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Using a fuzzy TOPSIS-based scenario analysis to improve municipal solid waste planning and 

forecasting: A case study of Canary archipelago (1999-2030) 

Abstract 

In this paper the Canary archipelago is used as a study case to analyse and improve the municipal solid 

waste (MSW) planning process. The research has been conducted in four steps, namely, the Delphi 

technique helped to capture the knowledge of the local experts, the fuzzy TOPSIS to rank the MSW 

treatment methods more consistently, the System Dynamics to design a mathematical model based on 

MSW official historical data from 1999 up to 2014, and Scenario Analysis to forecast the future evolution 

of the MSW until 2030 under different policies. According to the results obtained by simulating several 

possible and desirable scenarios, the model predicts that by maintaining the current policies (Business As 

Usual scenario), it will be impossible to meet the targets of the MSW European Directive. The model also 

estimates the annual ratios to be reached for each component of the MSW so that they can comply with 

the European Directive, e.g. regarding to recycling (Scenario 2) and organic and rest fraction collection 

(Scenario 3) and the influences of the resident population and the equivalent touristic population on the 

total MSW generation until 2030. This methodological approach could be replicated in other territories. 

Keywords: Municipal waste management; scenario analysis; fuzzy TOPSIS; system dynamics; decision-

making; Canary Islands.  
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1. Introduction 

An increase in the population, rapid urbanisation and a rise in community living standards have 

significantly accelerated municipal solid waste (MSW) generation (Song et al., 2015), and so a 

sustainable and efficient waste management strategy is needed to balance the need for development, the 

quality of human life and the environment (Tan et al., 2014). The management of this growing and 

complex problem requires approaches that deliver more consistent and robust results for decision-making. 

This study has two objectives:  

1. To select the best MSW treatment methods to be applied for the amount of waste generated in a 

specific territory. It should be based on the interests and wishes of the main local stakeholders, 

mainly citizens and their political representatives, academic experts and environmental decision-

makers.  

2. To estimate and forecast the evolution of the MSW generation under different assumptions and 

scenarios for a future period, using a mathematical model developed on the basis of the historical 

official data for a given territory such as the Canaries was applied. This help to disentangle how 

the different factors affect MSW generation and to determine when the current landfill capacity 

would be overcome in that territory.  

To achieve those objectives, a decision model based on Delphi, fuzzy TOPSIS, system dynamics (SD) 

and scenario analysis that supports decision-making for the comparison of different potential alternative 

MSW treatments was developed.  

Changes and incentives in public policies and consumption habits may increase the uncertainty and 

variability of the forecasts regarding the future amount of different waste fractions. Some of the 

relationships between those factors are dynamic, so the feedback mechanism may provoke non intuitive 

responses. Many long-term decision-making processes are dynamic, and critical decisions often require 

multiple and interrelated decision within extremely uncertain and complex scenarios. Therefore, scenarios 

analysis is a strategic planning method that can help decision makers make more flexible long-term 

planning (Salmeron et al., 2012).  

The Canary Islands are an interesting case study because they are among the most important tourist 

islands in the European Union (EU). The tourist industry contribution to the total gross domestic product 

(GDP) of Spain reaches 31.4% and the population working in this industry reaches 33.1%, and to 
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improve the MSW management is a key issue for the sustainable tourism development of that territory. 

In the study area, the topic of MSW management planning has been investigated very little, e.g. Garcia-

Falcon and Medina-Muñoz (1999) studied the sustainable tourism development in the main island of the 

Canary archipelago and Santamarta et al. (2014) identified some weaknesses of the MSW Canary 

management system for the period 2005-2011 and proposed recommendations to improve it but without 

neither calculations nor modelling. 

This paper helps by responding to this gap in the Canaries and the tourist islands, because, this study area 

which can be considered as a closed system and it was nominated as biosphere reserve by UNESCO, no 

research has been conducted to determine the key factors that directly affect the generation of waste and 

the impact they may have in the long term. As well no mathematical models or fuzzy or hybrid 

approaches have been applied as prospective aid to improve solid waste planning. At the same time, this 

case study is very useful to study the influence of the variations of the tourism on the MSW generation in 

touristic island, where the contribution of the tourist industry to the GDP is very high (e.g. 31.9% in 

Canary island in 2015). 

The main contribution of this paper is the development of a prognostic tool to improve the consistency of 

decision-making and the forecasts of the future MSW generation in any territory. It is needed because this 

European territory has to comply with what was established by the European Directive 2008/98/EC, 

where the countries have to develop waste prevention plans and programmes (articles 28 and 29).  

On the whole, There are many initiatives that can be put in place to improve the management of waste I n 

in the Canary Islands. These include implementing systems for self-management of the organic fraction, 

establishing models of collection door-to-door, promoting small scale treatment plants, creating taxes for 

the more pollutant treatments or adjusting rates of waste to the same generation (known as economic 

tools), as has been tested in experiences carried out on other European islands, especially if differential 

treatment is given to the waste generated by tourist activity. 

2.  Literature review 

During the last decade, improvements in the MSW management issue have received increasing interest 

from the scientific community from different perspectives: environmental, political, governmental and 

legal, educational and socioeconomical. Su et al. (2007) analyze the potential impact of applying different 

MSW policies as support for environmental decision-making. Triguero et al. (2016) and Afroz et al. 
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(2011) analyze the factors that influence the MSW generation and the willingness to minimize it, and they 

show that the individual acceptance of the MSW management policies is essential for the implementation 

of proactive and preventive approaches towards the improvement of the responsibility and the 

involvement of all stakeholder groups. Niza et al. (2014) state that in order to improve MSW 

management, responsibility policies should be applied to the producers of goods and services. Gonzalez-

Martínez et al. (2012) suggest that a more sustainable system requires the incorporation of governmental 

policies and regulations, sustainable consumption patterns, adequate costing and education, as well as 

technological development. 

In terms of the social perspective of the resident and the touristic population, authors such as Nair and 

Jayakumar (2008) and Zorpas et al. (2014) focus on the MSW generation in tourist areas and how to 

improve and achieve zero residues. They argue that zero residues combine the ethical practice with a 

sound economic vision for both local communities and large corporations. 

The question of how education can affect the MSW generation. Authors like, Marquez et al. (2008) and 

Ojeda-Benitez et al. (2008) find a correlation between the generation of domestic waste and the 

educational level which determines certain patterns of consumption. Villavicencio et al. (2014) analyze 

important externalities such as education and tourism, as well as the combination of socio-economic 

factors that influence MSW management. 

Regarding economic prospects, some authors have found a correlation that can be directly proportional 

between MSW generation and the income per capita, because economic growth leads to increasing levels 

of consumption, which causes a higher generation of MSW and may lead to environmental degradation 

(Dangi et al, 2011), Mazzanti and Zoboli (2008) analyze to what extent the income level and the MSW 

generation are linked and at which income level they are disconnected until they find a turning point. 

Many different methods and techniques can be applied to develop a decision support system (DSS), 

which helps to predict the MSW generation, and to select the ideal MSW treatment mix, including Life 

Cycle Analysis (LCA), Econometric studies, System Dynamics (SD), Scenario Analysis (SA) and 

multicriteria decision-making methods (MCDM). In this study we have applied SD, SA and MCDM. 

The LCA method has been widely used to evaluate the environmental impact of waste generation and 

treatment alternatives, e.g. Kalakula et al. (2014) developed a soft LCA tool that helps to evaluate the 

environmental impacts of biochemical processes. Nadzirah et al. (2012) reviewed and evaluated the life 
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cycle of waste in some Asian countries, adopting an integrated approach to solving the problem of waste 

generation. Al-Salem and Lettieri (2009) evaluated the waste life cycle through the creation of scenarios 

to compare the current and future scenario in Kuwait. Kim et al. (2009) suggested an evaluation method 

to assess recycling potential considering both the environmental and economic factors for the materials 

recovered from waste home appliances. den Boer and Lager (2007) focused on the LCA and integrated 

waste management strategies as an evaluation tool that supports decision making for waste management 

planning allowing the creation and comparison of different scenarios, but the inclusion of additional 

criteria, such as cost and social effects, must make the decisions more consistent.  

Some econometric studies have tried to find the key drivers affecting waste management, e.g. Ghinea et 

al. (2016) applied a prognostic tool, regression analysis and time series analysis in order to predict the 

generation of solid waste. Ali et al. (2011) applies multivariate econometric approach to select the most 

relevant explanatory variables related with the MSW generation. Weng et al. (2011) quantified the 

consumer behavior using a multinomial logit model to analyze the individual consumption expenditure 

and the influence on the MSW generation. Beigl et al. (2008) reviewed the MSW generation literature 

showing some simple and multiple regression models with the aim at explaining or estimating the present 

or future waste generation using socioeconomic data. 

With regar to The application of the MCDM to MSW management problems, the analytic hierarchy 

process (AHP) and the analytic network process (ANP) must be highlighted, e.g. Tascione et al. (2016) 

applied multiobjective linear programming as a tool to define the best scenario to find an optimal waste 

management system. Vučijak et al. (2015) used of multicriteria decision-making tools to select the best 

waste management for Bosnia and Herzegovina. Arikan et al. (2015) determined the most appropriate 

solid waste disposal methodology, based on a multicriteria analysis and considering all factors that may 

be related to waste. Victor et al. (2015) examined the strategic environmental assessment policy and find 

that it is influenced directly by drivers, environmnetal attitude and environmental awareness. Milutinovic 

et al. (2014) applied multicriteria analysis can be applied to the selection of a waste management scenario 

with energy and resource recovery. 

With regard to SD and SA, both of them are effective methods for studying the dynamic conditions and 

changes in complex systems, such as the MSW management system. They can help to predict the future 

behaviour of the variables that affect the system under different scenarios and the right forecast of future 
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MSW generation is critical for decision-making and strategic planning. For this reason they have been 

selected to develop this study. 

Table 1 shows a sample of previous studies and territories where SD and SA have been applied to model, 

simulate and analyse policies to improve MSW management and planning. 

Table 1. Previous studies. 

 

 
The TOPSIS method has been applied to MSW management, mainly with AHP. Behzadian et al. (2012) 

present a wide review of this method. Beskese et al. (2015) and Ekmekcioglu et al. (2010) apply this 

method to determine the optimal selection of a landfill site. Onut and Soner (2008) use this method to 

select the trans-shipment site of the waste (transfer stations), Rao and Baral (2011) use this method to 

evaluate different MSW treatment methods and propose the best combination. Vinodh et al. (2014) and 

Gumus (2009) integrate Fuzzy TOPSIS and AHP methods to improve the recycling of plastics. 

In contrast, The Fuzzy TOPSIS method by itself has been applied much less to MSW management. For 

example, Torkamani et al. (2012) use it as tool for decision-making in urban management, Yong (2006) 

uses it to select the location of a waste treatment plant, and Aghajani et al. (2016) combined TOPSIS and 

Author(s) Methodology Region

Marzouk and Azab (2013) SD and SA Egypt

de Oliveira and Löbler (2012) SD and SA Southern Brazil

Karavezysis et al. (2002) SD and Fuzzy Logic Generic region

Guo et al. (2001) SD and SA Erhai Lake, China

Nesli and John (2012) SD and SA Istanbul, Turkey

Ahmad (2012) SD and SA New Delhi, India

Manga et al. (2011) SD and SA Cameroon, Africa

Kollikkathara et al. (2010) SD and SA Newark, New Jersey, USA

Inghels and Dullaert (2010) SD and SA Flanders, Belgium

Resources and Livelihoods
Group, Prayas, (2009)

SD and Fuzzy Logic India

Pai et al. (2014) SD and SA Karnataka, India

Adamides et al. (2009) SD and SA Greece

Yan et al. (2007) SD and SA Kunming City, China

Sufian and Bala (2007) SD and SA Dhaka City, Bangladesh

Dyson and Chang (2005) SD and SA Texas, USA
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VIKOR methods to obtain the best MSW treatment method by comparing and classifying the different 

scenarios. 

 

3. Material and methods 

3.1 Overview of the study area  

The Canary Islands are a Spanish archipelago composed of seven islands, which by the end of 2015, had 

a resident population of 2.1 M/inhabitants and the waste generation rates reached 2.0 kg/pers/day in 2014 

(ISTAC, 2015). In recent decades, the tourism development of the islands has caused an increase in the 

generation of MSW, which has caused an increasing need for infrastructure and treatment facilities for 

their internal flows. The MSW management in the Canary Islands is currently rather poor, and the islands 

have not reached the goals set by the Spanish Integrated National Waste Plan (SINWP, 2008–2015) for 

the generation and treatment of waste. Landfilling is the primary treatment, even if it means a high risk of 

environmental contamination as well as harm to public health.  

One of the main problems is that in the grey containers (mixed MSW deposited no associated with the 

selective collection), approximately 72% of the waste deposited is not organic since there is no separation 

at the origin and different types are mingled.  

Currently in the territory Canary archipelago around 88% of the total generated waste goes to a landfill, 

and only around 12.29 % is collected selectively. Also, it can be highlighted that 38–40% of the total 

waste generated is organic.  

There is currently a biomethanisation facility, which, even after eight years, has not come into operation 

because of social rejection of this type of treatment. It is necessary to find out which methods would be 

best advised to modernise and improve the MSW management system in the Canaries. One must bear in 

mind that not just landfilling but also incineration and biomethanisation are socially rejected. This make it 

difficult to find a solution, even knowing that certain methods in developed countries of the EU have 

achieved considerable results in reducing landfilling. For example, Germany and Denmark are currently 

achieving ratios of below 1% sent to landfill (EUROSTAT, 2015).  

3.2 Evolution of the MSW generation in the Canary Islands 
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Table 2 presents panel data of the main variables involved in the MSW generation in the study area. As 

well as the calculated indicator of the Equivalent Tourist Population (ETP) has been calculated. It helps to 

better visualise the impact on the MSW generation that is being exerted by tourists.  

The ETP is defined as the quotient of the number of overnight stays by groups of tourists divided by 365 

days. 

ETP in hotels in a given area = (Pes + Pex) / 365,  

Where:  

Pes = Number of overnight stays by Spanish tourists.  

Pex = Number of overnight stays by foreign tourists. 

Table 2. Main variables involved in the MSW generation (Source: ISTAC 2014) 

 

Fig. 1 presents the total population and MSW generated by the Canaries’ MSW system. The curves are 

fitted based on 16 data points (1999–2014). For scaling reasons, the total population values are expressed 

as indexes (basis 1999 = 100) to facilitate the comparison of the relative changes in the variables 

(absolute values can be seen in Table 2, fifth column).  

 

Period
Tourist 
arrival

Resident 
population 

Equivalent 
Tourist 

Population (ETP)

Total population 
(ResPop + ETP)

GDP per 
capita [€]

Total MSW 
generated 

[kg/pers/year]

1999 9,855,592 1,672,689 110,100 1,773,789 14,200 825.63

2000 9,972,184 1,716,276 115,340 1,817,616 15,570 788.18

2001 10,137,202 1,781,366 121,273 1,882,639 16,759 710.22

2002 9,778,512 1,843,755 136,513 1,942,268 17,476 687.51

2003 9,836,785 1,894,868 152,449 1,997,317 18,227 695.01

2004 9,427,265 1,915,540 171,606 2,017,146 18,778 770.02

2005 9,276,963 1,968,280 193,094 2,071,374 19,595 735.86

2006 9,530,039 1,995,833 210,266 2,119,099 20,422 700.12

2007 9,328,546 2,025,951 129,303 2,155,254 21,167 597.5

2008 9,216,585 2,075,968 217,810 2,203,778 21,186 604.85

2009 7,982,256 2,103,992 228,782 2,336,774 20,006 547.22

2010 8,590,081 2,118,519 237,092 2,355,611 20,091 679.71

2011 10,318,178 2,126,769 249,718 2,388,487 19,792 693.51

2012 10.591.269 2,118,344 253,369 2,371,713 19,115 705.36

2013 11.511.108 2,110,109 261,893 2,372,002 18,965 715.89

2014 13.332.465 2,126,144 271,357 2,397,501 19,238 714.72
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Fig. 1. Evolution of the total MSW generation vs. Total population (Source: SINWP, 2008-2015)  

Figs. 2a and 2b present the evolution of the total MSW collection of various types in the Canary Islands 

from 1999 to 2014. In 2014, the selective collection (Fig. 2b) amounted to 17.5 kg/pers/year of glass 

waste, 18.7 kg/pers/year of paper and cardboard waste and 8.8 kg/pers/year of packaging per inhabitant. 

Improving the forecasts for future MSW generation and treatment is of great importance for decision-

making and the planning of waste facilities. In this regard Combining one or more scientific methods is 

certainly beneficial. In this study, a combination of the Delphi technique, fuzzy TOPSIS, system 

dynamics and scenario analysis was applied to increase the consistency of the obtained results. The 

reliability and robustness of the presented methodology as a decision-supporting tool is assessed through 

a validation of the model.  
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Fig. 2a. Evolution of the total MSW, selective, mixed collection and Fig. 2b. The evolution of the main 

three types of MSW selective collected. 

Fig. 3 summarises the methodology presented in this paper. In phase 1 the Delphi technique is applied to 

capture the experts’ knowledge about the problem. In phase 2 the fuzzy TOPSIS method is used to rank 

the treatment methods based on the quantitative and qualitative data extracted from phase 1. Then in 
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phase 3, SD and SA are applied to model and forecast scenarios (starting from a baseline scenario). This 

helps to gain greater knowledge and more understanding of the MSW problem, which is the ideal basis 

for well-founded decision-making. 

 

Fig. 3. Proposed methodology.  

3.3 Application of the Delphi technique 

For a better understanding of the complex problem of MSW management and planning, and in order to 

take into consideration the opinions of the interested parties in the archipelago, the Delphi technique 

(Dalkey and Helmer, 1963) was applied by interviewing to the 16 MSW experts involved in the MSW 

management of the archipelago, which met the criteria of: MSW expertise, experience in the topic to be 

investigated, availability of time for the research and wishes to participate.  

At the end, only 12 experts could participate due to their workload and availability of time. A detailed 

description about the identification of the experts can be found in Table A.1 of the supplementary 

material Appendix A. 

The use of the Delphi technique as a tool for the validation of questionnaires has been widely used in 

numerous studies (Hung et al., 2008). Delphi is a methodology structured to systematically collect 
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judgments of experts on a problem, while the information is processed through statistical resources to 

obtain a consensus that allows decision-making (Garcia et al., 2013).  

In this study, 12 MSW management experts shared their professional experiences and provided valuable 

information on the current and future MSW situation in the Canaries, including MSW generation as well 

as possible treatment methods providing qualitative and quantitative assessments and weights for the five 

selected criteria, which were environmental, social, political, economic and technological, and for the 12 

sub-criteria. The alternatives proposed for the treatment of MSW in the Canaries were: recycling, 

landfilling, incineration and biomethanisation (see in details the experts’ valuations in Table A.2 of 

Appendix A).  

3.4 Application of the fuzzy TOPSIS method 

When a decision is based on information derived from speculation and personal views, the final decision 

tends to be subjective and thus comprises a certain risk. So the aim should be to find a way to solidify the 

decision by basing it on scientific research facts, e.g. mathematical structures. The fuzzy TOPSIS 

application allows combining quantitative and qualitative criteria in the decision-making process. It 

reduces the vagueness and uncertainty that is presented in the qualitative judgments given by the experts 

regarding the evaluations of criteria, sub-criteria and the proposed alternatives.  

The choice of fuzzy TOPSIS in this case study is justified by several reasons. Following Lima-Junior et 

al. 2014 (p. 206, Table 24) fuzzy TOPSIS has the advantages of changes in alternatives, changes in 

criteria, agility in the decision process, quantity of criteria and alternatives. Also, Yong (2006) identifies 

it to be better for group decision-making problems. It is a commonly applied method not only in MSW 

but also in other areas such as water resources (Dai et al., 2010). 

The aim of applying the fuzzy TOPSIS method is to find the best alternative of a decision problem by 

identifying weights for each criterion, normalizing scores for each criterion and calculating the geometric 

distance between each alternative and the ideal alternative, which is the best score in each criterion. (For 

more details see Appendix A) 

3.4.1. Structure of the problem 

As the construction of a decision matrix to evaluate a problem as complex as MSW management can be 

critical, the application of fuzzy TOPSIS is a reasonable way to approach the problema (Salmeron et al., 

2012). Using fuzzy TOPSIS, the dataset allows both numeric and semantic values, and to each of these 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

  

13 
 

values, weights can be assigned. The aim is to find the best advised MSW treatment methods for the 

Canary Islands. The steps of the fuzzy TOPSIS method are explained in phase 2 of Fig. 3. The algebraic 

development of the calculations for the identification of criteria and their weights, the evaluation of 

alternatives, the construction of matrixes and the equations and outputs of the values can be seen in 

supplementary material (see appendix B). The established criteria for the decision-making They were 

established by the authors based on Aghajani et al., (2016); Su et al., (2007) and Abarca et al., (2013), and 

on our own experience and agreed with the MSW experts. 

Table 3. Summary of the criteria and alternatives 

 

3.5 System dynamics model 

An SD model was developed to estimate the future MSW generation up to 2030 and to analyse and 

compare different MSW management strategies by applying alternative action plans. The model was built 

based on official MSW generation data obtained from the Canary regional government for the period 

1999 to 2014, and predictions were developed until 2030 using different scenarios and hypotheses. This is 

because in 1999 the law 1/1999 of January 29 was approved. The objective of this law on waste 

applicable to the territory of the Canary Islands was to improve The objective is the management of the 

waste generated by the management in the this territorial area, following the policies in line with the 

Types of criteria ( C ) Subcriteria (S) Level Target

Environmental (C1) Emission of pollution S 1.1 min
Damage to public health S 1.2 min
Deterioration of landscapes S 1.3 min

Politic (C2) Political support S 2.1 max
Control and regulation S 2.2 max

Social (C3) Public acceptance S 3.1 max
Generation of employment S 3.2 max
Awareness S 3.3 max

Economic (C4) Implementation cost S 4.1 min
Availability of resourses S 4.2 max

Technological (C5) Technological efficiency S 5.1 max
Technological reliability S 5.2 max

Alternatives Treatment method
A1 Recycling
A2 Biomethanisation
A3 Incineration
A4 Landfill
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guidelines established by of the European Union (Community Directive 91/156 EEC of 18 March 1991). 

It was analyzed until Meanwhile, 2014 as it which is the last year that has the official statistics available 

at the date of the study. 

As the historical data regarding the total MSW generated, selectively collected and not selectively 

collected showed strong fluctuations, the Hodrick-Prescott (HP) filter was applied. This serves to remove 

the cyclical component of time series from raw data, obtaining a smoothed curve representation of the 

time series (Harvey et al., 2008). This made it possible to curve out the tendency of the time series and to 

use it as a basis for the forecast scenarios. The HP filter enables an estimation of the cyclical fluctuations 

of the series, giving an additional element for decision-making. 

3.5.1 Estimation of future MSW generation of the Canary archipelago using SD modelling 

After analysing the current MSW management and its deficiencies, SD was applied to model the 

behaviour of the main variables of the Canaries’ MSW management system. This diagram is based on 

information obtained through the Delphi technique (Chia-Chien and Sandford, 2007) and cross-checked 

with public authorities and other stakeholders responsible for MSW management in the Canary Islands. 

The definition of the causal model was the starting point for understanding the problem of MSW 

generation. SD utilises feedback loops, stocks and flows in order to understand the behaviour of complex 

systems (Chen et al., 2012). By considering the interactions among a number of related social, economic, 

environmental and regulatory systems using different scenarios, an integrated concept of the whole 

system can be achieved. 

3.5.2 Structure of the system dynamics model 

Fig. 4 shows the stock and flow diagram of the MSW management system. This diagram includes the two 

level variables: Resident population and GDP income. There are also the flow variables (e.g. Birth, 

increase rate per capita) that influence the level variables being able to increase or decrease the stock. The 

MSW treatment is an auxiliary variable that is based (function) on the generated waste and parameters 

associated with the flow variables are expressed in ratios (e.g. birth rate, mortality rate). 

In addition, having defined the key elements, they were quantified and their influences were formulated 

mathematically (see the equations in appendix C). 
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Fig. 4. Stock-flow diagram of the MSW management for the Canary Islands. 

3.5.3 Scenario setting  

The evolution of the MSW management system modelled is determined by variables such as an increase 

the variations in the resident and tourist population, selective collection, collection of organics fraction 

and rest fraction, etc. To estimate the future behaviour of these variables, four scenarios were developed 

and the detailed assumptions are show in table 3. a lot of possible and desirable scenarios were simulated, 

however only four of them are shown in this paper. The first scenario was the BAU Scenario (Sc 1), 

where the evolution of all the variables are estimated following the tendential evolution of the las 16 

years from 1999 to 2014. This BAU scenario has been compared with other 3 scenarios (scenario 2, 3 y 

and 4). The scenario 2 and 3 are based in the achievement of the EU Directive, the Spanish Integrated 

National Waste Plan (SINWP) and, State Plan Waste Management Framework of Spain (2016-2022). 

The Scenario 2 (Sc 2) analyses the EU targets compliance but only for selective collection, which are:  

- At least recycling 50% of selective collection of P/C, Glass and Packaging for in 2020 and at 

least 70% for 2030. 

The Scenario 3 (Sc 3) analyses the EU targets compliance but only organic and rest fraction collection 

which are: 

- At least Limit the discharge to 35% in 2020 and increase the energy recovery by 15%; reduce 

waste generation by 10% compared to 2010; 0% deposit in landfills of P / C, Glass, Mixed 

packaging and biodegradable waste in 2025; 0% discharged in 2030, if not met, a maximum 

acceptable of 5%. 
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The Scenario 4 (Sc 4) is devoted to study the influence of the touristic population variations on the MSW 

generation. Based on the average of the 16 years and according to the trends of the Spanish Tourism Plan 

Horizon 2020 (average growth of 2.7%, 2016-2020) and, according with the Forecasts of the World 

Tourism organization (WTO) the international tourism increases a 3.3% until 2030. 

Although many other scenarios could have been considered, the most important changes would certainly 

be the selective collection of paper/cardboard, glass and mixed packaging as well as the collection of 

organic waste and the rest fraction. On the whole, this would increase the recycling rates and lead to a 

decrease in the quantity of MSW sent to landfills. 

The first scenario (Sc 1) was named as “Business As Usual” (BAU scenario). where and. In it, the MSW 

generation of all the variables of the Canary archipelago system were simulated following the tendential 

evolution of the last 16 years from 1999 to 2014. This BAU scenario has been compared with three other 

scenarios (2, 3 and 4).  

Scenarios Sc2 and Sc3 are based on the achievement of the targets provided by the European Directive, 

the Spanish Integrated National Waste Plan (SINWP) and the State Plan Waste Management Framework 

of Spain (2016-2022), and the Sc4 are based on the Spanish Tourism Plan Horizon 2020 (average growth 

of 2.7%, 2016-2020) and, according with the forecasts of the World Tourism organization (WTO) the 

international tourism increases a 3.3% until 2030. 

Initial conditions for the simulations (2014 year)  

To build the scenarios the current rates of waste generation and other factors are kept constant during the 

period of study up to 2030 (Business as usual scenario (BAU Sc)). The starting data for 2014 were:   

o 1,072 M/T of waste sent to landfill 

o 1,205 M/t/year generated (717.30 kg/pers/year) 

o 2,126 M/Inh  

o 10% of the total MSW is recycled (selective collection) 

o Selectively collected = average of last 16 years = 12.29% 

o Mixed waste collected = average of last 16 years, total deposited 87.71% 

o Touristic population equivalent = average de of last 16 years, 6.60% 

The initial conditions for the simulations from 2015 were: Total MSW generated: 1,210,000 t; Selective 

collected waste: 185,699 t; Recycled waste: 161,960 t; Mixed waste sent to landfill 1,070,000 t, and total 

population: 2,120,000 inhabitants. 
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The Sc2 scenario simulates a policy of increases in the ratios of selective collection, maintaining “ceteris 

paribus” the other variables involved, the Sc3 scenario incorporates the selective collection of the organic 

and rest fraction that does not exist in the current MSW management system, maintaining “ceteris 

paribus” the other variables involved, and the Sc4 scenario evaluates the influence on the MSW 

generation of an increase of the total population maintaining “ceteris paribus” the other factors involved. 

Table 4 presents a more detailed description of the scenarios simulated.  

Table 3 4. Comparison, Scenarios, EU targets and assumptions. Description of the main scenarios 

simulated. 

 
In the next section, the results from the comparison between the scenarios Sc2, Sc3 and Sc4 versus the 

BAU Scenario, are shown. 

4. Results  

Scenarios Features EU and  National Targets

Sc1

BAU scenario
Maintaining the trend of the last 16 
years.
Ratios applied:
Selective collected 1.35% 
Mixed waste 11.70 %
MSW generated 2.69%
Population growth 1.68%

In this scenario, the MSW 
generation ratios applied 
were the average of the last 16 
years for all variables of the 
system.

Not taking into consideration 
the EU targets.

Sc2

Increase of the Selective collection 
(ceteris paribus other variables involved)
Ratios applied:
From 2015 to 2020, high annual increase 
of the selective collection: 6.6%
From 2020 to 2030, medium-high 
annual increase: 2.2% 

To estimate the increase of the 
ratios of the selective 
collection of paper, glass and 
mixed packaging until 2030 
needed to meet EU targets.

Recycle at least 50% of 
selective collection for 2020 
and achieve at least 70% by 
2030.

Sc3

Incorporating the organic and rest 
fraction collection (ceteris paribus 
other factors involved)
Ratios applied:
From 2015 to 2020, high annual 
decrease of mixed waste sent to landfills: 
8.78% 
From 2020 to 2030, medium-high 
annual decrease of waste sent to 
landfills: 3.0% 

To estimate the increase of the 
ratios of the selective 
collection of organic and rest 
fraction until 2030 needed to 
meet EU targets.

Limit the waste sent to landfills 
up to 35% in 2020, and 
increase the energy recovery 
by 15%. 
0% deposit in landfills of 
Paper/cardboard, Glass and 
Mixed Packaging by 2030.

Sc4

Evaluating the effects of the total 
population (Resident and Touristic) 
growth (ceteris paribus other factors 
involved)
Ratios applied:
Low growth of the Resident population 
(average 1.68% annual).
High increase in the ratios of Equivalent 
Tourist Population (average 8.5% annual 
until 2030)

Study the influences of the 
variations of the Resident 
population and Touristic 
population on the total MSW 
generation until 2030.

According to the WTO, 
international tourism will 
grow 3.3% between 2010-
2030.
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Regarding the results from the application of the fuzzy TOPSIS method, Appendix B presents the fuzzy 

triangular numbers associated with the linguistic labels (very high, high, medium, low and very low) 

applied to assess the importance of each criterion and each alternative, and the detailed steps followed to 

find the most suitable treatment method for this case of study. The linguistic output measures the 

importance of the alternatives after having completed the defuzzification, for example, in the case of the 

recycling alternative (IA1), the result of the defuzzification output is 0.7354, which corresponds to a 

linguistic output of “Very High” (VH), applying the relationships defined in Table B.1 of appendix B 

(values associated with linguistic tags). 

The simulations are based on the objectives of the SINWP (2008–2015) and EU Directive as well as on 

experiences from European countries such as Germany and the Netherlands. The IPCC MSW targets and 

guidelines (IPCC, 2006) and the MSW European Directive (2008) were considered and adapted to the 

peculiarities of the Canary Islands, such as the insularity, their ultraperipheric location, the impossibility 

of reaching economies of scale and the weight of the tourist sector. 

The results obtained by applying the fuzzy TOPSIS method are shown in Table  4  5. 

Table  4  5. Output defuzzification  

 

EC = Environmental criteria; PC = Political criteria; SC = Social criteria; EcC = Economic criteria;  

SC= Technological criteria. 

The order of alternatives and the output linguistic results are: 

1st Recycling, 2nd Landfill, 3rd Biomethanisation and 4th Incineration 

Importance of 
alternative Ai

Defuzzification 
output Order

Linguistic
output Treatment

IA1 0.7354 1st Very High Recycling

IA2 0.5562 3rd Medium–High Biomethanisation

IA3 0.4678 4th Low Incineration

IA4 0.6136 2nd High Landfill

IEC 0.8402

IPC 0.7130

ISC 0.6312

IEcC 0.5462

ITC 0.4348

H

MH

L

VH

H
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According to the order of importance obtained in Table 5, the method of recycling has been identified as 

the most appropriate method occupying the first position, although the costs in its implementation are 

greater, in the long term this method improves the management of MSW. The landfilling occupies the 

second position, This seems strange, despite the fact because it is considered to be the least appropriate 

option on the hierarchical scale. However, both biomethanisation and incineration have very low social 

acceptance in the Canaries. This is due to the high costs of implementation and the lack of knowledge 

concerning functionality by the community. Although both options are convenient for reducing the 

amount of MSW sent to landfills, the experts did not prioritise them. 

5.1 4.1 Model validation and verification  

In order to reduce the marked fluctuations, the historical data analysis and the pre-processing of the time 

series were performed using the Hodrick-Prescott (HP) filter, which allows for the isolation of outliers 

(economic crises, random behaviour, etc.) of the time series under study. After that, It is possible to 

determine the trend of a time series and to perform estimations that are more appropriate. The smoothing 

parameter, λ, of the filter, which penalises acceleration in the trend relative to the cycle component, is 

stated as equal to 100. Most of the business cycle literature uses this value for the λ parameter, as has 

been suggested by Hodrick and Prescott (1997). 

Another way to validate the model and to test its robustness and reliability in order to reduce uncertainty 

is to calculate the MAPE (mean absolute percentage error). In this context, Hyndman and Koehler (2006) 

compared three accuracy of the forecasts and recommended the use of the means absolute percentage 

error (MAPE). Robalino-López et al. (2015) applied MAPE to test the robustness and reliability of a 

model to forecast CO2 emissions. 

This measures the size of the error in percentage terms. It is calculated as the mean of the absolute 

differences between the actual and predicted values and is expressed as a percentage of the actual values, 

which is defined as:      

Where: 
    Actual or present value 
     Adjusted value forecasted 
 n = Number of observations 
 

              
 

                Eq.1 

Table 5 6. MAPE outputs 
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The low values obtained indicate that the forecasts are good because they are under 10%, and an 

allowable error interval of [0; 10%] is recommended by the literature. 

With regard to the simulations figures, they are based on the SINWP (2008-2015) as well as on 

experiences from European countries such as Germany and the Netherlands.IPCC MSW targets and 

guidelines (IPCC, 2006) and the MSW European Directive (2008) were considered and adapted to the 

peculiarities of the Canary Islands, such as the insularity, their ultraperipheric location, the impossibility 

of reaching economies of scale and the weight of the tourist sector. Fig. 5a shows the results for the three 

main types of selective collection. In BAU Sc, the current waste generation and disposal ratios are kept 

nearly constant until 2030, but in Sc2 (generated from the EU directive targets), the current ratios of 

waste generation and disposal are increasing. With regard to glass (red colour curve), the current ratios of 

glass collection reach 14.5 kg/pers in 2014 and in BAU Sc they reach 28.2 kg/pers/year in 2030. In Sc2 

(green colour curve) the ratios are close to 51.2 kg/pers/year in 2030, equivalent to 35.31% more with 

regard to 2014. 

As regards paper/cardboard, the current ratio is 23.3 kg/pers/year in 2014.  For BAU Sc (lilac colour 

curve) does not experience strong changes, reaching 28.5 kg/pers/year in 2030. Sc2 (calypso colour 

curve) shows a considerable increase because it reaches 56.1 kg/pers/year by 2030, equivalent to 58.51% 

more with regard to 2014. 

Concerning mixed packaging, the current ratio is 17.4 kg/pers/year in 2014, and for the BAU Sc1 (black 

colour curve) it reaches a ratio of 14.02 kg/pers/year by 2030, while in Sc2 (orange colour curve) it 

reaches a ratio near 35.12 kg/pers/year by 2030 equivalent to 38.18% more with regard to 2014. These 

increases are derived from the attempt to assume the quantitative objectives of the comprehensive plans 

of waste (EU Directive targets), which aim for an increase in recycling of 50% for glass and 

paper/cardboard, and packaging by 2020. To achieve these objectives, the incorporation of drawback 

systems, deposit and return of packaging materials and the separation of waste at the origin (door-to-door 

collection) are critical, as has been demonstrated in most developed countries. 

Variables
MSW

 generation
GDP 

per capita
Tourist 

population
Resident 

population

MAPE 7.36% 1.43% 5.22% 8.31%
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Fig. 5a. Total MSW selective collection in BAU and projected Sc and Fig. 5b. Rest fraction and organics 

fraction collected for different scenarios. 

Fig. 5b shows the evolution of the organic fraction and the rest fraction collected. Both figures are based 

on BAU Sc1 and Sc3.  

In BAU Sc1 (organic fraction), it can be seen that the black colour curve follows a constantly growing 

trend under the same initial conditions until reaching 760,000 t of organics fraction collected in 2030 

(2014=700,000 t, equivalent to 6.29% more). The lilac colour curve of the Sc3 (organic fraction) shows 
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that under conditions required by strategic plans, the ratios of this fraction show a decrease until 2030, 

when they reach 640,000 t collected (120,000 t less with regard to BAU Sc1 and 60,000 t less than in 

2014). With respect to the rest fraction (green colour curve), a growing trend under the same initial 

conditions the BAU Sc1 can be observed, reaching 780,000 t collected in 2030 (2014=725,000 t, 

equivalent to 10.75% more). In Sc3 (calypso colour curve) starts to decrease due to high ratios of separate 

collection and recovery of material for recycling, which diminishes the flow of this type of waste sent to a 

landfill. This leads to 630,000 t/year until 2030 (95,000 t less with regard to 2014). 

To achieve this objective, the separation of waste at the origin and the implementation of biotechnological 

treatment methods are fundamental (increase in the organic fraction of at least 2 MT, as aspired to by the 

SINWP (2008–2015)).  

Fig. 6a shows the BAU Sc1 of the MSW generation smoothed with the HP filter. For the BAU Sc1 and 

Sc4 the simulations are based on the influence that the population has on the MSW generation. The BAU 

Sc1 (black colour curve) shows an increasing tendency from 1.21 MT of MSW generated in 1999 to 1.31 

MT of MSW generated in 2014. Within the study horizon, the MSW generation reaches 1.33 M/T 

(Maintaining total population rates of 1.54% annually). 

The Sc 4 shows what would happen with the MSW generation if there were an increase in the Equivalent 

Tourist Population rate (ETP). For this purpose, we have the geometric growth has been applied because 

this method of estimating future populations for the BAU scenario assumes that the population is growing 

at the same rate as for the last census period, before the geometric growth rate has been calculated. 

Considering that, the growth is due to the following expression: 

ETPn = ETP 2014 * (1+ annual growth rate) (2014-2030) 

At the end of the study horizon in 2030, the ratios of MSW generation in Sc4 (red colour curve) are close 

to 1.38 million tonnes MT, with a calculated total future of 419,489 ETP for 2030. This scenario would 

help to determine the dimensions of future waste management facilities.  
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Fig. 6a. Projected of total MSW generation vs. Resident population and ETP and Fig. 6b. Historical data 

of total MSW generation vs. Resident population and tourist arrival. 

Fig. 6b shows the evolution of the MSW generation, resident population and tourist arrival from 1999 to 

2014. The changes experienced by both variables are the product of the different economic cycles 

(growth and decrease of the economy) that the Canary Islands have experienced in recent years. Because 

of this, there are annual changes in the tourist population and the resident population. According to the 

calculations to predict the future population of the Canaries (Resident Population + ETP) through the 

application of geometric growth to 2030, the amount approximates to 3,882,670 inhabitants. It is also, it 
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is estimated that each tourist generates an average of 2.5 kg to 3.0 kg of MSW per/day, which leads to the 

need for a considerable size of waste management facilities. 

Fig. 7 presents the quantities of mixed waste sent to landfills versus the optimal capacity of the landfills. 

It can be seen that the curve of the BAU Sc1 undergoes a significant increase of 6% approximately until 

2030 (1,202,583 million tonnes MT per year in 2014 to 1,330,000 tonnes t per year in 2030).  

The Sc3 (EU Directive targets with regard to waste deposited in landfills) shows a decreasing behaviour 

from 2014 on, reaching 781,683 t/year in 2020, which is 52.71% less than in 2014 and 62.5% less than 

the BAU Sc1 in 2020. However, the curve also shows that from 2020 on, the quantities of waste 

deposited in landfills begin to decrease significantly, reaching a maximum discharge of 39,084 tons t in 

2030. Assuming a possible situation without changes in the MSW management, it is estimated that the 

operational capacity of the landfills would reach its limit towards the end of 2018.  

Fig. 7. Mixed waste deposited in landfills vs. operative capacity.  

5. Discussion  

Poor MSW management is endangering the environmental sustainability of the Canary archipelago. In 

house separation and a separate collection of waste have to be promoted in order to increase the recycling 

and composting rates in the long run. So the question to ask is: why have the Canary Islands not yet 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

  

25 
 

applied any of the evidentially beneficial MSW management strategies and treatment methods, which are 

already very efficient in many other EU countries? 

In fact, The high MSW generation levels in the Canaries are the consequence of unsustainable consumer 

habits. As the islands’ internal market is limited, many products have to be imported, and this creates a 

certain amount of waste, e.g. from packaging material. At the moment, most of this waste is sent to 

landfills. Landfilling, however, is one of the environmentally least recommendable options as it 

contributes to the contamination of water, soil and air. The Canary government has tried to introduce 

more favourable methods and social policies, such as biotechnology (Estay and Harsch, 2015), but due to 

social rejection and environmental activist groups, these methods (incineration, biomethanisation and 

others) are a long way from being implemented. This confirms the findings of Triguero et al. (2016) 

regarding the factors that influence the willingness of people to accept different MSW public policies.  

It is urgently necessary to reduce the quantity of MSW delivered to landfills and to switch over to a 

system based on recycling as the first option in the long run. The Canary government has tried to define 

new aims and MSW management strategies, as the introduction of a door-to-door collection system. This 

would involve high costs at the beginning, but in the long run, it would create many benefits. Countries 

like Germany, the Netherlands and Denmark (Lavee, 2010) have demonstrated that selective collection 

helps to reduce the quantity of residual waste. In order to make door-to-door collection function correctly, 

people have to be motivated to undertake in-house MSW separation. This is why environmental 

education and active citizen participation are key factors for efficient MSW management, e.g. Andraca 

and Sampedro (2010) highlighted the importance of environmental education to reduced the MSW 

generation and De Feo and De Gizi (2010) identified active citizen participation as key factor in the 

MSW management.With regard to the separate collection of plastics and mixed packaging, this is 

currently much less developed than the collection of glass and paper/cardboard. It is clear that a system of 

refunds and returns significantly helps to reduce the amount of mixed waste and to strengthen recycling 

(Lavee, 2010). Analysing The generation of organic MSW, this represents account for 40% of the total 

weight of the MSW generated in the Canary Islands. Organic waste has high fertilisation potential for 

agriculture. Freire et al. (2008) estimated that each 100 kg of treated organic waste could yield 30 kg of 

fertile soil. As regards the rest fraction, it is estimated that around 35% of this could be recycled. This 

would increase the recycling rates and reduce the flow of mixed waste sent to landfills. In terms of this, 
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the Canaries are currently a long way from the reference values of the SINWP (2008–2015), which 

propose that a maximum of 15% of the generated MSW should go to landfills. In this respect, Seng et al., 

2013 various studies have shown that studied the adoption and integration of organics waste treatment 

technologies such as recycling, biogas and composting and furthermore effective separation at the origin 

helps to achieve economic and environmental benefits. Blanch (2010) analysed the application of the 

biotechnology in order to improve the environmental management. 

It is necessary to change the current treatment model by prioritising the separation of waste at the origin, 

but an efficient waste treatment strategy should be cost-effective and minimise potential impacts on 

various stakeholders and the environment (Soltani et al., 2015). 

Considering the results, it becomes clear that it is worthwhile to approach MSW management with multi-

criteria methods, specifically with the creation of a model involving the fuzzy TOPSIS method in order to 

decide on the most advisable MSW treatments.  

At These results are consistent with the information obtained from the MSW management experts 

interviewed for this study, as well as with the data extracted from the EU Directive; SINWP and State 

Plan Waste Management Framework of Spain (2016-2022).  

6. Policy implications 

The study area is strongly influenced by the tourist industry, and variations in the MSW generation are 

caused by the pronounced seasonality of demand in the tourist industry, which has increased in recent 

years due to tourist preferences and other externalities such as the current situation of terrorism in 

competitive tourist areas like Tunisia, Turkey and Egypt. This has provoked a greater entry of tourists per 

year to the Canary archipelago, which serves as a basis for adjusting existing waste management plans in 

terms of collection facilities and methods. This leads to increases in the MSW generation in the 

archipelago as simulated in Sc4 (see Figure 6a). 

The increased MSW generation causes an accelerated filling of the landfills of the archipelago. According 

to the results of the model (see Fig. 7) the saturation point of the landfills would appear by the end of 

2018, which makes it necessary to take urgent measures. Both public and private sponsors should invest 

more in the deployment of a more sustainable MSW management, implementing projects such as the 

public encouragement of selective collection, the start-up of biomethanising plants despite public 

controversy, or other alternative measures acting in the same direction that has been simulated in Sc3 in 
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terms of organic and rest fraction waste. It will contribute to mitigate global warming because the 

methane emissions, a greenhouse gas with a potential global-warming 25 times greater than CO2 gas, will 

be reduced (Hoornweg and Bhaza-Tata, 2012). 

The incorporation and combination of biotechnological methods are essential to improve the current 

MSW management. The implementation of pilot schemes to promote new models of waste collection and 

treatment are essential. 

The levels of selective MSW collection are very low (Fig. 5a, BAU Sc1), in particular due to the 

insufficient collection of the organic fraction (Fig 5b). The high dependence on landfills will force the 

Canary government to activate a biomethanisation facility, which, due to social rejection, has not yet 

come into operation. 

The tourist industry is the main revenue activity for the archipelago and also one of the major influences 

on the generation of MSW (as shown in Sc4). In the Canary Islands, tourism represents approximately 

31.4% of the GDP and 33.15% of the employment.  

The attention (and the economic budget) provided by the Canarian regional government to deal with the 

problem of MSW management should be much higher than it has been until now, taking advantage of the 

improvement in the economic situation in Spain, and the greater availability of public funds for 

investment, since the sustainable economic development of an archipelago that has been declared by 

UNESCO in 2001 as a world biosphere reserve must be much more sustainable than the current one. 

The current waste management system in the Canary Islands should comply with the European Directive, 

which until now due to the economic crisis could not be applied, even though the archipelago that has 

been declared by UNESCO in 2001 as a world biosphere book must be much more sustainable than the 

current one. 

7. Conclusions  

A more sustainable MSW management requires the selection of the best combination of MSW treatment 

methods to apply in a given territory and it should also be based on the interests and wishes of the main 

local stakeholders. The research for the best treatment of the MSW is fundamental to the maintenance of 

an optimal integral management waste. Our study show recycling is the most suitable method based on 

the application of the Fuzzy Topsis method on the criteria established by the stakeholder of the Canary 

territory. 
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With regard the recycling benefits from environmental and social criteria with respect to other 

alternatives are taken as the most advisable option the method of recycling has been identified as the most 

appropriate method. Landfilling is not favoured in terms of its impact on the environment but it is 

favoured from the point of view of economic criteria, so it is selected as a second option. Although the 

European Union wants the discharges to be completely eliminated by 2030, the fact is that given the 

current ecological situation of the Canary Islands this process will be very slow. From the point of view 

of the body that manages the waste MSW managers (public or private), the construction of a landfill can 

could be considered to be as an investment. It has to be taken Taking into account that the landfilling is an 

alternative to MSW elimination eliminate the waste that and allows us to save the costs of using other 

more expensive treatment methods. Furthermore, and the biotechnological means are very limited. Thus, 

landfilling is the cheapest option available is the landfilling, albeit although with more critical 

consequences for the environment. 

This leaves incineration and biomethanisation, which are beneficial from a political perspective but are 

not favoured from a social perspective, which means that they cannot currently be an alternative treatment 

for the Canary Islands. 

The combination of TOPSIS with fuzzy set theory and SD is an effective tool for providing a more 

realistic solution for the decision-making process. However, weaknesses in waste management have been 

found: 

1. It is clear that without changes in the MSW management, it will be difficult for the Canary Islands to 

fulfil the objectives of minimisation and prevention, especially in terms of what the European Union 

currently requires (European Directive 2008/98/EC, article 11). 

2. Incorporating the selective collection of the organic fraction (which is approximately 40% of the total 

volume of the produced MSW) delays the saturation of landfills. 

3. It is estimated that 62% of the total MSW are erroneously deposited in grey containers (mixed waste), 

although a percentage of them could be recycled. 

4. Factors such as seasonality and tourism-provoked increases in human pressure at certain times of the 

year (Sc4, Fig. 6a) increase the waste generation ratio while causing landfill saturation and MSW 

exportation. This requires a resizing of the infrastructure and facilities of MSW management. 
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5. The BAU Sc for the Canary Islands MSW development until 2030 show a situation becoming more 

difficult to control each year because of demographic and economic increases, in combination with an 

absence of optimal processes of MSW separation, recycling and valuation. 

6. In this case, it would be convenient to use a combination of different treatment methods in order to 

reduce the saturation of the landfills of these islands.  

The incorporation and combination of biotechnological methods are essential to improve the current 

MSW management. The implementation of pilot schemes to promote new models of waste collection and 

treatment are essential. 

7.1 Limitations and future studies 

1. In the official statistical data, the resident population and the tourist population are taken jointly to 

account for the total generation of MSW. They should, however, be considered separately because this is 

necessary to adequately size waste management facilities. 

2. The number of experts surveyed was small because the Canary archipelago has very few experts in this 

field. 

3. It is recommended that predictions of the proposed model under the hypotheses that have been 

constructed be verified. Once the input data is obtained after another five years, new outputs may help an 

even better correct decision-making. 

As future lines of research, the following issues can be recommended: 

(a) To carry out a pilot study incorporating the hotel establishments in order to estimate the quantity of 

MSW actually generated by the tourists.  

(b) To make a technical and feasibility study to start up the biomethanisation plant, and with that to try to 

reduce the dependence of landfills. 

(c) To develop comparative studies of the MSW management amount Canary archipelago and other 

tourist islands.  

Abbreviations list 

MSW  Municipal solid waste 
SD  System dynamics 
SA  Scenario analysis 
S  Subcriteria 
C  Criteria 
BAU Sc  Business as usual scenario 
Sc  Scenario 
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ETP  Equivalent Tourism Population  
Inh  Inhabitants 
IWM  Integrated waste management strategies 
LCA   Life cycle analysis 
M/inhabitants Millions inhabitants 
t  tonnes 
M  Millions 
MT  Millions tonnes 
kt  Thousand tons 
STPH 2020 Spanish Tourism Plan Horizon 2020 
WTO  World Tourism Organization 
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Scenarios Features EU and national targets  

Sc1 
 

BAU scenario 
Maintaining the trend of the last 16 years. 
Ratios applied: 
Selective collected 1.35%  
Mixed waste 11.70 % 
MSW generated 2.69% 
Population growth 1.68% 
 

In this scenario, the MSW generation 
ratios applied were the average of the 
last 16 years for all variables of the 
system. 
 
 

Not taking into consideration the 
EU targets. 
 
 
 

Sc2 

Increase of the Selective collection (ceteris 
paribus other variables involved) 
Ratios applied: 
From 2015 to 2020, high annual increase of the 
selective collection: 6.6% 
From 2020 to 2030, medium-high annual 
increase: 2.2%  
 

To estimate the increase of the ratios of 
the selective collection of paper, glass 
and mixed packaging until 2030 needed 
to meet EU targets. 
 

Recycle at least 50% of selective 
collection for 2020 and achieve at 
least 70% by 2030. 
 
 

Sc3 

 
Incorporating the organic and rest fraction 
collection (ceteris paribus other factors 
involved) 
Ratios applied: 
From 2015 to 2020, high annual decrease of 
mixed waste sent to landfills: 8.78%  
From 2020 to 2030, medium-high annual 
decrease of waste sent to landfills: 3.0%  
 

To estimate the increase of the ratios of 
the selective collection of organic and 
rest fraction until 2030 needed to meet 
EU targets. 
 

 
Limit the waste sent to landfills up 
to 35% in 2020, and increase the 
energy recovery by 15%.  
0% deposit in landfills of 
Paper/cardboard, Glass and Mixed 
Packaging by 2030. 
 

Sc4 

 
Evaluating the effects of the total 
population (Resident and Touristic) 
growth (ceteris paribus other factors involved) 
Ratios applied: 
Low growth of the Resident population (average 
1.68% annual). 
High increase in the ratios of Equivalent Tourist 
Population (average 8.5% annual until 2030) 
 

Study the influences of the variations of 
the Resident population and Touristic 
population on the total MSW generation 
until 2030. 

According to the WTO, 
international tourism will grow 
3.3% between 2010-2030. 
 

Table 4
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Delphi Technique 

Fuzzy TOPSIS 

System Dynamics 

Scenario Analysis 

Applied Techniques Working Steps and Outputs 

Analysis of the information and identification of the most 
favorable alternative (ideal solution). 

Creation of a mathematical  model for the MSW system 
based on the official statistical data of the Canary 
Government from the period 1999-2014.  

Setting of the plausible scenarios. 
Simulation and forecasting of the main variables of the system 
(total MSW generation, selective collection, etc.) for the period 
2015-2030. 

Capture of the experts´ knowledge. 
Consensus on the selected alternatives and assignation of 
weights on the criteria and subcriteria for decision-making.  
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Highlights 

 Delphi analysis and fuzzy TOPSIS were applied to rank the MSW treatment methods in the Canary 

Islands.  

 A System Dynamics model was built by using official statistical MSW data from 1999 to 2014.  

 Based on the model, the MSW generation until 2030 was forecasted through four scenarios.  

 The study shows that by maintaining current policies it will be impossible to meet the MSW EU goals.  

 It was estimated that the lifespan of the landfills could be increased by up to 12.6 years.  
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