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Abstract: This paper introduces the preliminary results of a development project focused on waste 

recycling and recovery in La Paz (Bolivia). The aim is to share best practices and to present real-

world challenges when implementing appropriate waste management systems in developing 

countries. Environmental pollution, social inequality, lack of resources, and economic discrepancies 

are challenges still present in the 21st century, and a global call-for-action is needed to support 

sustainable development. The project “LaPazRecicla”, financed by the Italian Agency for 

Development Cooperation, provides perspectives that are potentially useful for policy-makers, 

waste management practitioners, and circular economy visionaries. The article aims to present the 

effective contribution of the practical actions to the local municipality, and to introduce the reason 

for why theoretical methods were employed to support the project. The outcomes provided two 

main indications: on one hand, cooperation among interdisciplinary actors and financial support 

can give the chance of improvement, suggesting international donors should continue in this 

direction; on the other, political instability, lack of local technical knowledge, and the absence of 

planning for a long-term period makes these actions unsuitable for tangible change. Global 

reflections are required in order to measure the potential benefits of small-scale projects, evaluating 

the time needed to move towards a sustainable future in low-income countries. 

Keywords: developing countries; international cooperation; LCA; recycling; resource recovery; 

solid waste; sustainable development; waste to energy. 

 

1. Introduction 

Developing countries suffer many issues in solid waste management (SWM). The 

low coverage of the collection services and the poor conditions of disposal sites is 

common, representing the main problem [1,2]. At an international level, within the SWM, 

a focus on public health and climate change is imperative. It has been estimated that 

uncontrolled disposal will continue to increase until 2028, reaching almost 730 million t 

of waste per year [3]. Therefore, appropriate waste collection and disposal should be 

prioritised to avoid the spread of disease vectors from uncollected waste and landfill gas 

emissions [4]. 

High discrepancies in SWM can be found at the international level regarding the 

different income levels [5]. The SWM in low-income countries is generally characterised 

by high landfilling rates; the opposite is true of countries with high gross domestic 

product (GDP) levels [6]. However, research impacts for improving SWM are more 

frequent in developed countries than in developing countries where economy, 
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technology, and society factors are not effective [7]. This means that low-income countries 

have a low bar for improvement; however, to better address climate change, developing 

countries need to establish cooperation while optimising the allocation of climate change 

resources [8,9]. 

International cooperation can play an important role in the support of developing 

countries’ improvement of solid waste collection and disposal. High-income countries can 

aid low–middle income regions in research and development to reduce open waste 

dumping and burning. In particular, integrated thinking and appropriate projects can 

help with achieving sustainable development [10]. For example, the Japan International 

Cooperation Agency and the Indonesian Government have implemented a solid waste 

separation and collection project in Balikpapan City, Indonesia [11]. In Jordan, an attempt 

to solve open waste dumping and the lack of waste collection has been made in recent 

years with international donors to enable municipalities to meet the growing demand in 

basic SWM services [12]. UN-Habitat implemented a project in Managua (Nicaragua) to 

strengthen capacities for SWM to guide the evolution of the system in forthcoming years 

[13]. 

Therefore, international cooperation is a common practice to support appropriate 

waste collection and disposal. However, projects can face cooperation problems between 

international, national, and local actors due to different levels of commitment [14]. 

Therefore, precautions should be considered to implement appropriate, sustainable, and 

long-term-result projects, while research, development, and successful case studies 

should be introduced by the scientific community in order to support this global action. 

This article offers a contribution to the spreading of knowledge about SWM in 

developing countries and aims to present approaches and preliminary outcomes carried 

out within an international cooperative project implemented in Bolivia. The reason behind 

the article is to show the positive effects and real-world challenges when implementing 

actions for improving SWM in low–middle income regions within an international 

cooperative framework. The hypothesis is that this research and case study can provide 

effective ideas and examples to international cooperative operators, international lenders, 

SWM practitioners, and policy makers to start practical actions towards sustainable 

development. 

The project implemented in Bolivia, financed by the Italian Cooperation, and called 

“LaPazRecicla”, aims to introduce a circular economy model within the municipality of 

La Paz. In a circular economy, the role of waste management is to promote the 

preservation of material of value in the life cycle through waste recycling and recovery 

[15]. The actions implemented within the project and presented in this article would 

provide technical assistance and infrastructures to improve and move the current waste 

recycling system of La Paz towards a more circular system. Both waste recycling and 

recovery are involved, for municipal solid waste (MSW) and construction and demolition 

waste (CDW) in particular. 

Creating a viable cooperative movement in the SWM sector requires access to 

materials, markets, and business development support [16]. In addition, various factors 

should be taken into account, such as organisational capacity, technology systems and 

facilities, law enforcement, behaviour and culture, collaboration, and synergy, among 

others [17]. The project presented in this paper introduces some of these variables, giving 

an example that can be replicated and scaled in other contexts at the international level. 

That is the novelty of this scientific contribution and the positive impact that it can give to 

the international scientific literature, guiding research towards a sustainable future. 

2. Methods 

2.1. Overview of the Project 

The project presented in this article is the result of a research activity conducted from 

2016 to 2019, the cooperation among various actors involved in SWM, and the 
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international cooperation between Italy and Bolivia [18]. The development project is 

focused on the MSW and CDW management system of La Paz. In particular, the objective 

is to support the improvement of the recycling system and the inclusion of waste 

generators in MSW and CDW selective collection policies. 

The article explores (1) the practical actions implemented in La Paz, and (2) the 

theoretical methods employed to support the activities. In particular, the practical actions 

are introduced and described which includes three main activities: 

a. The construction of small-scale recycling plants to support the selective collection 

and recycling of MSW and CDW; 

b. The organisation of MSW recycling campaigns, as well as courses and seminars to 

involve students and citizens, and to improve local technical capacities in SWM; 

c. Laboratory analysis and testing of non-recyclable waste combustion for energy 

recovery to assess its potentialities. 

In parallel, three theoretical approaches were employed for evaluating local 

environmental, social, and economic opportunities in recycling: 

1. Life cycle assessment (LCA) for assessing environmental performances of the 

SWM system; 

2. Material flow analysis (MFA) and assessment of future CDW recycling scenarios; 

3. Questionnaire surveys for measuring the involvement of the population in 

selective collection and recycling activities. 

The article aims to present the results in terms of effective contributions to the local 

municipality with which the practical actions were involved, and to introduce and explain 

the reason for why such theoretical methods were employed. Pros and cons, 

opportunities, and challenges, as well as replicability and future developments of the 

actions, are described to boost the sustainable development and appropriate management 

of solid waste. 

2.2. SWM System of La Paz 

La Paz consists of about 950,000 inhabitants, and it is one of the most important cities 

of Bolivia, which is classified by the World Bank as a low–middle income country. The 

MSW management system includes a formal and an informal one. The informal recycling 

system is active in the city, with about 40 t of waste recycled per day [19] and with the 

participation of more than 70% of the population that commonly implement selective 

collection [20]. The waste formally collected at municipal level amounts to about 649 t per 

day, for a total of about 237,000 t of waste generated per year. Therefore, the amount of 

waste produced at the municipal level, considering the formal and informal collection 

systems, as well as the uncollected waste, can be as much as about 700 t per day. 

The organic fraction is the one generated mostly at the municipal level (more than 

50%), followed by recyclable materials (about 25%) and mixed non-recyclable waste, as is 

typical of the waste characterisation of a developing city [21,22]. The formal MSW 

management system includes a sanitary landfill and a material recycling facility (MRF) 

with the capacity of about 1000 t of waste per year, and a composting plant with the 

capacity of about 30 t per day. Therefore, the MSW collection system involves mixed and 

selective street containers and transportation via compactor trucks. It can be estimated 

that about 95% to 99% of the MSW formally collected at the municipal level is disposed of 

in a final disposal site, while the informal recycling system can potentially contribute to 

improving the municipal recycling rate to about 8%. 

The CDW management system implemented at the municipal level is totally 

informal. Before 2021, no formal collection and treatment systems were available in 

Bolivia, as is common in developing countries [23,24]. The amount of CDW generated in 

La Paz is estimated by secondary data. At the municipal level, potentially more than 

120,000 t of CDW per year can be generated. Generally, the waste generated is transported 

by open lorries, and the waste is disposed of in rivers or open lands. However, the data 
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used by the local decision-makers are not supported by reliable analysis, while the 

informal system is not monitored. 

2.3.”LaPazRecicla” Project 

The project described in this paper is called “LaPazRecicla. Integrated solid waste 

management in the municipality of La Paz, Bolivia. New technologies for fostering the 

circular economy”. It is a project funded by the Italian Agency for Development 

Cooperation (AICS) and led by the Italian NGO COOPI, in collaboration with the Faculty 

of Engineering of the Universidad Mayor de San Andrés (UMSA), the Department of 

Theoretical and Applied Sciences of the University of Insubria (Varese, Italy). and with 

the local counterpart, the Autonomous Municipal Government of La Paz (GAMLP). 

LaPazRecicla started with the objective to improve city sustainability through the 

introduction of inclusive, innovative, and appropriate SWM systems, encouraging the 

recovery of materials in order to activate a circular economy within the framework of the 

Sustainable Development Goals (SDGs) of the United Nations (UN). 

The project involves the population and various social, economic, and governmental 

target groups to improve the local SWM system, with a focus on inorganic MSW (plastics, 

glass, and cardboard) and CDW, which currently represent an important environmental 

threat for the city. The outcomes of the project would be: 

1. The improvement of the circular economy of solid waste by, on one hand, 

implementing and investigating new technologies that allow the recovery of non-

recyclable waste into energy, and on the other, the implementation of treatment 

plants; 

2. The reduction of the negative environmental impacts caused by uncontrolled 

disposal of CDW. The project will support the development of patterns for proper 

waste management, for setting up a plant for its selection, and for recycling; 

3. The enhancement of the efficiency and effectiveness of the MSW recycling process 

by introducing equipment for its valorisation once they have been selected, 

involving the population so as to increase the participation in the MSW selective 

collection, and involving the youngest by supporting the organisation of recycling 

campaigns; 

4. The reinforcement and improvement of local technical skills related to innovative 

methods for the recovery and recycling of waste by supporting scientific research 

and the exchange of experiences with other countries in Europe and Latin America. 

The project started in 2019 and will conclude by the end of 2022. This three-year 

project would be replicated in other areas of Bolivia and the aim of this scientific article is 

to make it replicable in other contexts of the world. 

2.4. Research and Developments 

The actions and methods implemented within the LaPazRecicla project are 

summarised in Table 1. The objective of each activity, the tools employed, and the roles of 

the actors involved within the project are introduced. 
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Table 1. Description of the methods and actions implemented within the project. 

Method/Act

ion 
Objectives Tools Actors Involved and Roles 

Practical Actions 

Construction  

of  

pilot plants 

To improve the quality of the 

secondary raw materials for 

recycling (inorganic MSW and 

CDW); to evaluate the feasibility 

of improved and public 

recycling actions. 

Implementation  

of small-scale  

machineries 

The Italian NGO manages the budget 

and coordinates the actions; private 

companies build the machineries and 

make them operate; the municipal 

government of La Paz has the 

responsibility to manage the treatment 

plants once implemented; the 

universities supervise the actions and 

support the activity with pilot tests and 

technical courses. 

Social  

involvement 

To inform the citizens about the 

selective collection plans 

implemented by the 

municipality; to collect 

information about social 

behaviour in recycling; to 

improve local awareness and 

knowledge in recycling needs. 

Public 

campaigns, 

webinars,  

technical 

courses, online 

activities,  

and workshops.  

The NGO organises the events once the 

local municipality approves and 

supports them; the local citizens and 

students attend and participate in the 

online events and in-presence activities; 

universities provide technical 

knowledge and organise the courses.  

Laboratory  

analysis 

To evaluate environmental and 

technical benefits of waste-to-

energy 

options (SRF and waste-based 

briquettes). 

Sensors,  

laboratory tests,  

and tools 

Universities implement the laboratory 

tests once the local municipality 

provides the waste and rejects; the NGO 

manages the budget and buys the tools 

required for the analysis.  

Theoretical Methods 

Life cycle  

assessment 

(LCA) 

To evaluate environmental 

benefits of the action and to 

quantify the potential 

environmental impacts 

generated by the SWM system.  

LCA  

software 

The NGO supervises the activity; the 

local municipality provides the 

available primary data; the university is 

responsible for the activity.  

Scenario’s 

analysis 

To estimate the amount of CDW 

generated at the municipal level 

and to quantify the economic 

benefits that the use of recyclable 

aggregates can provide to the 

SWM system. 

MFA and  

economic  

assessment 

The NGO supervises the activity, while 

the municipal government provides the 

primary or secondary data available 

locally; the universities have the role to 

implement the research and to conduct 

the analysis.  

Social  

surveys 

To evaluate the formal and 

informal selective collection 

behaviour of the citizens and to 

identify the recycler profile of 

local citizens.  

Questionnaires 

The NGO and the municipality organize 

the campaigns and support the activities 

to collect the information; the 

universities organise and collect the 

data as well as implement the statistical 

analysis; the citizens are involved 

through online and local campaigns.  

2.4.1. Practical Actions 

The most important on-field action is the implementation of waste treatment 

systems. Three treatment plants for MSW, and one for CDW, were implemented, together 

with one machine for converting unrecyclable paper waste into materials for energy 

recovery. 

The first CDW sorting and recycling system of Bolivia has been built in La Paz, thanks 

to this project. A breaking and sieving system has been built in order to generate two 

material flows: a small-size material, and a medium-size material. Part of these flows are 

used for building bricks from recyclable materials, partly substituting the virgin ones, and 

generating the first example of circular CDW management in Bolivia. 
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For improving the MSW recycling systems, three machines were introduced. All 

were built locally, with local know-how and industrial capacity. The first machine is a 

glass shredding system. It has been implemented in order to increase the economic value 

of glass waste: if shredded and selected in homogenous size and quality, it can raise the 

economic value of glass waste by three to four times in the Bolivian market. Secondly, a 

plastic-waste shredding and cleaning system have been built. The objective is to treat the 

plastic waste (PELD) so as to increase its economic value and recyclability. Typically, in 

Bolivia, PELD is used for packing milk, yogurt, and juice. Plastic, most of the time, is dirty 

and has high sugar contents, making it not always reliable for recycling. The machinery 

cleans the plastic waste and gives it a uniform size that makes it attractive for the local 

recycling market. Finally, a paper-waste shredding system is implemented. It will pre-

treat the waste in order to make it easier to be converted to a fuel-like material. In 

particular, the shredded material is densified in a briquetting machine. 

A briquetting machine has been located within the local MRF in order to convert the 

non-recyclable paper and cardboard waste into waste-based briquettes. The shredded 

cardboard, together with sawdust, is converted into high-density products that can be 

used for generating energy for cooking and heating in industries and rural areas. The 

application of the machine can provide another use to a waste that is currently disposed 

of in the local sanitary landfill. All these recycling facilities are on a pilot scale, in order to 

evaluate the feasibility of the action and the developments of the local recycling market. 

The densified waste produced by the briquetting machine is analysed within the 

laboratories available in the local university. Laboratory tests were conducted for 

evaluating the characteristics both of the cellulosic and biomass-based briquettes, and of 

the non-recyclable plastic and cellulosic waste that cannot be used for household purposes 

(i.e., cooking and heating), but that can be, rather, employed for energy production in 

industries (i.e., cement kilns). In particular, the characteristics of a solid recovered fuel 

(SRF) from material rejects of the MRF (i.e., plastics and cellulosic fractions) were 

analysed, while the potentialities of briquette combustion were assessed through a water 

boiling test and emissions analysis. 

In parallel, recycling campaigns were arranged, together with online webinars and 

technical courses. The campaigns were structured both online, due to the COVID-19 

pandemic, and in-presence within local fairs organised by the local government on the 

weekend. During the campaigns, children were involved with “awareness games”, while 

adults were educated with information materials (i.e., flyers and triptychs), and their 

opinions were collected through a questionnaire survey. In addition, online courses and 

seminars were set up with international invited speakers and local stakeholders. The 

objective was to disseminate the results of the project and to inform local citizens and 

experts in the field of SWM about current advances in waste treatment technologies and 

management. 

2.4.2. Theoretical Approaches 

The objective of the project is to reduce the environmental impacts generated by the 

SWM of La Paz. For estimating such an improvement, the life cycle assessment (LCA) 

approach has been employed. The potential environmental impacts generated by the local 

MSW management and CDW mismanagement were calculated with the aid of the 

WRATE v.4 software, and some considerations were carried out in the function of the 

recycling rates achievable by the system, the transportation distances, and the selective 

collection implemented at the city level. The results were compared with a final LCA, 

considering the improvements carried out because of the project. 

On the other hand, a material flow analysis (MFA) and a scenarios analysis have been 

carried out in order to estimate the amount of CDW potentially generated at the municipal 

level and the future improvements that recycling actions might contribute to the 

municipal level in terms of financial sustainability. The analysis has been conducted with 

secondary data due to the lack of on-site information availability. 
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Finally, statistical data analysis of a questionnaire survey was conducted in order to 

verify the characteristics of the recycler profile at the municipal level, and the behaviour 

of the local population in MSW recycling and source segregation. Questionnaires were 

submitted to the citizens during the recycling campaigns and data were evaluated 

through the RStudio® software (Version 1.1.463 – © 2022-2018 RStudio, Inc.). 

Questionnaires contained six groups of questions, for a total of nine queries on the topic 

of waste and seven to obtain data on the characteristics of the participants. The forms were 

shared through social networks and messages and were developed on the free online 

platform “Google Forms”. The online survey was carried out during December 2020 and 

only within the boundaries of the metropolitan area of La Paz. The statistical significance 

of the answers was measured through a confidence interval at 95% confidence level. In 

total, 998 citizens participated in the online survey. 

2.5. Analysis of the Results 

This paper describes the main characteristics of the practical action introduced, and 

the results obtained, by the project. Quantitative results are presented, particularly in 

relation to the waste flows, while the roles of the actors involved and the outcomes of the 

analysis are introduced. Therefore, qualitative and quantitative descriptions of the pilot 

actions are provided, as well as of the field analysis and the results of the theoretical 

methods. Finally, the future developments are presented, placing emphasis on the 

chances for the replicability of the approaches. The pros and cons of each practical and 

theoretical action are also underlined. Challenges are finally discussed, in order to present 

the main barriers that might arise in an international cooperative project implemented 

within a low–middle income economy. 

3. Results 

3.1. Treatment Plants 

3.1.1. CDW Sorting and Recycling 

The CDW treatment and recycling system has been built in April 2021. It has been 

developed using Bolivian technologies and it has been operated by a local private 

company. The MRF can, potentially, treat about 60 t of CDW per day, covering about less 

than 10% of the capacity required by the municipality. Figure 1 reports the photos of the 

treatment plant implemented in La Paz, the material inflow, and the final products 

obtained. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 1. CDW treatment and recycling plant: (a) type of waste inflow to the treatment plant; (b) 

area dedicated to the manual selection; (c) final sieving system and generation of secondary raw 

materials; (d) recycling plant for the production of bricks made of recyclable aggregates; (e) moulds 

used for bricks production; (f) example of bricks and blocks produced with the use of recyclable 

aggregates obtained from the selection plant. 

The treatment plant generates two flows of recyclable aggregates: a gross one and a 

fine one. The gross aggregates fraction has a diameter of about 1.3 to 2.5 cm, with an 

average density of 1185 kg m−3 and an absorption rate of 10.1%. The fine fraction has a size 

of about 1 to 1.3 cm with a density of about 1247 kg m−3 and an absorption rate of 13.2%. 

The estimation of the amounts of waste rejected by the system is not yet available, nor is 

the percentage of waste that has been used for recycling. However, investigation and 

market analysis will be conducted in the coming months in order to assess the economic 

and environmental benefits of the system. Indeed, the treatment plant will be improved 

in order to better define the market of the products, the type of waste inflow into the 

system, and the time of operation required, among other factors that can be assessed due 

to the small-scale nature of the recycling plant. 

3.1.2. MSW Pre-Treatment for Recycling 

Three treatment plants were built and located within the MRF of La Paz. The first 

treatment plant is the shredding and washing system of recyclable plastics. Figure 2 

reports the description of the treatment plant and the construction of the machine. The 

plant can generate plastic flakes that can be sold to the Bolivian recycling markets. The 
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treatment system can play an important role in improving the recyclability of the waste 

generated at schools. However, during the current period, the COVID-19 pandemic does 

not allow children to be present daily at school, reducing the amount of PELD usually 

generated and selectively collected, which amounted to about 1 t per day (Monday–

Friday) before the pandemic. 

  
(a)  (b) 

Figure 2. Plastic waste recycling plant implemented in La Paz: (a) definition of the system and 

characteristics of the plant; (b) treatment plant (cyclone and heating system) constructed in La Paz. 

The other two treatment plants are the glass and cardboard shredding systems. 

Figure 3 reports the machines under operation. The secondary raw materials obtained is 

glass pieces with sizes smaller than 3 cm. The uniform dimension of the waste improves 

its market value, increasing its price four-fold. The next step is to provide the recyclable 

glass with uniform colours, again increasing its market value. The paper shredding 

system has a similar capacity to the glass shredding process. The objective is to employ 

the shredded material in the briquetting machine in order to produce waste-based 

briquettes that can be employed for heating and cooking in rural areas. Therefore, the 

cellulosic materials treated are mainly composed of non-recyclable waste fractions, 

although the briquetting process can be used also for improving paper-waste 

management and transportability. 

  
(a) (b) 

Figure 3. MSW treatment plants implemented by the “LaPazRecicla” project. (a) Glass shredding 

system located in the municipal waste selection plant; (b) paper and cardboard waste shredding 

machine built in a Bolivian workshop. 
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3.1.3. Waste Briquetting 

Densification technologies are used for the valorisation of waste for producing solid 

fuels in rural and peri-urban areas [25] with the aid of high-pressure briquetting 

technologies [26]. Within the project LaPazRecicla, a briquetting machine was 

implemented in order to convert cellulosic waste fractions into potential fuels for the 

Andean rural areas. In Figure 4, an example of waste-based briquettes produced by the 

densification process is reported, as well as the co-combustion of the same briquettes into 

an improved cookstove at laboratory scale. A second-hand RB 30 SV briquetting machine, 

using German technology, built in 2008, and obtained by the project with less than 10 

working hours, has been located at the laboratories of the University of San Andrés. This 

machine was unused and unemployed by a local foundation and the project gave it a 

second life. 

  
(a) (b) 

Figure 4. Waste-based briquettes produced in La Paz. (a) Production of cardboard waste and 

biomass-based briquettes; (b) experimental analysis of briquettes combustion at laboratory scale. 

With a power of 5.5 kW (15 A) and a weight of 0.5 t, the briquetting machine allows 

the treatment of about 30–50 kg h−1 of cellulosic or biomass waste. The briquettes produced 

are 0.5-cm thick and 3-cm long. The density is variable, from 800 to 1200 kg m−3, depending 

on the material treated, about two times the fuelwood density. The treatment plant can 

work for about 1.5 h; after that, it should remain without operation for about 3 h in order 

to cool the hydraulic system. Therefore, the machine can work about 4 h per day, with a 

maximum daily production of about 200 kg. The briquettes produced by the system are 

then analysed at a laboratory scale in order to compare them with fuelwood and to 

evaluate the best mix of waste that can be introduced for producing the most performable 

briquettes for cooking and heating. 

3.2. Laboratory Analysis–Waste to Energy Options 

3.2.1. SRF Analysis and Characterisation 

The first laboratory analysis conducted within the project regards the evaluation of 

the potentialities of the non-recyclable waste as SRF. To date, in Bolivia, SRF is not 

considered within the national regulation, and it is not used as an alternative fuel. 

Therefore, the aim of the research is to provide the technical capacities and the first results 

of local potentialities for the exploitation of SRF in cement kilns. 

The waste has been collected from the municipal MRF. An example of the sampling 

procedure is reported in Figure 5. Only non-recyclable plastics and paper waste was 

involved in laboratory tests since the general objective was to maximise material recovery. 

The international standards related to EN 15359:2011 for the classification of the SRF were 

employed. Then, the mix of materials most attractive for the cement industry were 

investigated. It has been estimated that the fossil fuels (i.e., methane) employed by the 

Bolivian cement industry will be potentially consumed before the end of 2035. Therefore, 

alternative fuels should be found in the short term, while cement kilns are expected to be 
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the most relevant industry that can receive and consume SRF. The low calorific value 

(LCV), chlorine, and mercury concentration were evaluated according to the norm. 

  
(a) (b) 

Figure 5. Sampling procedure of the rejected materials: (a) rejects collection from the MRF of La Paz; 

(b) shredded non-recyclable plastics for laboratory testing. 

The findings of the laboratory analysis allow for demonstrating that the rejects 

produced in the MRF of La Paz can be classified as fuel if correctly managed and analysed. 

On average, two blends can be identified: the first, maximising the cellulosic content 

mixed with plastics, the second, maximising the plastics content mixed with cellulosic 

fractions. Therefore, the analysis financed by the project provided the first quantitative 

results of the potentialities of waste combustion for energy generation in Bolivia. By the 

analysis, it has been demonstrated that only the production of SRF from non-recyclable 

and non-hazardous MSW from the selective collection in Bolivia might provide about 2 

billion MJ of energy in one year, accounting for more than one-tenth of the energy demand 

of the Bolivian cement industry. This amount of energy can increase if industrial waste 

and other waste fractions (i.e., used tyres, commercial waste) are also considered within 

the analysis. In addition, the co-processing of non-recyclable waste can solve part of the 

problem related to the MSW management system. 

3.2.2. Waste Based Briquettes 

The second laboratory test conducted within the project involves the evaluation of 

the briquettes’ combustion behaviour in environmental conditions. The methods 

employed are the water boiling test and the emissions analysis laboratory tests. The first 

approach guarantees the evaluation of the performances of the fuel employed for cooking 

in terms of the time required for water boiling, the amount of biomass required for 

achieving the boiling temperatures, and its consumption per minute [27]. At the same 

time, the emissions related to the overall combustion of different fuels are compared. In 

particular, CO, PM2.5, CO2, SO2, and NO are assessed, which are the most important 

parameters in terms of users’ health [28]. The parameters are compared between 100% 

biomass-based briquettes (70% wood straw and 30% sawdust), 50% sawdust and 50% 

cellulosic briquettes, and 20% sawdust and 80% cellulosic briquettes. Both materials 

(carboard and sawdust) are waste fractions currently disposed of in the sanitary landfill. 

Finally, a comparison with fuelwood is implemented. The aim is to demonstrate that 

waste-based briquettes can be alternative fuels that can be employed instead of wood in 

Andean rural areas. 

Preliminary results report that biomass-based briquettes have a similar material 

consumption rate compared to fuelwood, while the emissions of PM2.5 are similar among 

the two different biofuels. The main differences are related to the boiling time and the 

emissions of CO2 and CO. It seems that biomass-based briquettes produce less energy per 

minute compared to fuelwood, while carbon monoxide emissions are higher for biomass 

briquettes, and while CO2 emissions are higher for fuelwood. On the other hand, biomass-
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based briquettes are more efficient for heating using since the consumption per minute is 

considerably less than fuelwood, explaining why the time required for water boiling is 

higher. Promising results were obtained by adding cardboard waste to the biomass-based 

briquettes, reducing carbon emissions and improving the energy efficiency of the 

combustion process. 

Future developments of the research are related to the analysis of cardboard-based 

briquettes, in parallel with an on-field analysis in rural areas where waste-based 

briquettes will be employed and the opinion of the local citizens assessed. In addition, an 

economic analysis of briquette production, transportation, and selling will be performed 

in order to provide a preliminary economic analysis to evaluate the sustainability of the 

approach. This analysis can be a tangible result, given by the LaPazRecicla project, to 

support a circular economy and the application of alternative fuels in rural areas of the 

Andean region. 

3.3. Social Inclusion: Recycling Campaigns, Seminars, and Technical Courses. 

During the project, two recycling campaigns, four seminars, and three technical 

courses were organised. The campaigns involved the population and the participation of 

volunteers motivated to support selective collection and recycling policies. The first was 

an online campaign, while the second was hybridised, with some online activities and 

others in presence. More than 30 volunteers were involved, about 2000 people were 

interviewed, and 150 children were engaged with awareness games. Figure 6 reports some 

activities carried out in October 2021 during the public campaigns. 

 

.  
(a) (b) 

Figure 6. Recycling and selective collection campaigns implemented in La Paz: (a) questionnaire 

survey organised in the city in cooperation with the local “mascots” (zebras of La Paz); (b) 

educational plays organised for children. 

During the period of the project, four seminars were organised: three online and one 

in presence, all related to the recycling and recovery of solid waste. More than 400 people 

participated, where technicians, citizens, students, stakeholders, and policy makers took 

part as an active audience. The topics explored by the seminars were related to the 

recycling of MSW, the recovery of non-recyclable waste, the implementation of CDW 

recycling actions, and the outputs of the LaPazRecicla project. Finally, three technical 

courses were organised, specifically for SWM practitioners from the public sector. In 

particular, the courses provided knowledge about the correct management of CDW, the 

challenges and opportunities related to waste-to-energy options, and the benefits related 

to the Circular Economy in developing regions. More than 150 participants were engaged. 

In the scientific literature, the involvement of the population, the improvement of 

technical knowledge, and the organisation of public campaigns, among other social and 

technical actions, are considered really important to implement appropriate SWM systems 
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[29–32]. The project contributed to improving local awareness and technical knowledge 

in SWM, in parallel with the implementation of treatment plants, theoretical analyses, and 

laboratory tests. 

3.4. Theoretical Analysis 

3.4.1. LCA of the MSW and CDW Management System 

The LCA has been employed to estimate the potential environmental impacts 

generated by the CDW and MSW management system before and after the project. 

Regarding the formal MSW management system, the LCA has been focused on inorganic 

waste. Therefore, organic waste composting has not been involved in the analysis. Six 

environmental impact categories were assessed and a sensitivity analysis of ten 

parameters was implemented. In addition, the scenario assessment, in relation to the 

increase in the recycling rate, has been performed. The results of the first assessment 

suggest that the environmental impacts are mostly sensitive in relation to landfill gas 

collection efficiency, while global warming is the most variable impact category (341.38–

551.95 kg CO2-eq tMSW). Finally, it has been estimated that by increasing MSW recycling 

from 235 t to about 473 t per year, human toxicity potential is reduced by about 18% and 

freshwater aquatic ecotoxicity by about 12%, which represents the indicators that most 

benefit from MSW recycling [33]. 

The second analysis conducted was specifically related to the CDW mismanagement 

system. The implementation of a recycling system has been modelled within the LCA 

software. The assessment wants to quantify the benefits of inert CDW recycling in the 

function of the selective collection rate, and the distances from the CDW generation to the 

material recycling facility. The outcomes of the research suggest that increasing the 

selective collection rates (5% to 99%) spread the importance of transportation distances: 

transportation limits should be lower than about 40 km in order to make recycling 

beneficial for all environmental impacts for all selective collection rates. It represents the 

current situation since the current MRF has been located about 25–30 km away from the 

farthest point of generation [34]. 

Finally, a comparison between CDW and MSW has been conducted, with an overall 

analysis implemented for quantifying the environmental impacts that the SWM can 

generate. The outcomes of the analysis reported that, at a municipal level, CDW 

mismanagement contributes more than 60% to the freshwater aquatic ecotoxicity in the 

SWM system. On the other hand, recycling allows for the higher achievement of avoided 

impacts than the ones produced for three of six environmental impacts. Therefore, MSW 

and CDW recovery are important options for preventing environmental degradation [35]. 

By the analysis, it has been estimated that about 122,000 t CO2-eq are generated by the 

system in one year. To provide an average carbon footprint, it can be estimated that a 

beech forest of northern Europe can remove about 1.5 t CO2 per year [36]. Therefore, it can 

be estimated that about 81,000 ha (about 800 km2) of green areas can be required to uptake 

the carbon emissions of the SWM of La Paz. The carbon footprint is reported in Figure 7, 

and it is compared to the area of La Paz. The comparison intends to compare the 

magnitude of the impact and it is not equivalent to the area that the municipality of La 

Paz should cover with trees. 
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Figure 7. Potential carbon footprint related to the SWM system analysed in La Paz. 

3.4.2. MFA of CDW Management Scenarios 

An MFA has been implemented to quantify the CDW potentially generated at the 

municipal level and the future recycling scenarios that can be implemented in La Paz. 

Secondary data were collected from the international literature and local documentation. 

The product between the constructed or demolished areas and the specific average waste 

generation rate gives the potential amount of CDW per waste fraction and generator. 

Three scenarios were considered, involving the implementation of a centralised block-

making plant and the recovery of recyclable aggregates with mobile and centralised 

treatment systems. 

By these results, the average annual costs for a reference scenario were assessed. The 

number of resources obtained from the processing of recyclable materials, as well as the 

amount of non-inert selected materials and hazardous waste or rejects that should be 

disposed of, were estimated. It was valued that more than about 270,000 t of CDW are 

potentially generated yearly in La Paz, about two-times more than the CDW projected by 

local authorities. By the scenarios analysis, it was always estimated that more than 60% of 

the inert aggregates can potentially be recycled, with a cost higher than about USD 8 t 

CDW−1, and lower than about USD 32 t CDW−1.The most attractive scenario involves the source 

separation of recyclable materials and the hybrid organisation of stationary and mobile 

recycling facilities. Therefore, the analysis allows supporting and justifying the 

implementation of CDW treatment plants. 

3.4.3. Questionnaire Surveys 

A questionnaire survey has been implemented with online forms in 2020 during the 

COVID-19 pandemic. The forms were shared through social networks and messages, 

thanks to the support of students and volunteers. This study performed 998 household 

surveys in La Paz. The aim was to explore residents’ waste recycling practices and their 

connection with waste collection services. The study involved a correlation analysis to 

assess the main factors that can influence the participation of local citizens to implement 

the selective collection at home. 

Results reported that the citizens more active in recycling in La Paz are likely women, 

with an education level of either undergraduate or graduate, and with an age between 30 

and 40 years or older than 50 years. In addition, important results were obtained in 

relation to the informal recycling system. It has been demonstrated that informal recyclers 
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are responsible for providing an effective but separate collection system to the citizens of 

lower income levels: about 38% sell the sorted waste, deliver it to informal collectors, or 

leave it on the streets. People involved in the system consider it very useful to recycle the 

waste they generate. Furthermore, less than 5% of the participants think recycling is of 

little use. 

The factor that most affects the implementation of recycling is not knowing to whom 

the waste can be delivered once classified, since about 22% of the respondents affirm that 

it affects them very much or a lot. The research provided important results that justify the 

implementation of selective collection system in La Paz. In 2021, a second survey was 

organised and more than 950 people were interviewed. Similarly, a third campaign will 

be organised in 2022 in order to collect other information, possibly through face-to-face 

interviews. 

4. Discussion 

4.1. Criticalities in Implementing Appropriate SWM Systems in Developing Countries 

The field of SWM needs people from various disciplines and competencies. SWM 

planning and operations involve interdisciplinary specialists and scientists, offering a 

wide range of intellectual and practical challenges [37]. This makes SWM difficult to 

implement in areas where know-how and integrated skills are not available. Five pillars 

for implementing integrated and sustainable SWM can be defined: public policies, legal 

aspects, public–private partnership, disposal techniques, and energy recovery options 

[38]. To these pillars, social inclusion, awareness, and education should also be added. 

However, environmental education is mostly lacking in developing countries, due to 

fragilities in practical environmental curricula that can respond to modern-day 

environmental issues [39]. 

Apart from the implementation of technological infrastructures, the organisation of 

public campaigns and the involvement of the population is, most of the time, challenging 

in low-income countries. Some authors suggested involving local communities in anti-

litter monitors’ training initiatives, instead of traditional clean-up and/or education and 

awareness campaigns, which are considered to have short-lived impacts in metropolitan 

areas of developing countries [40]. In addition, policy alternatives to implement recycling 

actions are a landfill tax and rising council taxes. However, both are politically unfeasible 

[41]. Another legal tool that can improve SWM systems is the “extended producer 

responsibility”. This strategy promotes the proper management of product packaging; 

however, poor source-separation, informal sector activities, exclusive focuses on 

economic aspects, and a lack of expertise and public awareness campaigns are always 

barriers that make the formal appropriate management and collection of recyclable waste 

unfeasible in developing countries [42]. 

The probability of municipalities’ adoption of recycling programs in developing 

countries has shown slight increases in the last decade, but these is not enough for a 

substantial change towards a more sustainable SWM model. The gap between urban and 

rural municipalities, and the need to inject important funds into the system as a whole, 

are still big challenges [43]. At the same time, spirituality and religious aspects can affect 

daily disposal routines, as can frustration, due to a lack of perspectives [44]. 

On average, SWM in developing countries seems to be the challenge of the 21st 

century for moving towards a circular economy and sustainable development. Open 

dumps, gas emissions from open burning, marine littering, and a lack of energy and 

resources are only a few effects triggered by waste mismanagement [45]. High-income 

countries can figure as examples to start appropriate actions to support appropriate SWM 

systems. The implementation of international cooperative projects among 

interdisciplinary partners can provide support to achieve this goal [46]. The project 

LaPazRecicla, introduced in this paper, is another contribution. 
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4.2. Considerations about the Actions: is Political Instability a Failure Factor? 

The activities implemented within the project LaPazRecicla would support the 

implementation of recycling actions. To do so, both practical and theoretical approaches 

were implemented. The first was to give substantial support to the selective collection 

activities and the second was  to add emphasis on the requirements to start planning 

future SWM actions. The positive results, as well as the encouraging impacts that can be 

achieved by the project, were underlined by the description of the research outcomes. 

However, an interesting point to be discussed is the challenge that the current system is 

facing and which can make the project a success or, on the other hand, an effort that does 

not instigate consistent future massive changes. 

The political instability, the lack of local technical knowledge, and the absence of 

planning for a long-term period can affect the positive effects of the action. The 

construction of pilot plants can have positive future applications, such as the assessment 

of the market and the replicability of the treatment plants both on a small and large scale, 

depending on local requirements and financial availability. However, political will can be 

a big challenge since every four-to-five years the local municipal government changes and 

the vision of policy makers can be completely different. Will the systems implemented by 

the project be used in the future? Are the treatment plants within the current political 

plans? These are challenges that are out of the possible planning action implemented by 

the actors involved in LaPazRecicla since it does not depend on the quality of the actions 

or the treatment plant that was built. Political will is not always moved by rational and 

technical reason, but by the ideals of the people forming part the parties. 

Social involvement can be also affected by a lack of planning, a logical consequence 

of the political instability, although the positive effect of this type of action has been 

widely discussed before. What if the future of the SWM is going to be radically changed? 

If the project implemented in 2019 does not meet the ideals of the politicians in charge in 

2022, the message to the local population might change in terms of selective collection 

rules, recycling actions, and environmental efforts, among others. Can the campaigns 

provide effective changes in public behaviour and awareness if the political will shifts to 

other plans? In addition, the problem of a big city is related to the quantification of the 

results. The action involves about 3000 inhabitants in a city of about 950,000. How can 

behaviour changes be measured at the municipal level? Therefore, a lack of coherence in 

strategies’ implementation and a lack of reliable outcomes related to population 

behaviour changes might affect the efforts in social inclusion and involvement, wasting 

time and efforts. 

Similarly, laboratory analyses are of the utmost importance in order to spread 

knowledge among local researchers, professors, and technicians. However, the results, 

which can be published in the scientific literature and disseminated also at international 

level, cannot be understood, or can be “forgotten” by local decision makers. Who has the 

technical knowledge to read the results if local technicians changed due to the 

transformation of operators and office staff? Similarly, future research cannot be 

supported by the lack of local resources. Who can finance future research on a laboratory 

scale? Who can be interested in it if the political will has completely changed? The lack of 

internal financial resources also makes involvement in the research of trained operators 

and students very difficult. Who will implement similar research in the future if local 

universities have no financial resources to move towards future research actions? 

Therefore, if not properly managed, laboratory research and results might end in a no-

future-applications approach that renders the action another waste of resources. 

At the same time, LCA, scenarios analysis, and social surveys can be actions and 

studies that cannot be considered if local policy makers are not interested in them. This 

might happen due to the low interest of local politicians in environmental themes since 

the focus can be given only to economic factors. How can strategies that have been 

suggested by the LCA be effectively implemented at the local level? A 1-to-3-year-period 

plan cannot allow the introduction of recycling actions suggested by the LCA and 
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scenarios analysis, considering that, in 5 years, MSW formal recycling rates will increase 

by less than 0.1 percentage points. 

On average, this discussion underlined that political instability could affect the 

positive contribution of small-scale actions introduced by international cooperative 

projects that otherwise contribute only to positive and effective changes towards 

sustainable development, also because no other effective methods can be introduced in 

low-income countries to support the implementation of appropriate actions in the short 

term. In Table 2, the pros and cons of the actions implemented within the LaPazRecicla 

project are reported, underlining, therefore, the previous consideration in terms of 

opportunities and challenges related to the implementation of development projects in 

low–middle income countries such as Bolivia. 

Table 2. Pros and cons of the approaches implemented within the project and future developments. 

Method/Acti

ons 
Pros Cons Future Developments 

Practical Actions 

Construction 

of  

pilot plants 

Improve the recyclability 

of some MSW and CDW 

fractions, evaluate the 

economic affordability 

and the market, improve 

local knowledge and 

know-how. 

Challenges in collecting 

clean waste, many 

breaks during the 

operation due to 

incorrect waste inflow or 

electric energy 

instability, doubts in 

future applications due 

to political instability, 

challenges in writing 

regulations to support 

the action. 

Scalability of the  

small-scale treatment 

plants, further research 

and analysis of the 

products, dissemination 

of the actions among 

national stakeholders. 

Social  

involvement 

Improve local 

awareness, disseminate 

the actions, involve local 

volunteers in recycling 

action, produce young 

leaders in recycling.  

Small scale of the 

actions, limited number 

of people involved, risk 

of different policy 

implementations in the 

future. 

Replication of the 

activities, reporting the 

actions to local policy 

makers, information 

campaigns in local mass 

media. 

Laboratory  

analysis 

Generation of onsite 

primary data, 

improvement of local 

knowledge, provision of 

laboratory equipment to 

implement laboratory 

tests. 

Local policy makers do 

not always consider the 

results obtained, 

difficulties in 

implementing long term 

research, challenges in 

involving local private 

companies. 

Replicability of the tests 

with different feedstocks 

and waste types, 

dissemination of the 

results among national 

stakeholders. 

Theoretical Analysis 

Life cycle  

assessment–

LCA 

Measurement of the 

impacts avoided or 

reduced thanks to the 

project, estimation of the 

carbon footprint of the 

SWM of La Paz, 

definition of reliable 

scenarios that can be 

Difficulties in primary 

data collection, low 

political interest in 

environmental impact 

quantifications, lack of 

local knowledge for the 

correct interpretation of 

the results. 

Dissemination of the 

results among municipal 

and national 

stakeholders, application 

of the results to compare 

the SWM before and 

after the action.    
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implemented with 

future plans. 

Scenario’s  

analysis 

First attempt to identify 

the reliability of the 

amount of CDW use for 

planning at the 

municipal level, first 

study able to quantify 

economic sustainability 

of future recycling 

actions. 

Lack of political 

willingness to start CDW 

recycling actions, 

difficulties in collecting 

primary data able to 

calibrate the model. 

Presentation of the 

results to municipal and 

national stakeholders, 

comparison of the 

results with real-world 

analyses of the CDW 

treatment plant 

introduced. 

Social  

surveys 

First quantification of 

citizens’ involvement in 

recycling, definition of 

the main characteristics 

of the people who 

comply with selective 

MSW collection. 

Scarce interest among 

the decision makers in 

considering the results, 

challenges in collecting 

information from people 

not interested in 

recycling, lack of 

information related to 

the informal recycling 

sector.  

Share the results with 

local stakeholders, use 

the results obtained to 

support recycling 

actions and selective 

collection campaigns, 

define the target group 

so as to produce new 

environmental leaders. 

4.3. Policy Implications and Future Developments 

The results obtained by the project can provide information to policy makers to start 

implementing appropriate and integrated SWM systems in developing cities. First, the 

main suggestion is to implement SWM planning with long-term strategies that are able to 

improve current waste recycling rates. Therefore, continuity in policy application should 

be somehow guaranteed, finding a balance between new proposals and the following of 

past actions conducted by political opponents. Second, considering the involvement of 

interdisciplinary actors from different national and international backgrounds is a key 

point. Local decision makers should find, consider, and accept international aids from the 

private sector, universities, NGOs, and governments in order to support actions towards 

a circular economy. Then, the introduction of appropriate taxes and tariffs must be 

afforded. This is challenging for politicians, since increasing municipal taxes is unpopular. 

However, it is the only way to start sustainable SWM systems with effective benefits. To 

do so, the construction of small-scale treatment plants can be an option to quantify the 

pros and cons of a technology or a treatment, assessing the feasibility of recycling actions 

considering different points of view. Similarly, small-scale selective collection systems can 

be another point to start effective changes. The LaPazRecicla project provided evidence 

about the importance of starting these mentioned policies and the same development 

project can provide starting points to future developments. On one hand, the action offers 

chances to understand the potentialities of the scalability of recycling plants that are 

somehow innovative for the context. At the same time, the project provided important 

results in terms of social involvement and technical knowledge, both potentially able to 

support the implementation of integrated and appropriated SWM systems. 

On the other hand, the project highlights the main barriers that should be overcome 

before starting a circular approach to the management of MSW and CDW. For example, 

the lack of a market that is ready to absorb secondary raw materials, the importance of 

identifying specific regulations to support the actions, and the significance of involving 

waste generators in implementing recycling activities, are only a few recommendations 

and developments that the project gives to local stakeholders as lessons learned. These 

findings and recommendations can be adopted also in other international contexts that 
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suffer from inappropriate SWM systems, as well as developing economies that are 

addressing the issue of environmental contamination due to waste mismanagement. 

4.4. Comments about the Outcomes and Limitations of the Study 

To sum up, during the project, both practical and theoretical actions were 

implemented to support solid waste recycling and recovery. One MRF for treating 

recyclable CDW and four machines for obtaining secondary raw materials were 

implemented. The three machines, located in the MSW sorting plant of La Paz, allow for 

the production of secondary raw materials from waste glass, paper, and plastics. In 

parallel, a densification machine can produce about 200 kg of biomass waste-based 

briquettes per day, which can be potentially employed as alternative fuels for cooking and 

heating in rural areas. The research does not introduce the direct practical consequences 

related to this action since the project is still under development and further actions are 

required. A similar assessment should be implemented in the next years in order to 

evaluate the effectiveness of the action. 

Laboratory tests financed by the project provided the first quantitative results of the 

potentialities of SRF production from non-recyclable and non-hazardous MSW from the 

selective collection in Bolivia. In addition, the analysis of the briquettes’ combustion 

behaviour in environmental conditions provides evidence about the potential higher 

performances of waste-based briquettes compared to fuelwood, suggesting that waste-

based briquettes can be potential alternative fuels for Bolivian rural areas. The action is 

still in progress and there is not a concrete application of the briquettes in the Bolivian 

market. This represents another future analysis requiring implementation in order to 

quantify the reliability of the approach and to evaluate its sustainability. 

Activities for involving the local population were organised. More than 30 volunteers 

were involved, about 2000 people were interviewed, around 150 children were educated, 

more than 400 people were engaged with online and in presence seminars, and 150 SWM 

practitioners were formed in technical courses. The limitation here is related to the 

proportion of the people involved compared to the number of inhabitants. The action is 

quite numerically limited, and more campaigns, seminars, and public actions should be 

organised in the future. 

Finally, various theoretical evaluations were implemented. By the LCA, it was 

estimated that about 800 km2 of green areas could be required to uptake the carbon 

emissions of the SWM of La Paz, while it has been estimated that doubling the recycling 

rate of MSW can reduce human toxicity by about 18% and freshwater aquatic ecotoxicity 

of about 12%. Furthermore, by the scenarios analysis, it was estimated that more than 60% 

of the CDW inert aggregates can potentially be recycled, with a cost higher than about 

USD 8 per tonne of waste, but lower than about USD 32. Here, the lack of primary data 

gives the results low reliability. However, the presentation of the outcomes in a range of 

values reduces the result’s uncertainty, while the collection of these findings represent the 

first attempt in Bolivia to estimate CDW flows and management costs, and to quantify the 

environmental impacts related to a SWM system. 

Finally, it has been demonstrated that people involved in recycling are likely women 

who are 30 years old and with an education level, while the informal recycling sector is 

responsible for providing an effective, separate collection system to the citizens of lower-

income levels, since about 38% of the people interviewed sell the sorted waste or deliver 

it to informal collectors. As before, more analysis should be implemented in the future, 

involving citizens that are not interested in recycling. This represents another future 

development that local engineers and decision makers should consider. 

5. Conclusions 

This article presented a real-world project implemented in Bolivia from 2019 to 2022. 

The methods and actions applied were introduced in parallel with preliminary and final 

results. Positive effects were presented. The project considerably improved local 
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knowledge and provided evidence about the potentialities of waste-to-energy options. In 

addition, innovative recycling systems were built, giving emphasis to the requirements 

for an appropriate SWM system for La Paz. The study demonstrated that research and 

case studies can provide effective ideas and examples to international cooperative 

operators, international lenders, SWM practitioners, and policy makers to start practical 

actions towards sustainable development. 

The project provided positive and interdisciplinary results (economic, social, and 

environmental) that can be of interest to international SWM practitioners. However, 

political will and continuity in action were underlined as important factors to have 

effective contributions, thanks to the project. The case study is novel both in terms of 

technical results and methodologies, since the project, LaPazRecicla, can have a new and 

effective influence to move towards a circular economy in developing countries. The 

authors recommend considering local political changes and issues in development 

projects in order to make the action more effective and to improve sustainability. 

In conclusion, the research suggests moving to specific future research activities such 

as the introduction of cost analysis in CDW management, social behaviour in formal and 

informal recycling, scalability of small-scale treatment plants, identification of primary 

data in inventory analysis of an LCA, application of waste-based briquettes in rural areas, 

and SRF in cement kilns of developing countries. The project “LaPazRecicla: Towards a 

Circular Economy Model” can be considered one reliable and effective contribution to be 

replicated in developing areas, in order to move towards sustainable development while 

considering local issues, employing integrated approaches, and involving 

interdisciplinary actors. 
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