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ABSTRACT

This paper examines the potential for vertically integrated firms that own assets in
both the natural gas and electricity markets to manipulate natural gas and electric-
ity prices through the withholding of natural gas pipeline capacity. An integrated
firm theoretically could increase the price it receives in the electricity market by
withholding pipeline capacity to the wholesale natural gas market, thereby reduc-
ing wholesale supply of natural gas and potentially increasing generation costs for
electricity through higher natural gas prices. A key criteria in assessing whether an
integrated firm’s allocation of pipeline capacity between the wholesale and retail
markets constitutes manipulation relates to whether the allocation is profit maxi-
mizing on a stand-alone basis, i.e., the allocation maximizes the firm’s profits in
the natural gas market without considering its profits in the electricity market. I
develop a theoretical model that examines the incentives to allocate pipeline ca-
pacity to the wholesale natural gas market, which supplies the power generation
sector, and the retail natural gas market. I find that an integrated firm may choose
to allocate more pipeline capacity to the retail market than the wholesale market
in order to reduce the probability of paying fines from failing to adequately meet
retail demand, to increase its profits in the wholesale natural gas market, or to
increase its profits in the electricity market. In order to prove a manipulation has
occurred, it must be shown that the last case is true and the first two cases had little
effect on the allocation decision.
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In 2019, the EIA projected that natural gas combined-cycle units were likely to be the
marginal supply for electricity generation in the U.S. through 2050 (EIA, 2019). While the overall
supply of natural gas has expanded as a result of the “Shale Gas Revolution”, limited pipeline capac-
ity for delivering that supply to some regions has resulted in sometimes fierce competition between
different potential customers. These customers can typically be grouped into three different catego-
ries: retail (residential and commercial), industrial and electric. Historically, retail sector demand
for residential heating dominated natural gas demand, particularly in northern locales where cold
weather outbreaks lead to strong winter peaks in demand. These retail customers tend to be supplied
by utilities, which purchase natural gas for their customers through the wholesale market. Demand
for industrial use and electricity generation, on the other hand, are often supplied directly from the
wholesale markets.

The key issue I examine in this paper is the possibility of vertically integrated firms that
own midstream and downstream natural gas assets, as well as gas-fired electric generation, ma-
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nipulating gas supplies to increase electricity prices and thus increase overall profits. My point of
departure is a recent study by the Environmental Defense Fund (Marks et al., 2017), which claims
that two natural gas local distribution companies (LDCs) in New England, whose parent entities
also own electricity generators, purposely withheld pipeline capacity from wholesale purchasers to
increase natural gas prices and hence increase profits for their electricity generators. They calculate
that the claimed action imposed losses on the order of $U.S. 3 billion on electricity and natural gas
ratepayers. Their study prompted an investigation by the Federal Energy Regulatory Commission
(FERC, 2018), presumably into whether the two accused firms’ scheduling practices were orches-
trated to manipulate the market in withholding natural gas pipeline capacity to the wholesale market
in New England from 2013-2017. The FERC'’s investigation found no evidence of anticompetitive
withholding of natural gas pipeline capacity by either company.

While FERC ultimately determined that there was no anticompetitive withholding by the
two LDCs in the New England natural gas market from 2013-2017, the Environmental Defense
Fund study and subsequent FERC investigation raise interesting questions of a more general nature
regarding the increasingly interconnected electricity and natural gas markets in every geographic re-
gion. In particular, under what conditions would vertically integrated firms be motivated to withhold
pipeline capacity from the wholesale market to artificially increase the price of natural gas, poten-
tially increasing generation costs for electricity, and consequently increasing the profits they earn in
the electricity market? Furthermore, if a vertically integrated firm allocates more pipeline capacity
to the retail market than it ultimately ends up using, could such behavior be viewed as an attempt to
withhold pipeline capacity from the wholesale natural gas market and manipulate electricity prices?!

This paper provides an analytical framework that allows one to assess the potential for ver-
tically integrated firms to profit from withholding natural gas pipeline capacity. It shows that firms
can choose to allocate more pipeline capacity to the retail market than the wholesale market for a
variety of reasons. In particular, a firm may choose to allocate more pipeline capacity for retail gas,
holding all else equal, if doing so will 1) reduce the likelihood of facing retail market penalties, 2)
increase its profits in the wholesale natural gas market, or 3) increase profits earned in the electricity
sector. Importantly, the first two reasons do not constitute market manipulation because they each
serve a stand-alone legitimate business purpose: the first is the avoidance of penalties and the sec-
ond is the traditional exercise of market power.” The third reason, however, could be considered a
cross-market manipulation. Market manipulations are generally defined to occur when an economic
decision is not profit-maximizing on a stand-alone basis, but rather undertaken to increase profits in
unrelated markets. Recently, Ledgerwood et al. (2019) defined market manipulation to be an action
that “injects information into the market to cause demand or supply to ‘falsely’ or ‘artificially’ devi-
ate from their economic fundamentals.”

This analysis will show that integrated firms may be motivated by legitimate and/or manip-
ulative reasons when determining their allocation of pipeline capacity between the wholesale and

1. Natural gas LDCs serve their customers by procuring and distributing natural gas. This generally includes transporting
gas from supply areas using long-haul interstate pipelines. To do this, the LDCs have capacity contracts on these pipelines and
submit nominations to utilize this pipeline capacity. If the LDCs anticipate having excess capacity, the LDCs could either 1)
sell gas that they transport using their contracted pipeline capacity to other wholesale buyers (e.g., to power plants), 2) release
this capacity to the extent they do not utilize it, or, 3) not nominate for that capacity thereby allowing others to utilize said
capacity on a non-firm basis.

2. In this paper, I assume that wholesale sales of natural gas and natural gas pipeline capacity constitute the same market.
If they belong to the same market, allocating less pipeline capacity for wholesale natural gas can be seen as an exercise of mar-
ket power. If, however, one assumed that the two markets were separate from one another, it could be argued that allocating
less pipeline capacity to the wholesale market could be a market manipulation. I do not address this herein.
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retail natural gas markets. It finds that in order to suggest a manipulation has occurred, it must be
shown that penalties and profits in the gas markets have little effect on the firm’s allocation mech-
anism and that it is instead guided by profits in wholesale electricity markets. Furthermore, it finds
that it is easier to detect manipulative behavior when pipeline constraints are not binding, as there
are less confounding factors that arise when there is sufficient pipeline capacity. It is important to
note that for the previous statement to be true, there must be the pipeline equivalent of a “pivotal
supplier” with sufficient contracted capacity such that its supply of pipeline capacity is necessary
to clear the market. The pivotal supplier could theoretically reduce pipeline supply and artificially
make the constraint binding, thus rendering a potential manipulation profitable. More generally, the
framework provides a basis to understand the decision to allocate supply, which is scarce as a result
of limited pipeline capacity between the wholesale and retail natural gas markets. The results of this
paper should aid policymakers in formulating regulations to increase efficient market outcomes by
providing a theoretical understanding of the current incentives in the natural gas markets.

1. RELEVANT LITERATURE

This study was inspired by the FERC’s recent investigation into the alleged market ma-
nipulations of natural gas prices in New England and the FERC’s decision to drop its investigation
of anticompetitive withholding in the natural gas capacity market. The FERC’s investigation was
motivated by Marks et al. (2017), which claimed two firms scheduled more gas than they actually
delivered, consequently reducing pipeline capacity and creating price spikes. Marks et al. (2017)
claim that state regulations, which require firms to repatriate the majority of their profits earned in
the wholesale market back to ratepayers, encourage integrated firms to withhold pipeline capacity.
They analyze panel data of pipeline scheduling and find that firms operating in states with higher
pass-through rates tend to schedule more natural gas than they actually sell. Marks et al. (2017) con-
struct a counterfactual scenario where they find natural gas and electricity prices were 38% and 20%
higher, respectively, due to the alleged capacity withholding. In response, Levitan and Associates,
Inc. (2018) argued that the contested behavior could be explained primarily by demand forecasting
errors and penalties incurred when an LDC fails to reserve sufficient space for its retail demand.

Apart from the specifics of the New England case, there is an extensive and growing litera-
ture on vertical integration and its effects on competition. Riordan (2005) provides a comprehensive
review of the field, grouping and categorizing the literature by unifying themes. Riordan (2005) dis-
cusses the importance of market power assumptions in the upstream and downstream markets when
determining the effects of vertical integration on consumer welfare. Hart and Tirole (1990) develop
a theoretical model to examine vertical integration and how it affects competition both in upstream
and downstream markets, and use their model to assess some well-known vertical mergers. Rey
and Tirole (2007) provide an overview of market foreclosures, which occur when a firm restricts
output by using its market power in another market, and their impact on consumer welfare, as well
as potential remedies.

An important concept considered in the literature described above is what is known as rais-
ing rivals’ costs, which is discussed in Salop and Scheffman (1983). This occurs when an upstream
firm increases the prices of production inputs to the rivals of their downstream counterparts, thus
increasing market prices and profits for their downstream counterparts. With respect to the energy
markets, Hastings and Gilbert (2005) examined the West Coast wholesale gasoline market from
1996-1998, finding that mergers between retail firms and refineries in the gasoline market led to
higher wholesale prices of gasoline. In a context more like the New England case outlined above,
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Barquin et al. (2006) discuss the potential costs for consumers from allowing a merger to occur
between a prominent Spanish electricity producer and a natural gas distributor, and illustrate the
potential market manipulations that could occur with such a merger.

Hunger (2003) also examines the incentives to manipulate prices when natural gas and
electric utilities merge. He argues that the elasticity of supply in the downstream market, as well
as the amount of inframarginal capacity in the electricity market held by the vertically integrated
firm, are crucial in understanding a merged firm’s incentive to manipulate prices. If the conditions
outlined in Hunger (2003) aren’t met, the author argues the merged firms have no incentives to
manipulate market prices and should thus not be accused of intentionally doing so. The model that I
develop corroborates and formalizes some of the insights from Hunger (2003).

2. REGULATION OF LDCS

An LDC’s decision to allocate limited natural gas pipeline supply between the wholesale
and retail markets will depend critically upon the regulatory setting and physical restrictions the
LDC faces. In particular, an LDC’s supply decisions will be affected by its forecasts of retail de-
mand, the type of pipeline service it purchases, the profitability of releasing its capacity, and the
flexibility and timing with which it can nominate its gas flows on the pipeline. This section will
address these features of the regulatory setting in turn. It should be noted that these regulations tend
to be governed at the state level and the following section only provides a general description of
common regulatory features.

2.1 Uncertainty of Demand

Most natural gas customers, apart from some large industrial, commercial and electricity
generators, receive their supply from the low pressure distribution network operated by their LDC.
The LDCs are natural monopolies due to the high costs of establishing a network of pipelines
to reach end-users. Consequently, LDCs tend to be heavily regulated, generally at the state level.
Regulatory agencies determine the rates LDCs can charge their retail customers in order to allow
them to recover their costs. LDCs are expected to reliably supply their firm retail customers, and are
sometimes referred to as the “suppliers of last resort”.

Pipeline capacity must be nominated at specific times in the day, and the last scheduling
period typically occurs before the end of the “gas day” (usually measured by a 24 hour period start-
ing from 9 am CST of each day). Throughout the “gas day”, intraday capacity is traded at specified
times. In other words, the structure of the scheduling periods requires that supply be determined
prior to realized demand. The amount of pipeline space that an LDC will reserve for its firm custom-
ers will thus depend on forecasted demand, which introduces an element of risk, especially during
times of volatile demand.

2.2 Types of Pipeline Service

Pipelines generally offer services in both primary and secondary markets (FERC, 2015). In
the primary market, shippers can elect to purchase firm or interruptible service. With firm service,
the shipper has a right to its contracted space at all times. The shipper must nominate its required
space for natural gas each day and a pipeline may sell any unused capacity on the secondary mar-
ket. Nevertheless, contracts for firm service typically include a penalty for under-utilization of the
nominated capacity.

All rights reserved. Copyright © 2021 by the IAEE.



Incentives for Vertically Integrated Firms to Manipulate Prices / 159

A subset of firm service that a pipeline may offer is known as no-notice service. This type
of service reserves a contracted capacity for the shipper and allows the shipper to adjust its nomi-
nations throughout the gas day without penalty. Generally, this type of service is reserved by LDCs,
which face uncertain demand. Both shippers with no-notice and firm service can elect to sell their
capacity on the secondary market; once the space is sold on the secondary market, however, the pri-
mary holder of the service no longer has a right to this space during the contracted period. Thus, it
is risky for an LDC to sell its no-notice service when there is some positive probability that demand
will increase by an amount higher than expected, as it cannot simply stop flowing natural gas to its
customers. Since no-notice service gives the shipper additional options, it is sold at a premium to
firm service.

Shippers can also purchase interruptible service, which allocates space to the purchaser
only if there is available capacity on the pipeline. Generally, interruptible service can be bumped
during earlier nomination cycles but not during the last intraday cycle. This means that a firm ship-
per may lose its contracted capacity if it does not nominate said capacity early enough, posing a risk
to the firm shipper if it does not nominate enough pipeline capacity to fulfill its obligations. Indus-
trial consumers tend to purchase this type of service (EIA, 2016) as it is discounted relative to the
other types of service and they often have opportunities to reduce their use of natural gas for short
periods of time at relatively low cost. Electricity generators may also purchase this type of service,
especially when they can make up for shortfalls in natural gas generation by using alternative fuels
or technologies. They can also elect to purchase unused capacity on the secondary market from
LDCs and gas marketers. This may be explained by the fact that the demand for electricity tends
to be counter-cyclical to demand for natural gas (i.e., high heating loads correspond with low elec-
tricity usage and vice versa). Consequently, an LDC’s nomination of its firm service and no-notice
capacity will affect the cost of generation in the electricity sector. During periods of high demand
and scarce pipeline capacity, an LDC’s increased use of its pipeline capacity will restrict the ability
of electricity generators to procure natural gas.

2.3 Scheduling of Nominations

Generally, shippers must adhere to a strict schedule for reserving space on a pipeline. Dif-
ferent pipelines have different rules for scheduling, but they all follow a similar pattern. A shipper
must provide its first nomination for pipeline space during a period known as the timely cycle,
which generally occurs one day prior to the “gas day” (Smith, 2015). Following the timely cycle,
shippers can usually update their nominations during an evening cycle, which generally occurs the
evening before the “gas day”. Finally, there are a few intra-day nomination periods where shippers
can adjust their nominations at various times during the gas day (FERC, 2015). No-notice contract
holders have the advantage of not being penalized for inaccurately nominating their gas flows, as
long as they do not exceed their no-notice capacity. If they cause imbalances on the pipeline above
their contracted capacity during periods of high demand, however, they will be penalized, typically
by some multiple of the delivery point (“citygate”) price.

3. POSSIBILITY FOR MARKET MANIPULATION THROUGH VERTICAL
INTEGRATION

There are various ways an agent can profit from manipulating the availability of natural
gas pipeline capacity. Most generally, any asset that has a value that is tied to the price of natural gas
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can benefit from an increase in the price of natural gas.? In the following analysis, however, I focus
directly on the electricity market, although the results of this paper would hold more generally to
these other assets.*

If a parent company maintains a presence as an inframarginal supplier in the electric gen-
erating sector and chooses to manipulate the price of natural gas, it theoretically could increase its
profits by withholding natural gas pipeline capacity in the wholesale natural gas market to reduce
the supply of natural gas. This would increase the price of natural gas, holding all else equal, and
would change the shape of the electricity market’s supply curve. If natural gas was an inframarginal
or marginal fuel in the electricity market before the increase in its price, the change in the price of
natural gas could result in a higher market clearing price in the electricity market. For this strategy to
be profitable, however, the vertically integrated firm must possess inframarginal generation capacity
after the change in the gas price has occurred and its costs must increase by less than the increase
in the price of gas. If the firm remains a marginal supplier (or an extramarginal supplier) before and
after any price increase, or if its costs increase sufficiently so as to negate the increased revenues
from the higher electricity price, it will not profit from increasing the market price for electricity.’

An integrated firm that owns inframarginal generators therefore could create profits from
the electricity market by restricting pipeline capacity, thus increasing the price of natural gas so that
a higher cost generator becomes the marginal supplier. If the gains from the electricity market are
high enough, this could incentivize the integrated firm to commit a market manipulation. This is the
theory that was espoused by Marks et al. (2017).

4. MODELING A VERTICALLY INTEGRATED FIRM’S INCENTIVE TO
MANIPULATE NATURAL GAS PRICES

4.1 Defining the Model

In order to understand the effects of allocating less natural gas pipeline capacity to the
wholesale market and the incentives to do so, I develop a theoretical model. I do find potential sup-
port for the Marks et al. (2017) contention that withholding can be manipulative in a narrow range
of circumstances, but I also find that one reason to reduce pipeline supply to the wholesale market
stems from the desire to avoid large penalties from reserving insufficient pipeline space to supply
retail demand.

As described in Section 2, LDC utilities must often schedule their nominations in advance
of realized demand. This becomes problematic during periods of extreme cold, when demand for
heating is high and difficult to predict. During high demand periods, shippers are forced to pay large
penalties® if they withdraw more natural gas from the pipeline than they schedule. No-notice service
then becomes very valuable to LDCs as it allows them to change their shipping volumes without

3. While this analysis uses the electricity market as the primary area of focus when investigating the impacts and possi-
bility of natural gas price manipulation, there are various classes of assets that can profit from increases in natural gas prices.
For instance, any financial swap that is tied to the price of electricity would similarly benefit in the scenarios discussed in this
paper.

4. It is important to note that such outcomes occur due to the allocation mechanism and may occur absent manipulative
behavior.

5. Italso will not profit if its electric generators are subject to regulated rates of return.

6. On the Algonquin pipeline, the relevant pipeline in the FERC investigation, shippers were charged approximately three
times the Algonquin citygate price if they caused imbalances on the pipeline during periods of high demand (Levitan and
Associates, Inc. 2018).
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incurring penalties. Consequently, LDCs are unlikely to sell no-notice or firm space to third party
shippers during times of scarce capacity as this decreases their ability to respond to unexpected
demand shocks.

Formally, I consider how an LDC would choose to maximize expected profits, subject to
the physical and contractual constraints described in Section 2. I start by defining the profits it would
receive in each sector and then present a model that explores how a vertically integrated LDC would
allocate its no-notice service between the retail and wholesale markets to maximize its expected
profits.

In the electricity market, the vertically integrated firm’s profits will consist of the difference
between the market price of electricity and its per unit generation cost times the amount of elec-
tricity it generates. I define s, to be the firm’s supply of electricity and d,. to be the market demand
for electricity, respectively. I assume demand is a function of the price of electricity, p,, and an
exogenous shock, D,, that has a probability density function & with support [0,D,]. The price of
electricity, p,, is determined in the electricity market to equate demand to the available market sup-
ply. Since generation costs may depend on the wholesale price of natural gas (if natural gas is used
to generate electricity), I allow the reduced form solution of the price of electricity to be a function
of the wholesale price of natural gas, p,,, as well as the demand and market supply of electricity.
Further, for similar purposes, I allow generation costs, notated as ¢, to be a function of p,,. Thus,
the expected profits earned in the electricity sector are:

E(Il,)= jfE[sE (py —c)Ih(D,)dD, (M

In the wholesale market, I assume the LDC earns its wholesale profits through sales of its
natural gas pipeline capacity. Since most LDCs’ profits from the wholesale natural gas market are
regulated and repatriated back to ratepayers, I allow the wholesale market profits to be scaled by
the parameter 0; it must repatriate (1—9) of its profits to its ratepayers. I define S, and d,, to be the
firm’s supply of pipeline capacity and the wholesale market demand of pipeline capacity, respec-
tively. I assume demand is a function of the wholesale price of natural gas, p,,, and an exogenous
shock, D,,, that has a probability density function g with support [0,D,, ]. The price of wholesale
natural gas pipeline capacity, p,,, balances demand to the available market supply and is determined
in the wholesale market. I thus assume the reduced form solution of the price of natural gas pipeline
capacity in the wholesale market is a function of d,, and §,. I allow S, to be the decision variable.
Finally, I define the cost of supplying natural gas pipeline capacity to the wholesale market as ¢,
which I assume has a constant marginal cost. The LDC’s expected profits in the wholesale capacity
market are then represented by:

E(HW) = J‘oﬁw[ﬁ(sw(pw _CW))]g(DW )dDW (2)

In the retail natural gas market, I assume profits are regulated to allow the LDC to recover
its costs. I denote this rate as 77 and assume it is exogenous. I define s, and d, to be the firm’s supply
of retail natural gas and the market demand for retail natural gas, respectively. I assume demand is
a function of the retail price of natural gas, p,, and an exogenous shock, D,, that has a probability
density function f with support [0, D, ]. In the model I allow the price of retail natural gas, p,, to be
the reduced form solution of price that is determined in the retail market to equate demand to the
available supply. I define S, to be the no-notice space reserved for retail supply. In the retail sector
s, and S, are not necessarily equivalent. If the LDC does not reserve sufficient space on the pipeline
to supply d,, such that d, > S,, and consequently needs to use non-contracted pipeline space to ful-
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fill demand, it will then incur a penalty of & > 1 times the citygate price of natural gas, p... The ex-
pected profits in the retail market are then defined as:

E(L) = [, f (DD, ~ [ atd, =) pef(D,)dD, 3

Finally, § represents the amount of interruptible service the utility has already committed
to serve to the wholesale market.” S,,, represents the firm’s no-notice capacity on the pipeline.®
When the LDC does not reserve sufficient space for retail demand and needs to use additional,
non-scheduled pipeline capacity to fulfill demand, it may need to purchase pipeline capacity greater
than S,,  and incur a penalty for doing so.

The LDC’s objective function is then the sum of its expected profits earned in the three
sectors, subject to the constraints described above. The LDC must choose the amount of pipeline ca-
pacity to reserve for the retail market, S, and for the wholesale market, S, to maximize its expected
profits. Equation (4) below formalizes the firm’s expected profits and constraints.

ED = [ [ [™5,(p, — )+ 85, (py — ) 4151/ (D)g(Dy (D, )dD,dDy dD,

~[*ady - S,)pef(Dy)dD,
such that: !
Se+Sy <S8,
and
Sy =S
and

r =dg “4)

I make the following assumptions on the costs and prices in the model:

P < 5)
as,,
oc, <0 (6)
as,,
Pw (7
as,,
Pe (®)
as,

which assume that the price of electricity, the cost of generating electricity, the wholesale price of
natural gas pipeline capacity, and the retail price of natural gas all decrease when the quantity of
pipeline capacity supplied to their respective markets increase.

7. 1 could also allow S to be endogenous. This would require a dynamic model and should be considered in subsequent
iterations of the model.

8. In this analysis, S, is taken as given. An interesting extension of the model would include treating S, as a decision

Max
variable.
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4.2 The Optimal Supply of Natural Gas Pipeline Capacity to the Wholesale Market

I first start by examining a firm’s optimal supply of pipeline capacity to the wholesale nat-
ural gas market to understand what motivates its supply decision and how these factors affect the
decision to supply the wholesale natural gas market. This will aid in understanding, when, and if, a
firm is attempting to manipulate the market. In this section, I examine the optimal supply of natural
gas pipeline capacity to the wholesale market, both when pipeline capacity is scarce and plentiful. In
the following section, I will evaluate when an LDC would choose to only meet its minimal supply
obligations to the wholesale natural gas market.

When determining the optimal pipeline supply to both markets, I will not consider the case
where the interruptible service constraint binds, as this will produce the trivial solution that S,, = S
. I will thus consider two cases: (1) the LDC is constrained in its supply decisions so that it uses its
total pipeline capacity (S,,,. =S, +S,) and (2) the LDC does not find it profitable to use its total
capacity (S,,,. > Sy +Sz)-

Max

Casel:S,, =S, +S;

Case 1 considers how an LDC will allocate its pipeline capacity between the wholesale and
retail sectors, assuming it is profitable to supply more than S to the wholesale market. The firm will
provide more natural gas capacity to the sector that provides the greatest expected profits (including
potential penalties). In this case, the LDC solves the following problem:

MaxSWYSRE[sE(pE =)+ 08, (py —cy)+ndy —a(d, =S )pe 1+ (S, =S —Sy)  (9)

The first order conditions from Equation (9) lead to the following solution for the optimal
supply of wholesale natural gas:

0 Oc 0s, 0O
E[_SE(%_aiE _aiaﬁ(pb"—ck‘)_é‘(pw_cw)"_apc]
SW - SW SW pE SW (10)
E1sPu
as,,

Equation (10) suggests that the optimal supply of capacity to the wholesale market, when
pipeline capacity is binding, depends on the marginal profits earned in the electric market; the mar-
ginal penalty of failing to adequately supply the retail market; profits in the wholesale capacity
market; the value of J; as well as the price responsiveness to supply in the wholesale capacity
market. Importantly, I notice that the supply to the wholesale market will decrease as the penalty
for under-supplying retail demand increases; when marginal profits in the electric sector increase by
decreasing the supply of wholesale natural gas;’ and when profits derived in the wholesale natural
gas market decrease (possibly through a lower value of §), holding all else equal. This highlights
the fact that there are multiple reasons an LDC might choose to supply a lower amount of pipeline
capacity to the wholesale market and it is imprudent to immediately assume an LDC is attempting
to influence natural gas prices for its own gain. While it is in the realm of possibility that a vertically

Opy _ Oc;

)+ 052 P
as, as,” Op, oS,

9. Assuming s, ( (ps—c) <0.
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integrated LDC sells less pipeline capacity to the wholesale market in order to increase profits in the
electric sector, I have shown that it is not the only reason.

Case2: S, >S, +S;

In this case, the LDC is not constrained by its pipeline capacity. It thus solves the following
problem:

MaxSWJRE[sE(pE —c;)+6S,(py —cp)+nd, —ald, —S,)p.] (1)

and chooses to supply:

0 0 0s, O
E[_SE(&_& _iﬁ(pE_cE)_g(pW_cw)]
. as, oS,  op, as, 1)
v EW%]
as,

When capacity constraints are not binding, an LDC’s supply of natural gas capacity to the
wholesale market is negatively related to its marginal profits from sales of electricity,!” meaning
there is a profit incentive to allocate less pipeline capacity to serve the wholesale natural gas market.
Its supply is also positively related to its profits in the wholesale capacity market, discounted by the
pass-through rate. I notice that when there is sufficient pipeline capacity, the LDC will supply more
to the wholesale market than when constraints bind, holding all else equal.

4.3 Incentives to Supply the Wholesale Natural Gas Market

The primary purpose of this study is to understand firms’ motives to distribute pipeline ca-
pacity among the various natural gas sectors and whether these allocation decisions are intended to
manipulate prices. In particular, under what circumstances, if any, would the decision to minimally
supply pipeline capacity to the wholesale market be motivated by increased profits in the electric
sector? If there are multiple reasons to minimally supply the wholesale market from an LDC’s point
of view, what circumstances are likely to favor one motivation over another?

I solve the following to gain some more insight into the problem:

MaxSW,SRE[sE(pE —c;)+0S,(py, —cy)+nd, —ald, —S,)p.1+A(S,,,. =S, —S,)
+u(S,, ~5) (13)
I find that the shadow value of interruptible service (S,, > S), i, can be expressed as:

as,
as

op; B oc,
oS, OS

Os, Op,
Op

8 os
(pp—c)+0(Sy Lt p e N+ A1+ g

£y (14
. 0S,, as,, ) (149

w

u=—Ela

)+

Pe+55(

w w w

In order for the interruptible service constraint to be binding, it must be that ¢ > 0. Put
another way, an LDC utility would choose to only serve its contractual obligations to the wholesale
market when:

Opy  Ocy N 0s,; Op;

as, S,  ap, S,

10. Assuming s, ( (pr—cp)<0.

All rights reserved. Copyright © 2021 by the IAEE.



Incentives for Vertically Integrated Firms to Manipulate Prices / 165

Els, Pr | 05 Py p, +3(S, a‘”WerW)] 201+ 50 <
as,  op, 0s, as,, as,,
Els, ot + e Pe I (15)

c R
as, aop,os, - " oS,

In this case, the LDC would prefer to sell even less pipeline space to its wholesale custom-
ers but it is contractually obligated not to do so. Essentially, inequality (15) states that an LDC will
choose not to supply the wholesale market, above its contractual obligations, when the expected
marginal revenue from supplying natural gas to the wholesale market is less than the expected
marginal costs of doing so. Inequality (15) considers the effect of allocating less pipeline capacity
to the wholesale market on profits earned in the electric sector, suggesting a firm may be motivated
to allocate less capacity to the wholesale market for manipulative reasons. However, inequality
(15) also considers how this allocation affects wholesale market profits and retail penalties, both of
which are not manipulative considerations. Importantly, inequality (15) demonstrates that there are
multiple considerations a firm takes into account when allocating pipeline capacity and highlights
the difficulty this presents in determining whether a firm acted with a manipulative intent.

I consider how these outcomes change when the pipeline constraint binds and does not
bind. When there is sufficient pipeline capacity, it will not always be profitable to restrict pipeline
capacity to the wholesale market; it could be profitable to do so, however, if a firm has enough
capacity such that absent its supply, demand from the wholesale market for pipeline capacity will
exceed the remaining pipeline supply. In other words, it could be profitable to reduce supply of
pipeline capacity to the wholesale natural gas market if the firm can artificially make the constraint
bind by doing so.

I assume that when the pipeline capacity constraint is not binding, —£ =0 and 41 =0. I

£ =0 when the constraint is not binding because this implies that when

w
pipeline capacity is not scarce, a firm that allocates more pipeline space to the wholesale market will

not need to reduce the amount of pipeline space it allocates to the retail market. Therefore, when
the pipeline constraint is not binding, the following condition must hold for the LDC to minimally
supply the wholesale market:
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When I assume the pipeline capacity constraint is binding, on the other hand, I assume that

A>0 and Si =—1. This in turn implies the LDC will choose to minimally supply the wholesale

w
market when:
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Therefore, from inequalities (16) and (17), we see that when pipeline constraints bind, a
vertically integrated LDC is more motivated to allocate less capacity to the wholesale market than
when the pipeline has excess capacity, holding all else equal. The increased motivation to withhold
capacity when pipeline constraints bind comes from the expected penalty of failing to serve retail
customers, which becomes more probable when pipeline capacity is scarce. In the case where the
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pipeline capacity constraint is not binding, the motivation to restrict supply of pipeline capacity to
the wholesale market stems from the goal of increasing marginal profits. The only time a firm could
increase its marginal profits in the electricity sector using this strategy would be if it had enough
pipeline capacity such that a reduction in its supply to the market would result in demand exceeding
the remaining pipeline capacity, creating an artificial constraint. Consequently, it is easier, although
still difficult, to detect manipulative behavior when pipeline constraints are not binding as there are
fewer confounding factors behind the allocation decision. This finding can serve as a screen for
detecting manipulative behavior: if total nominated demand for pipeline capacity does not exceed
total pipeline capacity and a firm chooses to restrict its unused capacity such that the pipeline can no
longer meet total demand, it is possible that the firm is attempting to manipulate the market.

In such a situation, it would be necessary to determine that the gains from this allocation
were mainly experienced in the electric market, and not the wholesale natural gas market, before
raising any questions as to whether the firm had acted to manipulate the market.

Binding pipeline capacity constraints, on the other hand, push an LDC further to a corner
solution, encouraging the LDC to minimize its sales to the wholesale market in order to avoid ex-
pected penalties as well as to increase marginal profits. When pipeline constraints bind it becomes
more difficult to determine the reason an LDC has minimally supplied the wholesale market.

The primary vulnerability in making manipulation accusations against LDCs during times
of scarce capacity is that it is difficult to distinguish between a utility’s desire to increase its profits in
the electric sector and/or the wholesale natural gas sector, and its desire to minimize the probability
of facing penalties from failing to reserve sufficient pipeline capacity for retail demand. While the
former is a potential basis for market manipulation, the latter two can be explained by a willing-
ness to maximize profits with the traditional use of market power and a desire to avoid penalties.
There are thus three sources of incentives for an LDC to minimize its allocation of capacity to the
wholesale market during times of scarce capacity: increased profits in the electric generating sector
(assuming the LDC owns inframarginal supply that is not regulated), increased profits in the whole-
sale natural gas market (assuming restricting natural gas supply increases the marginal profit), and
penalties incurred when reserved retail pipeline space is less than retail demand.

4.4 Policy Implications

The analysis above indicates that it is not sufficient to claim that firms that have allocated
less pipeline capacity to the wholesale natural gas market are attempting to manipulate prices. This
holds when the pipeline is constrained and when the pipeline has sufficient capacity. However,
assuming a firm has enough contracted pipeline supply to be able to change prices by reducing its
supply to the wholesale natural gas market, it is easier to detect manipulative behavior when pipe-
line constraints are not binding. Using this finding, regulators can develop a screen for detecting
manipulative behavior by vertically integrated firms in the natural gas and electricity markets. This
screen would be triggered when the total nominations for pipeline capacity do not exceed the pipe-
line’s total capacity, i.e., when the pipeline capacity constraint is not binding, and a firm does not
sell its unused capacity to the wholesale natural gas market, such that the resulting available pipeline
supply is less than demand.! In this case, it is possible that the firm is reducing its supply of pipe-

11. The model assumes that S,,, is not a choice variable. Consequently, the results of this analysis depend on shippers

Max
not being able to change their firm capacity easily or frequently. In other words, from the shipper’s point of view, their firm

capacity needs to be seen as being fixed.
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line capacity to manipulate wholesale natural gas and electricity prices. Once this screen has been
triggered, regulators would need to examine the firm’s obligations to determine whether the firm
sought to manipulate the natural gas and electricity markets, or whether it was motivated by some
other reason. Of course, the conditions set forth in the screen are neither sufficient nor necessary to
detect manipulation. The proposed screen, however, presents a starting point for regulators to detect
possible market manipulations.

Further, the findings of this paper suggest that the current pipeline allocation mechanism
creates distortions that need to be considered by policymakers. As the use of natural gas in elec-
tricity generation becomes more prominent, policymakers need to determine the optimal allocation
of pipeline capacity between the retail and wholesale markets. Should policymakers decide that
more capacity needs to be allocated to the wholesale market, the results of this paper can be used to
determine mechanisms that will influence the optimal allocation of capacity between the two mar-
kets. To incentivize greater pipeline supply to the wholesale natural gas market relative to the retail
natural gas market, regulators could allow LDCs to keep a larger portion of the profits generated in
the wholesale market, making it a more lucrative and desirable market, an argument made in Marks
et al. (2017). This, of course, is assuming marginal profits would augment with increased supplies,
which does not always hold. Additionally, a decrease in the penalties for causing pipeline imbal-
ances to serve unexpected retail demand would also increase a firm’s incentive to supply pipeline
capacity to the wholesale natural gas market.

4.5 Conclusion

In this paper, I provide a theoretical foundation that finds that while there may be an incen-
tive for vertically integrated firms to withhold natural gas pipeline capacity in order to increase their
profits in the electric sector, there are other reasons these firms would choose to reduce their supply
of natural gas to the wholesale market. These factors become more relevant when there is scarce
capacity on the pipeline. When capacity is scarce, LDCs face the risk of severe penalties if they
fail to adequately reserve space to meet retail demand. Since demand is uncertain and LDCs must
nominate their pipeline capacity prior to observing demand, they are wary of selling their no-notice
service to third party shippers as they face potentially large penalties from doing so if demand for
retail gas exceeds their ability to supply. This desire to avoid large penalties downwardly biases an
LDC’s supply of natural gas pipeline capacity from the wholesale market in favor of supply for the
retail market.

This analysis presents three interesting conclusions for policy makers. First, the current
pipeline allocation mechanism skews supply towards the retail market over the wholesale capacity
market, holding all else equal. As natural gas is becoming more prominent in electric generation,
and pipeline capacity is increasingly constrained, there is a need for regulators to re-evaluate pipe-
line allocation mechanisms to optimally allocate supply between the wholesale and retail markets.
Since a considerable number of end-users in both the electric and retail markets are households,
regulators must determine the optimal allocation of natural gas in both sectors to serve their constit-
uents. Second, I have shown that the problem of allocating natural gas pipeline capacity between the
wholesale and retail sectors is exacerbated by limited pipeline capacity and that manipulative behav-
ior is easier to detect when there is sufficient pipeline capacity. Increasing pipeline capacity would
thus have two obvious benefits. It would favor increased supply to the wholesale market, holding
all else equal, and it would allow regulators to more easily detect market participants attempting
to manipulate prices for their own gain. Third, building on the previous observations, a firm that
supplies less natural gas pipeline capacity to the wholesale natural gas market could be doing so
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for a stand-alone legitimate business purpose, such as maximizing profits in the wholesale capacity
markets or avoiding retail penalties.

ACKNOWLEDGMENTS

Research support was provided by the Center for Energy Studies at Rice University’s
James A. Baker III Institute for Public Policy. I thank the three anonymous referees who enhanced
the quality of this paper and provided invaluable suggestions and comments. I also thank Peter
Hartley, Kenneth B. Medlock III and my colleagues Rice University and The Brattle Group for their
many insightful comments and suggestions. Any errors are my own.

REFERENCES

Barquin, J., L. Bergman, C. Crampes, J.-M. Glachant, R. Green, C. Von Hirschhausen, F. Levéque, and S. Stoft (2006). “The
acquisition of endesa by gas natural: why the antitrust authorities are right to be cautious.” The Electricity Journal 19(2):
62—68. https://doi.org/10.1016/j.tej.2006.01.002.

Bertrand, J. (1883). Review of Walras's Théorie Mathematique de la Richesse Sociale and Cournot’s Recherches sur les Prin-
cipes Mathématiques de la Théorie des Richesses in Cournot Oligopoly: Characterization and Applications. Edited by A.
F. Daughety. Cambridge University Press.(1988). https://doi.org/10.1017/CB0O9780511528231.006.

Bordoff, J. and T. Houser (2014). American Gas to the Rescue. Columbia University, Center on Global Energy Policy, Sep-
tember, 3.

Bordoff, J. and A. Losz (2016). “If you build it, will they come? The Competitiveness of US LNG in overseas Markets.” Co-
lumbia University, Center on Global Energy Policy, November.

Central Intelligence Agency (2016). “The World Factbook: Natural Gas-Proved Reserves.” https://www.cia.gov/library/pub-
lications/the-world-factbook/rankorder/2253rank.html [Accessed March 2017].

De Wolf, D. and Y. Smeers (1997). “A stochastic version of a Stackelberg-Nash-Cournot equilibrium model.” Management
Science 43(2): 190-197. https://doi.org/10.1287/mnsc.43.2.190.

DeMiguel, V. and H. Xu (2009). “A Stochastic Multiple-Leader Stackelberg Model: Analysis, Computation, and Applica-
tion.” Operations Research 57(5): 1220—-1235. https://doi.org/10.1287/opre.1080.0686.

Dickel, R., E. Hassanzadeh, J. Henderson, A. Honoré, L. El-Katiri, S. Pirani, H. Rogers, J. Stern, and K. Yafimava (2014).
“Reducing European Dependence on Russian Gas.” OIES Paper NG92.

Dohring, B. (2008). “Hedging and invoicing strategies to reduce exchange rate exposure-a euro-area perspective.” Technical
report, Directorate General Economic and Financial Affairs (DG ECFIN), European Commission.

Dorigoni, S., C. Graziano, and F. Pontoni (2010). “Can LNG Increase Competitiveness in the Natural Gas Market?” Energy
Policy 38(12): 7653—7664. https://doi.org/10.1016/j.enpol.2010.08.004.

Egging, R., F. Holz, and S. A. Gabriel (2010). “The World Gas Model: A Multi-Period Mixed Complementarity Model for the
Global Natural Gas Market.” Energy 35(10): 4016—4029. https://doi.org/10.1016/j.energy.2010.03.053.

Egging, R., F. Holz, C. Von Hirschhausen, and S. A. Gabriel (2009). “Representing Gaspec with the World Gas Model.” The
Energy Journal 97-117. https://doi.org/10.5547/ISSN0195-6574-EJ-Vol30-NoSI-7.

Egging, R.G. and S.A. Gabriel (2006). “Examining Market Power in the European Natural Gas Market.” Energy Policy
34(17), 2762-2778. https://doi.org/10.1016/j.enpol.2005.04.018.

EIA (2016). International Energy Outlook 2016. https://www.eia.gov/forecasts/ieo/nat_gas.cfm [Accessed October 2016].

EIA (2016). Russia. http://www.eia.gov/beta/international/analysis.cfm?iso=RUS [Accessed April 2016].

EIA (2016). Natural Gas Weekly Update. https://www.eia.gov/naturalgas/weekly/archivenew _ngwu/2016/01 28/, [Accessed
October 2018].

EIA (2019). New U.S. power plants expected to be mostly natural gas combined-cycle and solar PV. https://www.eia.gov/
todayinenergy/detail.php?id=38612, [Accessed September 2019].

European Commission (2017). Market Legislation. https:/ec.europa.eu/energy/en/topics/markets-and-consumers/market-
legislation [Accessed March 2017].

Eurostat (2016a). Eurostat International Trade Database. http://ec.europa.eu/eurostat/statistics-explained/index.php/Energy
production_and imports [Dataset][Accessed July 2016].

Eurostat (2016b). Eurostat International Trade Database. http://ec.europa.eu/eurostat/data/database [Dataset][ Accessed July
2016].

All rights reserved. Copyright © 2021 by the IAEE.



Incentives for Vertically Integrated Firms to Manipulate Prices / 169

FERC (2015). Energy Primer: A Handbook of Energy Market Basics. https://www.ferc.gov/market-oversight/guide/energy-
primer.pdf, [Accessed October 2018].

FERC (2018). FERC Staff Inquiry Finds No Withholding of Pipeline Capacity in New England Markets. https://www.ferc.
gov/media/news-releases/2018/2018-1/02-27-18.asp#.W7QQMntKiUk, [Accessed October 2018].

Gabriel, S.A., S. Kiet, and J. Zhuang (2005a). “A Large-Scale Linear Complementarity Model of the North American Natural
Gas Market.” Energy Economics 27(4): 639—665. https://doi.org/10.1016/j.eneco.2005.03.007.

Gabriel, S.A., S. Kiet, and J. Zhuang (2005b). “A Mixed Complementarity-Based Equilibrium Model of Natural Gas Mar-
kets.” Operations Research 53(5): 799-818. https://doi.org/10.1287/opre.1040.0199.

Gabriel, S.A., K.E. Rosendahl, R. Egging, H.G. Avetisyan, and S. Siddiqui (2012). “Cartelization in Gas Markets: Studying
the Potential for a “Gas OPEC.” Energy Economics 34(1): 137-152. https://doi.org/10.1016/j.eneco.2011.05.014.

Gazprom (2015). Europe. http://www.gazprom.com/about/marketing/europe/ [Accessed April 2016].

Gazprom Export (2010). Arbitration Factsheet. www.gazpromexport.ru/content/file/110801 arbitration factsheet.pdf [Ac-
cessed April 2016].

Hart, O.D. and J. Tirole (1990). Verticle integration and market foreclosure. https://doi.org/10.2307/2534783.

Hartley, P.R. (2015). “The Future of Long-Term LNG Contracts.” The Energy Journal 36(3). https:/doi.
org/10.5547/01956574.36.3.phar.

Hartley, P., K. Medlock 111, and J. Nesbitt (2004). Rice University World Gas Trade Model. James A. Baker Institute of Public
Policy. Rice University.

Hartley, P.R. and K.B. Medlock III (2009). “Potential Futures for Russian Natural Gas Exports.” The Energy Journal 73-95.
https://doi.org/10.5547/ISSN0195-6574-EJ-Vol30-NoSI-6.

Hastings, J.S. and R.J. Gilbert (2005). “Market power, vertical integration and the wholesale price of gasoline.” The Journal
of Industrial Economics 53(4): 469—492. https://doi.org/10.1111/j.1467-6451.2005.00266.x.

Henderson, J. and T. Mitrova (2015). “The political and commercial dynamics of Russia’s gas export strategy.” Oxford Insti-
tute for Energy Studies, 1-82. https://doi.org/10.26889/9781784670399.

Holz, F., C. Von Hirschhausen, and C. Kemfert (2008). “A Strategic Model of European Gas Supply (GASMOD).” Energy
Economics 30(3): 766—788. https://doi.org/10.1016/j.eneco0.2007.01.018.

Hubert, F. and E. Orlova (2012). “Competition or Countervailing Power for the European Gas Market.” In 2012 ECOMOD
conference, Seville, Spain.

Hunger, D. (2003). “Analyzing gas and electric convergence mergers: A supply curve is worth a thousand words.” Journal of
Regulatory Economics 24(2): 161-173. https://doi.org/10.1023/A:1024786011276.

Ledgerwood, S.D., J.A. Keyte, J.A. Verlinda, and G. Ben-Ishai (2019). “The intersection of market manipulation law and
monopolization under the sherman act: Does it make economic sense.” Energy LJ 40: 47.

Levitan and Associates, Inc. (2018). Critical Assessment of EDF’s Workpaper on “Vertical Market Power in Intercon-
nected Natural Gas and Electricity Markets. https://www.eversource.com/content/docs/default-source/pdfs/lai-critical-
assessment.pdf, [Accessed October 2018].

Marks, L., C. Mason, K. Mohlin, and M. Zaragoza-Watkins (2017). “Vertical market power in interconnected natural gas and
electricity markets.”

Moryadee, S., S.A. Gabriel, and H.G. Avetisyan (2014). “Investigating the Potential Effects of US LNG Exports on Global
Natural Gas Markets.” Energy Strategy Reviews 2(3): 273-288. https://doi.org/10.1016/j.esr.2013.12.004.

Mundlak, Y. (1978). “On the Pooling of Time Series and Cross Section Data.” Econometrica: Journal of the Econometric
Society 69-85. https://doi.org/10.2307/1913646.

Natural Gas Europe (2014). FSRU Independence a Historic Milestone for Lithuanian Energy Security. http://www.ropepca.
ro/en/articole/fsru-independence-a-historic-milestone-for-lithuanian-energy-security/22/ [ Accessed March 2017].

Natural Gas World (2014). FSRU Independence A Historic Milestone for Lithuanian Energy Security. http:/www.
naturalgasworld.com/lithuania-fsru-independence [Accessed March 2017].

Neumann, A. and C. von Hirschhausen (2004). Less Long-Term Gas to Europe? A Quantitative Analysis of European Long-
Term Gas Supply Contracts. Zeitschrift fiir Energiewirtschaft 28(3): 175-182.

Noél, P. (2013). “European gas supply security: Unfinished business.” Energy and security: Strategies for a world in transi-
tion, 169—186.

Pakalkaite, V. (2016). Lithuania's Strategic Use of EU Energy Policy Tools. The Oxford Institute for Energy Studies. https:/
doi.org/10.26889/9781784670658.

Rey, P. and J. Tirole (2007). A primer on foreclosure. Handbook of industrial organization 3: 2145-2220. https://doi.
org/10.1016/S1573-448X(06)03033-0.

Riordan, M. H. (2005). “Competitive effects of vertical integration.”

Salop, S.C. and D.T. Scheffman (1983). “Raising rivals’ costs.” The American Economic Review 73(2): 267-271.

Copyright © 2021 by the IAEE. All rights reserved.



170/ The Energy Journal

Seputyte, M. (2014). “Lithuania Grabs LNG in Effort to Curb Russian Dominance.”

Sherali, H.D., A.L. Soyster, and F.H. Murphy (1983). “Stackelberg-Nash-Cournot Equilibria: Characterizations and Compu-
tations.” Operations Research 31(2): 253-276. https://doi.org/10.1287/opre.31.2.253.

Smith, R. (2015). FERC Revises Interstate Natural Gas Pipeline Nomination Timelines. https://www.reedsmith.com/en/per-
spectives/2015/04/ferc-revises-interstate-natural-gas-pipeline-nomin, [Accessed October 2018].

Vasilyev, T. (2015). Gazprom’s Cash-Flow Machine: Easy to Hate. Irrational to Ignore. https://sumzero.com/headlines/
energy/GAZP/265-gazproms-cash-flow-machine-easy-to-hate-irrational-to-ignore, [Accessed April 2017].

Wall Street Journal (2013). In Reversal, Neighbors Squeeze Russia’s Gazprom Over Natural Gas Prices. https://www.ws;j.
com/articles/SB10001424127887324240804578414912310902382 [Accessed March 2017].

Wile, R. (2014). Here Are the Countries That Would be Most Affected by a Russia Gas Disruption. http://www.businessin-
sider.com/europe-country-dependence-on-russian-gas-2014-7 [Accessed March 2017].

Zwart, G., M. Mulder, et al. (2006). “NATGAS: A Model of the European Natural Gas Market.” Technical report, CPB Neth-
erlands Bureau for Economic Policy Analysis.

All rights reserved. Copyright © 2021 by the IAEE.



