation decision by adding data from before the major episodes of deregulation in

2001. These results are consistent with post-2003 data, opportunity cost pass through is faster in deregulated

markets. Still, we do not claim to identify a causal relationship for reasons we describe below.

Finally, we analyze whether opportunity cost pass-through varies given an increase in market price versus

a decrease. Asymmetric price adjustment has been empirically documented in a number of commodity

markets (Peltzman, 2000), particularly in the fuel market (Borenstein et al., 1997).4 We find that natural

gas price decreases opportunity cost pass through to procurement prices more quickly than price increases.

This is consistent with strategic behavior on the part of natural gas plants who draw down inventories

during high price episodes. While we find no such effect for coal, we view this strictly as further evidence

that spot prices are bad predictors of coal purchase prices in general. We do not view this as evidence, for

example, that a tax on the production of coal would never be passed through to coal fired power plants and

subsequent electricity prices. Our study uses only high frequency price variation and therefore the results

are not externally valid to the type of low frequency price variation induced by tax changes. How a tax

change would affect coal prices in the long run is an interesting and important question, but not the focus

of our paper.5

Our results are relevant to both economists and policy makers.6 First, natural gas plays an increasing role

in the fuel mix for electricity generation due to lower prices attributable to hydraulic fracturing (Hausman and

Kellogg (2015)). Rapid and complete natural gas opportunity cost pass through implies larger proportion of

procurement costs in the electricity sector will reflect commodity spot prices. Procurement costs reflecting

commodity spot prices also implies that any market volatility in natural gas prices will pass through to

electricity producers and potentially electricity consumers quickly. This may expose electricity consumers

4For analyses in the electricity market, Zachmann and Von Hirschhausen (2008) first raised the puzzle of an
asymmetric pass-through from European Union’s CO2 emission prices to wholesale electricity prices. Mokinski and
Wölfing (2014) document empirical evidence of asymmetric adjustment of wholesale electricity prices in response to
CO2 emission prices.

5Long lived price changes, like taxes, have been shown to affect coal purchase quantities, for example, Kolstad
and Wolak Jr (1983). Because we use monthly variation in market prices, we do not view our findings as robust to
discrete and long lived tax policy changes. We focus exclusively on procurement costs as the dependent variable of
interest and leave the effects of spot price changes on quantities to future work.

6In the appendix we demonstrate the potential methodological importance of these results. We construct alter-
native marginal cost curves for two deregulated electric power markets. Using reported spot prices versus actual fuel
costs changes the dispatch order significantly.
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to greater electricity price volatility. Sticky coal procurement costs mitigated this historically.

Second, we document evidence that there are distinct pass-through patterns from fossil fuel spot prices

to procurement costs by regulatory status. Opportunity cost pass through is faster for deregulated power

plants for natural gas purchases. This is consistent with previous findings that deregulation affects the fossil

fuel purchase behaviors of power plants (Chan et al., 2013; Cicala, 2015; Jha, 2015). However, our findings

are not sufficient to make causal inference since even with cross-sectional variation in regulatory status with

pre-2001 data the decision to deregulate is likely endogenous. It does, though, provide further evidence that

deregulated firms operate very differently than regulated firms. A more complete theoretical model of pass

through would be needed to determine the welfare effects of these differences.

There are a couple a caveats to our study. First, we test for differences in commodity market pass through

to fossil fuel procurement of electricity producers. The more important question from a welfare perspective

is how fossil fuel prices are passed through to electricity prices. Data limitations on the bidding behavior of

generators restrict our ability to address the electricity pricing question.7 Second, we estimate differences

in opportunity cost pass through by regulatory status rather than the causal impact of deregulation on pass

through. As a result, our regulatory results are merely suggestive. Similarly, we do not have an instrument

to identify the causal impact of commodity price increases or decreases on fuel procurement costs. The goal

of our paper is simply to document differences in opportunity cost pass through behavior between coal and

natural gas power producers. Third, insofar as procurement contract differences are the best explanation

of our findings, the deeper economic question at the root of our result is why coal and natural gas are

purchased with contracts of different lengths. Earlier work points out that contract type can be a function

of relationship specific investments (Masten and Crocker (1985) and Joskow (1987)). As a result, it could be

that “opportunity cost pass through” is a function of competition parameters which dictate the timing and

nature of these relationship specific investments. Finally, our identification strategy is based on month-to-

month variation in fuel prices. For that reason, our estimated opportunity cost pass through rates are not

predictive of the impacts of long-run changes in fossil fuel prices driven by taxes from carbon policy or new

extractive technologies such as fracking.8

The paper proceeds as follows. Section 2 describes the context of the analysis. Section 3 describes the

data and summary statistics. In Section 4, we present the baseline empirical model. In Section 5, we provide

the empirical results and the discussion. Section 6 concludes.

7In Fabra and Reguant (2014), the authors develop a structural model and detailed data on generators supply
decisions to estimate pass through in the presence of strategic bidding. While some electricity markets publish bid
data from electric generators, those bids are typically masked making it impossible to match bids with our fuel cost
data.

8For example, it is likely that a carbon policy that taxes coal at the mine mouth would eventually pass through to
coal fired power plants despite the fact we find no evidence of opportunity cost pass through from monthly variation
in coal prices. Our results do suggest that the pass through would likely be gradual.
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2 Context

2.1 Contract Duration of Different Fossil Fuels

The duration of fossil fuel contracts between the power producers and suppliers is a key factor affecting fuel

substitution in the generation mix in the electric power sector given fuel spot price shocks (OECD/IEA,

2013). There are significant differences in contract duration between the coal and natural gas markets in

the U.S. The coal market is characterized by long contracts: the median contract averages around 2 years

in 2014 (Matisoff et al., 2014); 93% of coal consumed for electricity generation in the U.S. was purchased

via long-term contracts of more than a year (rather than spot contracts) in 2011 (EIA, 2012a). In contrast,

the standard contract in the natural gas market is much shorter. In 2011, 66% of natural gas consumed for

electricity generation in the U.S. was purchased via spot contract (EIA, 2012a). Shorter natural gas contract

lengths are potentially due to its wider use across different sectors although several other explanations like

extant natural gas pipeline infrastructure are feasible (Petrash, 2006).

2.2 Measuring Pass-through to Wholesale Electricity Prices

Most previous literature of cost pass-through in the electricity market focuses on the transmission of input

price shocks (e.g., emission allowance price variations) to wholesale electricity prices. Rather than looking

at input price pass through to wholesale electricity price, we look at how commodity spot prices relate to

procurement costs.

There are a couple reasons for focusing on the relationship between commodity spot prices and fuel pro-

curement costs rather than wholesale electricity prices. First, for traditional regulated electricity markets,

wholesale electricity transactions are realized via bilateral trading where market price determination mecha-

nism is opaque. Also it is unclear what regulators use as marginal cost estimates for wholesale transactions

between regulated utilities. Second, for restructured markets, the wholesale price is determined by bidding

in multi-unit auctions. Measuring bidding behavior response by the marginal generating unit to changes in

its marginal costs (e.g., fluctuations of fossil fuel procurement costs) is challenging because a firm’s optimal

bidding behavior depends not only on fossil fuel price shocks, but also the strategic adjustment of markups

(Wolfram (1998); Borenstein et al. (2002); Hortacsu and Puller (2008); and Fabra and Reguant (2014)).

These strategic incentives are likely to change with market conditions.

More precisely, in the case of deregulated power plants, in order to cleanly identify the pass-through

from fossil fuel price changes to wholesale electricity prices, economists must tease out the contribution of

strategic adjustment of markups and separate it from fuel costs. The previous literature derives the markup

of a utility firm from the first-order condition of profit maximization, which depends on the net quantity
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sold (i.e., its production minus its vertical commitment), and the slope of the residual demand faced by the

firm. The general approach of the previous literature is calculating the former by subtracting the firm’s

output by purchases from its subsidiaries, and approximating the latter based on the bid data. While data

on generator bids exist for some deregulated markets they are typically masked so that we cannot match it

to our input cost.

For all of these reasons, we focus on the pass-through between fossil fuel market prices and procurement

costs of power plants. Using this metric gives us a direct measure of opportunity cost pass through mitigating

any strategic factors in deregulated markets or any missing variables issues in regulated markets. It allows

us to answer our primary question of interest in this paper: how does speed and completeness of opportunity

cost pass through vary by fossil fuel type and regulatory status?

3 Data

3.1 Data Description

The study mainly exploits three separate data sets: (1) spot market prices of fossil fuels; (2) plant-level fossil

fuel receipt cost data for electricity producers; and (3) cost estimates of railway transportation, during the

period of 2002 to 2012.

The first data set is mainly collected from Bloomberg. From the Bloomberg data, we obtain daily spot

and future prices for natural gas at several hubs and weekly spot prices for coal extracted in three major

deposits in the U.S.: the Powder River Basin, the Illinois Basin and the Central Appalachian (PRB, Illinois

and CAPP). We aggregate the daily and weekly market prices to monthly averages to be consistent with

the frequency of the fossil fuel receipt cost data. Boloomberg’s market data is collected from dealers in the

over-the counter market for coal. While relatively little coal transacts in the spot market, as little as 1%

according to EIA, some power plants market their coal reserves to market using spot prices making these

prices an appropriate measure of the opportunity cost that generators face, see EIA (2012b).9

The main source for the second data set is the records of FERC-423 and EIA-423 data forms called the

“Monthly Report of Cost and Quality of Fuels of Electric Power Plants”. FERC-423 form must be filed by all

utility electricity-generating plants with a capacity of at least 50 megawatts, while EIA-423 is designated for

the non-utility counterparts with capacity above the same cutoff. After 2008, both forms were incorporated

in the survey Form EIA-923. The non-utility part of the data is not publicly available for privacy protection

9We also collect coal market spot prices from SNL energy, which collects data from a survey of market participants.
There two price series are highly correlated, with correlation coefficients of 0.86 for PRB coal and 0.95 for Central
Appalachian coal. Because the SNL data does not include Illinois coal and has a shorter time span for the other
basins we employ the Bloomberg data in our analysis.
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purpose. We requested the proprietary data from EIA by signing a non-disclosure agreement which permits

us to use the data for this high level analysis.

The proprietary transaction-level data contains purchased fossil fuel types and includes sub-fuel cate-

gories (e.g., bituminous coal), contract prices (including transportation costs and taxes), quantity of fuel

delivered, average heat content of the fossil fuel, contract terms (e.g., contract type and in some cases, ex-

piration date), average sulfur and ash content of coal, location of the purchasing plant and the origin of all

coal shipments.10 Coal origin allows us categorize the coal transactions by coal type and thus match each

procurement contract with the associated coal market price (PRB, CAPP or Illinois) from Bloomberg. We

match natural gas purchases to the nearest trading hubs based on major transportation flow pattern of the

U.S. Natural Gas market.11 We match fossil fuel spot prices at Waha Hub (TX) for plants in NE and KS,

prices at Opal Hub (WY) for plants in UT, WY and CO, prices at Blanco Hub (NM) for plants in AZ and

NM, prices at Chicago Hub for plants in WI and IL, and prices at AECO Hub (Canada) for plants in IA,

MN, ND, MT, WA, OR and NV, and prices at Henry Hub (LA) for the remaining plants.

Electric power plants with a capacity above 50 MW are required to complete monthly reports on their

operations under the Federal Energy Administration Act of 1974. Failing to report or knowingly submitting

false reports is a criminal offense. The data for utility and non-utility providers are both taken from the

same survey and prepared for release in the same way. EIA (2010) and EIA (2012a) provide a succinct

description of how the data is collected, compiled and reported. Fuel cost data collected from these EIA

surveys has been employed in several papers in the related literature, including Busse and Keohane (2007),

Hortacsu and Puller (2008), Maria et al. (2014) and Cicala (2015) among many others.12

Our third dataset controls for the costs of shipping coal via rail. Our fuel procurement cost data includes

transportation delivery costs for coal. According to EIA reports, railroad is the main transportation mode

for coal delivered to electric power plants (over 70% in 2010). Rail transportation costs account for a sizable

share of the total delivered cost of coal for electric power producers and vary across shipments of coal

originating from different coal basins.13 If correlated with changes in coal prices, unobserved changes in rail

transportation rates would bias the estimated results on the pass-through from coal market prices.

The EIA estimates that the costs of transporting coal to power plants rose by 46% nationally from $11.83

10The contract types are divided into “spot” deliveries (for contracts that expire in less than one year), and
“contract” deliveries (for longer-duration contracts). Expiration dates are available for “contract” deliveries, although
this information is missing for many “contract” observations.

11See the map available from EIA: http://www.eia.gov/pub/oil_gas/natural_gas/analysis_publications/

ngpipeline/MarketCenterHubsMap.html.
12See also Fell et al. (2014), Knittel et al. (2015b), Jha (2015) and Jha and Muller (2016).
13EIA reports that during 2001-2008, the national average share of rail transportation cost as percent of total coal

delivered costs is 20%. The number could reach as high as 59% for shipments of coal originating in Powder River Basin.
See more details on EIA reports available at http://www.eia.gov/coal/transportationrates/archive/2010/trend-
coal.cfm.
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Figure 1: Rail Transportation Costs for Coal, by Mining Basins

Note: 2001-2007 data is based on the Surface Transportation Board (STB)’s 900-Byte Carload Waybill Sample.
2008-2012 data is calculated by EIA, which augmented STB’s Waybill sample by EIA-923 Power Plant Operations
Report data.

to $17.25 per ton from 2001-2012. Figure 1 shows the estimated rail transportation costs for coal originating

from three major coal deposit basins we analyze in this paper. There are substantial increases in the rail

delivery costs for coals from all 3 basins. During the same time, the demand for PRB coal increased due to

environmental regulation and the lower sulfur content of PRB coal.

We are not aware of any dataset which specifically reports coal transportation costs so in order to handle

this issue, we combine two data sets to approximate the changes in railroad transportation costs. The first

data set is the EIA-estimated rail transportation cost data ($/ton), which is available on yearly basis, and

provides detailed information about deliveries from each coal basin to each state destination. For some

deliveries, the data is proprietary to protect trade secrets. For those deliveries we use the average costs of

deliveries from the same basin for proxies.

The second data set is the Rail Cost Adjustment Factor (RCAF) used in Busse and Keohane (2007).

The RCAF is a national cost index computed quarterly by the Association of American Railroads to measure

the rate of inflation in railroad inputs such as labor and fuel. It is also adjusted for productivity gains. The

cost index is used by Surface Transportation Board to assess railroad rates. We transform the yearly data

from EIA to quarterly data based on the quarterly deviation of Rail Cost Adjustment Factor as the share

of the yearly average. Specifically, we applying the following formula to our data:

Rail Costy,q = Rail Costy +
RCAFy,q − 1

4

∑4
q=1RCAFy,q

1
4

∑4
q=1RCAFy,q

∗Rail Costy, (1)

where y is a specific year, q is a quarter of year, RCAF is the Rail Cost Adjustment Factor. We then assume
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within the same quarter, the rail transportation costs for coal deliveries to power plants grow at a constant

rate. This interpolated proxy gives us the ability to calculate a monthly time series for rail delivery costs

for coal.

Finally, we exploit the North American Industry Classification System Code (NAICS) information avail-

able from the records of the EIA-906 data form (also incorporated in EIA-923 after 2008 ),“Annual Electric

Utility Data”, to restrict the sample to electricity-generating plants in the electric power industry only. We

further take advantage of the EIA Sector Code to identify plants that are divested non-utility Independent

Power Producers (IPPs) and those that are regulated electric utility producers.14

Table 1: Summary Statistics

Unit Mean Std. Dev. Min. Max. Obs.
Receipt Prices for Power Plants

PRB Coal Cents/MMBtu 154.7 58.7 12 957.5 58064
CAPP Coal Cents/MMBtu 249.1 102.6 5.9 1074.4 83632

IL Coal Cents/MMBtu 198.2 78.2 31.8 640 21413
NG Cents/MMBtu 600.7 250.6 0.4 1768.1 177126

Fossil Fuel Spot Market Prices
PRB Coal Cents/MMBtu 57.3 18.8 30.6 117.9 132

CAPP Coal Cents/MMBtu 236.5 80 111.6 511.3 132
IL Coal Cents/MMBtu 174.5 51.9 103.2 348.2 132

NG (Henry Hub) Cents/MMBtu 556.7 232.6 194.5 1342.4 132

Rail Transportation Cost Dollars/Ton 15 5.6 2.4 41.5 10119

Note: The summary table is based on data from 2002 to 2012. For some natural gas purchases with
very small volumes the receipt price is extremely high. Here we present statistics for natural gas receipt
prices below the 99th percentile.

3.2 Summary Statistics

Table 1 shows summary statistics for our data. There are non-trivial differences between the averages of fossil

fuel spot market prices and the receipt procurement costs paid by power producers. The mean fossil fuel

spot market prices are lower than costs for every fuel type. Highlighting the importance of transportation

costs, though, the relative price differences are larger for coal compared to natural gas. Among the three

types of coal, the mean fossil fuel spot market price of the PRB coal accounts for roughly 40% of the delivery

price. This is consistent with relative clean PRB coal being shipped to east coast power plants subject to

stricter environmental regulation on air pollution emissions.

To get a sense of dynamics in the data, Figure 2 plots changes in fossil fuel prices over time. Panel

(a) displays fluctuations in fossil fuel spot market prices across time. The panel shows that the fossil fuel

14We exclude IPPs which are also co-generators with business purpose of heating.
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spot market price of PRB coal was less volatile than other fuel types. Given that market prices are jointly

determined by supply, demand and substitutes, we are agnostic about the causes of this difference. We do

note that all prices appear to be positively correlated to some extent.

Panels (b) and (c) highlight how procurement costs for coal fired power plants in two different parts

of the country changed over our sample period. Transactions made by power plants near the relevant coal

mining basins are selected to be compared with the regional coal spot market prices. We choose two states,

Colorado and West Virginia, to highlight how receipt prices for PRB and CAPP coal, evolved over the sample

period.15 Panel (b) shows average procurement costs of PRB coal for coal plants in Colorado and panel (c)

shows procurement costs of CAPP coal for coal plants in West Virginia. For both locations coal procurement

costs display a consistent upward trend. For CAPP coal, procurement costs lack the high frequency volatility

in the coal spot market prices. For PRB coal, procurement costs increase despite relatively flat PRB coal

prices in the spot market. Panel (d) shows average procurement costs for natural gas delivered to New

York power plants. These prices appear to track the level and volatility of the natural gas spot prices at

Henry Hub. Despite not controlling for rail transport prices for coal, the graphs appear consistent with rapid

natural gas opportunity cost pass through and slow coal price opportunity cost pass through.

4 Empirical Strategy

This study focuses on measuring how fossil fuel spot market prices manifest in fuel procurement costs in the

electricity sector. To do so we use a reduced form econometric approach. While, we do not claim to identify

causal impacts nor identify the underlying mechanisms behind our findings, we explore possible channels

through which opportunity cost pass through could vary below.

In order to understand how changes in fossil fuel spot prices are transmitted to power producer pro-

curement prices, we apply a common empirical model from the pass-through literature on exchange rate in

international economics.16 Those models are intended to determine how quickly exchange rate fluctuations

are passed through to market prices of traded goods. That approach is well-suited to handle our setting

if each individual power producing company cannot influence the market commodity price of each type of

fossil fuel individually. It does allow, though, for demand across power producing firms to be correlated.

Our econometric specification takes the following form:

∆log(Fuel Pricefit) = α+

12∑
k=1

βf
k · ∆log(Spot Priceft−k) · 1[Fuelf ] + Ψ ·X + εfit. (2)

15Based on EIA’s fuel purchase data for power plants, PRB coal made up 54% of total consumption in Colorado,
and CAPP coal made up 23% of total coal consumption in West Virginia during the sample period.

16See Campa and Goldberg (2005), Nakamura and Zerom (2010) and Goldberg and Campa (2010) for examples.
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(a) Fossil Fuel Spot Market Prices (b) Average Coal Delivered Receipt Costs in Colorado

(c) Average Coal Delivered Receipt Costs in West Vir-
ginia

(d) Average NG Delivered Receipt Costs in New York
State

Figure 2: Fossil Fuel Spot Market Prices and Delivered Receipt Costs for Power Plants

Note: the average fossil fuel delivered costs for power plants is weighted by transaction volume. PRB Coal purchases
for plants in Colorado are selected to represent those for the PRB coal. CAPP Coal purchases for plants in West
Virginia are selected to represent those for the CAPP coal. Fossil fuel receipt prices for power plants also include
delivery costs. Panels b-d report the coefficients and 95% confidence intervals from a regression of fossil fuel prices
on month of sample dummies. They recover the average cost and a measure of the variance of the cost across plants
in the state that use that fuel.
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In equation (2), for coal, i indexes a plant-origin combination; for natural gas, i indexes a power plant.17

t represents unique time periods, f is a specific type of fossil fuel (coal or natural gas) and 1[Fuelf ] is an

indicator variable for each fuel. The term ∆ represents first difference transformations, log(FuelPricefit) is

the log of mean delivered cost of fuel in month t, log(SpotPriceft−k) is the log spot market price for fuel

f lagged k = 1, ..., 12 months. X is a vector of control variables. We add lagged fossil fuel spot prices to

allow for the possibility of gradual adjustment of power plants’ procurement costs to fossil fuel spot prices,

especially given the contract duration terms discussed in Section 2.1.18 βf
k is the coefficient of interest, which

measures the percentage change in receipt prices of fuel f associated with a one percentage change in the

corresponding fossil fuel spot market prices k months ago. The cumulative sum of the coefficients,
∑12

k=0 βk,

is then defined to be the aggregate long-run pass-through rate. The coefficients are identified off variation

in changes of fuel spot prices within a plant-fuel-origin combination or a power plant differencing out the

average effect for each month.

Our price variables are highly persistent: Dickey-Fuller tests for the hypothesis of a unit root in fossil

fuel spot prices cannot be rejected at a 5% significance level.19 Estimating the model in levels is problematic

as a result. Therefore, we follow Campa and Goldberg (2005), Nakamura and Zerom (2010) and Goldberg

and Campa (2010), by taking the first difference of both the right and left hand side price variables.20

In addition to fossil fuel spot prices, we also control for other variables in X, including month-of-year

fixed effects, change in log rail transportation costs,21 and plant fixed effects.22 We estimate the model using

the data described in Section 3, for monthly changes in procurement costs and fossil fuel spot market prices

over the 2002 - 2012 sample period. The standard errors are clustered at the plant level to allow for arbitrary

serial correlation.23

In line with previous studies in the exchange rate pass-through literature where firms take exchange rates

as given when pricing goods, the necessary assumption required in the current specification is that power

17For coal purchases, a coal-origin combination means transactions from an extraction type of coal mine (sur-
face/underground mining) from a delivery county to a power plant.

18Most plants in our sample receive at least one delivery a month, ensuring that we have a fuel price observation.
Around 9% of coal plants receive a single delivery per year. They are excluded from the analysis.

19We were unable to reject the hypothesis that the series of coal prices at the 3 mining basins or natural gas
prices at various hubs were nonstationary. The Dickey-Fuller unit root test on the fuel spot prices in an econometric
specification with a time trend rejects the unit root hypothesis only in natural gas prices at Chicago Hub.

20Coal characteristics should be constant at each coal origin. Thus, since the data for coal purchases are at the
plant-origin level, coal characteristics should automatically drop off the equation after a first-difference transformation
is applied if coal characteristics only affect the level of procurement costs.

21Log rail transportation costs are set to zero for natural gas and for coal plants that are not matched with the
estimated rail cost data from EIA. These plants are served via transportation mode other than railroads, such as
barge or truck.

22For robustness checks, we also include coal characteristics such as ash content, heat content, sulfur content, a
dummy variable for out of state coal and an indicator of coal mine type in levels to the first differences in prices.

23We were not able to reject the null hypothesis of no first order autocorrelation under the Wooldridge test for
autocorrelation in panel data (Wooldridge, 2010).

13



plants are price takers in the fossil fuel spot markets. We argue that this is a valid assumption given the

fact that the fossil fuel spot markets are all large with many participants from diverse sectors such that no

single power plant (or a power plant owning firm) has the market power to manipulate their fuel spot prices.

Although individual plants or firms can engage in bilateral contracting with the fuel suppliers instead of (or

in addition to) purchasing via fossil fuel spot markets, we argue this would not grant them the power to

manipulate the fossil fuel spot market prices since input sellers always have the opportunity to sell at spot

or futures prices. This type of empirical model has also been applied in previous studies with detailed panel

data similar to ours.24

5 Empirical Results

In this section we present empirical results describing opportunity cost pass through by fuel type, by contract

duration, regulatory status and across price increases versus decreases.

5.1 Main Results

This section describes the results from estimating equation (2) for coal and natural gas.25 Rather than

display our results with a table of 12 coefficients per fuel type, we display our results graphically in Figure

3. Each fuel-specific line connects a month specific point estimate and bars represent the 95% confidence

intervals for that month’s point estimate. The pass-through pattern of coal is distinct from natural gas.

Spot market price changes for natural gas quickly pass through to delivered contract costs for natural gas

fired power plants. The pass-through responses occur almost entirely in the month of the price change and

the subsequent month. The sum of the point estimates for the first two periods is approximately 0.81 with

a standard error calculated using the delta method of 0.02. The interpretation of this result is that a 1%

increase in natural gas spot market price leads to an expected increase of 0.81% in procurement costs of

natural gas by electricity producers within 2 months.

In contrast, pass-through is much more sluggish and far less complete for coal transactions. For coal,

after 12 months the sum of all monthly coefficients is only 0.08 with a standard error of 0.01. This implies

a 1% increase in coal spot market price leads to only a 0.08% increase in the contract prices paid by power

plants even after an entire year. Since average coal contracts in the U.S. last for approximately 2 years, we

24The model has been applied in different data structures, such as time series (Campa and Goldberg, 2005) and
panel data sets for both aggregate country- or industry-level studies and detailed producer- or product-level studies
(Goldberg and Campa, 2010; Nakamura and Zerom, 2010).

25We also evaluated opportunity cost pass through for oil spot market prices to oil fired power plants. The pass-
through patterns of natural gas and oil are very similar, and oil accounts for only a small share of electricity generation,
so we present only pass-through coefficients for coal and natural gas. More detailed results for oil are available upon
request.
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Figure 3: Pass-through Coefficients for Coal and Natural Gas

Note: Lines indicate the point estimates for coefficients associated with each month’s lagged fossil fuel spot market
price. Whiskers represent 95% confidence intervals.

also check the empirical model in equation (2) with 24 lags for coal. However, the long-run the pass-through

after 24 months only increases to 0.22 (with a standard error of 0.03).26

The findings in this section are in one way unsurprising and another way surprising. They are unsur-

prising in that natural gas spot prices pass through to electricity generators more quickly than coal prices:

coal is procured via longer terms contracts than natural gas. The result also provides evidence in support

of the existing literature. Fabra and Reguant (2014) find that fossil fuel price pass through estimates to

wholesale electricity prices are noisily estimated relative to pollution permit prices. The authors argue that

fuel market spot prices may be an imperfect proxy for power plants true costs. Our result suggests that is

likely the case, at least for coal fired power plants.

The magnitudes of how quickly spot prices manifest in procurement costs is somewhat surprising.27

The opportunity cost pass-through for natural gas is almost complete within two months. Conversely, the

opportunity cost pass-through for coal, even over a year, is still very small. It suggests that as more electricity

is produced using natural gas the electricity prices could become more sensitive to short run changes in fuel

price. However, a more complete structural model accounting for strategic considerations of electricity

producers is needed in order to determine how procured fuel prices are passed on to wholesale electricity

prices.

It is important to note that the estimated opportunity cost pass through coefficients are identified off

26These results are robust to using SNL Energy’s reported spot prices, rather than Bloomberg data, for the basins
where SNL Energy provides spot market data.

27In the appendix, we show that these results for coal opportunity cost pass through are consistent across each of
the three coal basins. We take this as evidence that the opportunity cost pass through estimates are not hiding the
effects of unobservable coal characteristics.
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monthly variation in commodity prices. In that sense, the estimates here clearly reflect opportunity cost pass

through rather than traditional pass through. The distinction is important when the results are interpreted.

Long-run changes in commodity prices driven by banning types of coal production or a production tax on

coal would not be consistent with our analysis and would likely eventually pass through, at least partially,

to coal fired power plants and therefore wholesale electricity prices.

5.2 Contract Duration

One possible explanation for the different patterns between coal and natural gas procurement costs noted

above may be differences in the way those fuels are purchased. Joskow (1987) finds that coal is typically

purchased on longer term contracts as the level of relationship-specific investments for the coal fired power

plant increases. The homogeneity of natural gas reduces the need for relationship-specific investments and

thus long-term contracting. In this section we take advantage of EIA’s (limited) information on contract

duration to explore how opportunity cost pass through varies with contract duration. Unfortunately, EIA

does not have precise information on contract duration for each delivery. EIA labels a transaction as either

“spot” or “contract”. The EIA definition of a “spot” transaction is somewhat atypical. In our data, it

means “fuel received under a purchase order or contract with a duration of less than a year”. Otherwise, a

transaction is defined as “contract”. This implies that both true spot transactions as well as contracts up

to a year are included in the “spot” category. We return to this measurement issue when discussing our

results. For “contract” purchases, EIA also reports the month and the year when a purchase order expires,

but reporting this information is optional.

To illustrate the data, we begin by demonstrating the variation in delivered contract prices within a

delivery month and coal basin for spot contracts only. We also graph the appropriate coal commodity spot

price on each panel to document where the spot price sits relative to the delivered prices generators were

receiving that month. The results are presented in Figure 4. The results demonstrate the significant hetero-

geneity of delivered coal prices. This variance could be driven by within basin differences in transportation

costs or coal characteristics. The dispersion displayed here is not explained by lagged spot prices suggesting

that EIA’s idiosyncratic definition of spot prices is not the primary driver of the variance in spot prices,

although of course it may play a role. The delivered price includes transportation costs here which may drive

some of the variation. Similar graphs subtracting out the estimated transportation costs using the process

described above (available upon request) tell a similar story. While transport costs likely play a large role in

shifting the PRB distribution to the right, the coefficient of variation is roughly the same across the three

basins.

We estimate equation (2) on subsets of the data to evaluate opportunity cost pass through by contract
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(a) Feb. 2002, CAPP (b) Feb. 2002, IL (c) Feb. 2002, PRB

(d) June 2005, CAPP (e) June 2005, IL (f) June 2005, PRB

(g) Oct 2012, CAPP (h) Oct 2012, IL (i) Oct 2012, PRB

Figure 4: Distribution of Delivered Coal Prices by Delivery Month and Coal Basin

Note: each panel reports the distribution of observed delivered coal prices for spot contracts, as defined by EIA, for
a single, arbitrarily chosen, month in each major coal basin. The vertical line indicates the level of spot prices for
that month and basin. The delivered price includes transportation costs and transportation costs are much higher in
PRB than the other basins.
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duration. We estimate our baseline equation on spot, intermediate and long contracts for coal and natural

gas separately for a total of six regressions. Intermediate and long contracts are categorized by the cutoff of

the sample median of contract length, which is approximated by the time period between the current month

and the expiration month. In table 2 we report the estimated opportunity cost pass through coefficients for

each of those sub-samples for twelve months of lagged spot price indices. Columns 1-3 report the results

for coal deliveries. For coal delivered on spot contracts, we find limited evidence of positive opportunity

cost pass through. While the contemporaneous months opportunity cost pass through coefficient is negative,

and statistically insignificant, lag months 1-4 are positive, and again not significant. We cannot reject the

hypothesis that the opportunity cost pass through on spot contracts is positive and significant for months

0-2 (coefficient=0.13, t-stat=2.70) and 0-6 months (coefficient=.13 t-stat=2.30). In contrast, there is no

evidence of opportunity cost pass through for intermediate and long contracts on coal. There is no evidence

of positive opportunity cost pass through for those time horizons for intermediate contracts, and smaller,

but statistically significant opportunity cost pass through within 0-2 months for long term contracts driven

by the positive contemporaneous point estimate.28

Next, we consider columns 4-6, which report natural gas opportunity cost pass through coefficients for

different contract durations. Opportunity cost pass through is higher for all contract types for natural gas as

compared to coal. That said, there is significantly higher opportunity cost pass through for shorter natural

gas duration contracts. Both spot and intermediate contemporaneous opportunity cost pass through is

positive with a slightly higher point estimate for spot transactions, although the difference is not statistically

significant. The opportunity cost pass through rates on spot contracts are significantly higher for months

0-3 summed than on intermediate length contracts.

The results of our analysis in this section provide some suggestive evidence that contract duration is

correlated with how quickly commodity spot prices manifest in power plant procurement costs. Opportunity

cost pass through on both coal and natural gas are higher in the spot market than the contract markets.

The differences in opportunity cost pass through across fuels are much larger than the differences across

contract types within fuels. The estimation of opportunity cost pass through by contract type is difficult for

at least two reasons, first there are a relatively small number of deliveries in the non-modal contract type for

each fuel, leading to imprecise estimates. Second, and more importantly, the definition of spot contracts is

somewhat atypical. To the extent that we are lumping true “spot” transactions with longer term contacts,

we may be understating the level of opportunity cost pass through for spot transactions.

28We also compared the descriptive statistics for coal delivered under each contract type. We do not find systematic
differences in the characteristics of coal across contract types.
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Table 2: Regression Results by Contract Duration: Coal and Natural Gas

(1) (2) (3) (4) (5) (6)
Coal Natural Gas

Spot Intermediate Long Spot Intermediate Long
P0 -0.03 0.03 0.06∗∗ 0.47∗∗∗ 0.40∗∗∗ 0.23
P1 0.06 -0.01 -0.02 0.29∗∗∗ 0.34∗∗ 0.34∗∗∗

P2 0.10 0.00 0.03 -0.01 -0.04 0.00
P3 0.03 -0.02 0.01 -0.00 -0.04 0.00
P4 0.02 0.02 -0.01 -0.01 -0.09 0.02
P5 -0.12∗ -0.02 -0.01 0.03 -0.04 0.06
P6 0.07∗ 0.06∗∗ 0.03 -0.02 0.08 0.02
P7 0.00 -0.05 -0.02 -0.06∗∗ 0.03 -0.15∗∗

P8 -0.04 0.02 0.03 0.02 -0.07 -0.02
P9 -0.04 0.05 -0.02 0.01 -0.15 -0.02
P10 0.02 -0.02 0.01 0.03 -0.04 0.06
P11 0.17∗∗ 0.03 0.00 0.00 -0.03 0.02
P12 -0.05 0.00 0.05∗ -0.04 0.06 -0.06
Observations 673 1511 2290 15731 898 1628
Adjusted R2 0.024 0.043 0.027 0.022 0.038 0.014

Note: The table shows estimated opportunity cost pass through coefficients by month,
contract duration and fuel type. Each column reports the results of a separate regression
on a fuel-contract duration specific subset of the data. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

5.3 Variations by Regulatory Status

One attractive feature of our data is that we observe regulation status of each power plant in our sample.

We investigate the how quickly commodity spot prices manifest in procurement costs in regulated power

plants versus divested or deregulated plants in this subsection. There is evidence that deregulation affects

firms’ fuel procurement practices (Chan et al., 2013; Cicala, 2015; Jha, 2015). We are not aware of any study

which attempts to determine if the speed with which spot prices manifest in procurement costs varies with

regulatory status.

5.3.1 Post-deregulation Comparison

We estimate the following variant of equation (2) to determine differences in opportunity cost pass through

by regulatory status:

∆log(Fuel Pricefit) =α+

12∑
k=1

γfk · ∆log(Spot Priceft−k) · 1[Deregulationi] · 1[Fuelf ]

+

12∑
k=1

βf
k · ∆log(Spot Priceft−k) · 1[Fuelf ] + Ψ ·X + εfit,

(3)
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(a) Coal Transactions (b) NG Transactions

Figure 5: Pass-through Elasticity: Regulated vs. Deregulated

Note: deregulated plants are defined as divested ones of the independent power producers.

where 1[Deregulation] is an indicator variable taking a value of 1 if a plant is a divested independent power

producer. βf now measures the pass-through elasticity of the regulated plants for fossil fuel f , γf measures

the deviation of pass-through elasticity of the deregulated plants relative to the regulated counterparts for

fuel f . As before, the coefficients are identified off variation in changes of input spot prices within a fuel

type, month of year, and a deregulated (or regulated) power plant owning firm.

Figure 5 plots the estimated coefficients along with 95% confidence intervals for coal and natural gas

purchases by regulatory status. The Figure shows that while coal opportunity cost pass through does not vary

with regulatory status, natural gas opportunity cost pass through is significantly more rapid in deregulated

plants. This is indicated by the significant difference in the estimates for the contemporaneous month.

In the Appendix we also show coefficient estimates numerically to emphasize these statistically significant

differences. Specifically, natural gas has higher opportunity cost pass through after one month (.67 versus

.48) and two months (.93 versus .81) in deregulated versus regulated power plants. This indicates that given

a 1% increase in the natural gas spot prices, on average the increase of natural gas procurement prices in

deregulated plants is larger by 0.19% than that in regulated plants within one month.

For coal, on the other hand, there are no distinguishable pattern of pass-through between regulated and

deregulated power plants. The estimated opportunity cost pass through rates are small for all of the months

for both regulated and deregulated plants, even though the estimates are noisier for deregulated plants. The

appendix also provides evidence that these results hold across each of the coal basins independently.
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5.3.2 Difference-in-difference Approach

We further analyze differential opportunity cost pass through patterns by regulatory status via a difference-

in-difference approach. Previous literature documenting evidence that deregulation affects firms’ fuel pro-

curement practices all exploit a difference in difference design (Chan et al., 2013; Cicala, 2015; Jha, 2015).

Taking advantage of pre-deregulation periods as a counterfactual, we reevaluate our previous findings based

on simple post-deregulation differences and provide more informative interpretation regarding the compari-

son between regulated versus deregulated power plants. Regulatory status is non-random and the data are

not ideal for this exercise. For that reason we do not claim to have estimated a causal effect. We do believe

these results provide suggestive evidence that opportunity cost pass through is faster and more complete in

deregulated markets.

Before 1998, many U.S. power plants faced output price regulation. Beginning in 1998, some U.S. states

introduced auction-based market mechanisms for electricity supply, while other states remained under output

price regulation. We collect monthly shipment-level data on fuel purchase information for the U.S. power

plants during 1995-1998 from EIA’s FERC 423 form. The reason why the pre-deregulation sample only

dates back to Jan 1995 is because it is the earliest month for our fossil fuel commodity spot price data.

Taking advantage of the “pre-1998” sample, we are able to alleviate some confounding factors in associated

differential opportunity cost pass through and regulatory status. For instance, deregulated natural gas power

plants tend to be located in Northeast, Texas or California, where natural gas generation accounts for a larger

share in the generation mix and power plants are located nearer to trading hubs.29

One critical caveat of the FERC 423 form data is that once divested, plants were no longer required to

report fuel purchase information to FERC, and EIA did not resume collection of fuel purchase information

from deregulated power plants until 2002. Thus, deregulated plants which were sold before 2002 have a gap

in reporting. This is the reason why we exploit disjoint periods of 1995-1998 and 2002-2012 as samples for

pre- and post-deregulation.

Other inconsistencies exist between the pre- and post-deregulation samples. The pre-1998 data does not

provide specific dates of expiration for “contract” purchases (orders expiring after more than 12 months)

unlike the post-2002 data. This limits our ability to further categorize “contract” purchases based on contract

length.30 Therefore, combining the two data sets, we can only separate transactions into “spot” (i.e., expiring

within 12 months) and “contract” transactions.

29We thank for the anonymous referee for raising these arguments.
30The pre-1998 sample of FERC 423 data provides information on whether the number of months remaining on

a contract is over 24 months. We tried to use this as criterion to separate “contract” purchases to achieve data
consistency before and after deregulation. However, there are too few observations for contracts over 24 months to
separately estimated their opportunity cost pass through in this specification.
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We apply the following difference-in-difference empirical specification form:

∆log(Fuel Price)fit =α+

12∑
k=0

δfk · ∆log(Spot Price)ft−k · 1[Deregulated]i

+

12∑
k=0

γfk · log(Spot Price)ft−k · 1[Y ear > 1998]t

+

12∑
k=0

βf
k · ∆log(Spot Price)ft−k · 1[Y ear > 1998]t · 1[Deregulated]i + Ψ ·X + εfit,

(4)

The empirical model is applied separately to coal and natural gas, with f indicating the fuel type. For coal

purchases, the cross-section unit i is a transaction from an extraction type of coal mine (surface/underground

mining) from a delivery county to a power plant; for natural gas, i is a power plant. Due to limited data on

Illinois Basin coal usage before deregulation and environmental regulation implemented at the same time, for

coal purchases, we focus on central Appalachian coal and the Powder River Basin coal during 1997-1998 as

pre-deregulation counterfactuals. For natural gas purchases, we take advantage of pre-deregulation sample

between 1995-1998. 1[Y ear > 1998]t is an indicator taking value of 1 after 1998 (2002-2012), and 0 otherwise.

1[Deregulated] is an indicator variable taking value of 1 if a plant was eventually divested as an Independent

Power Producer. X is a set of control variables including plant fixed effects and month-of-year fixed effects;

for coal purchases, it also incorporates coal characteristics (ash content, heat content, sulfur content), dummy

variable of whether the coal is from an outside state, indicator of coal mine type, and monthly changes of rail

cost adjusted factor which control for changes of rail delivery cost adjusted for productivity shocks. Within

each fuel type, we also apply the above empirical model separately for purchases under different contract

duration: (1) “spot” and (2) “contracts” purchases.

For natural gas transactions, the estimated difference-in-difference coefficients associated with each

lagged month (e.g., P1 indicates the coefficient for the first lagged month, etc.) are shown in Table 3, with

column (1) - (3) containing results for all sample observations, “spot” purchase observations and “contract”

purchase observations. When all the sample observations are included coefficients indicate that natural gas

spot prices pass on much more quickly to procurements costs for deregulated plants relative to their regulated

counterparts since the coefficient on “P0” is positive and statistically significant. This is consistent with the

empirical findings based on simple post-deregulation comparison.

When we estimate separate coefficients for contract durations of different lengths, the coefficient estimate

for contemporaneous month stays positive. The “contract” opportunity cost pass through is comparable to

the full sample, while the spot purchases are somewhat lower, although the difference is not statistically
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Table 3: Deregulated Status and NG Pass-through Patterns: Diff-in-diff Analysis

Full Sample “Spot” Purchases “Contract” Purchases
P0 0.428∗∗ 0.242 0.409∗

P1 -0.0762 0.103 -0.115
P2 -0.114 -0.257∗ -0.0526
P3 0.0487 -0.106 0.137
P4 -0.0718 0.00770 -0.158
P5 0.0141 0.204∗∗ -0.0382
P6 -0.0314 -0.213∗ 0.0749
P7 0.0754 0.0118 0.146
P8 0.0314 0.128 -0.0374
P9 -0.111 -0.234∗∗ -0.104
P10 0.0168 0.0861 0.0297
P11 -0.100 -0.111 -0.225∗

P12 -0.0694 -0.0422 -0.00718
Observations 35448 17404 18044
Adjusted R2 0.050 0.024 0.092

Note: Coefficients represent the difference in opportunity cost pass through in
deregulated plants relative to the pre-deregulation time period (e.g., the β coef-
ficients in equation 4 above). Note the pre- and post-regulation data come from
different E.I.A. forms with slightly different reporting requirements. See main text
for details. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

significant. For several lagged terms in the contract specific results, the difference-in-difference coefficients

are significantly negative. For specifications (2) and (3), we use the delta method to estimate cumulative

procurement cost pass-through rates for “spot” and “contract” observations. For both “spot” and “contract

purchases, cumulative differences in pass-through rates are statistically insignificant with the exception of the

2-month cumulative pass-through. For “spot purchases, the 2-month cumulative pass-through is 34% larger

for plants in deregulated markets and significant at the 5% level. For “contract” purchases, the 2-month

cumulative pass-through for deregulated plants is larger at the 10% significant level with a magnitude of

approximately 29%. From this perspective, the results of faster pass-through for deregulated power plants

still hold when we look into contract durations of different lengths.

We also estimate a similar specification for coal opportunity cost pass through. The results are similar,

opportunity cost pass through is faster and more complete in deregulated markets post-deregulation than

in non-deregulated markets controlling for pre-deregulation differences. The results here somewhat more

difficult to interpret because our baseline specification estimated very little opportunity cost pass through.

We cautiously interpret this as suggestive evidence of a trend towards faster and more complete opportunity

cost pass through in coal plants in deregulated jurisdictions.

Our research design does not let us identify the cause of this difference. However, this is consistent

with deregulated plants choosing contract durations in a strategically different way compared to regulated

plants. We view this as consistent with the broader literature on this topic which finds that deregulation
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impacts procurement mechanisms (Chan et al., 2013; Cicala, 2015; Jha, 2015). However, given that strategic

incentives are possibly different in deregulated and regulated plants and our research design does address

mechanisms, we prefer to focus on the net effects of the pooled results and leave the optimal composition of

long versus short term natural gas contracts due to deregulation to future work.

It is reasonable that the rate which commodity prices manifest in procurement costs for natural gas

differ by the downstream regulatory status. In the context of Weyl and Fabinger (2013), pass through to

retail prices is a function of downstream competition parameters. It is possible the same is true for input

contract type. Regulatory status in the electricity wholesale market influences those competition parameters.

However, because we do not have random assignment of regulatory status we do not attribute this difference

as the causal impact of regulation. For example, the characteristics of the downstream electricity market

which lead regions to deregulate are likely to be correlated with some measure of that region’s competition

parameters. Generalizing these results out of sample is therefore not valid. Even if opportunity cost pass

through rates vary by market type, the implications for electricity generators are not clear. Knittel et al.

(2015b) finds that gas-fired units in regulated markets are more sensitive to changes in gas price, a result

the authors attribute to the available capacity across market types. For all these reasons, we urge caution

in interpreting the mechanism behind this finding.

5.4 Price Increases versus Decreases

The stark difference between procurement costs between coal and natural gas with respect to commodity

prices is possibly explained by different hedging strategies. For example, the on-site storage costs of coal

versus natural gas are likely to be different. The average coal generator keeps around 60 days worth of fuel

in inventory on site (EIA (2014)) while most natural gas units have little or no on-site storage. As a result,

there could be differences in how coal versus natural gas generators hedge against input price increases versus

decreases. We therefore estimate the model allowing for opportunity cost pass through to vary by fuel price

increases versus decreases:31

∆log(Fuel Pricefit) =α+

12∑
k=1

δfk · ∆log(Spot Priceft−k) · 1[Negativeft−k] · 1[Fuelf ]

+

12∑
k=1

βf
k · ∆log(Spot Priceft−k) · 1[Fuelf ] + Ψ ·X + εfit,

(5)

31Kilian and Vigfusson (2009) shows that estimating these equations replacing decreases in price with zeros lead
to censored regressions that are biased towards finding asymmetric pass-through. The authors suggest a similar
estimation strategy to the one we employ here.

24



where 1[Negative] is an indicator variable taking the value of one if the commodity spot price of fuel f

decreased k months ago. βf now measures the pass-through coefficient given a market price increase for

fossil fuel f . δf instead measures the difference of the pass-through coefficient given a market price decrease

relative to an increase for fuel f .32 The coefficients are identified off variation in increases (or decreases) of

input spot prices within a fuel type, month of year, and a power plant owning firm.

Figure 6 plots the mean pass-through coefficients for positive versus negative commodity market price

changes along with 95% confidence intervals for coal and natural gas. For coal, there is no obvious asymmetric

pass-through pattern in response to positive or negative coal spot market shocks. The responses to coal spot

price increases and decreases at different lags are not statistically different from each other except for the

month 11 lags which we attribute to noise.

For natural gas purchases, power producers’ procurement prices respond quickly (within 1 month) to

both negative and positive natural gas spot market shocks. Yet, a 1-month lag negative shock passes on

to the procurement costs more than a 1-month lag positive price changes (by 0.19% given a 1% change in

natural gas spot price in absolute value). Positive shocks are significantly more likely to be passed through

after three months, possibly after natural gas market hedging options have been exploited. Both results are

consistent with natural gas plants being somewhat strategic in their procurement behavior. If a plant were

to hold natural gas reserves on site and the spot price of natural gas increases, the plant could use its reserves

for production in order to be more competitive in wholesale market auctions. Conversely when spot natural

gas prices decrease the incentive to draw down reserves would be reduced. Such behavior would produce

the estimated results for asymmetric pass through of natural gas price increases and decreases. However, we

have no data on inventories at the plant level nor inventories over time. As a result, the above explanation

purely speculative.

Focusing on the net effect of the first two months when majority of the pass-through responses occur, a

Wald test rejects (at 5% significance level) the null hypothesis that the sum of the pass-through responses

under a positive shock is statistically indifferent from the sum under a negative shock. Negative shocks pass

on to procurement costs faster (by 0.11% given a 1% change in natural gas spot prices) than positive shocks

within the first two months.

In sum, we find that coal continues to exhibit no strong difference in opportunity cost pass through

for increases versus decreases. The lack of asymmetric pass-through for coal prices is consistent with the

general result that coal spot prices are not a good proxy for the delivered cost of coal. For natural gas we

do find some weak evidence of opportunity cost pass through asymmetries by the direction of natural gas

spot market price changes. While this is possibly consistent with strategic behavior on the part of natural

32Table A3 in the Appendix shows βf
k and δfk for up to 6 months.
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(a) Coal Transactions (b) NG Transactions

Figure 6: Pass-through Elasticity: Positive vs. Negative Shocks

Note: a positive shock means an increase in the relevant fossil fuel spot market price.

gas firms we again urge caution in carrying these findings out of sample.

6 Conclusion

In this study, we investigate how commodity spot price changes are reflected in procurement costs of coal

and natural gas fired electricity generators. We find that coal spot price pass through to procurement costs

is very slow and very incomplete. There also appears to be no difference in opportunity cost pass through of

coal spot market price changes even when grouping coal by type. As a result, we take this as strong evidence

that coal opportunity cost pass through is slow, incomplete and does not vary by the source of coal.

Conversely, natural gas commodity price changes are rapidly and nearly completely reflected in pro-

curement costs within the two months immediately following a perturbation. The finding is even stronger

deregulated plants relative to regulated plants. We also find evidence that spot price decreases are more

quickly reflected than increases.

Our findings have implications for both the electricity and business sectors as an increasingly large

share of electricity production occurs from natural gas. Volatility in natural gas market prices is quickly

transmitted to procurement costs of power producers which has at least two effects. First, it potentially

increases market efficiency by ensuring that electric power plants pay the actual opportunity cost of the

fuel inputs they employ. Secondly, if volatile fuel procurement costs are subsequently passed through to

electricity wholesale prices, it could reduce the welfare of risk averse electricity consumers. As a result,

further study is needed to identify whether and how input procurement costs manifest in wholesale prices in

the electricity markets and if so how the risk consumers face compares to the gains from more dispatch that
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better reflect opportunity cost of fuel. We note that because our identification is driven off month-to-month

variation in fossil fuel prices our estimates do not speak to the effects of long-run changes like mine-mouth

carbon pricing.

The results of our study also inform future studies in the electric power industry. The adjustment lag

between fossil fuel spot prices and procurement receipt prices for power plants implies that spot prices do

not always reflect the true opportunity costs of using the fuel. It has implications on how to apply the static

model of measuring market power commonly used in the electricity market: when researchers construct

regional supply curves, it might be appropriate to use relevant fossil fuel spot market prices to calculate the

marginal costs of natural-gas-fired generators. For the marginal cost calculation of coal-fired generators, we

should instead use observed coal receipt data from the E.I.A or other sources.

In the appendix we demonstrate that the adjustment lag between fossil fuel spot prices and procurement

receipt prices for power plants also has methodological value. We construct counterfactual electricity market

marginal cost curves (known as dispatch curves) for two widely-studied markets, California (CAISO) and

Pennsylvania, Jersey and Maryland (PJM). We create two marginal cost curves for each market each month

of each year of our sample: one based on spot fuel prices and the other based on receipt fuel prices. Our

finding suggests that for coal fired power plants coal spot prices are not a good measure of fuel procurement

costs when measured at the month level. The results are consistent with Fabra and Reguant (2014) which

finds that pass through for fuel prices is significantly noisier than those for emissions permits. This finding

has implications on constructing counterfactual competitive supply curves commonly used in the static

approach of measuring market power in the electricity market.33 Much of the literature use respective fossil

fuel spot prices to calculate the marginal costs of generating units and build counterfactual competitive

supply curves. Our results imply that while this might be appropriate for natural-gas-fired units, it might

not be for coal-fired units.

We also document evidence that natural fossil fuel spot prices changes are passed through to procurement

costs more quickly in deregulated markets. However, our findings are not causal since we observe no variation

in regulatory status within a plant across time in our sample period. Our results are consistent with existing

literature which finds that deregulated electric utility firms bargain to pay lower costs for fuel prices in that

we find differences in pass-through between regulated and deregulated natural gas power plants (Chan et

al., 2013). We are not aware of any study which documented a discrepancy for natural gas power plants.

The opportunity cost pass through estimates provide suggestive evidence that the benefits of the major

fall in natural gas prices have not been captured by natural gas extraction firms. The variation we exploit

33See Borenstein and Bushnell (1999) and Borenstein et al. (2002) for the electricity market in California, Wolfram
(1999) for the electricity market in UK, and Mansur (2007) for the Pennsylvania, New-Jersey, Maryland (PJM)
electricity market.
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in this study is not from the fracking-induced price collapse in natural gas, but the near instantaneous

opportunity cost pass through in natural gas spot prices to natural gas consumers suggest that inexpensive

natural gas is passed through to electricity generators.

Our results also suggest possible opportunities of future work. One limitation of our study that we

do not identify the contribution of different possible channels underlying the differences in pass-through by

regulatory status nor price increases versus decreases for natural gas nor the differences between coal and

natural gas. For instance, an inventory model might be a useful way to gain insights into empirical results

for coal and natural gas pass through. A similar model may help explain asymmetries in pass through for

price increases and decreases for natural gas. We leave such structural modeling to future work.
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