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Abstract: This paper discusses how the government can set transporta-
tion tariffs to induce socially optimal transportation of natural gas in a net-
work owned by a syndicate of gas producers. In a setting where the gas is
exported to end-user markets and a foreign third party has access to the gas
grid, it would be optimal to differentiate the tariff. However, if the tariff
scheme has to be based on the principles of open access on nondiscrimi-
natory conditions, organizing the transportation network as a syndicate of
gas producers rather than as a separate entity enables the syndicate to levy
a common tariff acting as an imperfect substitute for unconstrained tariff
discrimination between the network owners and the third party.



1 Introduction

Over the last two decades there has been a general trend towards liberal-
ization of the natural gas pipeline sector. Norway is a major producer of
natural gas in the European gas market. A small part of the production
is used domestically and mainly for industrial purposes. Therefore, the na-
tional interests in the gas sector are almost completely aligned with export
interests. This implies that the regulator’s interests and profit incentives
of domestically owned firms coincide. In Norway, the EU directives in the
natural gas market has induced a reorganization of the gas transmission net-
work. Hence, Norway has chosen to comply with the rules laid down in the
EU directives. An important feature of the EU’s deregulatory policies has
been to liberalize access to networks, which prior to the reforms were under
the control of incumbent monopolies. In particular, this applies to the gas
sector. Many countries have designed pricing schemes for access to pipeline
networks based on the principles of open access under nondiscriminatory
conditions. The upstream pipeline networks and production facilities are,
however, exempt from the general rules in the directives.

On the Norwegian continental shelf, there are several companies produc-
ing gas on separate gas fields. The gas producers have to transport the
natural gas through the Norwegian gas grid to reach their downstream cus-
tomers on the continent. In compliance with the EU directives, the selling
and transportation roles have been separated. Therefore, the network has
been reorganized as a syndicate consisting of the major part of the gas pro-
ducers on the Norwegian continental shelf, and an independent system oper-
ator has been established with assignment of transportation rights as one of
its main tasks. As an alternative to organizing the gas grid as a syndicate,
it could be organized as an entity separate from extraction and marketing
activities, possibly owned by the government. This is the case in the Norwe-
gian electricity sector, where the transmission system is a separate company
owned by the Norwegian government.

The North Sea network for transportation of natural gas is a prime exam-
ple of a natural monopoly. Most of the costs of the infrastructure are fixed
and sunk. This renders the transportation network an essential facility which
is neither commercially nor socially worthwhile to duplicate, everything else
equal. Therefore, the network owner has some market power over the gas
producers that need access to the transportation network. The conditions



for access to the network should then be regulated.

Rules for access to the upstream pipeline network are given by the gov-
ernment. We assume that the government and the network owners have
complete knowledge about the demand for gas in the downstream markets,
the production technology and the costs of producing the gas. The govern-
ing principle for access is that it has to be given to natural gas undertakings
and eligible customers. Shippers with a duly substantiated reasonable need
have right to access on objective and nondiscriminatory terms. Given the
capacity of the gas transportation system and the regulated transportation
tariff, a gas producer chooses his optimal gas transportation volume. If the
capacity becomes scarce, there has to be rationing to equate the demand to
the transportation capacity. According to the present Norwegian allocation
rules the members of the syndicate of producers have priority in booking
transport capacity up to 200% of their owner share in the gas grid.

A syndicate of gas producers is related to the utilization agreements the
owners of a gas field make to explore the gas in a most efficient way. The gas
producers cooperate through utilization agreements to increase the overall
production above the levels that would have been achieved from nonunitized
production, while the network owners cooperate in the syndicate to lower
their transportation costs to market their gas. The syndicate of gas pro-
ducers is also related to an input joint venture, where the members share
ownership of a facility that produces an important input. In our setting, the
gas producers share the ownership of the transportation network, which is
an essential facility to market the gas of the network owners.

There is an extensive literature on optimal access pricing, see e.g., Laffont
and Tirole (1994). Cremer and Laffont (2002) as well as Cremer, Gasmi and
Laffont (2003) discussed optimal access pricing in the natural gas pipeline
sector. Cremer, Gasmi and Laffont examined optimal tariffs in a competitive
market, while Cremer and Laffont discussed pricing of transportation of gas
under perfect as well as imperfect competition. Hagen, Kind and Sannarnes
(2007) discussed optimal tariffs in the case where the transport facilities
are owned entirely by a national gas producer possibly with some public
ownership share. Our paper is also related to Chen and Ross (2003) which
discussed an input joint venture where the members cooperate upstream,
while they are competing downstream.

More precisely, we discuss how the government can set transportation
tariffs to induce socially optimal transportation of natural gas in a gas trans-
portation network, where the gas grid is owned by a syndicate of gas pro-



ducers. We further discuss how the network owners’ demand for transporta-
tion capacity affects the optimal tariff scheme for a gas producing country,
where the tariff scheme is based on the principles of open access on nondis-
criminatory conditions. We assume Cournot competition in the downstream
markets.

The major insights of this paper is that for a tariff scheme based on
the principles of open access on nondiscriminatory conditions, the regulator
has to balance the effect on the syndicate’s profits from the third party’s
transportation of gas against the efficiency loss of reduced transportation
volume of the network owners in the downstream markets from a marginal
increase in the tariff. Organizing the transportation network as a syndicate of
gas producers rather than as a separate entity enables the syndicate to levy a
tariff common to all users acting as an imperfect substitute for unconstrained
tariff discrimination between the network owners and the third party.

In section 2, we develop a simplified two-stage economic model for ana-
lyzing these issues using backward induction. Section 3 takes a closer look at
stage 2, discussing optimal short-term efficiency under Cournot competition.
In section 4, we analyze stage 1, where a regulator sets the tariffs, with the
aim of maximizing the profits of a gas exporting country. Section 5 discusses
the effects from the network owners also competing in the downstream mar-
kets with a foreign gas producer with his own gas transportation facility. In
section 6, we assume that some of a network owner’s gas production is used
domestically. Section 7 briefly concludes.

2 A simplified model for transportation of
gas

We shall consider the case where the transportation infrastructure is owned
by a syndicate of gas producers, as in the Norwegian gas sector. There are
assumed to be two gas producers participating in the syndicate, indexed by
1 = 1,2. We assume that the network is fully domestically owned. The gas
producers serve the end-user markets in several foreign countries, like the
network owners of the Norwegian gas grid serving the end-user markets in
the EU.



We assume that the capacity of the transportation infrastructure is given.
With given tariffs, the gas producers maximize their individual profits inde-
pendently. We assume that there is also a gas producer without any trans-
portation infrastructure of his own, who depends on access to the established
network in order to sell his gas. The nonfacility based producer is owned by
foreigners and will be referred to as the third party, denoted by the subscript
T'. The gas producers compete in the downstream markets. A domestic regu-
lator maximizes the national interests and sets transportation tariffs in order
to maximize the profits of the syndicate. We can summarize the actions in
the following two-stage game:

e Stage 1: The regulator sets the tariff in order to maximize the profits
for the fully domestically owned gas producers.

e Stage 2: The gas producers maximize their individual profits by choos-
ing optimal quantities in a downstream market subject to Cournot
competition.

We solve the problem by backward induction. We first analyze the be-
havior in the stage 2 subgame and then work backward.

A network owner has to pay a tariff, 7, per unit of transported gas in a
period, while the third party pays 77. However, if the tariff scheme is based
on the principles of open access on nondiscriminatory conditions, the tariff
scheme is the same both for the network owners and the third party, 7 = 7y =
7r. Then the income to the syndicate from the gas transported in a period
is given by 7(x1 4+ x2 + x7), where x1, x9, x7 are the transported volumes of
network owner 1, network owner 2 and the third party, respectively. Network
owner ¢’s part of the syndicate’s tariff income is denoted by «;7(x; +x2+27),
where «; is member ¢’s owner share in the syndicate.

Because the depletion capacity of developed gas fields is limited, it is rea-
sonable to assume that the firms compete in quantities in the downstream
market.! The gas sales or gas transportation of a network owner i in a rep-
resentative period is denoted x;, with corresponding downward-sloping (in-
verse) demand curve p;(z1, x2, z7). The activity-related costs in the gas sec-
tor consist of two parts. The first part, to be denoted ¢!(x;), measures the

ntuitively, we are appealing to a game & la Kreps and Scheinkman (1983), where firms
choose capacities prior to the stage we are analyzing. To a large extent, the capacity con-
straints facing different gas producers are common knowledge in the industry. Moreover,
major capacity changes are both time consuming and expensive.
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costs of gas extraction and of accessing the transportation pipeline.? This
term depends solely on the producer’s own volume. The other part is the
transportation cost, which may depend on the transported volumes of gas,
and will be denoted C*(x1,z2, z7). We also assume that 0C!/0z; > 0 and
92C!/ (9x;)* > 0 and that dCL/dzr > 0 and 92CL/ (dx7)?* > 0. The reason
for this may for instance be that it is necessary to increase the pressure if
too much gas is fed into the pipeline, which depends on the total volume
transported. This will increase the marginal costs of transporting gas for all
producers. The costs to the syndicate from gas transportation in a period
incurred by owner ¢ is denoted by «;C*(x1, 22, 27).

For a given capacity = a network owner is maximizing profits given by:

PiTi — ¢ (x;) — TX;+
(i) (1)

T i(r(ay + e + 27) — O (1, 22, 27) — CK (25))

where C (2%) is capacity cost in a period and is assumed to be fixed and
sunk. If not explicitly stated the network capacity is not scarce.
The profit of the third party is given by:

mr = prer — ¢p(xr) — ToT (2)

3 Stage 2: Competition in the downstream
markets

We assume that the domestically owned gas producers and the third party
compete in quantities in the downstream markets. This means that the
markets are connected, so that gas delivered by one producer is a (possibly
imperfect) substitute for gas delivered by the other producers. Member i
chooses the optimal quantity in a period to maximize his profits, 7;, given
by equation (1). The first order condition for network owner i is:

Ip; et oCc*\
pi+8—:rixi_8—:ri_7+ai(7—_8xi>_o' (3)

2The part of the costs, ¢?(z;), could alternatively be seen as an opportunity cost of
using the gas; i.e., the value of the gas transported by boat as liquefied gas to other
downstream markets or the value of the gas stored and sold at a later point in time.



The optimal quantities in our setting differ from a situation with perfect
competition because a network owner knows that increasing quantity will
reduce his price, given the other owners’ quantities. This is represented by
gﬁ:’_ x; in equation (3).

With perfect competition, the syndicate members take the gas price in
the downstream markets as given. For an optimal transportation volume
in the case of perfect competition, the owner’s marginal willingness to pay
(p;) is equated to the marginal costs of increased transportation (g;a + 7).
However, in the present case we have to adjust for the fact that a mérginal
increase in network owner ¢’s transportation leads to changed profits for the
syndicate, part of which is accruing to i’s owner share.

The first order condition for the third party is given by maximizing equa-
tion (2) with respect to x7.

Opr ocs
br + 8xT:ET B 3xT

—7=0. (4)

4 Stage 1: The regulator sets the tariffs

We assume that a regulator maximizing the profits of a gas exporting country
will maximize the total profits for the domestically owned gas producers.
Then the regulator’s maximization problem for given capacity z* is:

- piTi — ¢ (i) — TNTi+
o; (Trar + 7 (21 + 23) — O (21, 2, 27) — (CH(2F))) |7

(5)

where 7y = 77 = 7 if the regulator cannot differentiate the tariffs.

4.1 Perfect competition as a benchmark

As a benchmark, we assume that there is perfect competition in the down-
stream market and that the regulator can differentiate the tariff between the
network owners and the third party. Then the first order condition for the
optimal tariff to the third party is given by maximizing (5) with respect to
77 which implies:



t
<7‘T—£)dI—T+$T:O. (6)

BxT dTT

Rewriting this equation gives the inverse elasticity rule (the Lerner index),
which is the monopoly markup, and is equal to:

(r=55) 1 .

TT Er

where e = —Zf—i;—“; is the elasticity of demand for the third party’s gas

transportation with respect to the tariff rate. An explicit characterization of
the optimal monopoly tariff is obtained by rewriting (7)

1 oct

Tr — ———F/——= . 8

The optimal tariff for the network owners is given by maximizing (5) with
respect to 7. The first order condition is equal to:
2 oc? oct dx;
' [pi—&?—TN—FOéi (TN—B—JEZ.)} prva.
= ©

t A

> [(1 ~ ) (TN . gi)} d ),

At the profit maximizing volumes for the network owners, the terms in
the first square brackets vanish, so that we have:

22: [(1 — ) (TN . gitﬂ jf;v —0. (10)

=1

The optimal tariff for the network owners is given by equation (10) and is
equal to marginal costs (7y = %—?). Therefore, with perfect competition in
the downstream markets, if it is Igossible to differentiate tariffs between the
network owners and the third party, the optimal tariff for the domestically
owned gas producers is marginal costs, while the third party has to pay a

monopoly tariff.



4.2 Cournot competition and differentiated tariff rates

With Cournot competition and differentiated tariff rates, the optimal tariff
charged to the third party is given by maximizing (5) with respect to 7.
As shown in Appendix A, at the profit maximizing volumes for the network
owners, the first order condition takes the form:

2 3
f oCtN dry [ Om Ops \ dor e
<TT_8_:UT)E+<‘“61:T+‘E28 drp T
4 (11)
2 N
8C’t (9]9]' 8% diL‘T o . i
Z [(1—0@) (TN— 89@) +I‘jaxi:| 3$TE_O for j#i.

i=1
The various terms of equation (11) can be explained as follows:

1. A marginal increase in the tariff to the third party will ceteris paribus
increase the tariff income to the syndicate. This first order effect is
given by zr in equation (11).

2. However, a marginal increase will also alter the third party’s trans-
portation volume of gas. A higher tariff will decrease the third party’s

gas sales and ceteris paribus reduce the profits of the syndicate. This

act ) dep

50 ) = in equation (11).

second order effect is given by (TT —
3. The decrease in the third party’s transportation of gas will cause ex-
ternalities in the form of price effects on the network owners’ gas sales.
This is because of the fact that a decrease in the third party’s gas sales

will have a positive effect on the prices of the network owners’ gas sales,
which is represented by <x1 oL | g 00 2) ng in equation (11). Ceteris

paribus this will increase the proﬁts of network owners.

4. A decrease in the third party’s gas sales because of a marginal increase
in 7 will also increase the network owners’ gas sales and therefore
increase the syndicate’s profits as long as 7, is higher than marginal
costs. This total indirect effect on the network owners’ gas sales is given

2
by ; [(1 — ;) (TN — = ) + z; gg,i] gxi;jf—; for j # i in equation (11).
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In maximizing profits, a network owner will take into account the tariff
he has to pay to the syndicate. Because network owners act both as
shippers of gas and owners of the network, they will internalize the
part of the tariff above marginal costs that accrue to them from their
owner share, «;, of the syndicate. However, part of the tariff payments
from network owner i is indirectly paid to the other network owner
because he owns (1 — «;) of the syndicate. The increased profits from
the induced increase in gas sales of network owners is also reduced
because of the fact that increased gas transportation of a network owner
decreases the price and profits for the other owner. This latter effect
for network owner i is given by x;5k* ap .

Reorganizing this equation gives the inverse elasticity rule (the Lerner
index) corrected for externalities from the change in the third party’s gas
sales induced by the marginal increase in 71 and is given by:

t 2 O opi Ox: 2 t T
o[- (e s - S0 () 8|
TT - ;
for j #
(12)

The first term in the square brackets in the numerator is the marginal cost
of transporting a marginal unit of gas for the third party. The second term
is the net repercussions for the network owners’ profits from the induced
increase in the gas producers’ quantities sold and transported. The third
term is the increased profits for the syndicate from an increase in the network
owners’ gas sales because of the decrease in gas sales of the third party.

Because 5)51 < 0 and 81; < 0, the optimal tariff to the third party
is higher than in the monopoly case, given by equation (7), as long as
the indirect price effects from an increase in the network owners gas sales,

ij gf; . g;l , are lower than the effect of the other externalities; i.e., the value

of the last two terms in the square brackets in the numerator of (12) is neg-
ative. Setting the tariff, the regulator will, in addition to exerting market
power, also internalize the externalities from indirect price effects and from
the fact that increased gas sales for network owner ¢ will increase the owner
share profits for the other network owner.
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The optimal tariff for the network owners is given by maximizing (5) with
respect to 7y. As shown in Appendix A, at the profit maximizing volumes
for the network owners, the first order condition takes the form:

1 2
% N A~

g aCt i | w
(1—0&1) <TN— 8%1) +I’Ja—li jT—;‘i‘

3

A

2

=1

Ve

t N
(TT—8£ Op 8p2)@:0 for j#1.

+ 17— + Toz—
oxp Yoz *0xr ) dry

The various terms in the first order conditions can be explained as follows

1. The first term in the square brackets is the adverse effect on profits
of a marginal increase in the tariff on network owners’ transportation
volume in the downstream markets. Absent of any other effects, the
optimal tariff is equal to marginal costs (7 = %—g) as occurs in perfect
competition. However, under Cournot competition the optimal tariff
may differ from marginal costs because of externalities. If the tariff is
greater than marginal costs this will alter the optimal gas sales of the
network owner in the second stage. Because the network owners both
act as shippers of gas and owners of the network, they will internalize
the tariff effects on profits that accrue to their owner share, «;, of
the syndicate profits. However, the part of the effects on profits that
accrues to the other network owner through his owner share, (1 — o),
will act as an externality in the network owner’s second stage profit
maximization. To correct for this externality, the regulator maximizing
domestic profits will reduce the tariff to the network owners towards

marginal costs.

2. In setting the tariffs, the regulator might try to coordinate the volumes
of gas sales so as to maximize total profits, while the individual network
owner would maximize his profits, given the others’ gas sales. A planner
could use the tariff scheme strategically (setting higher tariffs) to reduce
the network owners’ gas sales and thereby increase the total profits. A
change in gas transported by network owner ¢ through higher tariffs
changes the gas price for the other network owner j. This effect is
captured by the second part in the square brackets, where x; %1 <,

dz;
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Ceteris paribus, it would be optimal for the regulator to set higher
tariffs to reduce the gas transportation by the network owners and by
adjusting for the negative externality that gas transportation of one
agent has on the price of the other network owners’ gas.

3. A marginal increase in 7 will increase the optimal gas sales of the third
party and thereby increase the profits for the syndicate of network

owners. This will ceteris paribus increase the optimal tariff for the

oct \ dxr
Oxp ) drn

However, the increase in the third party’s gas sales also induces indirect
price effects, which decrease the price and the profits of the network
owners and are given by the terms x; gi’ L jfT and gg 2 g;’fT The effects
are indeterminate.

network owners. The increase in profits is given by (TT —

Compared with the situation under perfect competition, Cournot compe-
tition with differentiated tariff rates changes the optimal tariff to the network
owners in several ways. Maximizing his profits under Cournot competition
a network owner does not take into account that a decrease in his gas sales
will increase the price and the profits of the other owners and increase the
gas sales of the third party. The latter effect will increase the syndicate’s
profits, but also induce a decrease in the gas prices of the network owners.
The optimal tariff is characterized by equating the increase in profits from
the third party’s transportation of gas to the costs of network owners of a
marginal increase in the tariff, corrected for indirect price effects.

Instead of organizing the network as a syndicate of gas producers, the
network could be organized as an entity separated from extraction and mar-
keting activities. In our setting, this would be equivalent to a;; = 0. In that
case, the optimal tariff is given by:

2
S |(rw =58 ) + | et

=1
(TT - 8:r —i—xlafl +x2852) “er =0 for j#i.

dr N

(14)

Organizing the gas grid as a syndicate rather than as a separate entity®
increases the optimal tariff for the network owners because of the fact that
the network owners take their owner shares in the syndicate into account

30n the Norwegian continental shelf, the government has to buy or expropriate the gas
grid to organize the transportation network as a separate entity.
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when they are deciding on optimal transport quantities. Therefore, the gas
producers’ owner shares in the syndicate reduce the adverse effect of a mar-
ginal increase in the tarift for the transportation volume in the downstream
markets.

Both cost conditions and the externality that gas sales of one gas producer
has on the price for other network owners may vary among the network
owners. Because of this fact it would be optimal to have a separate tariff
scheme for each network owner. The adverse effect from an equal tariff
scheme for the network owners will however be present regardless of whether
the network is organized as a syndicate or as a separate entity.

4.3 Equal tariff rates

We now assume that the network is owned by a syndicate of gas producers
and that the tariff scheme is to be based on the principles of open access on
nondiscriminatory conditions. Therefore, the tariffs have to be the same for
the network owners and the third party, 7 = 7n = 77. Hence, the optimal
equal tariff is given by maximizing (5) with respect to 7. The first order
condition in this case is:

2

oCt\ dxp g opy Ops dx; ,/1\ _
(T B 83:T) dr + (Zl‘l 8xT T 8$T> dr tar =
4 5

\ N\
e ™~ e ™~

2 2
oC*\ dux; Op; dw; o
_ 1— o _ i s I B '
Z_ (1-a) (T 8x¢> DS rrr A

=1

(15)

The left-hand side of equation (15) is the syndicate’s increased profits from
the third party’s transportation of gas because of a marginal increase in the
tariff. The right-hand side is the adverse effect on network owners because of
a marginal increase in the tariff for the gas transported to the downstream
markets. The optimal tariff is characterized by equating the increase in
profits to the costs for network owners from a marginal increase in the tariff.
The various terms in the first order conditions can be explained as follows.

1. A marginal increase in the tariff increases ceteris paribus the syndicate’s
profits by xr.
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2. However, the increase in the syndicate’s profits is reduced because of
the fact that a higher tariff reduces the gas transported by the third
party, (7’ - 270;) dor,

3. The positive effect from increased profits is strengthened by the effect
that reduced gas transportation of the third party has on the price of
the network owners’ gas. A marginal increase in the tariff reduces the
gas transported by the third party and hence, increases the prices and
profits of the network owners. This increase in profits is represented

by (xlgx% + 29 %) L7 on the left-hand side of equation (15). These
effects on the syndicate’s profits are similar to the effects of a marginal

increase in a specific third party tariff as in equation (11).

4. The costs of a marginal increase in the tariff because of reduced gas

8Ct> dz;

2
transported by the network owners, is given by —» (1 — o) (7‘ — 5= )

i=1
on the right-hand side of equation (15). The gas producers participat-
ing in the syndicate act both as shippers of gas and as owners of the
network. An externality occurs because network owner ¢ does not take
into account that 1 — «; of his tariff payments, in excess of marginal
costs, will increase the profits for the other network owners. Optimizing
the common tariff, the regulator has to take into account this external-
ity. A marginal increase in the tariff will increase this externality and
therefore increase the efficiency loss from the network owners’ second
stage optimization problem.

5. Because a marginal increase in the tariff reduces the gas transported
by a network owner, the reduced transportation from network owner
1 will increase the price and profits for the other owner. This indirect
. ) . . . ) apj dl’z B
price effect on network owner j’s gas price is given by x> and will
reduce the costs of a marginal increase in the tariff.

The optimal common tariff is between the optimally differentiated tariffs.
The presence of a foreign third party calls for a monopoly tariff adjusted
for the indirect price effects of the gas sales from the third party. However,
a higher tariff than marginal cost gives an adverse effect on the short-run
optimal use of the gas grid for the network owners. The optimal common
tariff, adjusted for this adverse effect and indirect price effects takes the form

13



of an adjusted Lerner index as given below where the numerator on the left-
hand side of (16) is marginal profits for the syndicate per unit change in gas
transport for the third party.

1 2 . t
—_— z[xj%m_ai)(p%)}%
aCt Op Opa i=1 ‘ !
T — Do + x4 —+ X9 + d
T 8xT 8xT % 1 ) )
T =— for j#i.
T Er
(16)

Equation (16) shows that the indirect price effects increase the optimal tariff,

while the adverse effect of the network owners’ transportation of gas reduces

the optimal tariff compared to the monopoly case, given by equation (7).
Equation (16) deviates from equation (7) for the following reasons.

1. Indirect price effects represented by xlgmi;and @% in the numerator

on the left-hand side of equation (16) take into account that a decrease

in the third party’s gas sales will increase the prices of the network

owners’ gas sales.

2. The last part of the numerator on the left-hand side of (16) represents
both indirect price effects and the externality because of the fact that a
marginal increase in the tariff has an adverse effect on network owners’
transportation volume in the downstream markets. Ceteris paribus,
the adverse effect on transportation volume reduces the optimal tariff

act

and is given by (1 — o) <7’ — 8—%). The indirect price effects are given

by z; g’; JZ and shows that a higher tariff reduces the gas transported
by a network owner and thereby increases the price and profits for the
other owner. Both these externalities are evaluated per unit change in
the third party’s gas sales initiated by a change in the tariff, to make

them comparable to the other terms in the numerator of (16).

An explicit characterization of the optimal tariff is obtained by rewriting
(16)

12 3
T = mu(cb — pe), (17)
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1

where mu represents the mark up factor and is given by mu =

1+ (- 01) L +(- 042) =

dzI
dr_

The auxilliary variable cb represents the cost base and is given by cb =

act dxy act dzo
8Ct (1 O‘l)azl dr +(17 2)8932 dr

BLET de

, while pe represents the price effects and is

2@zd_1+m Op dxp

: b ~ Oxy dr ] ar
given by pe = T
dr

The various terms in equation (17) could be explained as follows.

9 o
+ xlaﬁ; + T2 a:f;

1. The markup factor on net incremental costs in the optimum tariff for-

. . 1 . . .
mula is given b This is in the nature of a
& Y (1—ap Pl ia-am@2 |
dep Cer
dr

1+

dr

d d
(lfal)—zl+(lfa2)71_’_z
z

monopoly markup as in equation (8), except for the factor T
in the denominator. Because of the fact that the gas producersdflave
owner shares in the syndicate the markup is increased. For the limit-
ing case, where oy = s = 1, we are left with the monopoly mark up.
This factor is also dependent on how an increase in the tariff decreases
the transportation of network owners’ gas relative to the corresponding

effect on the third party’s transportation volume.

2. Given market independence, the net cost base for the optimal tariff
is larger than in the monopoly case because of the fact that the net-
work owners bear only part of the marginal costs when they choose
optimal short-term transportation of gas. This is represented by gTC
(1—an) 38 P +(1—a0) 3T 432

dzp
tariff will reduce the gas sales of the gas producers and therefore the
costs of transporting the gas. The effect of a change in the trans-
portation costs because of a change in the network owners’ gas sales
is evaluated per unit change in the third party’s gas sales initiated by
a change in the tariff, to make them comparable to the change in the
transportation costs from a change in the gas sales of the third party.

in equation (17). A marginal increase in the

3. If the downstream markets are dependent, the socially optimal tariff

will increase with stronger market dependence; i.e., with higher g—;’;
and higher 52 dpl . The indirect price effects are represented in the square
bracket in equatlon (17). The indirect price effects between the network
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owners are adjusted with the effect from an increased 7 on the network
owners’ transportation volume relative to the corresponding effect on
the third party’s transportation volume.

The optimal tariff is characterized by a mark up factor and a cost base
and is given by equation (17). Equation (17) shows that it is not optimal
to fully exert market power because a higher tariff has an adverse effect on
network owners’ transportation volumes. In equation (17), this is shown by a
smaller mark up factor than in the monopoly case, because of the fact that a
higher tariff increases the externality and thereby increases the efficiency loss
in transportation. If there were only one network owner (a; = 1), he would
internalize this externality and the mark up factor in equation (17) would be
equal to the monopoly mark up. If the network were organized as a separate
entity (o; = 0), the optimal tariff would be lower than in the syndicate case.
Compared with organizing the gas grid as a separate entity, organizing the
grid as a syndicate would make it more profitable to exert market power as
to the foreign third party without violating the nondiscriminating condition.
The owners in their roles as shippers will have reduced negative effects from
a marginal increase of the transportation tariff as increased efficiency loss in
transportation is to some extent compensated by increased profits.

Therefore, organizing the network as a syndicate results in a
discrimination of the effective tariffs between the network owners
and the third party that is similar to explicit tariff discrimination.
Hence, the organizational design can be seen as an imperfect sub-
stitute for unconstrained tariff discrimination.

We can illustrate this by a numerical example of equation (17). Assume

t t t
that% :%:%:MC,% :%:‘?—f,gT:Zandthatthe
downstream markets are independent (the terms in the square brackets in
equation (17) are equal to zero). With only one owner of the infrastructure,

the inverse elasticity rule will give an optimal tariff equal to:

1
1—

T= - [MC] =2MC. (18)
2

With two network owners and oy = oy = 0,5, the syndicate version of
the inverse elasticity rule will give:
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The numerical example shows that for given investment decisions the
optimal tariff for a gas grid owned by a syndicate of gas producers is between
the monopoly tariff, given by equation (18), and the optimal tariff when a
third party is not using the gas grid (1 = MC).

The government would prefer a differentiated tariff, setting the tariff for
the network owners at marginal costs, while the tariff to the third party
equals the monopoly tariff, both corrected for externalities from the fact
that changes in gas sales from a gas producer change the optimal price and
transportation volumes of the other gas producers. Because the EU directives
require equal treatment as to the conditions for access to the transportation
network, the optimal uniform tariff is between the optimally differentiated
tariffs.

Alternatively, we may assume that the government is the owner of the
gas grid. Therefore, according to the numerical example above, the optimal
tariff equals:

1

1
2

6
T = BMC) = BMC' (20)
The numerical examples confirm that from a national point of view that it
can be preferable to organize the transportation network as a syndicate of gas
producers rather than as an entity separated from extraction and marketing
activities.

4.4 Scarce capacity

To the extent that the scarce capacity is showing up as increasing marginal
transportation costs, this is taken care of in the equation for the optimal
tariff (15). We therefore assume that there is an absolute capacity limit given
by z¥. We further assume that the downstream markets are independent,
g—’z = g—;’; = gﬂ% = g:% = 0, and that the tariff scheme has to be based on
the principles of open access on nondiscriminatory conditions. The problem
is to maximize equation (5) with respect to 7, subject to the constraint that
1+ Ty +TT SIK.

The optimal tariff is given by:
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where p is the shadow price of capacity. If there is scarce capacity, p >
0, and an optimal tariff will take this into account by increasing the tariff
until the demand for transport capacity equals the capacity limit. Because
the network owners and the third party compete for scarce capacity, their
willingness to pay for capacity must match the scarcity value in addition
to the optimal tariff in a situation where the transportation capacity is not
scarce.

It follows from (21) that the rationing of scarce capacity should be han-
dled through a calculated capacity cost increment for the network owners and
the third party. However, the regulator may choose to ration the capacity in
order to equate supply and demand for the transportation capacity. In the
Norwegian gas grid, the allocation rule gives the members of the syndicate
priority in booking transport capacity. Therefore, the network owners pay
a lower price than the value generated by having the third party using the
transportation capacity. Hence, the rationing is inefficient. However, if this
rationing rule is combined with an effective second-hand market for trans-
portation capacity?, the situation is different. The network owners can then
transfer the transport rights at a higher price than they have paid in the
first-hand market. Therefore, the rationing rule combined with an effective
second-hand market may function in the same way as a tariff adjusted for
the scarcity value including the opportunity cost of foregoing the value of
third party use.

(21)

5 Downstream competition with a foreign gas
producer having his own network

Suppose that gas producers 1, 2 and T compete with a foreign gas producer F
in the downstream market. Firm F has its own gas grid supplying gas to the

“In the Norwegian gas transportation system there exists a second-hand market for
transport capacity.
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downstream consumers. If the gas producers 1, 2 and T use the Norwegian
gas grid, we could think of firm F as Russian gas producers transporting their
gas to a common downstream gas market, e.g., EU. The gas production of
firm F sold in the downstream markets is denoted zr and the maximization
problem for a Norwegian regulator is:

2
mTaXW = Z (pi(1, 22, 27, wp) 23 — 2 (23)) + T2 —C* (21, Ty ) — (C’k(xk)) )

i=1
(22)
Substituting in from the first order conditions of the network owners, the
optimal tariff rate is given by:

Op1. Op2 \ drr _ ... Ops dxp Op1 dep
(T axT + L1955, oxr + T2 de> + LT = L2355, - Orp dr + 1 Oxp dr
2

=1

(23)

dQL’F Z aéljF drl 81’}7‘ me

T+ Gkt Compared with equation (15) equation

where

(23) differs with the following term, x5 8p 2 e g 8651 LE on the right-hand
side. This term represents an indirect effect on the network owners gas price
because of a different amount of gas sold in the downstream market by firm F
because of a marginal increase in the common tariff. Firm F’s gas supply in
the downstream market is changed indirectly with a marginal tariff increase
because a tariff increase changes the gas transported by the gas producers
using the gas grid and hence, firm F’s gas sold in the downstream market.
Equation (23) shows that ceteris paribus a foreign firm supplying gas to a
downstream market with Cournot competition will lower the socially optimal
tariff. A higher tariff will reduce the market share of the domestic producers

and reduce the welfare from a national point of view.

6 Domestic consumption of gas

In Norway, only a small part of gas production is used domestically. However,
in other gas producing countries such as Russia and Great Britain a large

19



part of the gas produced is consumed domestically. There are also plans in
Norway to increase domestic consumption of gas. If a larger proportion of
gas production is used domestically, this will alter the optimization problem
for the regulator. In setting the optimal tariff, a regulator, who maximizes
the national interests, will also have to take into account the interests of the
domestic consumers.

We assume that gas producer 1 is selling part of his gas production to
domestic consumers. The quantity sold domestically is denoted 3,21 = xp,
while the gas exported is denoted (1 — 3;)x; = . The price of the exported
gas from producer 1 is denoted p)(x},z2, z7). Although part of the gas is
sold domestically, we assume that the gas producer has to use the gas grid to
transport the gas to the domestic consumers. Therefore, gas producer 1 has
to pay a part of the tariff v7 for his domestic supply of gas, where 0 < v < 1.
The regulator sets the domestic price pp. The gross consumer surplus is
denoted by Sp(zp) while the net consumer surplus is given by Sp(zp) —
ppxp. From a national point of view, it is socially optimal to maximize the
sum of the net consumer surplus and the domestic gas producers’ profits.
We assume that the net consumer surplus and the gas producers’ profits are
valued equally in the regulator’s welfare function. Therefore, the regulator’s
maximization problem for given capacity = is:

maxW = p (2}, xe, x7)x) — (2}, 2p) + Sp(rp)+ (24)
pa(@h, Ta, w7) 13 — ¢§(22) + T2 — O, 2D, T2, 1) — (CF(2?)) .

In order to simplify, we assume the downstream markets are independent;
ie., g—i? = g—i’; = g% = % = 0. Substituting in from the first order
conditions of the network owners and after some manipulation the first order

condition for the optimal solution can be written as:

_ 9Ct) dag - _ _ _oct\| dzy
<T ('?xT) dr +ar = [<1 al) <T 8$’1>i| dr

1 (2] 2~ 1o (- 32) 2 o

Compared to equation (15), equation (25) has two additional terms. The
penultimate term shows the adverse effect of a marginal increase in the tariff
for the optimal transportation volume in the domestic market. In order to
simplify, we assume that for the optimal tariff the markup on marginal cost

(25)
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of transportation of producer 1’s gas to the domestic market is equal to the

. . act\ _ act _
markup on the marginal cost of his gas exports, (y7 — bop) =T G =T

g—glt, this implies that [(1 — ) (7‘ - ‘gg,f)] %+ [(1 — ) <77’ - gTC;ﬂ Lo —
[(1 — ) (7' - 8—Ct>} 421 Then equation (25) only differs from equation (15)

ox1 dr *
by the last term, x Dg;;gd;—f. This term is the cost of a marginal increase in

the tariff for the domestic consumers. Therefore, the presence of domestic
consumers of the gas production will reduce the socially optimal tariff be-
cause a higher tariff will increase the domestic gas price and hence, reduce
consumer surplus.

7 Conclusion and discussion

In this paper, the government sets the transportation tariff to induce socially
optimal transportation of natural gas in a gas transportation network owned
by a syndicate of gas producers, where the gas producers both act as shippers
of gas and owners of the gas grid. We discuss how the network owners’
demand for transportation capacity affects the optimal tariff scheme based
on the principles of open access on nondiscriminatory conditions, assuming
Cournot competition in the downstream markets.

In a setting where gas is exported to end-user markets and a foreign
third party has access to the gas grid, it would be optimal to differentiate
the tariff. With differentiated tariffs to network owners and the third party,
tariffs to the domestically owned gas producers should be equal to marginal
costs corrected for price effects and increased syndicate profits of an marginal
increase in the tariff. With respect to the third party a tariff equal to the
monopoly tariff corrected for the price effects and increased syndicate profits
from an induced increase in gas sales of the network owners appears to be
preferable.

However, if the tariff scheme is based on the principles of open access
on nondiscriminatory conditions, the regulator has to balance the effect on
the syndicate’s profits from the third party’s transportation of gas against
the efficiency loss of reduced transportation volume of the network owners in
the downstream markets from a marginal increase in the tariff. Organizing
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the transportation network as a syndicate of gas producers rather than as
a separate entity enables the syndicate to levy a common tariff acting as
an imperfect substitute for unconstrained tariff discrimination between the
network owners and the third party. The actual tariff paid by the network
owners is lower than the tariff paid by the third party. The owners in their
roles as shippers will have reduced negative effects from a marginal increase
of the transportation tariff as increased efficiency loss in transportation is
compensated by increased profits.

Market dependence in the downstream markets increases the incentives
to charge higher tariffs. The regulator will then try to take into account the
externality that gas transportation of one network owner has on the gas price
of the other network owners. Domestic consumption of gas and a foreign gas
producer with his own gas grid, competing downstream, will decrease the
optimal tariff. A high tariff decreases the sum of consumer and producer
surplus in the domestic market and reduces the domestic producers’ market
share in the downstream markets.
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8 Appendix A

The optimal differentiated tariffs are given by:

pi(zy, w0, 7)1 — (23) — TNT+ ]

2
max 1 = — { Q; (TTxT +7n(@1 + 32) — O (21, 22, 27) — (Ck(xk)))

The first order condition with respect to 71 is equal to:

2
oW op; _ 9cf act dz; da
orr = 2 [pﬁl‘iai ~ oz, TN T (TN - Bzi>i| Jor drr T
i=1
22: x‘ap,- +Oé T _ oCt 81]’ d:l'T+
— L ox; ? N O Ox drT
1=

2
Z[miapi+ai<TT—a—Ct>]‘iz—T—l—xT:0 for j#i.

4 Oz drr
=1

The profit maximizing volume of network owner ¢ is given by:

bi aZL’Z ! aZL’z T i\7 81’1 o

Substituting in from the first order conditions of the network owners, the
optimal tariff is given by:

2 2
Op; oCt d.
> [wid + o (77— 82| 42+ Yager+
i=1

—~ Oxr

=
2

'8p1- . _ o0t 8-'Ej dep - .
21 [ml—axj + oy (TN —&CJ_)] =0 for j#i.
1=

2
Rewriting, using that ) Ja; =1 and that o; = 1 — o gives:
i=1

_ 9C" ) dag Op1 Op2 | dag
(T 8$T) dTT + (xl 8a;T + x281’T dTT + xT_i_

. t Oz . .
e+ (1 ay) (TN— %)] gL =0 for j#i.

Oxr drr

2
2

(2

23



81’]" dTT

2 ,
Rewriting, using that »_ [xzapl + (1 —ay) <7’N — g—?)] 9 dir g equal
= j

2
act 9p;j | Oz d o
to > [(1 — ;) (TN — 5 ) +xj8—xﬂ Fus g glves:
i=1

(TT_a_cf> de+< 8p1 + a9 apQ)de—i-l’T—l—

a{ET dTT 8$T

2
2[(1—%) (m—a—ct)+ ]61’]] i — (0 for jAi.,

which is identical to equation (11).
The first order condition with respect to 7 is equal to:

2
8W _ apz 80? . _ _60 dxl
aTN Zzl |:I)Z + LBZ ox; TN ox; dr N +
1=
22: xapz_Hl, v — 2C dw]+
— Lox; ? N Oz dr N
1=
2
pi __oct Oz dx; . .
Zl [a:la + o (TT 8::@)} Gl =0 for j#i.
1=

Substituting in from the first order conditions of the network owners and
2

using that > a; =1 and that o; = 1 — o, the optimal tariff is given by:
i=1
2
(3 8Ct dx;
2 [%ap +(1—ay) (TN - a—x]ﬂ an T

(TT_&T ‘|—l’1ap1+l’28p2)d$T—0 fOT j%l

drn

2
Rewriting, using that Z [Izapl + (1 — o) (TN — g—g)} ;Ti; is equal to

2
> [(1 — ) <7’N - %) + xj%} v oives:

2

8] X
(1= i) (rn = 92) + 5] et

i=1
act 9p1 Op2 \ dzp _ ; ;
(TT—E—FQC + xg )——0 for j#1,

c%cT dr N

which is identical to equation (13).
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