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Abstract: The purpose of this article is to study the effects of an acqui-
sition in an energy system dominated by hydropower and with temporary
bottlenecks. We apply a model with four markets: two regions and two time
periods. It is shown that an acquisition has an ambiguous effect on welfare.
In some instances it would lead to larger differences in prices between dif-
ferent markets, which would lead to an increase in the dead weight loss. In
other instances an acquisition would lead to a reduction in price differences
between different markets. This may happen if the dominant firm acquires
a firm that is active in the market where the dominant firm used to dump
its energy capacity before the acquisition took place.

!We are indebted to seminar participants at Institute for Research in Economics and
Business Administration (SNF) for helpful comments and to Nils-Henrik M. von der Fehr
for valuable comments on an earlier draft. This paper has been presented at the Nordic
Energy Research conference in Copenhagen November 15, 2002 and a seminar at The
Research Institute of Industrial Economics (IUI) in Stockholm November 27, 2002. The
research has been partly financed by Statkraft through Institute for Research in Economics
and Business Administration (SNF).



1 Introduction

During the last decade many countries have liberalized their electricity in-
dustry. There are several studies that analyse how well competition works in
such an industry.?2 These studies are typically using one-period models with
increasing marginal costs. Such models are well suited to analyse a system
with thermal production. However, in several countries hydropower has a
dominant position.? An important feature in such a system is that a hy-
dropower producer allocates its water resources between different periods by
storage in water reservoirs. With a few notable exceptions, the large flexibil-
ity of hydropower producers to shift production across time is not modelled
in the existing literature.? The purpose of this article is to introduce a
simple model with hydropower producers that allocate their production be-
tween different time periods and different geographical regions. We apply
the model to study effects of acquisitions in a situation with temporary bot-
tlenecks. It is shown that the idiosyncratic characteristics of the hydropower
system may reverse the existing results in the literature concerning the con-
sequences of higher concentration.

One main concern which has been raised is that in a hydropower system
a dominant producer may exploit its unique flexibility to shift production
across time. As shown in Bushnell (2000), this may lead to a further sepa-
ration of geographically and temporally distinct markets and an increase in
price differences between markets. This suggests that one should carefully
watch any market where the production capacity of one large hydropower
producer can not be replaced with that of other smaller competitors. Fur-
thermore, a hydropower producer might violate a competitive outcome. It
might behave in such a way that it induces a constraint on the transmission

2Green and Newbery (1992), von der Fehr and Harbord (1993), Green (1996), Newbery
(1998) and Wolfram (1999) are all studies that are analysing the British electricity mar-
ket, while Borenstein and Bushnell (1999) and Borenstein, Bushnell and Wolak (2000) are
examples of studies of the Californian electricity industry. Two recent studies of competi-
tion in the Nordic electricity market are Hjalmarsson (1999) and Amundsen and Bergman
(2000).

3In New Zealand 80% of production is from hydro, in Chile 70%, Brazil 97% and
Norway close to 100%.

*Scott and Read (1997), Crampes and Moreaux (2001) and Bushnell (2000) all model
a mixed system with hydropower and thermal production. None of them analyse the
effects of a more concentrated industry, for example due to acquisitions. von der Fehr and
Johnsen (2002) analyse a pure hydropower system, and they compare perfect competition
with a situation with market power. In contrast, our main focus is on the effects of an
acquisition in a situation where we have imperfect competition both before and after the
acquisition.



line and thereby creates a deviation from a competitive outcome.® As shown
in Borenstein, Bushnell and Stoft (2000) the producer can by acting like this
cause price differences.®

We share the concern that a hydropower producer might violate an out-
come that otherwise would have been competitive, and that one should
watch extra carefully a situation where a hydropower producer is the mar-
ginal producer in the marketplace. Indeed, our two first results replicate
these two situations. However, in the intermediate situation, where we have
an oligopoly situation at the outset, we find that an increase in concentration
will not have such a clear-cut welfare deteriorating effect.

To explain our counterintuitive results, let us describe our model ap-
proach. There are two different regions and two different time periods in
our model, implying that there is a potential for four separate sub-markets.
Each hydropower producer has a total fixed energy capacity, determined by
water available in their reservoirs, and allocates its total capacity between
the sub-markets.” Each producer can shift production in time by storing
water in its reservoir, and shift production between regions by exporting
through a transmission line. The transmission lines are owned by an in-
dependent operator, who acts as an arbitrage player between regions and
always exports to the high price region.® We focus on the case with tempo-

®Schmalensee and Golub (1984) pointed at the potential problems associated with
congestion on transmission lines. However, with no satisfactory definition of how the
scarce transmission resources should be allocated (the pricing issue) and due to lack of
area specific data they where forced to define geographic market areas on a more ad hoc
basis. Schweppe et al. (1988) develops a spot pricing theory where the special features of
electric networks are considered. This model, known as ”"nodal pricing”, ensures short-run
economic dispatch of load subject to network and generation constraints. Later we have
seen several studies of the problems associated with congested transmission lines, such
as the pricing of transmission and incentives for investing in transmission lines. See for
example Hogan (1992), Oren et al. (1995), Bushnell and Stoft (1996), Chao and Peck
(1996) and Cardell et al. (1997) for analysis of energy systems as networks.

®Note, though, that Borenstein, Bushnell and Stoft (2000) applies a model with only
thermal production. Whether this phenomena is more profound in a hydropower system
than in a thermal system is an open question. Hydropower producers are flexible, and
due to this such a producer can easily create a bottleneck. On the other hand, other
hydropower producers can react quickly and thereby dampen or even eliminate the attempt
to create a bottleneck. In any case, endogenous bottlenecks can emerge in hydropower
systems as in other energy systems. Note that von der Fehr and Johnsen (2002) show that
strategic behaviour in a hydropower system can lead to larger price differences.

"We also introduce thermal production in one of the regions, but we show that even
then we may have counter-intuitive results.

8Qur approach is consistent with the institutional setting in the Nordic market, and it
is also in line with the "nodal pricing” system first introduced in Schweppe et al. (1988).



rary bottlenecks, where transmission lines can be capacity constrained only
in one of the two periods. A dominant producer can exploit the potential
for bottlenecks strategically. For example, it can withdraw sales in a period
so that the capacity constraint is binding. By doing so it is able to increase
the price in that particular region in that period, and dump the withheld
quantity in the other period where there is no capacity constraint on trans-
mission between the two regions. Although the setting is different, these
results are analogous to the one found in Borenstein, Bushnell and Stoft
(2000).

Given that one of the transmission lines is a binding constraint and there
are price differences between sub-markets initially, how would an acquisition
influence the market equilibrium? It turns out that an acquisition might lead
to a reduction in price differences between sub-markets. This may happen
if the dominant firm acquires a firm that is active in the market where the
dominant firm used to dump its energy capacity before the acquisition took
place.

Two examples, both relevant in the Nordic hydropower market, illustrate
how this may happen.® First, it can be due to asymmetries in location.
Consider the case where one producer has production in both regions (or
only in the high price region), and it acquires a producer that has production
only in the low price region. After the acquisition the large producer would
sell a lower quantity in the ’dumping’ region, thereby increasing the revenues
generated from the acquired firm. Second, it can be due to asymmetries in
storage. Let us assume that one producer has multiyear reservoirs, and
another producer cannot store water from one year to another. They are
located in the same region. In one year with large rainfall and large amounts
of water in the reservoirs, the producer with no flexibility has to produce
in that year despite a low price. The other producer, with large flexiblity
concerning storage, can dump some water in the season with a low price and
store the remaining water for production next year. After an acqusition, the
producer with a multiyear reservoir might dump less production in the year
with a large water inflow, the year the inflexible producer has to produce a
large quantity. By doing so the revenues from the acquired firm increase.

The article is organised as follows. In the next section we introduce our
model, and we characterise perfect competition and monopoly, respectively.
In section 3 we analyse the effects of acquisitions, and discuss how asym-

9There are asymmetries between hydropower producers in this market. Some producers
have hydropower production in several regions as well as multiyear reservoirs, while other
hydropower producers are located in only one region and have limited or no ability to
store water from one year to another.



metries on location and storage as well as the number of producers and the
introduction of thermal production may change our results. In section 4 we
offer some concluding remarks.

2 The model

Let us consider a market with two different geographical regions, called East
(E) and West (W). In addition there are two time periods, called 1 and 2.
The combination of geography and time implies that we have four different
sub-markets. Time can either be interpreted as short run or long run. In
the short run each producer decides to produce either at, say, day versus
night. In the long run, producers with multiyear reservoirs have to decide
whether to produce this year or to store the water for production next year.

For the moment, let us assume that there are four different hydropower
producers, j = U,X,Y,Z.10 Except for producer X, each producer has
plants (one or several) in only one region. In principle, though, each pro-
ducer can sell in all four sub-markets. First, reservoirs enables each producer
to store water and thereby allocate its total production between the two time
periods in the region where the reservoir is located. Second, transmission
lines allows each producer to sell in the neighbouring region.

To simplify, let us for the moment assume that at each hydropower
plant the producer is able to produce all the available energy at that site in
one time period (no binding constraint on effect capacity). However, total
production in one region is constrained by the available energy capacity
(water in the reservoir). Then each producer has the following constraint
on production in region i:

> ¢}, <@, wherei=W,Eand j =U,X,Y,Z (1)
t=1

G denotes the total energy capacity available to producer j for sale in
region 1. We assume that all the water that is available is used for production
of energy, so that there are no spill of water.!! Then the energy constraint

10Later on we will extend the model by (i) allowing for more hydropower producers and
(i1) introducing a thermal producer.

1 Whether this assumption is realistic or not is an open question. However, it is often
used in the literature (see Johnsen T. A., S. K. Verma and C. Wolfram, 1999 and Crampes,
C. and M. Moreaux, 2001). Also, and more important, this assumption has recently been
advocated by the Norwegian Competition Authority in relation to the the Authority’s
evaluation of Statkraft AS’s acquisition of shares in Agder Energi AS. In what we could



in (1) holds with equality. While we assume that both X and Y are single
producers, we interpret U and Z as competitive fringes. It implies that each
of them consists of a number of small producers, behaving as price takers.
The competitive fringe U is located in region W, while Z is located in region
E.

Let us now introduce transmission lines between the two regions. Elec-
tricity flows between the regions according to physical laws where regions
with demand surplus (high prices) import until the transmission capacity
is a binding constraint. In line with the institutional arrangement in the
Nordic market, we assume that the transmission lines between regions are
operated by independent system operators. At times of congestion the mar-
ket is divided into different market regions where demand equals supply in
each region. When lines are congested the price difference between two re-
gions corresponds to the cost of transmission or the congestion rent. This
rent is collected by the grid operator. Thus, we might say that the grid oper-
ator behave as a competitive arbitrage agent between regions. If we think of
the regions as market nodes, we can describe the pricing by the term "nodal
pricing”. It refers to the term used by Schweppe et al. (1988). This pricing
regime implies that a seller located in region ¢ will receive the market price
in that region, even if its production is exported to the neighbouring region.

We assume there is one market node in each region and one transmission
line between these nodes. This line has a capacity of K; and an actual flow
of K; in period t. Prices in the two regions can only differ when the capacity
is fully utilized. In this case we would have that K; = K;.

Let S;; denote the demand in region ¢ in period ¢t. We can then define
the equilibrium condition for the two regions as:

Swt = Gy + QI(/JVt + Ky and Spy = qiy + ahy + 95 — Kt (2)

If Ky > 0 and transmission has reached the capacity limit in period ¢,
we have that electricity flows from region F to W and that at period ¢ the
price in region W can exceed the price in region E.

We are concerned about the situations where a transmission line becomes
a bottleneck and may lead to price differences between different sub-markets.
However, the extreme case where transmission lines are binding in both time

call the Authority’s Statement of Objections issued on January 23 2002 the Authority
notes on page 26 that [our translation]:

” Producers do not need to renounce production (send water past turbines that are ready
for production) in order to exert market power. As mentioned earlier, the low production
costs associated with hydro-power production implies that there is a low probability of
spill of water taking place.”



periods is not of interest. In such a case the two regions are separated, and
we could analyse each region in isolation. On the other hand, the case with
no binding transmission constraint in any of the two time periods is neither
of interest. In this case the two markets can be seen as one integrated
market, and the questions concerning bottlenecks are ruled out.!? More
interestingly, we focus on a situation where the lines are congested in just
one of the two periods. In such a case the regions are partially integrated or,
put another way, the transmission line is temporarily congested (temporary
bottlenecks).

To analyse a situation with temporary bottlenecks, we assume that in
period 2 the regions are integrated with a common price and no congestion
on the transmission line. We call this new market W E2. Even if the price
is the same in both regions we might have transmission on the line between
them. However, actual flows (K3) have to be less than capacity (K2). If
not, the prices would differ and result in separate markets. We can now
define the equilibrium condition for our new market:

Swa + Sp2 = @iy + s + Ko + aig + 0 + a5y — Kz (3)

As a benchmark for our analysis of an acquisition, let us contrast perfect
competition with monopoly:

Proposition 1 (i) Perfect competition (all producers are price takers): the
prices in all four sub-markets are identical.

(i) Monopoly (one owner of all production): If identical price elastici-
ties (eir) i all sub-markets and |ei:| > 1, then prices are identical in all
sub-markets, and identical to prices in o situation with perfect competition.
Otherwise, prices in time period 2 are identical while prices in time period
1 is either lower or higher than in period 2.

Proof. (i) The competitive fringes U and Z act as arbitrage players
between period 1 and 2 in region W and E, respectively. Since prices are
identical in period 2 (no transmission constraint), then all four sub-markets
have identical price.

12However, this might not always be true. Any change in markets structure, such as an
acqusition, may lead to a change in the behaviour so that one or both transmission lines
suddenly bites. We will return to this question in our analysis (see Proposition 2).



(ii) A monopolist would choose prices across markets it and it # it such

that: 1 1
pit[]l — —] =pit[l — =], where i = W, E and t = 1, 2.

€it €it
If the price elasticities across all sub-markets are identical and |e;| > 1, we
then have equal prices across all sub-markets. It is also straight forward
to see that if price elasticities differ, then prices between markets would
also differ. If |e;t| < 1, it is well known that the monopolist’s second order
conditions are not met. Then we have a corner solution. If negative prices
are ruled out, then prices will be equal to zero in one (or several) sub-
market(s), and prices are high in one (or several) sub-market(s). m

First, note that perfect competition implies that prices in all four sub-
markets are identical. If there had been any price differences, then it would
lead to shift in sales from one sub-market to another one. For example, a
higher price in time period 1 than in time period 2 in region W would imply
that both producers in that particular region, which by assumption are price
takers, would have incentives to shift production from period 2 to period 1
until prices are identical.

More surprisingly, a monopoly might end up with the same prices as
would have been the case with perfect competition. The reason is that total
production is by assumption given. It is determined by the total amount
of water that is available. Then the monopolist must allocate its produc-
tion between the four sub-markets. As is well known, a monopolist would
discriminate between different market segments according to differences in
price elasticities between market segments. Given that price elasticities do
not differ between segments, prices are identical in all four sub-markets.
Since total production is given, those prices are identical to the prices in a
situation with perfect competition.

This result is modified if we have a price unelastic demand. Then it is
well known that there are no solution to the traditional monopolist’s pricing
problem, since it would always increase profits by reducing its production.
In this particular case it implies that the monopolist can find it profitable
to sell a large amount in one or several sub-markets so that prices are zero
(assuming negative price is ruled out), and then sell the restricted residual
production at high prices in theremaining sub-market(s).

Our main topic is the effects of an acquisition. Then, obviously, the
right comparison is not between perfect competition and monopoly. A more
realistic comparison would be to analyse something inbetween, for example
oligopoly both before and after an acquisition. To analyse such a case, we
specify a more detailed model.



Demand in the four sub-markets are described by the following linear
inverse-demand functions:

Dit = it — BySi, it = E,W;t=1,2 (4)

We assign the following values to the constant coeflicients of the inverse-
demand functions above:

awi1 =1, aws = ap1 = agz =V and By, = Byy =1, B = Bga = 1/b

If V = b =1, then demand in all four sub-markets are identical. To allow
for any possible asymmetry between sub-markets, we assume that both V
and b can differ from 1. If V < 1, we change the maximum willingenss to
pay in three of the sub-markets. The linear inverse-demand curve is shifted
downwards in all sub-markets except region W in period 1. The willingness
to pay in region W in period 1 is then higher than in all three other sub—
markets. If b > 1, then the maximum willingness to pay is unchanged while
the size of the sub-markets are changed. The demand curves in the two sub-
markets in region E are becoming flatter compared to the two sub-markets
in region W. The interpretation is that the two sub-markets in region E are
of larger size than the two submarkets in region W.

The two sub-markets in period 2 are by assumption integrated (see
above). The aggregated linear inverse-demand function for this integrated
market becomes: 1
1+

One reason why the transmission lines are only congested in one of the
two periods could be that V < 1. This implies at least as far as region W
is concerned that demand in period 2 is lower than demand in period 1.
Given the same transmission capacity in the two periods, less transmission
is needed to equate prices in period 2. We assume that the transmission
capacity in period 2 is sufficiently large to prevent any incentives to act
strategically in order to congest the transmission line in that period.!3

The fact that the two regions are integrated into one market in period 2
changes the nature of the energy constraint facing producer X. Now X can
rely on capacity from both regions when supplying the market in period 2.
The new constraint in period 2 becomes:

pwE2 =V — (Sw2 + Sg2) (5)

13See Borenstein, Bushnell and Stoft (2000) for an extensive analysis of producer incen-
tives to induce congestion on transmission lines. We will come back to this situation later
on (see Proposition 2).



ZqﬁSZ?jﬁ(, where i = E, W (6)
i B

In period 1, where we have the potential for two separate markets, producer
X is now able to produce all the available energy capacity within a region
in this period;

gx < (7)

and still be able to sell in the same region in period 2 by the use of energy
capacity located in the other region. However, these new constraints can not
both hold with equality at the same time for positive production levels in
both periods and regions. This would result in overall production in excess
of available energy capacity. Thus the following must hold:

SN @<, wherei=E,W; t=1,2 (8)
i t i

7

With these new constraints, producer X has gained increased flexibility
in production. With four separate markets we had that sales of electricity
to customers located in one region was limited by the energy capacity in
that region, ¢ + ¢& < gX. Now with integrated regions (one market)
in period 2 this is no longer a limitation on sales and we might very well
have that qi)f + qi)z( > G;-X . This implies that producer X can de facto move
production from period 1 in region E to period 1 in region W without using
the transmission line in period 1 between the two regions. The reason is
that the producer is able to reshuffle its sale in period 2, when regions are
integrated, in such a way that sales in period 1 is increasing in region W
and decreasing in region E.

Even though the two sub-markets in period 2 are by assumption inte-
grated, we still may have three different sub-markets: region W in period 1,
region E in period 1, and the integrated market consisting of both regions
in period 2. However, note that we have one competitive fringe in region
E and one in region W. Given that the competitive fringes are sufficiently
large, they will ensure that there are no price differences between period 1
and 2. For example, let us consider region E. If producer Y (or X) reduces
sales in one of the two periods in order to increase the price, the competitive
fringe Z would immediately increase sales in this period, giving producer Y
no room for such strategic behavior. In a similar manner, the competitive
fringe U will ensure that the prices are identical in the two time periods in
region W.



3 The effect of acquisitions

The starting point is, as described, that all four sub-markets are integrated.
This replicates the perfect competition outcome described in Proposition 1.
However, there is a potential for the transmission line in periode 1 to be
congested. Then we ask the question of how an acquisitions may change
the equilibrium outcome. First, we let X acquire the competitive fringe U.
Given such an acquisition, we next consider what happens when X acquires

Y.

3.1 An endogenous bottleneck?

If X acquires U, there are no longer any players present that guarantees
identical prices in region W in time periode 1 and 2. With potential conges-
tion on the transmission line between the two regions in period 1, producer
X has three alternatives. One alternative is that producer X after the ac-
quisition acts so that prices in all four sub-markets are identical, as was
the case before the acquisition. Alternatively, producer X might reduce its
production in region W in time period 1 in order to cause the line to be
congested with full imports to region W. By doing so it could achieve a
higher price in that sub-market than the price of the three other integrated
sub-markets. The third alternative would be to increase production in re-
gion W in period 1, causing congestion and full exports from region W to E.
To check the conditions associated with these three strategies, let us apply
the specific model we introduced above. To simplify the exposition, we let
production by producer X, denoted qft( , include production from producer
U.

If three of the four sub-markets are integrated, then the aggregated in-
verse linear demand for this integrated market (market 2) becomes:

1
P2 = V- m—b(SW2 + SEl + SE2) (9)

With two markets to analyse, we have the result that both producer
Y and the competitive fringe Z only have energy capacity available for
production in market 2. Producer X, however, can produce in both markets.
Given that all the water is used to produce energy, we can express production
in market 2 by:

@ =Ty +Tn — 9 (10)

10



The production in market 2 consists of the energy capacity available in
region F and the difference between capacity in region W and production
in the same region in period 1 (market W1). To simplify the analysis, let
us here assume that V = 1 in (9). If producer X reduces production in
market W1 enough to create congestion, we know that py1 > p2. Then
we can find the level of production from producer X in sub-market W1
corresponding to separate markets, where W1 is the high price market. In
a similar manner we can find the production levels corresponding to the
integrated market case when all four sub-markets are integrated and the
case where sub-market 2 is the high price market, respectively:

pwi > p2 if ‘I%l < 24}2bQ —K;
pwi=p2 if 5@ - Ki <qfy < gipQ+ K (11)
pw1 <p2 if ¢y > 2J:2bQ + K,

where Q) = qﬁ{,+2ﬁi§ +§§—I—ﬂ§. We can observe from (11) that the production
range (q%l) for which we have integrated markets increases with higher
transmission capacity in place between the two sub-markets. Remember that
before X’s acquisition of U all sub-markets are by assumption integrated
(pw1 = p2), because U acted as a competitive fringe. After the acquisition
producer X would face different profit maximation problems depending on
whether the markets are separated or not:

_ ma,Xqé(Vl a XM ZPW1(Q%1) +p2(q§() if qél(/l < ﬁQ _Fl -

X = p(g5 + %) if ﬁ@ - K1 <gf¥ < i-T-IEEQ + Ky (12)

. 1 78
maxx XL = pwi(af) + pa(ay) if gy > =@+ K1

The producer maximizes profit by choosing production in both sub-

markets subject to the constraints on energy production in the two markets;

q%l < Gﬁ(V and ¢ < G‘),f,—l- ﬁfé 14 When all four sub-markets are integrated,

141n the situation pw1—p2 > 0, we have two possibilities. First, we may have a situation
where one (both can not bind at the same time) of these two constraints are binding before
the acquisition. If one of these constraints are binding we have a corner solution. Second,
we may have a situation where all the energy is used and none of the two constraints
are binding, implying that producer X in equilibrium sells in both markets. If we have

11



the inverse linear demand function is given by; p=1 — ﬁ(SW1 + Swa +
SE1+ Sk2), assuming that V' = 1. Accordingly, the profit function becomes:

™! = p(gy + %) (13)

where we let 7% denote profit associated with the integrated market case.
Thus, in the case of integrated markets, producer X’s profit is the same
regardless of how production is allocated between the two sub-markets. In a
similar manner, we can define the profit functions corresponding to the case
where production in market W1 is reduced sufficiently to create congestion
and full import to W1 (7%™) and full export from W1 (7XL). We can now
state our proposition 2:

Proposition 2 If X acquires U, then after the acquisition pyy1 — p2 > 0
if the profit maximation level of q‘),(V1 s positive but low enough to cause
congestion on the line between the two regions (0 < qi(Vl < ﬁQ - K,).

Assuming that py1 — p2 > 0, we can find the exact price difference after
the acquisition of U by inserting the solution to producer X’s maximation
problem (q%l) into the two inverse demand functions

(K1 +V —1)(1+2b) — K1 + 7%+ 7%
1+2b

Ap=pw1—p2 = % (14)

Proposition 2 can be illustrated by a numerical example (see figure 1).
Let us assume that K1 = (g5), b= 0.5 and )_;; ) = 1 with g5, = 33 and
ax = 315 It can then be shown that 7X! = 0.333 (profits if integrated
markets) and 7%V = 0.336 (maximum profits if high price in region 1 in
period W. The latter case corresponds to a production level q%l = 0.24,
which is low enogh to ensure that py; — p2 > 0. In the choice between
creating an import constraint on the transmission line in period 1 and letting
the markets be integrated, producer X would choose to induce congestion.
If we look at the possible range of production corresponding to pywi1 —p2 < 0,
there is no production level resulting in profits higher than in the integrated

a corner solution before the acquisiton takes place, this will constrain producer X from
behaving differently after the acquisition. Furthermore, if one of the constraints are only
binding on the solution after the acquisition this will limit producer X’s behaviour. In
the following we shall for simplicity assume internal solutions both before and after the
acquisition.

12
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Figure 1: Profit functions for producer X under the three different price
regimes (pw1 > D2, Pw1 = p2 and py1 < p2). Attainable profit levels as a
function of q%l are represented by the solid line.

market case.!® After the acquistion producer X would therefore find it

profitable to reduce production in sub-market W1 which, in turn, leads to
congestion and higher prices in this market.

Our result replicates the result found in Borenstein, Bushnell and Stoft
(2000). After the acquisition, the firm can find it profitable to induce a
congestion on a transmission line. By reducing production in region W in
period 1, producer X can act as a monopoly firm on the residual demand
in that sub-market; total demand in that sub-market deducted the imports
through the transmission line. Strategic behaviour has in such a case led to
a temporary bottleneck on transmission.

15 The maximum profit from inducing congestion and lower prices in sub-market W1 is
even higher, 7" = 0.344. This corresponds to a production level ¢iy, < ﬁQ — K
implying that pwi1 — p2 > 0. This is a contradiction, so therefore not attainable.

13



3.2 Asymmetry concerning location

Let us now assume that X has acquired U, and that it has led to price
differences as described in Proposition 2. The next question is what will
happen to this price difference when producer X acquires producer Y. Is
the price difference increasing as a result of the concentration?!®

After this second acquisition producer X controls the energy capacity
of producer Y located in region FE. Assuming positive production in both
markets also after the merger, production by X in market 2 can now be
expressed as follows:

% =Tw +T5 + 75— an (15)
Producer X solves the same maximization problem as defined in equation
(12) subject to the following par of constraints;

giv1 < Gy and @& < Ty + T + T (16)
where we observe that producer X now has more energy available for pro-
duction in market 2. Again, we have two possible outcomes within our
framework. The producer may in equilibrium choose to produce some of the
energy available in region W in period 2, thus selling electricity in market 2.
As long as production in region W in period 1 also is positive, then we have
an internal solution to our problem where none of the two constraints (16)
above are binding. We assume this is the case and describe the solution.

As before we find the solution by solving the producer’s first order condi-
tion and inserting this solution into the inverse demand functions (4 and 9).
The new expression defining the price difference between the two markets
then becomes:

e 1-(K1+V-1)(1+2b) - K1 +7%
Ap=pwi1—P2= 3 T

If the acquisition leads to higher price difference this implies increased
welfare loss. Consumption is shifted from consumers in market W1 with
high willingness to pay for electricity to consumers with lower willingness

(17)

6 One possibility would of cause be that a merger changes the incentives so significantly
that the price difference dissappers or turns negative. This implies that transmission
changes direction. Unless otherwise stated, we shall disregard such effects and confine the
analysis to whether the positive price difference becomes larger or less positive.
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to pay in market 2. However, in our case we see that the price difference is

reduced and thus leading to an increase in welfare:!”
g
Ap — Ap= —=— 1
P AP =5 o ) (18)

The reduction in price difference follows directly from change in producer
X’s incentives following the acquisition. After the acquisition producer X
takes into account the price effect on energy previously controlled by pro-
ducer Y. This energy is located in region E and offered for sale in market 2.
A reduction in sales in market 2 would make a larger contribution to pro-
ducer X’s profit through the price effect after the acquisition simply because
producer X now controls more of the energy sold.

We can summarize our results as follows:

Proposition 3 Given that X has already acquired U and resulted in py1 —

p2 > 0, then X acquiring Y would result in a smaller price difference or

have no price effects at all. If the price changes due to the acquisition of Y,
=Y

then the price difference is reduced by quf2—b) or less.

Note that the change in the price difference only depends on two para-
meter values: the relative market size (region W versus region F) and the
size of the acquired producer (6%) Both effects are quite intuitive. The
larger the size of the acquired firm, the larger the price change following
the acquisition; the larger the size of the integrated market, the smaller the
price change following the acquisition.

More surprisingly, though, is that the size and distribution of firm’s
production, except for the acquired firm’s total production, does not matter
for the price change after the acquisition. For example, it does not matter
how much production producer X has in each of the two regions, or how

17One alternative is that we have an internal solution to our problem before the aquisi-
tion but that this changes to a corner solution after the aquisition. Producer X’s incentives
to transfer energy from market 2 to W1 may be limited by the constraint on production in
region W. This would not change the conclusion. The price difference would still decrease.
However, the reduction may be limited by the production constraint.

Another possibility is that we face a corner solution before the acquisition. That would
be the case if one of the production constraints in equation (16) are binding. Given the
assumption that W1 is the high price market, we know that producer X would always
produce some electricity in this market. Let us therefore consider the case where ¢i; = G,
before the acquisition, the only relevant constraint. After the acquisition we know that
producer X has incentives to transfer energy to market W1. However, because of the
binding production constraint this is not possible and the acquisition would have no effect
on the price difference.
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large its total production is. The intuition is that such differences in size
and distribution of production is incorporated in the equilibrium price as
long as we have an interior solution at the outset. Due to this, such factors
do not have any effect on price changes following an acquisition.

Let us now extend the model by introducing more than one producer
that have production in both regions. We assume that there are now n
producers that have production in both regions. Then it can be shown the
following result:

Proposition 4 If there are n producers that have production in both regions
and pw1 — p2 > 0, then X; acquiring Y would, if any effect at all, reduce

the price difference by (n_—l—gﬁ-l—_%) or less.

Proof. See the Appendix A =

We see that the result is parallel to the one obtained in the situation
referred to in the last Proposition where we had just one hydropower pro-
ducer with capacity in both markets. After the acquisition producer X;
takes into account price effects on energy previously controlled by producer
Y, and shifts production from the integrated market in period 2 to sales in
region W in period 1. Now, however, a reduction of sales in market 2 would
induce the other producers that are active in both regions to increase sales
in this market. The price effect of reducing sales in market 2 is therefore
dampened compared to the situation where we had one supplier with flexible
production. The larger the number of producers active in both regions, the
more limited is the price effect of an acquisition.

3.3 Asymmetry concerning storage and location

So far we have assumed that all producers are flexible concerning storage
and production, since they all can shift all its production from period 1 to
period 2 or vice versa and there is no limit on production. This might not
be the case in real electricity markets. With a given level of energy capacity
available over the periods there are two different relevant constraints, one
short run and on long run constraint. In the short run some producers may
face a constraint on its production, despite energy capacity in its reservoir.
This would be constraints on effect capacity. While some producers have
full flexibility in the short run, other producers might be limited by the
installed effect capacity. In the long run some producers are not able to
shift production from one period to another, for example from one year to
another. The reason is that they do not have reservoirs large enough to
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store water from one season to another and they are confined to produce
more or less according to the current rainfall. The ability to store water
may differ a lot from one producer to another. Irrespective of whether it is
a short or long run constraint, we can apply our model to analyse the effects
of asymmetries concerning such constraints.

In our model above we assumed that producer Y was located with its
energy capacity only in region E confined to selling electricity in market 2;
the low price market. What would happen if we allowed producer Y to be
located in region W instead and selling electricity in the high price market?
Producer X would then have no incentives to increase production in the
high price region following the acquisition, simply because producer Y’s
capacity is located in that region. In contrast, we would expect increasing
price differences as a result of the acquisition.

Let us now introduce asymmetries not only on location, but also on
storage. We model this feature by assuming that producer Y is located
with energy capacity in region W and that the producer is lacking sufficient
storage capacity. To highlight the effect of asymmetries on storage, we
consider the extreme case where producer Y has no storage capacity at
all. This means that producer Y’s production is determined by the amount
available in each period!8. Using this assumption we can rewrite the two
equilibrium conditions as follows:

Swi=qin + T+ K1, Se=0x +ais +Twe +75 — K1 (19)

We solve to find the expressions representing the price differences before
and after the acquisition in the same manner as above. Doing so we can
write the difference between the two price differences as follows:

_ 1, — (14 2b)G5,
2 142b

For a given value of the parameter b in the equation above we observe
that the price difference will be reduced if Y’s energy capacity in market
2 (in period 2, region W) is sufficiently large compared to the capacity in
region W in period 1. If ﬁ{m is sufficiently low compared to ?j%l the price
difference will increase following the acquisition. Thus the changes in the
price difference is dependent upon whether X earns the most by reducing
production in market W1 or market 2. This again is directly linked to where

Ap — Ap (20)

18 Alternatively we could have assumed that producer Y’s production was effectively
constrained on effect capacity in both periods both before and after the acquisition.
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producer Y has its production capacity distributed; between periods. Then
we have shown the following result:

Proposition 5 Let us assume thatY is located in region W, and pw1—p2 >
0. Then X acquiring Y would lead to a lower price difference if q%/fvz >
(1+26)5y1-

3.4 Introducing thermal production

In most markets where hydropower is present we also have a significant
share of thermal based electricity production. This is also the case within
the Nordic electricity market. A natural extension of our model is to include
thermal production in one of the two markets central to the analysis.

We assume that transmission capacity is fully utilized in period 1. In
period 2 we have an integrated market. We assume that electricity flows
from market 2 to market W1, making W1 the high price market. The linear
inverse demand function in market W1 is exactly the same as before. We
let the thermal producer be located in region FE with just one production
site. Now, the price in market 2 will depend on how much is produced (qg)
by the thermal producer.

1 _ _ . _ —
p=V -5 @ +Tw o+ % +aE+ap - K1) (21)
We make two simplifications, ﬁfé +6§V =g% and 1+ 2b = h. We assume
that thermal production is based on one or more fossil fuel technologies
(coal, oil or gas). We let the thermal producer’s cost be represented by the
following linear function:

C(qf) = cqf; (22)

Thus, we have constant marginal cost (¢) in thermal production of elec-
tricity. Now we let both producer X and producer T act strategically.
Producer X chooses how to allocate water between the two markets given
thermal production. The thermal producer chooses qu given distribution
of available water by producer X (g% + 6{,([, - q‘),f,l and gi%,;). Hydro pro-
ducer X has the same maximization problem as before with the change that
production in market 2 now also include thermal production. The thermal
producer maximizes:

Max paqf; — c4j; (23)
9E
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We solve the system of first order conditions to find equilibrium quanti-
ties in the two markets. We can then solve for the difference in equilibrium
prices between the two markets. The price difference prior to the acquisition
is:

(—2h? — 2h + 2K1h* + @ h — Vh? — g h — g%h
+3Kh+ch?+Vh -5 —q%+ K1 +ch)
h(4h + 3)

Ap =pw1—p2=—
(24)

In the same way as before this expression will be positive if there is
enough capacity in region F relative to region W. The partial derivative of
the expression above with respect to reservoir levels in region E (g3, g%,
'(jfg{ ) are all positive. We assume these levels are high enough making the
expression positive both before and after the acquisition.

We look at what will happen if producer X acquires producer Y'’s energy
capacity, given that Y is located in region E. Through the same operations
as described above we find the equilibrium values of ql),f,l and qg. We then
use these values to find the price difference after producer X has acquired
control over producer Y’s resources.

(—2h% — 2k + 2K W + GXh — Vh® + G h— qfh
+3Kh +ch?+Vh -4+ K1 + ch)
h(4h + 3)

Ap=pwi1—p2=—

Assuming this price difference is still positive with electricity flowing
from region E to W in period 1 equal to the capacity K;, we can solve for
the change in price difference before and after the acquisition.

~_ag(2h+1)
AP = AP = it

We see that the existence of a thermal producer in market 2 does not
alter the direction of the price change. We still have that the price difference
becomes smaller due to a positive expression in equation (25). The intuition
is identical to the one we provided in the previous analysis.

This is not the whole story. We assumed that all available water is used
to produce energy, implying that total production based on hydro power
is fixed through the analysis. Thermal production, on the other hand, can

>0 (25)
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change. In order to see how the acquisition effects thermal production we
simply compare equilibrium thermal production values before (qg) and after
(gL) the acquisition takes place.

[}
4h +3
The expression above is positive, so we have that thermal production is
increased following X’s acquisition of producer Y. With a thermal producer
located in region E we then have that total production in the two markets are
increasing following an acquisition. All else equal, this is welfare improving.
In addition, the acqusition leads to to a reduction in the price difference
between the two markets. With a reduction in the price difference and
increased total production we can safely state that welfare is increased.

Agh =G5 —qp = (26)

Proposition 6 Let us assume there is a thermal producer in region E, and
and pwi1 — p2 > 0. If X acquires Y, which is located in region E, then
the price difference becomes smaller and the thermal producer’s production
increases, and total welfare improves.

This is an example where an acqusition leads to counter-intutive results:
higher total production and reduction in price differences. It is straight
forward to see that those results can be reversed. There can be instances
where an acquistion leads to a reduction in the price difference and a lower
total production, increase in price differences and higher production, and
finally larger price differences and lower production.
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4 Some concluding remarks

Hydropower producers are more flexible than any other energy producers.
Is this a virtue or a problem seen from society’s point of view? In the
existing literature it has been shown that we should be concerned about a
hydropower producer that is the marginal producer, since it has flexibility
to withheld capacity in the period where other producers are constrained.

Our main point is that in an situation where such a producer does not
have total dominance, the competitive effects of higher concentration is less
clear-cut. The important feature in a hydropower system is that the pro-
ducers must allocate their production between different sub-markets. If one
producer withdraws production in one period, it must offer the withdrawn
quantity at a later time period or export it to another region. In contrast to
other producers, its total production is fixed unless it is able to spill water.
Then the price effect of an increase in concentration depends on the location
and flexibility of the hydropower producers. Asymmetries in location as well
as asymmetries in the ability to store water (for example from one year to
another) is decisive for whether an increase in concentration leads to larger
or smaller price differences.

Our study has important implications of the evaluation of the compet-
itive effect of an acqusition or merger in a hydropower system. Obviously,
the comparison is between the market outcome before and after the merger
(or acquisition).!® As earlier studies have shown, it is of importance to check
whether the merged firm becomes a marginal producer more often than what
was the case before the merger. Given that this is not a very severe problem,
our study suggests that it is important to evaluate any possible asymmetries
between the merging parties. Are they located in different regions? Is one
located in several regions, and another in only one region? Do they have the
same flexibility concerning storage of water, or could it be that one of them
has the ability to store water from one year to another and the other does
not have such an option? How are the price differences before the merger or
acquisition? Is the producer that a large firm acquires primarely active in a
low price market, which can be regarded as a dumping market? These and
similar questions must be answered in order to evaluate whether a merger
or acquisition will increase or reduce existing price differences.

19Gee for example Willig (1992), where such a comparison is recommended for merger
analysis. For more recent examples, see Froeb and Werden (2002) and Epstein and Ru-
binfeld (2001).
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A n producers in both regions

In addition to producers Y and Z we now assume there are n other producers
X; (where ¢ = 1..n) with energy capacity in both regions W and E. In the
following we shall analyze the price difference between our two markets W1
and 2 before an acquisition by producer X;. The analysis is analogous to
the one in section 2, now with n flexible hydropower producer present in
both regions.

Each producer X; has ’q")vf}' available for production in region W and gy’
for production in region E Production in market 2 by producer X; can be
expressed as; qg( f= Zj —I-q 5 qu In order to simplify we shall assume that
all producers X have the same energy capacity available in both regions;
aW =gy and 7 7 5= =75 %. Thus, in the absents of any production costs these
producers can be treated symmetrically.

The transmission line between regions W and E is only constrained in
period 1, and electricity flows from region £ to W with market W1 being
the high price market. We can now write our two new inverse linear demand
functions:

pw1=1- gy — K1 (27)
i

1 _Z 5
p2=V—1+2b( qW—i-qE ZQW1+QE+QE_‘K1) (28)

Producers Y and Z are only located with capacity in region E. The
producers X;, however, can choose how to distribute available capacity be-
tween the two markets. We assume that these suppliers act strategically
according to a one shot Nash-Cournot strategy where they simultaneously
determine the level of production in market W1. The maximization problem
of producer X; can be expressed as:

max = pw1(a3v;) + P23
w1

subject to the constraints that apply for production in one region; qﬁf}l <
6)‘,%} and qg( P ﬁ)u(}' + Gﬁ".zo In order to find the equilibrium before the

20With at least some production in both markets none of these constraints bind and
we have an interior solution to the problem. As mentioned before the second constraint
is irrelevant here because with higher prices in market W1 the producer will always have
some production in this market. We discuss here the equilibrium price difference assuming
an interior solution.
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acquisition we solve the n producers first order conditions simultaneously to
find the optimal values of production in market W1. Since the producers
are symmetric, we have that >, q%"l = nq)ﬁ(;'l. We then use these values to
calculate the pre-acquisition price difference:

—(E1+V-1)(1+2b) - K1+ +7%
(1 +n)(1+ 2b)

Let producer X; acquire control over producer Y’s energy capacity in
region F. Because producer X; now controls the production capacity of
producer Y, X; can no longer be treated symmetrically with the other pro-
ducers X; (where j = 1..n, j # i) having capacity in both markets. Now we
have to solve for optimal production by producer X; and one of the other
(n—1) symmetric producers. Now we use the fact that > q%jl = (n— l)qf,([,j1
and solve for the optimal values of production in market W1. By substitu-
tion we can then write the new price difference as follows:

Ap =pwi1 —p2 = (29)

. . —(EK1+V-1)(1+2b)-K;+7%
Ap = —D2=
P =Pw1— P2 (1+n)(1+20)

We assume this price difference to be positive also after the acquisition,
meaning that electricity flows from region E to W in period 1. We look at
how the acquisition effects the price difference; whether this difference be-
comes less or more positive. The change in price difference can be expressed
by:

(30)

=Y
_Ap= 9E
Ap=8P= iy O (31)

This is the condition shown in proposition 4.2!

21 Producer X;’s incentives to increase production in market W1 may be limited by
constraints on production in region W. If producer X; before the acquisition have used all
the available capacity in region W, then the acquisition would not have any effect on the
price difference. Similarly, the production constraint could constrain producer X; from
increasing production as much as wanted after the acquisition. In this case, the effect on
the price difference would be lowered.
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