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Who (Else) Benefits from Electricity Deregulation?
Coal Prices, Natural Gas and Price Discrimination

Abstract

The movement to deregulate major industries over the past 40 years has produced large
efficiency gains. However, distributional effects have been more difficult to assess. In the
electricity sector, deregulation has vastly increased information available to market participants
through the formation of wholesale markets. We test whether upstream suppliers, specifically
railroads that transport coal from mines to power plants, use this information to capture
economic rents that would otherwise accrue to electricity generators. Using natural gas prices as
a proxy for generators’ surplus, we find railroads charge higher markups when rents are larger.
This effect is larger for deregulated plants, high-lighting an important distributional impact of
deregulation. This also means policies that change fuel prices can have substantially different
effects on downstream consumers in regulated and deregulated markets.
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1 Introduction

Many countries have deregulated large industries with the goal of improv-
ing efficiency. However, deregulated markets leave many avenues for firms
to exercise market power. Further, deregulation can affect the distribution
of economic surplus across consumers, upstream producers, and downstream
suppliers. Importantly, deregulated markets may facilitate price discrimina-
tion by making reservation values transparent, allowing suppliers to earn larger
profits than they would have in a regulated market. For example, in a dereg-
ulated electricity sector, plants bid power into a wholesale market. These
transactions may make public a wealth of information about prices, marginal
generation costs and potentially, the magnitude of rents available to infra-
marginal generators. Could input suppliers, in this case railroads transporting
coal to electricity generators, use this information as the basis for price dis-
crimination?

To answer this question, ideally one would test whether rail prices respond
differently to changes in electricity prices in regulated and deregulated markets.
Of course, this is impossible since regulated utilities largely lack wholesale
markets. To solve this problem we use natural gas prices as a proxy for changes
in the rents available to coal-fired generators.! For deregulated generators in
wholesale electricity markets, changes in natural gas prices affect the price of
electricity when gas is on margin. In regulated markets, gas prices can affect
rents to coal generators through the rate setting process. The differential
impact of natural gas prices on the price received by electricity generators
suggests delivered coal prices should move more strongly with natural gas
prices in deregulated markets.

We first test whether coal prices are correlated with natural gas prices.
Next, we investigate whether the effects are larger for shipments to generators
in deregulated markets. Then, we explore whether this effect is larger in places

and during time periods when natural gas is a greater share of generation or

!Natural gas is not used by rail or barge firms to transport coal, it is not a large expense
for coal mines, nor is natural gas transported by rail. Therefore, it is therefore unlikely to
directly impact the delivered cost of coal.



is more often the marginal generation.

To do this, we estimate a series of hedonic models for delivered coal prices
similar to Busse and Keohane (2007) and Preonas (2017). Our analysis is
most closely related to Preonas (2017) who uses public data for regulated
power plants and a nearest neighbor matching approach to show delivered
coal prices are positively correlated with natural gas prices. Preonas (2017)
shows railroads optimize markups in response to changes in gas prices. As a
result, coal consumption may not decline as much as expected under a carbon
tax due to the incomplete pass-through of the tax. Here, we show how informa-
tion transmitted by deregulated electricity markets exacerbates this problem,
leading to even lower pass through rates to deregulated plants compared with
regulated utilities.

We expand on earlier analysis by estimating the differential impact of nat-
ural gas prices on delivered coal prices for both regulated and deregulated
plants using both public and restricted-access shipment level data on coal de-
liveries from the Energy Information Administration (EIA). We investigate
the mechanisms which may contribute to the exercise of market power by
railroads in coal transactions. Similar to Busse and Keohane (2007) and Pre-
onas (2017), we account for factors affecting the value of the coal transported,
namely coal prices, coal characteristics and rail costs, such that our results can
be interpreted as estimates of rail markups. In a series of robustness checks
we account for scarcity effects and capacity constraints using generation data
and proxies for coal demand, seasonal effects and unobserved shipment-level
characteristics. We have several main results.

First, we show markups for coal shipments are positively correlated with
natural gas prices. This result echoes the earlier finding in Preonas (2017)
for regulated utilities. Second, and in contrast to earlier work, we find a sub-
stantially larger effect at deregulated plants. In our main specification, a $1
per Mcf (12%) increase in natural gas price is associated with a $0.07 per ton
(0.1%) decrease to a $0.11 per ton (0.2%) increase in delivered prices for spot
shipments to regulated plants but a $0.78 per ton (1.8%) to $0.93 per ton
(2.1%) increase in the delivered price of coal at deregulated plants. Third,



the relationship between natural gas and delivered coal prices is larger for
spot compared with contract shipments. For contract purchases, the effect is
largest for deregulated plants that negotiate contracts more frequently, con-
sistent with price increases associated with the bargaining process.? Fourth,
the estimated effect between gas and delivered coal prices is larger in regions
and during time periods when changes in gas prices are more likely to affect
rents to coal-fired generators. At regulated plants this is when the share of
gas generation is larger. At deregulated plants this is when the share of gen-
eration from natural gas peaker plants (i.e. marginal plants) is larger. Next,
we provide evidence the estimated relationship between natural gas and de-
livered coal prices is smaller on more competitive routes where coal can be
transported by barge or multiple railroads. This evidence is consistent with
our price discrimination story and suggests competition from other railroads
or other modes limits firms’ ability to exercise market power. Taken with our
prior results, this suggests better information provided by wholesale electricity
markets in deregulated regions may increase the scope for price discrimination
and enable railroads to capture some of the rents from inframarginal gener-
ators. Finally, the exercise of market power has important implications for
policies such as carbon pricing. We estimate pass-through rates of an implicit
carbon tax for regulated and deregulated plants. Consistent with Preonas
(2017) we find pass through at regulated plants can be incomplete, ranging
from 0.93 to ~ 1. However, the effect of market power on pass through is mag-
nified at deregulated plants where we find mean pass-through rates ranging
from 0.80 to 0.93.

These results contribute to several literatures. First, earlier work has fo-
cused on how upstream suppliers alter their pricing to capture rents in the
deregulated electricity markets. Numerous analyses of the impact of deregu-
lation has generally found that power plants are the main beneficiaries of a
deregulated market, whether through use of market power in wholesale mar-
ket (Wolfram (1999); Borenstein, Bushnell, and Wolak (2002); Wolak (2003))

2As opposed to more mechanical mechanisms such as cost escalation clauses in existing
contracts.



or through reduced input prices (Cicala (2015); Chan et al. (2017)). While
we find that at deregulated plants, shipment prices are approximately 8% less
than at regulated plants, consistent with Cicala (2015) and Chan et al. (2017),
our results suggest a mechanism whereby input suppliers can capture some of
generators’ cost-savings under deregulation. Additionally, diMaria, Lange,
and Lazarova (2018) show that the procurement contracts between mines and
plants changed with deregulation as plants tried to shift risk to coal mines by
requiring fixed price contracts.

Second, recent work has estimated the pass through of energy cost changes
to energy prices (Fabra and Reguant, 2014; Knittel, Meiselman, and Stock,
2017; Chu, Holladay, and LaRiviere, 2017; Preonas, 2017; Muehlegger and
Sweeney, 2017), or to manufactured goods prices (Ganapati, Shapiro, and
Walker, 2016).> Relevant to our approach, Linn and Muehlenbachs (2018)
find evidence lower natural gas prices lead to lower wholesale electricity prices.
We find rail markups respond to changes in natural gas prices, consistent with
railroads raising markups when available rents are greater. This behavior leads
to incomplete pass through of energy cost changes.

Third, this paper contributes to a long literature studying the impacts of
railroad market power. Railroads are well known to exercise market power
(Schmidt, 2001) and practice price discrimination (MacDonald, 2013). Exam-
ples in include grain shipments (MacDonald, 1987, 1989), fuel ethanol (Hughes,
2011) and coal (Atkinson and Kerkvliet, 1986). For coal shipments, Busse and
Keohane (2007) show railroad use information available in environmental reg-
ulation as the basis for price discrimination in shipments of low sulfur coal.
Similarly, He and Lee (2016) show rail prices take into account the availabil-
ity of markets for byproducts of coal combustion. Here, we show how the
information transmitted by the wholesale power market can facilitate price
discrimination for coal deliveries to deregulated electricity generators. Finally,

in light of policy makers’ calls to expand energy transportation infrastructure

3Recent work related to the movement of natural gas prices on fuel used in electric-
ity generation includes Knittel, Metaxoglou, and Trindale (2015) and Cullen and Mansur
(2017).



(U.S DOE, 2015), our results have important implications for infrastructure

projects that increase competition in energy delivery markets.

2 Background

Coal-fired power plants became the backbone of the US electricity generation
system during the 1970s. The oil embargoes of the 1970s spurred the federal
government to encourage the building of large coal plants and the leasing of
coal mines on federal lands as a way to ensure energy security. As a result, a
wave of new coal plants were opened in the late 1970s and early 1980s.

There are two types of markets in the US for electricity. The traditional,
or regulated, market is currently used by about 60% of states. Here plants are
subject to cost-of-service regulation where the state regulatory agency will gen-
erally reimburse the plant for the costs of fuel purchases. While the entire US
electricity sector was once regulated in this manner, a number of states passed
legislation in the late 1990s to restructure their electricity markets with the
goal of encouraging competition and lowering generation costs. In a restruc-
tured market plants bid to generate electricity through wholesale markets.*
Wholesale electricity prices are determined by generators’ bids and market
demand. In the following section we discuss how differences in the way prices
are set in regulated and deregulated markets can enable price discrimination
in coal transportation.

While state regulatory agencies have traditionally played a large role in
the decision to open new plants, the placement is generally governed by other
factors. The siting of plants has been based on proximity to water (for cool-
ing), transmission infrastructure, and rail line access. A majority of plants
receive coal deliveries through the rail network.® Between 1979 and 2002, ap-
proximately 60% of coal shipments were made by rail. (U.S. EIA, 2004) More

recent data suggest the ratio is currently 72%, with 81% of all western coal

4In the analysis below we treat any plant classified by EIA as an “independent power
producer” as a deregulated plant regardless of where the plant is located.

5Other major options for coal delivery are by barge along a navigable waterway, truck,
or conveyor belt (in the case of mine mouth plants).



deliveries being made by rail. (U.S. EIA, 2012) For plants in the Midwest and
Appalachia, barge deliveries are common. Plants have become more reliant
on the rail industry in the last 20 years in part because of the large expansion
of low cost, low sulfur coal mines in the western US. These western mines
have little alternative to transporting coal by rail given the lack of navigable
waterways and the high cost of transporting large quantities of coal by truck.

While coal transportation options are limited, in many cases rail competi-
tion is also limited. The US rail industry is highly concentrated and dominated
by seven “Class I” railroads that operate large multi-state networks and con-
trol over 90 percent of industry revenues (Association of American Railroads,
2017). The industry is geographically segmented with two firms, the BNSF
Railway and the Union Pacific Railroad, in the western US and CSX Trans-
portation and Norfolk Southern Railway in the east. Three smaller firms, the
Canadian National Railway, the Canadian Pacific Railway and Kansas City
Southern Railway Company, participate in the central US and Canada. As a
result of this industry concentration, the vast majority of coal-fired generators
can receive coal from only one or two railroads.

The pricing of freight rail has been partially deregulated since the Staggers
Act of 1980. Railroads post public common carriage tariffs for shipments
of different goods between origins and destinations or by shipment distance
categories. The industry regulator, the Surface Transportation Board (STB),
has a limited oversight role meant to protect shippers from unfairly high prices

76 Railroads and shippers may

in the case of railroad “market dominance.
also negotiate private contracts. Historically, power plants have used utilized
long-term contracts with both railroads and mines for the majority of their
coal purchases. Contracts negotiated during the plant citing process can help
mitigate rail market power (Joskow, 1987). However, generators still use a
mix of spot and contract purchases as a means of hedging against changes in

coal prices.

6Shippers can bring rate cases before the STB if they feel their rates are unfairly high.
Typically STB uses a rule of thumb of three times average variable cost to assess the fairness
of pricing, though prices above this threshold do not necessarily imply market dominance.



A final issue relates to recent changes in natural gas markets in North
America. Technological advances in drilling technology, namely horizontal
drilling and hydraulic fracturing have greatly expanded natural gas production
in the US. As a result, wellhead prices have fallen from a peak of approximately
$8 to $9 per thousand cubic feet (Mcf) in 2008 to approximately $3 to $4 per
Mecf today. These changes have lead to shifts in electricity generation (Fell and
Kaffine, 2018; Knittel, Metaxoglou, and Trindale, 2015) and have been utilized
as a source of exogenous variation to study the impact of carbon pricing in
the electricity sector (Cullen and Mansur, 2017).

3 Conceptual framework

Whether an electricity market faces economic regulation or a deregulated
wholesale market affects how generators are compensated for their produc-
tion. Regulated electricity markets generally contain a monopoly producer
who generates all of the power for the regulated region and sells its output at
a price set by the regulator. Generators submit rate cases to the state public
utility commissions (PUC) either at the firm or PUC request. Often the PUC
will approve rate adjustment mechanisms for the firm to recover costs that
arise through their fuel procurement contracts.

Generators in deregulated regions, on the other hand, sell their power on
wholesale electricity markets. The price they receive for their output is deter-
mined by market demand and generators’ production decisions. We can see
how these different market structures can affect rents available to coal fired
generators using the stylized model for each scenario shown in Figure 1.

First, imagine four generation technologies representing nuclear, coal, gas
and oil generation with marginal costs c,, c., ¢, and ¢,, each with one unit of
capacity. Ordering the generation from lowest to highest marginal cost yields
a marginal cost supply curve or “merit order.” Further, consider electricity
demand ¢ in some arbitrary period, and a shock to natural gas price that
increases the marginal cost of gas generation from ¢, to ¢;. Under regulation

(panel a), the cost of electricity generation during this period increases by the



vertically shaded rectangle. In the process described above, the utility may
petition the regulator for a rate increase. Here, prices increase by the increase
in average generation cost, shown as Ap;. Since electricity prices are higher
as a result of the rate increase, producer surplus for the inframarginal coal
generator increases by the small shaded rectangle in Figure 1 (panel a).
Next, consider the case of a deregulated generator in a wholesale electricity
market. For the purposes of exposition, consider electricity demand ¢ such that
natural gas is the marginal generation. In the case of competitive bidding, the
price of electricity is determined by the intersection of demand and marginal

cost (¢,) and shown as the lower dashed line (p2) in Figure 1 (panel b).” An

/
9

increases electricity price by Apy. Here, producer surplus for the inframarginal

increase in gas price resulting in a shift in gas generation costs from ¢, to ¢

coal generator increases by the shaded rectangle in Figure 1 (panel b).

In each of these cases, railroads with market power can attempt to cap-
ture some of the additional producer surplus available to coal generators as a
result of the price increase. Note that in our example, the additional surplus
is smaller under regulation compared with deregulation (when gas is on the
margin) due to differences in how prices are set in each scenario. Further,
deregulated regions have posted wholesale electricity prices, which can be ob-
served by the railroads, giving a strong signal of the size of producer surplus
increases. Taken together, this yields several testable predictions. First, if
railroads exercise market power in coal transportation we expect a positive
relationship between natural gas and delivered coal prices. Second, this effect
should be larger in deregulated markets compared with regulated markets. Fi-
nally, in regulated regions this effect should be larger during times or in regions
where natural gas generation is a greater share of generation. In deregulated
regions the effect should be larger when natural gas generation is more often

on the margin.

7Of course changes in gas prices have no impact on wholesale electricity prices if natural
gas is not the marginal generation, a feature we exploit in our empirical analysis below.



4 Empirical approach

We model the delivered price of coal as a linear function of the value of the
coal itself, transportation cost, and a proportional markup term.® We assume
a competitive mining sector such that markups reflect differences in trans-
portation markets across regions and over time. Following Busse and Keohane
(2007), we use mine mouth prices and coal characteristics, e.g. heat and sulfur
content, to capture the value of the coal being shipped. Transportation costs
are modeled as the product of shipment size in ton-miles, diesel price and a
constant.” Finally, markups are assumed proportional to natural gas prices,
consistent with our theoretical framework. More formally, the delivered price

of coal (Pcoal;;) for shipment ¢ in reporting month ¢ is:

Pcoaly = a[Pminey+X;| Xtonsy+p xtonsy xmiles; X Pdiesely+y X Png;; xtons;
1)
where Pminey; is the mine mouth price of coal from basin b in reporting month
t and Xj; is a vector of coal characteristics. Shipment distance (miles;;) is the
estimated distance shipment ¢ travels between the reported mine and power
plant. Diesel and natural gas prices are represented by Pdiesel; and Png;,
respectively.
Since each term on the righthand side of Equation 1 depends on the quan-
tity of coal transported (tons;) we can, without loss of generality, represent

delivered coal prices on a per ton basis (cpt;) as:
cptiy = ay Pminey, + ao Xy + Bmilesy x Pdiesel, +v X Pngy + €, + € (2)

where we model time-varying unobservables common to all shipments at the

year level as mean effects ¢,. Finally, €; is an idiosyncratic error term.

8The EIA data report delivered prices where the price includes both the value of trans-
portation services and the coal itself.

9This approach captures diesel expenditures and other costs from line haul movements
but excludes switching or loading and unloading costs. Further, while the discussion above
focuses on fuel costs, our empirical results below account for other rail costs that vary with
distance using rail cost adjustment factors from the Association of American Railroads.



In our main results below we are interested in the difference between how
changes in natural gas prices are related to changes in delivered coal prices for
plants in regulated versus deregulated states. Because coal value and trans-
portation costs may be passed through differently to regulated and deregulated
plants, our results below allow the parameters of (2) to vary by regulatory sta-
tus. Finally, in various specifications below we attempt to account for other
possible explanations of the observed relationship between natural gas and
delivered coal prices. Specifically, to Equation 2 we add proxies for coal trans-
portation and electricity demand. We also explore whether the relationship
between natural gas and coal prices varies by contract type, contract duration,

electricity generation mix, rail or barge competition.

5 Data

We exploit confidential transaction-level data on coal deliveries to US power
plants from EIA Form 423/923 during the period from 2002 to 2012. Im-
portantly and in contrast to publicly available data, we observed shipments to
both regulated and deregulated plants. Each observation reports the shipment
quantity in tons, shipment cost, the county where the shipment originated, the
power plant purchasing the coal, the heat, sulfur and ash content of the coal
purchased. In addition, we observe the year and month of each transaction
and whether the shipment is a spot or contract purchase. If the purchase is
under an existing contract, the contract expiration date is reported. Begin-
ning in 2008, EIA revised its survey form and added additional information
on each shipment. In particular, for 2008 onward we observe the primary and
secondary transportation modes of each shipment.

We augment these data with additional information on fuel prices, railroad
costs, rail distances, electricity generation and railroad participation. Diesel
prices are US monthly average on-highway prices from the U.S. Energy Infor-
mation Administration (2014b). Natural gas prices are monthly state-average
prices for industrial users from the U.S. Energy Information Administration

(2014a). Mine mouth coal prices for Central Appalachia, the Illinois Basin,
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Northern Appalachia, the Powder River Basin and the Uinta Basin are from
the U.S. Energy Information Administration (2018).1% All prices are adjusted
for inflation (constant 2009 dollars) using GDP implicit price deflators from
the U.S. Bureau of Economic Analysis (2018). For rail costs we use “rail cost
adjustment factors” excluding fuel from the Association of American Railroads
(2015).

Figure 2 plots mean monthly coal prices for spot deliveries to regulated
(panel a) and deregulated plants (panel b) during our sample. We see the price
series appear correlated throughout the sample including both before and after
the Great Recession and fracking boom beginning around 2008. However, one
potential explanation for this correlation is that all energy prices are correlated
due to economic shocks that affect the demand for energy. To see this, Figure
3 plots mean monthly prices for natural gas, diesel, mine mouth and delivered
coal prices for regulated and deregulated plants. We see that indeed there are
periods when the different energy price series move together. Therefore, our
empirical model separately accounts for changes in diesel and coal prices that
affect shipment costs and value while separately identifying the relationship
between natural gas prices and rail markups.

Other potential confounding factors relate to rail congestion or demand
shocks. In several specifications we include proxies for railroad congestion and
electricity demand shocks. For the former, we aggregate the EIA shipment-
level data to monthly totals for coal shipments between pairs of states or to
totals originating from particular coal mining states. For the later, we use the
EIA form 923 data to construct monthly electricity generation by state for
both regulated and deregulated plants.

Our theoretical framework suggests changes in natural gas prices affect
delivered coal prices when natural gas electricity generation is more important.
In several specifications below we use the electricity generation data from form

923 to identify periods when total natural gas generation or “peaker” gas

10Because EIA only reports historical prices for three years at a time, these data were
complied from the ETA web site over several years. A complete price series is also available
from https://www.quandl.com/data/EIA /COAL-US-Coal-Prices-by-Region.

11



generation, defined as natural gas fueled internal combustion and gas turbine
generators, represents a greater share of total generation. Through the first
part of our sample, 2002-2008, coal was the lower cost generation fuel relative

1 During the last part of the sample, 2009-2012, gas prices

to natural gas.
fell by about 65%. As a result, gas is generally believed to have been cost
competitive with coal in many areas of the US during that period.

We use geographic information system (GIS) data on US rail networks
from the U.S. Department of Transportation (2018) to estimate the shipment
distance for each transaction in our data. Following Hughes (2011), we assume
the shortest distance path between each mine and each plant across the existing
rail network.'? Because the shipment transportation mode is unobserved prior
to 2008, we take several steps to ensure our data are rail shipments. Since our
shortest distance rail calculations use information on the existing rail network,
our procedure effectively excludes shipments that could not have been made
by rail because either the mine or power plant lacks rail access. However, in
cases where both mines and plants have access to barge (or truck) transport,
it is possible our data include prices for shipments using these modes. There-
fore, we use GIS data on navigable waterways from the U.S. Department of
Transportation (2018) to determine whether a given mine and power plant is
able to ship or receive coal by barge. In robustness checks, reported below, we
include an interaction term with an indicator for whether both route endpoints
have barge access. Estimating separate effects for potential barge shipments
does not qualitatively affect our results.!3

Finally, to investigate the potential effects of rail competition, we use GIS

1 Other sources of electricity that are generally cheaper than coal or natural gas are
renewables and hydroelectric. However these two sources are generally not dispatchable, in
that it is difficult to increase or decrease the amount of electricity from these source as the
market demands.

12Hughes (2011) finds the shortest distance path is a good approximation for the actual
routed distance.

13 Alternatively, we could use data from 2008 onward, where transportation modes are
reported, to determine routes which are served by different transportation modes. However,
our initial investigation of that approach suggested the possibility of selection bias due to
the types of plants and transportation modes that exited during the early portion of our
sample and therefore do not appear in the later period.

12



data on the track ownership and leases to construct measures of rail partic-
ipation. Specifically, we count the number of firms that own or lease track
within a three mile radius of each power plant in the sample. We construction
indicator variables for the number of firms who participate near each plant as
a proxy for rail competition.

Table 1 summarizes sample means of the main explanatory variables for
shipments to regulated and deregulated plants. We see delivered coal coal
prices are approximately 8% lower for shipments to deregulated plants. Diesel
prices, rail costs, heat content and the share of purchases from the spot market
as similar between regulated and deregulated plants. Shipments to deregulated
plants are somewhat shorter and sulfur and ash content are somewhat higher

compared to regulated plants.

6 Natural gas and delivered coal prices

We begin by investigating the general approach outlined above leading to
Equation 2. Table 2 shows results for several alternate specifications esti-
mated separately for samples of contract and spot shipments. Robust stan-
dard errors, clustered at the plant level, are reported in parentheses. The first
two columns show an initial validation of the basic modeling approach using
only coal price, coal quality characteristics, and shipment distance. The re-
lationship between mine mouth coal price and delivered price is positive and
statistically significant for both shipment types. An increase in mine mouth
coal price of one dollar per ton is associated with a $0.32 per ton increase in
delivered price for contract shipments and an increase of $0.63 per ton increase
for spot deliveries. In terms of coal characteristics, heat content (Btu), a posi-
tive characteristic, has a positive relationship with delivered coal price. Sulfur,
a negative characteristic, has a negative relationship with delivered coal prices.
Evidence is mixed for ash content, also a negative characteristic, with a posi-
tive estimate for contract shipments but negative estimate for spot deliveries.
Rail distance has a positive relationship with delivered coal price, consistent

with higher prices for more costly shipments. An additional mile is associated

13



with an increase of delivered coal price between $0.015 and $0.017 per mile (in
2009 dollars), which is roughly comparable to the Busse and Keohane (2007)
estimate of $0.009 per mile in 1995 dollars or about $0.012 per mile in 2009
dollars.

Columns three and four show estimates of Equation 2 for the contract
and spot samples. These and all subsequent specifications account for year
of sample mean effects. For spot shipments, the relationship between natural
gas prices and delivered coal prices is positive and statistically significant (p <
0.10). A one dollar per Mcf increase in natural gas price is associated with a
$0.33 per ton increase in the delivered price of coal. For contract shipments, the
point estimate is positive, though, substantially smaller and not statistically
significant.

Though our empirical framework uses diesel price, a rail cost index and rail
distance to approximate transportation costs, one may be worried about other
factors, such as congestion, that impact costs at the route level. Columns
five and six replace our distance measure with route fixed-effects interacted
with diesel price and the rail cost index. The estimated relationships between
natural gas and delivered coal prices are somewhat larger than the base model.
A one dollar increase in natural gas price is associated with a $0.25 per ton
increase in the contract delivered price of coal and a $0.74 per ton increase for
spot shipments. The other parameter estimates are similar with the exception
of mine mouth coal price for contract shipments, which is essentially zero in the
results using route effects. In light of the similarity of these results, we adopt
the more parsimonious distance specification of Equation 2 for the remainder
of the paper. Further, route effects would subsume route-level characteristics

such as modal competition, which we exploit in several specifications below.

6.1 Regulated versus deregulated markets

Our theoretical framework suggests delivered coal prices should be more re-
sponsive to changes in natural gas prices in deregulated compared to regulated

markets. Table 3 estimates the price response for contract and spot shipments
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in regulated and deregulated markets. As discussed previously, we allow the
estimated parameters to vary across regulatory regime and contract type by
estimating separate regressions. For contract shipments in regulated mar-
kets, the estimated relationship between natural gas and delivered coal price
is negative but not statistically significant. However, the estimate for contract
shipments in deregulated markets is large, positive, and statistically signifi-
cant. A one dollar per Mcf increase in natural gas price is associated with
a $0.78 per ton increase in the delivered coal price. The point estimates are
larger in magnitude for spot market shipments. At regulated plants, a one
dollar per Mcf increase in natural gas price is associated with an increase in
delivered coal price of $0.11 per ton, though not statistically significant. For
deregulated plants, the estimated effect is large, $0.93 per ton for a one dol-
lar increase in gas price. Therefore, our estimates suggest a larger effect for
deregulated plants compared to regulated plants, consistent with the model in
Section 3.

One concern in the results presented above is omitted variables that are
correlated with both natural gas prices and delivered coal prices explain the
observed correlation in prices. We investigate this possibility using several
alternative specifications. First, we look at rail congestion related to coal
shipments as a possible explanation. Table 4 presents results controlling for
two alternate measures of coal transportation demand. Columns one through
four use the total quantity of coal transported on a give route in each reporting
month.'* This specification address the possibility rail congestion occurs along
rail lines, switching yards or terminals that define a given route. The second
set of results, columns five through eight control for the total amount of coal
originated in the mine state during each reporting month. This specification
accounts for the possibility rail congestion occurs at coal loading terminals at
the originating mines.

The estimated relationships between gas prices and delivered coal prices are
quite similar to our base specification when we account for total coal shipments.

The estimated effects are positive, statistically significant, and large for spot

4\Where route is defined by the coal mine and plant states.
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and contract shipments to deregulated plants. Interestingly, the coefficients
on coal quantities are often negative and statistically significant. In the route-
level specifications, an increase of one million tons per month, approximately
a one standard deviation increase, is associated with between $1 and $3 per
ton lower delivered price.’® Finally, the point estimates for natural gas price
are also quite similar in the specifications using state-level coal quantities.

Another possibility is that the observed correlation between natural gas and
delivered coal prices reflects electricity demand shocks and increasing marginal
cost of fuel supply. We investigate this possibility by accounting for monthly
electricity generation at the state level. Table 5 reports two sets of results
where total electricity generation enters either linearly, columns one through
four, or more flexibly using indicators for the quintiles of generation, columns
five through eight. Here again we see the general pattern in our estimates
remains unchanged. There is a positive relationship between natural gas and
delivered coal prices that is larger for deregulated plants compared with reg-
ulated plants.

As a final check, we investigate whether there exists a relationship between
natural gas price and that amount of coal purchased at individual plants. Ta-
ble 6 presents estimates analogous to those from Equation 2 where total coal
purchases by reporting month replaces delivered coal price as the dependent
variable. We may expect a positive correlation between gas prices and coal
deliveries due to unobserved energy demand shocks and increasing marginal
costs of coal deliveries, for instance. However, we find no evidence of a positive
statistically significant relationship between natural gas prices and coal deliv-
eries, which casts further doubt on cost-based explanations for the observed

relationship between gas and coal prices.

6.2 Gas and peak generation shares

While the results above attempt to rule out alternate explanations for the

observed relationship between natural gas and coal prices, Section 3 suggests

15This result can be explained by economies of scale in coal transportation.
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more direct tests of the predicted behavior. If railroads are responding to
changes in rents available to generators, the different processes by which rates
are set in regulated and deregulated markets create different mechanisms for
price discrimination. In regulated markets, what matters are changes in av-
erage generation cost. Therefore, the relationship between gas and delivered
coal prices should be greatest during periods and in regions where natural
gas generation is a greater share of total generation. In deregulated markets,
what matters are changes in gas prices when gas generation is on the margin.
Therefore, we expect the estimated price effect to be larger in regions and time
periods when natural gas is more likely on the margin. To test these predic-
tions, we calculate the share of generation from natural gas generators and the
share of generation from natural gas “peaker” plants by state-month. For the
later, we define natural gas “peakers” as natural gas fired internal combustion
and simple combustion turbine generation. To allow for non-linearity we con-
struct indicator variables for the quintiles of natural gas generation share and
natural gas peak generation share, then interact these dummies with natural
gas prices. We calculate the quintiles across all states and months in the sam-
ple such the fifth quintile captures state-months with the highest share of gas
generation.

Results for contract and spot purchases in regulated and deregulated mar-
kets are shown in Table 7. For regulated plants, we see that, consistent with the
predictions from Section 3, the relationship between natural gas and delivered
coal price is generally largest in states and months when the gas generation
share is largest (columns one and three). For contract shipments in the fifth
quintile of gas generation share, a one dollar per Mcf increase in gas price is
associated with a $0.52 per ton increase (-$0.494 + $1.007) in the delivered
price of coal, compared to an estimated decrease of $0.49 per ton for plants
in the first quintile. For spot shipments in the fifth quintile, a one dollar per
Mef increase in gas price is associated with a $0.54 per ton increase (-$0.088
+ $0.628) in delivered coal price compared with a small, negative and statisti-
cally insignificant effect for shipments in the first quintile. Further, the point

estimates are larger in magnitude when compared with the results using peak
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gas generation share (columns five and seven). While the differences between
columns are not statistically significant, these results lend qualitative support
to the model for regulated utilities in Section 3.

Looking at deregulated plants, the relationship between natural gas and
delivered coal price is largest in states and months when the gas peak gen-
eration share is largest (columns six and eight). A dollar per Mcf increase
in gas price is associated with a $1.17 increase in delivered price of coal for
contract purchases at plants in the fifth quintile of peak generation share. For
spot purchases, a one dollar per Mcf increase in gas price is associated with a
$1.01 per ton increase in delivered price for plants in the fifth quintile of peak
generation share. Overall, changes in natural gas prices matter more for coal
prices when gas is a more important source of generation, either in total or as

peak generation, consistent with the intuition presented in Figure 1.

6.3 Contracts

Given that contracts may respond more slowly to changes in market conditions
compared with spot purchases, it is important to understand the potential
mechanisms for the effects we observe. There are two main possibilities. First,
rail contracts often include cost escalation provisions that increase or decrease
prices based on changes in diesel price and other cost indices. These policies
could be pure cost recovery mechanisms or could facilitate price discrimination.
Second, existing contacts may not respond to changes in natural gas prices but
railroads may push for more favorable terms when new contracts are negotiated
with higher prevailing natural gas prices. The first mechanism is difficult to
test for, but to the extent cost escalation provisions are indexed to fuel prices
and rail cost indices, our models account for these effects. To explore the
second mechanism we investigate pricing for new contracts and the frequency
of contracting activity.

First, the EIA data include a field indicating if a shipment occurred during
the first month of a new contract. We interact this indicator variable with

natural gas prices to test for any differential effect of new contracts on the

18



estimated price relationship. These results are shown in Table 8. Columns
one and two use the full samples of regulated and deregulated contract ship-
ments. For observations during and after 2008 we also observe the primary
transportation mode of each shipment. To focus on railroad behavior, columns
five and six use only observations where rail is the primary mode. To illustrate
the separate effect of the temporal restriction, columns three and four limit
the sample to observations in 2008 and after.

The evidence here is mixed. For regulated plants, new contracts show
a strong relationship between natural gas and delivered coal prices. In the
full sample of contracts, the effect of a one dollar increase in gas price is
approximately $0.51 per ton and approximately $0.47 per ton for shipments
classified as “rail” during 2008 and after. For deregulated plants, there is
no evidence of an incremental effect of new contracts. However, the main
effect is large and consistent with our main results. Also note that while the
estimated coefficient (0.950) for the later portion of our sample (column 4) is
consistent with our results in the full sample, the effect is substantially larger
when we limit the sample to shipments classified as “rail.” Here, a one dollar
increase in gas price is associated with a $1.43 per ton increase in delivered
coal price. This suggests rail markups respond more to changes in gas prices
than markups on other modes.

Second, we explore the frequency of contract renewals. Unfortunately, for
the majority of our sample we do not observe the contract length.'® However,
we can infer something about the frequency of contract renewals be compar-
ing the reporting month with the contract end date. Since coal shipments
occur somewhat regularly, shipments to plants that negotiate contracts more
frequently should more often appear close to the contract end date. We con-

struct a variable measuring the average difference, across plants, in months

6For a small number of shipments, about 1200 observations, classified as new contracts
we can infer the contract length by comparing the contract expiration date with the report
month. In this sample, deregulated plants have somewhat longer contracts, 25 months on
average, compared with 15 months for the average regulated plants. Arkansas, Louisiana,
Maryland, Michigan, New York and Ohio have mean contract lengths less than 10 months.
Alabama, Tennessee and West Virginia have mean contract lengths over 30 months.
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17 We interact in-

between the reporting month and the contract end date.
dicator variables for the quintiles of this “contract time remaining” variable
with natural gas prices. Shipments in the first quintile are near the end of
their contract term and, based on the rational above, more likely to be to
plants with shorter, more frequent contracts. Results of this specification are
reported in Table 9. We see that for deregulated plants, the estimated rela-
tionship between natural gas and coal prices is largest for observations in the
first quintile, i.e. at those plants where we infer contracting is more frequent.!®
The estimated effect is, in general, smaller for shipments at plants where the
mean time remaining on contracts is longer, or again by implication, contract
activity is less frequent. There is less evidence of similar behavior for regulated
plants as the point estimates are smaller in magnitude, noisy and in general

not statistically significant.

6.4 Competition

Finally, if railroads with market power are extracting rents from power plants,
we expect the relationship between natural gas and delivered coal prices to
be attenuated with increased competition. Unfortunately, it is challenging to
quantify rail competition. A common approach is to proxy for competition
with the number of railroads who participate along routes, origins or desti-
nations (Schmidt, 2001; Hughes, 2011). However, in contrast with previous
studies using firm-level data, we do not directly observe railroad participation
in terms of shipments or reported prices. Instead, we use GIS data on the
US rail network to infer participation from the routes where railroads own or

lease tracks. Specifically, we count the number of Class I railroads who own or

"In other words, we first group plants and calculate the mean time to end of contract
across all shipments to that plant. Then we construct the quintile indicators such that these
variables measure the mean differences in time to end of contract across plants. Unfortu-
nately, the generalizability of this approach is limited due to the large number of missing
contract expiration dates in the data.

18This matches anecdotal evidence from coal companies and consultants that new con-
tracts are often negotiated when there are large changes in the price of transportation.
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lease tracks within three miles of each mine and power plan
indicator variable equal to one if a particular route is served by two or more
railroads.?’ We construct an analogous variable for whether a particular route
could be served by barge using GIS data on navigable inland waterways. We
also create an interaction variable equal to one if a particular route is served
both by two railroads and has barge access. Table 10 reports results where
natural gas prices are interacted with each of these indicator variables.

While the point estimates are noisy, competition appears to reduce the size
of the estimated relationship between natural gas and delivered coal prices.
The first row of Table 10 presents estimates for the least competitive routes,
i.e. those served by only one railroad and without barge access. Here, there are
large positive and significant relationships between natural gas and coal prices
for shipments to deregulated plants. Consistent with the base results, the
point estimates for shipments to regulated plants are small and not statistically
significant. Turning to the most competitive routes, i.e. those served by more
than one railroad and with barge access, the is essentially no relationship
between natural gas and delivered coal prices, though the estimated effects
are not significant. For deregulated plants, the effect of a one dollar increase
in gas price is approximately $0.18 per ton (0.72 - 0.19 + 0.41 - 0.75) for
contract shipments and $0.00 (1.02 4+ 0.17 - 0.08 - 1.11) for spot shipments.
For regulated plants, the estimate for contract shipments is - $0.25 (0.04 - 0.78
- 0.13 + 0.63) but not statistically significant. For spot shipments the estimate
is $0.18 (0.16 - 0.68 + 0.16 - 0.53) but again, not statistically significant.

At least two caveats are in order when interpreting these results. First, the
method outlined above for using GIS data to infer rail and barge competition
is prone to measurement error. On one hand, the existence of rail lines or

barge access does not guarantee firms are competing on these routes. On the

9We experimented with a number of different buffer sizes. Smaller buffers tend to mis-
classify mines or plants that we observe originating or receiving rail shipments (2008 onward)
as having no rail access. Large buffer sizes are likely to include railroads that participate
nearby but may not, in reality, service a particular route. That said, using buffer sizes as
small as one mile or as large as ten miles produce qualitatively similar estimates.

20There is only one route in our sample served by three railroads.
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other hand, lack of rail lines or barge access at route end points does not nec-
essarily preclude short distance connections by truck or conveyor that would
enable competition. Second, locations served by more firms or modes may
be different in unobserved ways that affect delivered coal prices. Therefore,
we take these results, particularly those for shipments to deregulated plants,
as weak evidence competition reduces railroads’ ability to adjust markups to

changes in natural gas prices.

7 Pass-though of energy cost changes

The rate at which energy costs are passed through to downstream consumers
will vary if firms adjust markups in response to cost changes. For instance, Pre-
onas (2017) shows railroads that ship coal to regulated utilities vary markups
in response to changes in natural gas prices that affect the demand for coal.
Using his estimates he calculates the pass-through rate of an implicit carbon
tax and shows average rates vary from 0.75 to 1 (full pass-through). Here
we show price discrimination facilitated by deregulation magnifies this effect,
leading to lower pass through rates in deregulated markets compared with
regulated markets.

Using our estimates above, we first corroborate the finding in Preonas
(2017). Note that we use a different estimation strategy and slightly shorter
sample yet find qualitatitely similar results for deregulated plants.?! This
suggests the overall finding of incomplete pass-through is quite robust. Then,
we show mean pass-through rates at deregulated plants can be substantially
lower. Intuitively, since markups at these plants respond more to changes in
natural gas prices, the pass-through rate for a carbon tax that changes relative
fuel prices will be smaller.??

We calculate pass-through using the relationship derived in Preonas (2017),

21Recall, Preonas (2017) uses a nearest-neighbor matching approach and we rely on a
simple panel fixed effect model. Further, our data end at 2012 whereas the public data used
in Preonas (2017) end in 2016.

22(Cullen and Mansur (2017) discuss conditions under which changes in relative fuel prices
can mimic a carbon tax.
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namely the pass-though rate (p) of an implicit carbon tax is given by:

p=1+x7 - (3)

Ap |E, Z
E. P

where Z and P are mean fuel prices for natural gas and coal, respectively, and
Ay is the change in delivered coal price (markup) from a change in natural
gas price AZ, both in dollars per MMBtu.?? We assume AZ = 1 and use
mean heat content values from the data to convert delivered coal prices and
the parameter estimates from Table 3 and Table 7 into price changes per
MMBtu.?* Following Preonas (2017) we assume mean emission rates for gas
E, and coal E, generation of 0.053 and 0.095 Metric tons CO, per MMBtu.

We begin by looking at average pass-through rates for contract and spot
shipments to regulated and deregulated plants. Results using the parameter
estimates for Ay from Table 3 are shown in Table 11. On average, an implicit
carbon tax is fully passed through for both contract and spot shipments at
regulated plants. At deregulated plants the pass-through rate is substantially
lower, approximately 0.86 for contract shipments and 0.82 for spot shipments.
We note that these average values hide substantial heterogeneity across mar-
kets. In particular, the responsiveness of markups to changes in relative fuel
prices depends in large part on the importance of gas generation in the local
market.

Table 12 shows the mean pass-through rate for the quintiles of gas gen-
eration share (regulated plants) and gas peak generation share (deregulated
plants) using the parameter estimates from Table 7. For regulated plants,
there is approximately full pass through (p = 1) for shipments in the first
quintile of gas generation share. However, the pass-through rate falls at lo-
cations and times when gas generation share is larger. In the fifth quintile
the mean pass-through rate is approximately 0.93 for both contract and spot

shipments. While these rates are somewhat higher than the mean rates for reg-

23This expression assumes full pass-through of the carbon tax to natural gas prices.

24We use separate average values for each category, i.e. regulated contract shipments
versus deregulated spot shipments, etc. For natural gas, we convert Mcf to MMBtu by
dividing by 1.037.
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ulated plants reported in Preonas (2017), our calculations support the overall
finding of incomplete pass-through for a substantial share of shipments.?’
Turning to deregulated plants, the estimated pass-through rates are sub-
stantially lower. At the first quintile, we calculate mean pass-through rates
of approximately 0.87 and 0.93 for contract and spot shipments, respectively.
The pass-through rate falls as the share of peak gas generation grows, i.e. the
price discrimination effect becomes stronger. At the fifth quintile the mean
pass-through rate is approximately 0.80 for both contract and spot shipments.
Taken together, these results suggest behavior consistent with earlier findings
of incomplete pass-through of carbon prices to delivered coal prices. Impor-
tantly, the price discrimination mechanism coming from deregulation appears
to magnify this effect, further reducing pass-through rates for shipments to

deregulated plants.

8 Conclusion

We use spatial and temporal variation in natural gas prices as a proxy for rents
available to coal-fired electricity generations. We find delivered coal prices are
positively correlated with natural gas prices. The estimated relationships are
larger for spot deliveries compared with contract shipments. Consistent with
a simple conceptual model for electricity pricing and producer surplus, we find
prices respond more for coal plants in deregulated markets compared with
regulated areas. Further, the estimated relationships between gas and coal
prices are larger in regions and during time periods when gas is either a greater
share of total generation or the fraction of generation from natural gas peaker
plants is larger. This suggests railroads vary markups for coal shipments in
response to changes in the rents available to generators.

These results are robust to including a myriad of controls, such as route

fixed effects, coal quality, and multiple time specifications. Falsification tests

250ne possible explanation of the difference is that Preonas (2017) estimates the cumula-
tive effect on markups of natural gas price changes over several months whereas we estimate
only the contemporaneous effect.
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reveal that the mechanism through which coal prices change is not due to
changes in quantity sold; leaving the mechanism of rent capture as the most
plausible. Further, there is some evidence the correlation between gas and coal
prices shrinks in magnitude or goes away entirely on routes where railroads face
more competition, again consistent with our price discrimination hypothesis.

These findings give important insights into the distributional effects of elec-
tricity deregulation. While deregulation is widely believed to have improved
efficiency, it also appears to have facilitated price discrimination by upstream
suppliers, in this case railroads, who captured rents that would otherwise have
accrued to generators. Further, these effects also have important implica-
tions for policies, such as carbon pricing, that change the costs of electricity
generation. Consistent with earlier work in this area, we find incomplete pass-
through of an implicit carbon tax due to the fact railroads vary markups in
response to changes in fuel prices. We show this effect is substantially larger
for shipments to deregulated plants compared with regulated plants. This
suggests that while deregulation can yield efficiency gains in fuel procurement
and plant operations, it can also mute price signals from policies aimed at cor-
recting environmental externalities, creating additional challenges for policy

makers.
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9 Figures

Figure 1: Stylized model for prices in regulated and deregulated markets.
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Figure 2: Natural gas and delivered coal prices in regulated and deregulated
markets.

(a) Regulated plants
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Figure 3: Energy prices in regulated and deregulated markets.

(a) Regulated plants
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10 Tables

Table 1: Means of explanatory variables for regulated and deregulated plants.

Mean Values for Regulated and Deregulated Plants

Regulated Deregulated

Delivered Cost ($/ton)

NG Price ($/Mcf)

Diesel Price ($/gal.)

Rail Cost Index

Rail Distance (miles)

Coal Price ($/ton)

Btu Content (Btu per Ib.)
Sulfur Content (tons/ton coal)
Ash Content (% wagt.)

Spot Market Purchase

48.56

8.23

2.77

83.70

578.27

43.37

10977

0.011

9.13

0.23

44.95

9.14

2.73

82.73

456.83

46.42

10945

0.016

11.72
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Table 2: Relationships between delivered coal prices, mine mouth coal prices,
coal characteristics and natural gas prices.

Natural Gas Prices and Delivered Coal Prices (All Plants)

Contract Spot Contract Spot Contract Spot
NG Price ($/Mcf) 0.061 0.332% 0.252%** 0.744***
(0.1910) (0.1890) (0.0510) (0.1090)
Coal Price ($/ton) 0.320%** 0.629%** 0.203*** 0.550%** 0.018 0.410%**
(0.0200) (0.0270) (0.0200) (0.0500) (0.0140) (0.0240)
Btu Content (Btu per Ib.) 0.009%*** 0.006*** 0.010%** 0.007*** 0.007%** 0.006***
0.0000 (0.0010) 0.0000 (0.0010) 0.0000 (0.0010)
Sulfur Content (tons/ton coal) -437.180*** -373.351%** -608.267*** -457.731%** -505,725%** -506.674***

(50.9100)  (60.0490)  (48.3230)  (62.6220)  (53.8990)  (41.0200)

Ash Content (% wgt.) 0.318%%*  -0.261%%  (.544%%x -0.072 0.242%%* -0.215
(0.0820) (0.1050) (0.0850) (0.1510) (0.0900) (0.2010)

Rail Distance (miles) 0.015%** 0.017***
(0.0010) (0.0020)

Diesel Price ($/gal.) * Dist. (100 mi.) -0.033 -0.107
(0.0360) (0.0950)

Rail Cost * Dist. (100 mi.) 0.015%¥*  (.022%**
(0.0020) (0.0040)

Year Effects No No Yes Yes Yes Yes
Route Effects No No No No Yes Yes
Diesel and Route Interactions No No No No Yes Yes
Rail Cost and Route Interactions No No No No Yes Yes
Observations 129062 35839 129062 35839 154451 44980
Adj. R-sq. 0.566 0.629 0.706 0.701 0.807 0.769

Notes: Dependent variable is the delivered price of coal in dollars per ton. Standard errors clustered at the plant
level. Data are FERC form 423/923 (reg. and dereg. plants), EIA State-level industrial natural gas prices, EIA
national diesel fuel prices and STB rail cost index. ***,6 ** and * denote significance at the 1 percent, 5 percent
and 10 percent levels.

34



Table 3: Relationships between delivered coal prices, mine mouth coal prices,
coal characteristics and natural gas prices for requlated and deregulated plants.

Natural Gas Price Effects for Regulated and Deregulated Plants
Contract Spot

Regulated Deregulated Regulated Deregulated

NG Price ($/Mcf) -0.073 0.782**x* 0.109 0.929***
(0.2290) (0.1930) (0.2000) (0.3390)
Coal Price ($/ton) 0.188*** 0.233**x* 0.586*** 0.363***
(0.0200) (0.0610) (0.0530) (0.0510)
Btu Content (Btu per Ib.) 0.010*** 0.010*** 0.007*** 0.008***
(0.0000) (0.0010) (0.0010) (0.0010)
Sulfur Content (tons/ton coal) -555.937*** -654.037*** -441,946*** -524,168***

(53.1790)  (80.7230)  (74.7710)  (72.9130)

Ash Content (% wgt.) 0.681*** 0.526*** -0.294%** 0.145
(0.1340) (0.1190) (0.1480) (0.1350)
Diesel Price ($/gal.) * Dist. (100 mi.) -0.051 0.055 -0.121 -0.017
(0.0410) (0.0980) (0.1100) (0.1170)
Rail Cost * Dist. (100 mi.) 0.014**x* 0.017*** 0.023*** 0.015***
(0.0020) (0.0050) (0.0050) (0.0050)
Year Effects Yes Yes Yes Yes
Observations 103853 25209 30265 5574
Adj. R-sq. 0.715 0.683 0.687 0.782

Notes: Dependent variable is the delivered price of coal in dollars per ton. Standard errors
clustered at the plant level. Data are FERC form 423/923 (reg. and dereg. plants), EIA State-
level industrial natural gas prices, EIA national diesel fuel prices and STB rail cost index. ***,
** and * denote significance at the 1 percent, 5 percent and 10 percent levels.
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Table 8: Relationship between delivered coal price and natural gas price

during the first month of a new contract.

"New" Contracts and Natural Gas Price Effect

All Years 2008 and After Rail Shipments
Reg. Dereg. Reg. Dereg. Reg. Dereg.
NG Price ($/Mcf) -0.084 0.783%** -0.042 0.950*** -0.113 1.429%**
(0.2280) (0.1940) (0.3220) (0.3580) (0.3590) (0.4420)
NG Price X "New Contract" 0.509*** -0.053 0.221 0.111 0.465** 0.02
(0.1000) (0.1500) (0.2080) (0.1780) (0.1870) (0.3190)
Coal Price ($/ton) 0.188*** 0.233%** 0.025 0.119 0.025 0.221
(0.0200) (0.0610) (0.0250) (0.0790) (0.0330) (0.1330)
Btu Content (Btu per Ib.) 0.010*** 0.010%** 0.015%** 0.014*** 0.015%** 0.014x**
0.0000 (0.0010) (0.0010) (0.0010) (0.0010) (0.0020)
Sulfur Content (tons/ton coal) -555.524***  -654,146***  -695.399*%**  -755.280***  -638.266***  -816.494***
(53.1870) (81.0020) (74.1390) (149.7860) (105.7290) (199.3140)
Ash Content (% wgt.) 0.681%** 0.526%** 1.138%** 1.098*** 1.176%** 1.188%**
(0.1340) (0.1190) (0.1900) (0.1870) (0.2460) (0.3530)
Diesel Price ($/gal.) * Dist. (100 mi.) -0.048 0.055 0.145%** 0.337%** 0.142%* 0.162
(0.0400) (0.0980) (0.0500) (0.1160) (0.0620) (0.1100)
Rail Cost * Dist. (100 mi.) 0.014%** 0.017%** 0.008*** 0.010** 0.006* 0.018***
(0.0020) (0.0050) (0.0030) (0.0050) (0.0040) (0.0060)
Year Effects Yes Yes Yes Yes Yes Yes
Observations 103853 25209 51059 11532 39284 6737
Adj. R-sq. 0.72 0.68 0.70 0.65 0.75 0.69

Notes: Dependent variable is the delivered price of coal in dollars per ton. Standard errors clustered at the plant level. Data are
FERC form 423/923 (reg. and dereg. plants), EIA State-level industrial natural gas prices, EIA national diesel fuel prices and STB
rail cost index. "New contract" is an indicator variable equal to one if contract delivery began during the reporting month. *** **

and * denote significance at the 1 percent, 5 percent and 10 percent levels.
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Table 9: Relationship between delivered coal prices and natural gas prices
for plants with more frequent contract renewals.

Frequent Contracts and Natural Gas Price Effect

All Years 2008 and After Rail Shipments
Reg. Dereg. Reg. Dereg. Reg. Dereg.
NG Price ($/Mcf) 0.088 1.003%** 0.080 1.352%** -0.076 1.828%**
(0.2450) (0.1930) (0.3500) (0.4160) (0.4090) (0.5380)
NG Price X Mean Time Remaining (Q2) 0.031 -0.452%* 0.178 -0.749* 0.265 -0.804**
(0.1720) (0.2010) (0.2370) (0.4440) (0.2590) (0.3850)
NG Price X Mean Time Remaining (Q3) -0.252 -0.759%** -0.243 -1.052%** -0.156 -0.984***
(0.1590) (0.1720) (0.2280) (0.3130) (0.2330) (0.2960)
NG Price X Mean Time Remaining (Q4) 0.063 -0.372%** 0.252 -0.604* 0.261 -1.287%**
(0.2100) (0.1740) (0.2870) (0.3030) (0.3070) (0.4330)
NG Price X Mean Time Remaining (Q4) -0.595%** -0.563*** -0.581%** -0.844*** -0.517%* -2.025%**
(0.1760) (0.1670) (0.2340) (0.3050) (0.2300) (0.5160)
Coal Price ($/ton) 0.183*** 0.220*** 0.016 0.1 0.012 0.220*
(0.0200) (0.0590) (0.0230) (0.0720) (0.0300) (0.1220)
Btu Content (Btu per Ib.) 0.010*** 0.010%*** 0.015%** 0.014*** 0.015%** 0.012%**
0.0000 (0.0010) (0.0010) (0.0010) (0.0010) (0.0020)
Sulfur Content (tons/ton coal) -537.838***  -570.727**%*  -667.552%**  -£33,922%**  -640.141%** -388.621%*
(55.1870) (68.7880) (73.2620) (110.9300) (112.2730) (210.9980)
Ash Content (% wagt.) 0.669*** 0.371%** 1.125%** 0.930*** 1.180%*** 1.108***
(0.1250) (0.1280) (0.1760) (0.2090) (0.2480) (0.3720)
Diesel Price ($/gal.) * Dist. (100 mi.) -0.049 0.056 0.140%*** 0.325%** 0.139%* 0.129
(0.0390) (0.0950) (0.0490) (0.1120) (0.0620) (0.1000)
Rail Cost * Dist. (100 mi.) 0.014%*** 0.015%** 0.008*** 0.009* 0.006* 0.014**
(0.0020) (0.0040) (0.0030) (0.0050) (0.0030) (0.0070)
Year Effects Yes Yes Yes Yes Yes Yes
Observations 103666 25037 50999 11532 39224 6737
Adj. R-sq. 0.72 0.70 0.71 0.67 0.76 0.72

Notes: Dependent variable is the delivered price of coal in dollars per ton. Standard errors clustered at the plant level. Data are FERC
form 423/923 (reg. and dereg. plants), EIA State-level industrial natural gas prices, EIA national diesel fuel prices and STB rail cost index.
Mean time remaining are indicator variables for the quintiles of the time remaining between the reporting month and contract end date by
plant. *** ** and * denote significance at the 1 percent, 5 percent and 10 percent levels.
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Table 10: Relationship between delivered coal, natural gas prices and implied

competition.
Effect of Barge and Rail Competition
Contract Spot
Reg. Dereg. Reg. Dereg.
NG Price 0.039 0.719%*x* 0.158 1.016%**
(0.2450) (0.1990) (0.1950) (0.3760)
NG Price * Barge Access -0.779%** -0.193 -0.675* 0.172
(0.2510) (0.8390) (0.3850) (0.7330)
NG Price * Two RRs -0.134 0.410%* 0.159 -0.078
(0.2710) (0.2080) (0.3500) (0.6900)
NG Price * Two RRs and Barge 0.6250 -0.754 0.5340 -1.111
(0.6150) (0.9090) (0.5350) (1.1730)
Barge Access 0.5580 3.5490 1.8330 -4.601
(2.6640) (9.2950) (3.7130) (6.1160)
Two Railroads -2.241 -7.621%** -2.906 -0.624
(2.2120) (2.2840) (2.4430) (5.1840)
Two RRs and Barge -3.844 3.9790 0.2260 14.4280
(4.6190) (9.5370) (4.8420) (9.5990)
Coal Price ($/ton) 0.192%*x* 0.234**x* 0.588*** 0.373**x*
(0.0210) (0.0590) (0.0520) (0.0480)
Btu Content (Btu per Ib.) 0.010*** 0.010*** 0.007*** 0.008***
0.0000 (0.0010) (0.0010) (0.0010)
Sulfur Content (tons/ton coal) -574.354%**  -661.801*** -433.146*** -508.758***
(48.9160) (71.6690) (76.2710) (89.7000)
Ash Content (% wagt.) 0.652**x* 0.486*** -0.289* 0.166
(0.1260) (0.1050) (0.1500) (0.1450)
Diesel Price ($/gal.) * Dist. (100 mi.) -0.063 0.046 -0.13 -0.02
(0.0410) (0.1020) (0.1100) (0.1170)
Rail Cost * Dist. (100 mi.) 0.014%**x* 0.016*** 0.023*** 0.016***
(0.0020) (0.0040) (0.0050) (0.0050)
Year Effects Yes Yes Yes Yes
Observations 103853 25209 30264 5574
Adj. R-sq. 0.72 0.69 0.69 0.78

Notes: Dependent variable is the delivered price of coal in dollars per ton. Standard errors clustered at
the plant level. Data are FERC form 423/923 (reg. and dereg. plants), EIA State-level industrial natural
gas prices, EIA national diesel fuel prices and STB rail cost index. ***, 6 ** and * denote significance at
the 1 percent, 5 percent and 10 percent levels.
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Table 11: Average pass-through rates for regulated and deregulated plants,
contract and spot deliveries.

Average Pass Through Rates
Contract Spot
Regulated Deregulated Regulated Deregulated

1.011 0.864 0.985 0.818

Table 12: Average pass-through rates for regulated and deregulated plants,
contract and spot deliveries by quintiles of gas generation share.

Average Pass Through Rates by Quintiles of Gas Generation
Contract Spot
Regulated Deregulated Regulated Deregulated

q= 1.072 0.872 1.012 0.926
q= 1.016 0.868 0.962 0.847
q=3 0.978 0.875 0.946 0.805
q= 0.970 0.815 0.972 0.830
q= 0.926 0.796 0.925 0.802
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