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Abstract: The provision of local public services has become one of the main concerns of local
governments. Therefore, the selection of the most appropriate form of management to maximize
efficiency levels in the provision of local public services has been widely analyzed throughout the
academic literature. In this context, the aim of this paper is to add new knowledge to the literature on
efficiency in the provision of local public services. To this end, we propose the study of four forms of
management (interested indirect management; indirect management by concession; intermunicipal
co-operation; public service provision) through a free disposal hull data panel (FDHDP) methodology
for the 2014–2016 period. We find that public-private partnership contracting is less efficient on waste
removal services when accounting for quality. However, the promised benefits of contracting out are
realized when contractors are made responsive to service quality through concessions.
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1. Introduction

The increasing difficulties that local public administrations have had to face in the
last decade have led to an incipient interest in measuring the efficiency achieved in the
provision of different public services [1]; thus, the monitoring of these services has become
especially relevant within local public agendas [2,3].

In this context, numerous studies have analyzed the relationship between efficiency
and the choice of management methods that generate higher levels of efficiency and cost
savings in the provision of these services [4–10]. In this sense, the academic literature
contains several studies that analyze the efficiency of local public agents in the provision of
services, such as urban public transport [11,12], street cleaning [13] or solid urban waste
collection [14–16].

Among the different forms of management, three main categories can be distinguished:
privatization of public services (either through concessions or public–private participatory
management), direct public management and intermunicipal co-operation. In this sense,
the municipal solid waste service (MSW) has become one of the most studied services due
to the difficulty of its provision and the costs involved [7,17,18].

Consequently, analyzing which forms of management generate higher levels of effi-
ciency in MSW has become an issue of great relevance; empirical evidence can be obtained
to demonstrate which of the different methods of public service management is more
appropriate for the provision of public services.

In this sense, the aim of this paper is to analyze how the different forms of management
affect the cost efficiency of Spanish municipalities to determine which of them is the most
efficient in terms of MSW service provision.

For this purpose, a total of 1563 Spanish municipalities were analyzed using the meta–
frontier methodology developed by Battese and Rao [19] and Battese et al. [20]. To obtain
the cost efficiency of the MSW service, non-parametric partial frontiers have been used by
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applying order–m frontiers [21,22]. Due to the robustness of the models and as a replace-
ment for the use of data envelopment analysis (DEA), non-parametric partial frontiers are
proposed in the presence of extreme outliers and units [23]. The results obtained in this
study show that outsourcing achieves higher levels of cost savings in MSW. These results
show the differences between the different forms of management in terms of cost efficiency
depending on the size of the municipalities. In this sense, it is observed that smaller mu-
nicipalities have higher levels of efficiency when they combine joint management with
outsourcing of the service, the latter being more efficient in municipalities with a larger
population.

This paper is structured as follows. In the second section, a theoretical analysis of
the MSW efficiency is carried out. The third section presents the methodology applied to
meet the objectives set out in this study. The fourth section presents the data used for the
analysis and a study of the results obtained. Finally, the last section shows the conclusions
and limitations of the study.

2. Theoretical Approach
2.1. A Review of Forms of Management and Efficiency

The debate on the cost of the service and the most appropriate form of management
to maximize efficiency levels has been the subject of numerous studies [7,10,13,16,24–26],
making it an extremely important issue. The need to find the most appropriate way of
managing public services has led to the analysis of a wide variety of ways of providing
local public services [27]. In this context, a wide range of theories can be found that
explain the use of these forms of management, such as the theory of property rights, the
exploitation of economies of scale and transaction costs or public choice theory, among
others [3,11,24,28]. In this sense, the most analyzed forms of management in the academic
literature are mainly the privatization of public services, direct public management or
intermunicipal co-operation [1,14,16].

In relation to the above, some authors argue that direct public provision is the best
option, as this will avoid the creation of monopolies by private companies and may even
be cheaper than private sector provision [8,10,29–31]. In this regard, authors such as Zafra-
Gómez et al. [24] and Ohlsson [32] argue that private management of the service does not
necessarily have to be cheaper than public management.

On the other hand, privatization can be defined as the outsourcing of a public service
to a private company [33,34]. The advantages of using this type of management include cost
savings, as services can be provided at a lower cost and in a more efficient way [30,35–37].
Within this category can be found the contracting out form, which can be defined as a form
of privatization in which a private company makes residual profits from the provision of
the service [34,38], and the public-private partnership (PPP), where the local authority and
the entrepreneur share the operating results on the basis of what is fixed in the contract.
In this way, the equity is held by both the public partner, who ensures that the public
objectives of the service are met, and the private partner with industry experience, who is
usually responsible for the day-to-day operation of the service [38,39]. However, several
authors have criticized this form of management as, in certain cases, it is not cost effective.

In this respect, the choice of the most appropriate form of management may depend
on a number of external factors, including the size of the municipality. In the case of small
municipalities, many cannot afford to privatize public services since such municipalities
are not attractive to potential providers [7,14]. This, together with the fact that smaller
municipalities need to share resources and increase the volume of service provision to
save costs and achieve optimal production [14,31], has made it necessary to analyze an
alternative to the management models already defined: intermunicipal co-operation.

According to Bel and Warner [40], intermunicipal co-operation is a reform of public
service delivery that is not only concerned with costs or economic efficiency, but addresses
aspects such as spatial context and governance structure. A more comprehensive and
current definition can be found in the study by Luca and Modrego [41], who define
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intermunicipal co-operation as a governance structure where two or more municipalities
cooperate, either directly or indirectly, to provide goods and/or services. Applying this
form of managing public services has numerous advantages, especially the cost savings
that can be obtained through economies of scale, which is one of the key motivations for
opting for this model of joint action [42]. Co-operation allows two or more organizations
to participate jointly in the provision of public services [42], which is why governments
around the world have promoted joint action between municipalities with the aim of
improving the management of these services [43].

2.2. Forms of Management and Municipal Solid Waste Service (MSW)

Public waste collection and its treatment is a highly complex service. This, together
with its high costs, makes it a very important service for local governments [44]. For this
reason, the relationship between different forms of management and the efficiency of the
MSW service has been widely analyzed in the academic literature [7,45,46]. However, there
is no global consensus on the best alternative for the provision of this service [3,38].

On the one hand, there are a group of authors [10,35] who argue that contracting out
can have certain advantages when providing the MSW service, including cost reductions,
since the private sector usually has lower production costs than the public sector [47],
presenting itself as an alternative that achieves high levels of efficiency [3,28]. However,
some authors argue that the efficiency gains from private contracting for the provision of
MSW may be offset by the high transaction costs of contracting [48].

However, when analyzing which forms of management have higher levels of efficiency,
a number of external factors need to be taken into account. In this regard, Casado-Aranda
et al. [49] argue that there are a number of exogenous factors (political, financial and socio-
demographic) that can influence the cost efficiency of MSW service provision. Related to
this, numerous studies show that contracting out does not necessarily lead to economies
of scale, especially in smaller municipalities [7,14,24]. This is because the size of the
municipality is related to the costs of providing this public service [15,24,28].

As can be seen, there is some controversy in the academic literature as to what is the
best form of management to obtain higher levels of efficiency in the provision of different
public services and, more specifically, the MSW service. In this context, the present paper
has two main objectives: firstly, finding out which form of management is more efficient
for the public waste service; and, secondly, to analyze how the different forms of service
management affect the size of the municipalities.

3. Data and Methodology
3.1. Data

The data used to test these situations came from the waste removal service in Spanish
municipalities. In Spain, the removal of waste is one the public services that local municipal-
ities are required to provide under Article 26 of the Spanish Law 7/1985 (Bases de Regimen
Local). This service tended to represent a large share of the budget of each municipality.
This study focused on the 2014–2016 period and analyzes data from 1583 municipalities for
waste removal services. Due to data limitations, this work focused on the municipalities
with between 1000 and 50,000 inhabitants (this restriction with respect to the population
size of the municipality arose from the non-availability of data for municipalities with fewer
than 1000 inhabitants, and from a parallel absence of data on the MSW service (outputs) for
municipalities with over 50,000 inhabitants [3]); the sample group represented 50% of all
municipalities of this population bracket that had a public waste service.

Spanish municipalities were a helpful case for the analyses, as they (a) were large
enough in number for panel data analyses, (b) offered objective data on service quality
(see below), and (c) offered variation in organizational forms (public, intermunicipal,
contracting-out, public-private partnership) for the same services across municipalities of
similar size.
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3.1.1. Dependent Variable

To measure the efficiency of the waste municipal service, this study was based, firstly,
on the effective cost of local services (CESEL) (the effective cost of these public services has
been defined in the Rationalization and Sustainability Law of the Local Administrations
(Law 27/2013, 27 December 2013)), which considers the real costs, direct and indirect, for
public services (this estimation was conducted in accordance with the criteria specified
by the Spanish Ministry of Taxes (Orden HAP/2075/2014, 6 November 2014)); and, sec-
ondly, on a service quality-adjusted performance measure. Service quality was measured
through the Survey of Equipment and Local Infrastructures, an official survey run by the
Spanish Ministry for Political, Territorial and Public Function. As described in Table 1,
this survey measures objective characteristics of service [50]. The waste collection quality
was measured by the availability and cleaning of containers, together with the collection
periodicity [50]. Indicators such as collection periodicity were plausibly observable to users,
and thus considered aspects of service quality on which users could hold service providers
accountable.

Table 1. Quality values of waste service.

Characteristics of Service Quality

1 (Availability and cleaning of containers) Inadequate
2 (Collection periodicity) Adequate

Source: EIEL.

3.1.2. Explanatory Variables

The main explanatory variables were the organizational forms used to provide public
services. As Table 2 shows, four different organizational forms could be distinguished:
(1) public service provision (services provided directly by the municipality); (2) public-
private partnership (PPP); (3) contracting out (GIC) (services provided directly by private
company); and (4) intermunicipal co-operation (IC) (public-to-public alliances in which
several municipalities create a new public entity to deliver the service).

Table 2. Effective cost of public services by organizational form.

Organizational Form Description

Public service provision

Direct expenditure was calculated for each service by
aggregating the amounts directly attributable to them
corresponding to personnel expenses, current expenses in goods
and services, amortization of investments, net interest payments
for financial leasing operations, expenses in current and capital
transfers, and other non-financial expenses related to the
provision of the service. Indirect costs: these were expenses
related to the general administration.

Indirect management, with the local authority and the
entrepreneur sharing the operating results in the proportion
established in the contract (PPP)

The effective cost was determined by the totality of spending by
the municipality to the contractor, including the contract price,
as well as, where appropriate, operating subsidies or coverage
of the price of the service.

Indirect management by concession, with the concessionaire
managing the service at its own risk (GIC)

Where the contractor’s remuneration was received directly by
the user (through fees), the effective cost was determined by the
income derived from the fees paid by them, and any service
price subsidies from the municipality.

Intermunicipal co-operation (IC) The same as public provision, but with the distribution of
expenses that corresponds to each of the municipalities.

Source: Own elaboration from Order HAP/2075/2014.
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3.2. Methodology

To assess the objective, the meta–frontier developed by Battese and Rao [19] and Bat-
tese et al. [20] was applied using the RStudio R 4.2.1. software. This allowed us to compare
the efficiency of municipalities providing public services under different organizational
forms. When the meta–frontier was applied, different frontiers were obtained for each
organizational form considered; in other words, local frontiers were obtained. In this way,
the efficiency of each municipality was estimated, and all the municipalities that have the
same organizational form—that is, that were under the same local frontier—were compared.
In addition, a homogeneous frontier was obtained that encompassed all municipalities
(meta–frontier) without considering the organizational forms and incorporated all local
frontiers [51]. Once the meta–frontier was computed, it became possible to obtain the
technology gap ratio (TGR), which was the lowest possible cost per municipality [19,20,52].
This was measured by the distance between the efficiency of the municipality and the local
frontier, and the latter with the meta–frontier.

There are different techniques to calculate non-parametric frontiers. This study was
based on the application of the free disposal hull data panel (FDHDP). This methodology
allowed us to estimate the partial frontiers by bootstrapping the values of the sample.
Thereafter, as suggested by Cazals et al. [53], an average value of all the estimations was
calculated. This methodological approach was chosen following recent studies analyzing
public service delivery [3,46]. One of the strengths of this methodological approach was
that it produced more robust frontiers than estimates based on data envelopment analysis
(DEA) [54] and allows the obtaining of long-term robust estimations. Thus, this approach
overcame certain limitations of the intertemporal models that did not allow comparison
of the same unit over a period of time [3,46]); it also allowed us to calculate the efficiency
values of a municipality by comparing it with real productive units and avoiding the
convexity condition of DEA, as well as envelope the data much more closely than DEA,
taking into account the panel nature of the data.

When introducing the concept of meta–frontier, local partial frontiers were made
with panel data (CE f ,t) for each of the organizational forms analyzed. Subsequently, a
joint estimate for all units was derived through an estimation called meta–frontier panel
data (CE f ,t). Thus, both frontiers were estimated by an analysis of the FDH data panel.
This output-oriented methodology was used as the study sought to understand which
management form was more efficient when the same input was given, and the outputs
changed by introducing quality measures. Thus, following the approach of Cordero
et al. [55], the efficiency coefficient will be obtained through the following equation:

θ̂FDH = max
{

λy ≤∑N
i=1 γiyi; x ≥∑N

i=1 γi = 1; γi ∈ {0, 1}; i = 1, . . . , n
}

(1)

where θ̂FDH = 1 means that the municipality is efficient and, if the value is smaller than 1,
the municipality is inefficient.

With the estimation of the local frontiers and the meta–frontier (see Appendix B) con-
ducted to estimate which organizational form was more efficient over time, the technology
gap ratio in the Long Term was applied (TGR f ,t); this ratio showed the distance of the local
frontier with respect to the meta–frontier [3,46,55]. This ratio was calculated as follows:

TGR f ,t =
CEt

CE f ,t (2)

Finally, to study the different levels of efficiency by organizational form, the Kruskal–
Wallis test, the Mann–Whitney U test and the Li test were applied. The Kruskal–Wallis
test determined whether there were differences in the efficiency values calculated for each
organizational form analyzed. This non-parametric test assumed the normality of the
analyzed variables and determined if two or more samples were independent; however, it
did not establish what differences exist between the samples. Therefore, the Mann–Whitney
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U test was applied, which tested the independence of two samples with the null hypothesis
that there are no differences. The Li test [56] was used to compare the distributions of
the different groups analyzed and measure the distance between two density functions
through their integrated mean square error [57].

Table 3 explains the variables used as inputs and outputs for waste service, while
Appendix A shows descriptive statistics for service. The main input at the service was the
effective cost of the local service, which was explained above. As outputs at the service
were, the tons of waste, the tons of waste adjusted for quality (based on quality, production
and the quality index published by the Survey of Local Infrastructure and Equipment
(EIEL)), the number of containers and the network size were used.

Table 3. Inputs and outputs.

Service Type Variable Definition Source

Waste management

Input Effective cost Effective cost of the local service
(ECLS)

Virtual Office of Local
Government Financial

Coordination of the Ministry of
Public Administration and

Treasury

Output

Tons of waste Annual production of waste, in
tons/year

Survey of Local Infrastructure and
Equipment (EIEL), from the

Ministry of Public
Administration’s website

Tons quality
Annual production of waste, in
tons/year, adjusted by the index

of service quality

Containers

Number of containers recorded
as installed on public roads in

the municipalities, for each type
of MSW collection

Network size Kilometers of distance by
municipality

Virtual Office of Local Government Financial Coordination and the Survey of Local Infrastructure and Equipment.

4. Implementation and Results

After applying the proposed FDH-DP methodology, we assessed whether there were
significant differences in average efficiency levels between different organizational forms
using the Kruskal-Wallis test. The null hypothesis was that the k samples or groups had
equal means. This test was applied to the TGR of the municipalities included in each
organizational form for the analyzed period (Table 4). Results displayed in Table 4 allow us
to reject the null hypothesis with a significance level of 99; thus, the cost-efficiency of each
of the organizational forms studied was significantly different from each other for waste
service.

Table 4. Kruskal–Wallis Test.

Service Waste Management

Quality No Yes
Chi-squared 925.12 1079.96

Freedom degrees 3 3
p-value 0.000 0.000

Secondly, the Mann–Whitney test and the Li test [56,58,59] were performed to assess
differences in efficiency levels between each organizational form and service of waste
management. The findings again show significant differences (Table 5).
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Table 5. Assessing differences in efficiency between different organizational forms (Mann–Whitney
test and Li test).

Null Hypothesis (H0) Waste
No Quality

Waste
Quality

Waste
No Quality

Waste
Quality

CEk
t (PPP) = CEk

t (GIC) H0 rejected *** H0 rejected *** H0 rejected *** H0 rejected ***
CEk

t (PPP) = CEk
t (IC) H0 rejected * H0 not rejected H0 rejected *** H0 rejected ***

CEk
t (PPP) = CEk

t (PSP) H0 rejected *** H0 rejected *** H0 rejected *** H0 rejected ***
CEk

t (GIC) = CEk
t (IC) H0 rejected *** H0 rejected *** H0 rejected *** H0 rejected ***

CEk
t (GIC) = CEk

t (PSP) H0 rejected *** H0 rejected *** H0 rejected *** H0 rejected ***
CEk

t (IC) = CEk
t (PSP) H0 rejected *** H0 rejected *** H0 v rejected *** H0 rejected ***

Level of significance: * 0.05, *** 0.001; CEk
t : local frontier; PSP: public service provision; IC: intermunicipal

co-operation; PPP: public-private partnership; GIC: contracting out; Mann-Whitney test estimated in SPSS 21; Li
Test estimated in R. (See Appendix C).

Thirdly, this study assessed which organizational forms deliver services most effi-
ciently, with and without accounting for service quality (see Table 6 and Figure A1, Ap-
pendix D). As shown in Table 6, higher values in the TGR indicate that the organizational
form was closer to the meta–frontier—and thus more efficient.

Table 6. TGRf,t for waste management (all differences between efficiency and quality-adjusted
efficiency are statistically significant across organizational forms (Appendix D)).

Organizational Form Without Quality * With Quality * Rate of Change

Public-private partnership 0.459 0.516 12.49%
Contracting out 0.662 0.763 15.30%
Intermunicipal

co-operation 0.487 0.539 10.54%

Public service provision 0.644 0.675 4.90%
* Significance levels in Table 5.

The results show that contracting out form is most efficient for waste service without
adjusting for quality (Average TGRWaste f,t of 0.662), while public-private partnership is least
efficient (Average TGRWaste f,t of 0.459). When accounting for service quality, contracting out
form remains the most efficient organizational form (Average TGRWaste f,t of 0.763), ahead of
other organizational forms such as public-private partnership (Average TGRWaste f,t of 0.516),
intermunicipal co-operation (Average TGRWaste f,t of 0.539) and public service provision
(Average TGRWaste f,t of 0.675). These results support the first objective of this study, showing
that contracting out form is more efficient than public-private partnership, when adjusting
for service quality. This is consistent with previous studies showing greater quality shading
in private provision—and thus a greater effect on quality-adjusted efficiency in private
provision [60–62]. Furthermore, the results show that contracting out is more efficient than
direct public provision. In Table 6, the results show that contracting out has a TGR of
0.763 in waste services, while direct provision has a value of 0.675; the differences are also
applicable to the rates of change. Finally, the results show that direct provision is more
efficient than public-private partnership; thus, it might be concluded that contracting out is
the best form of management in this public service.

Robustness Checks

To ensure that the results are not driven by municipalities of different sizes selecting
different organizational forms for service delivery, TGRs were estimated by population
size (small, medium and large), following the ranges of the Spanish Public Administration
regulation. Based on governed of Law 7/1985, Regulating the Bases of Local Regime (incor-
porated by Law 53/2003, on measures for the modernization of local government), there
are municipalities classified as “large population”, which are those with between 20,000
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and 50,000 inhabitants; “medium population”, with between 5000 and 20,000 inhabitants;
and “small population”, with between 1000 and 5000 inhabitants.

As illustrated in Tables 7 and 8, a similar pattern is observed across population
sizes, suggesting that the results do not simply mask differences in population across
municipalities.

Table 7. Results of TGRs by population size.

No Quality Quality

Population size 1000–5000 5000–20,000 20,000–50,000 1000–5000 5000–20,000 20,000–50,000

Public-private partnership 0.407 0.448 0.704 0.420 0.473 0.803
Contracting out 0.661 0.701 0.743 0.749 0.748 0.856

Intermunicipal co-operation 0.478 0.517 0.482 0.558 0.539 0.533
Public service provision 0.606 0.633 0.709 0.609 0.670 0.802

Table 8. Rates of change by population size.

Population Size 1000–5000 5000–20,000 20,000–50,000

Public-private partnership 3.06% 5.65% 14.10%
Indirect management by concession 13.35% 6.78% 15.22%

Intermunicipal co-operation 16.72% 4.24% 10.61%
Public service provision 0.47% 5.94% 13.09%

With the results obtained in Tables 7 and 8, it is possible to analyze the second objective
of this study. On one hand, contracting out is the best form of management in all munici-
palities regardless of their size. This result contrasts with the findings of authors such as
Bel et al. [28], who highlighted the influence of the size of the municipalities. However,
intermunicipal co-operation is more efficient for small municipalities but not for the rest of
the population size. On the other hand, in the larger and smaller municipalities, public-
private partnership is slightly more efficient than direct provision; these results contrast
with the findings suggested by authors such as Petkovšek et al. [10] and González-Gómet
et al. [30]. One possible explanation for this result is that, in large municipalities, the private
contractor that offers the service can generate economies of scale in their provision (See
Appendix E).

5. Conclusions

Our findings suggest that the accountability problems that have so far plagued gov-
ernments in their attempts to involve private contractors in the provision of public services
may be remedied when the contracting out form is introduced. First of all, our results con-
firm previous findings that the market and managerial accountability mechanisms present
under the traditional form of contracting out, where the service is funded through taxation,
are not sufficient to ensure superior performance. The findings show that public-private
partnership contracting is less efficient on waste removal services when accounting for
quality. However, the promised benefits of contracting out are realized when contractors
are made responsive to service quality through concessions. The use of long-term efficiency
evaluation methodologies thereby “allows us to contrast which forms of management are
more efficient in a long period, which provides a more robust evaluation than analyzed
through cross-section” [46].

By comparing efficiency in different organizational forms, our study contributes to
the literature by addressing important questions related to the best managed local public
services and, more specifically, the MSW service. Our study moves beyond the public-
private dichotomy as, by introducing a quality-adjusted measure of efficiency, it is possible
to assess an overview of the evaluation of the efficiency of services and actively contribute
to recent debates on the relationship between quality and outsourcing [60,63–69]; we
concluded that outsourcing can remedy some of the quality failures.
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This paper adds new insights to the previous literature; however, there are certain
issues that have not yet been addressed and which are of great interest. In this sense,
although there is a vast literature about the relationship between forms of management and
efficiency, these studies tend to focus on the analysis of a specific service. Therefore, as a
future line of research, it would be interesting to compare more than one service under the
same criteria to see the effects that a specific form of management have on several services.
Another potential line of research would be to examine the effect of forms of management
on the efficiency of local public services using other methods than those used so far, such
as spatial econometric models. In addition, extending the sample to municipalities with a
larger number of inhabitants can provide relevant insights to contribute to the previous
literature within this field of knowledge.
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Appendix A

Descriptive statistics.

Table A1. Average descriptive statistics of the cost and outputs of the management forms of the
waste services for the period 2014–2016.

N Obs Cost/Outputs Average Median Min Max Std. Desv.

Public-private
partnership

(PPP)

60

180 Effective cost 305,893.30 117,646.80 25,000 1,396,138.5 408,436.4

Tons of waste 3201.15 1282 220 14,047 4200.45

Tons quality 6270.70 2404.38 315 28,094 8463.96

Containers 240.83 192 30 916.22 209.27

Red size 1242.30 493.56 20 9722.48 2196.61

Contracting out

584

1752 Effective cost 324,270.04 116,456.90 11,054.1 1,474,650.8 418,379.3

Tons of waste 3534.19 1584.29 202.48 18,476 4350.69

Tons quality 6643.28 2956.02 298 36,952 8406.16

Containers 260.96 208.17 24 957 227.86

Red size 1805.48 493.56 15 19,725.05 3561.86

Intermunicipal
co-operation

226

678 Effective cost 132,882.16 100,618.55 11,900.1 1,330,018 197,668.8

Tons of waste 1755.17 1100 160 15,998 2611.57

Tons quality 3376.74 2027.80 202.48 31,996 5199.67

Containers 176.81 168 21 962 146.83

Red size 2192.18 2058.55 15 19,725.05 2848.89
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Table A1. Cont.

N Obs Cost/Outputs Average Median Min Max Std. Desv.

Public service
provision

693

2079 Effective cost 207,950.94 117,116.90 11,210.1 1,414,097.7 283,107.7

Tons of waste 2330.36 1298.10 220 18,887.50 2833.80

Tons quality 4331.89 2338.25 231 37,775 5424.74

Containers 225.46 208.17 26 952 174.92

Red size 160.47 141.23 14.70 8500 418.98

Source: The authors; N: Number of municipalities. Obs: Number of observations in the period 2014–2016.

Appendix B

Proposed methodology.
Following the proposal of Daraio y Simar [70] to obtain the estimation of the frontiers,

these steps was followed:

1. For a determined level of
∼
y

o
, a random sub-sample with size m is created, with

replacements among the ykm that meet the condition ykm ≥
∼
y

o
.

2. The efficiency coefficient
∼
θ

m
was estimated from a random sub-sample and the reso-

lution of non-convexe algorithms of FDHDP programming.
3. Thirdly, we repeated the first two steps a total of B times, so that an efficiency co-

efficient FDHDP could be estimated on each round; end of the process, a total of B

efficiency coefficients
∼
θ

m,b
(b = 1; 2; . . . ; B) were obtained.

4. Finally, the average of the B estimated efficiency coefficients was calculated:

θm =
1
B

B

∑
b=1

∼
θ

m,b
(A1)

In addition,
∼
θ

m,b
depends on the value of m; thus more m observations were considered

in the estimation and more units fulfilled the condition ykm ≥
∼
y

o
. To obtain the different

local frontiers and the meta–frontier, it was necessary to calculate an adequate m, which
represented the number of units to which each efficiency value was to be compared.

Appendix C

Table A2. Li Test to assess whether quality adjustments lead to statistically significantly different
efficiency estimates.

Null Hypothesis (H0) Li TEST

CEk
t (PPPwq) = CEk

t (PPPnq) H0 rejected ***
CEk

t (GICwq) = CEk
t (GICnq) H0 rejected ***

CEk
t (ICwq) = CEk

t (ICnq) H0 rejected ***
CEk

t (PSPwq) = CEk
t (PSPnq) H0 rejected ***

Source: The authors; level of significance: *** 0.001; CEk
t : local frontier; PSPwq: public service provision with

quality; PSPnq: public service provision without quality; ICwq: intermunicipal co-operation with quality; ICnq:
intermunicipal co-operation without quality; PPPwq: public-private partnership with quality; PPPnq: public-
private partnership without quality; GICwq: contracting out with quality; GICnq: contracting out without quality;
results of Li Test obtained through R-project.



Sustainability 2023, 15, 6198 11 of 14

Appendix D

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 14 
 

Appendix D 

 

Figure A1. Evolution of TGRs for waste services. 

Appendix E 

Table A3. Summary with the result of this study and previous studies. 

Public Service 
Provision 

Public-Private 
Partnership Contracting Out Intermunicipal Co-

operation 
No Difference 
Significative 

[29] 
[32] 
[13] 

[38] 
[28] 
[9] 

[68] 

[5] 
[33] 

 

[24] 
[15] 
[25] 

[46] 
[4] 

References 
1. Benito, B.; Faura, Ú.; Guillamón, M.D.; Ríos, A.M. Empirical Evidence for Efficiency in Provision of Drinking Water. J. Water 

Resour. Plan. Manag. 2019, 145, 06019002. 
2. Lindgren, I.; Madsen, C.Ø.; Hofmann, S.; Melin, U. Close Encounters of the Digital Kind: A Research Agenda for the 

Digitalization of Public Services. Gov. Inf. Q. 2019, 36, 427–436. 
3. Pérez-López, G.; Prior, D.; Zafra-Gómez, J.L.; Plata-Díaz, A.M. Cost Efficiency in Municipal Solid Waste Service Delivery. 

Alternative Management Forms in Relation to Local Population Size. Eur. J. Oper. Res. 2016, 255, 583–592. 
4. Bel, G.; Fageda, X.; Warner, M.E. Is Private Production of Public Services Cheaper than Public Production? A Meta-Regression 

Analysis of Solid Waste and Water Services. J. Policy Anal. Manag. 2010, 29, 553–577. 
5. Simões, P.; Cruz, N.F.; Marques, R.C. The Performance of Private Partners in the Waste Sector. J. Clean. Prod. 2012, 29–30, 214–

221. 
6. Wirtz, B.W.; Weyerer, J.C.; Kohler, J. Public Business Model Management: A Literature Review-Based Integrated Framework. 

Int. J. Public Sect. Perform. Manag. 2023, 11, 1. 

Figure A1. Evolution of TGRs for waste services.

Appendix E

Table A3. Summary with the result of this study and previous studies.

Public Service
Provision

Public-Private
Partnership Contracting Out Intermunicipal

Co-operation
No Difference
Significative

[29]
[32]
[13]

[38]
[28]
[9]

[68]

[5]
[33]

[24]
[15]
[25]

[46]
[4]

References
1. Benito, B.; Faura, Ú.; Guillamón, M.D.; Ríos, A.M. Empirical Evidence for Efficiency in Provision of Drinking Water. J. Water

Resour. Plan. Manag. 2019, 145, 06019002. [CrossRef]
2. Lindgren, I.; Madsen, C.Ø.; Hofmann, S.; Melin, U. Close Encounters of the Digital Kind: A Research Agenda for the Digitalization

of Public Services. Gov. Inf. Q. 2019, 36, 427–436. [CrossRef]
3. Pérez-López, G.; Prior, D.; Zafra-Gómez, J.L.; Plata-Díaz, A.M. Cost Efficiency in Municipal Solid Waste Service Delivery.

Alternative Management Forms in Relation to Local Population Size. Eur. J. Oper. Res. 2016, 255, 583–592. [CrossRef]
4. Bel, G.; Fageda, X.; Warner, M.E. Is Private Production of Public Services Cheaper than Public Production? A Meta-Regression

Analysis of Solid Waste and Water Services. J. Policy Anal. Manag. 2010, 29, 553–577. [CrossRef]
5. Simões, P.; Cruz, N.F.; Marques, R.C. The Performance of Private Partners in the Waste Sector. J. Clean. Prod. 2012, 29–30, 214–221.

[CrossRef]
6. Wirtz, B.W.; Weyerer, J.C.; Kohler, J. Public Business Model Management: A Literature Review-Based Integrated Framework. Int.

J. Public Sect. Perform. Manag. 2023, 11, 1. [CrossRef]
7. Bel, G.; Esteve, M.; Garrido, J.C.; Zafra-Gómez, J.L. The Costs of Corporatization: Analyzing the Effects of Forms of Governance.

Public Adm. 2021, 100, 232–249. [CrossRef]

http://doi.org/10.1061/(ASCE)WR.1943-5452.0001049
http://doi.org/10.1016/j.giq.2019.03.002
http://doi.org/10.1016/j.ejor.2016.05.034
http://doi.org/10.1002/pam.20509
http://doi.org/10.1016/j.jclepro.2012.01.027
http://doi.org/10.1504/IJPSPM.2023.128533
http://doi.org/10.1111/padm.12713


Sustainability 2023, 15, 6198 12 of 14

8. Rahman Al Zadjali, S.A.; Dan Jantan, M. A Review of Privatization of Waste Management Service in Oman. Inter. J. Scien. Manag.
Res. 2022, 5, 61–78. [CrossRef]

9. Mohr, R.; Deller, S.C.; Halstead, J.M. Alternative Methods of Service Delivery in Small and Rural Municipalities. Public Adm. Rev.
2010, 70, 894–905. [CrossRef]

10. Petkovšek, V.; Hrovatin, N.; Pevcin, P. Local Public Services Delivery Mechanisms: A Literature Review. Lex Localis J. Local
Self-Gov. 2021, 19, 39–64. [CrossRef]

11. Chung, Y.-S.; Chiou, Y.-C. On the Efficiency of Subsidized Bus Services in Rural Areas: A Stochastic Metafrontier Approach. Res.
Transp. Bus. Manag. 2023, 46, 100811. [CrossRef]

12. Daraio, C.; Diana, M.; Di Costa, F.; Leporelli, C.; Matteucci, G.; Nastasi, A. Efficiency and Effectiveness in the Urban Public
Transport Sector: A Critical Review with Directions for Future Research. Eur. J. Oper. Res. 2016, 248, 1–20. [CrossRef]

13. Benito, B.; Guillamón, M.-D.; Martínez-Córdoba, P.-J.; Ríos, A.-M. Influence of Selected Aspects of Local Governance on the
Efficiency of Waste Collection and Street Cleaning Services. Waste Manag. 2021, 126, 800–809. [CrossRef]

14. Pérez-López, G.; Prior, D.; Zafra-Gómez, J.L. Modelling Environmental Constraints on the Efficiency of Management Forms for
Public Service Delivery. Waste Manag. 2021, 126, 443–453. [CrossRef]

15. Zafra-Gómez, J.L.; Plata-Díaz, A.M.; Pérez-López, G.; López-Hernández, A.M. Privatisation of Waste Collection Services in
Response to Fiscal Stress in Times of Crisis. Urban Stud. 2015, 53, 2134–2153. [CrossRef]

16. Kurniawan, T.A.; Liang, X.; O’Callaghan, E.; Goh, H.; Othman, M.H.; Avtar, R.; Kusworo, T.D. Transformation of Solid Waste
Management in China: Moving towards Sustainability through Digitalization-Based Circular Economy. Sustainability 2022, 14,
2374. [CrossRef]

17. Beylot, A.; Hochar, A.; Michel, P.; Descat, M.; Ménard, Y.; Villeneuve, J. Municipal Solid Waste Incineration in France: An
Overview of Air Pollution Control Techniques, Emissions, and Energy Efficiency. J. Ind. Ecol. 2018, 22, 1016–1026. [CrossRef]

18. Yang, Z.; Zhou, X.; Xu, L. Eco-Efficiency Optimization for Municipal Solid Waste Management. J. Clean. Prod. 2015, 104, 242–249.
[CrossRef]

19. Battese, G.E.; Rao, D. Technology gap, efficiency, and a stochastic metafrontier function. Int. J. Bus. Econ. 2002, 1, 87–93.
20. Battese, G.E.; Rao, D.S.; O’Donnell, C.J. A Metafrontier Production Function for Estimation of Technical Efficiencies and

Technology Gaps for Firms Operating under Different Technologies. J. Product. Anal. 2004, 21, 91–103. [CrossRef]
21. Moradi-Motlagh, A.; Emrouznejad, A. The Origins and Development of Statistical Approaches in Non-Parametric Frontier

Models: A Survey of the First Two Decades of Scholarly Literature (1998–2020). Ann. Oper. Res. 2022, 318, 713–741. [CrossRef]
22. Cetrulo, T.B.; Marques, R.C.; Malheiros, T.F. An Analytical Review of the Efficiency of Water and Sanitation Utilities in Developing

Countries. Water Res. 2019, 161, 372–380. [CrossRef] [PubMed]
23. Balaguer-Coll, M.T.; Brun-Martos, M.I. El Efecto Del Gasto Público Sobre Las Posibilidades De Reelección De Los Gobiernos

Locales. Rev. De Contab. 2013, 16, 74–80. [CrossRef]
24. Zafra-Gómez, J.L.; Prior, D.; Plata-Díaz, A.M.; López-Hernández, A.M. Reducing costs in times of crisis: Delivery forms in small

and medium sized local governments’ waste management services. Public Adm. 2013, 91, 51–68. [CrossRef]
25. Bel, G.; Fageda, X.; Mur, M. Does Cooperation Reduce Service Delivery Costs? Evidence from Residential Solid Waste Services. J.

Public Adm. Res. Theory 2012, 24, 85–107. [CrossRef]
26. Ferro, G.; Lentini, E.J.; Mercadier, A.C.; Romero, C.A. Efficiency in Brazil’s Water and Sanitation Sector and Its Relationship with

Regional Provision, Property and the Independence of Operators. Util. Policy 2014, 28, 42–51. [CrossRef]
27. Albalate, D.; Bel, G.; Gradus, R.; Reeves, E. Re-Municipalization of Local Public Services: Incidence, Causes and Prospects. Int.

Rev. Adm. Sci. 2021, 87, 419–424. [CrossRef]
28. Bel, G.; Fageda, X. Reforming the Local Public Sector: Economics and Politics in Privatization of Water and Solid Waste. J. Econ.

Policy Reform 2008, 11, 45–65. [CrossRef]
29. Karel, T.A. Privatization: The Key to Better Government. Gov. Info. Q. 1988, 5, 400–401. [CrossRef]
30. González-Gómez, F.; García-Rubio, M.A.; González-Martínez, J. Beyond the Public–Private Controversy in Urban Water Manage-

ment in Spain. Util. Policy 2014, 31, 1–9. [CrossRef]
31. Soukopová, J.; Klimovský, D. Local Governments and Local Waste Management in the Czech Republic: Producers or Providers?

NISPAcee J. Public Adm. Policy 2016, 9, 217–237. [CrossRef]
32. Ohlsson, H. Ownership and Production Costs: Choosing between Public Production and Contracting-out in the Case of Swedish

Refuse Collection. Fisc. Stud. 2005, 24, 451–476. [CrossRef]
33. Carboni, J.L. Ex Post Contract Market Structure: Implications for Performance over Time. Am. Rev. Public Adm. 2015, 47, 588–598.

[CrossRef]
34. López-Hernández, A.M.; Zafra-Gómez, J.L.; Plata-Díaz, A.M.; de la Higuera-Molina, E.J. Modeling Fiscal Stress and Contracting

out in Local Government: The Influence of Time, Financial Condition, and the Great Recession. Am. Rev. Public Adm. 2017, 48,
565–583. [CrossRef]

35. Brogaard, L.; Helby Petersen, O. Privatization of Public Services: A Systematic Review of Quality Differences between Public and
Private Daycare Providers. Int. J. Public Adm. 2021, 45, 794–806. [CrossRef]

36. Abioye, O. A Literature Review of Privatization Models, Theoretical Framework for Nigerian Railway Corporation Privatization.
Int. J. Econ. Financ. 2022, 14, 36. [CrossRef]

http://doi.org/10.37502/IJSMR.2022.5706
http://doi.org/10.1111/j.1540-6210.2010.02221.x
http://doi.org/10.4335/19.1.39-64(2021)
http://doi.org/10.1016/j.rtbm.2022.100811
http://doi.org/10.1016/j.ejor.2015.05.059
http://doi.org/10.1016/j.wasman.2021.04.019
http://doi.org/10.1016/j.wasman.2021.03.007
http://doi.org/10.1177/0042098015586697
http://doi.org/10.3390/su14042374
http://doi.org/10.1111/jiec.12701
http://doi.org/10.1016/j.jclepro.2014.09.091
http://doi.org/10.1023/B:PROD.0000012454.06094.29
http://doi.org/10.1007/s10479-022-04659-7
http://doi.org/10.1016/j.watres.2019.05.044
http://www.ncbi.nlm.nih.gov/pubmed/31220763
http://doi.org/10.1016/S1138-4891(13)70008-6
http://doi.org/10.1111/j.1467-9299.2011.02012.x
http://doi.org/10.1093/jopart/mus059
http://doi.org/10.1016/j.jup.2013.12.001
http://doi.org/10.1177/00208523211006455
http://doi.org/10.1080/17487870802134884
http://doi.org/10.1016/0740-624X(88)90035-4
http://doi.org/10.1016/j.jup.2014.07.004
http://doi.org/10.1515/nispa-2016-0021
http://doi.org/10.1111/j.1475-5890.2003.tb00091.x
http://doi.org/10.1177/0275074015608753
http://doi.org/10.1177/0275074017699276
http://doi.org/10.1080/01900692.2021.1909619
http://doi.org/10.5539/ijef.v14n8p36


Sustainability 2023, 15, 6198 13 of 14

37. Clifton, J.; Warner, M.E.; Gradus, R.; Bel, G. Re-Municipalization of Public Services: Trend or Hype? J. Econ. Policy Reform 2019, 24,
293–304. [CrossRef]

38. De la Higuera-Molina, E.J.; Esteve, M.; Plata-Díaz, A.M.; Zafra-Gómez, J.L. The political hourglass: Opportunistic behavior in
local government policy decisions. Int. Public Manag. J. 2022, 25, 767–784. [CrossRef]
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