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Abstract:

The management of municipal solid waste (MSW) in cities is one of the most complex tasks facing
local administrations. For this reason, waste management performance measurement structures are
increasingly implemented at local and national levels. These performance structures usually contain
strategic objectives and associated action plans, as well as key performance indicators (KPIs) for
organizations investing their resources in action plans. This study presents the results of applying a
methodology to find a quantitative-based prioritization of MSW action plans for the City Council of
Castell6 de la Plana in Spain. In doing so, cause-effect relationships between the KPIs have been
identified by applying the principal component analysis technique, and from these relationships it
was possible to identify those action plans which should be addressed first to manage public services
more efficiently. This study can be useful as a tool for local administrations when addressing the

actions included in their local waste plans as it can lead to financial savings.

Keywords: MSW; action plans; KPIs; principal component analysis
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1. Introduction

The increasing amount of food waste generated as a direct consequence of excessive production,
mismanagement, and wasteful behavior is a challenge when promoting resource efficiency (Facchini
et al., 2018). One of the objectives of European policy on waste is to move towards a circular
economy (Ferronato et al., 2019). Since the publication of the community waste management
strategy in 1989, the implementation of principles for material circularity and waste management has
been intensifying (Singh & Ordofiez, 2016). Furthermore, governments around the world have long
been committed to developing plans for the sustainable use of resources by strategies that affect
waste management (Wilson et al., 2001).

In Spain, these directives have had a direct impact on municipalities, and they have been required
to develop local waste management plans and programs (Spain, 2022). These plans establish the
conditions and means to manage the waste produced by the activities of a city — with priority on
source reduction. These plans and programs are well monitored and managed when an adequate
key performance indicator (KPI) grid for assessing, controlling, and improving effectiveness is
defined (de Pascale et al.,, 2021). Additionally, the KPIs are an element of a performance
measurement structure that usually includes both objectives and action plans.

When looking at performance measurement (PM) theory and, more specifically, at the best-known
and applied PM framework, the Balanced Scorecard (Kaplan & Norton, 1992), organizations interpret
their strategic definition (mission, vision, and values) to firstly define their strategic objectives (what
to reach) and then define action plans (how the strategic objective will be reached) and KPlIs (to
indicate whether the strategic objective is being reached). However, public administrations do not
usually follow this performance measurement structure. These organizations manage their
performance only using KPIs, and when they define the whole measurement structure, they do not
apply the tools available to improve effectiveness.

There are many academic works focused on assessing sustainability KPIs (Hristov & Chirico, 2019;
Kylili et al., 2016; Pinna et al., 2018; Valencia et al., 2022) including waste management KPls
(Ferreira et al., 2020). However, these works usually only address the tasks of definition and

historical data collection for KPIs, and do not carry out a sound analysis of the evolution of the values
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of the KPlIs, nor apply appropriate mathematical techniques to identify additional information for
making better decisions. These practices are therefore far from being the most efficient way to
proceed. In most cases, the KPIs are usually related (Carlucci, 2010), which means that changes in
the values of some KPIs produce changes in the values of other KPIs — and so change the
performance of the system. Further, the identification of cause-and-effect relationships between the
KPIs makes it possible to prioritize actions plans and improve the effectiveness of the whole
performance system structure — as decision-makers can apply actions that enable reaching
associated strategic objectives, as well as other resource-saving objectives.

This work refers to a case study in the city of Castell6 de la Plana (Spain), and its main contributions
are the following: a) it identifies and classifies the principal KPIs for municipal solid waste (MSW)
management at the local level in the three dimensions of sustainability; b) it identifies, by applying
the historical data collected by the KPI statistical techniques, the main intra and extra dimensional
cause-effect relationships between KPIs; c) it prioritizes the action plans, based on these cause-
effect relationships, which help optimize municipal resources since it may not be necessary to
activate every action plan to reach the KPI targets — and thereby improving the efficiency of local
MSW management.

The remainder of this paper is structured as follows: Section 2 provides a background of previous
academic works on waste management and performance measurement. The research approach is
presented in Section 3, and Section 4 shows and discusses the main results of applying such a
methodology to the city of Castell6 de la Plana (Spain). Finally, Section 5 provides the main
conclusions, describes the limitations of the study, and suggests further research work.

2. Background

Planning in the provision of public services is becoming increasingly frequent, and so the use of
indicators to measure performance has also become widely used in the local sphere. Studies have
been made on using KPIs in urban design (Mosca & Perini, 2022), transport (Grote et al., 2021),
communications (Imoize et al., 2022), wastewater treatment (van Schaik et al., 2021), air quality

(Malm et al., 2018) and MSW management (Ferreira et al., 2020).
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Focusing on the latter issue, during the last five years there have been more than 3,000 references
to KPIs dealing with MSW management. Some of these works focus on a specific perspective of the
problem, such as the social (Ibafiez-Forés et al., 2019), the economic (Zhou et al., 2022), or the
fractions that have been increasing most rapidly in recent years (Brouwer et al., 2019); while others
evaluate the overall efficiency of the system (Amaral et al.,, 2022). There are also studies that
summarize the literature about MSW KPIs and establish commonalities between different countries
and years (Deus et al., 2019; Olay-Romero et al., 2020). Some go even further and use literature
from other subjects for the development of communication campaigns (de Feo et al., 2019) or

educational applications (Pappas et al., 2021).

However, only a few studies (Nemmour et al., 2022) analyze the relationship between indicators for
waste management. Although these KPIs are often related, it is important to understand these
relationships for efficient decision-making processes (AlHumid et al., 2019; Loizia et al., 2021) as
well as in the management of available resources (Stricker et al., 2017).

Several studies can be found that apply statistical techniques to identify KPI cause-effect
relationships in MSW management. For instance, (Hatik & Gatina, 2017) used principal component
analysis (PCA) to identify similarities between local administrative areas for comparing waste
composition; (Callas et al., 2012) defined an indicator of solid waste generation potential in the USA
using principal component analysis and geographic information systems; (Liu et al., 2023) assessed
soil pollution and identified potential sources of heavy metals with a combination of a spatial
distribution and the principal component analysis model. Other studies about waste management
use correlation analysis, (Barbudo et al., 2012) for example, assessed the correlation between
sulphate content and leaching of sulphates in recycled aggregates from construction and demolition
wastes; and (Birgen et al., 2021) developed a data analysis method based on correlations applied
to waste-to-energy plants; and (Zhang et al., 2023) recently used correlational analysis to observe

how digestion temperature affects the anaerobic digestion of food waste.

Finally, although there are several studies about how to undertake action plans in local waste
management plans or programs, most are limited to a descriptive analysis (Asibey et al., 2021) or,

at best, they use multi-criteria techniques (Andrade Arteaga et al., 2020; Coban et al., 2018;
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Habibollahzade & Houshfar, 2020) that are limited to expert opinions (instead of real data collected

by KPIs) and are therefore completely subjective.

Some academic works from other disciplines have discussed identifying and quantifying KPI cause-
effect relationships with statistical techniques to improve decision-making processes. For instance,
(Rodriguez-Rodriguez et al., 2020a) applied PCA and partial least squares models to draw a KPI
cause-effect map for supply chains to improve operational efficiency; (Sanchez-Marquez et al., 2018)
used KPI relationships to deal with data uncertainty; (Cai et al., 2009) identified KPI relationships to

improve supply chain performance by analyzing iterative KPI accomplishment.

In the context of MSW management, there are no academic works that have applied statistical
techniques to historical KPI datasets to identify cause-effect relationships — and then used this
information to prioritize action plans within a performance measurement structure. Once this

research gap has been highlighted, the next point presents the research approach followed.

3. Research approach

3.1. Research methodology and objectives

This research identifies the main cause-effect relationships among sustainability KPIs by analyzing
the evolution of the historical data. Once the meaningful relationships have been indicated, they are
projected to the action plan level, and it is then possible to rank these plans and establish which

should be activated first to achieve the main KPIs.

The main research objectives are: 1) analyze the historical data collected by a set of sustainability
KPIs and find sound cause-effect relationships; 2) establish which are the most important KPIs to be
achieved (effect KPIs) within the KPI set; 3) establish the cause KPIs that strongly affect the effect
KPls; 4) identify the action plans that should be activated first to ensure that the effect KPIs are

achieved and so save resources.

The adopted research methodology is the case study, which is adequate for the decision-making
involved in this research as it can provide answers to ‘why’ and ‘how’ (Yin, 2014). Additionally, as
mentioned in other academic works (Lancaster, 2007; Leon et al., 2020), the quantitative approach

taken in this research is adequate as it: 1) focuses on establishing causal relationships among
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variables (KPIs); 2) and presents a study based on the application of statistical techniques (PCA) to

find meaningful relationships among KPlIs.
3.2. Methodology
Figure 1 shows the methodology developed for this research; the main steps are the following:

o Expert group definition.

o KPIs and action plan selection.
e Data matrix.

e Data analysis.

¢ Results discussion.

* KPIs with
PCA
*Multi- (GIEERCRAN  historical Dat :Ef-f t KPI
Experts P s action data Data a8 Data ect £Hls GESNIEEA Priorisation of
group . | ilabl . collection . selection . X .
finiti *Experience [JEL available matrix analysis discussion action plans
definition in PM selection WA eData check *KPIs Cause-
plans effect

Figure 1. Research methodology

This is a sequential methodology, where the outputs of one phase are the inputs of the following

phase (as presented below).

Phase 1. Expert group definition

An expert group is formed of the decision-makers who conduct the phases of the next methodology.
The expert group should be both multi-disciplinary and experienced in waste management and
performance measurement, mainly dealing with the definition of strategic objectives, KPIs, and

action plans.

Phase 2. KPIs and action plan selection

The expert group selects the KPIs and action plans of the performance structure to be included

within the study. The selected KPIs must: 1) have collected historical data during some of the
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previous time periods; 2) be linked to strategic objectives; 3) be grouped into the three dimensions

of sustainability: economic (E), social (S), and environmental (ENV).

Phase 3. Data matrix

The data matrix includes the study variables (KPIs) in columns and observations in rows. Each
intersection of this matrix contains the historical value of the KPI, which was collected within the
period of observation. Additionally, since it is highly likely that KPIs have different collection
frequencies, it is necessary to choose a common frequency and bring all the values to that frequency.
For instance, the data coming from the KPIs in an annual analysis will be homogenized to an annual
frequency, and it is necessary to apply different operations to the data of each KPI (for instance, the
simple average) when its frequency is other than annual. The resulting frequency standardized
matrix is then used for data analysis. Additionally, decision-makers will assess this data matrix from
a global standpoint and may exclude some KPIs that do not have enough recent historical data or

present irregularities.

Phase 4. Data analysis

Once that the frequency standardized matrix has been calculated, it is possible to apply a statistic
technique to identify relationships between the variables (KPls in our case). Principal component
analysis (PCA) is then applied to identify the main cause-effect among the data matrix KPIs. This
technique has already proven its efficiency in analyzing the conjoint evolution of variables (KPIs) and
the identification of meaningful cause-effect relationships in the context of this research — such as:
the relative lack of historical observations of the variables compared with the number of variables;
missing data in some of the time periods; and various measurement units of variables such as
monetary (euros), time (minutes, hours, days, etc.) or rates (percentages) (Jackson, 2003;
Rodriguez-Rodriguez et al., 2020a; Wold et al., 2001). From the application of the PCA, the expert
group will be able to identify the KPIs that are maintaining meaningful cause-effect relationships over
time; in other words, changes in the values of some KPIs lead to changes in the values of other
KPls. Once the correlated KPIs have been identified, the decision-makers in the expert group choose

which of these KPIs are the most important (effect KPIs) from an organizational point of view
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(sustainability in this research) and then identify the main cause KPIs associated with these effect

KPls. The main steps to apply are:

e Take the initial frequency standardized matrix (study variables, KPIs, in columns and
observations in rows).

e Apply statistical software that supports PCA analysis.

¢ Decide, regarding the data variability explained, how many principal components to retain for
the study.

¢ Identify the KPlIs that are forming each of the retained principal components.

¢ Define the most important KPIs to be reached (the effect KPIs).

¢ Identify which are the KPlIs (called cause KPIs) that most influence these effect KPIs.

Phase 5. Results discussion

Based on the results achieved in the previous phase, decision-makers will be able to identify the
action plans that are associated with the strategic objectives linked to both the cause-and-effect
KPls. They can then establish an activation prioritization of such action plans: firstly, the action plans
associated with the strategic objectives linked to the KPIs that have more impacts on the most
important effect KPIs; secondly, the action plans associated with the strategic objectives linked to
the most important effect KPIs; and thirdly, the remaining action plans associated with the strategic
objectives linked to other KPIs. By carrying out this activation prioritization of the action plans,
decision-makers will improve the probability of achieving the values of the most important effect

KPls, as well as saving organizational resources when achieving the strategic objectives.

4. Case study

4.1. Case study description

The case study was developed at Castell6 de la Plana City Council which had just approved its local
waste management plan. Castell6 de la Plana is a Spanish Mediterranean city, capital of the
province of Castelldn, in the north of the Valencia Region, and has a population of 172,589 (INE,
2021). Waste generation in the city exceeds 1.25 kg per resident/day and waste collection is divided

into five fractions (glass, packaging, paper & cardboard, biowaste, and mixed MSW) according to
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current regulations (Spain, 2022). The city also has a network of recycling centers, both fixed and
mobile, for depositing specific waste either because of its volume (e.g., household appliances) or its
hazardous nature (e.g., engine oils, solvents, X-ray sheets). Finally, it has a small number of specific
bins for the collection of cooking oil, textiles, and batteries, respectively. With all these resources,

the current separation rate at source is 15.30% by weight of the MSW managed.

Mixed MSW is the majority fraction by weight and is deposited in ‘all-in-one’ containers. These are
collected with a rear-loading and side-loading collection service structured in 14 daily routes.
Selective biowaste collection is carried out through six routes, with alternative frequencies, and
contributes 3.66% of the total municipal weight. For the selective collection of paper & cardboard,
which represents 3.59% of the total by weight, the service has three top-loading and one side-loading
collection trucks, as is the case with the selective collection of packaging, which contributes 2.36%
of the total municipal waste weight. The average collection frequency is three days a week. The
fraction with the lowest percentage by weight of the total is glass (2.27%) , whose collection is carried

out with top-loading collection trucks once a fortnight.

Regarding the main MSW fractions treatment: packaging, paper & cardboard, and glass are
deposited directly at the facilities of the recyclers for sorting. Mixed MSW and biowaste collected in
the city are deposited at the transfer plant of a provincial public company that manages the treatment
and valorization of these fractions (covering 63% of the province's population). In this plant, bulky
and improperly disposed of waste in containers is separated and the rest is compacted for transport
to a composting plant. Once the waste arrives in the composting plant, the usual mechanical and
biological treatments are carried out. MSW is subjected to various mechanical treatments for the
recovery of metals, plastics, paper, etc. The remaining organic matter and biowaste that are collected
selectively are aerobically processed through fermentation, maturation, and refining. Due to the age
of the facilities, the current rejection rate is near 75% (Reciplasa, 2023) and the final destination is a

controlled landfill.

4.2. Case study development

Phase 1. Expert group definition
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To apply the methodology, a group of experts was created that included: three senior managers (one
from each of the three main MSW management companies in Eastern Spain); two municipal
engineers; a PhD engineer from the Universitat Jaume I; two PhDs engineers from the Universitat
Politécnica de Valéncia; two local political representatives; and four environmental educators from

the provincial MSW management board. All decisions were made consensually.

The expert group had four face-to-face meetings within a period of three months.

Phase 2. KPIs and action plan selection

From a performance measurement perspective, the Castell6 de la Plana City Council had defined

the following elements in its 2022 local waste management plan (Ajuntament de Castell6, 2022):

e 36 strategic objectives.
e 98 action plans

e 36 KPlIs.

An informative meeting was first held with the experts to gather data. The main objective was to
obtain initial proposals for KPIs and group them into the three dimensions of sustainability. Such a
proposal was written and explained by the facilitator and then emailed to the experts. Table 1

presents the description of the 36 KPIs classified into three sustainability dimensions.

Table 1. KPIs description

Indicator Description Indicator Description

Cost of the biowaste collection service per Number of public contracts that incorporate

E1l resident and year (€/res.) S6 sustainability CI’IteI’I(EL |r:1it;/vaste management
Cost of the container collection service per Average time for resolution of complaints in a
E2 : S7
resident and year (€/res.) year (days)
E3 Cost of the paper & cardboard collection ENV1 Collection service emissions per year (kg
service per resident and year (€/res.) CO?Ires.)
Cost of the mixed waste collection service Annual water footprint of the waste collection
E4 . ENV2 ! .
per resident and year (€/res.) service (liters/res.)
E5 Cost of the glass waste collection service ENV3 Selective collection of biowaste percentage with
per resident and year (€/res.) respect to total household waste (%)
E6 Cost of the mixed waste disposal service ENV4 Selective collection of packaging percentage
per resident and year (€/res.) with respect to total household waste (%)
Cost of the mixed waste transfer service Selective collection of paper & cardboard
E7 A ENV5 percentage with respect to total household
per resident and year (€/res.)
waste (%)
E8 Annual cost of maintenance and cleaning ENV6 Selective collection of glass percentage with

of packaging containers per resident and respect to total household waste (%)
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260

E9

E10

Ell

E12

E13

S1

S2

S3

S4

S5

year (€/res.)

Annual cost of maintenance and cleaning
of paper & cardboard containers per
resident and year (€/res.)

Annual cost of maintenance and cleaning
of glass containers per resident and year
(€lres.)

Annual cost of maintenance and cleaning
of mixed waste containers per resident
and year (€/res.)

Annual investments for waste
management improvement projects per
resident and year (€/res.)

Annual investment in awareness
campaigns per resident and year (€/res.)

Number of people participating in
campaigns per year (unit)

Number of sanctions applied per year
(unit)

Number of complaints received per year
(unit)

Number of interactions due to the impact
of communication campaigns in social
media (unit)

Number of adapted containers available
for residents with functional diversity per
year (unit)

Percentage of waste collected selectively in the

ENV7 recycling center, compared to the city total (%)
Emissions from recovery and elimination of
ENV8 ! )
biowaste (kg CO?/res)
ENVO Emissions from recovery and disposal of
packaging waste (kg CO?res.)
ENV10 Emissions from recovery and elimination of
paper & cardboard waste (kg CO?res.)
Emissions from recovery and disposal of glass
ENVIL waste (kg CO?res.)
ENV12 Number of batteries collected selectively per
year (kgs/res.)
ENVI3 Amount of vegetable oil collected selectively per
year (gr./res.)
Percentage of complete contribution areas with
ENV14 all the fractions with respect to the total number
of collection areas (%)
ENV15 Amount of textile waste collected per year
(kgsl/res.)
ENV16 Number of uncontrolled waste dumping points

in the city

Table 2 describes the 36 strategic objectives and their 98 associated action plans, as well as their

link to the KPIs.

The KPIs were then linked with the objectives and associated action plans shown in Table 2.

Table 2: KPIs, objectives, and associated action plans.

Indicator

Objective

Action plans

El

E2

E3

E4

E5

E6

E7

In five years, do not exceed a 15%
increase in the annual cost of
collecting this fraction in 2022

In five years, do not exceed a 25%
increase in the annual cost of
collecting this fraction in 2022

In five years, do not exceed a
25five% increase in the annual cost
of collecting this fraction in 2022

In five years, reduce the costs of
collecting the mixed fraction by
20%

In five years, do not exceed a 25%
increase in the annual cost of
collecting this fraction in 2022

In five years, do not exceed the
annual cost of disposing this
fraction in 2022

In five years, do not exceed the

1. Study the implementation of new collection systems for which better separation ratios were
verified
2. Promote and subsidize home and community composting.
3. Support the financing of a new specific transfer plant for biowaste.

1. Increase the number of packaging containers and reach the average number for the region.
2. Install a monitoring system for packaging containers by installing fill-level sensors.
3. Promote the use of reusable packaging and bulk products.

1. Expand the supply of paper & cardboard containers until reaching the average supply of the
region.
2. Install a monitoring system for paper & cardboard containers by installing fill-level sensors.
3. Expand commercial participation in door-to-door collection systems.

1. Reduce the number of mixed waste containers to promote the use of separative containers.
2. Homogenize containerization to optimize collection routes.
3. Implementation of payment for the generation of mixed waste.

1. Expand the supply of glass containers to reach the average supply of the region.
2. Install a monitoring system for glass containers by installing fill-level sensors.
3. Optimization of routes and frequencies of collection of this waste.

1. Implement an electronic container closure and user identification system in certain areas.
2. Optimize the warning system and programming of scheduled and unscheduled bulky waste
collection routes.

3. Promote the reduction of waste generation through campaigns and incentives.

1. Optimize the distribution, routes, and collection frequencies of this fraction to conduct the
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E9

E10

El1

E12

E13

S1

S2

S3

sS4

S5

S6

S7

ENV1

ENV2

ENV3

ENV4

ENV5

annual cost of collecting this
fraction in 2022

In five years, do not exceed a 15%
increase in the annual cost of
maintenance and cleaning of

containers for this fraction in 2022

In five years, do not exceed a 15%
increase in the annual cost of
maintenance and cleaning of

containers for this fraction in 2022

In five years, do not exceed the
annual cost of maintenance and
cleaning of containers for this
fraction in 2022

In five years, do not exceed the
annual cost of maintenance and
cleaning of containers for this
fraction in 2022

In five years, increase by 10% the
resources allocated to investments
in [+D+| projects

In five years, reach an expense per
resident and year of 0.5 euros

In five years, reach 20,000 annual
participants

In five years, do not having
exceeded the number of sanctions
applied during the year 2022

In five years, not having exceeded
an increase of more than 10% in
complaints received during the year
2022

In five years, increase citizen
participation in social media to
4,000 interactions per year

In five years, having adapted 200
containers for people with
functional diversity compared to
those existing in 2022

In five years, reach 30 contracts per
year that include sustainability
criteria

In five years, improve the citizen
support systems to resolve every
complaint within 15 days

In five years, not having exceeded
a 5% increase in emissions
compared to those of 2022

In five years, have half the annual
consumption of drinking water
compared to 2022

In five years, increase the
percentage of collection of this
fraction by 10% compared to 2022

In five years, increase the collection
percentage of this fraction by 10%
compared to 2022

In five years, increase the collection
percentage of this fraction by 10%
compared to 2022

collections when containers are full.
2. Modernize the waste management process at the transfer plant to optimize the system and
improve its performance.
3. Study and project an optimal location for a new transfer plant.

1. Reduce water consumption by cleaning packaging containers using machinery with water-
saving technological solutions.
2. Implement an inspection system for light packaging containers that makes it possible to
establish optimal cleaning frequencies.
3. Install an internal temperature monitoring system for packaging containers and an
accelerometer to prevent failures.

1. Reduce water consumption for cleaning paper & cardboard containers by using machinery with
water-saving technological solutions.
2. Implement an inspection system for paper & cardboard containers that makes it possible to
establish optimal cleaning frequencies.
3. Install an internal temperature monitoring system for packaging containers and an
accelerometer to prevent failures.

1. Reduce water consumption for cleaning glass containers by using machinery with water-saving
technological solutions.
2. Implement an inspection system for glass containers that makes it possible to establish optimal
cleaning frequencies.
3. Install an internal temperature monitoring system for packaging containers and an
accelerometer to prevent failures.

1. Reduce water consumption for cleaning biowaste containers by using machinery with water-
saving technological solutions.
2. Conduct awareness campaigns on the use of closed bags for the deposit of waste in the
container.
3. Introduce container model with fewer mobile elements.

1. Install door-to-door systems in certain areas of the city for the fractions of biowaste, packaging,
paper & cardboard, and mixed waste.
2. Implement positioning and control tools in the vehicle fleet.
3. Plan for the creation of complete collecting areas in industrial areas.

1. Carry out at least four campaigns a year on the prevention and separation of waste.
2. Carry out a pilot campaign on the collection of medical waste.
3. Modernization of municipal websites and social networks.

1. Distribution of materials to promote separation at source.
2. Maintain an environmental education team made up of five members.
3. Improve dissemination of positive results and legal waste obligations.

1. Implement a control system for uncontrolled dumping points (reinforcement with drones).
2. Develop a disciplinary procedure in the new ordinance on waste management.
3. Educate on waste management.

1. Teach collection drivers about more efficient driving that reduces noise pollution.
2. Conduct campaigns that promote the use of the recycling center against the uncontrolled
dumping of large volume waste.
3. Avoid container overflow with adequate containerization and collection frequencies.

1. Design a social media communication plan that publishes information on the prevention and
separation of waste with a suitable frequency.
2. Update the corresponding sections of the city council website that include information on waste
management.

1. Detect the locations where there is a need to have adapted containers.
2. Adapt and install at least 200 selective containers for packaging, paper & cardboard, and glass.
3. Improve container renewal frequency.

1. Teach sustainability waste criteria to city council technicians who conduct public bidding
processes
2. Design and publish a practical guide on sustainability criteria.
3. Promote sustainability criteria to construction contracts especially focused on waste separation.

1. Implement a procedure for handling complaints and provide the corresponding training to
personnel assigned to these tasks.
2. Strengthen coordination between the service concession company and the city council by
installing standardized procedures and geolocalization.

1. Replace 50% of the fleet of diesel and/or gas vehicles with other less polluting technologies.
2. Teach collection drivers efficient driving that reduces emissions.
3. Conduct proper vehicle maintenance and a renovation plan.

1. Use of reclaimed water in areas of the city where this network exists.
2. Teach workers water-saving techniques.
3. Optimize cleaning frequencies so that they are carried out only when strictly necessary.

1. Install an electronic closure system for biowaste containers and user identification in certain
areas.
2. Carry out a study on the characterization of biowaste for one year.
3. Design a campaign adapted to the need to reduce improper detections, if necessary.

1. Install at least three mobile platforms in the city center area to deposit the separative fractions.
2. Promote selective collection at events by placing containers and their subsequent collection.
3. Carry out communication and environmental education campaigns for the correct separation of
packaging waste.

1. Expand the paper and cardboard waste door-to-door collection system to the entire downtown
district, as well as the central area.
2. Strengthen the collection during the annual periods of greatest production by increasing the
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ENV6

ENV7

ENV8

ENV9

ENV10

ENV11

ENV12

ENV13

ENV14

ENV15

ENV16

In five years, increase the collection
percentage of this fraction by 10%
compared to 2022

In five years, increase the collection
percentage in the recycling center
by 15% compared to 2022

In five years, do not exceed a 20%
increase in emissions compared to
those of 2022

In five years, do not exceed a 20%
increase in emissions compared to
those of 2022

In five years, do not exceed a 20%
increase in emissions compared to
those of 2022

In five years, do not exceed a 20%
increase in emissions compared to
those of 2022

In five years, reach an annual
amount collected from this fraction
of 1kg/reslyear

In five years, reach an annual
amount collected from this fraction
of 200 g/res in a year

In five years, at least 21% of the
locations where there is a biowaste
container will be full collection
areas

In five years, reach an annual
amount collected from this fraction
of 4.3kg/res in a year

In five years, reduce 30% the
number of illegal dumping points

paper & cardboard fraction collection frequencies.
3. Carry out communication and environmental education campaigns for the correct separation of
paper & cardboard waste.

1. Implement a door-to-door glass collection system for hotels and restaurants that generate more
than 25 kgs per week.
2. Glass waste separation plan at events through the temporary relocation of containers adapted to
large producers.
3. Carry out communication and environmental education campaigns for the correct separation of
glass waste.

1. Information campaign on the different locations and hours of the recycling centers through
signposting of the locations, billboards, publications on social media and street action.
2. Carry out a campaign on pruning waste that encourages the use of the recycling center for this
type of waste.
3. Install a computerized user identification system in the recycling center, which complies with the
legislation regarding the collection of home appliances.

1. Implement self-composting in at least 50% of urban gardens, infant and primary schools.
2. Implement self-composting in at least 25% of single-family homes.
3. Develop campaigns to avoid food waste that involve the reduction of biowaste management.

1. Implement the container return system in certain areas of the city.
2. Carry out information campaigns that reduce the number of improper materials collected in
packaging containers.
3. Encourage the use of glass packaging.

1. Install cardboard compactors in high production areas of this waste such as industrial estates or
shopping streets.
2. Inform large paper & cardboard producers of the schedules and collection points that were
defined to optimize collection routes.
3. Establish a circuit between commerce and cardboard manufacturers to promote the circular
economy.

1. Optimize the distribution, routes, and collection frequencies of this fraction to carry out
collections when the container is full.
2. Promote the refund and return system in hotels and restaurants to optimize the return rate
through information campaigns and delivery of materials.

1. Carry out an information campaign through street actions to publicize the locations and
importance of separating batteries.
2. Implement a bonus system for the delivery of batteries in the recycling centers.

1. Study the distribution of oil containers and relocate, if necessary, to reach a coverage of 100%
of the city.
2. Carry out an information campaign that includes the delivery of funnels to reach at least 13,000
households.
3. Reinforce the mobile recycling center services.

1. Move the necessary containers of packaging, paper & cardboard, glass and mixed waste to
create at least 230 complete contribution areas from the locations of the biowaste containers.
2. Implement closed contribution areas with access control for five fractions of waste in residential
estates (mixed waste, biowaste, packaging, paper & cardboard and glass).

3. Reduce the number of containers for the mixed fraction.

1. Increase the number of containers until it reaches the average for the region.
2. Design a campaign to promote the use of textile containers for companies that produce this type
of waste.
3. Conduct communication and environmental education campaigns for the separation of textiles.

1. Increase surveillance through police collaboration.
2. Removal of containers where this problem exists.
3. Promotion of the use of recycling centers.

Phase 3. Data matrix

In this phase, annual data for the 36 KPIs was collected and the resulting data matrix is presented

in Table 3, where it is possible to observe the 36 KPIs of the study in rows, observations in columns,

and the historical value of these KPI for the years 2017-2022.

Table 3: Historical values KPIs

Indicator Description 2017 2018 2019 2020 2021 2022
Cost of the biowaste collection
El service per resident and year ) R R 1.77 5.38 5.38
(€/res.)
E2 Cost of the container collection 2.48 2.49 2.51 2.71 3.34 4.29

service per resident and year



(€lres.)

Cost of the paper & cardboard
E3 collection service per resident and 3.22 3.24 3.25 3.15 3.16 3.76
year (€/res.)

Cost of the mixed waste collection
E4 service per resident and year 31.55 31.70 31.86 30.32 29.33 34.71
(€lres.)

Cost of the glass waste collection
E5 service per resident and year 0.65 0.65 0.66 0.64 0.64 0.75
(€lres.)

Cost of the mixed waste disposal
E6 service per resident and year 32.00 32.40 33.46 33.17 36.57 38.87
(€/res.)

Cost of the mixed waste transfer
E7 service per resident and year 5.65 5.72 5.90 5.85 6.45 6.86
(€lres.)

Annual cost of maintenance and
E8 cleaning of packaging containers 0.52 0.52 0.53 0.59 0.77 1.01
per resident and year (€/res.)

Annual cost of maintenance and
cleaning of paper & cardboard
containers per resident and year
(€lres.)

E9 0.52 0.52 0.53 0.51 0.52 0.64

Annual cost of maintenance and
E10 cleaning of glass containers per 0.52 0.52 0.53 0.51 0.51 0.60
resident and year (€/res.)

Annual cost of maintenance and
E11 cleaning of mixed waste containers 4.67 4.69 4.72 4.57 4.58 5.42
per resident and year (€/res.)

Annual investments for waste
management improvement

E12 projects per resident and year 0.63 0.63 0.62 0.62 0.62 0.62
(€lres.)
Annual investment in awareness
E13 campaigns per resident and year 0.37 0.37 0.37 0.36 0.37 0.37
(€/res.)
s1 Number of people participating in - 7650 5704 28400 663 16,630 17,720
campaigns per year (unit) ’ ' ’
Number of sanctions applied per
S2 year (unit) 2 2 0 1 3 15
s3 Number of complaints received per 4182 6606 7013 8331 8833 9996

year (unit)

Number of interactions due to the
S4 impact of communication 38 27 52 2799 2968 2035
campaigns in social media (unit)

Number of adapted containers
S5 available for people with functional 25
diversity per year (unit)
Number of public contracts that
S6 incorporate sustainability criteria in 1 3 5 6 11 12
waste management (unit)

Average time for resolution of

S7 S 26.5 23.3 25.2 21.7 18.9 17.6
complaints in a year (days)
ENV1 Collection service ezmlssmns per 754 7.89 8.0 8.52 9.14 0.18
year (kg CO%/res.)
ENV2 Annual water footprint of the waste 29 35 2217 22 06 2328 26.43 26.67

collection service (liters/res.)

Selective collection of biowaste
ENV3 percentage with respect to total 0.00 0.00 0.09 1.26 411 4.27
household waste (%)
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276

ENV4

ENV5

ENV6

ENV7

ENV8

ENV9

ENV10

ENV11

ENV12

ENV13

ENV14

ENV15

ENV16

Selective collection of packaging
percentage with respect to total
household waste (%)

Selective collection of paper &
cardboard percentage with respect
to total household waste (%)

Selective collection of glass
percentage with respect to total
household waste (%)

Percentage of waste collected
selectively in the recycling center,
compared to the city total (%)

Emissions from recovery and
elimination of biowaste (kg
CO?res)

Emissions from recovery and
disposal of packaging waste (kg
CO?res.)

Emissions from recovery and
elimination of paper & cardboard
waste (kg CO?/res.)

Emissions from recovery and
disposal of glass waste (kg
CO?res.)

Number of batteries collected
selectively per year (kgs/res.)

Amount of vegetable oil collected
selectively per year (gr./res.)

Percentage of complete
contribution areas with all the
fractions with respect to the total
number of collection areas (%)

Amount of textile waste collected
per year (kgs/res.)

Number of uncontrolled waste
dumping points in the city

1.75

3.27

2.01

7.55

0.00

0.81

0.71

0.24

0.08

8.26

0.00

2.50

25

1.96

3.62

2.06

9.92

0.00

0.92

0.80

0.25

0.07

38.04

0.00

2.53

2.16

4.06

2.18

9.74

0.12

1.04

0.91

0.27

0.08

101.28

0.00

2.45

2.69

4.37

2.65

9.37

1,64

1.20

0.92

0.30

0.06

113.06

13.48

2.68

2.74

4.32

2.37

10.71

5.72

131

0.97

0.29

0.04

112.32

14.73

2.98

2.74

4.15

2.60

9.59

4.94

1.09

0.77

0.26

0.04

86.08

18.07

2.30

The historical data is a highly compact data matrix, where most the KPIs have historical data for all
six years of the study. The exceptions are S5 and ENV16 — which although included in the 2022

planning, were only measured in 2017, and so the expert group decided to exclude them from the

next phase of data analysis.

Phase 4. Data analysis

The PCA technique was applied to the data matrix, using SPSS v16.0 and following a rotation

method of Varimax normalization and Kaiser criterion. Two principal components were then retained

for the study as they explained 99% of the data variability — as shown in Table 4.

Table 4: Data variability explained by the principal components

Components

Total

Eigenvalues

% of the

variance

% Acumulated




1 25,102 73,830 73,830
2 8,898 26,170 100,000
3 1,365E-15 4,016E-15 100,000
4 8,567E-16 2,520E-15 100,000
5 7,750E-16 2,279E-15 100,000
6 6,812E-16 2,003E-15 100,000
7 5,596E-16 1,646E-15 100,000
8 5,157E-16 1,517E-15 100,000
9 4,019E-16 1,182E-15 100,000
10 3,779E-16 1,111E-15 100,000
11 3,145E-16 9,249E-16 100,000
12 2,998E-16 8,817E-16 100,000
13 2,388E-16 7,023E-16 100,000
14 1,992E-16 5,860E-16 100,000
15 1,734E-16 5,100E-16 100,000
16 1,392E-16 4,094E-16 100,000
17 7,346E-17 2,161E-16 100,000
18 5,322E-17 1,565E-16 100,000
19 1,958E-17 5,759E-17 100,000
20 -3,657E-17 -1,075E-16 100,000
21 -4,082E-17 -1,201E-16 100,000
22 -9,379E-17 -2,758E-16 100,000
23 -1,627E-16 -4,786E-16 100,000
24 -1,779E-16 -5,232E-16 100,000
25 -2,016E-16 -5,928E-16 100,000
26 -2,404E-16 -7,070E-16 100,000
27 -3,268E-16 -9,613E-16 100,000
28 -3,514E-16 -1,033E-15 100,000
29 -4,047E-16 -1,190E-15 100,000
30 -4,462E-16 -1,312E-15 100,000
31 -5,073E-16 -1,492E-15 100,000
32 -6,138E-16 -1,805E-15 100,000
33 -7,634E-16 -2,245E-15 100,000
34 -1,352E-15 -3,977E-15 100,000

277

278  The two principal components retained for the study are formed by the KPIs, and it is possible to
279 identify which of these two principal components contribute most by making a graphical analysis of

280 the orthogonal situation of the KPIs within the two principal components (see Figure 2).
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281 Figure 2. Graphic shows the KPI orthogonal situation within the principal components.

282 By considering the 45° line from the origin (in green in Figure 2), it is possible to classify an orthogonal
283  distribution of the KPIs into one of the two principal components depending on which principal
284  component is closest. Figure 2 shows how the variables (KPIs) are graphically situated within two
285  principal components: PC1 on the x-axis and PC2 on the y-axis. Each KPI contributes to the
286  formation of the principal components, but they can be classified as more related to one of the
287  principal components than to another depending on the graphical proximity. Two green lines have
288  been added to the graph to make it easier to understand to which principal component each KPI is

289 closest:

290 e Principal component 1 (x-axis): E2, E3, E4, E5, E8, E9, E10, E11, S2, S3, S4, ENV5, ENV9,
291 ENV10, ENV11, ENV13, ENV14, ENV15.

292 e Principal component 2 (y-axis): E1, E6, E7, E12, E13, S1, S6, S7, ENV1, ENV2, ENV3,
293 ENV4, ENV6, ENV7, ENV8, ENV12.

294  The expert group used its experience and knowledge of the organization’s waste management

295  process (past and present) to identify which of the effect KPIs are most important:
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o EB6: This KPI represents the cost of the mixed waste disposal service per resident and year
expressed in €/res. These costs include labor, materials, machinery, and indirect costs of the
disposal plant for one year. Once the total cost has been obtained, it is divided by the
population registered in the municipality for the year of measurement.

e S1: This KPI represents the number of people participating in each of the environmental
awareness campaigns carried out in the city during a year.

e S3: This KPI measures the annual number of complaints received by the council regarding
waste management (location, quantity, cleanliness and maintenance of containers, transit of
the vehicle fleet, uncontrolled dumping, recycling center services, etc.).

e ENV1: This KPI represents the annual amount of CO? emissions (kgs) emitted by the
collection services per resident. It is calculated from the sum of emissions (produced by the
fractions of mixed waste, biowaste, packaging, paper & cardboard, and glass) and divided
by the total population.

e ENV2: This KPI refers to the total volume of fresh clean water used by the waste collection
service for cleaning containers and vehicles.

e ENV3: This KPI is the ratio obtained by dividing the annual amount of biowaste collected by
the total annual amount of containerized waste collected (mixed waste, biowaste, packaging,
paper & cardboard and glass).

e ENV14: This KPI is the ratio obtained from the number of complete (all waste fractions)
containerized areas with respect to the total number of points on the public road with single

containers (biowaste, packaging, paper & cardboard, and glass).

Once this is done, it is time to identify the main cause KPIs associated with the effect KPls. Figure 2
shows the symmetric position of the KPIs with respect to the axes and so reveals the groups of KPIs
with a higher cause-effect correlation (Jackson, 2003). For the effect KPIs, Table 5 shows the
meaningful relationships between KPIs (in columns) and the seven identified effect KPIs and the
main cause KPIs (in rows). This Table has been derived by following analytical procedures. Based
on the results shown in the previous figure, and following the PCA basis, it is possible to identify the

variables that are maintaining some meaningful relationships over time. These variables are those
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that are grouped around a principal component standing directly together and symmetrically. For
instance, regarding the KPI E6 (column ‘Effect KPI E6’ in Table 5), which is defined as one of the

most important KPIs, the KPIs that are closest graphically are:

o Directly: E1, E7, E8, E12, E13, S1, S6, ENV1, ENV2, ENV3 and ENV4.

e Symmetrically: S7 and ENV12.

Table 5. Cause-effect relationships between KPIs.

Cause Effect KPI Effect KPI Effect KPI Effect KPI Effect KPI Effect KPI Effect KPI

KPI E6 S1 S3 ENV1 ENV2 ENV3 ENV14
El X X X X X
E2 X X
E3 X X
E4 X X
ES X X
E6 X X X X
E7 X X X X X
E8 X X X X X X X
E9 X X
E10 X X
E12 X X X X X
E13 X X X X X
S1 X X X X
S2 X X
S3 X
S4 X X
S6 X X X X X
S7 X X X X X
ENV1 X X X X
ENV2 X X X X
ENV3 X X X X X
ENV4 X X X
ENV5 X X
ENV10 X X
ENV11 X X
ENV12 X X X X X
ENV13 X X

ENV14

The relationships established above show that E8 is the KPI cause with the greatest influence
(influencing all seven effect KPIs). After this, the following KPI causes stand out: E1, E7, E12, E13,
S6, S7, ENV3 and ENV12, as well as those which influence five effect KPIs (E6, S1, ENV1, ENV2,
ENV3). There is a group of KPIs (E6, S1, ENV1, ENV2, ENV4) that influences four effect KPIs and
another group of KPIs (E2, E3, E4, E5, E9, E10, S2, S4, ENV5, ENV10, ENV11, ENV13) that
influence two effect KPIs. The following phase establishes specific organizational recommendations
that arise from this data analysis.

Phase 5. Results discussion
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Based on the results achieved in the previous phase, decision-makers were able to identify the action
plans that are associated with the strategic objectives linked to both the cause-and-effect KPIs. From
analyzing the results of Table 5, the cause KPIs are ranked from more to less influence (measuring
this influence as the number of effect KPIs they influence). E8 is the most influential cause KPI, as
it influences all seven effect KPIs. This means that the three action plans that are associated with
the strategic objective that E8 is measuring (namely, ‘do not exceed in five years a 15% increase in
the annual cost of maintenance and cleaning of containers for this fraction in 2022’) should be
activated first, as these action plans will contribute to reaching the strategic objective — as well as
those associated with the effect KPIs that E8 is directly affecting:

e EB: cost of the mixed waste disposal service per resident and year.

S1: number of people participating in campaigns per year.

e S3: number of complaints received per year.

o ENVI1.: collection service emissions per year.

¢ ENV2: annual water footprint of the waste collection service.

o ENVS3: selective collection of biowaste percentage with respect to total household waste.

e ENV14: percentage of complete contribution areas with all the fractions with respect to the

total number of collection areas.

Table 6 shows the action plan prioritization produced when carrying out this analysis for all the
identified cause KPIs. Table 6 also shows the main KPI causes identified (E8, E1, E7, E12, E13, S6,
S7, ENV3 and ENV12), the KPlIs they affect (from the seven identified in the previous phase as the
most important to be achieved), and the 25 action plans associated with the strategic objectives of
the cause KPIs. These plans are then prioritized in the order of activation.

Table 6: Action plan prioritization

KPI

KPI effect Action plan prioritization
cause

1. Reduce water use for cleaning packaging containers by using
machinery with water-saving technological solutions.
E6, S1, S3, ENV1, 2. Implement an inspection system for light packaging containers that
ENV2, ENV3, ENV14 enables optimal cleaning frequencies.
3. Install an internal temperature monitoring system for packaging
containers and an accelerometer to prevent failures.

E8

1. Study new collection systems for better separation ratios.
2. Promote and subsidize home and community composting.
3. Support the financing of a new specific transfer plant for biowaste.

E6, S1, ENV1, ENV2,

El ENV3
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1. Optimize the distribution, routes, and collection frequencies of this
fraction to conduct collections when the containers are full.

E6, S1, ENVI, ENV2, 2. Modernize the waste management process at the transfer plant to

E7

ENV3 o :
optimize the system and improve performance.
3. Study and project an optimal location for a new transfer plant.
1. Install door-to-door systems in certain areas of the city for the fractions
E12 E6, S1, ENV1, ENV2, of biowaste, packaging, paper & cardboard, and mixed waste.
ENV3 2. Implement positioning and control tools in vehicle fleet.
3. Plan for the creation of complete collecting areas in industrial areas.
1. Conduct at least four campaigns a year on the prevention and
E13 E6, S1, ENV1, ENV2, separation of waste.
ENV3 2. Carry out a pilot campaign on collection of medical waste.
3. Modernization of municipal websites and social networks.
1. Teach city council technicians who conduct public bidding processes
about sustainability waste criteria.
S6 E6, S1, ENVIL, ENV2, 2. Design and publish a practical guide on sustainability criteria.
ENV3 S L . :
3. Promote sustainability criteria to construction contracts especially
focused on waste separation.
1. Implement a procedure for handling complaints and provide the
s7 E6, S1, ENV1, ENV2, corresponding training to personnel assigned to these tasks.
ENV3 2. Strengthen coordination between the service concession company and
the city council by installing standardized procedures and geo-localization.
1. Install electronic closure systems for biowaste containers and user
identification in certain areas.
ENV3 E6, S1, ENVI, ENV2, 2. Carry out a study on the characterization of biowaste for one year.
ENV3 ; - : i
3. Design a campaign adapted to the need to reduce improper detections,
if necessary.
1. Conduct an information campaign through street actions to publicize
ENV12 E6, S1, ENVI, ENV2, the locations and importance of separating batteries.

ENV3 2. Implement a bonus system for delivery of batteries in recycling centers.

Decision-makers will then have available a prioritization of action plans for the whole performance
system that have practical and theoretical implications.

Practical implications

The main aim of any performance measurement system is to ensure that the defined strategic
objectives are reached in the most efficient way. The proposed methodology provides a novel and
efficient approach for MSW decision-makers because it identifies — with the application of objective
rather than subjective analytical procedures — the order of activation for action plans associated with
strategic objectives. It enables reaching all the defined strategic objectives by activating some of the
action plans in the performance measurement system and this can provide the organization with
notable resource savings. However, like all performance measurement systems, this approach must
consider some specific points from a practical point of view:

o Exogeneous variables/events and how they affect the performance measurement system in

the present and future. There are some interesting academic works discussing this point but
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the approaches are always subjective, as we do not know the future and to what extent
external changes will affect future developments/performance.

e As a result of the application of this methodology, some actions plan may not be activated.
This will result in cost-savings for the organization, but it is necessary to ensure that all the
defined strategic objectives for the period (usually one year) are reached despite the
activation of fewer action plans. Otherwise, the application of this methodology will mean that
an organization achieves short-term cost savings, but compromises the achievement of other
sustainability strategic objectives.

e Additionally, it is necessary to keep in mind that an effective follow-up should be carried out
in the short-term to ensure that the activation of these analytically chosen action plans is truly
helping achieve all the defined strategic objectives of the performance measurement system.

The application of this methodology provided the Castell6 de la Plana city council with an order of
activation for its 98 action plans. The council was recommended to first activate the 25 action plans
associated with the strategic objectives of the cause KPIs. This will make it possible to achieve the
meta values of the cause KPIs they are associated with for strategic objectives — as well as those
associated with the effect KPIs. With the initial activation of these 25 action plans, the city council
can later check whether it is achieving the meta values of both cause-and-effect KPlIs. If so, it would
not need to activate the action plans associated with the strategic objectives of the effect KPIs
(whose estimated cost is €3.2m for 2022) and the funds could be used elsewhere within the city
council. If it is necessary to activate some of the action plans associated with the strategic objectives
of the effect KPlIs, the council would still save some money if it does not need to activate all of the
plans. Therefore, the activation times of the action plans should follow Table 6 and have control and
check points.

Theoretical implications

It is well known that numerous aspects (operational, economic, environmental, and social) should
be considered for the optimization of MSW systems from collection to ultimate disposal (Teixeira et
al., 2014). KPIs are an important tool for evaluating performance, but they provide only partial
productivity measurements. Without an appropriate aggregation metric, an analysis of KPIs may

result in misleading conclusions about MSW service performance (Ferreira et al., 2020). For this
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reason, standardized methods — such as life cycle assessment (Feiz et al., 2020), life cycle costing,
cost-benefit analysis, risk assessment, eco-efficiency analysis, and social life cycle cost (Allesch &
Brunner, 2014) — have frequently been used. In addition to these standardized methods, multi-criteria
analysis has become increasingly used in recent years (Andrade Arteaga et al., 2020; Coban et al.,
2018; Habibollahzade & Houshfar, 2020) for finding relationships between performance elements.
However, multiple-criteria decision analysis always harbors doubts about the subjectivity of expert

opinions or about the selection of KPIs (Amaral et al., 2022).

This case study has presented the results of applying a methodology for prioritizing waste
management action plans which has proven effective in similar approaches found in the literature
(Cai et al., 2009; Rodriguez-Rodriguez et al., 2020b; Sanchez-Marquez et al., 2018) and could
become an efficient tool for MSW management. The methodology enables objectifying decision-
making since it is based on employing historical data from a wide variety of parameters to establish
cause-effect relationships using statistical analysis. Combining KPIs further removes bias in
evaluation (De La Barrera et al., 2016), especially when appropriate correlations have been defined

for contributing to synergistic decision-making (Papamichael et al., 2022).

The potential limitations of this study are mainly that it is applied to just one waste management
organization, and that the results of following the suggested action plan order of activation are
unavailable (which would have shown to what extent the intended resource savings are produced).
This is relevant because the MSW performance measurement system is multi-dimensional and, as
was observed by (Parekh et al., 2015): “the performance of some indicators is influenced by the
performance of other indicators, similarly to how the cost of transportation does not only depend on
manpower, machinery, spare vehicles but also depends on distance to landfill site, mode of operation
i.e., departmental, contractual or public private partnership mode”. This means that the

recommended actions must always be followed up.

5. Conclusions, limitations, and future research work

This paper has presented the results of applying a methodology to prioritize the waste management
action plans of the Castell6 de la Plana City Council in Spain. Such a methodology is based on the

performance structure of strategic objectives, action plans, and KPIs — and their structural
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relationships. For the study, 36 KPIs were classified into three sustainability dimensions and six
years of historical values were gathered. The main cause-effect KPI relationships were identified by
applying principal component analysis, and once the most important effect KPIs were identified, the
main cause KPIs were indicated. Finally, a prioritized list of 25 action plans (linked to the cause KPIs
via the strategic objectives) that should be activated first (from a total of 98 action plans) was
produced. Activating these plans first will ensure that their values are reached, as well as the values
of the chosen effect KPIs. Following this order of activation enables the city council to save
resources, as the values of the effect KPIs can be achieved without activating some (or all) of the

action plans linked via the strategic objectives.

Future work could include the application of other statistical techniques to find KPI cause and effects
(such as factor analysis or partial least squares) and other implementations of the methodology to

improve and generalize its use for any MWS organization.

6. Data availability statement

The data that supports the findings of this study are available from the corresponding author [H.M.-

S.] on request.

7. Acknowledgments

The authors would like to thank the Castell6 de la Plana City Council for providing data for the

analysis.

8. References

Ajuntament de Castell6. (2022). http://www.castello.es

AlHumid, H. A., Haider, H., AlSaleem, S. S., Shafiguzamman, M., & Sadiqg, R. (2019). Performance
indicators for municipal solid waste management systems in Saudi Arabia: selection and
ranking using fuzzy AHP and PROMETHEE II. Arabian Journal of Geosciences, 12(15), 1-23.
https://doi.org/10.1007/S12517-019-4645-0/TABLES/13

Allesch, A., & Brunner, P. H. (2014). Assessment methods for solid waste management: A
literature review. Https://D0i.Org/10.1177/0734242X14535653, 32(6), 461-473.
https://doi.org/10.1177/0734242X14535653

Amaral, C., Isabel Pedro, M., Cunha Ferreira, D., & Cunha Marques, R. (2022). Performance and
its determinants in the Portuguese municipal solid waste utilities. Waste Management, 139,
70-84. https://doi.org/10.1016/J.WASMAN.2021.12.020



463
464
465
466

467
468
469

470
471
472
473

474
475
476

477
478
479
480
481

482
483
484

485
486
487
488
489

490
491

492
493
494

495
496
497
498

499
500
501

502
503
504

505
506
507

Andrade Arteaga, C., Rodriguez-Rodriguez, R., Alfaro-Saiz, J.-J., & Verdecho, M.-J. (2020). An
ANP-Balanced Scorecard Methodology to Quantify the Impact of TQM Elements on
Organisational Strategic Sustainable Development: Application to an Oil Firm. Sustainability,
12, 6207. https://doi.org/10.3390/su12156207

Asibey, M. O., King, R. S., Lykke, A. M., & Inkoom, D. K. B. (2021). Urban planning trends on e-
waste management in Ghanaian cities. Cities, 108, 102943.
https://doi.org/10.1016/J.CITIES.2020.102943

Barbudo, A., Galvin, A. P., Agrela, F., Ayuso, J., & Jiménez, J. R. (2012). Correlation analysis
between sulphate content and leaching of sulphates in recycled aggregates from construction
and demolition wastes. Waste Management, 32(6), 1229-1235.
https://doi.org/10.1016/J.WASMAN.2012.02.005

Birgen, C., Magnanelli, E., Carlsson, P., & Becidan, M. (2021). Operational guidelines for
emissions control using cross-correlation analysis of waste-to-energy process data. Energy,
220, 119733. https://doi.org/10.1016/J.ENERGY.2020.119733

Brouwer, M., Picuno, C., Thoden van Velzen, E. U., Kuchta, K., de Meester, S., & Ragaert, K.
(2019). The impact of collection portfolio expansion on key performance indicators of the
Dutch recycling system for Post-Consumer Plastic Packaging Waste, a comparison between
2014 and 2017. Waste Management, 100, 112-121.
https://doi.org/10.1016/J. WASMAN.2019.09.012

Cai, J., Liu, X., Xiao, Z., & Liu, J. (2009). Improving supply chain performance management: A
systematic approach to analyzing iterative KPI accomplishment. Decision Support Systems,
46(2), 512-521. https://doi.org/10.1016/J.DSS.2008.09.004

Callas, M. D., Kerzee, R. G., Bing-Canar, J., Mensah, E. K., Croke, K. G., & Swager, R. R. (2012).
An Indicator of Solid Waste Generation Potential for lllinois Using Principal Components
Analysis and Geographic Information Systems.
Https://Doi.Org/10.1080/10473289.1996.10467474, 46(5), 414-421.
https://doi.org/10.1080/10473289.1996.10467474

Carlucci, D. (2010). Evaluating and selecting key performance indicators: an ANP-based model.
https://doi.org/10.1108/13683041011047876

Coban, A, Ertis, I. F., & Cavdaroglu, N. A. (2018). Municipal solid waste management via multi-
criteria decision making methods: A case study in Istanbul, Turkey. Journal of Cleaner
Production, 180, 159-167. https://doi.org/10.1016/J.JCLEPRO.2018.01.130

de Feo, G., Ferrara, C., lannone, V., & Parente, P. (2019). Improving the efficacy of municipal solid
waste collection with a communicative approach based on easily understandable indicators.
Science of The Total Environment, 651, 2380—-2390.
https://doi.org/10.1016/J.SCITOTENV.2018.10.161

De La Barrera, F., Reyes-Paecke, S., & Banzhaf, E. (2016). Indicators for green spaces in
contrasting urban settings. Ecological Indicators, 62, 212—-219.
https://doi.org/10.1016/j.ecolind.2015.10.027

de Pascale, A., Arbolino, R., Szopik-Depczynska, K., Limosani, M., & loppolo, G. (2021). A
systematic review for measuring circular economy: The 61 indicators. Journal of Cleaner
Production, 281, 124942, https://doi.org/10.1016/J.JCLEPRO.2020.124942

Deus, R. M., Bezerra, B. S., & Battistelle, R. A. G. (2019). Solid waste indicators and their
implications for management practice. International Journal of Environmental Science and
Technology, 16(2), 1129-1144. https://doi.org/10.1007/S13762-018-2163-3/TABLES/1



508
509
510
511

512
513
514
515

516
517
518

519
520
521
522

523
524
525

526
527
528
529

530
531
532

533
534
535

536
537
538
539

540
541
542
543

544

545
546
547

548
549

550
551

Facchini, E., lacovidou, E., Gronow, J., & Voulvoulis, N. (2018). Journal of the Air & Waste
Management Association Food flows in the United Kingdom: The potential of surplus food
redistribution to reduce waste. Journal of the Air & Waste Management Association.
https://doi.org/10.1080/10962247.2017.1405854

Feiz, R., Johansson, M., Lindkvist, E., Moestedt, J., Paledal, S. N., & Svensson, N. (2020). Key
performance indicators for biogas production—methodological insights on the life-cycle
analysis of biogas production from source-separated food waste. Energy, 200, 117462.
https://doi.org/10.1016/J.ENERGY.2020.117462

Ferreira, D. C., Marques, R. C., Pedro, M. |., & Amaral, C. (2020). Economic Inefficiency Levels of
Urban Solid Waste Management Services in Portugal. Sustainability 2020, Vol. 12, Page
4170, 12(10), 4170. https://doi.org/10.3390/SU12104170

Ferronato, N., Rada, E. C., Gorritty Portillo, M. A., Cioca, L. |., Ragazzi, M., & Torretta, V. (2019).
Introduction of the circular economy within developing regions: A comparative analysis of
advantages and opportunities for waste valorization. Journal of Environmental Management,
230, 366—-378. https://doi.org/10.1016/J.JENVMAN.2018.09.095

Grote, M., Waterson, B., & Rudolph, F. (2021). The impact of strategic transport policies on future
urban traffic management systems. Transport Policy, 110, 402—-414.
https://doi.org/10.1016/J.TRANPOL.2021.06.017

Habibollahzade, A., & Houshfar, E. (2020). Improved performance and environmental indicators of
a municipal solid waste fired plant through CO2 recycling: Exergoeconomic assessment and
multi-criteria grey wolf optimisation. Energy Conversion and Management, 225, 113451.
https://doi.org/10.1016/J.ENCONMAN.2020.113451

Hatik, C., & Gatina, J. C. (2017). Waste production classification and analysis: a PCA-induced
methodology. Energy Procedia, 136, 488—494.
https://doi.org/10.1016/J.EGYPR0.2017.10.308

Hristov, I., & Chirico, A. (2019). The Role of Sustainability Key Performance Indicators (KPIs) in
Implementing Sustainable Strategies. Sustainability 2019, Vol. 11, Page 5742, 11(20), 5742.
https://doi.org/10.3390/SU11205742

Ibafiez-Forés, V., Bovea, M. D., Coutinho-NGbrega, C., & de Medeiros, H. R. (2019). Assessing the
social performance of municipal solid waste management systems in developing countries:
Proposal of indicators and a case study. Ecological Indicators, 98, 164-178.
https://doi.org/10.1016/J.ECOLIND.2018.10.031

Imoize, A. L., Tofade, S. O., Ughegbe, G. U., Anyasi, F. I., & Isabona, J. (2022). Updating analysis
of key performance indicators of 4G LTE network with the prediction of missing values of
critical network parameters based on experimental data from a dense urban environment.
Data in Brief, 42, 108240. https://doi.org/10.1016/J.DIB.2022.108240

INE. (2021). Instituto Nacional de Estadistica. Available online http://www.ine.es

Jackson, J. Edward. (2003). A user’s guide to principal components. 569.
https://www.wiley.com/en-es/A+User%27s+Guide+to+Principal+Components-p-
9780471471349

Kaplan, R. S., & Norton, D. P. (1992). The Balance Scorecard-Measures that drive Performance.
Harvard Business Review, 71-79.

Kylili, A., Fokaides, P. A., & Lopez Jimenez, P. A. (2016). Key Performance Indicators (KPIs)
approach in buildings renovation for the sustainability of the built environment: A review.



552
553

554
555
556

557
558
559
560

561
562
563
564

565
566
567
568
569

570
571
572
573

574
575
576

577
578
579

580
581
582
583

584
585
586

587
588
589

590
591
592
593

594
595
596

Renewable and Sustainable Energy Reviews, 56, 906—-915.
https://doi.org/10.1016/J.RSER.2015.11.096

Lancaster, G. (2007). Research Methods in Management. Research Methods in Management.
https://doi.org/10.4324/9780080494289/RESEARCH-METHODS-MANAGEMENT-GEOFF-
LANCASTER

Leon, R. D., Rodriguez-Rodriguez, R., Gbmez-Gasquet, P., & Mula, J. (2020). Business process
improvement and the knowledge flows that cross a private online social network: An
insurance supply chain case. Information Processing & Management, 57(4), 102237.
https://doi.org/10.1016/J.1IPM.2020.102237

Liu, J., Kang, H., Tao, W., Li, H., He, D., Ma, L., Tang, H., Wu, S., Yang, K., & Li, X. (2023). A
spatial distribution — Principal component analysis (SD-PCA) model to assess pollution of
heavy metals in soil. Science of The Total Environment, 859, 160112.
https://doi.org/10.1016/J.SCITOTENV.2022.160112

Loizia, P., Voukkali, I., Zorpas, A. A., Navarro Pedrefo, J., Chatziparaskeva, G., Inglezakis, V. J.,
Vardopoulos, I., & Doula, M. (2021). Measuring the level of environmental performance in
insular areas, through key performed indicators, in the framework of waste strategy
development. Science of the Total Environment, 753.
https://doi.org/10.1016/J.SCITOTENV.2020.141974

Malm, W. C., Schichtel, B., Molenar, J., Prenni, A., & Peters, M. (2018). Which visibility indicators
best represent a population’s preference for a level of visual air quality?
Https://D0i.Org/10.1080/10962247.2018.1506370, 69(2), 145-161.
https://doi.org/10.1080/10962247.2018.1506370

Mosca, F., & Perini, K. (2022). Reviewing the Role of Key Performance Indicators in Architectural
and Urban Design Practices. Sustainability, 14(21), 14464.
https://doi.org/10.3390/SU142114464/S1

Nemmour, A., Inayat, A., Janajreh, |., & Ghenai, C. (2022). New performance correlations of
municipal solid waste gasification for sustainable syngas fuel production. Biomass Conversion
and Biorefinery, 12(10), 4271-4289. https://doi.org/10.1007/S13399-021-02237-8/FIGURES/9

Olay-Romero, E., Turcott-Cervantes, D. E., Hernandez-Berriel, M. del C., Lobo-Garcia de
Cortazar, A., Cuartas-Hernandez, M., & de la Rosa-Gomez, |. (2020). Technical indicators to
improve municipal solid waste management in developing countries: A case in Mexico. Waste
Management, 107, 201-210. https://doi.org/10.1016/J.WASMAN.2020.03.039

Papamichael, I., Pappas, G., Siegel, J. E., & Zorpas, A. A. (2022). Unified waste metrics: A
gamified tool in next-generation strategic planning. Science of The Total Environment, 833,
154835. https://doi.org/10.1016/J.SCITOTENV.2022.154835

Pappas, G., Papamichael, I., Zorpas, A., Siegel, J. E., Rutkowski, J., & Politopoulos, K. (2021).
Modelling Key Performance Indicators in a Gamified Waste Management Tool. Modelling
2022, Vol. 3, Pages 27-53, 3(1), 27-53. https://doi.org/10.3390/MODELLING3010003

Parekh, H., Yadav, K., Yadav, S., & Shah, N. (2015). Identification and assigning weight of
indicator influencing performance of municipal solid waste management using AHP. KSCE
Journal of Civil Engineering, 19(1), 36—45. https://doi.org/10.1007/S12205-014-2356-
3/METRICS

Pinna, C., Dematrtini, M., Tonelli, F., & Terzi, S. (2018). How Soft Drink Supply Chains drive
sustainability: Key Performance Indicators (KPIs) identification. Procedia CIRP, 72, 862—-867.
https://doi.org/10.1016/J.PROCIR.2018.04.008



597

598
599
600

601
602
603

604
605
606
607

608
609
610

611
612
613

614
615
616

617
618

619
620
621

622
623
624
625

626
627
628

629
630
631

632

633
634
635
636

637
638
639
640

Reciplasa. (2023). https://www.reciplasa.es

Rodriguez-Rodriguez, R., Alfaro-Saiz, J. J., & Carot, J. M. (2020a). A dynamic supply chain BSC-
based methodology to improve operations efficiency. Computers in Industry, 122, 103294.
https://doi.org/10.1016/J.COMPIND.2020.103294

Rodriguez-Rodriguez, R., Alfaro-Saiz, J. J., & Carot, J. M. (2020b). A dynamic supply chain BSC-
based methodology to improve operations efficiency. Computers in Industry, 122, 103294.
https://doi.org/10.1016/J.COMPIND.2020.103294

Sanchez-Marquez, R., Albarracin Guillem, J. M., Vicens-Salort, E., & Jabaloyes Vivas, J. (2018). A
statistical system management method to tackle data uncertainty when using key
performance indicators of the balanced scorecard. Journal of Manufacturing Systems, 48,
166-179. https://doi.org/10.1016/J.JMSY.2018.07.010

Singh, J., & Ordofiez, I. (2016). Resource recovery from post-consumer waste: important lessons
for the upcoming circular economy. Journal of Cleaner Production, 134, 342—-353.
https://doi.org/10.1016/J.JCLEPRO.2015.12.020

Spain. (2022). BOE-A-2022-5809 Ley 7/2022, de 8 de abril, de residuos y suelos contaminados
para una economia circular. BOE-A-2022-5809. https://www.boe.es/buscar/act.php?id=BOE-
A-2022-5809

Stricker, N., Micali, M., Dornfeld, D., & Lanza, G. (2017). Considering Interdependencies of KPIs —
Possible Resource Efficiency and Effectiveness Improvements. Procedia Manufacturing, 8,
300-307. https://doi.org/10.1016/J.PROMFG.2017.02.038

Teixeira, C. A., Avelino, C., Ferreira, F., & Bentes, |. (2014). Statistical analysis in MSW collection
performance assessment. https://doi.org/10.1016/j.wasman.2014.04.007

Valencia, A., Qiu, J., & Chang, N. bin. (2022). Integrating sustainability indicators and governance
structures via clustering analysis and multicriteria decision making for an urban agriculture
network. Ecological Indicators, 142, 109237. https://doi.org/10.1016/J.ECOLIND.2022.109237

van Schaik, M. O., Sucu, S., Cappon, H. J., Chen, W. S., Martinson, D. B., Ouelhadj, D., &
Rijnaarts, H. H. M. (2021). Mathematically formulated key performance indicators for design
and evaluation of treatment trains for resource recovery from urban wastewater. Journal of
Environmental Management, 282, 111916. https://doi.org/10.1016/J.JENVMAN.2020.111916

Wilson, E. J., McDougall, F. R., & Willmore, J. (2001). Euro-trash: searching Europe for a more
sustainable approach to waste management. Resources, Conservation and Recycling, 31(4),
327-346. https://doi.org/10.1016/S0921-3449(00)00089-6

Wold, S., Trygg, J., Berglund, A., & Antti, H. (2001). Some recent developments in PLS modeling.
Chemometrics and Intelligent Laboratory Systems, 58(2), 131-150.
https://doi.org/10.1016/S0169-7439(01)00156-3

Yin, R. K. (2014). Case Study Research: Design and Methods. Sage Publications.

Zhang, S., Ma, X., Sun, H., Zhao, P., Wang, Q., Wu, C., & Gao, M. (2023). Response of semi-
continuous anaerobic digestion of food waste to progressively increasing temperature:
Methanogen community, correlation analysis, and energy balance. Industrial Crops and
Products, 192, 116066. https://doi.org/10.1016/J.INDCROP.2022.116066

Zhou, A., Wang, W., Chu, Z., & Wu, S. (2022). Evaluating the efficiency of municipal solid waste
collection and disposal in the Yangtze River Delta of China: A DEA-model.
Https://D0i.Org/10.1080/10962247.2022.2077473, 72(10), 1153-1160.
https://doi.org/10.1080/10962247.2022.2077473



641

642



