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Abstract 23 

In recent years, concerns about the increasing generation of municipal solid waste, together 24 

with related health and environmental issues and regulatory changes, have motivated 25 

significant alterations in the provision of waste management services, such as the introduction 26 

of selective collection (by type of waste). However, these changes may impact on service costs 27 

and/or efficiency. The present study was undertaken to analyse the efficiency of the waste 28 

management service in Spain, using data from 283 municipalities for the period 2005-2015. 29 

The analysis consists of two phases: first, the application of panel data order-m frontiers, that 30 

allows to obtain a homogeneous estimation of efficiency based on the input-output relationship 31 

at the production process (Surroca et al., 2016), and second, the use of bootstrapped truncated 32 

regression, considering different municipal sizes. The results obtained show that cost efficiency 33 

is increased with selective collection and by certain political and socio-economic factors of the 34 

local governments, concretely with the government by a progressive party, coalition 35 

governments, a greater financial independence, a greater tourist and industrial activity and a 36 

greater proportion of women and of foreign-born residents in the municipality. We also show 37 

that municipal direct provision is the least efficient management form for this service. The main 38 
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contribution made by this study is to examine the influence of different elements of service 1 

output (i.e., selection by type of waste vs. non-selection) on cost efficiency. 2 

 3 

Keywords: Cost efficiency, Types of waste, Waste management service, Environment. 4 

  5 
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THE SELECTIVE COLLECTION OF MUNICIPAL SOLID WASTE AND OTHER 1 

FACTORS DETERMINING COST EFFICIENCY. AN ANALYSIS OF SERVICE 2 

PROVISION BY SPANISH MUNICIPALITIES. 3 

1. Introduction 4 

In recent years, public administrations have significantly revised their environmental 5 

policies, in response to a worrying increase in the generation of municipal solid waste (Guerrini 6 

et al., 2017). The growing amount of waste disposed in landfills is a great concern for public 7 

policy makers, and recycling is considered the way to solve this problem (Kinnaman, 2006). 8 

So, the control of municipal waste management services plays an important role in public 9 

health and environmental protection (Abarca-Guerrero et al., 2013; Romano and Molinos-10 

Senante, 2020). In this context, New EU guidelines to encourage recycling have obliged 11 

municipalities to make changes (Ferreira et al., 2017), such as the selective collection of 12 

municipal solid waste (Callan and Thomas, 2001). Separating waste at the source is considered 13 

key by authors such as Lavee (2000) to increase recycling. However, this process is usually 14 

related to higher costs, due to the need of infrastructure adjustments, a greater number of 15 

workers or collecting vehicles, among others (Lavee and Nardiya, 2013; Carvalho and 16 

Marques, 2014).  17 

So, the analysis of waste management costs and cost efficiency and its determinants is 18 

essential in this context and research studies have addressed this question (Bel and Fageda, 19 

2010; Benito-López et al., 2011; Simões and Marques, 2012). Moreover, the type of 20 

management structure adopted can play a decisive role, and forms such as direct management 21 

and privatisation have received considerable research attention (Simões and Marques, 2012). 22 

However, other aspects have received little attention. When recycling, the selective 23 

waste collection can be implemented in different ways (Expósito and Velasco, 2018), so this 24 
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factor must be considered also as an explanatory variable of the cost efficiency of waste 1 

management service. Nevertheless, to our knowledge, previous studies in this field have only 2 

addressed it in terms of the new costs generated, setting aside the question of cost efficiency 3 

(Greco et al., 2015; Chifari et al., 2017; Fernández-Aracil et al., 2018). 4 

Another factor that has barely been considered in this analysis is that men and women 5 

differ in their attitudes towards recycling (Ekere et al., 2009; Sidique et al., 2010). These 6 

differences might impact on the cost efficiency obtained by the service, affecting both the 7 

amount of selective waste collected and the approach taken to service management. The 8 

presence of women in municipal government may enhance councils' economic results 9 

(Hernández-Nicolás et al., 2018). This finding is also an interesting contribution to the debate 10 

on the importance of gender in public management. 11 

In view of the above considerations, our paper investigates the cost efficiency obtained 12 

by waste management services, distinguishing by type of waste collected (non-selective, paper, 13 

glass, plastic, organic and batteries) and by municipal size. This approach expands the scope 14 

adopted in previous studies, in which cost efficiency was calculated by reference to a single 15 

output. In addition, we analyse the effects produced on cost efficiency by different forms of 16 

service management, by the selective approach to waste collection and by other political and 17 

socioeconomic variables (Zafra-Gómez et al., 2016; Halkos and Petrou, 2019; Romano and 18 

Molinos-Senante, 2020). Finally, we examine the influence of gender on the cost efficiency 19 

obtained. Morover, the study of the factors conditioning the cost efficiency of waste 20 

management services is made considering three types of municipalities according with their 21 

municipal size (number of inhabitants) with the aim of analysing whether there are differences 22 

in the conditioning factors for each type of municipality. 23 
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To address these study goals, cost efficiency was calculated using order-m frontiers 1 

with panel data, as developed by Garrido-Rodríguez et al. (2018). These efficiency scores were 2 

then analysed by bootstrapped truncated regression, following Simar and Wilson (2007), thus 3 

highlighting the most important factors in this regard. Specifically, a two-stage analysis was 4 

made of a sample of 283 Spanish municipalities, for the period 2005 to 2015. 5 

Our findings suggested that municipalities that collect selectively are more cost 6 

efficient, providing this question with a new perspective to the study of this service. Also, the 7 

results obtained revealed how external factors -political, financial and sociodemographic- may 8 

influence the cost efficiency of the waste management service and that municipal direct 9 

provision is the least efficient management form for this service.  10 

The rest of this paper is structured as follows: in the following section, we review the 11 

literature in this field. The study method is detailed in Section 3, after which the study data and 12 

variables considered are presented. Finally, we discuss the results obtained and summarise the 13 

main conclusions drawn. 14 

2. Literature review 15 

The increasing generation of municipal solid waste, spurred by greater urbanisation and 16 

increased population density in the regions (Demirbas, 2011), together with growing 17 

environmental concerns, have brought about a new scenario for the management of urban solid 18 

waste (Karak et al., 2012; Das et al., 2019), in which the greater complexity involved in service 19 

provision has provoked significant cost increases (Huang et al., 2011; Caldas et al., 2019). 20 

In Europe, the need to manage waste in a sustainable way was addressed in Directive 21 

2008/98/EC (European Union, 2008). This priority was later incorporated into the European 22 

2020 Horizon Strategy, which stipulated that levels of waste recycling should be significantly 23 
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increased (Expósito and Velasco, 2018). However, this goal represents a major challenge for 1 

policymakers, as recycling is usually associated with higher service costs (Lavee and Khatib, 2 

2010). The subsequent amending Directive (EU) 2018/851 (European Union, 2018) stipulated 3 

that waste management in the European Union should be improved, via sustainable 4 

management. Accordingly, the quest for greater cost efficiency has become an essential 5 

element in municipal planning considerations (Guerrini et al., 2017). In this respect, Lavee 6 

(2007) and Carvalho and Marques (2014) have reported that the introduction of recycling has 7 

actually improved efficiency in some Portuguese municipalities, by generating economies of 8 

size and density. However, some municipalities prefer continuing providing the service without 9 

recycling despite the better cost efficiency (Lavee and Reger, 2010), which poses a serious 10 

problem. 11 

A fundamental pillar of sustainability via recycling is the selective collection of waste 12 

for this purpose (Agovino et al., 2016). To do so, differentiating between organic matter, 13 

paper/cardboard, glass, plastic, batteries, etc., specific measures must be taken, such as 14 

increasing the number of routes, vehicles, containers, workers and even fuel (Teixeira et al., 15 

2014). These factors underlie the cost increases often observed with the selective collection of 16 

urban solid waste. Their influence in this respect has been studied by Chifari et al. (2017), by 17 

Fernández-Aracil et al. (2018), who evidenced the cost increases produced, and by Greco et al. 18 

(2015), who showed that the proportion of waste that is recycled is positively related to the 19 

costs of collecting paper, cardboard and organic matter, in particular. The latter finding 20 

highlights the importance of focusing research more specifically on the selective collection of 21 

certain types of waste. 22 

D’Onza et al. (2016) also reported that waste collection service costs increased when 23 

selective methods were adopted. However, when the proportion of selective waste in the total 24 
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waste collected increased, better use was made of collection resources. This improvement in 1 

collection capacity, in turn, could enhance cost efficiency by generating economies of scale for 2 

each type of waste. In another study of waste service costs, Callan and Thomas (2001) 3 

demonstrated the existence of product-specific economies of scale in the provision of recycling 4 

services in Massachusetts (USA), together with economies of scope. This finding suggests that 5 

such economies may also be obtained in municipal waste services, by differentiating the 6 

materials collected. 7 

The selective collection of waste has been considered in various studies seeking to 8 

characterise the cost of municipal solid waste management services. However, to our 9 

knowledge, none have analysed the impact of selective collection on service costs and 10 

efficiency, or taken into account that these aspects might be improved by the consequent 11 

generation of economies of scale. For this reason, our study includes a variable that 12 

differentiates between municipalities that separate types of waste (the complete cycle of paper, 13 

glass and plastic) and those which do not. 14 

Cost efficiency may also be influenced by how policymakers decide the service should 15 

be provided. Many local authorities have opted for privatisation (Jacobsen et al., 2013; Máñez 16 

et al., 2016), expecting this to enhance efficiency by incorporating the expertise and innovation 17 

assumed to be typical of the private sector (Carrozza, 2010). Moreover, costs might be reduced 18 

and efficiency enhanced if the service provider operates in more than one municipality, thereby 19 

generating economies of scale (Bel and Fageda, 2008; Pérez-López et al., 2016). 20 

On the other hand, numerous empirical studies have failed to observe such cost and 21 

efficiency differences between the private and public provision of waste management services 22 

(Dijkgraaff and Gradus, 2003; Bel and Mur, 2009; Bel and Fageda, 2010; Campos-Alba et al., 23 

2019). Indeed, some have reported that the introduction of private management actually 24 
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increases service costs (Ohlsson, 2003; Zafra-Gómez et al., 2013). In contrast, other research 1 

findings suggest that privatisation does improve cost efficiency (Simões et al., 2012; Carvalho 2 

and Marques, 2014). 3 

In addition to privatisation, other forms of service management are increasingly being 4 

adopted. One such is inter-municipal cooperation, which might enhance cost efficiency via the 5 

joint provision of services, taking advantage of latent economies of scale (Blaeschke and Haug, 6 

2018). However, in order to improve efficiency by this means, the optimal size for this purpose 7 

must be identified and achieved, which may be more easily said than done (Abrate et al., 2012). 8 

In this respect, Carvalho et al. (2015) observed that a higher volume of waste collection does 9 

not necessarily mean that improvements will be obtained, despite possible economies of size 10 

and of output density. Another novel approach to the management of local public services is 11 

that of public-private collaboration, which is presumed to incorporate advantages traditionally 12 

assigned to the private sector, such as greater efficiency (Andrews and Entwistle, 2015), while 13 

maintaining the necessary degree of public control over service provision (Leviakangas et al., 14 

2016). 15 

The relationship between political variables and efficiency in public service 16 

management has been widely addressed in the literature, especially as regards variables related 17 

to political ideology (Hagen and Vabo, 2005; García-Sánchez, 2008; Benito-López et al. 2011, 18 

Benito et al., 2014) and political strength (Bel and Fageda, 2007). Although in the first case 19 

research findings have been mixed, studies conducted in Belgium and Spain have reported 20 

greater efficiency in public service management when a progressive party is a coalition partner 21 

in local government (De Borger and Kerstens, 1996; Benito et al., 2014). 22 

Various studies have found that the decision taken regarding public service provision 23 

may vary according to the gender of the municipal leader (Fox and Schuhmann, 1999; 24 
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Hamidullah et al., 2015; De la Higuera-Molina et al., 2020). Therefore, it may be useful to 1 

examine whether and how the mayor's gender affects cost efficiency in the context addressed 2 

in this paper. In this respect, Funk and Philips (2019) recorded significant differences between 3 

male and female mayors in how government expenditure was allocated. Moreover, Hernández-4 

Nicolás et al. (2018) argued that women tend to have more compassionate attitudes, while 5 

Wittenberg-Cox (2010) concluded that female leaders were more concerned than their male 6 

counterparts for people’s welfare, and Little et al. (2001) reached similar conclusions with 7 

respect to the adoption of measures for environmental protection. Accordingly, we would 8 

expect the presence of a female leader of the municipal corporation to be associated with 9 

greater efficiency in the waste management service, as this area has a direct impact on citizens’ 10 

quality of life. 11 

Studies of efficiency in this field have also considered the status of municipal finances, 12 

via instruments such as the index of financial independence. Reduced external funding can lead 13 

public managers to adopt policies aimed at reducing costs (Plata-Díaz et al., 2014; López-14 

Hernández et al., 2018). In this respect, Silkman and Young (1982), De Groot and Van der 15 

Sluis (1987) and De Borger and Kerstens (1996) have suggested there is an inverse relation 16 

between technical inefficiency and grant-sourced budget funding. 17 

Finally, a municipality's socioeconomic and demographic characteristics may influence 18 

the cost efficiency of its waste management service (Bello and Szymanski, 1996, García-19 

Sánchez, 2008; Rogge and De Jaeger, 2013). For example, municipalities dependent on income 20 

from tourism will seek to present a good image of the municipality, by policies such as keeping 21 

the streets clean and avoiding inefficiencies (Guerrini et al., 2017); for industrial waste 22 

collection, efficient use should be made of municipal infrastructure, taking into account that 23 

this waste is normally of higher density and mass than household refuse (García-Sánchez, 24 
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2008); higher local unemployment may reduce cost efficiency (the “cost effect”) or reduce the 1 

demand for high-quality service (the “preference effect”); the presence of a higher proportion 2 

of foreign-born population is associated with a lower cost efficiency (Nabrón-Perpiñá and De 3 

Witte, 2018) because this population group is, a priori, less interested in politics (Bruns & 4 

Himmler, 2011) or cannot vote (Bosch-Roca et al., 2012); the impact of a majority-female 5 

population may also affect cost efficiency, as women tend to be more concerned about the 6 

environment and are more willing to take action in this respect (Brough el al., 2016); moreover, 7 

men are reported to litter more than women (Kallgren et al., 2000) and to recycle less (Zelezny 8 

et al., 2000). 9 

3. Study method 10 

This study consists of a two-stage analysis of waste management service cost 11 

efficiency. In the first stage, we estimate the cost efficiency of the service. The term efficiency 12 

refers to the optimal relationship between production inputs and outputs of the transformation 13 

process (Andrews and Entwistle, 2013). To analyse it, the literature has traditionally employed 14 

two main methods: parametric or nonparametric techniques (Narbón-Perpiñá and De Witte, 15 

2018a). The main difference between both approaches is that parametric techniques specify a 16 

function for the production frontier (Prior et al., 1993). The greater flexibility and the less 17 

restrictive assumptions of nonparametric methods, among other advantages, have provoked a 18 

higher use of it (Daouia and Simar, 2007; Narbón-Perpiñá et al., 2019).  In view of this, the 19 

present analysis applies this nonparametric technique. Furthermore, an input orientation was 20 

selected, soefficiency will be achieved when the level of inputs is minimal for a given level of 21 

outputs (Karlaftis and Tsamboulas, 2012). This orientation has been chosen due to the level of 22 

outputs in public services are stablished externally (Balaguer-Coll and Prior, 2009). 23 
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Specifically, to estimate the cost efficiency we apply the procedure described by 1 

Garrido-Rodríguez et al. (2018), by which the estimation of partial order-m frontiers (Cazals 2 

et al., 2002) is extended to the calculation of panel data cost efficiency, as proposed by Surroca 3 

et al. (2016). There are several advantages of partial order-m frontiers: (1) it obtains results 4 

more robust to the presence of extreme values, and (2) it is not affected by problems of 5 

dimensionality (Simões et al., 2012; Balaguer-Coll, Prior, and Tortosa-Ausina, 2013). 6 

Additionally, the extension of the panel data order-m frontiers facilitates the control of possible 7 

outliers and/or random disturbances at certain moments (Campos-Alba et al., 2020). Thus, it 8 

obtains more robust results than is the case with traditional contemporaneous parametric 9 

techniques (Garrido-Rodríguez et al., 2018; Campos-Alba et al., 2020). 10 

Specifically, panel data order-m frontier can be used to estimate the efficiency of each 11 

decision-making unit (in this case, the municipality), comparing it with a sub-sample of m units. 12 

A fixed positive integer m is taken to create a random subsample, for a given level of �̃�0, of 13 

size m with replacement between the ysm that satisfy the condition 𝑦𝑠𝑚 ≥ �̃�0, thus obtaining an 14 

efficiency coefficient (�̃�𝑚). 15 

For the above-described process, we must resolve the following algorithm, based on a 16 

non-convex technology1. For a given average level of inputs (�̃�0) and outputs (�̃�0), we derive 17 

a coefficient of Free Disposal Hull (FDH) efficiency with panel data2: 18 

𝑀𝑖𝑛𝜆𝑘,𝑡𝜃 �̃� 19 

 
1 Based on the data observed on the production set of units under analysis, non-parametric techniques use 

mathematical programming to build a frontier that represents the best practices, and compares the position of each 

unit with respect to the frontier in terms of a behavior index (Charnes et al., 1978). According to the properties 

assumed that the technology production set accomplishes, the index can be interpreted as the percentage of 

input/ouput that can be reduced/increased.   
2 In studies of municipal efficiency, it is more appropriate to estimate values by reference to inputs, since outputs 

are mainly determined by external factors, and the prices of local administration inputs and outputs are difficult 

to establish (Cherchye et al., 2014).  
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𝑠. 𝑎. ∑ 𝜆𝑘,𝑡

𝐾

𝑘 =1

𝑥𝑛
𝑘,𝑡 ≤ 𝜃 �̃�𝑛

0      n = 1, … , N 1 

         ∑ 𝜆𝑘,𝑡

𝐾

𝑘 =1

𝑦𝑚
𝑘,𝑡  ≥  �̃�𝑚

0          m = 1, … , M 2 

 3 

         ∑ 𝜆𝑘,𝑡

𝐾

𝑘 =1

= 1 4 

        𝜆𝑘,𝑡{0,1}    𝑘 = 1, … , 𝐾                                        [1] 5 

 6 

This procedure is repeated B times, to obtain B efficiency coefficients �̃�𝑚,𝑏
 (𝑏 = 1; 2; 7 

...; 𝐵). By calculating the average of these efficiency coefficients, we obtain the order-m panel 8 

data cost efficiency:   9 

𝜃𝑚 =
1

𝐵
∑ �̃�𝑚,𝑏

𝐵

𝑏=1

 10 

 11 

In the use of order-m frontiers, several considerations must be taken into account. First, 12 

it is important to note that efficiency coefficients beyond the estimated frontier can be obtained, 13 

due to random replacement; these are termed ‘super-efficient’ units3. However, order-m 14 

frontiers based on panel data obtain fewer super-efficient values than those which are not so 15 

based, and therefore present less volatility than contemporary partial frontiers. 16 

Second, with order-m estimation we must determine the value of m. The larger this 17 

value, the more observations are taken into account and therefore the more units will meet the 18 

 
3 In this case, taking an input orientation, a municipality becomes super-efficient when 𝜃𝑚 > 1. 
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condition 𝑦𝑠𝑚 ≥ �̃�04. In this respect, Daraio and Simar (2007) observed that m is the value by 1 

which the percentage of super-efficient units decreases with each additional m5.  2 

In the second stage of the analysis, we apply the procedure described by Simar and 3 

Wilson (2007). Thus, the order-m panel data cost efficiency values are estimated by 4 

bootstrapped truncated regression, which is specified as follows: 5 

𝛼𝑆𝑖
𝑚 = 𝑎 + 𝑧𝑖𝛽 +  𝜀𝑖 ,         𝑖 = 1, 2, … 𝑛 6 

where: 7 

𝛼𝑆𝑖
𝑚: Order-m panel data cost efficiency (dependent variable) 8 

𝑎: Constant term 9 

𝑧𝑖: Independent variables, specific variables for DMU i  10 

𝜀𝑖: Statistical noise 11 

Bootstrapped truncated regression provides a valid inference within models and 12 

increases the robustness of the efficiency estimation, versus possible alternatives such as Tobit 13 

regression (Simar and Wilson, 2007; Prior et al., 2019), as the efficiency scores are not 14 

observed directly and the efficiency frontier is estimated according to the sample considered 15 

(Barros and Dieke, 2008). In this context, we apply this methodology to four different models: 16 

the first one contains all the municipalities of the sample, and the other three will be structured 17 

by municipal size in order to deepen in the differences between larger and smaller 18 

municipalities. The specific ranges of population will be explained in the next section.  19 

4. Data and variables 20 

 
4 We are applying a non-convex technology. This means that when m → ∞, the efficiency coefficients obtained 

by the order-m panel data frontiers converge with the FDH panel data coefficients. 
5 In the present case, having made a detailed study and obtained estimates for different values of m, we find that 

this condition is met with m = 2500. 
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Study data were obtained from multiple databases and subjected to comprehensive 1 

filtering and treatment to facilitate the estimation of long-term efficiency (the first stage of the 2 

analysis) and to identify its determinant factors (the second stage). Input and outputs variables 3 

are based on data supplied by the Virtual Office of Local Government Financial Coordination6 4 

and on the Survey of Local Infrastructure and Equipment. This survey does not provide 5 

information for municipalities with more than 50,000 inhabitants and does not include 6 

municipalities in the Spanish regions of the Basque Country, Navarre and Madrid, thus limiting 7 

our sample size.  8 

Moreover, second stage variables comes from diverse databases: management forms 9 

are based on the Survey of Local Infrastructure and Equipment, the inventory of local public 10 

sector bodies maintained by the Ministry of Finance and Public Administration and from a 11 

private database maintained by a company specializing in the analysis of economic and 12 

financial information to determine which local municipalities have contracted out one or more 13 

public services7; political variables are obtained from the database of city mayors and councils 14 

maintained by the Ministry of Territorial Policy and Civil Service and data from the Ministry 15 

of the Interior; and finally, socioeconomic variables comes from the Spanish Economic and 16 

Social Yearbook published by La Caixa8, from the National Institute of Statistics, and the 17 

Virtual Office of Local Government Financial Coordination. 18 

Thus, having sourced the necessary databases and applied the filtering processes 19 

described above, the final study sample consisted of 283 Spanish municipalities. Of these, 57 20 

 
6 Despite the municipalities’ obligation to provide budgetary information to the Virtual Office of Local 

Government Financial Coordination (Ministry of Finance and Public Administration), a number of municipalities 

do not comply with this requirement, thus further limiting our sample size. For example, in 2005, 18.25% failed 

to comply, or in 2015 (last year studied), 9.89%. 
7 As concerns the selective collection of waste, in Spain each municipality can decide the management form it 

sees fit, for every type of waste. Our analysis focuses on the municipalities that maintained the same management 

form throughout the study period, and for all types of waste (whether collected selectively or otherwise), in order 

to exclude changes that might distort the study findings (Pérez-López et al., 2021). 
8 This database provides information only for municipalities with over 1,000 inhabitants. 
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had a population of 1,000-5,000 inhabitants (representing 20.14% of the sample and 3.12% of 1 

all municipalities in this population class); 171 had a population of 5,001-20,000 inhabitants 2 

(representing 60.42% of the sample and 18.92% of the municipalities in this population class); 3 

and 55 had a population of 20,001-50,000 inhabitants (representing 19.43% of the sample and 4 

20.75% of the municipalities in this population class). 5 

The input values are the municipal budget expenditure, obtained from the functional 6 

budget classification9,  for each municipality, following previous studies in this field (Benito-7 

López et al., 2011; Zafra-Gómez et al., 2013; Plata-Díaz et al., 2014; Pérez-López et al., 2016, 8 

among others). The outputs are the tonnes of waste collected, the annual production of waste 9 

corrected by the index of technical quality of the service, and the number of containers available 10 

on public roads, for each municipality. In contrast to previous studies (see the review included 11 

in Pérez-López et al., 2021), we also broke down these outputs according to the type of waste 12 

(non-selective, paper, glass, plastic, organic matter and batteries), thus enhancing the 13 

consistency of the efficiency coefficients obtained. Table 1 presents their descriptive statistics 14 

and Figure 1 disaggregates the mean tonnes of waste collected for each type by municipal size. 15 

Table 1. Input and output variables (first stage of analysis) 16 

Variable N Mean p50 Min Max Std. Dev. 

Total Cost 283 850892.41 552805.00 901.20 4236929.39 793884.42 

Nonselective_tonnes 283 4770.95 3544.10 9.20 28250.40 4015.84 

Nonselective_containers 283 336 257 0 1973 285 

Nonselective_quality 283 9398.37 6769.00 0.00 56500.80 8065.43 

Paper_tonnes 283 262.87 156.00 8.20 3987.10 304.86 

Paper_containers 283 46 32 0 410 50 

Paper_quality 283 508.13 285.52 16.40 7974.20 601.87 

Plastic 283 166.32 98.34 1.00 1910.00 194.96 

Plastic_containers 283 60 35 0 831 80 

Plastic_quality 283 320.25 186.14 0.00 3820.00 380.73 

 
9 Municipal budgets in the Spanish context include the expenditures -considered from the perspective of the 

financial accounting- for different categories of public services. Concretely, the functional classification applied 

is Category 442 – MSW removal and street cleaning and the equivalent Category 162 – Waste collection, disposal 

and treatment, for the years 2010 onwards - as a new classification system was implemented in Spain.  
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Glass 283 219.12 126.30 1.60 4727.80 268.72 

Glass_containers 283 45 34 0 323 42 

Glass_quality 283 426.30 239.58 3.00 9455.60 539.07 

Organic_tonnes 283 463.71 75.00 0.30 6506.32 1007.00 

Organic_containers 283 32 3 0 651 94 

Organic_quality 283 915.50 149.60 0.30 13012.64 2016.78 

Battery_tonnes 283 17.87 0.80 0.01 2936.78 125.76 

Battery_containers 283 13 5 0 294 22 

Battery_quality 283 35.61 1.52 0.01 5873.56 251.53 

Source: The authors. 1 
 2 

Figure 1. Waste collected by municipal size 3 

 4 

As can be observed, the proportion of waste collected is maintained by municipal size, 5 

being non-selective waste, the highest -among the three categories-. Organic waste is similar 6 

between municipal categories and the mean value of batteries is residual. It is important, 7 

however, that largest municipalities (which is the smallest group into the sample) accumulate 8 

a greater amount of collected waste. 9 

The variables included in the second stage of the analysis are presented in Table 2.  10 

  11 
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Table 2. Second-stage variables 1 

Variable Definition N Mean p50 Min Max Std. Dev. 

Efficiency Order-m panel data cost efficiency. 283 0.5675 0.5672 0.0015 1.1599 0.3423 

Selective 

Dummy variable that takes the value 1 if the municipal waste management service 

differentiates between types of refuse (at least, the complete cycle of paper, glass 

and plastic) and 0 otherwise. 

283 0.9287 1 0 1 0.2574 

MUD 
Dummy variable that takes the value 1 if the service is managed directly by the 

municipality and 0 otherwise. 
283 0.0395 0 0 1 0.1948 

MUC 
Dummy variable that takes the value 1 if the service is provided by municipal 

under contract and 0 otherwise. 
283 0.4828 0 0 1 0.4998 

IC 
Dummy variable that takes the value 1 if the service is provided by intermunicipal 

cooperation and 0 otherwise. 
283 0.2756 0 0 1 0.4469 

PPC 
Dummy variable that takes the value 1 if the service is provided via public-private 

cooperation and 0 otherwise. 
283 0.2021 0 0 1 0.4016 

Gender Dummy variable that takes the value 1 if the mayor is female and 0 otherwise. 283 0.1648 0 0 1 0.3711 

Ideology 
Dummy variable that takes the value 1 if the governing party has a progressive 

ideology, and 0 otherwise. 
283 0.5622 1 0 1 0.4962 

Strength 
Dummy variable that takes the value 1 if the governing party has an absolute 

majority, and 0 if not. 
283 0.6033 1 0 1 0.4893 

Tourism 
Index of tourism. Highlights the importance to the municipality of tourist-oriented 

activities. Obtained from the tax imposed on tourism activities. 
283 2.0507 0.2574 0 98.5596 8.1082 

Industrial 
Index of industrial activity. Highlights the importance to the municipality of 

industrial activity. Obtained from the tax imposed on industrial activities. 
283 2.7995 1.3610 0 216.9880 11.0173 

Unemp_rate Rate of local unemployment. 283 7.1343 6.7790 1.2463 19.3723 3.2547 

Foreign Percentage of foreign-origin population resident in the municipality 283 11.7621 7.5228 0.4318 87.7174 11.5493 

Finindep 
Financial Independence Index. Budgetary receivables except grants divided by 

budgetary payables. Winsorised10. 

283 0.6081 0.5963 0.0815 1.8717 0.1973 

Lnwomen Natural logarithm of the number of women in the municipality 283 8.4629 8.4672 6.3474 10.0892 0.7991 

Source: The authors. 2 

  3 

 
10 The winsorization of the variable was made taking into account only the 1% of both tail values, in order to correct the outliers. 
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5. Results and discussion 1 

In the following, we first present the results obtained in the initial stage of analysis, 2 

quantifying the panel data cost efficiency of the municipal waste management service 3 

considered, and then those obtained in the second stage, in which the determining factors of 4 

efficiency were identified and analysed. 5 

Table 3 presents the main descriptive statistics obtained for panel data cost efficiency 6 

during the period 2005-2015. The order-m frontier panel data approach reveals the annual 7 

efficiency of each decision-making unit (municipality) and also provides a measure of overall 8 

panel data efficiency during the study period. Thus, we can compare the estimated efficiency 9 

for each year, which is not the case with contemporary frontiers (Surroca et al., 2016; Pérez-10 

López et al., 2018). 11 

Table 3. Panel data cost efficiency, interannual and overall (2005-2015) 12 

Year N Mean p50 Min Max Std. Dev. 

2005 283 0.607428 0.5986099 0.0149622 1.001077 0.3460057 

2006 283 0.5574479 0.5652174 0.010606 1.000001 0.3231662 

2007 283 0.6100415 0.6735961 0.011707 1 0.3344076 

2008 283 0.5499958 0.5598283 0.0111445 1 0.3157246 

2009 283 0.5647393 0.5673965 0.0106542 1 0.3398865 

2010 283 0.5814151 0.5843983 0.0089827 1 0.3458813 

2011 283 0.582744 0.6025327 0.0014771 1.000004 0.3461842 

2012 283 0.5739922 0.6 0.0014747 1.000011 0.3517677 

2013 283 0.5715604 0.5518976 0.0014747 1.000185 0.354201 

2014 283 0.4913272 0.4628092 0.0016347 1.058057 0.3401027 

2015 283 0.5522658 0.5483871 0.0041541 1.159942 0.3562507 

Overall 

panel data 
283 0.6311026 0.6540723 0.0125476 1 0.3525543 
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cost 

efficiency 

Source: The authors. 1 

As can be seen, the average annual efficiency is 50-61% and the the average overall 2 

efficiency for the period is slightly higher (63%). Accordingly, these Spanish municipalities 3 

have the potential to reduce the cost of their waste management service by around 50%. 4 

As explained above, the waste management service can be provided using different 5 

formulas, and our calculation of overall panel data cost efficiency helps determine whether the 6 

panel data cost efficiency of the waste management service varies according to the management 7 

form adopted. Accordingly, Table 4 presents the descriptive statistics for panel data overall 8 

efficiency according to the management forms considered11. As we can observe, on the one 9 

hand, that on average the direct management form (MUD) is the least cost efficient, while inter-10 

municipal cooperation (IC) obtains the best results in this respect. Moreover, there are 11 

significant differences in panel data cost efficiency among the different forms of management, 12 

which justifies our analysis of this question in the second stage of the study. 13 

Table 4. Overall panel data efficiency, by management form (2005-2015) 14 

Variable N Mean p50 Min Max Std. Dev. 

MUD 11 0.3439647 0.1439236 0.0185118 1 0.347809 

IC 84 0.6929888 0.8233635 0.0144293 1 0.3417719 

PPC 38 0.5830781 0.5528663 0.072999 1 0.3450813 

MUC 150 0.6296693 0.6297823 0.0125476 1 0.3516376 

MUD: Municipal direct; IC: Intermunicipal cooperation; PPC: Private production with cooperation;  15 
MUC: Municipal under contract. 16 
Source: The authors. 17 

 18 

 
11 Appendix I shows the results obtained by the Kruskal-Wallis test, which determines whether two or more 

samples are independent. 
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The first stage of our analysis obtained the cost efficiency coefficients for the 1 

municipalities considered. In the second stage (see Table 5), these results are used to analyse 2 

the determinants of efficiency in waste management service, using bootstrapped truncated 3 

regression to do so (Simar and Wilson, 2007). The characteristic feature of this analysis is that 4 

the dependent variable only reflects part of the values, while those above or below a specific 5 

value cannot be observed. In the present case, only efficiency values above 0 can be observed 6 

(Tobin, 1958; Goldberger, 1981). 7 

Table 5. Results of the bootstrapped truncated regression by municipal size (2005-8 

2015)12 9 

Variable Global Model 1000-5000 inhab 5000-20000 inhab 20000-50000 inhab 

Selective 0.223*** 0.216 0.156** 0.254** 

MUC 0.281*** 0.488 0.177** 0.319*** 

IC 0.475*** 0.672* 0.369*** 0.426*** 

PPC 0.435*** 0.655* 0.326*** 0.483*** 

Gender 0.02 0.054 0.054* -0.068 

Ideology 0.062*** 0.297*** 0.039** 0.030** 

Strength -0.034* -0.019 0.013 -0.145*** 

Tourism 0.002* 0.041* 0.003** -0.003** 

Industrial 0.002*** 0.001** 0.018*** -0.033*** 

Unemp_rate -0.025*** -0.011 -0.036*** -0.020** 

Foreign -0.003** -0.009*** -0.006*** 0.003** 

Finindep 1.4E-08*** 0.179* 0.064 0.046 

Lnwomen 0.093** 0.084 0.228*** 0.139** 

_Cons -0.771*** -1.137* -1.022*** -0.924 

/Sigma 0.372 0.395*** 0.396*** 0.260*** 

N 283 57 171 55 

Prob >chi2 0.000 0.000 0.000 0.000 

R2 0.1569 0.1759 0.1514 0.2914 

Source: The authors.  10 

Level of significance: *p<0.1 **p<0.05 ***p<0.01 11 

 12 

 
12 Correlation matrix is presented in Appendix II. 
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Analysing the first column in Table 5, the proposed model (Global model) is 1 

statistically significant (Prob >chi2 = 0.000). The goodness of fit value (R2) of 15.69% reflects 2 

the degree of association. It is obtained by correlating the dependent variable with the predicted 3 

value and squaring the result (Pérez-López et al., 2015). 4 

Our analysis of the determinants of panel data cost efficiency, according to the global 5 

model, confirms that the waste management service is more efficient when carried out 6 

selectively (i.e. when at least paper/cardboard, containers and glass are separated). Therefore, 7 

although selective collection increases costs, as observed by Greco et al. (2015) and Fernández-8 

Aracil et al. (2018), the cost efficiency is improved, which corroborates Lavee (2007) and 9 

Carvalho and Marques (2014) with respect to solid waste collection. These findings highlight 10 

the importance of including this variable as a determinant of cost efficiency, especially in view 11 

of the fact (as reported by Expósito and Velasco, 2018) that the selective collection of waste is 12 

still not being implemented consistently by different municipalities, despite the major 13 

development of public policies in this area and the intensifying government focus on the 14 

selective collection of municipal solid waste and on the importance of recycling (Guerrini et 15 

al., 2017). 16 

Regarding management forms, we find that direct management (MUD)13 is the least 17 

efficient in the context considered. This finding confirms Pérez-López et al. (2016, 2018), who 18 

analysed the same four management forms, according to the size of the municipality. Similarly, 19 

Carvalho and Marques (2014) and Simões et al. (2012) concluded that participation by the 20 

private sector in the provision of public services improves their efficiency. 21 

 
13 This dummy variable is used as a reference in the proposed model, which includes the dummy variables 

MUC, IC and PPC. 
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With respect to the political factors analysed, we find that municipalities in which the 1 

governing party has a progressive orientation tend to be more cost efficient than those with 2 

conservative governments. These results are in line with those obtained by Benito-López et al. 3 

(2011) and Benito et al. (2014). Furthermore, municipalities governed by a coalition of two or 4 

more parties are more cost efficient than those with single-party governments, which 5 

corroborates the results obtained by De Borger and Kerstens (1996) and Benito et al. (2014). 6 

This finding highlights the value of governing parties being in agreement on service provision, 7 

which usually enhances efficiency. However, in contrast to the results obtained in previous 8 

studies of the relationship between the gender of the municipal leader and the efficiency of 9 

service provision (Fox and Schuhmann, 1999; Hamidullah et al., 2015; De la Higuera-Molina 10 

et al., 2020), there is no evidence that this variable significantly influences the cost efficiency 11 

of the waste management service. 12 

Among the municipalities in our study sample, greater financial independence was 13 

positively associated with cost efficiency, which is important in terms of their capacity to take 14 

decisions without depending on other organisations. These results are in line with Silkman and 15 

Young (1982), who suggested that the provision of grants to local authorities could encourage 16 

local service provision, but at the same time would tend to reduce efficiency. 17 

Our findings also show that municipalities with greater industrial and tourist activity 18 

are more cost efficient in their provision of the waste management service, which corroborates 19 

Benito-López et al. (2011), who observed the same association. 20 

Finally, our analysis of the demographic variables highlights two interesting 21 

associations. Firstly, we find that the higher the proportion of immigrant resident in the 22 

municipality, the lower the cost efficiency, which is in line with Narbón-Perpiñá and De Witte 23 

(2018b). Secondly, the larger the female population of the municipality, the more cost efficient 24 
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its provision of this public service. This finding confirms our study hypothesis, and the prior 1 

conclusions of Brough et al. (2016), that women are more likely than men to be motivated by 2 

environmental concerns and to favour recycling. 3 

We then analyse the results obtained by municipal size. Table 5 includes the results of 4 

the regressions performed for the following municipal sizes: 1000-5000 inhabitants, 5000-5 

20000 inhabitants and 20000-50000 inhabitants. In this sense, it is important to highlight that  6 

results are similar for different sizes of municipalities, and more specifically, the influence of 7 

choosing Intermunicipal Cooperation (IC) and Private production with cooperation (PPC) to 8 

provide the service and having a progressive party in the government is the same in all models, 9 

so we can consider the previous comments of these variables for all the models. 10 

However, there are some differences considering the smaller municipalities (1000-5000 11 

inhabitants). So, the influence of using a selective waste collection in smaller municipalities is 12 

not significant, which can be explained by the size of the municipalities and also, as we 13 

mentioned before, because this measure has not being implemented completely in many 14 

municipalities (Expósito and Velasco, 2018). It is also remarkable that the provision of the 15 

service by a private opertator (MUC) do not have a significant effect in municipalities of 1000-16 

5000 inhabitants, which is in line with the results of Pérez-López et al (2016, 2018) and 17 

Garrido-Rodríguez et al (2018),  becausethere are no economies of scale and private operators 18 

cannot take other advantages as on larger municipalities. The unemployment ratio and the 19 

proportion of women in the smallest municipalities are not significant neither, which can be a 20 

proper effect of the municipal size. By contrast, the financial independence ratio is significant 21 

only at this range, which explains the low coefficient on the global model. 22 

Also, taking into account the range of 5000-20000 inhabitants, although most of the 23 

variables have the same effect as in the global model, it is necessary to notice that gender 24 
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variable only have a significant effect for this municipal size. So, when there is a woman as 1 

municipal leader, the efficiency of the service increases, which is in line with other studies (Fox 2 

and Schuhmann, 1999; Hamidullah et al., 2015; De la Higuera-Molina et al., 2020). 3 

In addition, some variables change their effect over waste management efficiency for 4 

larger municipalities (20000-50000 inhabitants), such as the tourism or industrial index or the 5 

presence of foreign residents. In the case of the tourism and the industrial index, the negative 6 

effect of these variables on efficiency could be a consequence of the remarkable increasing of 7 

waste generation, as Bernardino-Benito et al. (2011) pointed out, the increase of waste makes 8 

waste management more difficult, and in consequence less efficient. In the case of the foreign 9 

variable, it has a positive effect on waste management efficiency in larger municipalities, unlike 10 

what happens with smaller ones. This changing behaviour could be motivated by a notable 11 

increase in waste generated in larger municipalities as consequence of higher migrant rates 12 

(Lampe et al., 2015; Hage and Söderholm, 2008), what could leads to economies of scale that 13 

improve the efficiency of the service (Bel and Costas, 2006).  14 

6. Conclusions  15 

In recent years, many studies have focused on the provision of public services, 16 

reflecting the impact of major legislative, economic and social changes on public 17 

administrations (Bel and Fageda, 2010; Zafra-Gómez et al., 2013; Pérez-López et al., 2018). 18 

In this respect, a fundamental area of research is that of the cost efficiency achieved in the 19 

provision of public services, according to the different forms of service management that may 20 

be adopted (Jacobsen et al., 2013; Pérez-López et al., 2016; Campos-Alba et al., 2020). In this 21 

area, many studies have analysed the situation of waste management services, which are of 22 

mandatory provision, represent a significant element in the municipal budget and are 23 

characterised by the need for specific, costly assets (Bel and Mur, 2009; Benito-López et al., 24 
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2011). Moreover, the implementation of EU environmental regulations may affect service costs 1 

and efficiency (Ferreira et al., 2017; Callan and Thomas, 2001; D'Onza et al., 2016). 2 

The fundamental aim of our study is to consider whether waste management services 3 

might be provided more efficiently by undertaking selective collection, i.e. distinguishing 4 

between different types of waste (paper/cardboard, glass, plastic, organic matter and batteries), 5 

rather than the traditional non-selective approach. As part of this analysis, we examine how 6 

external factors (political, financial and sociodemographic) may influence efficiency, as this 7 

knowledge is considered essential to the design of efficient service management (Guerrini et 8 

al., 2017). 9 

The study goals were addressed by means of a two-stage analysis: in the first, order-m 10 

frontiers with panel data were used to estimate the cost efficiency (Garrido-Rodríguez et al, 11 

2018). From the coefficients thus obtained, we then applied bootstrapped truncated regression, 12 

following Simar and Wilson (2007), to identify the factors that most influence cost efficiency. 13 

We estimated four models following this procedure: a global model considering all 14 

municipalities includes in the sample and three models considering specific groups of 15 

municiaplities by population size. 16 

The results obtained show that factors which influence efficiency depend on the 17 

municipal size. In essence, municipalities which perform selective waste collection are more 18 

cost efficient, despite the greater costs incurred, except for smallest municipalites. We also 19 

show that direct service provision by the municipality is the least cost-efficient management 20 

form, which corroborates previous research findings (Pérez-López et al., 2016; Carvalho and 21 

Marques, 2014; Simões et al., 2012). Our analysis of related factors shows that cost efficiency 22 

is greater when the municipality is governed by a progressive party, when the government is 23 

composed of a coalition (mainly in largest ones), when it enjoys greater financial independence 24 
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from other organisations (mainly in smallest ones), and when there is greater tourist and 1 

industrial activity (except in the largest one, which is the opposite). Contrary to our 2 

expectations, no significant association was observed between the mayor's gender and cost 3 

efficiency, except for municipalities with 5000-20000 inhabitants. However, the proportions 4 

of women and of foreign-born residents in the municipality were both associated with higher 5 

levels of efficiency.  6 

The main contribution of the present study is to show that the efficiency of the waste 7 

management service is enhanced by selective collection (when this selection involves at least 8 

the complete cycle of paper, glass and plastic) and varies according to the management form 9 

adopted and the municipal size. Several implications lie behind these results: medium and 10 

larger municipalities that continue taking the waste generated to landfills should revise their 11 

policies. On the other hand, although cost efficiency of smallest municipalities seems not be 12 

affected by selective collection, central government should assist them to implement selective 13 

collection, in accordance with the Directive (EU) 2018/851 that encourages to the Member 14 

States to develop the necessary management infrastructure.  15 

Moreover, the European regulation allows different waste management systems 16 

according to the allocation of responsibilities between public and private actors. In this sense, 17 

our results support the provision of waste management service by cooperating formulas, both 18 

through intermunicipal cooperation and private production with cooperation, as well as, the 19 

participation of private operators in the provision of the service in medium and larger 20 

municipalities.  21 

Besides, the normative background in Europe recognizes the complexity of the 22 

municipal wate management but, also the importance of enhance the waste management in the 23 

Union in order to improve the efficiency of resource use, so  public policies should be oriented 24 
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towards greater awareness and education of citizens in recycling efforts in order to improve the 1 

waste management service cost efficiency.  2 

However, several limitations arise from the study as municipalities obtains different 3 

output mix into the waste management service and each type of waste can be managed through 4 

a different management form. So, further research into these questions is still needed, and a 5 

more exhaustive analysis of the differences into the cost efficiency between municipalites with 6 

different outuput mix is needed. Moreover, the determination of which management form into 7 

the municipal solid waste is more appropriate must be addressed, taking into account the type 8 

of waste collected, rather than employing a single management form to the collection of all 9 

types of waste. Finally, it would be useful to determine the relation between the collection of 10 

non-recyclable waste and cost efficiency.  11 
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