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Informal Benchmarks as a Source of Regulatory
Threat in Unregulated Utility Sectors

Abstract

This paper investigates to what extent unregulated local monopolies attempt not to evoke the
introduction of a formal price regulation by conforming to customers’ and authorities’
expectations. It is argued that utilities can meet expectations by setting prices that imitate
neighbours’ prices. The empirical evaluation rests on a cross-sectional data set representing
all Swedish district heating utilities, and on a flexible nonlinear IV specification. It is found
that while utilities’ price setting schemes are insensitive to customer complaints, they are
significantly influenced by the passive monitoring by authorities. The spillover effect from
the 5-6 closest neighbours is around 40 %.
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1. Introduction

Utilities responsible for network services are tghly subject to price regulation based on thedbeli
that no price restriction will lead to inefficiepthigh prices. However, unregulated monopolies can
choose not to maximise their profits if the threfintroducing price regulation in the near futige
sufficiently strong (Brunekreeft, 2004; Block andiistein, 1986). The justification for such
behaviour can be that firms have a willingnessdadfer scrutiny to other firms (Decker, 1998) and/
to prevent more stringent regulatory activity ie fiture (Lutz et al., 1998). Hence, regulatorgétr

can be viewed as an analogy to the threat of neskahantrants, as described by Baumol (1982).

The literature has traditionally assumed that ket of introducing regulation is a function
increasing in the monopoly’s own price. While tlgatorrect in theory, assessments of own-price
variations tend to ignore the insufficient accesBrim-level information, which is a prominent feas

of practical regulatory work, and consequently, ghedicted change in regulatory threat for a given
price adjustment is likely to be overestimated.oteptially more substantive threat exists if there
several local monopolies where customers and paagigncies with authority to raise public policy
concerns can compare prices in neighbouring jutisdis, thereby reducing their information
disadvantage. Relatively larger price variation®agineighbours, all else equal, can then incrdese t
probability of regulatory intervention. If utiliteeinternalise this probability function into theirofit
optimisation, they will set prices that correlatighwtheir neighbours’ prices and consequently, if
prices are found to be spatially correlated, ong mir that firms are influenced by a threat of
regulatory intervention. The empirical literatubews that firms increase their efficiency when
neighbours have been subject to real regulatogyvantion. For example, Block and Feinstein (1986)
show that the cost of highway construction is reduafter antitrust enforcement in neighbouring
jurisdictions, and Eckert and Eckert (2010) findttfirms are more likely to comply with
environmental regulations when neighbours haventgcbeen found to violate those regulations.
However, it is uncertain whether an entire sec@ensitive to more subtle threats originating from
media coverage, requirements to report more ddtatigistics, pro-regulatory views of interest greu

etc.

With the exception of anecdotal evideridbgere are few examples of completely unregulatiityu
prices? The Swedish heating sector is an exception awtiadly monopolised district heating utilities
operate entirely without price restrictions. Thragdice is highly unorthodox given that the sector
consists of a mixture of public and private utdgj that short-term substitutes are generally not

available (customers face substantial sunk cost}lzat the use of some substitutes in urban multi-

® Before deregulation of the Swedish electricitytsem 1996, the utilities had never been subjedirty price
regulation. Despite this, prices charged to conssmering the pre-deregulatory period (approx. 4€érs),
were relatively low in international comparison {&&x, 1994).

“ Even in cases of public ownership, utilities haygcally been subject to the constraint of cosbrery.



dwellings is subject to technical and environmergatrictions (e.g. wood-fired heating technologies
are generally not allowed in urban areas). Howeter reasonable to assume that the utilities have
been exposed to regulatory threat, since the inttiah of price regulation has been debated for
several yearsand investigations have recently been conductatidpwedish Competition Authority
(SCA) to assess the utilities’ degree of marketgrowoth the SCA and the electricity regulator, the
Energy Markets Inspectorate (EMI), have recommernidatithe prices be subject to regulation (SCA,
2009; EMI, 2007), and the customers’ most influgrititerest group, the Association of Property
Owners, has argued that third party providers losvald to access the networks. Although individual
utilities have been targeted in much of the debatestigations, it is reasonable to assume that any
future intervention will follow the Swedish traditi of regulating all utilities according to the sam

principles. Hence, it seems natural that the thseatjually distributed across all utilities.

Based on observed behaviour in other regulated pananarkets where customers can formally
dispute utility conditions, it is known that theesi®ge customer is inclined to compare his/her price
level with that of the closest neighbour (Soderb2a®8)° It is uncertain, but quite possible, that
customers are also sensitive to how geographidatant the closest neighbour is. Yet, they seem to
be ignorant about other heterogeneous factorgpttantially explain price differences. Agencies are
likely to be more sophisticated in their performaiassessments and it can be inferred that they
consider prices set by a larger number of neigtdbsimce demand and supply conditions are likely to
be correlated over a wider area (we return toith&ection 4). This resembles the notion of
benchmark regulation first laid out by Shleifer 889. Also, agencies might be subject to influences
from interest groups, and the mainstream predicbased on ideas suggested by Stigler (1971), is
that relatively larger firms are inclined to lobimpre successfully. Several empirical studies have
confirmed that resource-rich actors come out bettesn heterogeneous actors are under scrutiny by
the bureaucratic machinery (Knittel, 2003; Kleid&weeney, 1999; Yeager, 1987; Garvie and
Keeler, 1994). It has also been claimed that ttexést group theory has been more successful than
alternative theories in predicting the behavioureigulated markets (Francis, 1993). Hence, one can
expect the probability of agency intervention tbféhen a utility changes its price so that it bees
more similar to that of a nearby and relativelgtarneighbour. More specifically, the hypothesés th
study attempts to test are whether utilities attetm@void regulation by paying attention to

customers’ and agencies’ passive monitoring ofgsric

H1: Utilities are influenced by the price chargedthy closest neighbour. This influence

decreases with distance, but is unaffected byitieeds the neighbour.

® This led to the enactment of the District Heatiragv (SFS 2008:263) in 2008, which stipulates, that prices
should be made publicly available (Chapter 5) &ad district heating utilities must report netwdekel
statistics to the EMI (Chapter 40).

® Soderberg (2008) reviews all dispute cases betw88a and 2004, including the arguments put forvimrd
customers and utilities, handled by the Swedisttdity regulator.



H2: Utilities are influenced by the prices chargedtisir neighbours (i.e. in addition to the
prediction in H1). This influence decreases with distance to the neighbours and when the

neighbours are relatively smaller.

This study contributes to the existing literatureséveral ways. First, rather than relying on ana o
limited number of case studies, which most of prasiempirical evaluations have done, it uses the
rigour provided by econometric estimations to einglly investigate the role of regulatory threat in
utility sectors. Second, it relaxes the common mggion made in empirical studies that neighbours
carry an equal or predetermined weight when thiloiged lag model is applied (further described in
Section 4.1). Third, it demonstrates how a moreilfle non-linear model specification can be used in
spatial studies and that it can reveal valuablermétion about agents’ behaviour. Fourth, it presid
policy implications as it adds novel informatioroabwhether and how to design a formal regulatory

regime.

The paper continues with a description of the Ssfedistrict heating sector in Section 2 and a evie
of the literature in Section 3. It then moves os&ztion 4, where the model specification is oatlin
together with data exploration and estimationsti8e® concludes the paper and elaborates on some

policy implications.

2. The Swedish district heating sector

District heating consists of a production plant veheater is heated and a physical network that
distributes the heated water to buildings. The mwigtéhen returned to the plant for reheating. ¥ te
the plants also generate electricity, but the tfaat their share of the total energy productioveis

small makes strategic pricing issues of little prat interest.

The Nils Holgersson annual reports on local uttigyvices report a real average price increase of
around 12 % from 1998 to 2007 for district heatifidis increase is almost double that for the
regulated electricity distribution sector during ttame period (based on regulatory statistics gealvi
by EMI). The number of district heating customersréased from 149 000 in 1998 (SCB, 2001) to
289 000 in 2007 (SCB, 2009), and the average n&texjansion increased from 4-5 km of lines
annually at the end of the 1990s to 7-10 km in 20D0@based on statistics collected by the Swedish
District Heating Association). At present, distiietating meets approximately 50 % (or 47 TWh) of
the total heat demand in Sweden and it is the pwsmon heating alternative for multi-dwelling
houses in 234 out of the 290 Swedish municipal{83A, 2009; SCB, 2009). Hence, a substantial

" Available at www.nilsholgersson.nu



and increasing proportion of the population retiaghe contract conditions determined solely by the

district heating utilities.

Of relevance to this study is how the causal retathip between a particular price and the prices
charged by the neighbours operate. In particulés important to establish whether the utilities a
primarily engaged in a simultaneous ‘game’ of pge#ting or react to observed (i.e. historicaly@si

A strong case can be made for the simultaneous/lmhiasince, first, utilities want to avoid erratic
unsynchronised zigzag price patterns that cantrissuh using neighbours’ past prices as the guiding
principle. Second, average prices are influencechbli-period price guarantees that are publicly
offered to new customers (with many networks sfifpanding, these are likely to substantially
influence future prices). Third, prices charge@ igiven period are typically posted in advancefand

publicly owned utilities there are also council anncements and public debates on next year’s prices

3. Previous studies

From the above, it follows that a central assunmpiiiothis study is that prices are spatially cated
due to utilities’ conscious and selective behavigowverned by a desire to minimise regulatory
intervention. An alternative explanation for spldissociation is based on the social network theory
(Hagerstrand, 1953), which claims that spatiallyelated behaviours occur as a result of geographic
proximity with the correlation being decreasing limmger distances (Erlingsson, 2008). The
unselected human interactions that the networkhest on is therefore incomplete in making
predictions about more selective correlationsgf@ample based on actor characteristics. In addition
while both the network and benchmark theories ptatiat only neighbours in relatively close
geographic proximity impose an influence on a gigdne, the network theory haspriori very little

to say on the number of neighbours that are likelyave a significant impact. Spatial correlatiohs
supply and demand conditions, on the other hamdbealetermined from available statistics to form

expectations on agencies’ and utilities’ behaviour.

More detailed insights gained from previous redeare drawn from two different fields of research:
1) empirical investigations of simultaneous spa&gdociations, and 2) theoretical expositions of
monopolies’ response to the threat of regulatomgrirention. Spatially correlated economic indicator
including prices, have found widespread supparta study of hospital prices in the U.S., Mobley
(2003) finds a statistically significant relationsietween neighbouring prices. However, the amalys
ignores the distance between neighbours and onlsiders the order of closeness, and the weight
attached to each hospital does not include any ettenomic factor. Pinkse et al. (2002) apply more

elaborate methodology as they allow the closesgthieiur, neighbours who share a border and

8 See Gamerman and Moreira (2004) for a recent guwf/spatial models.



neighbours who share a second-order border to didfeyent weights in their study of the US
gasoline market. They also allow the weights ofhkours to vary as a function of distance. They
conclude that only the closest neighbour affe@spttice substantially and that distance has a very
limited influence. Both these price studies invgestie markets where customers can switch between
providers and it is therefore natural to expectiafpa related prices. The hypothesis of local

monopoly prices being spatially correlated hasyebteen tested empirically.

While there is limited empirical work on whetheak&irm behaviour is influenced by regulatory
threat, a number of theoretical models have comrdubat it can effectively cap prices (e.g.
Brunekreeft, 2004), and Bawa and Sibley (1980) atbat there may be limited incentives to
inefficiency when firms are subject to threat. @laznd McMillan (1992) stress that firm behaviaur i
sensitive not only to the probability of imposingce regulation, but also to how the marginal dfec
of changes in price level affect that probabilithis can make the firm absorb (a proportion of) an
increase in input cost, which justifies flatterat@dnships between cost components and price than

what intuition suggests.

Also, Chisari and Kessides (2009) show that atyii likely to first employ a low-price policy fas
long as its network is expanding and then incréasaices as its network coverage reaches maturity
This is indeed relevant for the Swedish districitivey sector where the level of maturity varies
substantially. Their conclusions are based on $karaptions of profit-maximisation and a price
ceiling caused by a substitute, which mirrors theditions in the Swedish district heating sectoll.we
Their derivation of the optimal price is therefased as a basis for the model specification applied

the subsequent section. Stated very briefly, i@ditdynamic objective function is formulated as:
max 77(0) = j e {m(P, N)1-w(t)]+ 7 W(t)}dt 1)
0

wherer is the unregulated profit, which is reducediid regulation is introduced. The probability of
regulatory intervention is denotdd N is the number of customersis the rate of depreciation ahd
is time. A constraint is that the utilities’ rateexpansiorlN’ is equal to the difference between the
substitute pricé(N) and its own pric®;. Also, the assumption is that the probabilityejulatory
intervention is a function of the monopoly’s owricer; h(P,).° After manipulation, Chisari and

Kessides (2009) formulate the optimal price as:

° Chisari and Kessides (2009) also formulate coimtrshat define initial and terminating constraion the size
of the network.



o _ y (om_ h(R)
o r+h(R)-)£'(N) oN r+h(R)

x(r—7) =0 (2)

The first term in eq. (2) represents the marginatéase in profit following a price increase. The
second term denotes the marginal decrease in fptafigs following the reduction in network size
caused by a price increase. The last term indi¢aggshe marginal profit is reduced by the inceshs
probability of regulatory intervention that occas a result of a price increase. This suggestshbat
profit is a function of own price, the lowest sutuge price, level of network coverage, and the

monitoring agents’ response to price variation.

4. Analysis

Pair-wise correlations between district heatinggsiin municipality and its neighbours(with j=1
being the closest neighbour) display an erratitepatvith significant correlations only fprl, 5 and

7. Hence, a well-behaved spatial pattern can gugar if heterogeneous conditions are considered.
Two such conditions are urban population densityictvis associated with the price of electritity
(the primary substitute for district heating), d@hd unit price of labour. Pair-wise correlations fo
these variables reveal more consistent patteragoificant correlations and as expected, the
correlations are subject to decay. Table 1 shouaistlie significant correlations have disappearegl fo

larger than approximately 5.

Table 1. Pair-wise correlation of supply charastars.

Ordered neighbours = Urban population = Unit price of
(closest denoted ‘1") = density labour

Corr. (Sig.) Corr. (Sig.)
1 0.168 (0.011) 0.246 (0.000)
2 0.094 (0.158) 0.119 (0.072)
3 0.209 (0.002) 0.145 (0.029)
4 0.320 (0.000) 0.032 (0.637)
5 0.158 (0.017) 0.102 (0.126)
6 0.015 (0.823) 0.072 (0.282)
7 0.044 (0.508) 0.052 (0.438)
8 0.053 (0.431) -0.021 (0.757)
9 -0.004 (0.948) 0.095 (0.152)
10 -0.025 (0.704) 0.035 (0.601)
15 -0.071 (0.287) -0.049 (0.463)
20 0.039 (0.562) -0.058 (0.387)

1% Jamasb and Séderberg (forthcoming) show that mestdensity is negatively related to prices in$weedish

electricity distribution sector.



4.1 Specification
Based on the earlier discussion, eq. ( 2) is modified by replacing thgP;) expression with
the prices charged by the utilities’ neighboyrsonditioned on a representative distagicbetween

utility i andj, and size§ of the neighbourd)( Pjn |d Sj ). Under the assumption that utilities are

ij
engaged in a simultaneous price game, and Ritand P,' denoting the price of the closest

neighbour and a representative price of the grdgosest neighbours, respectively, one can

formulate a general price equation for utilitgs:
Pi =piWiR" +p, Wi P + XiB + ¢ (3)

whereW, andW, are weight matrixes withv, ; andw; ; representing the weights carried by the
individual neighboursy; andp, are the spatial associations betwBeand its two different sets of
neighbours and; is a vector of network heterogeneity. The exispgtial literature typically
assumes thag; is a function of distance that is determireplriori to avoid the complications

associated with nonlinear specifications, evg.=1/d; . This obviously imposes strong restrictions

on the influence from distance, but if all covaemtre assumed to be exogenous, it has the adgantag

of allowing OLS to be used in estimating (3). Metaborate forms that allow for a parameterisation
of w; have been proposed (e.g. O’'Sullivan and Unwin32@®selin, 2002), withw; =1/dif’ being a

natural extension. However, in this cage also needs to control for the neighbours’ sinel, tavo
ways of specifying size seem plausible. One isuitlon the principle that comparisons are locally
constrained and that neighbours of equal relaizeare equally influential. The alternative isvtew
size globally, which implies that the neighbounrssalute size is used. It is not obvious which ohe o
these is preferred, but the relative measure id imsially. The sensitivity of this choice is evalted

in sub-section 4.4, where neighbours’ absolutessaze used as a comparison. Hence, forwgvis

written as:
w; :1/dij” X(Sj /S,)‘j 4)

The two parameters in eq. (4), ikeando, increase the model flexibility and reduce thebpems
associated with misspecification of the weightsrimall samples (as explained by Florax and Rey,

1995). Based on the correlations outlined at thggriméng of this Section] is set to 5 in the base case,

but there is also a need to determine a principiedlculating th@;', d,; andS; values before eq. (3)

can be estimated. A risk-neutral utility would ingorate information about all neighbours, and
average values would therefore be a natural chbioeever, it cannot be ruled out that utilities dav

asymmetric risk preferences and attribute more ktaaglower or higher price levels among their



neighbours. All three risk principles are evaludtmdhe estimations presented in Table 2, but only
the risk neutral principle is reported since thHeeottwo generate significantly inferior fits or dot

even converge.

Finally, theX vector is assumed to consist of district heatimgkat share, price of electricity, a
dummy for private investor ownership, and exogeramss characteristics. The market share is
justified by reference to eq. (2) and the signxigeeted to be positive following the prediction by
Chisari and Kessides (2009) that a profit-maxinggitility will keep its price low as long as the
network is expanding and then raise the price tme@xpansion reaches maturity in order to
capitalise on the sunk investment made by custarhiensever, a negative relationship might occur
since less financial resources are needed ondartieinitial investments have been made in
production and distribution facilities. A potent@incern with market share is that it can depend on
own and substitute prices and maybe even on pirgesthe recent past since these can contribute to
expectations about future prices. However, mostoikis have existed for several decades, which is
likely to reduce this problem substantially. A fuet concern about including market share in a price
equation is that high market shares are assoandtledower costs because of the economies of scale
that typically exist in network sectors. In the dapecification it is assumed that there are nkesca
effects since heated water cannot be distributeditaout losing effectiveness (this is further
explored in sub-section 4.4). If regulation carirbposed on individual utilities, there is also a
potential risk of increased regulatory threat &srttarket share increases. However, as explained in

Section 1, that situation is unlikely in Sweden.

Although customers can choose among several healtigrgatives when investing in new
technologies, many of them rely on electricity. fige of electricity is therefore included to
investigate utilities’ inclination to set pricescacding to alternatives. Ownership is includedetfberct
that private investors might have stronger incerstito increase prices because of their strongesfoc

on financial performance. Exogenous cost variatamssist of fuel costs and labour cost.

4.2 Data

Data is collected from EMI, Statistics Sweden drelannual price survey Nils Holgersson. The data
set is cross-sectional for the year 2007 and reptesll municipalities where district heating is a
significant source of heating in the largest urbesga (n=242), excluding Gotland, which is an island

Descriptive statistics are provided in Appendix 1.

Further discussion of some of the variables is arded. First, market share is based on total energy
(kwh) consumed by residential customers. Howeweretis little reason to believe that there are

noticeable cross-sectional variations in the uselegtrical appliances or in the consumption of



different heating technologies that could bias th&asure. Private ownership is a dummy indicating
whether private investors own any share of the.fPnivate ownership was also evaluated as a share
variable. Multiple dummies to indicate whether ptivinvestors hold minority, majority and full
control were also evaluated, although all of thesasures turned out to be inferior fitd.abour price

is average municipal salary (net local taxes) enghblic sector. This is preferred to figures based
accountancy statements since it eliminates theofigkcluding rents captured by strong unions and

self-rewards by executives.

4.3 Estimation

The derivation of an estimable spatial lag modelascovered here since it has been thoroughlyt deal
with elsewhere (e.g. Mobley, 2003; Revelli, 2006pd and Kockelman, 2009). The nonlinear
specification does however require a nonlineanegton technique, which is more novel in the field.
Non-linear least square (NLLS) is used as a bendhestimator and the 2-stage version (NL2SLS) is
applied to address the endogeneity from havingéighbours’ prices on the RHSThe choice of
instruments is not trivial in spatial lag modelat beighbours’ prices from previous years are r@tur
candidates, and Kelejian and Prucha (1998) arqteatiubset of neighbours’ covariates can be used
to arrive at consistent spatial parameters. Tisé firice lag is avoided to eliminate potentialuethces
from neighbours’ most recent observed prices. Hameighbours’ prices lagged two years and their

prices of labour in present year are used as imstnts.

The output from the NLLS and NL2SLS estimationsdisplayed in Table 2. Estimations are
performed for wheid consists of the 5 and 6 closest neighbours inrdodimvestigate the sensitivity

of varying the scope of the set of neighbours. €areconclude that all four models produce similar
results in terms of significance and sign and tiwaparameter has an unreasonable sign. The IV-
specifications, which are forcefully accepted by 8argan-tests, generate a higher point estimate of
thep,-coefficient, which suggests that ignoring the egetwity tends to underestimate the spatial

association.

Thep parameters suggest that the closest neighbourdhasique influence, but the average price
charged by the 5-6 closest neighbours and thenageerelative size are both significant across

modelsp; is 0.40 and; is around 0.06 for the IV-models, suggesting #raincrease iR; by 10 SEK

1 The same exercise was performed in a study ofleests in the Swedish electricity distribution &ec
(Soderberg, forthcoming), and the same conclusias dvawn.

12 All estimations reported in Tables 2 and 3 alstiuide 6 dummy variables that control for some comgs
being responsible for the district heating operatiomore than one municipality. The parametergtiese
dummies are not reported.
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will increaseP,; by 4 SEK if§=S,. If §is ten times larger tha®, the neighbours will carry a weight
that is 1.15 times larger, affgoes up by 4.6 SEK whd? increases by 10 SEK. The relative size
interval for the full sample indicates tHtcould increase from 3.3 SEK to 4.9 SEK for a 1KSE
increase irP;. Hence, one is led to conclude that utilitiestjprg behaviour is consistent with

predictions made by the interest group theory.

Table 2. Estimation output for eq (3).

J consists of 5 closest neighbours J consists of 6 closest neighbours

NLLS NL2SLS NLLS NL2SLS
Variable Mean Std.err.  Mean Std.err. Mean Std.err. Mean Std.err.
p1 0.0758 0.0740 -0.0566 0.0858 0.0636 0.0672 -0.0524 0.0843
oy -0.4809 0.3098 0.1236 0.3013 -0.4691 0.3080 0.0934 0.3294
31 -0.4105 0.3402 0.1548 0.1280 -0.4787 0.3523 0.1658 0.1528
P 0.2866™*  0.1053 0.3981™  0.1573 0.3096™  0.1043 0.4131™  0.1505
oy -0.0154 0.0542 -0.0028 0.0740 -0.0180 0.0496 -0.0103 0.0702
33 0.0821* 0.0392 0.0562* 0.0284 0.0860™ 0.0370 0.0636™ 0.0278
Market share -76.31%4"  26.889 -62.869™"  27.725 -73.585™  26.841 -57.062™  27.754

Electricity price  0.1421"*  0.0398 0.1501"*  0.0413 0.1436™"  0.0395 0.1467"*  0.0409
Privately owned 16.648" 9.6402 17.229™ 9.9019 14.634 9.6561 15.192* 9.9541

Fuel price 0.1247"  0.0446 0.1457"*  0.0451 0.1204™*  0.0445 0.1372"*  0.0450
Labour price 0.0108"  0.0036 0.0094™  0.0045 0.0103™  0.0036 0.0091™  0.0045
Sargan stat 7.058 6.027

Sargan p-value

AlC 8.1797 8.1798 8.1677 8.1704

Log likelihood  -1316.10 -1316.14 -1314.67 -1315.01

R? 0.4573 0.4571 0.4637 0.4622

n 242 242 242 242

*p<0.10 p<0.05 p<0.01

A further insight gained from looking at Table Zhst a utility enjoying full customer coverages(i.
100 % market share) will charge its customers at@if6 less compared to a hewly established
utility. This contradicts the theoretical predicatimade by Chisari and Kessides (2009) and adds
further support to the view that utilities are undeonomic pressure not to expropriate customers’
sunk investment. In addition, there is some indicethat private investors set prices that are on

average 2-3 % higher than publicly owned utilitigs, this is insignificant at the 5 % level fix6.
Also, the district heating price increases by 1EK$ the price of electricity increases by 10 SEK.

This finding suggests that utilities may set prittest reflect price variations of the main sub$tituut

caution should be applied since the distributiorlettricity is also local and can be influencedHtry
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same unobserved heterogeneous conditions as disteting (e.g. ground characteristics are likely t

influence the cost of all underground networKs).

4.4 Robustness

This sub-section tests the strength of some oasisemptions made to arrive at the estimates ireTabl
2. First, while a thorough investigation of thelsgaroperties of district heating has not yet been
presented in the literature, it is clear that thpact from market share will be ambiguous if ecoleem
of scale exist. If average cost declines at a dghing rate and if price is cost-based, one could
control for the scale economies by including a measf output in level and squared form. With

delivered amount of energ®) used as output, eq. (3) can be extended to:

Pi=piWiP" +p Wi P + XiB +71Q+1.Q7 + & )

Using the NL2SLS witld set to 6, one can see in Table 3 that there @gmificant relationship
between price and level of output. While more detbcost investigations may reach a different
conclusion, it is not unrealistic that district tieg has limited scale properties since heatedmwate
cannot be distributed very far with maintained etifeeness, and compared to electricity distribution
there have been very few mergers among networkishveliggests that large networks have limited
cost advantages. Hence, there is no apparent Bggale economies and the conclusion about market

share presented in the previous sub-section stitlsh

An additional assumption made was that utilities@mgaged in a simultaneous game of price setting.
A plausible alternative is that utilities reactneighbours’ real prices set in the previous yedathW

slight modifications to eq. (3), such a specificatcan be written:

Pit = piWi i1 Plrl_l + poWj 11 PJn,t_l + XiB + it (6)

This model indicates less association with theo8east neighbours (38% reductionpgfand less
significance of relative size. The factors in ¥@ector are virtually unchanged and the AIC vakie i
somewhat higher. Hence, there is no indicationttiiatmodel should invalidate the arguments
presented in Section 2. It is also worth pointing that the significant correlation, notwithstarglits
substantial reduction, confirms that the one-yagrdf neighbours’ prices is inappropriate as an

instrument.

3 There is no straightforward way of handling thislgtically since electricity distribution networkse not
confined to municipal borders.
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Finally, it is investigated whether utilities resybto neighbours’ absolute size rather than redativ
size. The specification is identical to the on&able 2 withJ=6 and is estimated with NL2SLS, but

with the exception that; is now assumed to be:
W =1/di]{1 x (S, )° (7)

Table 3 shows that the results found for the nedagize difference in Table 2 breaks down almost

completely. Hence, it seems far-fetched that igflire sensitive to neighbours’ absolute size.

Table 3. Test of alternative hypotheses.

Eq (5) Eq (6) Eq (3), using eq (7)
Variable Mean Std.err. Mean Std.err. Mean Std.er
p1 -0.0429 0.0825 0.0740 0.0730 9.0981 139.51
oy 0.1128 0.3842 -0.5174 0.3194  -1.2968 1.1413
d1 0.1805 0.1881 -0.4321 0.3550  -0.2916 1.4051
o} 0.4109 *** 0.1488 0.2471 0.1006 0.0518 0.0920
oy -0.0022 0.0692 -0.0196 0.0657 0.0770 0.1317
33 0.0611 ** 0.0290 0.0911 * 0.0478 0.1251 0.1140
Market share -57.620* 28.828 -77.924 ** 27.047 -142.28 119.30
Electricity price 0.1474% 0.0411 0.1559 *** 0.0392 0.1531 ** 0.0669
Investor owned 14.437 10.023 18.217 * 9.6217 19.768 12.248
Fuel price 0.1354** 0.0448 0.1219 ** 0.0448 0.1119 0.1487
Labour price 0.0086+* 0.0047 0.0114 ** 0.0037 0.0126 0.0091
Delivered heat -0.0084 0.0276
(Delivered head) 0.3357x1C 0.3876x10F
Sargan stat 4.434 4.206
Sargan p-value
AlC 8.1743 8.1888 8.6021
Log likelihood -1313.48 -1317.20 -1367.24
R? 0.4689 0.4524 0.1719
n 242 242 242

*p<0.10 p<0.05 p<0.01

5. Conclusions and discussions

There is evidence suggesting that utilities arliérfced by administrative agencies’ passive
monitoring but that they are unaffected by cust@riaclination to complain. Consistent with many
previous empirical studies on direct and indiregbivement of agencies, relatively powerful firms
are more influential in shaping the collective ner&utcome than their smaller counterparts.
Considering that utilities also tend to decreas# thrices when there is less need for large

investments further underlines that utilities aneler economic pressure.
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If utilities perceive that the threat of regulatamyervention is sufficiently strong, and if thedast
(private) utilities do not implement large priceiieases, policy makers might well consider theathre
of price regulation as a viable alternative tog¢ktablishment of a costly agency with uncertaititgbi
to significantly increase welfa& However, continuous monitoring is required, naiskef electricity
prices and privately supplied heat continue todase at a pace similar to what they have during the

last decade.

In order to make longer-term predictions basedchesd findings, it is necessary to consider the
magnitude of the threat and how it might vary kr@ss-section. For example, the Swedish
Competition Authority has been investigating thiegs in Uppsala and Stockholm since 2005. These
are two of the largest district heating utilitiesdan Stockholm the provider is privately ownedsit
conceivable that these two will experience a reddbesat once the investigations close, and this wi

provide some indication of how sensitive pricestareariation in threat.
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Appendix 1.

Table 1. Descriptive statistics

Variable Sour ce Description and measurement unit Mean Min M ax
(Std.dev.)
P Nils Holgersson price | Average district heating price (SEK/MWh) 669 405 815
survey (75.73)
d; Coordinates collected | Distance to closest utility (km) 22.62 0.39 82.19
at kartor.eniro.se (13.93)
dis Coordinates collected | Average distance to five closest utilities (km) (02174 4.77 176.6
at kartor.eniro.se (21.28)
dis Coordinates collected | Average distance to six closest utilities (km) [0 5.58 188.0
at kartor.eniro.se (22.91)
SJ/S Statistics Sweden Urban population in closest mipality 2.09 0.04 18.66
relative to urban population in (3.18)
SiS Statistics Sweden Urban population in five clogeshicipalities 2.56 0.06 30.54
relative to urban population in (2.98)
SidS Statistics Sweden Urban population in six closestigipalities 2.60 0.07 26.96
relative to urban population in (2.77)
Msh Statistics Sweden District heating’'s shareotdltelectricity and 0.3163| 0.0155 0.9329
district heating consumption (0.1731)
Pel Nils Holgersson price | Average price of electricity (SEK/MWh) 1542 1294 1851
survey and EMI (98.15)
10 Annual reports and Dummy var. to indicate investor owned utility| 0.20D 0 1
web-information (0.4594)
cf? Statistics Sweden Average district heating fusk ¢§§EK/kWh) 170.01 -126.22 711.98
(98.31)
Cl Statistics Sweden Average local labour cost (imgmntet salary, 21512| 20100 24 100
SEK) (651)
Q EMI Amount of delivered energy (MWh) 201l6 8.4279 6 997
(545.5)

& Note that the unit price of fuel can be negativee some utilities are paid to dispose of residéntaste.

b Available atwww.nilsholgersson.nu
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