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Abstract

The paper investigates the costs of waste dispoghtecycling services by using a well-beha@ednposite

cost function model. Our estimates on a unique &wfomore than 500 Italian municipalities highlighat

the refuse collection technology exhibits constaitirns to scale as well as scope economies between
disposal and recycling. As far as the size of tlhminipality increases, scope economies rise uptte,but

they are accompanied with overall diseconomiescafes Our findings suggest that, on the one havidt |
management of disposal and recycling should bewsaged, and, on the other hand, that strategiesdaan
increasing the share of waste sent for recyclingldvaot imply a considerable increase in total €ost
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1. Introduction

In local public services such as energy, water lipukansport, the attention of policymakers has
been devoted, on the one hand, on environmentailatégn, and, on the other hand, on the
promotion of competition and cost efficiency. Asthe second issue, the policies that have been
proposed are a mixture of mandatory divestiturefyundling and competitive tendering, but
ownership and corporate governance changes (rarfgimg privatization or the promotion of
private public partnerships to forms of intermupadialliances) have been suggested as well.

Municipal Solid Waste (MSW) services, similarly wther network industries, have
undergone radical changes in both organizational @erarket structure. On the basis of EU
directives 2006/12 and 2008/98, waste managemgisidéon and policy should be inspired by a
principle of hierarchy: prevention, preparing fause, recycling, recovery and disposal. This
implies an increasing role of separated collectioith) a target of 50% of MSW by 2020. In Italy,
the legislation has foreseen even more ambitiogets (the share of waste sent for recycling was
15% for 1999, 25% within 2001, and up to 60% in P0The reforms introduced by tiRonchi’s
decree(law 22/1997) and by th&nvironmental Coddlaw 152/2006) aimed at favouring the
integrated management of a too much fragmenteduptimh process, as well as at promoting
competitive tendering procedures for the managenwntvaste collection. Moreover, they
introduced a new tariff system that, creating &diiconnection between the solid waste generated
by households and the amount to be paid for retedlection, should induce citizens to adopt a
more responsible environmental behaviour.

As pointed out by Callan and Thomas (2001), the ieoap literature has devoted much
more attention to demand-side aspects (i.e., hodigcourage land disposal, how to encourage
recycling and recovery, how to design and implenagnoptimal pricing program, and so dthan
to supply-side issues such as the cost analydiseoMSW market. The evidence on the costs of
waste collection and recycling is even more sapointed out by Bohm et al. (2010):

“The growth in curbside recycling has presumablyhaa independently of costs and,
perhaps for this reason, the economics literatsré&argely silent (with a few important exceptions)
on understanding the costs of municipal waste auyaling services. Data limitations may have
also hampered investigations into c6¢Bohm et al., 2010, p. 864).

Since the collection of recycling waste has novehed a quite established share (though, at

least for the case of Italy, not fully consistentass the whole national territory), and indeed is

2 For example, see Kinnaman (2005 and 2006). Irigodat, Kinnaman (2005) tries to understand why ioipalities
are operating cost recycling programs designecduae the external costs of garbage disposal. &hdts pointed
towards the presence of altruistic tastes for daoy®n the part of households, so that policieseal at setting specific
recycling goals might be expensive but not effectit reaching the required target.
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strongly encouraged practice in the planning oflipukervices, an analysis of the costs of joint
collection of disposal and recycling waste seemyeét relevance.

This paper aims to contribute to the above ongdigigate by analysing the cost structure of
a sample of more than 500 Italian municipalitieat tprovided waste collection and disposal
services during years 2004-2006. From a methodabgioint of view, we will take into account,
on the one hand, the multi-product nature of theAWWiService by allowing for separate outputs for
waste simply taken to disposal sites or incineratedl waste sent for recycling, and we will use, on
the other hand, a flexible cost function model tisatvell equipped to measure scope and scale
economies at different output levels. The remaimdeéhe paper is organized as follows. In the next
section the relevant literature will be briefly rewed. In section 3 we will present our empirical
cost function model. In section 4 we will presentr alataset and we will show some first

descriptive statistics. Section 5 will show our maasults, while section 6 concludes.

2. Literaturereview

Starting from the seminal works of Hirsch (19654 é&tevens (1978), scholars have analysed the
costs of the refuse collection industry by invesiigg mainly issues such as the optimal scale of
operation and the efficiency comparison betweevapeiand publicly owned operatdrs.

Overall, albeit there is some variance across sfydhe results are pointing towards the
existence of scale economies for relatively smalnmunities that are exhausted when the
population reaches a certain threshold (50,000bitduats according to Stevens, 1978). Another
common results is that, rather than the type ofeysmp itself, the key factor which is more likely
to bring cost savings in waste management activisethe organization of competitive tendering
procedures.

However, the bulk of the empirical papers have maske of rathelad hocsimple cost
function models. In a typical study, (average or total) costs agressed on output (a measure of
pick up points or of the quantity of waste collecie a year) and other explanatory variables
without taking into consideration the role of inguices, and without respecting some common
standard microeconomic theory assumptions (i.e. sihecalled regularity conditions, such as
Shephard's lemma, linear homogeneity with respeiciput prices, and so on).

An under explored topic, despite its increasingvehce, is the multi-product nature of the

refuse collection service. While in some instanttes costs of recycling have been analysed by

% See Bohm et al. (2010) for a comprehensive suovethe first issue and Bel et al. (2010) for updatferences on
the second issue.
* Antonioli and Filippini (2002) represents one loé few exceptions.
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including the share of waste sent for recycling aghthe regressors, there are very few papers that
jointly consider disposal and recycling.

The present paper aims to contribute to the lieeatin both respects. From a
methodological point of view, we will estimate @ompositecost function model, imposing
restrictions in order to ensure that estimatedscast originating from a well-behaved cost function
specification. In doing so, waste disposed and evasit for recycling are considered as two
separate but interacted outputs, so that it wilpbssible to infer whether economies of scope are

characterising the provision of both services.

2.1 Empirical studies of the costs of recycling

Carroll (1995) focused on recycling costs only dadnd for a sample of 57 Wisconsin cities
observed in 1992 that average recycling costs peisdhold were negatively correlated to a
measure of population density and to a variablewatiing for in-house provision. Moreover, scale
economies were found to be negligible. Most impufya comparing his results with the ones
stemming from the literature investigating garbagm®lection costs, the author found many
similarities between the two technologies char#itey waste disposal and waste sent for
recycling®

Bel and Fageda (2010) estimated a total cost foimain a sample of 65 municipalities in
metropolitan areas of the Spanish region of Galfoia year 2005, and included among the
regressors a variable accounting for the percerméaglee total waste volume that was designated
for recycling. Since the coefficient was found ot significantly different from zero, the author
concluded that:the environmental advantages derived from promoteuycling activities do not
seem to lead to an important increase in the cdstalid waste collection. Hence, the present
results suggest that local government would do wefiromote such recycling activitie@Bel and
Fageda, 2010, p. 192).

Bohm et al. (2010) analysed both solid waste d&lpasd recycling activities on a sample
of 428 US communities for year 1996. Two quadrabst functions (one for disposal, one for
recycling) were simultaneously estimated using r&gls SUR modél.While the average cost

function for disposal was found to be everywherereasing, highlighting the presence of

® For example, Hirsch (1965), working on a sample24fcities and municipalities in the St Louis airal960,

suggested the presence of constant returns to. $nagesimilar vein, Stevens (1978) estimated akCbbuglas cost
function (including the price of labour among tlegmessors) on a sample of 340 US public and priiras, and found
that, while private operators were better perfospeconomies of scale were exhausted at populatims above
50,000 inhabitants.

® The authors presented estimates where input priea® included among the regressors, too, but thelu
microeconomic theory properties ensuring well-belthoost functions (i.e. Shephard's lemma, homoteonédegree
one in input prices, concavity) where neither inggben the estimation nor checked after having eséichthe model.
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increasing returns to scale, the one for recyclrag exhibiting a U shape, suggesting that, after a
certain threshold, the costs for recycling were@easing sharply.

Callan and Thomas (2001) are, to the best of oawkedge, the only available study where
disposal and recycling are jointly analysed in atert of a multi-product cost function framework.
Using a sample of 110 municipalities in Massactiasebserved for years 1996-1997, they
estimated two separate cost functions for the tewvises, each of which was including an
interaction term between outputs. By doing so, tiveye able to measure, together with scale
economies, scope effects too. The results suggéiséegdresence of constant returns to scale for
disposal and increasing returns to scale for ra@myclMost importantly, the coefficients on the
interaction terms were both found to be negatine, the computations referring to an hypothetical

“average sample firm” revealed the presence ofsempnomies of the order of 5%.

3. Model specification

As already pointed out, to the best of our knowtedmnly Antonioli and Filippini (2002) analysed
the technology of the waste collection sector bynmegting a well-behaved cost function which
satisfies the regularity conditions. Using data3@nitalian waste and disposal collection firms for
years 1991-1995, they estimated a system of eaqgtincluding a Translog cost function and the
associated cost-share equations, by applying #ratite Zellner's (1962) seemingly unrelated
regression (SUR) technique. The results suggespitbeence of scale economies for small and
medium-sized firms, while the largest firms in th@mple were operating in an output region
exhibiting diseconomies of scale.

In a similar vein, our proposed research stratetjystart with the estimation of a Translog

cost function T9S:

INC =a,+> a,InY, +%ZZO’” INY, InY, +> > 4, InY,InP,
i T T
[1]
DYALLEE ) W ALLIL R
r ro |

where C refers to the total cost of productiov, refers to outputs (in our two-output case¢ =
Disposal(D) and RecyclingR)), P; indicates factor prices (in our three-input cage= Labor (),
Capital K) and Energy(E)), and¢c is a random noise having appropriate distributigmaperties

to reflect the stochastic structure of the cost ehod

" Unfortunately, the authors were not providing resties of scale and scope economies for differetpudlevels and
for different combinations of outputs.



The associated input cost-share equations arenebtdly applying th&hephard’s Lemma
to expression [f]

S =Y5,InY, +4 +Y 5, IR +y, 2]

wherey; is the error term relating to the cost-share
However, due to its log-additive output structubes Translog model suffers from the well-known
inability to evaluate cost behavior when any outpitzero. This has been proved to yield
unreasonable and/or very unstable values of thea&sts for scope economies. For such a reason,
empirical studies based on the Translog specifinatiften rely on measures phirwise cost
complementaritiefor analyzing cost synergies between outputs

To overcome the above problems, Pulley and Braimg§i®92) proposed as an alternative
functional form for multi-product technologies tl@@mposite Specificatio(CS. The CS cost
function originates from the combination of the -lpgadratic input price structure of thES
specification with a quadratic structure for mukipputputs. This makes the model particularly
suitable for empirical cost analysis. The quadratitput structure is appropriate to model cost
behavior in the range of zero output levels anaggitheCSspecification a clear advantage over the
TSform as far as the measurement of both econonfissape and product-specific economies of
scale are concernéiln addition, the log-quadratic input price struetecan be easily constrained
to be linearly homogeneous.

The CScost function is written as:

INC=Inig, +>aY +- Y a, + X 4P
i i i [3]
+YAINR +Z3 Y, NRINR +4,
r ro|

and the corresponding input cost-share equatians ar

8 Cost-shares are computedSs (X.P,)/C. By Shephard’'s Lemmx, = dC/dP,, whereX,; is the input demand for the

rth input, so thag = 0 InC/ 0 InP, .

° For a twice continuously differentiable cost funati cost complementarities are presenf it

d°C(Y';P)
avay,

for all Y' O [0,Y]. Cost complementarities between two products yntipht the marginal cost of producing one output

decreases as the quantity of the other good i®ased. Baumol et al. (1982) have shown that a fprdtiuct cost

function characterized by weak cost complemenéaritiver the full set of outputs up to the obseresdl of output

exhibits scope economies.

10 See Piacenza and Vannoni (2004) and Piacenza €204i0), for more details 068Stype models and for some

applications to the cost analysis of multi-prodirchs.

CC,(Y;P) =

<0, i#]
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[4]

Given the regularity conditions ensuring dualitytviseen the production function and the cost
function, theCS specification does not impose a priori restricsiayn the characteristics of the
underlying technology. Thus, it is a flexible foimthe sense of Diewert (1974). To be consistent
with cost minimization, [1]-[2] and [3]-[4] must 8sfy symmetry &; = a; and 51 = G, for all
couplesi, j andr, | ) as well as the following propertiea) non-negative fitted costsy) non-
negative fitted marginal costs with respect to atgpc) homogeneity of degree one of the cost
function in input prices¥; 5 = 1 and%|5, = 0 for allr, andZ;4; = O for alli); d) non-decreasing
fitted costs in input prices) concavity of the cost function in input priceyn8netry and linear
homogeneity in input prices are imposadoriori during estimation, whilst the other regularity
conditions are checked ex-post.

Therefore, as a second step of our analysis, Weestimate the Composite cost function

system [3]-[4] and we will compare the results witte one stemming from the Translog system

[1]-2].

4. Data Description

Our dataset refers to a balanced panel of S52rtahunicipalities providing waste disposal and
recycling services over the period 2004-2006, ftotal of 1587pooledobservations.

The sample composition by geographical area, owigeferm and output mix is presented
in Table 1. 39% of observations refer to municijpedi localized in Northern and Southern Italy,
respectively, while the remaining 22% are localizethe central regions of the country.

As to the organizational form chosen to provide Hsgvice, in-house provision form
accounts for 10% of the total sample, and is magilycentrated in the South. A similar pattern can
be observed for intermunicipal partnership, whicbaaunts for only 8% of the municipalities (with
a prevalence in the South). Finally, the limitedp@nsibility company is by far the most popular
juridical form chosen to organize the refuse caitetservice (82% of the entire sample and 94% of

municipalities in the North)!

1 Unfortunately, data limitations prevent us to disagle corporations which are owned by privateratpes from
limited companies whose shares are still in thedbaof the local governments. Therefore, in the sgbsent cost
analysis we will not be able to separate the effedtcorporatization(i.e. the transformation of the juridical form
without implying a change in the ownership) frone ttnes stemming from privatization. See Cambiril €2011) for
an attempt to measure the impactofporatizationon the costs of a sample of Italian local pubmsport firms.
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Turning now towards our main variable of intere&, recycling activities, Table 1 shows
that the share of the total waste volume designttedecycling is 20%. However, this average
value is heavily dependent on the more virtuoustidon municipalities (where waste sent for
recycling accounts for 37% of the total), while gteres of recyclable waste collected in Southern
and Central regions of the country are rather 8ohif7% and 13%, respectively).

On the whole, our sample can be considered ay fapresentative of the entire population.
In fact, official data (see Chiades and TorriniD8Dshow statistics which are very similar to the
ones reported aboVvé.

Data on costs and output quantities are obtairmd &nnual MUDs (i.e. annual declarations
concerning municipal solid waste collection) whitdwve been provided by Ecocerved. Input prices
have been computed by integrating the informatieailable in the MUDs with additional
information drawn from questionnaires sent to thag (or organizational structures) managing the
service in the municipalities. Total co€E)(is the sum of labor, capital, and energy costshef
municipalities™® The two output categories are tons of MSW dispad&dl and tons of MSW
recycled Yg). Productive factors are labor, capital and enefdpe price of laborH,) is given by
the ratio of total salary expenses to the numbeemployees. Capital pricd’() is obtained by
dividing depreciation costs by the capital stétil&ummary statistics on outputs, input prices and
shares as well as other demographic and urbarblesiare provided in Table 2.

5. Estimation and Results

Both theTSandCSspecifications of the multi-product cost functice @stimated jointly with their
associated input cost-share equations. In ordeenwure that the cost functions are linearly
homogeneous in input prices we normalize total @t input prices by the price of energy.
Because the three share equations sum to unigydial singularity of the covariance matrix only
the labor and capital equatiors Gnd &, respectively) are included in the systems [1]da¢ [3]-

[4]. Before the estimation, all the right-hand sid®iables were standardized on their respective

sample average values. Parameter estimates weanaitvia a non-linear GLS estimation

2 For example, official data report that, in 2005%4.of population (22% in the South) was receiviefyisal collection
services from municipalities by means of in-housaragements. In the same year, the share of regyciver total
refuse collection was 24% (38% in the North, 19%him Central Regions and 9% in the South).

13 Consistently with the large majority of empiricaapers in this field, we rely on municipal data.nmust be
acknowledged that the reported cost data mightriimciple overstate the actual costs in the casetiith the local
public administrations are contracting with privéitens for the provision of the service. Steven878, p.441) tackles
this issue and argues that the cost approach caelibd on. See also Carroll (1995, p.219) and dhirEl965, p. 91).
This issue should however be mitigated by the cetigt of the reform geared to the exclusive assimtnof the
service through competitive tendering procedures.

14 Following Antonioli and Filippini (2002), we assenthat the price of fuel is the same for all mypédities in the
sample.
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(NLSUR), which is the non-linear counterpart of tHellner's iterated seemingly unrelated
regression technique. This procedure ensures dstintaefficients to be invariant with respect to
the omitted share equation (Zellner, 1962).

The summary results of the NLSUR estimations ferft8 andCSmodels are presented in
Table 3™ The first rows present the estimates of costieltiss with respect to outputs and factor
prices for the ‘average’ municipality.The latter are very easy to recover frd®model, in that

£y =a;, While § is simply the estimate ¢f (see equations [1] and [2]). In ti@&S model the

computation of output and factor-price cost elastis is a little bit more cumbersome:
a, + Za"'
— i
1
a+.0, +§ZZ%
i i j
>3,
|
1
a, +Zai +§Zzaij
i [

[5]

Ecy

[6]

By looking at the figures reported in Table 3,ppaars that the two estimated cost function
models are performing in a rather similar way: ds¢imates of laboury)) and capital %) price
elasticities are around 0.45 and 0.06 in both cas®s$ the same pattern applies to the estimates of
the output elasticitiess., (£cy, ) is 0.78 (0.23) for th@Smodel and 0.76 (0.25) for teSmodel.

The summary statistics are quite similar, too. Ridor the cost function is 0.93 in both cases,
while the R? for the labor-share and capital share equatioashiher for theCS specification-’
McElroy’s (1977)R? can be used as a measure of the goodness of fhiddNLSUR system. The
results suggest that the fit is roughly the samdo@dh specifications. More rigorously, the Vuong'’s
(1989) statistics for selection among non-nestedeatso(VLR test), that consists in normalizing the
standard LR test in order to account for the fhat the models to be compared are not nested, is
significantly different from zero. We must therefaronclude that th€Smodel does a better job in
describing observed data. Moreover, it enjoys arcélvantage over thES model as far as the
measurement of scope and scale economies is cedcesit has been discussed in section 3. Scale

economies $E) can be measured by computing the inverse of tine af output cost elasticities,

!> The Translog model is estimated with NLSUR so thit straightforward to make comparisons with @@mposite
model. However, we estimated also f® model using iterated GLS as well as maximum Ih@did estimators. As
expected, the results are virtually unchanged adtasthree different estimation procedures.

1 Theaveragemunicipality (the point of normalization) corresponds to an hiiptical council operating at an average
level of production for each output and facing agervalues of the input price variables.

" A similar pattern can be observed by comparingestimated sums of squared errors (SSE) of theasabinput-
share equations.
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while scope economieSCOPE are computed by comparing the costs of spec@lmeduction
with the costs of jointly providindp andYg:

SE= 1/(&cy, +&cy,) [7]

C(Y5,0)+C(0,Yz) _,
C(Yo, Yr)

SCOPE=

[8]

Table 3 highlights that the average municipalitijak collects 17,122 tons ofpYand 3,770 tons of
Ygr, and provides refuse collection services for aupetton of about 42,500 inhabitants, exhibits
constant returns to scale and enjoys scope ecosoofithe order of 2%. This means that, by
doubling the amount of both disposal and recyclingsts will double as well. Moreover,
consistently with the results found by Callan artbihas (2001), there is an incentive to jointly
provide both service¥.

Fully exploiting the potential of ou€Sflexible cost function model, we can evaluatentia
how scale and scope economies are changing ifizeeo§ the municipality and/or the output mix
changes. Moving along row A of Table 4 it is posito simulate how much waste disposal costs
increase with size (assuming that recycling sesviaee not provided). It appears that there are
constant returns to scale upiel (i.e. up to % = 17,122 tons), and decreasing returns to scale in
correspondence of larger output levels. Similatihg figures reported in row B suggest that the
same pattern applies to recycling activifieslowever, diseconomies of scale are found to lgefar
for recycling than for disposa.

The costs of joint productio@(Yp, Yg) — row C —are always lower than the sum of the costs
of specialised productiorC(Yp, 0) +C(0, Yg)). This is suggestive of the fact that the cost fiomc
exhibits scope economies at all simulated outprel$e thus justifying the choice to assign the two
services through a single tender. However, scoprauies are rather limited (and not significantly
different from zero) up ta =1, and become more important at higher outputi$e{&o forar = 4
and 14% fon = 8).

The results for aggregate scale economies sumendiniz patterns reported above. The
figures reported in the last row of Table 4 imgiat, by doubling the amounts of refuse collection

'8 The results of the Translog specification show pihesence of cost complementarities, since theficimeft on the
parametenpr of equation [1] is negative (-0.12) and statidhicsignificant.

¥ The presence of constant returns to scale fotivelg small municipalities is consistent with Calirf(1995), who was
using a sample of municipalities of an average faifmn size of 26,284 inhabitants. In addition, fhreling of scale
diseconomies in correspondence with higher outgnel$ is consistent with the analysis conductedibyonioli and
Filippini (2002), as far as disposal is concernall with the outcomes obtained by Bohm et al. (20&6 far as
recycling is concerned.

2 For example, moving from =1 to A =8, costs increase by a factor of 9 for disposal lay a factor of 9.5 for
recycling.

13



(both disposal and recycling), costs are doublipgan =1. At municipality sizes above the sample
mean, however, overall diseconomies of scale apdaar the presence of scope economies
counterbalances the effect of decreasing returrssdte for both recycling and disposal activities.
Therefore, the resulting estimates of aggregatke stiseconomies are found to be not very lafge.
In spite of the fact that Table 4 shows estimadéetive to six different hypothetical municipalgie
the figures reported are quite plausible. For examie 2004 Report on waste collection in the
province of Milan indicated that the per capitarage cost was increasing with the size of the
towns, passing from 83.3 (110) euros for munictpesiwith less than 5,000 (more than 30,000)
inhabitants up to 151 euros for the city of Mil&y. dividing C(Yp, Yg) by the population size (first
row), we obtain a very similar pattern, confirmitngit our model fits the data quite well.

Since our paper mostly focuses on recycling, watwew to investigate to what extent
different shares of recyclable waste collection affecting the level of costs. Figures 1a) and 1b)
plot the behaviour of costs (on the vertical afos)different percentage values of the refioarey,=
Yr/(Ypt+YR). Each curve corresponds to a specified level efttiial quantityYp+Ygr. Similarly to
what has been done in Table 4, the municipalitg sias been scaled up and down by multiplying
and dividing the average sample quantities by Hrarpeteri. The shapes of the “isoquant” curves
offer some very interesting insights. As expecteasts increase in correspondence with higher
shares of recycling, but this happens especiallyigiier percentages and for municipalities with
more than 100,000 inhabitants.

The joint interplay of scope economies and deangaseturns to scale for the recycling

technology implies that:

a) Itis not very costly to increase the perceasagf recycling up to 30%-35% at all municipalities
sizes. For example, increasing recycling shares f10% to 20% would imply that total costs
increase by about 4% in correspondence of all estidhsizes (i.e. fot ranging from 0.25 to 8).
Moreover, for municipalities of a population sizé about 300.000 inhabitantsi (=8), the
increase oShare from zero up to 10%-15% implies a slight reductidniotal costs?

b) It is not very costly to increase even furttiee percentages of recycling for relatively small
municipalities;

c) It is indeed very costly to increase the r&i@re beyond certain levels for large municipalities
For example, whed = 8, costs increase by 32.5%8ifare increases from 20% to 40%

%L The results of the Translog specification are mataly similar also with respect to the estimatesaale economies
for municipalities larger or smaller than the saengVerage.

2 This is due to the fact that the effect of ecoresmif scope is still dominating over the effectle€reasing returns to
scale for recycling.

% Notice that for municipalites with population aleo%00,000 inhabitant§hare is on average 18% with a maximum
value of 42%. Therefore, one should use partictéation when interpreting results for large coun(ile. whem = 4
andA = 8), because the curves in Figure 1b partially oe out of the sample simulations.
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The above results can be partially reconciled witine of the results summarized in section
2.1. Bel and Fageda (2010) are working on a samwipke much smaller size as compared to our
sample of Italian municipalities. Even if we arengsa different methodology, results a) and b) are
consistent with the absence of significant effemtsrecycling shares on total costs found for
Galician municipalities. However, since our flexddiunctional form allows us to investigate the
shape of the cost function at all output levels,caa better qualify their findings. Our estimates
suggest that, for municipalities of a populatioresabove 50,000 inhabitants, the impacEbéare;
is not negligible anymore, and becomes very stinro@rrespondence with high valuesif

Bohm et al. (2010) report increasing returns tdeséar municipalities that recycle up to
13,200 tons and decreasing returns to scale fagedaquantities. Our sample of Italian
municipalities exhibits decreasing returns to scte, but they appear at lower output regions (at
about 4,000 tons).

We believe that our analysis can be useful forgyatiakers who are interested in pursuing
strategies aimed at increasing the volume of r@oydervices. As already pointed out, recycling
shares are still rather low in lItaly, especiallytire Southern regions. Our findings suggest that,
keeping constant the total amount of waste colteciieis worth to expand recycling programs
where the recycling shares are very low (irrespectif the size of the municipality), and, in the
case of higher starting levels &hare, where the population size is below 150,000-200,00
persons. Moreover, as argued by Bohm et al. (2@@)extra costs reported in Figures 1a) and 1b)
are not taking into account possible revenues siamiinom the sale of recyclable materials, as
well as possible savings in the total waste cadéalue to a more responsible and environment
friendly behaviour on the part of househdidi®oth arguments should have the effect of flattgrin
the shape of the cost functions plotted in Figuréhéreby reinforcing our arguments in favour of

the improving of recycling activities.

5.1 Extended model

As a first robustness check, we have split the $amapd run separate regressions for small,
medium size and large municipalities, as well astlfie three different geographical are@ke

results are very similar across sub-samples. Howem& baseline model is, admittedly, very
parsimonious, in that it only considers output dites and input prices as right hand side

variables. Therefore, we have enriched our spetifin by adding other explanatory variables that

2 As stated by the authoréHousehold source reduction efforts presumably cement recycling practices.
Households that increase recycling may simultanossek ways to reduce the use of shopping bagsheawnerage
containers”(Bohm et al., 2010, p.867).
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have been usually considered in the literature.leT&bshows the results of the estimates of our
extendedTS modef®, where a time trend, size dummies, geographical dummies, density, and
organizational form dummies have been included antbe regressors. In particulamall and
mediumare dummy variables which identify municipaliti@bere inhabitants are less than 20,000
or included in the 20,000-50,000 range, respecti@énsityis measured by the number of persons
per square krf® In houseandIntermuntake the value of 1 in the cases in which wastirictly
collected by the local authority or through coopiera between different municipalities. The
remaining categorycorp, identifies the cases in which the service is gled by a company, which
may be a private firm, a State-owned firm, or agte public partnershif.

The second column of Table 5 reports the estimaftéise extended model. The coefficient
of t is not statistically significant, so that, in ttheee year period under investigation, there has no
been a significant technological progress. Small medium sized cities appear to be characterized
by lower collection costs as compared to municijalithat serve more than 50,000 citizens (the
omitted category). Moreover, the costs are estithabebe lower in the Northern and Central
regions of the country, confirming oarpriori expectations.

The results on ownership type abdnsityare intriguing and deserve more discussion.

The negative and significant coefficient ém housesuggests that, as compared to the
omitted categoryQorp), in house arrangements are characterized by loass. Albeit the results
reached by the literature are rather mixed (Bedlgt2010), our finding is somewhat contrary to
expectations. We have two possible explanationd.féirst, it is possible that for refusal colleat
services which are directly provided by the muratity, some costs categories (depreciation,
interests on debts) are not fully reported, so tiasts result to be underestimated. As a robustness
check, we have run regressions (of both systemf]1dnd [3]-[4]) after having deleted the 159
observations where the dummy variablehousewas equal to one. The results concerning scale
economies and the impact on costs of the sharecgtling are virtually unchanged. Secondly, by
looking at the descriptive statistics reported iablg 1, it is easy to realize that 38 of the 53
municipalities with in house arrangements are laedlin the South, while in the other two regions

such an ownership form is clearly marginal. Considethat, as reported by Chiades and Torrini

% The estimates of théSmodel, which are available upon request, are sanjlar. We decided to present the results
of the TS model for ease of exposition, since the estimaieefficients can be straightforwardly interpreted the
reader.

% We have used also the number of homes per squar@ikthe number of buildings per square km, aarrdtive
measure, obtaining identical results.

27 While data limitation prevent us to disentangle three subcategories Gbrp, official data report that in 2005
11.1% of the Italian population was served by mipaiities through in house arrangements, 58.5% tayeSowned
firms, and only 30.4% by private operators. Thefa large part of municipalities classifiedG@mp (66%) organize
garbage collection by relying on publicly ownedrfs.
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(2008¥2, the share of in house arrangements in ltaly &édsaed from 34% in 1996 to 11% in 2005,

it might be the case that municipalities that hdeeided to keep a direct management of the waste
collection service are relatively more virtuousrtliae ones that have decided (or have been forced)
to change their organizational form. Pursuing timie of investigation, we have run separate
regressions for the three geographical areas. @ugeestingly, while the coefficient dm house
remains significant and shows a larger effect @p.for municipalities in the South (where the
population served with in house arrangements hdscesl from 11 million persons to 4 million
persons from 1998 to 2007), it becomes positive sigdificant (0.17) for municipalities in the
North. Finally, it must be considered that munitipes classified asn houseare of a relatively
smaller size. By running regression on the sub-$&amp municipalities with less than 20,000
inhabitants, we found th#t housekeeps its positive sign but loses significance.

The coefficient ofintermunis positive but not significant. While Bel and M(Z009) and
Sorensen (2007) offer arguments and some empimgsallts in favor or against intermunicipal
agreements as a way to reduce costs, our resuiish whow no significant effect, are inconclusive
with respect to this important isstieAs a final remark, we must recall that our omiteadegory,
Corp, is including mostly publicly owned firms (see footes 27 and 11), so that we are not able to
examine the effect of full (or partial) privatizati on costs. This must be considered if one wants t
correctly interpret and appreciate our findingstfa variablesntermunandin house

The coefficient orDensityis found to be positive and significant. It is mate in this field of
studies to interpret the sign and magnitude of sudoefficient as evidence of the existence of
economies\diseconomies of densftyHowever, we think that in the case of the refuskection
industry, given the high correlation existing betwamunicipality size and degree of urbanization
as proxied by a density measure, it is not appabgrio make such an inference. A positive
coefficient could indicate, as suggested by Bohml.g2010), that high-density municipalities may
incur high costs to transport waste due to theiiitylio operate vehicles in densely populated

urban aread as well as to the need to drive towards remotdfis for disposal. In order to

% The authors found, for a sample of Italian murdtitfes, a negative impact &f housearrangements on costs, too.
% Bel and Fageda (2009), working on Spanish datpeathat intermunicipal agreements can be usednasy @o reach
scale economies for relatively small municipalitiedile Sorensen (2007), working on Norwegian datalerlines the
difficulties of managing the service when the ovehip is very dispersed, as in the case of interoipal joint
ventures. Consistently with Sorensen’s analysisrdba et al. (2010) found for a sample of Italiditities operating in
gas, water, electricity and refuse collection ie tears 1997-2006, a positive and significant irhpdica proxy of
Intermunon total costs.

30 Compare, for example, the comments offered by Behal. (2010) and Carroll and Thomas (2001), whih found
a positive coefficient orDensity (measured as persons per square mile and numbboroés per square mile,
respectively).

3L For instance, the presence of narrow streets ewyce the ability to use large, specialized equiyimie addition,
the extent of on-street parking may involve diffta@s in using some automated machinery, with ihiesequence that
operators are forced to use more manual labor.
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elaborate more on this, we have spl@nsityinto two variables, used as proxies for horizoatad
vertical degrees of urbanization:

Population _ Population>< Buildings
Km? Buildings Km?

Density= = Urbyor X Urbyer El

The last column of Table 5 highlights that both fioents are positive and significantly
different from zero, but the impact bfrbyor is much higher. Therefore, the results are suggest
of the fact that congestion problems are more gsrishen the population is spread over several
buildings with fewer floors than in the case wiilgher vertical development of buildings insisting
on a given surface.

The traditional approach to measure density ecoesimm network industries (Caves et al.,
1985), requires to enrich the models [1]-[2] and[8] by including a proxy for the size of network
(N) as an additional “output” (i, j) and to measuensity economies as:

DE = 1/(£¢y, +£cy, ) [10]
and scale economies as:

SE=1/(£cy, +Ecy, +Ecy,) [11]
The cost elasticity with respect (&, ) measures how much costs increase when the

network size becomes bigger, keeping constant ii@uat of waste (both disposal and recycling)
collected. AccordinglyDE is a measure of how costs are rising when botputsitYy, and Yg

increase, keeping constant the size of the netwbdtien includingN (measured by the number of
homes) and the corresponding interactions with wWugmd input prices in the system [1]-[2], we

get, for the average sample firm, the followingreates: &, = 0.63 (standard error = 0.02), =
0.19 (s.e. = 0.01) arad, = 0.20 (s.e. = 0.03). Therefore, the refuse catlecindustry in Italy is

characterized by the presence of density econo(biEs= 1.22). This suggests that, in order to
organize the service, franchised monopolies atrtbeicipality level have to be preferred over side
by side competition. In addition, the presenceaalpg economies points towards the organization
of single tenders for both garbage and recyclinviies. Finally, overall scale economies are
found to be constantSE = 0.99), confirming our previous results for thaséline model*
Therefore, our results suggest that aggregatingbgeaouncils (which implies to increase

simultaneously both waste collection ad)dcould not bring savings in total costs.

32 Notice than in the last two columns of Table 5 duefficient onY, is lower than the estimates reported for the
baseline model (incidentally, when adding a proxy density among the regressors, Bohm et al. (28%pgrience a
similar contraction, too). Coupling our discuss@mout the role of the variabl@ensity with our results for density
economiesDE), we do not think that the estimates of the ex¢ehchodels should be considered as supportive of the
presence of increasing aggregate returns to soalhd average firm. Our interpretation is that ¥heiableDensityis

capturing part of the magnitude of the output @igt ey, -
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6. Summary and conclusions

Despite the importance of the refuse collectioviserand the rising worries about the impact of
waste disposal activities on the environment, thgigcal literature on the costs of garbage
collection and disposal is rather limited. The &lde empirical works mostly concentrate on the
US, and, most importantly, recycling activities eaeely included into the analysis.

Our paper provides fresh evidence on the abovesssby analysing a sample of Italian
municipalities which are observed in the years 200d6. From a methodological point of view,
we jointly consider waste taken to disposal sitesnoinerated and waste sent for recycling in a
multi-product framework. Moreover, we will estimatest function models which are consistent
with the duality assumptions of microeconomic tlyeor

Our results suggest that, for a municipality oize ©f about 42,500 inhabitants, the refuse
collection industry exhibits aggregate constanirret to scale, while moderate economies of scope
can be enjoyed by simultaneously providing disposat recycling services. While scope
economies are increasing with the size of the dbynp to 14% when inhabitants are about
300,000), decreasing returns in the collectionathlgarbage and waste sent for recycling are such
that moderate overall diseconomies of scale apfpesarge municipalities.

Our simulations suggest that it is worth to dewefterts to increase the share of recycling
activities up to 30%-35%, since the total costsefifise collection would not increase too much, and
this is especially true for relatively small mumpalities.

The estimates of the extended model add new impomaights. First, refuse collection
costs are found to be lower in the Northern regiohthe country and for municipalities with a
population below 20,000 inhabitants. Second, urdy@as face higher congestion costs especially
due to horizontal urbanization effect there is clkeadence of the existence of density economies.
Finally, councils that are relying on intermunidipaint-ventures as organization forms to provide
the service are not exhibiting lower costs.

From a policy point of view, we think that the aboset of results provide some useful
insights. Our computations suggest that recyclirmpmams should be strongly encouraged, since
total costs are not likely to increase sharply.sTisi particularly important in a country like Italy
where, as reported in our descriptive statistles,share of recycling activities is somewhat lihite
especially in the South. The presence of dension@mies suggests that franchised monopolies
could be the better form to provide the serviceilavthe existence of scope economies suggests
that tender procedures should be organized so egnsider disposal and recycling activities as a

single bundle. However, since we found constanirnst to scale up to 21,000 tons of waste
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collection (i.e. up to a service area of about @8,habitants), we cannot provide support for the
arguments in favour of the consolidation of theveer for small municipalities,

Finally, our results provide useful insights for magers in charge of the planning and
management of the refuse collection services. t¢h fmanagers must have a precise idea of the
costs of garbage collection and on the impact ofalng activities on total costs when they must
decide whether and to what extent participatingetalering procedures or simply when they are
required to compute the budget plans for the waisteagement activity.
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Tablesand figures

Table 1. Sample breakdown by geographical area

North Centre South Total
Number of municipalities |204 118 207 529
- In house 2% 9% 18% 10%
- Intermunicipal partnershig 4% 4% 15% 8%
- Corporation 94% 87% 67% 82%
Share of Recycling 37% 13% 7% 20%
Table2. Summary Statistics
Mean Std. dev. Min Max
Total Cost(10° euro) 5,436 23,965 46 48,065
Output
Waste Disposed (tons) 17,122 71,196 118.44f 1,462,128
Waste Recycled (tons) 3,770 13,044 8.86 210,211
Input prices
Price of capital 0.10p 0.021 0.040 0.160
Price of labor (euro) 36,607 5,735 22,663 62,613
Cost shares
Capital share (%) 5171 3.90 1.00 17.90
Labor share (%) 44.90 12.01 18.91 73.02
Other variables
Density 902.8 1,242 21.83 9,441
Population 41,058 142,272 993| 2,711,491
Number of homes 19,336 67,165 430/ 1,150,547
Number of buildings 4,960 7,309 353 127,713
Share of recycling (%) 19,8 17.7 0.1 76.5
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Table 3. NLSUR estimation: Translog (TS) and Composite (CS) cost function models®

TS MODEL CS MODEL
Output and factor price elasticiti8s
Ecy, 0.7812%** 0.7601***
(0.0120) (0.0082)
Ecy, 0.2305*** 0.2466***
(0.0112) (0.0099)
S 0.4480%** 0.4487**
(0.0030) (0.0028)
S 0.0604*** 0.0546***
(0.0019) (0.0257)
Scale and Scope Economfies
SE 0.9884 0.9933
(0.0088) (0.0057)
SCOPE - 0.0209**
(0.0089)
Cost complementarities CC -0.1196*** l
(0.0070)
Cost function
R? 0.9308 0.9298
SSE° 133.48 135.34
Labor share equation
R? 0.1261 0.2342
SSE 20.01 17.53
Capital share equation
R? 0.1784 0.2060
SSE 1.99 1.93
System log-likelihood 4083.09 4175.86
Goodness of fit 0.8237 0.8262
VLR test statisti¢ CSvs. TS: VLR = 8.03***

& Estimated asymptotic standard errors in parenthese
® The values are computed at average values of batpulinput price variables. The coefficient sulpgsrare
D = disposalR = recycling,K = capital,L = labor.
¢ Sum of squared errors.
4 The goodness-of-fit measure for the NLSUR systismacElroy’s (1977)R 2
© See Vuong (1989). The VLR statistic is distrilnges a N (0,1).
J*x Significant at 1 percent level in a two-tailgdst. ** Significant at 5 percent level * Signiéint at 10 percent level.
For theSEindex the null hypothesis is that it is not sigrahtly different from one
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Table 4. Estimated costs (CS model) for disposal and recycling at different output levels

Scaled output®

2=025| A=05 A=1 A=2 A=4 A=8

Yo=4,281| Yp=8,561 | Yp=17,122| Yp=34,244| Yp,=68,488|Y,=136,976

Yr=943 | Yr=1,865| Yg=3,770 | Yg=7,540 | Yg=15,080| Yz=30,160
Population Size 13,500 25,00( 42,500 92,000 163,00@90,000
Product-specific estimated costs:
A)  C(Yp, 0) 892 1,784 3,592 7,308 15,136 32,382
B) C(0,Yr) 292 583 1,190 2,497 5,491 12,994
Total (A+B) 1,184 2,367 4,782 9,805 20,62) 45,376
Multi-product estimated costs
C) dYp YR 1,170 2,336 4,684 9,439 19,189 39,649
Scope Economiés 0.01 0.01 0.02** 0.04** 0.07*** 0.14***
[(A+B)/C]-1 (0.01) (0.01) (0.01) (0.02) (0.03) (0.05)
Overall Scale Economies (SE) |  0.99 1.00 0.99 0.98 0.97* 0.94*

(0.01) (0.00) (0.01) (0.01) (0.02) (0.04)

%A =1 indicates a municipality that collects averggantities ofY, andYg. The parametet is used to scale up and
down the outputs of the “average municipality”. Gosre measured in thousands of euros.
®Standard errors in parenthesis.*** Significant giekcent level in a two-tailed test. ** Significaatt5 percent level
* Significant at 10 percent levefor theSEindex the null hypothesis is that it is not siggahtly different from one.

Figure 1. Costs and Recycling Shares

1 a) Municipalities below 50,000 inhabitants.
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1 b) Municipalities above 50,000 inhabitants.
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Tableb5. Tranglog estimates of the baseline and extended cost function models[1]-[2]

REGRESSORE BASELINE MODEL EXTENDED MODELI EXTENDED MODELII
Estimates s.e. Estimates s.e. Estimates s.e.

Constant 15.402%* (0.012) 15.576%* (0.035) 15.154%* (0.09
InYp 0.781%** (0.012) 0.712%** (0.018) 0.707%** (0.08)
InYr 0.231 % (0.011) 0.230%** (0.016) 0.229%** (0.08)
InYp? 0.367* (0.027) 0.299%** (0.028) 0.301%** (0.02)
InYg? 0.178%** (0.012) 0.156%** (0.014) 0.161%** (0.09)
INYp InYg -0.120% (0.007) -0.099%* (0.007) -0.101%* (0.00)
InP. 0.448%** (0.003) 0.448%** (0.003) 0.448%** (0.08)
InPy 0.060*** (0.002) 0.060%** (0.002) 0.060%** (0.0p)
InP,? -0.254% (0.018) -0.255% (0.018) -0.254% (0.08)
InPy? 0.034%** (0.006) 0.040%** (0.006) 0.040%** (0.06)
InP_ InPy 0.056%** (0.009) 0.060%** (0.009) 0.060%** (0.09)
InYp InP, 0.005%** (0.001) 0.005%* (0.001) 0.005%* (0.0D)
InYgINP, -0.002** (0.001) -0.002** (0.001) -0.002** (0.001)
InYp InPy 0.148%+ (0.041) 0.123%* (0.042) 0.133%* (0.01)
InYgINPy -0.013 (0.029) -0.012 (0.030) -0.013 (0.030)
t - - 0.001 (0.008) 0.002 (0.008)
In Density - - 0.060** (0.007) - -
In Urbyor - - - - 0.118%+ (0.013)
In Urbyer - - - - 0.037%* (0.008)
North - - - 0.129% (0.027) - 0.151 % (0.027)
Center - - -0.101 % (0.022) -0.121%* (0.022)
Medium - - -0.099% (0.034) -0.084** (0.034)
Small - - -0.166%* (0.040) -0.150%* (0.040)
In house - - -0.063* (0.024) -0.062** (0.023)
Intermun - - 0.025 (0.026) 0.021 (0.026)

Goodness of Fit 0.8237 0.8361 0.8379

System Log-Lik. 4083.09 4156.22 4167.91

3Estimated asymptotic standard errors in parenth83d® goodness-of-fit measure systems is McElroya7 ) R.
The coefficient subscripts are D = disposal, R eyctng, K = capital, L = labors** Significant at 1 percent level in a
two-tailed test. ** Significant at 5 percent level & two-tailed test. All regressors, except from diesnandt, have been
normalized on their respective sample mean values.
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