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Abstract

This paper analyzes the welfare effects of vertical integration of networks and trade in energy markets.
Vertical integration reduces the effect of double marginalization, thus increasing welfare. On the other
hand, vertical integration hinders equal competition, rendering the vertically integrated supplier a
competitive advantage. We find that the net effect of vertical integration is beneficial to welfare if
firms are symmetric, but the effect is ambiguous in the probably more relevant situation where the
non-network firm has a cost advantage.
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1. Introduction

The electricity and natural gasindustriesin the European Union are subject to an ongoing
process of market reform, aimed at reaching a single European markets for each commodity
by 2007. An important feature of both industriesis that they are network industries, networks
form an essential facility for the delivery of electricity and natural gasto the consumer.
Traditionally, European energy companies are vertically integrated firms, meaning they both
sell and transport energy (and often also produceit). In its directives, the European
Commission mentions the demand of separate accounts and uniform fees for access to the

network, but does not mention whether vertical integration should or should not be prohibited.

This paper analyzes the short term welfare effects of the vertical integration of energy trade
and the supply of network services.! There are two main effects of vertical integration. First of
all, as Prosperetti (2000) points out, network owners who are vertically integrated with the
incumbent producer have little incentive to strive for competitive markets. They are inclined
to use network access as a mean to discourage entry or hinder competition. Borenstein et al.
(2000) use similar arguments, stating that it may be profitable to induce congestion and

become a monopolist on residual demand.

On the other hand, vertical integration in markets where market power exists prevents double
marginalization, as Tirole (1988) has shown. Double marginalization arises when firms at
different placesin asupply chain (e,g. a trader and atransporter) both have market power.
They will both use their market power to receive a positive margin on their product. Tirole
shows that if these firms would be vertically integrated, the total (single) margin would be

lower than the sum of margins in the disintegrated case.

The remainder of this paper is organized along the lines of these two main effects described
above. The next section describes the base model that we use to analyze the effects. Sections
3 and 4 describe the effects of vertical integration on the access fee and double
marginalization respectively. We combine the results in section 5 and derive the effects on

Welfare from it. The final section discusses the implications of our results.

! Note that we ignore the generation and extraction of electricity and natural gas respectively. Further note that
we only discuss short-term effects. Long-term welfare effects may differ because of dynamic effects, such as
investment in new capacity.



2. Thebase modd

This dion sets out the base model used for the analysis. Our model describes a market
where energy retail ers buy energy (this may be ather natural gas or electricity) and sell it to
end-users.? We asume that retail ers engage in price mmpetition with two part tariffs. The
model is based ontelecommunicaion market models, as described by Laffort et al., 1998and
De Bijl, 2000.These models tend to be more useful than the traditional energy markets
models, sincetheir focusis primarily on network related competiti on strategies. The model is

esentially aduopdy model, but it can be expanded to alarger number of players.

We start with asimple framework. Consider arepresentative @mnsumer, purchasing energy
from firm i. His net utility consists of the utili ty gained from being conneded to the network
and from consuming the energy minus the out of pocket costs. Being conneded to firmi’s
network facilit ates energy use, and is therefore mnneded to pasitive fixed uili ty, u’.
Furthermore, firm i may or may not have acertain reputation for certainty of delivery, careful
billi ng, also yielding positive utility (r;). We define utili ty to be measured in monetary units,
in arder to be @leto extrad out of pocket expenses. These expenses consist of standing

charge my and the unit priceof energy (p;) times the anount consumed ().
Vi:ui0+ri+ui[xi]_pi i —m 1)

In equation (1), u[x] represents astrictly concave (i.e. du, /ox. >0 and 8°u, /ax’ <0) utility

function d consuming x; units of energy.
U =ax - %b)(.2 (2)

We will | eave provider choice aide for now and turn to demand first. Given the choicefor
provider i, the representative consumer’sindividual demandis based on uili ty maximization.
Maximum utility is reached at the point where price euals marginal costs, which yields the
foll owing demand equation.

_a—p
X=T o

2 A model describing the wholesale market would not differ essentially from our model however.



Our next step isto model provider choice Note that thisis adiscrete choice any consumer
chooses one provider. We asume mnsumers to switch between providers based onthe net

utili ty they offer. The representative consumer will switch from firmito firm jif v, <v;.

Obvioudly, thiswould imply that even the small est diff erencein net utility would lead to the
extreme outcome where one firm has a marketshare of one, leaving the other firm withou
customers. Inred life, we don't seethiskind o developments, for instance because of
differencesin preferences, brand loyalty, unawarenessof aternatives, transadion costs and so
on. Following De Bijl (2000, we model this by introducing switching costs, z. The

representative consumer will now switch from provider i to provider j if v, <v, - z.

We samethat z isdistributed unformly ontheinterval [0,Z S 1], where Z isapasitive
constant and s 1.1 isthe lagged market share of firm i. From thisinequality and the uniform
distribution o z, it foll ows that the market share of firm i equals:®*

S =S t—— @)

From this equation, we can see that Z, the upper bound & the switching costs, is a measure for
the price sensitivity of consumers and therefore ameasure of the volatili ty of market shares.
When we combine equations (1) through (4) and define the number of consumers asn, we

derive total demand for firmi:

o e
ma— (5
O
0

In the remainder of our analysis we will assume that n=1 for notational simplicity. Note that

al variables are now in per capitaterms.”

3 Note that we define market share @ the share of customers conneded to a firm rather then the share of sales.
Vi -V,
Z

* This can be generalized to alarger number of players by stating S =St z
]

® Or per household, if we define the cnsumer base in terms of households.



On the st side of the model, we divide between puchase @sts (pc) and transport costs (tc).
Purchase aosts consist of the wholesale price of energy plus possble transadion costs that go
with the purchase of energy (e.g. seach costs, negotiation costs and so on). Following Laffont
et al. (1998, we distinguish between fixed transport costs, connection-dependent transport
costs and traffic-dependent transport costs. Ignaingall fixed (purchase and transport) costs
for smplicity, we define connedion-dependent transport costs as a fixed amourt, f;>0, per
customer, which contains costs for billi ng and servicing. For now, we assume that traffic-

dependent transport costs equal the exogenous accessfeepaid to the network owner, T

C =s(fi +(pc +17)X) (6)
From the demand and cost equations above, we can deduct the profit function for each firm:
m=s(m - f +(p - pc —1)X) (7)

We finish our description of the base model by introducing welfare into the model. We define
welfare as the sum of industry profits and consumer surplus. Industry profits can be found by

simply adding up the profits of al firmsin the industry:
I_Izz"i:ZS("\‘fi’f(pi‘DCi‘T)Xi) (8)

Consumer surplus equals the net utility of all consumers minus switching costs. As we have
defined the number of consumers as 1, the net utility of al consumers equals the net utility of
the representative consumer, which can be found by adding up equation (1) over all firms.
Total switching costs equal the number of switchers times the average switching costs. From
equation (4), we find that the number of switchersfrom firmj to firmi equals (vi -V, )/Z .
Since we assumed switching costs to be distributed uniformly, the rule of half appliesto the

average switching costs of switchers. Combining these elements, we find the following

equation for consumer surplus:



Cs=3 sy, —% €)

Now, following our definition, we add up equations (8) and (9) to find total welfare.

(Vi ~V; )2

77 (20)

W= ZS(uio +1+ax - 1bx - f = (pc; +7)%) -

Solution for the duopoly case

Now that we have completed the base model, we solve it for the duopoly case. Numerical
simulation shows that per unit prices equal margina (production and transport) costs, whereas
consumer surplusis pruned away through the standing charge. Thisfinding is consistent with
the findings of other models with two part tariffs.® The finding that per unit prices are cost-
based, simplifies the solution for the optimal standing charge. We can now state that

p, = pc + 1 and maximize profits with respect to the standing charge only. We start by

multiplying al termsin the first order condition (FOC) for both firms by Z, and then add up
both equations, using the condition that market shares should add up to one. We then find a
simple relationship between the standing charges and fixed costs of both firms:

m=-m+f+f,+Z (11)

Although we derived equation (11) in order to find the relationship between the standing
charges of both firms, the relation aso gives us information on industry profits. Since per unit
prices are at marginal cost levels, both firms only receive profit from the difference between
standing charge and fixed costs. As equation (11) shows, the difference between the sum of
standing charges and the sum of fixed costs equals the upper bound of the switching costs (i.e.

Z =(m +m,)—(f, +f,)). Fromthisfinding, we can conclude that Z is not only a measure of

market share volatility, it also resembles the upper bound of industry profits. We substitute
equation (11) into the FOC of firm 2 and simplify the equation to find the solution for my:

® See, for instance, Schmalensee (1981). Furthermore, note that Cournot competition in x would yield the same
outcome, as Harrison and Kline (2001) suggest. This can be checked by inverting equation (3) and then solve the
model.
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(a pCZ T) (a pCl T) + Z(1+ Sz_t—l)

2f, + f,+r,—r, +u) —u) +
2b (12)

m, = 3

Since the model is symmetric, we derive asimilar solution for the standing charge of firm 1.
We can simplify our finding by assuming total symmetry between firms, such that
m*=my=m,. Thisrequiresthat all cost and utility terms are equal between firms, aswell as
equal market shares (i.e. =5,=1/2). We now find that:

m=f*+yZ (12*)

The interpretation of equation (12*) follows that of equation (11) closely. The standing charge
of the total symmetry case equals fixed costs plus half the value of Z. When we compare
equation (12) to equation (12*), we can further analyze the standing charge.

There are several reasons why afirm may have a higher standing charge than its competitor.
First of all, if afirm has a higher initial market share, the firm islikely to capture alarger part
of industry profits, since customers do not switch immediately. Second, if afirm has higher
fixed costs, it will partly pass on the difference to its customers. If customers value the
connection with afirm or the reputation of that firm higher, thiswill be translated partly into
the standing charge, which isathird reason for standing charge differences. Finaly, if afirm
has lower per unit costs, the utility surplus from consumption is higher, leaving room for more

cream skimming through the standing charge.

3. Theeffect of vertical integration on access pricing

In this section we will determine the effect of vertical integration on the access fee. First, we
analyze the behavior of an independent profit maximizing network firm, to learn more about
the situation where thereis no vertical integration of trade and transport. Then we adjust the
model by combining the network firm with one of the retailers, thus creating a vertically

integrated company.

The demand for network services can be derived directly from the demand for energy
products. Since al energy has to be transported before it can be delivered, demand for

transport equals total demand for energy:



=Y sx =y (13

Since per unit prices are cost based, p; in equation (13) can be substituted by pc;+ 7. Defining
transport costs per unit as tcy andignoring fixed transport costs, we can write the profit

function o the network firm as:

a- (r+ pc.)

M, = (T —tcy)x, = (T - tCO)ZS (14)

Maximization d profitsyields thefirst order condtion for profit maximization. We solve this

equation for the acessfee in the gpendix, finding:

(o po.)/ 21+ (P2 P0)°
37Zb
c,’ - pc,” —2a(pc, — pc
E)(Z(l+ Sl,t—1)+(f2 - f)—(r,—r, +ud —ulo))_ pc, — pc, (pc, = pcy) Epcl _ pcz)

2
2(?>Zb+(pc2 - pcl)z)

(19

This lution may look rather complicated, bu it can be eaily interpreted by assuming
symmetry in costs. This assumption all ows us to substitute pc* =pc,=pc; into the equation and
the obvious monopdy outcome isreveded.

a— pc* +tc,
2

o (15%)

We can interpret the termsin equation (15) by comparing the eguation to the simplified
versionin (15%). The first term, half the marginal transport costs, isthe samein bah
equations. The secndterm is comparable and reflects dandard monopdi stic aeanm
skimming. Half the surplusis kimmed in the symmetric case, whereas this portionis gnall er
in the nonsymmetric case. This reflects the limitationto prune avay the full half of the
surplus of the firm with the largest surplus. The final term in equation (15) refleds the
influenceof bath firms' marketshares on the weighing of surpluses. The net effect depends on

all thefadorsin the equation. It is however obvious that



a- pc, +tc, <1< a— pc; +1c,

shoud hdd for all pci s pc;.

Our next step is to adjust the base model in such away that it refleds a situation where trade
andtransport are verticdly integrated. Let us suppcse firm 1 isthe verticdly integrated
network firm. We ajust firm 1's profit equation by adding the income from the accesscharge
toit, to find a cmbination o equations (7) and (14)

m = sl(rrﬁ - f1 + (pl — PC, _T)X1) + (T _tCO)(slxl + %Xz) (16)
We can simplify this equation in the foll owing manner
m =s,(m —f, +(p, — pc, —1tc,) %) + (T —1Cy)S, %, (16)

This snal simplificaionreveds aquite important insight. Equation (16') showsthat firm 1's
costs are nat aff ected by the accessfee, but by transport costs only. The reasonfor thisis of
coursethat firm 1 colleds exadly the acessfeeit pays, nomatter how high (or low) the
axcessfeeis. Aswe have seen earlier, the per unit price guals the sum of the purchase price

andtransport costs, so p, — pc, —tc, = 0. Aswe show in the gopendix, we may solve this

mode! into the foll owing semi-solution:”

T:a—pcz+tco+b_zia_sl 17
2 2 s, 01

which isobvioudly larger than ™, urlessfirm 1 is unable to make aprofit from the standing
charge. In that case, s; goesto zero, firm 1 speadalizesin network services andisnolonger
verticadly integrated. Obviously, asfirm 1 beames a pure network firm, the accessfee guals

the acessfee withou verticd integration.

" The eguation refleds a semi-solution, sinceit contains terms that depend on 1. For now, it is sufficient to know
that these terms are positive.



The difference between equations (15*) and (17) may aso be represented graphically. Figure
1 shows that the maximum profit of avertically integrated network firm is reached at a higher
level for the access fee than the optimal access charge of a pure network firm. The solid line
represents the profit of avertically integrated firm as afunction of the access fee, whereas the
dotted curve graphs this function for a pure network firm. The level of profits for the
vertically integrated firm is higher for all levels of t, since this firm also makes a profit out of
sales.

Figurel Optimal access fees for vertically integrated firm and pure network firm

Profit of networkfirm
Vertically integrated

B . Pure networkfirm

o, o z

The suggestion in figure 1 holds if we assume that both firms have equal cost levels. If we
relax this assumption, we can no longer use equation (15*), but we have to switch to equation
(15). Let us demonstrate the case of non-symmetric costs by assuming that firm 2 has a cost
advantage over firm 1, i.e. pc,< pc..® Numerical evaluations of equation (15) show that the
effect on the profit maximizing access fee is small and ambiguous in the case without vertical
integration.® For the vertically integrated firm, cost differences do change the profit
maximizing access fee. If the other (non-network) firm has lower (higher) costs, the profit

maximizing access fee will be higher (lower).

® Fixed cost advantages (f, < f;) or utility advantages (Us > U_,T, > I,) yield similar results, aswell asan
advantage in initial marketshares (s;, 1.1 > Sy 1.1).-

® The sign of the effect depends on the anticipated market shares. If the lower cost firm has the higher anticipated
market share, the access fee islower than in the symmetric case and vice versa.

10



4. Doublemarginalization

Aswe have seen earlier, the per unit price equals marginal costs of purchase plus marginal
costs of transportation. If thereis no vertical integration, p, = pc, + 7 must hold for all firms.
For the vertically integrated firm however, marginal costs of transportation are tc, instead of
1. Thisis comparable to the finding described above where vertically integrated firms refrain

from double marginalization. Table 1 lists the per unit prices for different regimes by supplier.

Tablel Per unit prices for different regimes by supplier

Vertical integration no vertical integration
Py pCi+1tcy pcy+ 7
P2 pe,+ 1 pey+ 17

The outcomes in table 1 suggest that, at any given level of 1, the average priceislower in the
vertically integrated market, compared to the average price in the market without vertica
integration, since 1 should be larger than tcy in order to have positive profits for network
services. It can be shown that, for symmetrical firms, this effect leads to a higher welfare for

the vertically integrated market, as figure 2 shows.

Figure 2 Welfare level versus access fee for different regimes when firms are symmetric

Welfare

With vertical integration

Without vertical integration

From the figure, it shows that at the welfare maximizing level of 1=tc,, there is no difference
between regimes. However, as the access fee becomes higher, welfare declines faster in the

market without vertical integration than in the market where averticaly integrated firmis

11



active, because customers of the latter are not subject to double marginalization. The
difference becomes larger at higher levels of 1, because the rising transport cost differencein

the VI-case drives customers towards the vertically integrated firm.

The effect of the transport cost difference on market shares brings us to another point. If firms
are totally symmetric, as we assumed in figure 2, this effect is beneficial to welfare. If on the
other hand the vertically integrated firm has a higher cost level than its competitor, this effect
implies a shift from alow cost supplier to a high cost supplier. This effect runs counter to the
effect of double marginalization as described above. Figure 3 gives a graphical representation
of this situation.

Figure 3 Welfare level versus access fee for different regimes when the vertically
integrated firm has higher costs

Welfare

With vertical integration

Without vertical integration

T

tc ®

Likeinfigure 2, thereis no difference between regimes at the welfare maximizing level of
T=1Co. In the case of figure 3, arise of difference in transport costs (7-tcp) incurs a shift of
customers away from the low cost supplier, thus raising average costs of consumption. At the
same time, consumers are shifted away from a supply chain with double marginalization.
Both effects net out at the access fee value of 1°.

5. Theinfluence of vertical integration on welfare

In the previous sections we have established two main differences between markets that are

12



vertically integrated and markets that are not. First, the vertically integrated network firm has
an incentive to raise the access fee above the profit maximizing level of apure network firm.

The second difference is that the customers of the vertically integrated firm are not subject to
double marginalization, whereas customers of other companies are. In this section, we will

combine both differences and establish the effect of these combined differences on welfare.

Let usfirst turn to the case where firms are totally symmetric. To analyze the difference
between the two types of markets, we combine figures 1 and 2 to deduct the welfare level that
goes with the profit maximizing access fee. Figure 4 below shows the combination, linking

the graphs through the profit maximizing access fee.

Figure 4 Welfare level of regimes with symmetric firms

Welfare
Wi =l B With vertical integration
\\fron-vi
Without vertical integration
tco Ik bl T
Profit of —
networkfirm / \
_________ Verticaly integrated
0 = - = < T
i “Pure networkfirm
v
4
’

The figure above suggests that welfare levels are higher if the market is vertically integrated.
Thisfinding isindeed true if both firms are fully symmetric, as we show in the appendix. If
the assumption of symmetry is relaxed, the outcome becomes ambiguous. Again we analyze

the non-symmetric case by assuming there are cost-differences. In footnote 8 we already

13



mentioned that similar results are found for all types of cost differences, aswell asfor

differencesin utility.

As we showed earlier, vertical integration undermines the level playing field. Transport costs
are lower for the vertically integrated firm than for the trader, rendering a competitive
advantage to the vertically integrated network firm. Aslong asthisfirm isthe low cost firm,
this advantage enhances the positive effect on welfare we found for the symmetric case. If on
the other hand the pure trader has a cost advantage, thisis no longer the case. Figure 5
graphicaly illustrates how vertical integration may lower welfare despite the absence of
double marginalization for the customers of the vertically integrated firm.

Figure5 Welfare level of regimes if the trader has a cost advantage
Welfare
VAo < s \

With vertical integration

" Without vertical integration

T

n-vi i
t ™ ™

Co
Profit of —
networkfirm / Ncal ly integrated

T

Pure networkfirm

It isilluminating to compare figure 5 to figure 4. As we can see, the welfare level of the
vertically integrated market is still above that of the market without vertical integration for all
levels of 1. Furthermore, for both regimes the profit maximizing access fee is comparable to

the level found in figure 4. The main difference is the pace at which the welfare functions

14



diverge. This paceislower in the non-symmetric case, because the mmpetitive alvantage of

the verticdly integrated firm is courterbalanced by the st advantage of the pure trader.

The outcome in figure 5 suggests that, if the st advantage of the pure trader firm is
sufficiently large, the dfed of verticd integration onwelfare is negative. In that case the
unlevel playing field dverts consumersto the ‘wrong’ (i.e. more expensive producers) to such
an extent that the advantage of the dsence of doulde marginalizationis surpassed. Therefore,
we may conclude that vertical integrationis beneficial to welfare in the short runin the cae
of symmetric firms andif the verticdly integrated firm has a wst advantage, whereas it may
be detrimental to short-term welfare if the pure trader has a st advantage.

6. Discussion

In this sction, we will focus ontwo subjeds. First, we will briefly discussour resultsin the
context of aliberalizing energy market. Subsequently, we focus on promising points of

interest for future reseach.

Aswe have seen in the previous dion, the short-term effed of vertical integration on
welfare is ambiguous and depends on which firm has a @st (or other) advantage. Thisfinding
may be matched to a general ideaon how market openings leal to efficiency gains. The basis
ideaisthat efficient firms enter into markets because they see posshiliti es of generating a
profit in that market. Asthese dficient firms gain market share, the market gets more dficient
onaverage and efficiency gains are redized. Possbly, the increase in competition may also
urge the incumbent firm(s) to increase their efficiency, thus creaing even more dficiency

gains.

Based onthe line of reasoning above, one would exped entrants to be more efficient (i.e. have
a @st advantage) than incumbents. At the sametime, averticdly integrated company is
(almost by definition) an incumbent. Thisimplies that verticd integrationislikely to be
detrimental to welfare in the case of amarket that is opening up, as are energy markets
nowadays. Furthermore, the competitive alvantage of the verticdly integrated incumbent may
slow down or even deter entry, leading tom slower (if any) liberali zation d energy markets.

From this point of view, vertical integration daes not seem to be the optimal market



configuration for a market in transition. For the UK Monopolies and Mergers Commission

(MMC) thistype of argument was an important reason to vertically separate British Gas.

The analysisin this paper provides us with important insights in the effects of vertical
integration on welfare. Further research may be pointed at a further understanding of the
mechanisms behind this effect. This requires that we go beyond graphical and numerical
illustrations and find the exact point where the effects of double marginalization and the
excess access fee cancel out.

Apart from taking a mathematical step, as suggested above, we may also aim further research
to introducing new aspects to the model. One of those aspects may be the regulator, who may
try to limit certain pricesin order to achieve maximal welfare. Another aspect that may be
introduced into the model consists of several types of dynamics, such as endogenous entry
and entry deterrence, long-term objectives of firms and network capacity planning. In relation

to the latter, attention should also be devoted to strategic behavior with respect to congestion.
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Appendix

Profit maximizing access fee of an independent network firm

We start by deriving total demand. Total demand is defined as:

sla—(r+ pcl)+sza—(r+ PC,)

X, = Al
0 b b (A1)
This may be reshuffled to isolate st differences:
x, = 27T PG _ o (PG~ PC)) (A2)
b b
Next, we subgtitute the equationfor firm 1's marketshare:
X, = a-T-pc,
b
2 2
H v a0 oy @=pe, —T) —(a-pe -7)° A3
DZsl't_l +S,.4 s (fz fl) (I’2 o +u, ul) 2h jPc, — pc,
o 3 3z O b
D D
0 0

Werewriteto isolate 1:
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X, :Tﬁg_(pcz— pe)” H, a- pe,

b 3zb? b
2 2
oy _ PG = P& —2a(pc, - pe) H (A4)
EZS“_1+SZH U 2 PG, = PG,
0 3z 0 b
U U
U U

Now we turn to the profits of the network firm:
I, = (T _tco)xo (AS)
Maximization of profits yields the first order condition:

om, 0X,
= —tc,) =2 = A6
5 %ot (TtC)— (A6)

We derive the first derivative of demand and substitute this result and the definition of X, into (A6):

%:TEA (pc, - pc)’ H, a-pc,

b 3zZb* b
2 2

N (r —r a0 _y0y_ P~ PC” —2a(pc, - pe;) H
EZSH_HSZ 1, i)~ hru ) 2b OPG = PG (a9
N 3z 0 b
0 0
O O

1_(pc, - pc)’
+(7 —1C — - — = =0

( O)%b 3Zb?

Again, we regroup terms in order to isolate the access fee:

on, _ ZTE_l (pc, - pay)’? a—pcz_t%%i__(pcz-pq)zg

or b 3zb? b b 37h?
2 2
oty (e —r w00 _y 0y PS —pe” —2a(pc, — pg) H (A8)
E?Slt—l + SZt 1 fl) (r2 r1 + u2 ul) z:) Dpcl —_ pcz _ O
0 3z O b
i i
0 0

Now we solve for 1, and simplify:
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tla- pcz/ﬁ (pe, - pey)? E
3zZb
2 _ 2 _ _ Ag
E)(Z(1+Sl,t—l)+(f2 - f)-(r, —r, +u; —Uf))— PC, = PG~ 2a(pe, ~ Pa) Epcl - pCz)( )

2
232+ (pc, - pc,)?)

Profit maximizing access fee of a vertically integrated network firm

Consider the profit function of the vertically integrated firm, as we defined in equation (16') of the
main text:

a-pc,-T

=s(m = f)) +(T - 1cy)s, b (A10)
Profit maximizationyields two FOC's:
orm, _ 0s, T—tc,  0S, a-pc,-1 a-pc,-1
i B —f)-s5, — 94+ "2(1 —tC + =0 All
o o M) =S o (T ) —— S (A11)
or, 0s, a-pc,-T
1= + - f + % (1 —tc) 2" P2 T _g Al12
om, =S (ml 1) ( Co) b (A12)
We rewrite (A11) to:
_a—pc, +tCo b E& S a-pc, - E
= - f +— T—-tc,))——— A13
2 25 ot (m = 1,) ) b C (ALY
. 0s, __0s
Since —= , We may rewrite:
ot or
a- pc, +tc0 b ds. a-pc, -1
= - f tc,) ——— Al4
g m, = )= (-teg) 20 (A14
s, _ 0s _
Now we use the second foc (A12). We may use that o M == to rewrite:
a-pc,-1 _ 652 _
f, - +(T1-tc,)—————=- Z Al
(1, =m) (o) S B =g [T = g (a19

When we subgtitute (A15) into (A14), we find the semi-solution for t, similar to equation (17) in the
main text:



szer_Zia_sl (A16)
2 2 s, 0T

Welfarelevelsif firmsare fully symmetric
We make the simplifying assumption that there is no switching (e.g. infinite switching costs). In the
symmetric case, half of the consumers pays no margin over transport costs, whereas the other half

pays a higher margin than they would have in a market without vertical integration. Since all other
things are symmetric, vertical integration has a positive effect on welfareiif:

TV —T* <T* -, (A17)

Let usfirst substitute 7* into the right hand term:

a— pc* +c a-— pc* —tc
T* —tc, :#_tco _ a7 pe” G (A18)
2 2
substitution of 9% = 27 P% T {10 (A16) yidlds
ot bz
; _a-—pc, +tc a-pc,-T1
2 S, 2
Since we have assumed no switching and symmetry, market shares are equal
. 2a-2pc, +tc, -1
vi— p 2 0 (AZO)
2
or:
. 2a-—-2pc, +tc
Vi — p 2 0 (A21)
3
Now the left hand side of the inequality we started with, can be compl eted:
i 2a-2pc* + - pc* + - pc* =
Y a-2pc* +c, a- pc* +c, _a-pc tc, (A22)

3 2 6

which is obviously smaller than the right hand side (A21), implying that vertical integration has a
positive effect on welfare under these assumptions. Next, we relax the assumption of no switching.
Consumers will switch from the pure trader to the vertically integrated firm if the margin on transport
is greater than their switching costs. The welfare loss of their switching costsis at least
counterbalanced by the welfare gain of the raise in consumption caused by the lower price the
consumers pay.
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