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Abstract

The separated collection and management of biowaste (BW) must be implemented in next years in the European countries.
In order to define a proper BW strategy, it is necessary to estimate the generation at a municipal level, since depending on
the amount to be treated, the strategy may notably vary. The aim of this study is to develop a methodology to estimate BW
generation at municipal level taking into account the characteristics of the region, the Municipal Solid Waste management
applied, and different socio-economic variables that define the level of rurality of a municipality. A model to estimate the
BW generation for each type of municipality has been developed using Multiple Linear Regression Analysis. As input data,
results from a Waste Compositional Analysis executed by the regional government to samples collected on 38 municipalities
and data related to influential socio-economic variables have been used. Significant influence of socio-economic variables on
BW generation is observed for the rural municipalities. The evolution of these characteristics, as well as the greater awareness
of society with food waste, have change the consumption patterns. Therefore, it is not recommended to use static ratios, but
models that allow including socio-economic changes in the estimation of waste generation.
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Abbreviations

ANN Artificial neural networks

ARIMA Autoregressive integrated moving average
BW Biowaste

EU European union

Fw Food waste

IN Junior index

MLRA  Multiple linear regression analysis
MSW Municipal solid waste

PD Population density

RI Retirement index

S1 Primary sector working index

S2 People working in the industry

S3 People working in the services sector
SN Senior index

VIF Variance influence factor

WCA Waste compositional analysis
Statement of Novelty

The novelty of this study lies with the development of a
methodology to estimate BW generation at municipal level,
considering the characteristics of the region, the Munici-
pal Solid Waste (MSW) management applied, and different
socio-economic variables that define the level of rurality of
a municipality. A model to estimate the BW generation for
each type of municipality has been developed using Multiple
Linear Regression Analysis.

Introduction

According to the Directive 2008/98/EC of the European Par-
liament and of the Council of 19 November 2008 on waste
[1], Biowaste (BW) is defined as “biodegradable garden and
park waste, food and kitchen waste from households, offices,
restaurants, caterers and retail premises and comparable
waste from food processing plants”. Even though this Direc-
tive has been modified by the Directive (EU) 2018/851 of
the European Parliament and of the Council of 30 May 2018,
which amends the Directive 2008/98/EC on waste [2], the
definition of BW has remained untouched. This waste flux
is formed by (i) food waste (FW) formed by edible and ined-
ible fractions of food, (ii) small vegetal fractions derived
from gardening and pruning, and (iii) bigger pruning waste
[3, 4]. While small vegetal fractions are generally gener-
ated in households, bigger pruning waste are generated in
residential areas, gardens and parks. Furthermore, FW can
be generated during (i) food production, (ii) manufacturing,
(iii) retail and (iv) consumption in the services sector and in
households [5]. However, the FW that is included in the BW
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definition established in the European Directives, excludes
the waste generated during production.

The Directive 2018/851 [2] incorporates important modi-
fications in relation to BW collection and management for
all Member States:

e By 31 December 2023, BW must be collected separately,
or separate and recycled at source, but never mixed with
other types of waste.

e From 1 January 2027, BW entering aerobic or anaerobic
treatment will be count as recycled, only if it has been
separately collected or separated at source.

e As a consequence, home composting must be encour-
aged.

Due to these modifications, significative changes must be
made to the Municipal Solid Waste (MSW) collection sys-
tem. Till now, a high proportion of BW (FW and small veg-
etal fractions) has been collected mixed with other types of
MSW (paper, glass, metals, wood, cloths, etc....). However,
the implementation of a new collecting bin, and the encour-
agement of home composting must be executed before 31
December 2023.

It is necessary to estimate the BW generated to stablish a
proper new collection and management scheme. The main
difficulty lies with the fact that small vegetal fractions and
FW are still collected in many regions mixed with other
types of waste. Thus, establishing the estimation method is
a critical step in the decision-making process.

The BW generation and therefore the management strat-
egy that must be developed in next years will be closely
related with the type of municipality, urban or rural, so first
it is needed to define the typology of the municipalities.
Depending on the characteristics of each region and munici-
pality, the chosen collecting system for each of them will
notably vary [6]. The rurality index is a helpful tool that
can help the decision-makers to include this in the decision-
making process.

Rurality Index

Currently, there is an open debate about what being “rural”
means, so a definition of this concept is needed in order to
optimize resource allocation and ease decision making [7].
Therefore, there is no standardized methodology that can
be used to obtain a rurality index for a region, neither the
variables associated to this concept. Population density has
been traditionally used as an indicator to distinguish between
(i) urban, (ii) intermediate and (iii) rural areas [8, 9]. This
has been used by the OECD [10], who established in 1961
this criterion to consider as rural any area whose population
density is lower than 100 inhabitants per Km?.
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At a national level, in Spain, The White Book of Agri-
culture and Rural Development [11] classifies the areas that
form the regions into (i) mainly rural, (ii) rural, (iii) semi-
rural and (iv) urban, depending on the population density
and the intensity of agriculture and livestock. In addition,
Prieto-Lara and Ocafia-Riola [7], Lopez-Rat6én and Santiago
[12] and Ocaiia-Riola and Sanchez-Cantalejo [13] executed
studies in which a specific rurality index was developed for
a specific region, considering demographic, economic and
environmental variables.

These studies do not include in their definitions of rurality
all the variables that are related to the generation of BW, so
a new rurality index, adapted to the characteristics sought,
must be developed.

Biowaste Estimation Methods

For each type of municipality, it will be necessary to make
an estimation of the amount of BW generated and for that,
the most appropriate estimation method must be selected.

The variety of methods used to estimate BW generation
is wide. Xue et al. [14], classify these methods into two cat-
egories: (i) direct methods based on first-hand data, and (ii)
indirect methods derived from secondary data.

One of the most frequently used direct method is the
Waste Compositional Analysis (WCA).WCA is commonly
used to determine the composition of waste streams col-
lected by local authorities [15]. An example of this method
is the characterisation of the FW generated by households,
taking data from the collecting bins by those who will exe-
cute the quantification [16].

Among the indirect methods, using existing data (as
ratios) and modelling are widely applied. Using existing
data is the easiest, cheapest and quickest among all meth-
ods. These ratios are obtained from another case studies,
databases or statistics. However, its accuracy depends on
the reliability of the source of data [14]. This is related to
its main drawback, which is that the data used to execute
the estimations might be very different, depending on how
it was initially obtained.

Mathematical, statistical or computational modelling
is used to calculate BW generation quite efficiently. Its
main advantage is that they allow the inclusion of climatic
phenomena, agricultural statistics or other variables with
influence, for example, on the different Food Supply Chain
Stages [17], as well as the characteristics of the region or
municipality in which the study is being executed.

Different models have been used to estimate and pre-
dict MSW generation, such as Multiple Linear Regres-
sion Analysis (MLRA), Artificial Neural Networks (ANN)
or Autoregressive Integrated Moving Average (ARIMA)
[18]. A combination of MLRA and ANN has been used by
Azadi and Karimi-Jashni [19] to predict MSW generation,

obtaining that ANN is more precise to make this predic-
tion than the MLRA, although it requires a high amount
of data that are not always available, especially if these
data correspond to variables at a local level. In addition, to
use ANN a deep knowledge of the tool is needed due to its
complexity. MLRA is a quite simple statistical method that
allows estimating BW, but not requiring that amount of data,
and considers paramount socio-economic variables of each
municipality [20].

The ARIMA model, has result be the most appropriate
model to forecast MSW generation [21, 22]. One of the main
characteristics of this method, is that to be used, the evolu-
tion of the temporal series must be similar to the one had in
the past [23].

The aim of this study is to develop a methodology to
estimate the BW generation at municipal level, taking into
account (i) the characteristics of the region, (ii) the MSW
management applied, and (iii) different socio-economic
variables that define the level of rurality of a municipality.
A model to estimate the BW generation for each type of
municipality has been developed using MLRA based on the
results of a WCA executed over 38 municipalities.

Methodology

In the Fig. 1 the methodology developed to estimate the BW
generation is shown.

As shown in the Fig. 1, the methodology includes five
main steps: (i) Identification of socio-economic variables of
the region of Cantabria that have influence on the rurality of
the municipalities and on waste generation, (ii) Collection
of information and MSW generation data in Cantabria, (iii)
Development of a Rurality Index to classify the municipali-
ties of Cantabria, (iv) Collection of the data obtained by the
Waste Compositional Analysis and combination with the
MSW generation data, and (v) development of the statisti-
cal model to estimate BW generation at a municipal level.

Characteristics of the Region

Cantabria is a small region of 5300 Km? located in the
north of Spain, and it is formed by 102 municipalities that
are distributed in three major areas: the coast, the centre
and the south. According to the regional statistics office,
582,206 people lived in this region during 2016 [24]. How-
ever, a high proportion of its population is concentrated
in the coastal area, where the two main urban areas (San-
tander and Torrelavega) are located [25]. In addition, dur-
ing summer, these coastal areas receive people from other
Spanish regions who have a second house in Cantabria,
so population in these municipalities significantly grows.
According to estimations executed by local governments,
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1. Characteristics of the region 2. Municipal Solid Waste Management

3. Rurality Index (RI) 4. Waste Compositional Anlaysis (WCA)

-Variables that define the rurality of a - Selective Collection Cluster defined (j): (38 of 102municipalities) Year 2016
municipality - Mixed Collection - Urban - Food Waste
-Variables with influence in the level of - MSW Treatments -Semiurban - Pruning waste
MSW generation -Semirural - Wood
Mixed Waste quantities collected at - Rural - Packaging waste
-Population Density (PD) municipal level - Rural+ - Paper
-Senior Index (SN) MSW; - Glass ...

-Junior Index (JN)

Factorial

- Retirement Index (RI)
-Primary Sector (S1)
-Industrial Sector (S2)
-Services Sector (S3)
-Economic dependency (ED)
-Immigration Index (II)

5. Statistical Modelling

Multiple Linear Regression Analysis
(MLRA)

BW Fraction=Food Waste + Pruning waste
for 38 Municipalities (BWF1i) (%)

Analysis

4.1.0btention of BWF; for 102 Municipalities

Conglomerate
Analysis

- Correlation BWF; and Ri,; (38)
- Interpolation to obtain BWF, to other
64 Municipalities

4.2. BioWaste estimation using WCA results

Estimation of BW generation at municipal and regional level

BW,,/:B WF,‘,,zl)m X MSW:,,

MSW: Municipal Solid Waste mixed collection; RI: Rurality Index; WCA: Waste Compositional Analysis; BWF: Biowaste Fraction; BW: Biowaste estimation;

Subscripts indicate: i:municipality; j:rurality cluster; m=year

Fig. 1 Methodology developed to estimate the BW generation at a municipal level

in some of these municipalities the population increases
30 times during summer [26]. This means that popula-
tion in Cantabria is not homogeneously distributed: while
the municipalities located in the coastal areas have a high
population density, those in the centre and south have a
notably lower population density.

In coastal areas, the most developed activities are
related to the services sector, representing the 70% of the
regional production, and industry, which represents the
22% of the regional production. On the other hand, in the
centre and south of Cantabria, population are dedicated to
agriculture and livestock, which represents the 1-2% of the
regional production [25]. This entails that younger people
and immigrants tend to live in municipalities located in the
coastal areas, where job opportunities are more numerous
and related to industry and services.

As it has been mentioned, the municipalities, due to the
area in which they are located, have very different socio-
demographic and economic characteristics that define
them, such as (i) population density, (ii) ageing rate, (iii)
youth rate, (iv) immigration index, (v) people working in
primary (vi) industry and (vii) services sector.

@ Springer

MSW Management

According to the Spanish law 22/2011, of wastes and con-
taminated soils [27], local entities must provide the collect-
ing, transport and management of the MSW generated in
households and stores.

In Cantabria, MSW is collected using four kerbside bins:
(i) a grey bin for mixed MSW, (ii) a yellow bin for plastic
and metal packaging, (iii) a blue bin for cardboard packaging
and paper, and (iv) a green bin for glass packaging. Vegetal
oils and clothing are also collected in different kerbside bins
that are located, in a lower proportion, in specific areas of
the municipalities. In addition, there is also a network of
green points where specific wastes can be left to ease their
selective collection (e.g., furniture, bulky waste, electronic
devices or electrical household appliances).

Currently, the biodegradable fraction of the MSW
(excluding bigger pruning waste), which is formed by FW
and small vegetal fractions, is collected in the grey bin
mixed with other waste materials that were not deposited
in a selective collection bin by citizens. These mixed MSW
are transported and managed in a central MSW facility
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(Meruelo) where the BW is separated from the other MSW
materials using a trommel, and then composted. The rejec-
tions produced after the composting process are inciner-
ated to produce energy [28]. However, according to the
Directive 2018/851 of the European Parliament [2], this
collection and management strategy will no longer be
adequate, so a new one must be defined.

Rurality Index

The socio-economic characteristics of the municipalities
of Cantabria will have a strong influence on the future
BW management strategy. In order to simplify the assess-
ment of this influence, the 102 municipalities of the region
have been classified into five categories depending on their
rurality degree: (i) Urban, (ii) Semi-Urban, (iii) Semi-
Rural, (iv) Rural and (v) Rural™*.

To do the classification a rurality index has been devel-
oped, considering the independent socio-economic vari-
ables that reflect the level of rurality of a municipality.
Variables related to the three dimensions of sustainability
(Environment, Society and Economy) should be consid-
ered, to obtain an index as complete as possible.

In this study, some of the variables suggested by Prieto-
Lara and Ocafia-Riola [7], L6épez-Ratén and Santiago [12],
Quinta and Arce [29] and Lasarte-Lo6pez et al. [30], have
been considered, taking into account the data availability
for Cantabria: (i) Population Density (PD, hab/Km?); (ii)
Senior Index (SN, %); (iii) Junior Index (IN, %); (iv) Pri-
mary Sector Working Index (S1, %); (v) Industry Work-
ing Index (S2, %); (vi) Immigration Index (IM, %); (vii)
Economic Dependency Index (ED, %); and (viii) Retire-
ment Index (RI, %). The necessary data to calculate these
variables for each municipality have been obtained from
the regional statistics office [24].

Before the analysis execution, it is necessary to ensure
that (i) the variables are continuous, (ii) the sample size
is large enough, and (iii) the variables follow a normal
distribution [31]. The statistical method applied was the
Factorial Analysis [7, 12], which delivers a linear function
as a result that relates the independent variables, weight-
ing the influence of each one. To obtain these weights,
the Principal Component Analysis was used, whose objec-
tive is to gather the information of a specific number of
variables into a lower number of components or factors,
orthogonal among each other [12]. Once these factors are
extracted, the rotation of their values is executed using
the Varimax rotation and the Kaiser normalization. Then,
the final weights and the linear function that provide the
rurality index are obtained.

The results obtained were standardised, using the Eq. 1,
so their values will vary between 0 and 1:

(RI, - RI

min)

standard = |, —RI (1)

min)

RI

To classify the 102 rurality indexes into the 5 catego-
ries that have been established, a Conglomerate Analysis is
executed and using the Ward method.

All statistical analysis has been executed using SPSS
(IBM) Software.

Biowaste Estimation

The collection companies provide data related to MSW col-
lection (grey bin) in each of the 102 municipalities of Can-
tabria. It is necessary to define the ratio of BW composition
in MSW for each municipality and its evolution over time.

Periodically, the regional Ministry of Environment devel-
ops and updates the Waste Plan of Cantabria, in which the
current outlook of waste in the region is presented. In that
section, a global characterisation of the MSW generated in
the region is provided. The percentage of BW collected in
the grey bin provided by the Waste Plan [28] has been used
to estimate BW in the region for years. However, this ratio
has been obtained from a single compositional analysis of
municipal waste from the whole region, so its use to estimate
BW at the municipal level entails a significant error.

In this study, a new methodology is proposed to esti-
mate the BW generation at municipal level, modelling dif-
ferent socio-economic variables that in different studies
have shown an impact on the generation of BW and that
can be obtained at the municipal level. Two aspects of the
methodology must be highlighted: (i) In order to apply the
modelling to the socio-economic variables it is necessary
to have a complete characterisation of the waste generated
in the different municipalities; (ii) Once the modelling has
been carried out, it can be used to estimate the BW of each
municipality using the socio-economic variables of each
year, without the need to carry out further characterisations
or wait for the collection data from the companies involved.

In Table 1 the characteristics of the estimation methods
considered, existing data, previously applied, Waste compo-
sitional analysis to characterise at municipal level the MSW
composition and the modelling developed in this study, are
collected.

Waste Compositional Analysis

Data from the characterisation of the waste generated in dif-
ferent municipalities have been obtained. The analysis of
26 samples of the MSW (collected during July and August
2016) from different municipalities and transfer stations was
executed. This characterisation determined the percentage
of each waste material in the sample: (i) FW, (ii) small veg-
etal fractions, (iii) wood, (iv) packaging waste, (v) paper,

@ Springer
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(vi) glass, (vii) clothes, (viii) metals, (ix) plastics and (x)
hazardous waste. As a result, with the 26 samples, the waste
from 38 municipalities have been characterised (consider-
ing the transfer stations). This characterisation does not
provide information of the 102 municipalities, so, for those
municipalities whose percentage of BW is not provided, the
percentage of BW of another municipality with the same or
similar Rurality Index has been ascribed.

Statistical Modelling

Considering the availability, characteristics, quantity of
data, and the purpose of the study, the chosen model to esti-
mate BW generation in Cantabria was the MLRA since this
method is accurate enough to make the estimation with small
economic and time-consuming costs. Data from the Waste
Compositional Analysis and a number of socio-economic
variables that have influence on BW generation have been
used. MLRA provides a tool that allows to estimate the gen-
eration of biodegradable waste, regardless of whether the
socio-economic situation changes over time.

Given that the number of municipalities is not high
enough to develop one equation per category, only two
MLRA have been developed: one for rural municipali-
ties (including municipalities defined as Rural +, Rural
and Semi-rural), and another one for urban municipalities
(including Urban and Semi-Urban).

In order to obtain a linear relation between the inde-
pendent and dependent variables, some of them need to
be transformed into their logarithmic form. The potential
co-linearity problems among the independent variables are
identified analysing the coefficients related to colinearity
among variables: Tolerance and the Variance Influence Fac-
tor (VIF). The chosen method to introduce the variables into
the equations is the INTRO method, which includes all the
considered variables in the analyses.

Results
Rurality Index

In order to obtain a rurality index taken into account the
socio-economic characteristics selected, a Factorial Analysis
has been executed. As a result, the software SPSS provides
the rotated component matrix (Table 2), in which the consid-
ered variables, as well as their lineal relation are presented.

Two different components have been defined. According
to the values collected in the rotated component matrix, the
rurality index of each municipality is a lineal combination of
the variables selected as influential in the Factorial Analysis:

947

Table 2 Rotated component matrix
Socio-economic variables Component

1 2
Senior index -0914 -
Junior index 0.900 -
Population density 0.887 -
People working in agricultureand livestock —0.866 -
Retirement index —0.736 -
Immigration index - -
Economic dependency index - -
People working in the industry - 0.882

RI, =09,y +0.887, +0.882, —0.736, — 0.866, — 0.914gy
@)

The immigration index and the economic dependency
index are not influential enough in the rurality of Cantabria
to be included in the index definition. On the other hand,
junior index, population density and people working in the
industry have positive influence on the rurality index; while
the senior index, retirement index and people working in
the agriculture and livestock sector have negative influence.
These are the variables that are usually associated to rural
areas: aged population that are highly dependent on agricul-
ture and livestock activities. This entails that, the lower the
rurality index is, the more rural the area is and vice versa.

Using Eq. 2, the rural index of the 100 municipalities that
are not defined as urban in Cantabria, have been calculated.
To categorise these 100 municipalities, a Conglomerate
Analysis has been executed, using the rurality indexes calcu-
lated with Eq. 2 and having fixed four clusters: semi-urban,
semi-rural, rural and rural®. The characteristics of these four
types of municipalities are shown in Fig. 2.

As aresult, the SPSS software provided the classification
of the 100 municipalities into the four categories that cor-
respond to the fixed clusters. These results are associated to
the map of Cantabria, in which the 102 municipalities are
represented, in Fig. 3.

As it is shown in Fig. 3, Cantabria is mainly rural, given
that the vast majority of the region, the 97% of the total area,
is semi-rural, rural or rural *, while only the 3% is urban
or semi-urban. On contrast, 56% of the population lives in
urban and semi-urban areas, while the 44% is located in
rural areas. Rural * municipalities are especially unpopu-
lated areas, provided that they span the 64% of the total area
of Cantabria but only the 6% of the population lives there.

Waste Compositional Analysis

The percentage of BW in the grey bin (FW and small vegetal
fractions) obtained through this method varies between the

@ Springer
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Fig.2 Characteristics of the different types of municipalities

Fig. 3 Classification of the

municipalities of cantabria

depending on their rurality O~
index

Types of Municipalities

Table 3 Percentage of biowaste
on the MSW of each type of
municipalities

Max Min Mean

Urban 56 19 37
Semi-Urban 53 24 37
Semi-Rural 47 25 33
Rural 47 24 33
Rural + 37 24 31

19% and the 68%. In general, the results obtained show that
the highest percentages of BW in the grey bin (38-56%)
correspond to urban, semi-urban and semi-rural municipali-
ties, while the lowest ones (< 35%) correspond to rural and

@ Springer

RI[0.091, 0.071]
Semi - Urban ’
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rural’ municipalities. The maximum, minimum and mean
values are presented in Table 3. These values coincide with
the percentages provided by the Spanish Ministry of Agri-
culture and Environment [32]: at a national level the average
percentage of BW in the grey bin in Spain is 44%, while the
values in the Spanish regions varies between 30 and 65%.
However, there are some outliers in the results that need
to be deeply studied. On the one hand, the municipalities
with the highest percentages of BW were rural (6) and semi-
rural (1) municipalities in which a high proportion of small
vegetal fractions are thrown away (60% of the total MSW
generated). However, the reasons why these percentages are
so high have not been reported. They might be related to the
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characteristics of the residential areas of these municipali-
ties, and to the fact that many people have their second home
in these municipalities and may have executed maintenance
works in their households during the execution of the WCA
(summer). On the other hand, the lowest percentage of BW
corresponds to the capital of the region, where almost no
small vegetal fractions are thrown away (0.16%), and a low
proportion of food is wasted (18%). This value is highly
improbable, but since no anomaly has been reported in the
sampling, it has been included in the study.

Statistical Modelling (MLRA)

The relation among the BW generation obtained using
WCA, and a selection of variables that have influence on
it representing the socio-economic situation of the area,
have been considered to execute the MLRA: (i) population
density (PD, inh/Km?), (ii) senior index (SN, %), (iii) jun-
ior index (JN, %), (iv) retirement index (RI, %), (v) people
working in agriculture and livestock (S1, %), (vi) people
working in the industry (S2, %) and (vii) people working in
the services sector (S3, %). In Table A1 of the Appendix,
the input data of the MLRA are collected: the value of these
variables, as well as the BW generation, that correspond to
each municipality in 2016.

Given that these variables are expected to have very dif-
ferent relations to BW generation depending on the rurality
of the municipalities two equations have been developed:
One for urban municipalities and other for rural ones due to
the amount of data is not enough to develop one equation
per type of municipality.

After different analyses to identify co-linearity
problems, and the need of transformation to normal

distributions of the variables, different mathematical meth-
ods (INTRO, STEPWISE) have been tested. After these
analyses, the need to transform the variables into their log-
arithmic form was identified. In addition, the exclusion of
some variables for urban municipalities due to co-linearity
problems and the choice to use the method INTRO were
made. As a result, the following statistical parameters, for
the two MLRA have been obtained (Table 4):

The R? values obtained for both analyses are upper to
0.8, which means that the existing correlation among the
variables is adequate in both cases, so the two models are
well adjusted considering the aim of the study.

Co-linearity problems can be identified through the
analysis of the Tolerance, and the Variance Inflation Fac-
tor (VIF). Tolerance represents the proportion of the vari-
ance of each independent variable that is not explained by
the remaining independent variables [23]. For both types
of municipalities, none of the Tolerance values are close
to zero, which allows to initially reject the existence of co-
linearity problems among the variables. The VIF, which is
the inverse of the Tolerance, must have low values in order
to definitely conclude that there is no co-linearity among
variables. For urban municipalities, these values are infe-
rior to 5.0, as well as the majority of variables for rural
municipalities. Although, VIF values that correspond to
Ln PD, Ln SN and Ln S1for rural municipalities oscillate
between 5.0 and 9.0, co-linearity problems are rejected, so
no variables have to be excluded from the model.

Using these coefficients, Eqs. 3 and 4 have been devel-
oped. According to the equations, in urban municipali-
ties only four variables have influence on BW generation,
while in municipalities that tend to rurality are seven the
variables with influence.

LnBW 3, = 4.628 +0.144 5 Lnpy, = 0.219 % LNy, —0.876 % Lng, +1.158 % Lng;_ 3)

LnBWp, = 0805 +0.613 5 Lnp, —0.879 % Lngy +0.551 5 Lnyy +0413 % Lng, +0.207 % LNy —0.027 % Lng, +0.594 % Lng, 4)

Table4 Cocfficients for BW MODEL Coefficients Tolerance VIF R
generation estimation
Urban Rural Urban Rural Urban Rural Urban Rural
Independent term 4.628 0.805 - - - - 0.849 0.828
Ln PD 0.144 0.613 0.473 0.157 2.116 6.365
Ln SN - —-0.879 - 0.111 - 9.000
LnJN - 0.551 - 0.277 - 3.614
LnRI - 0.413 - 0.237 - 4.227
Ln S1 -0.219 0.207 0.494 0.189 2.025 5.287
Ln S2 -0.876 —-0.027 0.323 0.733 3.096 1.364
Ln S3 1.158 0.594 0.316 0.721 3.162 1.386
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where i =municipality, j =rurality category.

If Eqgs. 3 and 4 are compared, the number of socio-
economic variables, as well as their influence on BW
generation are higher in rural than in urban municipali-
ties. This is because urban municipalities have intrinsic
socio-economic characteristics that make them prone to
generate wastes of any kind, diminishing the weight of
other aspects that may influence BW generation. This is
properly reflected in the equations, through the weight of
the variable part (socio-economic variables) and the fixed
part (independent term). This is represented in Fig. 4,
where the weight of the socio-economic variables and the
independent term are shown.

According to the model, for rural municipalities, the val-
ues of the socio-economic variables affect more the amount
of BW generation. The idiosyncrasy of these municipali-
ties is much more varied than in the case of urban ones.
This is reflected in the variability of the values of the socio-
economic variables, and therefore in the amount of BW
generated.

The population density (PD) has the most positive influ-
ence on BW generation. It coincides with the studies of Ghi-
nea et al. [18] and Azadi and Karimi-Jashni [19], that also
conclude that population density and working population
have a positive influence on MSW and BW generation. On
the other hand, the senior index (SN), is the variable with
the most negative influence on BW generation level. Older
people have another model of consumption and try to make
the most of the food leftovers. This agrees with Grazdhani
[20] who concluded that population of more than 65 years,
has a negative influence on MSW generation.

Other variables with positive influence are junior index
(IN), retirement index (RI), people working in agriculture
and livestock (S1) and people working in the services sector
(S3). Generally, families with young people have a higher

Rural + - —_
Rural - m—
Semi-Rural - —
Sen. v e
0 1 2 3 4 5 6 7 8 9 10
Ln BW
= Fixed Term Variable Term

Fig.4 Influence of the socio-economic variables on BW generation
depending on rurality

@ Springer

consumption of food per household and therefore of FW.
Regarding occupation, different studies conclude that work-
ing population has a positive effect on waste generation.
However, the type of occupation is not studied in their work
[18]. The agriculture and livestock are very representative
of rural areas, and a high proportion of population are part
of this sector, which can generate vegetal fractions as well
as FW. Although the services sector is not as important in
rural areas as in urban areas, due to the nature of its activity,
it contributes to BW generation.

In Fig. 5, it is graphically shown how the weight of these
variables will influence the BW generation for urban and
rural municipalities, presenting a mean value that increases
as the municipalities are analysed in increasing order of
rurality index. (the more urban the municipality is, the
greater the generation of BW will be in it).

Biowaste Estimation Using MLRA Models

The BW generation in Cantabria was estimated using the
model equations for the period 2012-2017 (Fig. 6). It var-
ies in this period between 61,800 and 66,900 tons per year,
which corresponds to a generation ratio from 106 to 115 kg/
capita/year.

m Urban © Rural

| I
0 — - .
Ln Ln Ln

Independent Ln PD Ln SN LnJN Ln RI S1 s S3

Fig.5 Influence of the socio-economic variables on BW generation
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Fig.6 BW generation in cantabria estimated using MLRA
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These estimated ratios have a similar magnitude to the
ones obtained by Quested et al. [33] for United Kingdom,
Kranert et al. [34] for Germany, Edjabou et al. [35] for Den-
mark, and Braiitigam et al. [36] for Spain, given that they
oscillate between 100 and 118 kg/capita/year.

Using this method, the lack of homogenesis of the BW
generation in the different types of municipalities is clear,
as it is shown in Fig. 6. During the studied period, the 37%
of the BW is generated in urban and semi-urban munici-
palities, while the 63% is generated in semi-rural, rural
and rural® municipalities. This means that the 37% of the
total BW is generated by the 56% of the total population
in Cantabria, who are concentrated in the 3% of the area
of the region. Provided that the remaining 63% of the BW
generation is produced in the 97% of the area, the efforts
to introduce the separate collection and management of
BW, as well as the assessment of their performance, must
not be made only in urban and semi-urban areas, but also
in rural and low populated areas.

However, this distribution varies along the years. The
trend followed by BW generation in the different munici-
palities in Cantabria, is associated to the evolution of
the most relevant socio-economic variables used in the
MLRA. As it is shown in Table A2 in the Appendix, popu-
lation density has changed differently through the years,
depending on the rurality of the municipalities. In urban,
semi-urban and rural® municipalities, PD has gradually
decreased, but with a higher intensity in urban and semi-
urban municipalities. On the other hand, PD has oscillated
in semi-rural and rural municipalities, finishing the studied
period with a slight increase in relation to the previous
year.

According to the values collected in Table A2 in the
Appendix, job market has also suffered variations during
the studied period. The evolution of the percentage of peo-
ple working in the primary sector through the years is quite
different depending on the rurality of the municipalities.
In urban municipalities, S1 has oscillated during the stud-
ied period, ending it with a decrease in relation to the year
2016. In semi-urban, semi-rural and rural municipalities
S1 increased during the beginning of the studied period, to
decrease gradually till 2017. Only in rural® municipalities
S1 has increased during the majority of the studied years.
Howeyver, it decreased in 2017.

The percentage of people working in the industry sector
has followed a similar trend in the whole region. During
the years 2012-2016, S2 has decreased gradually, except in
2014 in rural municipalities, to finish the studied period with
an increase in every type of municipality.

As a consequence, the percentage of people working in
the service sector has gradually increased in the five catego-
ries of municipalities, during the years 2012-2016 to finish
the studied period decreasing in 2017.

951
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60000 140
. 120 S
= 50000 z
2 40000 100 &
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mmmm BW generation (WCA) BW generation (MRLA)
(t/year) . ) (t/year) . .
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Fig.7 Comparative BW generation WCA and MRLA

Through the analysis of the trend followed by these vari-
ables and its link with the one followed by the distribution
of BW, the strong connection between the socio-economic
variables of the municipalities and the BW generated in each
one of them is proved. Therefore, they have to be considered
when decisions related to BW collection and management
must be made.

The estimations obtained through the model, are com-
pared to other made using WCA (2016) ratios and MSW
collection data of the same period (Fig. 7). These values
are collected in Tbale A3 of the Appendix. The estimations
have lower values during the whole studied period, with a
percentual difference between 9 and 21%.

These differences lie with the fact that the WCA was exe-
cuted during summer season (2016), when population, tour-
ism and the intensity of the services sector’s activity grows
exponentially. On the contrary, the statistical data used to
make the estimations using MLRA correspond to the whole
year, and do not include people from outside the region who
have their second home in Cantabria.

It is expected that the values of the BW estimated using
the ratio obtained in the WCA will be worse the further
away from the year in which it was obtained, since the evo-
lution of the economic crisis of the last decade, as well as
the greater awareness of society with FW, have changed the
consumption patterns. This is one of the reasons why it is
not recommended to use static ratios and it is recommended
to use models that allow including socio-economic changes
in the estimation of waste generation.

Conclusions

European countries must develop a new BW management
strategy in the coming years due to changes in the regula-
tions. In this sense, it is necessary to be able to quantify the
generation of this waste at the municipal level.
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In this paper, a methodology to estimate BW generation
at municipal level has been established. The methodology
takes into account the characteristics of the region, the
MSW management applied, and different socio-economic
variables that define the level of rurality of a municipal-
ity. A model to estimate the BW generation for each type
of municipality (urban or rural) has been developed using
MLRA. It has been proved that MRLA is an easy-to-use
and accurate enough tool, to model the distribution of
BW generation in the region. As input data, results from
a WCA and data of socio-economic variables that have
demonstrated to influence the generation of waste, have
been used.

The number of socio-economic variables, as well as
their influence on BW generation are higher in rural than
in urban municipalities, given that urban municipalities
have intrinsic characteristics that make them prone to
generate wastes of any kind, diminishing the weight of
other aspects that may influence BW generation. This coin-
cides with the fact that the variable part of the equation
is more relevant for rural municipalities than for urban
municipalities.

According to the model, the BW generation in Canta-
bria during the 2012-2017 period varies between 61,800
and 66,900 tons per year, which corresponds to a genera-
tion ratio of 106 and 115 kg/capita/year. However, as it
was expected, the distribution of BW generation is not
homogeneous: the 37% of the BW is generated in urban
and semi-urban municipalities, while the 63% is generated
in semi-rural, rural and rural* municipalities. Therefore,
the efforts to introduce the separate collection and man-
agement of BW in the point of production, as well as the
assessment of their performance, must not be made only
in urban and semi-urban areas, but in rural and low popu-
lated areas too.

After comparing the value of BW production obtained
using the models, with those obtained using single ratios,
differences were found among both values. The evolution
of the economic crisis of the last decade, as well as the
greater awareness of society with FW, have changed the
consumption patterns. This is one of the reasons why it
is not recommended to use static ratios and it is recom-
mended to use models that allow including socio-eco-
nomic changes in the estimation of waste generation.
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