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RESUMO 

 

OLIVEIRA, Maquele Antunes. Evaluation of reverse logistics contributions and impacts on 

sustainable development. 2023. Dissertação (Mestrado em Engenharia de Produção) – 

Universidade Federal de São Carlos, Sorocaba, 2023. 

 

A preocupação mundial com o desenvolvimento sustentável tem aumentado e práticas 

produtivas que podem contribuir têm ganhado destaque – sendo a logística reversa (LR) uma 

dessas práticas. No entanto, o tema ainda é emergente e requer novos esforços. A definição de 

quais contribuições a LR pode trazer para a sustentabilidade ainda é incerta. Sendo assim, o 

objetivo da pesquisa é ampliar o entendimento sobre os impactos sustentáveis que a LR pode 

gerar econômica, ambiental e socialmente e definir quais ODS (Objetivos de Desenvolvimento 

Sustentável) são mais impactados pela adoção da LR. Além disso, pretende-se: contribuir para 

a produção de conhecimento relacionando a LR e sustentabilidade em suas três dimensões, onde 

há carência de estudos que o façam; demonstrar às empresas interessadas em aumentar sua 

adesão ao pacto global dos ODS como a adoção da LR pode beneficiá-las; identificar os 

principais impactos da LR para o desenvolvimento sustentável e elucidar como a adoção da LR 

pode ajudar no cumprimento dos ODS. Para esses fins, a pesquisa foi dividida em dois artigos, 

faz uso, respectivamente, de: (i) uma revisão sistemática da literatura para reunir as evidências 

empíricas sobre os impactos da LR na sustentabilidade, (ii) expert elicitation por meio do 

protocolo IDEA para avaliar a relação entre a LR e os ODS e (iii) VIKOR para análise e 

definição de quais ODS são os mais impactados pela adoção da LR. Concluiu-se através da 

literatura que: o pilar “ambiental” da sustentabilidade é o que tem mais impactos reportados; o 

pilar social ainda apresenta poucos impactos relatados na literatura – mesmo com as grandes 

contribuições sociais apontadas para o bem-estar humano – e o impacto de RL mais citado na 

literatura foi “melhorar lucro e economia de custos”. Através da expert elicitation e VIKOR 

também constatou-se que o ODS 12 é o que mais se beneficia da adoção da RL e o ODS 1 é o 

que menos tem o seu cumprimento impulsionado pela RL. Diversas sugestões para pesquisas 

futuras são também apontadas. 

 

Palavras-chave: logística reversa, sustentabilidade, ODS, economia circular, VIKOR, expert 

elicitation. 
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ABSTRACT 

 

Global concern around sustainable development has increased and production practices that can 

contribute to this have gained prominence – with reverse logistics (RL) being one of these. 

However, the topic is still emerging and requires new efforts. The definition of which 

contributions reverse logistics can bring to sustainability is still inexact. The research aim is to 

extend the understanding of the sustainable impacts that RL can generate economically, 

environmentally and socially and to define which SDGs (Sustainable Development Goals) are 

the most impacted by RL adoption. In addition, it is intended to contribute to the production of 

knowledge related to RL and sustainability in its three dimensions – where there is a lack of 

studies –; demonstrate to companies interested in increasing their adherence to the global SDG 

pact how the adoption of RL can benefit them; identify the main impacts of RL for sustainable 

development and elucidate how RL adoption can help the achievement of the SDGs. For these 

purposes, the research will make use of: (i) a systematic literature review in order to gather the 

empirical evidence of RL impacts on sustainability, (ii) expert elicitation through the IDEA 

protocol to evaluate the relation between RL and the SDGs and (iii) VIKOR to the analysis and 

to define which SDGs are the most impacted by the adoption of RL practices. It was found in 

literature that: the environmental pillar of sustainability is the one with more impacts reported; 

the social pillar still has minimum impacts reported – even with the great social contributions 

pointed for human welfare – and the RL impact most cited in literature was “improve profit and 

cost savings”. After the analysis in the second article presented in this dissertation, it was found 

that SDG 12 has the greatest contribution from RL adoption and SDG 1 is the one which has 

its accomplishment least driven by RL. At the end, instructions for further research are given. 

 

Keywords: reverse logistics, sustainability, SDG, circular economy, VIKOR, expert elicitation. 
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CHAPTER I: RESEARCH OVERVIEW 

 

1 GENERAL INTRODUCTION 

 The unconscious extraction of natural resources for production has increased the amount 

of waste we produce and put future generations at risk (Guarnieri, 2014). Our demand for 

natural resources currently exceeds the Earth's ability to regenerate (Earth Overshoot Day, 

2020), which demonstrates the sustainability deficit of our current production model.  

This current scenario risen considerably the interest in the environmental impact of 

organizational activities (Hervani, Sarkis and Helms, 2017) and in improving their sustainable 

performance (Nosratabadi et al., 2019). Sustainability is the integration of environmental, social 

and economic aspects, which requires drastic changes across a broad range of sectors and there 

is still a lot of work to be done on sustainability research (Köhler et al., 2019). However, there 

is a lack in the conceptualisation of sustainability – partly due to the nature of the sustainability 

discourse arising from broadly different schools of thought historically, which the absence of a 

theoretically solid conception frustrates approaches towards a theoretically rigorous 

operationalisation of sustainability (Purvis, Mao and Robinson, 2019).  

Despite this absence, the United Nations has presented 17 goals and 169 targets for 

sustainable development – they are called Sustainable Development Goals (SDGs). The SDGs 

have encouraging targets and indicators (Purvis, Mao and Robinson, 2019), which are 

integrated, indivisible and balance the three dimensions of sustainable development (Nations, 

2015). The companies participation in the SDGs achievement is crucial; for this reason, the 

United Nations also created the Global Compact, which the strategy is driving business 

awareness and action in support of achieving the SDGs by 2030 (Nations, 2015). The SDGs 

made sustainable development gain increased attention in the academic, governance, planning 

and development space (Mensah, 2019; Nosratabadi et al., 2019). The concept of ‘sustainable 

development’ centres around the three pillars of sustainability interconnecting them; which 

increases the need for practicioners’ awareness of their relationships, complementarities, and 

trade-offs (Mensah, 2019; Peña-Montoya et al., 2020).  

The SDGs are: (SDG 1) No Poverty; (SDG 2) Zero Hunger; (SDG 3) Good Health and 

Well-being; (SDG 4) Quality Education; (SDG 5) Gender Equality; (SDG 6) Clean Water and 

Sanitation; (SDG 7) Affordable and Clean Energy; (SDG 8) Decent Work and Economic 

Growth; (SDG 9) Industry, Innovation and Infrastructure; (SDG 10) Reduced Inequality; (SDG 

11) Sustainable Cities and Communities; (SDG 12) Responsible Consumption and Production; 
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(SDG 13) Climate Action; (SDG 14) Life Below Water; (SDG 15) Life on Land; (SDG 16) 

Peace and Justice Strong Institutions; and (SDG 17) Partnerships to achieve the Goal (Nations, 

2015).  

Among these SDGs, there is one goal quite specific for manufacturing: SDG 12. 

However, production systems and other companies can potentially contribute to a far wider 

range of SDGs (Leurent and Abbosh, 2018). Circular economy practices in the industry and 

related business models can help achieve several of the SDGs, specially linked with SDG 6 

(Clean Water and Sanitation), SDG 7 (Affordable and Clean Energy), SDG 8 (Decent Work 

and Economic Growth), SDG 12 (Responsible Consumption and Production), and SDG 15 

(Life on Land) (Schroeder, Anggraeni and Weber, 2019). In this way, supply chain management 

is important for sustainability (Koberg and Longoni, 2019) and operations management can and 

should contribute to this. It is necessary to maximize product recovery and reuse, reducing the 

harmful effects on the environment of waste disposal, extraction of raw materials, transport and 

distribution – and may also increase profits as a consequence (Kleindorfer, Singhal and 

Wassenhove, 2005).  

 In the literature, reverse logistics (RL) is considered a sustainable practice (Sellitto, 

Camfield and Buzuku, 2020; Trujillo-Gallego, Sarache and Sellitto, 2021), part of sustainable 

development (Brito and Dekker, 2004) and is described as an emerging area of research with 

opportunities to achieve considerable impacts on society, environment and economy (Sarkis, 

Helms and Hervani, 2010; Frei, Jack and Brown, 2020). RL is a strategy that operationalizes 

the return of products and aims to enable economic and sustainable development. It can be 

characterized by the flow from customers to companies receiving post-consumer products 

(Guarnieri, 2014); or, in a broadly way, as the process from end user to recovery (or to a new 

user) (Brito and Dekker, 2004). In many companies, some reverse logistics practices already 

happen even informally, due to the need to dispose of waste (Guarnieri, 2014).  

 Recycling management, including RL management, has come to the attention of most 

manufacturing and service organizations in recent years (Govindan and Gholizadeh, 2021), 

together with the ascending interest in sustainable development (Mensah, 2019). The 

motivations for adopting RL are varied, being oriented mostly to the market and to the desire 

to keep costs low (Brito and Dekker, 2004; Sorkun and Onay, 2018). However, the growing 

need to make development more sustainable has forced many companies not only to adopt 

reverse logistics but also to make it increasingly efficient and effective (Agrawal, Singh and 

Murtaza, 2015). Investing in sustainability through RL is also a way to gain market share by 
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promoting a strong environmental reputation, and expanding the reach among customers who 

value sustainable performance (Toffel and Toffel, 2004). 

 Regarding the three pillars of sustainability, the recovery of products at the end of their 

useful life through reverse logistics has become significant for organizations due to 

environmental and economic issues, however attention to social sustainability is still 

rudimentary (Sarkis, Helms and Hervani, 2010; Banihashemi, Fei and Chen, 2019). 

 Sustainability is key in linking RL to performance, but still requires detailed 

examination and confirmatory work to examine how sustainability and RL relate (Morgan et 

al., 2018) – which could fill literature gaps and help practitioners see how the adoption of RL 

through their companies can help their path on sustainability and increase their commitment to 

implement universal sustainability principles established by United Nations SDGs and Global 

Compact. However, there is still a limited number of papers studying RL as a practice for 

sustainability (Aitken and Harrison, 2013; Piyathanavong et al., 2019). Sustainable approaches 

related to RL are generally discussed in the literature, thus more efforts are necessary in this 

direction (Banihashemi, Fei and Chen, 2019). Additionally, to the best of our knowledge, 

following a systematic literature review, no articles were found that methodically gather the 

sustainable impacts of RL and relate them to the SDGs – despite some recommendations to use 

SDGs as measures of sustainability (Maurice, 2016). 

In this context, the following general research question arises: Can RL contribute to 

sustainable development? To answer this question in a structured way, it was separated into 

four specific questions: (i) What are the specific sustainable impacts generated by RL? (ii) 

Which dimensions (environmental, social and economic) of sustainability are the most 

impacted? (iii) If RL really has sustainable impacts, which SDGs are the most impacted by the 

RL adoption? (iv) And how it can contribute to sustainable development? These research 

questions led the dissertation to some research objectives, as discussed next. 

 

1.1 Research objectives 

 The research questions previously stated in the last subsection were unfolded into 

specific objectives with defined methodologies to achieve them. All these were organized into 

two articles and the details about each one can be seen in Table 1.  

 

Table 1. Articles summary. 

Chapter Article RQ Main objectives 
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2. Article #1: 

Towards reverse 

logistics impacts 

on sustainability: 

a review of 

evidence from 

empirical studies 

(RQ1) What are the 

sustainable impacts 

generated by RL 

according to the 

literature? 

Collect the empirical 

impacts of RL 

adoption and 

practices. 

(RQ2) Which 

dimensions 

(environmental, social 

and economic) of 

sustainability are the 

most impacted by RL 

according to the 

literature? 

Define which 

dimensions of 

sustainability are 

most impacted by 

RL. 

3. Article #2: 

Connecting 

reverse logistics 

impacts and the 

Sustainable 

Development 

Goals 

(RQ3) Which SDGs 

are the most impacted 

by RL adoption? 

Relate RL impacts 

with the 

achievement of 

SDGs. 

(RQ4) How RL can 

contribute to 

sustainable 

development? 

Define which SDGs 

are more impacted 

by RL. 

 

As shown in Table 1, first, systematic literature was conducted to gather systematically 

all empirical RL sustainable impacts reported by literature (in Article #1). In the end, the results 

obtained in the systematic review in Article #1 were used as input to construct a questionnaire 

and conduct an expert elicitation, in order to understand the relation between RL impacts and 

how it can contribute to the accomplishment of the SDGs (in Article #2).  

Through completion of the objectives, the main contributions of this study are: 

(1) For practitioners, the adoption of RL can increase profits and cost savings and improve 

the image of their organizations. Plus, it can also generate jobs and benefit the 
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community and stakeholders. Even if the social dimension of sustainability is not a 

primary concern for companies, the results presented in this dissertation give a glimpse 

into the importance of measuring this aspect and consolidating it as a sustainability 

dimension of equal importance. 

(2)  The results can also help practitioners target their investments in RL and have a clear 

vision of how the adoption of RL by their companies can help in the achievement of 

SDGs.  

(3)  For policy-makers, it can help evaluate reverse logistics initiatives and facilitate 

subsidy distributions in a more effective way.  

(4)  For scholars, the paper fills the gap in literature connecting reverse logistics with the 

SDGs and provides a future research agenda as described in the next paragraphs. 

More details about the contributions and the relevance of this study can be found in the last 

sections of this dissertation (see Chapter IV). 

 

1.2 Dissertation structure 

This study is organized as follows: after this introduction (which covers the general 

perspective of the dissertation, including aspects that are addressed in more detail within the 

specific articles), Chapter II contains the article called “Towards reverse logistics impacts on 

sustainability: a review of evidence from empirical studies” and Chapter III contains the article 

“Connecting reverse logistics impacts and the Sustainable Development Goals”; Finally, 

Chapter IV presents the general conclusions, briefly bringing the results from the articles and 

its insights. The details of the structure can be seen in Figure 1.  
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Fig. 1. Integrated dissertation overview. 

Both articles (Article #1 and Article #2) will be submitted to journals after the 

dissertation defence. 

 

1.3 General methodology 

 This section describes the process employed to obtain the results described in the present 

study.  

The choice of research methods used in this dissertation was associated with the 

scientific research development process and the detailing of each of the methods chosen is 

INTEGRATED 
DISSERTATION 
OVERVIEW: 
Evaluation of reverse 
logistics 
contributions and its 
impacts on 
sustainable 
development

CHAPTER I: RESEARCH OVERVIEW 1 General introduction

CHAPTER II: ARTICLE #1 Towards reverse
logistics impacts on sustainability: a
review of evidence from empirical studies

Abstract and keywords

1 Introduction

2 Research design

3 Results

4 Discussion

5 Conclusion

CHAPTER III: ARTICLE #2 Connecting
reverse logistics impacts and the
Sustainable Development Goals

Abstract and keywords

1 Intruduction

2 Literature background

3 Research design

4 Results

5 Discussion

6 Conclusion

CHAPTER IV: RESEARCH CLOSURE 1 Introduction

2 General discussions

3 General conclusions
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provided in the next chapters, which are organized in the form of articles. Was chose the format 

of articles to speed up the process of publishing the contents and results obtained in this study. 

 This study is exploratory, but its fundamental characteristic is the interest in the 

application, use and practical knowledge (Gil, 2008), focusing on investigating RL practices 

and how their adoption contributes to the achievement of SDGs. According to Gil (2008), the 

study level is descriptive, because of its aims of establishing relationships between RL and 

sustainable development. 

 This study used mixed methods, combining qualitative and quantitative research. The 

qualitative approach was used to explore the current state-of-art and develop the set of impacts 

of RL. After, a quantitative approach was used to turn the concepts measurable and create 

linkages between the previous findings and the SDGs, applying descriptive statistics and 

classification.  

 The general flow of this research methodology, objectives, methods and tools and 

sections are summarized in Table 2. 

 

Table 2. Methodology flow. 

 Objectives Methods and tools Section 

D
at

a 
co

ll
ec

ti
o
n
 p

ro
ce

ss
 Collect the empirical 

impacts of RL adoption 

and practices. 

Systematic literature 

review through PRISMA 

protocol. 

Chapter II - Article #1: 

Towards reverse logistics 

impacts on sustainability: a 

review of evidence from 

empirical studies 

D
at

a 
an

al
y
si

s 
p
ro

ce
ss

 Define which 

dimensions of 

sustainability are most 

impacted by RL. 

Content and descriptive 

statistical analysis. 
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D
at

a 
co

ll
ec

ti
o
n
 p

ro
ce

ss
 Relate RL impacts with 

the accomplishment of 

SDGs. 

Expert elicitation using 

IDEA protocol. As a tool, a 

structured questionnaire – 

with a Likert scale and in 

four-step question format – 

was applied. 

Chapter III - Article #2: 

Connecting reverse logistics 

impacts and the Sustainable 

Development Goals 

D
at

a 
an

al
y
si

s 
p
ro

ce
ss

 Define which SDGs are 

more impacted by RL. 

Descriptive statistical 

analysis and rank up the 

SDGs using the best 

guesses. 

 

 In the next sub-sections (1.3.1 and 1.3.2) the details about the literature review and 

expert elicitation are provided.  

 

1.3.1 Systematic literature review 

 The literature review is an important part of any research since all research needs to be 

informed by existing knowledge in a subject area (Rowley and Slack, 2004). Traditional 

reviews frequently lack thoroughness and in many cases are not undertaken as genuine pieces 

of investigatory science (Tranfield, Denyer and Smart, 2003). A meaningful literature review 

is much more than that (Levy and Ellis, 2006).  

 A systematic literature review approach can reduce bias and increase rigours and 

verifiability. The process of systematic review has been developed over the last decade and now 

plays a major role in evidence-based practices (Tranfield, Denyer and Smart, 2003). An 

increasing number of applied disciplines use evidence-based frameworks to review and 

disseminate the effectiveness of management and policy interventions – the medical systematic 

review methodology, for example, is developing rapidly with new techniques to handle the 

variable levels of data quality (Pullin and Stewart, 2006). 

 According to Levy and Ellis (2006), the systematic review is a process of helping the 

researcher understand  the existing body of knowledge, providing a solid theoretical foundation, 

substantiating the presence of the research problem, justifying the proposed study and framing 

the valid research methodologies, approach, goals and research questions for the proposed 

study. 
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 In this dissertation, the systematic literature view was adopted in the first article and 

more details about its application can be found on the next chapter. For scholars, the reviewing 

process increases methodological rigour. For practitioners/managers, a systematic review helps 

develop a reliable knowledge base by accumulating knowledge from a range of studies 

(Tranfield, Denyer and Smart, 2003).  

 Since the medical systematic methodology is a reference for systematic reviews, the 

approach chosen for the first article was PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) (Moher et al., 2009). The PRISMA statement focuses on giving 

directions to a review with clearly formulated questions, explicit methods to identify, select and 

critically appraise relevant research and collect and analyse data from the studies that are 

included in the review (Moher et al., 2009). 

 

1.3.2 Expert elicitation 

 Expert elicitation is a structured process to elicit subjective judgements from experts 

(Refsgaard et al., 2007) and extract expert knowledge about some unknown quantity. However, 

elicitation is not a simple task, and practitioners need to be aware of a wide range of research 

findings in order to elicit expert judgements accurately and reliably (O’Hagan et al., 2006). 

 According to Martin et al. (2012), in general, an expert-elicitation approach consists of 

five steps:  

I) Deciding how the information will be used,  

II) Determining what to elicit,  

III) Designing the elicitation process,  

IV) Performing the elicitation, and  

V) Translating the elicited information into quantitative statements that can be used in 

a model or directly to make decisions. 

 The limitations are linked to the subjectivity of the results that are sensitive to the 

selection of experts (Refsgaard et al., 2007). Just as the reliability of empirical data depends on 

the rigor with which it was acquired so too does that of expert knowledge (Martin et al., 2012).  

 Several elicitation protocols have been developed and have the potential to make use of 

all available knowledge that cannot easily be formalised otherwise (Refsgaard et al., 2007). 

Expert elicitation should build on and use the best available research and analysis and be 

undertaken only when, given those, the state of knowledge will remain insufficient to support 

timely informed assessment and decision-making. Draft protocols should be pilot tested with 
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quasi-experts to assure that question formulations are workable and can be understood. And the 

elicitation protocols must be developed through careful iterative refinement (Morgan, 2014). 

 For this master´s thesis, the expert elicitation was adopted in the second article and more 

details about its application can be found in Chapter III. 

 Since a structured protocol for expert elicitation is essential to mitigate biases and 

improve the accuracy and transparency of the resulting judgements, the one chosen was the 

IDEA protocol. The IDEA includes several key steps that may look familiar, such as the four-

step elicitation and a modified Delphi procedure (Hemming et al., 2018). 

 Expert elicitation has ethical requirements, as it involves humans. Therefore, the 

questionnaire that was applied to the experts was previously submitted to the ethics committee. 

All documentation can be found in the Annex section of this dissertation; it is organised as 

follows: 

• Annex A - Proof of submission to the ethics committee. 

• Annex B - Proof of receipt from the ethics committee. 

• Annex C - Basic project information submitted to the ethics committee. 

• Annex D - Detailed project submitted to the ethics committee. 

• Annex E - Term of Free Consent and Clarification (Termo de Consentimento Livre e 

Esclarecimento or TCLE). 

• Annex F - Embodied opinion of the ethics committee. 
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CHAPTER II: ARTICLE #1 TOWARDS REVERSE LOGISTICS IMPACTS ON 

SUSTAINABILITY: A REVIEW OF EVIDENCE FROM EMPIRICAL STUDIES 

 

ABSTRACT: Reverse logistics has been gaining prominence when it regards sustainable 

development, but the literature does not clearly state how it can impact and help sustainability 

from the Triple Bottom Line perspective. The relationship between its three perspectives 

(economic, environmental, and social) may look intuitive, but there is still an empirical gap in 

linking both. Therefore, this study aims to extend the understanding of the contributions of 

reverse logistics practices to sustainability. Firstly, a systematic literature review was conducted 

through the PRISMA approach to determine which are the most important sustainable impacts 

of reverse logistics studied in the scientific literature employing empirical methods. Secondly, 

the surveyed impacts were classified into the dimensions of sustainability. It was found 35 

impacts of reverse logistics on sustainability, of which 17 are related to environmental aspects, 

12 are economic impacts, while only 6 are related to social aspects. Surprisingly, the largest 

number of citations are related to the economic aspects and the most cited impact was “improve 

profit and cost savings”. The social dimension of sustainability on RL is not a major font of 

concern in the literature. Future studies may seek to identify more social impacts from RL 

adoption as well as to better balance the three perspectives, furthermore, future studies should 

use the impacts to link the RL adoption with the Environmental, Social, and Corporate 

Governance (ESG) approach and the Sustainable Development Goals (SDGs). 

 

KEYWORDS: Reverse logistics, sustainable development, triple bottom line, TBL. 

 

 

1 INTRODUCTION 

The concept of sustainability, sustainable development and several associated terms 

have gained prominence and there is a convergence that it can be defined by the performance 

in three main dimensions: social responsibility, environmental sustainability and economic 

viability (Jamali, 2006; UNIDO, 2015). This concept of sustainability is also known as Triple 

Bottom Line (TBL) – a term introduced by Elkington (1998) – or just as the three sustainability 

pillars (Purvis, Mao and Robinson, 2019). And, according to the Brundtland report – Our 

Common Future –, sustainable development should “meet the necessities of the present 

generation without harming the future generation's capacity to meet their own” (Keeble, 1988). 

The unconscious extraction of natural resources for production increased the amount of 

waste we produce and puts future generations at risk (Guarnieri, 2014). According to the Earth 

Overshoot Day organized by the Global Footprint Network, our demand for natural resources 

currently exceeds the Earth's capacity to regenerate (Earth Overshoot Day, 2020). Therefore, 
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inclusive and sustainable industrial development (ISID) “makes a critical contribution towards 

addressing the economic, social and environmental dimensions of development in a systemic 

and holistic manner” (UNIDO, 2015). 

Some practices in the industry, such as the circular economy and related business models 

and practices, can help to promote sustainable development (Schroeder, Anggraeni and Weber, 

2019). In particular, reverse logistics (RL) is considered a sustainable practice (Trujillo-

Gallego, Sarache and Sellitto, 2021; Sellitto, Camfield and Buzuku, 2020; Sirisawat and 

Kiatcharoenpol, 2019). It stands for the process of planning and returning products to the supply 

chain (Mafini and Loury-Okoumba, 2018), described as an emerging area of research with 

opportunities to achieve considerable impact on society, the environment and the economy 

(Frei, Jack and Brown, 2020; Sarkis, Helms and Hervani, 2010).  

Despite the growing volume of the literature concerning RL, the attention given to the 

sustainable impacts of RL practices is overlooked in general (Banihashemi, Fei and Chen, 

2019); just a few studies relate RL with operational environmental sustainability approaches 

(Piyathanavong et al., 2019). Especially the interest in the social dimension of sustainability in 

RL is rudimentary (Banihashemi, Fei and Chen, 2019; Sarkis, Helms and Hervani, 2010). RL 

has not been a major source of investigation within the sustainable supply chain field (Sarkis, 

Helms and Hervani, 2010) and more investigation to explore the relationship between RL and 

sustainability is necessary (Trujillo-Gallego, Sarache and Sellitto, 2021; Mafini and Loury-

Okoumba, 2018, Sarkis, Helms and Hervani, 2010), mainly related to the understanding of the 

impacts of RL in the three dimensions of sustainability (Mafini and Loury-Okoumba, 2018). 

Furthermore, some authors (Morgan et al., 2018) call for confirmatory work to examine how 

sustainability and RL impact extant supply chain performance study results. Additionally, to 

the best of our knowledge, no articles were found that systematically gather the sustainable 

impacts of RL, mainly from the empirical perspective. 

In this context, this study aims to extend the understanding of the contributions of RL 

practices to sustainability in the three dimensions (environmental, social and economic) by first 

identifying and mapping the scientific literature covering empirical studies only, then proposing 

a conceptual framework to organise the results. To this end, the systematic literature review 

approach was adopted, to answer the following two research questions (RQ):  

• RQ1: What are the sustainable impacts generated by RL from an empirical perspective? 

• RQ2: Which dimensions of sustainability are the most impacted by RL? 
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 It is important to highlight that this paper comprises empirical results only, which has 

been playing a major role when it comes to evidence-based practices and which, for 

practitioners and managers, helps develop a reliable knowledge base by accumulating 

knowledge from a range of studies (Tranfield, Denyer and Smart, 2003). 

 This paper is organized as follows: after this introduction, Section 2 presents the 

research design employed to perform the systematic literature review and the corresponding 

analysis; Section 3 depicts the results, while Section 4 discusses them; finally, Section 5 outlines 

some conclusions and proposes directions for future research. 

 

2 RESEARCH DESIGN 

This systematic literature review follows the PRISMA (Preferred Reporting Items for 

Systematic Review and Meta-Analysis) approach (Moher et al., 2009). An increasing number 

of applied disciplines are utilizing evidence-based frameworks (Pullin and Stewart, 2006), but 

traditional ‘narrative’ reviews frequently lack thoroughness and can be biased, although  the 

systematic review differs from the traditional by adopting a “replicable, scientific and 

transparent process” (Tranfield, Denyer and Smart, 2003). The PRISMA’s checklist provides 

guidelines to conduct a consistent systematic review (e.g., title, abstract, method, results, 

discussion) and the PRISMA flow chart describes the information flow through the different 

phases of the systematic review (i.e., identification, screening, eligibility, inclusion) (Moher et 

al., 2009). 

The first phase was identification, consisting of the definition of relevant research 

questions and appropriated search protocol (Table 1) and removing duplicates using the 

Mendeley Desktop software. In the screening phase, the title and abstract were analysed by 

applying the exclusion criteria. In the eligibility phase, full-text articles in the sample were 

assessed for qualification. Finally, for the included phase, data extraction and cross-search 

through snowballing were done to identify papers that had not been captured by the search 

protocol. The phases are shown in Figure 1 and will be detailed in the following paragraphs. 

 

 

Fig. 1. Systematic literature review phases. 

To answer the RQ1 and RQ2 and based on the objectives of the research, in the identification 

phase the search protocol was defined and a search string was constructed. The electronic data 
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sources selected were Web of Science (WoS) and Scopus for their vast coverage of papers on 

Operations Management and Engineering (Mongeon and Paul-Hus, 2016). Four eligibility 

criteria were applied: (1) period: the search period ranges from the beginning of 2015, with the 

emergence of the Sustainable Development Goals (SDGs) (Nations, 2015), to September, 2021; 

(2) Search fields: title and abstract; (3) Document types: only journal articles were included as 

they were considered more reliable owing to the rigour of the evaluation process; (4) Language: 

only studies published in English. This search returned 416 records from both sources – WoS 

and Scopus. After duplicate removal, the sample was reduced to 288 articles. 

 

Table 1. Search protocol. 

Data source Web of Science and Scopus 

Search string ("reverse logistics"  AND  "sustain*" )  

AND  ( "impact"  OR  "performance" ) 

Search fields Title and abstract 

Period From 2015 to September 30, 2021 

Language English 

Document Journal articles 

 

The screening phase consisted of analysing the title and abstract in the sample, and 

applying the exclusion criteria (Table 2). The first exclusion criterion (E1) aimed to filter 

articles does not fit the research scope, excluding studies focused on areas other than RL (e.g., 

education, healthcare, chemistry); the second exclusion criteria (E2) aimed to filter studies 

which are not empirical – were included studies as case study, survey and action research. 

In the eligibility phase, the remaining articles were fully read for qualification and those 

matching the inclusion criteria (Table 2) were accepted in the sample. After this stage, the 41 

articles of the systematic review were included. 

 

Table 2. Inclusion and exclusion criteria. 

Criteria Description Total occurrences 
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Exclusion (E)  

E1: Does not fit with the scope of the research. 8 

E2: It is not an empirical study. 165 

Inclusion (I) I1: The paper analyses or review the 

sustainability in RL. 

41 

 

 

Fig. 2. Study selection flow. 

 

Figure 2 shows the complete study selection flow and the results obtained in each phase. 

Most records were generated by Scopus (270). Phase 1 initially resulted in 416 articles. After 

duplicate removal, the sample was reduced to 288 articles. The titles, abstracts and keywords 

were thereafter analysed and exclusion criteria E1 and E2 set out in Table 2 were applied, 

reducing the sample to 115 articles. At this stage, 8 articles were excluded due to E1 – because 

they focused on other areas (e.g., education, healthcare, chemistry) – and 165 were excluded 
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due to E2 – because they do not present empirical results (e.g., literature review, model 

proposal). After assessing the full text of the articles, the other 74 articles were excluded due to 

the fact they do not present any analysis or review of RL sustainable impacts (I1), also were 

excluded those which the full text could not be accessed. Hence, a total of 41 articles were 

included in the final sample. 

For the quantitative and qualitative analyses of the articles included in the review, two 

approaches were used: bibliometric and content analyses, respectively.  

The bibliometric method introduces objectivity into the evaluation of scientific 

literature, increases rigour and mitigates researcher bias (Zupic and Čater, 2015). The steps for 

the bibliometric analysis were conducted as the workflow proposed by Zupic and Čater (2015), 

summarized in Figure 3. 

 

Fig. 3. Bibliometric analysis workflow. 

 

Steps 1 and 2 were the same as the systematic review, leading to the bibliometric 

analysis of the final 41 articles. For step 3 and to prepare data for visualization (Step 4) 

VOSviewer was the software chosen given the coverage of different highlights – data, 

visualization and technique (VOSviewer, 2021). 

For the interpretation and content analysis, the final sample of 41 articles was analysed 

to extract the sustainable impacts of RL they describe. The impacts were classified according 

to the three pillars of sustainability – environmental, economic and social. Next, descriptive 

statistical analysis was performed to help enhance the content analysis. 

The environmental dimension of sustainability consists of aspects of quality of air, water 

and soil and responsible extraction of raw material and consumption. The social dimension 

addresses issues related to humanity and its welfare. And the economic pillar of sustainability 

is associated with the wealth of companies, organisations or individuals. 

All results are reported in the next section. 

 

3 RESULTS 

 The 41 articles were analysed to identify and extract the reported sustainable impacts of 

RL. First, the quantitative bibliometric analysis was conducted to find relevant patterns and 
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information from metadata. Second, qualitative analysis was adopted to identify the impacts 

and categorize them into the TBL. All the results are reported in detail in the following sections. 

 

3.1 Quantitative bibliometric analysis 

The sample size of the selection comprises 41 journal articles, used for both quantitative 

and qualitative analysis (see Table 3). Most articles were published in 2021 (Figure 4), even 

though this study covered publications util September 2021, which demonstrates how recent 

the topic is. In total, 2019, 2020 and 2021 have 64,92% of the total publications. 
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Table 3. Articles sample. 

Item Title Authors Year Journal Methodology Where was the research 

applied? 

1 Green supply chains: A perspective 

from an emerging economy 

Jayaram, J., 

Avittathur, B. 

2015 International Journal of 

Production Economics 

Delphi Emerging economy 

contexts such as 

Brazil, China, India and 

other countries. 

2 Reverse logistics in humanitarian 

operations: challenges and 

opportunities 

Peretti, U., Tatham, P., 

Wu, Y., Sgarbossa, F. 

2015 Journal of Humanitarian 

Logistics and Supply 

Chain Management 

Informal 

discussions 

Humanitarian operations 

3 Triple bottom line performance 

evaluation of reverse logistics 

Agrawal, S., Singh, 

R.K., Murtaza, Q. 

2016 Competitiveness Review Fuzzy analytical 

hierarchy process, 

extent analysis 

approach and case 

study 

Electronic companies 

4 Reverse logistics in manufacturing 

waste management: The missing link 

between environmental commitment 

and operational performance 

Fernando, Y., Tew, 

M.-M. 

2016 International Journal of 

Integrated Supply 

Management 

Variance-based 

structural equation 

modelling (SEM) 

with the partial 

least squares (PLS) 

method 

Electronics and electrical 

(E&E) manufacturing 

firms 

5 The use of reverse logistics for waste 

management in a Brazilian grocery 

retailer 

Dias, K.T.S., Braga, 

S.S., Jr. 

2016 Waste Management and 

Research 

Case study Brazilian grocery retailer 
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6 Strategic orientations, sustainable 

supply chain initiatives, and reverse 

logistics: Empirical evidence from an 

emerging market 

Hsu, C.-C., Tan, K.-C., 

Mohamad Zailani, 

S.H. 

2016 International Journal of 

Operations and 

Production Management 

Survey Malaysia – among all 

EMS ISO 14001–certified 

firms 

7 Reverse logistics in household 

recycling and waste systems: a 

symbiosis perspective 

A Jalil, E.E., Grant, 

D.B., Nicholson, J.D., 

Deutz, P. 

2016 Supply Chain 

Management 

Surveys and 

quantitative 

approached 

coupled to the 

functionalist 

paradigm and 

interviews and 

qualitative 

approaches 

coupled to the 

interpretivist 

paradigm 

Two English local 

authorities and their 

respective consumers or 

households 

8 Reverse logistics and informal 

valorisation at the Base of the 

Pyramid: A case study on 

sustainability synergies and trade-offs 

Brix-Asala, C., Hahn, 

R., Seuring, S. 

2016 European Management 

Journal 

Case study RL chain for 

water sachets in the 

African state of Ghana 

9 The effects of reverse logistics on 

cost control abilities: An insight into 

manufacturing companies in 

Malaysia 

Fernando, Y, Sharon, 

S.S.T., Wahyuni-Td, 

I.S., Tundys, B. 

2017 International Journal of 

Value Chain 

Management 

Survey Manufacturing firms 

registered under the 

Federation of Malaysia 

Manufacturers (FMM) 

10 Resource commitment and 

sustainability: a reverse logistics 

performance process model 

Morgan, T.R., 

Tokman, M., Richey, 

R.G., Defee, C. 

2018 International Journal of 

Physical Distribution 

Survey methods 

and structural 

equation modeling 

Data from 180 supply 

chain professionals 
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and Logistics 

Management 

11 A framework for evaluating the 

performance of sustainable service 

supply chain management under 

uncertainty 

Tseng, M.-L., Lim, 

M.K., Wong, W.-P., 

Chen, Y.-C., Zhan, Y. 

2018 International Journal of 

Production Economics 

Fuzzy Delphi 

Method and 

Analytical 

Network Process 

Expert group 

12 A disclosure of social and 

environmental results/economy 

resulting from the implementation of 

reverse logistics and final disposal of 

the post-consumption product: The 

case of computer peripherals industry 

Slomski, V., Slomski, 

V.G., Valim, G.G., 

Vasconcelos, 

A.L.F.D.S. 

2018 Environmental Quality 

Management 

Case study Multinational 

manufacturer of computer 

peripherals in the city of 

São Paulo, Brazil 

13 Carbon footprint model for reverse 

logistics of waste disposal in interior 

design industry 

Liang, C.-C., Lee, J.-P. 2018 Asia Pacific Journal of 

Marketing and Logistics 

Case study Disposing interior design 

waste in Taiwan 

14 Reverse logistic strategy for the 

management of tire waste in Mexico 

and Russia: Review and conceptual 

model 

Uriarte-Miranda, M.-

L., Caballero-Morales, 

S.-O., Martinez-Flores, 

J.-L., Cano-Olivos, P., 

Akulova, A.-A. 

2018 Sustainability 

(Switzerland) 

Applied modeling Management of Tire 

Waste in Mexico and 

Russia 

15 Impacts of collaboration networks, 

operational performance and reverse 

logistics determinants on the 

performance outcomes of the auto 

parts industry 

Phoosawad, P., 

Fongsuwan, W., 

Chamsuk, W., Takala, 

J. 

2019 Management and 

Production Engineering 

Review 

Survey Thailand’s auto parts 

industry 
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16 Market dynamics and reverse 

logistics for sustainability in the 

Indian Pharmaceuticals industry 

Narayana, S.A., Pati, 

R.K., Padhi, S.S. 

2019 Journal of Cleaner 

Production 

Base causal loop 

model and semi-

structured 

personal/telephonic 

interviews 

(sometimes site 

visits) 

Pharmaceutical industry in 

India 

17 Assessing the cost structure of 

component reuse in a product family 

for remanufacturing 

Wang, W., Mo, D.Y., 

Wang, Y., Tseng, 

M.M. 

2019 Journal of Intelligent 

Manufacturing 

Case study Bulldozer 

remanufacturing 

18 Green Supply Chain Management 

(GSCM) practices for sustainability 

performance: An empirical evidence 

of Malaysian SMEs 

Rasit, Z.A., Zakaria, 

M., Hashim, M., 

Ramli, A., Mohamed, 

M. 

2019 International Journal of 

Financial Research 

Case study Small and medium 

enterprises 

19 The adoption of operational 

environmental sustainability 

approaches in the Thai manufacturing 

sector 

Piyathanavong, V., 

Garza-Reyes, J.A., 

Kumar, V., 

Maldonado-Guzmán, 

G., Mangla, S.K. 

2019 Journal of Cleaner 

Production 

Survey Manufacturing sector of 

Thailand 

20 Analyzing disposition decisions for 

sustainable reverse logistics: Triple 

Bottom Line approach 

Agrawal, S., Singh, 

R.K. 

2019 Resources, Conservation 

and Recycling 

Survey Indian electronics industry 

21 Correlation of Reverse Logistics 

Performance to Solutions Using 

Structural Equation Modeling 

Sirisawat, P., 

Kiatcharoenpol, T. 

2019 Journal of Advanced 

Manufacturing Systems 

Case study Electronics industry in 

Thailand 
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22 Determinants of sustainable supply 

chain management: A case study 

from the oil and gas supply chain 

Gardas, BB (Gardas, 

Bhaskar B.); Raut, RD 

(Raut, Rakesh D.); 

Narkhede, B 

(Narkhede, 

Balkrishna) 

2019 Sustainable Production 

and Consumption 

Case study Oil and gas supply chain 

23 Examining the effect of green human 

capital availability in adoption of 

reverse logistics and remanufacturing 

operations performance 

Bag, S., Gupta, S. 2020 International Journal of 

Manpower 

Survey Automotive 

manufacturing firms 

operating in an emerging 

economy (South Africa) 

24 Managing eco-design for reverse 

logistics 

Khor, K.-S., Ramayah, 

T., Fouladgaran, 

H.R.P. 

2020 International Journal of 

Environment and Waste 

Management 

Survey 89 electrical and 

electronic (E&E) 

manufacturing firms that 

received IS014001 

certification 

25 Reverse logistics practices in Indian 

pharmaceutical supply chains: A 

study of manufacturers 

Abbas, H., Farooquie, 

J.A. 

2020 International Journal of 

Logistics Systems and 

Management 

Survey Indian pharmaceutical 

supply chains 

26 The mediating role of sustainable 

supply chain in the relationship 

between ECO-strategic orientation 

and the reverse logistic in Thai 

electronic industry 

Kerdpitak, C., 

Chakphet, T., 

Maneechay, S., 

Jaepho, S. 

2020 International Journal of 

Supply Chain 

Management 

Variance-based 

structural equation 

modelling (SEM) 

with the partial 

least squares (PLS) 

method 

Thai Electronic Industry 
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27 External supply chain management 

factors and social performance in 

Thai manufacturing industry: 

Moderating role of green human 

resource practices 

Sittisom, W., 

Mekhum, W. 

2020 International Journal of 

Supply Chain 

Management 

Questionnaires Thai Manufacturing 

Industry 

28 Spoilt - Ocean Cleanup: Alternative 

logistics chains to accommodate 

plastic waste recycling: An economic 

evaluation 

van Giezen, A., 

Wiegmans, B. 

2020 Transportation Research 

Interdisciplinary 

Perspectives 

Case study and 

applied modeling 

Different geographical 

locations 

29 The effect of collaboration and IT 

competency on reverse logistics 

competency - Evidence from 

Brazilian supply chain executives 

Campos, E.A.R.D., 

Paula, I.C.D., Caten, 

C.S.T., Maçada, 

A.C.G., Marôco, J., 

Ziegelmann, P.K. 

2020 Environmental Impact 

Assessment Review 

Survey Brazilian supply chain 

executives 

30 Reverse logistics system analysis of a 

Brazilian beverage company: An 

exploratory study 

Beiler, B.C., Ignácio, 

P.S.D.A., Pacagnella 

Júnior, A.C., Anholon, 

R., Rampasso, I.S. 

2020 Journal of Cleaner 

Production 

Exploratory study Brazilian beverage 

company 

31 Strategic Decision Making in 

Construction Supply Chains: A 

Comparison of Reverse Logistics 

Strategies 

Pushpamali, N.N.C., 

Agdas, D., Rose, T.M. 

2020 Frontiers in Built 

Environment 

Case study Construction sector 

32 Exploring disposition decision for 

sustainable reverse logistics in the era 

of a circular economy: Applying the 

Javed H., Firdousi 

S.F., Murad M., 

Jiatong W., Abrar M. 

2021 International Journal of 

Supply and Operations 

Management 

Survey Pakistan textile 

manufacturing industry 
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triple bottom line approach in the 

manufacturing industry 

33 Relationship among reverse logistics, 

corporate image and social impact in 

medical device industry 

Hong S.-Q., Huang Y.-

J. 

2021 Revista de Cercetare si 

Interventie Sociala 

Survey 

Medical device industry 

Fujian Province 

34 Green and reverse logistics in 

conditions of sustainable 

development in enterprises in 

Slovakia 

Richnák P., Gubová K. 2021 Sustainability 

(Switzerland) 

Survey Enterprises in Slovakia 

35 Examining the Interconnections 

Between Sustainable Logistics 

Practices, Environmental Reputation 

and Financial Performance: A 

Mediation Approach 

Baah C., Amponsah 

K.T., Issau K., Ofori 

D., Acquah I.S.K., 

Agyeman D.O. 

2021 Vision Partial least square 

structural equation 

modelling 

Logistics firms 

operational in the 

Ghanaian setting; most of 

these firms were small and 

medium-sized enterprises 

36 Robust network design for 

sustainable-resilient reverse logistics 

network using big data: A case study 

of end-of-life vehicles 

Govindan K., 

Gholizadeh H. 

2021 Transportation Research 

Part E: Logistics and 

Transportation Review 

Case study End-of-life vehicles in 

Iran. 

37 Synergizing environmental, social, 

and economic sustainability factors 

for refuse derived fuel use in cement 

industry: A case study in Espirito 

Santo, Brazil 

de Lorena Diniz 

Chaves G., Siman 

R.R., Ribeiro G.M., 

Chang N.-B. 

2021 Journal of 

Environmental 

Management 

Case study Waste management in 

Espirito Santo, Brazil 
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38 Production decisions of a closed-loop 

supply chain considering 

remanufacturing and refurbishing 

under government subsidy 

Feng D., Shen C., Pei 

Z. 

2021 Sustainable Production 

and Consumption 

Stackelberg and 

Cournot duopoly 

game models 

Auto parts market 

39 Identification of practices that 

facilitate manufacturing companies’ 

environmental collaboration and their 

influence on sustainable production 

Trujillo-Gallego M., 

Sarache W., Sellitto 

M.A. 

2021 Sustainable Production 

and Consumption 

Survey Colombian manufacturing 

companies 

40 Circularity of Brazilian silk: 

Promoting a circular bioeconomy in 

the production of silk cocoons 

Barcelos S.M.B.D., 

Salvador R., Barros 

M.V., de Francisco 

A.C., Guedes G. 

2021 Journal of 

Environmental 

Management 

Case study Production of silk cocoons 

in Brazil 

41 Robust global reverse logistics 

network redesign for high-grade 

plastic wastes recycling 

Xu, ZT., Elomri, A., 

Liu, WJ., Liu, H., Li, 

M. 

2021 Waste Management Case study Plastic waste recycling 

between China and 

Belgium 
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Fig. 4. Distribution of the articles over time. 

The geographical distribution of the publications is presented in Figure 5. All countries 

with more than 1 publication were considered. In total, the 41 articles were distributed in 30 

different countries. 

  

Fig. 5. Number of articles per country. 

 The occurrence of Brazil as one of the countries which more publications is also 

supported by the analysis of keywords. In Table 4 is possible to see all the keywords from the 

articles which a minimum of 5 occurrences; and the ninth word is “Brazil”.  

Table 4. Keyword occurrence. 

Keyword Occurrences 

Reverse logistics 25 

Sustainable development 17 
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Sustainability 15 

Logistics 12 

Supply chain management 8 

Recycling 6 

Structural equation modelling 6 

Waste management 6 

Brazil 5 

Circular economy 5 

Environmental management 5 

Remanufacturing 5 

Supply chains 5 

 

Among the articles included in this systematic review (Table 3), 139 authors were 

included. Only 3 authors appear more than once: Agrawal S., Fernando Y. and Singh R. K. – 

which one with 2 occurrences. However, together they only own 6,74% of citations. The authors 

with more citations are Avittathur B. and Jayaram J. – owing 121 citations which corresponds 

to 16,2% of all citations. 

 

3.2 Qualitative analysis 

 The selected articles were summarized and categorized following the dimension of 

sustainability which is cited: environmental, social and economic. Since operations are 

positively related to economic sustainability (Hami, Muhamad and Ebrahim, 2015), therefore 

it is classified as economic. 

 

Table 5. Articles analysis and classification by sustainability pillar. 

Item Authors Environment

al 

Social Economic 

1 Jayaram and Avittathur, 2015 x   

2 Peretti et al., 2015 x   
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3 Agrawal, Singh and Murtaza, 

2016  

x x x 

4 Fernando and Tew, 2016 x  x 

5 Dias and Braga, 2016 x  x 

6 Hsu et al., 2016  x  x 

7 Jalil et al., 2016 x    

8 Brix-Asala, Hahn and Seuring, 

2016 

x x   

9 Fernando et al., 2017    x 

10 Morgan et al., 2018 x  x 

11 Tseng et al., 2018 x  x 

12 Slomski et al., 2018 x x x 

13 Liang and Lee, 2018 x    

14 Uriarte-Miranda et al., 2018 x  x 

15 Phoosawad et al., 2019   x 

16 Narayana, Pati and Padhi, 2019 x   

17 Wang et al., 2019   x 

18 Rasit et al., 2019    

19 Piyathanavong et al., 2019 x   

20 Agrawal and Singh, 2019 x   

21 Bag and Gupta, 2020   x 

22 Sirisawat and Kiatcharoenpol, 

2019 

  x 

23 Khor, Ramayah and 

Fouladgaran, 2020 

x  x 

24 Abbas and Farooquie, 2020   x 
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25 Kerdpitak et al., 2020 x   

26 Sittisom and Mekhum, 2020  x  

27 van Giezen and Wiegmans, 2020 x   

28 Campos et al., 2020 x x x 

29 Beiler et al., 2020 x x  

30 Pushpamali, Agdas and Rose, 

2020 

x x  

31 Gardas, Raut and Narkhede, 

2019 

  x 

32 Javed et al., 2021 x x x 

33 Hong and Huang, 2021  x x 

34 Richnák and Gubová, 2021   x 

35 Baah et al., 2021   x 

36 Govindan and Gholizadeh, 2021   x 

37 de Lorena Diniz Chaves et al., 

2021 

 x x 

38 Feng, Shen and Pei, 2021  x x 

39 Trujillo-Gallego, Sarache and 

Sellitto, 2021 

   

40 Barcelos et al., 2021 x x x 

41 Xu et al., 2021 x  x 

Total 25 12 26 

Percentage 39,68% 19,05% 41,27% 

 

 From the sample, 26 articles are concerned with the economic dimension of 

sustainability, of which 8 are operational-related. And 25 articles presented environmental 

impacts. The dimension with fewer articles reporting impacts is the social (12 articles 
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identified). These results are supported by the current literature which suggests a lack of 

attention to the social impacts of reverse logistics (Banihashemi, Fei and Chen, 2019; Sarkis, 

Helms and Hervani, 2010; Agrawal, Singh and Murtaza, 2016).  

 RL can be employed in many areas beyond manufacturing industries. Peretti et al. 

(2015) proposal is to apply commercial RL practices in a humanitarian operation context in 

order to “do no harm” and improve their activities to reduce the environmental footprint, as 

well as improve the social and economic impacts of their supply chain activities. Dias and Braga 

(2016) applied RL in a grocery retailed and found economics and environmental impacts 

improving the company’s image and reducing the amount of waste and the impact generated 

by the disposal of materials in landfills. With the active participation of the government, RL 

can also be an alternative even for cleaning the oceans (van Giezen and Wiegmans, 2020). But 

it is necessary to plan and design adequate RL strategies to be implemented, and analysing 

which is the best option for each sector or company in order to make an accurate decision 

(Pushpamali, Agdas and Rose, 2020).  

 Jalil et al. (2016) emphasize the impacts of RL to reduce the environmental footprint, 

natural resources and landfill disposal, adding it can help to decrease general pollution levels 

and improve recycling. Liang and Lee (2018) also bring the carbon footprint perspective – 

which also can be associated with the air pollution concern – as impacted by RL. Piyathanavong 

et al. (2019) show a tendency of responses towards pollution prevention, waste reduction and 

waste management. In another way, Narayana, Pati and Padhi (2019) advocate delays in the 

returns processes cause a detrimental impact on the environment and society – such as soil, 

water, and air pollution. Another author suggests RL is positively associated with general 

environmental outcomes (Khor, Ramayah and Fouladgaran, 2020). For Agrawal, Singh and 

Murtaza (2016) minimum energy consumption, optimum use of raw material, and transport 

optimization are the performance measures which have higher indexes from environmental 

performance perspectives. In social performance, community complaints and customer health 

and safety have higher performance indexes 

 Hong and Huang (2021) validate the RL relationship with social impacts and corporate 

image. Some studies pointed to job generation as having an impact on the social dimension 

(Brix-Asala, Hahn and Seuring, 2016; Slomski et al., 2018; Beiler et al., 2020). Even in the 

informal sphere, RL provides income for value pickers (Brix-Asala, Hahn and Seuring, 2016; 

Beiler et al., 2020). The general social performance is positively affected by RL (Sittisom and 

Mekhum, 2020; Hong and Huang, 2021) which is also connected with green human resources 
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practices (Sittisom and Mekhum, 2020). However, the inclusion of waste pickers cooperatives, 

even partial, not only presents economic advantages and social sustainability for the network 

but also an increase in the revenue of the waste pickers cooperatives involved in this network 

(de Lorena Diniz Chaves et al., 2021). 

 RL impacts the strategic and decision level as well (Agrawal and Singh, 2019), 

impacting positively strategies oriented by eco-reputation and eco-innovation (Hsu et al., 2016; 

Kerdpitak et al., 2020) and the top management in general (Sirisawat and Kiatcharoenpol, 

2019). Strategies environmentally driven are beneficial for RL and other green supply chain 

practices (Jayaram and Avittathur, 2015). According to Abbas and Farooquie (2020), a major 

driver for RL adoption is increased customer satisfaction and, consequently, it has as a 

perceived performance indicator the improvement of corporate image. This improvement in the 

corporate image also can lead the company to increase market competitiveness (Campos et al., 

2020) and financial performance (Baah et al., 2021). Otherwise, research conducted by Richnák 

and Gubová (2021) in Slovakia shows the lowest percentage of analysed enterprises (6.7%) 

utilise green and reverse logistics to improve their image; most of the companies (35,2%) uses 

green logistics and reverse logistics to improve customer–supplier relationship, followed by the 

improvement of relations with government (31,5%). 

 RL can influence profits (Fernando et al., 2017; Slomski et al., 2018; Uriarte-Miranda 

et al., 2018; Wang et al., 2019; Khor, Ramayah and Fouladgaran, 2020) and economic and 

operational performance (Fernando and Tew, 2016; Morgan et al., 2018; Phoosawad et al., 

2019; Gardas, Raut and Narkhede, 2019; Bag and Gupta, 2020; Baah et al., 2021), RL also 

contribute to cost control  (Brix-Asala, Hahn and Seuring, 2016; Fernando et al., 2017; Wang 

et al., 2019; Govindan and Gholizadeh, 2021), improve customer service (Tseng et al., 2018; 

Richnák and Gubová, 2021), meet environmental pressures (Tseng et al., 2018) and legal 

requirements (Sirisawat and Kiatcharoenpol, 2019; Richnák and Gubová, 2021), increase the 

return rate of used products (Wang et al., 2019), in the adoption of technological solutions 

(Sirisawat and Kiatcharoenpol, 2019) and improve the capacity utilization, delivery and product 

quality (Fernando and Tew, 2016; Morgan et al., 2018). Uriarte-Miranda et al. (2018) analyses 

the management of tire waste and found economic and environmental impacts as savings in 

energy and the re-manufacturing process.  

 Just two studies indicate no sustainable impact from RL (Rasit et al., 2019; Trujillo-

Gallego, Sarache and Sellitto, 2021). According to Rasit et al. (2019) “[…] Malaysian SMEs 

adopt GSCM practices mostly through eco-design and robust cooperation among departments 
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in dealing with environmental issues. Green practices and reverse logistics practices are still 

new for SMEs and do not contribute to achieving better performance.”. For Trujillo-Gallego, 

Sarache and Sellitto (2021) “The lack of support regarding the effect of reverse logistics on 

environmental collaboration can be explained by reverse logistics’ status as an emerging 

environmental practice in developing countries”.  

 

3.3 RL sustainable impacts classification 

The impacts of RL on sustainability identified in the literature were structured following 

the three pillars as well (see Appendix A). In total, 35 impacts were extracted from the article 

sample: 17 environmental impacts, 12 economic impacts and 6 social impacts.  

 

Fig. 6. Number of impacts per sustainability pillar. 

It is important to notice although most articles cite economic impacts, some impacts are 

duplicated (appearing more than once in different articles). The environmental pillar of 

sustainability is the one with more distinct impacts identified (17 environmental impacts). As 

found in the first analyse, the social aspect is the least discussed; once again supported by the 

current literature which suggests a lack of attention to the social impacts of reverse logistics 

(Banihashemi, Fei and Chen, 2019; Sarkis, Helms and Hervani, 2010; Agrawal, Singh and 

Murtaza, 2016). 

The impacts more cited is “improve profit and cost saving”, followed by “improve the 

company’s image and reputation”, both from the economic pillar of sustainability as can be 

seen in Figure 8. The economic impacts had 43 citations in total, environmental impacts had 43 

and social impacts had 17 (see Appendix A). 
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Fig. 7. RL impacts on sustainability. 

 

 The impacts were split into the three pillars and then the Pareto principle was applied, 

using the ‘frequency of citations occurrence of which impact. The Pareto principle or, more 

commonly, “the 80/20 rule”, states that for many events, roughly 80% of the effects come from 

20% of the causes (Kiremire, 2011). 

 Figure 8 demonstrates all impacts according to the number of citations. 20 impacts (59% 

of the total of impacts) correspond to 80% of the total of citations. From these 20 impacts 

(Increase profit and cost saving, Improve the company’s image and reputation, Improve 

operational performance, Improve strategies environmentally driven, Reduce the amount of 

waste, Reduce landfill disposal, Decrease pollution levels, Improve general social 

performance, Provide income for value pickers, Reduce the environmental footprint, Optimize 

the use of raw material and natural resources, Optimize transport, Reduce air pollution, 

Increase general environmental performance, Improve customer service and satisfaction, 

Improve product quality, Meet legal and governmental requirements, Improve human health 

and safety, Increase job generation, Reduce energy consumption), 10 are environmental, 6 are 

economic and 4 are social impacts. 
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Fig. 8. RL impacts on sustainability. 

 

 In Figure 9 elucidate that Improve strategies environmentally driven is the major 

environmental impact of RL according to the number of citations. The first 11 impacts (65% of 

the total of environmental impacts) correspond to 81% of the total citations. 
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Fig. 9. RL environmental impacts on sustainability. 

 

 In Figure 10 is possible to see that Improve general social performance and Provide 

income for the value pickers are the major social impacts of RL according to the number of 

citations. And 4 impacts (66.66% of the total impacts) correspond to 82% of the total citations. 

4 4 4 4
3 3 3 3 3

2 2 2 2
1 1 1 1

9%

19%

28%

37%

44%

51%

58%

65%

72%

77%

81%

86%

91%
93%

95%
98%

100%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

5

10

15

20

25

30

35

40

Im
p
ro

v
e
 s

tr
a
te

g
ie

s
 e

n
v
ir
o

n
m

e
n
ta

l 
d
ri

v
e

n

R
e

d
u
c
e
 t

h
e
 a

m
o
u

n
t 
o

f 
w

a
s
te

R
e

d
u
c
e
 l
a
n

d
fi
ll 

d
is

p
o
s
a
l

D
e

c
re

a
s
e

 p
o
llu

ti
o

n
 l
e
v
e
ls

R
e

d
u
c
e
 t

h
e
 e

n
v
ir
o
n

m
e
n

ta
l 
fo

o
tp

ri
n

t

O
p
ti
m

iz
e

 t
h
e

 u
s
e
 o

f 
ra

w
 m

a
te

ri
a
l 
a
n

d
 n

a
tu

ra
l 
re

s
o
u

rc
e
s

O
p
ti
m

iz
e

 t
ra

n
s
p

o
rt

R
e

d
u
c
e
 a

ir
 p

o
llu

ti
o
n

In
c
re

a
s
e

 g
e
n

e
ra

l 
e
n

v
ir
o

n
m

e
n
ta

l 
p

e
rf

o
rm

a
n
c
e

R
e

d
u
c
e
 e

n
e
rg

y
 c

o
n

s
u

m
p
ti
o
n

Im
p
ro

v
e
 r

e
c
y
c
lin

g
 p

e
rf

o
rm

a
n
c
e

M
e

e
t 
e

n
v
ir
o
n

m
e
n

ta
l 
p
re

s
s
u
re

s

R
e

d
u
c
e
 w

a
te

r 
p

o
llu

ti
o
n

R
e

d
u
c
e
 c

a
rb

o
n
 f
o

o
tp

ri
n
t

R
e

d
u
c
e
 s

o
il 

p
o
llu

ti
o

n

In
c
re

a
s
e

 e
n
v
ir
o

n
m

e
n
ta

l 
p

ro
te

c
ti
o
n

P
ro

te
c
t 
a

n
d
 p

re
s
e

rv
e

 e
c
o
s
y
s
te

m
s

Frequency Cumulative percentage



46 
 

  

Fig. 10. RL social impacts on sustainability. 

 

 In Figure 11, Profit and cost saving is the major economic impact of RL according to 

the number of citations. 6 impacts (50% of the total of impacts) correspond to 81% of the total 

of citations. 
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Fig. 11. RL economic impacts on sustainability. 

 

4 DISCUSSIONS 

 RL can be employed and bring benefits for many areas, beyond manufacturing 

industries. Several studies (Peretti et al., 2015; Dias and Braga, 2016; van Giezen and 

Wiegmans, 2020) reported sustainable contributions in diverse industries, such as humanitarian 

operations, grocery retail and in government actions to clean the oceans. It demonstrates how 

RL has a broad application and can improve sustainability in many ways. The sustainable 

impacts gathered and presented in this article are the result of different applications of RL and 
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show that its adoption can increase the sustainable performance of different companies, 

organisations and governments.  

 During the bibliometric analysis, Brazil appears multiple times in the results, it is 

possible to relate it to the fact that the country has a National Solid Waste Policy – result of 21 

years of discussions on the topic in the National Congress that address reverse logistics 

resolutions for supply chains (IBAMA, 2016). It demonstrates that the government has an 

important role in the adoption of RL and, consequently, in sustainable development.  

 For a better e deeper analysis, all the impacts found in the literature were split into the 

three pillars of sustainability and then the Pareto (Kiremire, 2011) was applied showing that 20 

impacts (59% of the total of impacts) correspond to 80% of the total of citations. Of these 20 

impacts, 10 are environmental, 6 are economic and 4 are social impacts. Besides the number of 

environmental impacts found, the economic aspect of sustainability still plays a major role 

having 42% of the total citations.  

 According to the number of citations, Profit and cost saving, Improve strategies 

environmental driven and Improve general social performance together with Provide income 

for the value pickers are the major economic, environmental and social impacts of RL, 

respectively. It is important to notice the most cited environmental impact is driven by 

organisational strategies and it could be related to the economic dimension as well, since its 

main concern is the benefit for the company in the first place. This demonstrates the growing 

usage of sustainability to increase profits. 

 There is a trend pointing towards a greater interest concerning the economic impacts of 

RL adoption. It can be a signal of the current increase in greenwashing, where companies adopt 

“green practices” – as RL – but do not act for real sustainable causes, just use those practices 

as a way to increase profits and improve the company image, as a new form of marketing 

(Astakhova, Reznikova and Astakhova, 2020). 

 As elucidated by previous research (Banihashemi, Fei and Chen, 2019; Sarkis, Helms 

and Hervani, 2010), the social dimension of sustainability is still not extensively explored in 

the literature. The impacts found are minimum if compared with other sustainability dimensions 

and the most cited social impact is general. The sustainability definition in RL is still an ongoing 

effort and that is possibly why social impacts are not so investigated in RL as the other two 

aspects. But actions such as the definition of the Sustainable Development Goals (SDGs) by 

the United Nations (Nations, 2015) bringing social goals in its core is a clear indication of 

evolution in this way. Besides that, some authors indicate the social performance is positively 
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affected by RL (Sittisom and Mekhum, 2020; Hong and Huang, 2021), but the full 

incorporation of the social sustainability aspect could be an obstacle due to the high financial 

incentive required.  

 Just two studies found indicate no sustainable impact from RL (Rasit et al., 2019; 

Trujillo-Gallego, Sarache and Sellitto, 2021). But both explain that RL is still a new practice in 

some contexts, such as in SMEs and in developing countries. In other words, the positive 

impacts for sustainability through RL adoption, besides being many, still depend on how mature 

the context of the application is. 

 

5 CONCLUSIONS 

 This paper mapped the impacts of RL on sustainability, collaborating with the 

knowledge construction about sustainable practices in supply chain management. The content 

analysis of the articles in this systematic review showed that there is a significant number of 

RL impacts reported by literature. The environmental pillar of sustainability is still the one with 

more impact found. However, when it comes to the number of citations, the economic pillar 

plays a major role. The social impacts reported by literature are still minimum, even with the 

great social contributions pointed to human welfare. 

 Regarding the initial RQ (RQ1: “What are the sustainable impacts generated by RL?” 

and “RQ2: Which dimensions of sustainability are the most impacted by RL?”), it was found 

35 impacts of RL on sustainability, of which 17 are environmental impacts, 12 are economic 

impacts and 6 are social impacts. But, besides that, the largest number of citations are about the 

economic impacts. Taking into account all three dimensions, the most cited impact was 

“improve profit and cost savings”.  

 The Pareto analysis showed that 20 impacts (59% of the total impacts found) correspond 

to 80% of the total citations. These 20 impacts are: Increase profit and cost saving, Improve the 

company’s image and reputation, Improve operational performance, Improve strategies 

environmentally driven, Reduce the amount of waste, Reduce landfill disposal, Decrease 

pollution levels, Improve general social performance, Provide income for value pickers, 

Reduce the environmental footprint, Optimize the use of raw material and natural resources, 

Optimize transport, Reduce air pollution, Increase general environmental performance, 

Improve customer service and satisfaction, Improve product quality, Meet legal and 

governmental requirements, Improve human health and safety, Increase job generation, Reduce 

energy consumption. Of these impacts that represent 80% of citations, 10 are environmental, 6 
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are economic and 4 are social impacts; but the economic pillar of sustainability still has the 

most citations. 

 The results indicate that RL has great positive impacts on all three dimensions of 

sustainability. Besides the intuitive impacts of RL on the environment; for practitioners, the 

adoption of RL can increase profits and cost savings. Plus, it can also generate jobs and benefit 

the community and stakeholders. Even if the social pillar of sustainability is not a primary 

concern for companies, it is necessary to incentive the measuring of this aspect and consolidate 

it as a sustainability dimension of equal importance. 

 Future studies may seek to focus on the social dimension of sustainability to identify 

more RL impacts. It can be achieved by adopting methodologies such as social life cycle 

assessment (SLCA); to have more empirical evidence and contribute to the knowledge in social 

sustainability, since RL can have important benefits to this dimension, and, consequently, to 

the entire society as well. 
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CHAPTER III: ARTICLE #2 CONNECTING REVERSE LOGISTICS IMPACTS AND 

THE SUSTAINABLE DEVELOPMENT GOALS 

 

ABSTRACT: Sustainability is a growing theme that has gained traction with the Sustainable 

Development Goals (SDGs) from the United Nations, thus it is increasingly important to discuss 

practices that help in achieving these goals. Reverse logistics is an important part of the circular 

economy and is commonly associated with sustainability by scholars and practitioners. 

However, little research has been done to connect these topics, being especially scarce when it 

comes to the intersection of RL and SDGs. Therefore, this study aims to investigate the 

relationship between reverse logistics and the SDGs. In this context, we employ literature 

review, expert elicitation and VIKOR method to identify, rank and define the most impacted 

SDGs by reverse logistics. It was found that SDG 12 (Sustainable Consumption and Production) 

is the objective most benefited from the adoption of reverse logistics. In addition, results suggest 

that, from the expert's perspective, the impact of RL in increasing profits and savings – despite 

being extensively stressed by literature –is not pointed out as an important impact to help to 

achieve the SDGs. In the end, some directions for future research are provided. 

 

KEYWORDS: Reverse logistics, Sustainable Development Goals, expert elicitation, VIKOR, 

sustainability. 

 

1 INTRODUCTION 

 The concept of sustainability is increasingly receiving attention in operations 

management, due to the fact that can help in the transition to a circular economy (Bag and 

Pretorius, 2020). Investments in sustainable practices help manufacturers to build up a 

responsible image and improve their overall sustainable performance in economic and 

environmental dimensions (Allaoui, Guo and Sarkis, 2019). 

 Reverse logistics is one of the main foundations of circular economy practices 

(Hopkinson, De Angelis and Zils, 2020), since it plays a strategic role in the recovery of used 

products enabling circular systems, inputs and flows (Bag and Pretorius, 2020; Julianelli et al., 

2020). Consequently, reverse logistics is usually associated with sustainability  (Sellitto, 

Camfield and Buzuku, 2020; Trujillo-Gallego, Sarache and Sellitto, 2021) and it can be 

considered important to the achievement of the Sustainable Development Goals (SDGs).  
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 Sustainability is usually described as environmental, social and economic concerns 

combined – known as the Triple Bottom Line (TBL) –, but there is a lack of theoretically 

rigorous description of these three pillars (Purvis, Mao and Robinson, 2019). The SDGs by the 

United Nations have turned it more specific and split sustainability into 17 goals and time-

bound targets for Prosperity, People, Planet, Peace and Partnership – known as the five Ps 

(Sachs et al., 2019). The SDGs has one specific goal for manufacturers: Goal 12 - Ensure 

sustainable consumption and production patterns, however, manufacturing systems can 

potentially contribute to a far wider range of SDGs (Leurent and Abbosh, 2018; Schroeder, 

Anggraeni and Weber, 2019). 

 Transformations in reverse logistics can dramatically change operations and have 

opportunities for improving sustainability and circular economy (Sun, Yu and Solvang, 2022), 

being a valid option to promote and help to achieve the SDGs. The adoption of RL can make a 

significant contribution to improving the sustainability performance of firms (Banihashemi, Fei 

and Chen, 2019a) and consequently contribute to their participation in the Agenda 2030 of the 

SDGs.  

Although the significant contributions of reverse logistics to sustainability, little 

research has been undertaken on exploring the relationship between them (Banihashemi, Fei 

and Chen, 2019a), thus more empirical evidence is necessary to link circular practices in 

manufacturing to the SDGs (Schroeder, Anggraeni and Weber, 2019). Besides research in this 

field being limited, there are some studies connecting reverse logistics and the TBL. However, 

to the best of our knowledge, there is no study linking reverse logistics impacts with the SDGs. 

Therefore, this study seeks to answer the following research questions (RQ): 

• RQ1: Which SDGs are the most impacted by reverse logistics adoption? 

• RQ2: How reverse logistics can contribute to sustainable development? 

 In this context – of the limited number of papers exploring the relationship between 

reverse logistics and sustainability (Banihashemi, Fei and Chen, 2019a) and no articles linking 

reverse logistics and the SDGs – this study aims to empirically investigate the relationship 

between reverse logistics and the SDGs using expert elicitation, which is a method for situations 

under uncertainty to extract subjective judgements from experts (Refsgaard et al., 2007). Expert 

elicitation can be remarkably useful when data are absent, and expert knowledge can increase 

the precision of models and facilitate informed decision-making in a cost-effective manner 

(Kuhnert, Martin and Griffiths, 2010). 
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Furthermore, expert elicitation has been encouraged to link practices and concepts to 

the SDGs (Fuso Nerini et al., 2018; Fuso Nerini et al., 2019; Vinuesa et al., 2020). To minimize 

and overcome problems and biases inherent to the method, the structured protocol IDEA was 

adopted (Hemming et al., 2018). After collecting the data through the expert elicitation using 

the IDEA protocol, the analyses of the data were done in order to rank the SDGs and define 

which are the most impacted by reverse logistics. To create this rank, the multiple criteria 

decision-making VIKOR (VlseKriterijuska Optimizacija I Komoromisno Resenje) method was 

adopted – which is commonly used to evaluate and compare the sustainability of solutions or 

technologies. VIKOR was chosen cause is a method to consistently rank options and multi-

criteria decision-making methods usually provide simple and intuitive tools for making 

decisions on problems that involve uncertain and subjective information (Mardani et al., 2016). 

 This paper is organized as follows: after this introduction, Section 2 briefly presents the 

literature background; Section 3 explains the methodology employed to perform the expert 

elicitation and the corresponding analysis; Section 4 depicts the results; Section 5 brings the 

discussion; and, finally, Section 6 outlines some conclusions and propose directions for future 

research. 

 

2 LITERATURE BACKGROUND 

2.1 Empirical evidence of reverse logistics impacts 

Although reverse logistics has gained prominence recently and has been boosted with 

the SDGs, it is not new. According to Rogers and Tibben-Lembke (1998), reverse logistics is 

the process of moving goods from their typical final destination for the purpose of capturing 

value or proper disposal and its adoption can generate benefits – these results of reverse logistics 

adoptions will be called impacts along this study. 

Empirical evidence of reverse logistics impacts found in the literature was split into the 

TBL to enable the following analysis of reverse logistics contributions to sustainability and, 

consequently, to the SDGs' achievement. Table 1 shows the authors, the reported impacts and 

the dimension of sustainability explored.  

 

Table 1. Reverse logistics sustainable impacts summary. 

Item Authors TBL 

dimension 

Reported impacts 

1 Jayaram and Avittathur, 2015 Environmental Improve strategies environmentally driven 

2 Peretti et al., 2015 Environmental Reduce the environmental footprint 
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3 Agrawal, Singh and Murtaza, 

2016  

Environmental, 

Social and 

Economic 

Reduce energy consumption, Optimize the use of raw 

material and natural resources, Optimize transport, 

Increase profit and cost saving, Reduce community 

complaints and Improve human health and safety 

4 Fernando and Tew, 2016 Environmental 

and economic 

Reduce the amount of waste, Optimize transport, 

Improve operational performance, Improve product 

quality and Improve capacity utilisation 

5 Dias and Braga, 2016 Environmental 

and economic 

Reduce the amount of waste, Reduce landfill disposal, 

Improve the company’s image and reputation, Increase 

profit and cost saving, Improve management and 

organization solutions 

6 Hsu et al., 2016  Environmental 

and economic 

Improve strategies environmentally driven, Improve the 

company’s image and reputation 

7 Jalil et al., 2016 Environmental Reduce the environmental footprint, Optimize the use of 

raw material and natural resources, Improve recycling 

performance, Reduce landfill disposal, Decrease 

pollution levels 

8 Brix-Asala, Hahn and 

Seuring, 2016 

Environmental 

and social 

Reduce the environmental footprint, Provide income for 

value pickers, Increase job generation 

9 Fernando et al., 2017 Economic Increase profit and cost saving 

10 Morgan et al., 2018 Environmental 

and economic 

Optimize transport, Improve operational performance, 

Improve product quality, Improve capacity utilisation 

11 Tseng et al., 2018 Environmental 

and economic 

Meet environmental pressures, Improve customer 

service and satisfaction 

12 Slomski et al., 2018 Environmental, 

social and 

economic 

Reduce landfill disposal, Increase profit and cost saving, 

Provide income for value pickers, Increase job 

generation 

13 Liang and Lee, 2018 Environmental Decrease pollution levels, Reduce carbon footprint, 

Reduce air pollution 

14 Uriarte-Miranda et al., 2018 Environmental 

and economic 

Reduce the amount of waste, Reduce energy 

consumption, Increase profit and cost saving, Improve 

product quality 

15 Phoosawad et al., 2019 Economic Improve operational performance 

16 Narayana, Pati and Padhi, 

2019 

Environmental Reduce soil pollution, Reduce air pollution, Reduce 

water pollution 

17 Wang et al., 2019 Economic Increase profit and cost saving, Increase the return rate 

of used products 

18 Piyathanavong et al., 2019 Environmental Reduce the amount of waste, Decrease pollution levels 

19 Agrawal and Singh, 2019 Environmental Improve strategies environmentally driven 

20 Bag and Gupta, 2020 Economic Improve operational performance 

21 Sirisawat and 

Kiatcharoenpol, 2019 

Economic Improve management and organization solutions, Meet 

legal and governmental requirements, and Increase 

technology solutions adoption 
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22 Khor, Ramayah and 

Fouladgaran, 2020 

Environmental 

and economic 

Increase general environmental performance, Increase 

profit and cost saving 

23 Abbas and Farooquie, 2020 Economic Improve the company’s image and reputation, Improve 

customer service and satisfaction 

24 Kerdpitak et al., 2020 Environmental 

and economic 

Improve strategies environmentally driven 

25 Sittisom and Mekhum, 2020 Social Improve general social performance 

26 van Giezen and Wiegmans, 

2020 

Environmental Reduce water pollution 

27 Campos et al., 2020 Environmental, 

social and 

economic 

Decrease pollution levels, Meet environmental 

pressures, Increase environmental protection, Improve 

the company’s image and reputation, Increase profit and 

cost saving, Meet legal and governmental requirements, 

Increase market competitiveness, Improve social 

responsibility 

28 Beiler et al., 2020 Environmental 

and social 

Improve recycling performance, Provide income for 

value pickers, Increase job generation 

29 Pushpamali, Agdas and Rose, 

2020 

Environmental 

and social 

Optimize the use of raw material and natural resources, 

Reduce landfill disposal, Protect and preserve 

ecosystems, Improve human health and safety 

30 Gardas, Raut and Narkhede, 

2019 

Economic Improve operational performance 

31 Javed et al., 2021 Environmental, 

social and 

economic 

Increase general environmental performance, Increase 

profit and cost saving, Improve general social 

performance 

32 Hong and Huang, 2021 Social and 

economic 

Improve the company’s image and reputation, Improve 

social responsibility 

33 Richnák and Gubová, 2021 Economic Improve the company’s image and reputation, Improve 

customer service and satisfaction, and Meet legal and 

governmental requirements 

34 Baah et al., 2021 Economic Improve the company’s image and reputation, Increase 

profit and cost saving 

35 Govindan and Gholizadeh, 

2021 

Economic Increase profit and cost saving 

36 de Lorena Diniz Chaves et 

al., 2021 

Social and 

economic 

Increase profit and cost saving, Provide income for 

value pickers, Improve general social performance 

37 Feng, Shen and Pei, 2021 Social and 

economic 

Increase profit and cost saving, Improve general social 

performance 

38 Barcelos et al., 2021 Environmental, 

social and 

economic 

Increase general environmental performance, Decrease 

local circularity, and Improve human health and safety 

39 Xu et al., 2021 Environmental 

and economic 

Reduce air pollution, Increase profit and cost saving 
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Most of the papers found in the literature just present the economic impacts of RL, and 

only five papers bring impacts in all three dimensions of sustainability and one discusses just 

the social impacts. This interception of the literature that handles which dimension of TBL is 

shown in Figure 1. 

 

Fig. 1. Papers distribution into TBL. 

 

2.2 Sustainable Development Goals impacted by reverse logistics  

 To the best of our knowledge – there is no study directly relating reverse logistics 

impacts with the SDGs. Although, reverse logistics is one of the main foundations of circular 

economy practices (Hopkinson, De Angelis and Zils, 2020) and, according to Schroeder, 

Anggraeni and Weber (2019) circular economy practices can help achieve several of the SDGs: 

SDG 6 (Clean Water and Sanitation), SDG 7 (Affordable and Clean Energy), SDG 8 (Decent 

Work and Economic Growth), SDG12 (Responsible Consumption and Production), and SDG 
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15 (Life on Land) and it also offer potential to create synergies between others, such as those 

promoting economic growth and jobs (SDG 8), eliminating poverty (SDG 1), ending hunger 

and sustainable food production (SDG 2) and those SDGs aiming for biodiversity protection in 

the oceans (SDG 14) and on land (SDG 15). These SDGs and their descriptions can be seen in 

Figure 2.  
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Fig. 2. SDGs impacted by the circular economy. 

 

 It was found 39 papers that report sustainable impacts of reverse logistics adoption. 

Although, these SDGs and their relationship with reverse logistics are not established in the 
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literature, even with the importance of measuring progress towards the SDGs (Maurice, 2016) 

and the clear relevance of reverse logistics adoption to sustainability and to the achievement of 

SDGs (Schroeder, Anggraeni and Weber, 2019). 

 

3 RESEARCH DESIGN 

This study used mixed methods, combining qualitative and quantitative research. The 

qualitative approach was used to explore the literature and develop the set of impacts of RL and 

the structured questionnaire for expert elicitation. After, a quantitative approach was used to 

turn it measurable and create linkages between the previous findings in the literature with the 

SDGs, applying descriptive statistics and VIKOR. The complete summarized flow of 

methodology can be seen in Figure 3. 

 

Fig. 3. Methodology flow. 

 The next sections will present the three steps of methodology in detail.  

 

3.1 Gathering sustainable impacts of reverse logistics through the literature 

Some of the impacts found in the literature and presented in Table 1, despite being 

described with different names, several of them are redundant. For this reason, groupings were 

made for similar impacts avoiding duplicates. To group it, a coding procedure was adopted, 
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using the “Coding for test, then analysing data” approach that enhances qualitative analysis 

(Glaser and Strauss, 2006). This approach was chosen because the aim of this analysis is the 

provisional testing of theory (Glaser and Strauss, 2006). 

The grouping of impacts was conducted and justified as follows: the impacts Reduce the 

environmental footprint, Reduce the amount of waste, Optimize the use of raw material and 

natural resources, Improve recycling performance and Reduce landfill disposal were grouped 

because it regards waste reduction and the use of natural resources. The impacts Meet 

environmental pressures, Increase environmental protection, Protect and preserve ecosystems 

and Meet legal and governmental requirements were grouped, as they dealt with governmental 

and legal issues. The impacts Reduce carbon footprint and Reduce air pollution are grouped 

since both regard air pollution. Improve the company’s image and reputation and Improve 

customer service and satisfaction were grouped because both deal with the relationship between 

company and customer. Improve operational performance, Improve capacity utilisation and 

Improve management and organization solutions were grouped since it all regards improving 

operations. Finally, Provide income for value pickers and Increase job generation were grouped 

as well; both are related with generate formal and informal jobs. Increase general 

environmental performance and Improve general social performance were excluded since it 

has a general bias and does not provide exactness. In the end, 19 impacts were listed to compose 

the questionnaire on the next step of methodology (the expert elicitation – it is described in 

detail in the next section).  

The final list of RL impacts is summarized in Table 2, together with it is respective 

original impacts that were grouped and the respective authors. 

 

Table 2. Final reverse logistics sustainable impacts summary. 

Final impacts Reported impacts Authors 

Reduce the environmental 

footprint, amounts of waste 

and landfill disposal. 

Optimising the use of raw 

materials and natural 

resources and the recycling 

performance 

Reduce the 

environmental 

footprint 

Peretti et al., 2015; Jalil et al., 2016; Brix-Asala, Hahn and 

Seuring, 2016 

Reduce the amount 

of waste 

Fernando and Tew, 2016; Dias and Braga, 2016; Uriarte-

Miranda et al., 2018; Piyathanavong et al., 2019 

Optimize the use of 

raw materials and 

natural resources 

Agrawal, Singh and Murtaza, 2016; Jalil et al., 2016; 

Pushpamali, Agdas and Rose, 2020 

Improve recycling 

performance 

Jalil et al., 2016; Beiler et al., 2020 
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Decrease local 

circularity 

Barcelos et al., 2020 

Reduce landfill 

disposal 

Dias and Braga, 2016; Jalil et al., 2016; Slomski et al., 2018; 

Pushpamali, Agdas and Rose, 2020 

Meet environmental 

pressures and legal and 

government requirements 

and increase environmental 

protection 

Meet environmental 

pressures 

Tseng et al., 2018; Campos et al., 2020 

Increase 

environmental 

protection 

Campos et al., 2020 

Protect and preserve 

ecosystems 

Pushpamali, Agdas and Rose, 2020 

Meet legal and 

governmental 

requirements 

Sirisawat and Kiatcharoenpol, 2019; Campos et al., 2020; 

Richnák and Gubová, 2021 

Reduce carbon footprint and 

air pollution 

Reduce carbon 

footprint 

Liang and Lee, 2018 

Decrease pollution 

levels 

Jalil et al., 2016; Liang and Lee, 2018; Piyathanavong et al., 

2019; Campos et al., 2020 

Reduce air pollution Liang and Lee, 2018; Narayana, Pati and Padhi, 2019; Xu et al., 

2021 

Improve customer service 

and satisfaction and the 

company’s image 

Improve the 

company’s image 

and reputation 

Dias and Braga, 2016; Hsu et al., 2016; Abbas and Farooquie, 

2020; Campos et al., 2020; Hong and Huang, 2021; Richnák and 

Gubová, 2021; Baah et al., 2021 

Improve customer 

service and 

satisfaction 

Tseng et al., 2018; Abbas and Farooquie, 2020; Richnák and 

Gubová, 2021 

Improve operational 

performance, capacity 

utilisation and management 

solutions 

Improve operational 

performance 

Fernando and Tew, 2016; Morgan et al., 2018; Phoosawad et al., 

2019; Bag and Gupta, 2020; Gardas, Raut and Narkhede, 2019 

Improve capacity 

utilisation 

Fernando and Tew, 2016; Morgan et al., 2018 

Improve 

management and 

organization 

solutions 

Dias and Braga, 2016; Sirisawat and Kiatcharoenpol, 2019 

Increase job generation and 

provide income for value 

pickers 

Provide income for 

value pickers 

Brix-Asala, Hahn and Seuring, 2016; Slomski et al., 2018; Beiler 

et al., 2020; de Lorena Diniz Chaves et al., 2021 

Increase job 

Generation 

Brix-Asala, Hahn and Seuring, 2016; Slomski et al., 2018; Beiler 

et al., 2020 

Improve social responsibility Improve general 

social performance 

Sittisom and Mekhum, 2020; Javed et al., 2021; de Lorena Diniz 

Chaves et al., 2021; Feng, Shen and Pei, 2021 

Improve social 

responsibility 

Campos et al., 2020; Hong and Huang, 2021 
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Improve environmentally-

driven strategies 

Improve 

environmentally-

driven strategies 

Jayaram and Avittathur, 2015; Hsu et al., 2016; Agrawal and 

Singh, 2019; Kerdpitak et al., 2020 

Reduce energy consumption Reduce energy 

consumption 

Agrawal, Singh and Murtaza, 2016; Uriarte-Miranda et al., 2018 

Optimize transport Optimize transport Agrawal, Singh and Murtaza, 2016; Fernando and Tew, 2016; 

Morgan et al., 2018 

Reduce soil pollution Reduce soil 

pollution 

Narayana, Pati and Padhi, 2019 

Reduce water pollution Reduce water 

pollution 

Narayana, Pati and Padhi, 2019; van Giezen and Wiegmans, 

2020 

Increase profit and cost 

saving 

Increase profit and 

cost saving 

Agrawal, Singh and Murtaza, 2016; Dias and Braga, 2016; 

Fernando et al., 2017; Slomski et al., 2018; Uriarte-Miranda et 

al., 2018; Wang et al., 2019; Khor, Ramayah and Fouladgaran, 

2020; Campos et al., 2020; Javed et al., 2021; Baah et al., 2021; 

Govindan and Gholizadeh, 2021; de Lorena Diniz Chaves et al., 

2021; Feng, Shen and Pei, 2021; Xu et al., 2021 

Increase the return rate of 

used products 

Increase the return 

rate of used 

products 

Wang et al., 2019 

Improve product quality Improve product 

quality 

Fernando and Tew, 2016; Morgan et al., 2018; Uriarte-Miranda 

et al., 2018 

Increase technology 

solutions adoption 

Increase technology 

solutions adoption 

Sirisawat and Kiatcharoenpol, 2019 

Increase market 

competitiveness 

Increase market 

competitiveness 

Campos et al., 2020 

Reduce community 

complaints 

Reduce community 

complaints 

Agrawal, Singh and Murtaza, 2016  

Improve human health and 

safety 

Improve human 

health and safety 

Agrawal, Singh and Murtaza, 2016; Pushpamali, Agdas and 

Rose, 2020; Barcelos et al., 2021 

 

3.2 Relationship between RL impacts and SDGs using structured expert elicitation 

through the IDEA protocol 

 After gathering the impacts of reverse logistics adoption on sustainability and grouping 

them, expert elicitation was used to relate those impacts with the SDGs listed in Figure 2 to 

answer the RQ1 and RQ2 in a structured and rigorous way. To this aim, a structured expert 

elicitation was conducted through the IDEA protocol.  

 Expert elicitation was chosen as a method since it has important applications in 

conservation and natural resource management, including environmental impact assessment 

and structured decision-making (Hemming et al., 2018). The usage of this method is also 

informed by previous studies aimed at mapping SDGs interlinkages (Fuso Nerini et al., 2018; 
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Fuso Nerini et al., 2019; Vinuesa et al., 2020). However, the reliability of expert judgement 

will always be sensitive to contextual biases; to fill this gap, structured protocols can mitigate 

these biases, improve the accuracy and transparency of the resulting judgements (Hemming et 

al., 2018) and ensure uncertainty is captured accurately (Martin et al., 2012). 

The IDEA is a structured protocol for expert elicitation, which was chosen for improving 

the accuracy of expert judgements, including several key steps familiar to conservation 

researchers – such as the four-step elicitation and a modified Delphi procedure – and 

incorporating remote elicitation – making structured expert judgement accessible on a modest 

budget (Hemming et al., 2018). The acronym IDEA stands for key steps of the protocol: 

“Investigate,” “Discuss,” “Estimate” and “Aggregate”,  

At this point, the structured expert elicitation was split into two main stages: Preparation 

and IDEA Structured Elicitation. These two stages and their respective steps can be seen in 

Figure 4 and are described in Table 3 and Table 4 as follows. 

   

Fig. 4. Main stages for expert elicitation and IDEA protocol. 

 

Table 3. Preparation of expert elicitation. 

Preparation steps What was done 

Project planning Questionnaire (first version) 

Ethics requirements 

Recruitment strategy 

Format for the elicitations (remote) 

External review of the questionnaire and its application 

approach 

Develop project materials Questionnaire (final version) 

Project description 
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Consent form 

Auxiliary material (dynamic website to guide experts 

during the elicitation/questionnaire response) 

Recruit participants An introductory e-mail was sent 

Project description provided 

Auxiliary material provided 

  

 The preparation steps (shown in Table 3) are described as follows: 

 

Project planning 

 In this step – Project planning – the first version of the structured questionnaire was 

created and sent to outsider sustainability researchers to test and find improvements for the 

process. The format was defined as remote; ethics requirements were accomplished and the 

recruitment strategy was established. 

 The recruitment strategy was defined to aim for 8 participants since only minor 

improvements in the group’s performance are gained by having more than 5 participants 

(Armstrong, 2001) and groups containing between 8 and 12 members have predictive ability 

close to the "optimum" under a wide range of circumstances (Hogarth, 1978). The IDEA 

promotes the use of multiple experts based on empirical evidence and since it is usually not 

possible to predict who has the requisite knowledge to answer a set of questions accurately, the 

main criterion when selecting experts is whether the person can understand the questions being 

asked (Hemming et al., 2018). Therefore, the approach to select the experts was to combine 4 

participants who are practitioners working with sustainability and 4 participants who are 

scholars researching sustainability – as suggested by IDEA, the diversity was prioritised and 

reflected by variation in age, gender, cultural background, life experience, education and 

specialisation (Hemming et al., 2018). 

 

Develop project materials 

 After the review of outsider researchers to test and find improve the application process, 

improvements to the questionnaire were done: the inclusion of a page for instructions about the 

scales and how to answer and the development of a website with information about the research, 

ethics, the questionnaire and the contact; the website also served as a way to make the 

interviewee's journey more dynamic and clear, showing the complete step-by-step to the 

interviewed expert. The review and the improvements were important since the results will be 

used for multi-criteria decision analysis (MCDA) and it requires the formulation of questions 
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that are relatively free from linguistic ambiguity and framing that may generate unwanted bias 

(Hemming et al., 2018). 

 The instructions page can be seen in Appendix A, the final questionnaire can be seen in 

Appendix B and the website can be accessed at https://maquele.web.app/, and the source code 

was also made available in an online repository on GitHub:  https://github.com/Maquele/msc-

production-engineering-interview-journey. 

 The questionnaire for the structured elicitation was developed using the impacts 

gathered in the literature (see Table 2) and the SDGs shown in Figure 2 previously. To create 

linkages between these impacts (see Table 2) and the SDGs (see Figure 2), a Likert scale 

(Likert, 1932) was adopted to define how much one impact generated by reverse logistics 

contributes to the achievement of one respective SGD, as follows: 

1 = This impact generated by reverse logistics does not contribute to the achievement of the 

respective SDG. 

2 = This impact generated by reverse logistics sometimes contributes to the achievement of the 

respective SDG. 

3 = This impact generated by reverse logistics contributes moderately to the achievement of the 

respective SDG. 

4 = This impact generated by reverse logistics contributes to the achievement of the respective 

SDG. 

5 = This impact generated by reverse logistics contributes strongly to the achievement of the 

respective SDG. 

 As suggested by the IDEA protocol, the format of the four-step question was also 

adopted. This format involves asking for upper and lower plausible bounds, the best guess and 

a degree of belief to measure how sure the expert is about the answer. Accordingly to Hemming 

et al. (2018)“[…]an expert’s responses to the four-step format are designed to be interpreted 

as a credible interval (i.e. the degree of belief that an event will occur, given all knowledge 

currently available). If an expert provides a certainty level of, say, 70% for 10 similar events, 

then the truth should lie within their credible intervals 7 out of 10 times.”. 

 The application of the Likert scale together with the four-step question to create the 

questionnaire for the structured elicitation can be seen in Appendix A and Appendix B. 

 

Recruit participants 

https://maquele.web.app/
https://github.com/Maquele/msc-production-engineering-interview-journey
https://github.com/Maquele/msc-production-engineering-interview-journey
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 Finally, at the end of the expert elicitation preparation, an introductory e-mail was sent 

to the previously selected participants, and a project description was provided to them along 

with the auxiliary material developed (website with the steps of the interviewee's journey). Of 

the 8 recruited participants, 4 were scholars and 4 practitioners. 

 

Table 4. IDEA Structured Elicitation. 

IDEA Structured Elicitation steps What was done 

Introduction Context provided 

Method overview 

Method rationale 

Clarifications provided 

Investigate Send reminders (7 days before the deadline and on the 

last day) 

Asked if anyone had questions 

Clarifications provided 

Analysis Clean data 

Standardized data to prescribed uncertainty level (80%) 

Aggregate estimate 

Created summary table 

Discuss Summarised results provided 

Discussion and comments encouraged 

Estimate Encouraged participants to revise and change their initial 

estimates if desired 

Asked participants to provide additional comments 

Aggregate Clean final data 

Standardized final data to prescribed uncertainty level 

(80%) 

Aggregate estimate 

  

Introduction 

 In the Introduction step of the IDEA Structured Elicitation (see Table 4), the context of 

the research was provided along with other explanations about the method. The given time for 

a reply was 15 days, and, as suggested by Hemming et al. (2018), reminders ahead of due dates 

were specified. All communications were remote and it was done by individualised and 

personalised emails to help ensure that experts would see and respond (Hemming et al., 2018). 

In this step, the participants received the questionnaire with instructions and the auxiliary 

material (https://maquele.web.app/) and could clarify their questions about the questionnaire 

and the research. 

 

https://maquele.web.app/
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Investigation 

 Seven days after the first official email with the questionnaire, a reminder was sent to 

the participants and 1 day before the deadline a new reminder was sent to those who had not 

yet responded to the email. In both moments, it was open to clarify doubts, remembering that 

the authors were available to help them. 

 

Analysis 

 For the initial analysis, the raw data was cleaned and standardised, since the questions 

were in the four-step format. In this format, the experts specify credible intervals and the data 

should be standardised, typically to 90% or 80% credible intervals (Hemming et al., 2018). 

 Standardising linear extrapolation was used, as proposed by the IDEA protocol 

(Hemming et al., 2018), in which: 

Lower standardised interval = B−((B−L)×(S∕C)) 

Upper standardised interval = B+((U−B)×(S∕C)) 

 Where B = best guess, L = lowest estimate, U = upper estimate, S = level of credible 

intervals to be standardised and C = level of confidence given by the participant. 

At the end of the Analysis step, the mean of each question was calculated and the table 

with summarized results was created. 

 

Discuss 

 For discussion, the summarised results were provided to the participants and they were 

encouraged to discuss and comment on the results if desired.  

 

Estimate 

 After instigating the discussion, the participants were encouraged to revise and change 

their initial estimates. Once again, it was asked participants to provide additional comments if 

desired – this time just if they want to change their estimates. 

 

Aggregate 

At the end of IDEA Structured Elicitation (see Table 4), in the Aggregate step, the final 

data was cleaned and standardized to the prescribed uncertainty level (80%). Finally, 

aggregated point estimates and uncertainty intervals were communicated along with the 

individual estimates. 
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3.3 Data analysis using VIKOR to rank the SDGs most impacted by reverse logistics 

After collecting data using structured expert elicitation through the IDEA protocol to 

establish the relationship between RL impacts and SDGs, VIKOR was used to rank up the most 

impacted SDGs by reverse logistics adoption. 

Multiple criteria decision-making methods can assist in ranking a known set of 

alternatives for a problem while considering the conflicting criteria and the preferences of the 

decision-making are elicited either before or during the evaluation of the alternatives and the 

criteria (Mardani et al., 2016). Then, the alternatives are compared against each other based on 

how they perform relative to each criterion and this information is utilised to assign ranks to 

the alternatives (Mardani et al., 2016). 

VIKOR method is one of the popular multi-criteria decision-making techniques which 

has been increasingly applied by researchers (Mardani et al., 2016). It includes a multi-criteria 

optimization of complex systems that focuses on ranking and selecting from a set of alternatives 

among conflicting criteria (Yazdani and Graeml, 2014). It has some advantages over other 

multiple criteria methods: it can integrate conflicting criteria and provide a simple calculation 

process, is easily scalable and generates compromise solutions based on proximity to an ideal 

solution (Awasthi and Kannan, 2016). 

VIKOR has four steps, where n is the number of criteria and m is the number of 

alternatives. The mathematical procedure is presented in Figure 5, adapted from Yazdani and 

Graeml (2014), where step 1 determines the best value fj and the worst 𝑓𝑖−and 𝑓𝑖*  value from 

each criterion; step 2 finds utility measure and regret measure for alternatives regarding each 

criterion. Then, step 3 computes the minimum and maximum amounts of the step 2 results. The 

calculation of Qj as the majority agreement in step 4 prioritizes the alternatives (Yazdani and 

Graeml, 2014). 
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Fig. 5. Main mathematical stages for the VIKOR method. 

  

In the first mathematical stage for VIKOR (equation 1): 

• 𝒇𝒊∗: the highest value of the set 

• 𝒇𝒊−: lowest value in the set 

• 𝒇𝒊𝒋: the value of i 

In the second mathematical stage for VIKOR (equation number 2. See Figure 5): 

• 𝑺𝒋:  utility measure 

• 𝑹𝒋: regret measure 

• 𝒘𝒊: weight of each criterion 

In the third mathematical stage for VIKOR (equation number 3. See Figure 5): 

• 𝑸𝒋: final score to rank the alternatives 

• 𝒗: 0.50 (Keunecke, Hein and Kroenke, 2016; Yazdani and Graeml, 2014) 

• 𝑺∗: the highest value of 𝑺𝒋 

• 𝑺−: the lowest value of 𝑺𝒋 

• 𝑹∗: the highest value of 𝑹𝒋 

• 𝑹−: the lowest value of 𝑹𝒋 

This multiple criteria decision-making method was chosen for this case to answer the 

RQ1 and RQ2, especially the RQ1 which precisely asks “which SDGs are the most impacted 

𝑓𝑖∗ =  𝑗
𝑚𝑎𝑥  𝑓𝑖𝑗

𝑓𝑖− =  𝑗
𝑚𝑖𝑛  𝑓𝑖𝑗

𝑆𝑗 =
Σ𝑖=1
𝑛 𝑤𝑖 𝑓𝑖∗−𝑓𝑖𝑗

𝑓𝑖∗−𝑓𝑖−
𝑅𝑗 =  𝑗

𝑚𝑎𝑥 𝑤𝑖 𝑓𝑖∗−𝑓𝑖𝑗

𝑓𝑖∗−𝑓𝑖−

𝑄𝑗 =
𝑣 𝑆𝑗 − 𝑆∗

𝑆− − 𝑆∗
+

1 − 𝑣 𝑅𝑗 − 𝑅∗

𝑅− − 𝑅∗

Classification by Qj

(1) 

(2) 

(3) 
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by reverse logistics adoption?”. More specifically, VIKOR was chosen to evaluate and rank the 

SDGs according to the expert elicitation results.  

 

4 RESULTS 

 The results in this section are divided as follows: firstly, we present the descriptive 

analysis for each SDG; next, VIKOR is used to create a rank of the SDGs most impacted by 

RL adoption. 

 

4.1 SDG 1 – No Poverty 

 All the raw data and cleaned and standardised data remaining SDG 1 – No Poverty – 

can be seen in Appendix C. Codes for the RL impacts were established (See Table 5, column 

“Cod”). The mean of the lower guess, upper guess and best guess of each impact related to SDG 

1 are also described in Table 5. 

 

Table 5. RL impacts and SDG 1. 

Cod. RL impacts Lower 

Guess 

mean 

Upper 

Guess 

mean 

Best Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste 

and landfill disposal. Optimising the use of raw 

materials and natural resources and the recycling 

performance 

1.16 3.48 2.50 

RLI2 Improve strategies environmentally driven 1.58 3.77 3.00 

RLI3 Reduce energy consumption 1.24 3.33 2.63 

RLI4 Optimize transport 1.80 3.76 3.00 

RLI5 Reduce soil pollution 1.41 3.79 2.88 

RLI6 Reduce water pollution 1,54 4.02 3.13 

RLI7 Reduce carbon footprint and air pollution 1.37 3.31 2.50 

RLI8 Meet environmental pressures and legal and 

government requirements and increase environmental 

protection 

1.70 3.50 2.63 

RLI9 Improve customer service and satisfaction and the 

company’s image 

1.31 3.24 2.38 

RLI10 Increase profit and cost saving 1.02 2.76 2.00 

RLI11 Increase the return rate of used products 1.44 2.99 2.38 

RLI12 Improve product quality 1.27 2.99 2.38 

RLI13 Increase technology solutions adoption 1.71 3.89 3.00 

RLI14 Increase market competitiveness 1.24 3.02 2.38 
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RLI15 Improve operational performance, capacity utilisation 

and management solutions 

1.11 3.41 2.63 

RLI16 Reduce community complaints 1.49 3.29 2.25 

RLI17 Improve human health and safety 2.25 4.12 3.50 

RLI18 Increase job generation and provide income for value 

pickers 

3.28 4.62 4.00 

RLI19 Improve social responsibility 2.44 4.06 3.50 

 

 The highest best guess mean for SDG 1 is related to the RLI18 Increase job generation 

and providing income for value pickers (4.00) and the lowest is related to the RLI10 Increase 

in profit and cost saving (2.00). Indicating that the contribution of RL in increasing job 

generation and providing income for value pickers has the greatest contribution to the 

achievement of SDG 1 if compared with the other impacts on the list. 

 

4.2 SDG 2 – Zero Hunger 

All the raw data and cleaned and standardised data remaining SDG 2 – Zero Hunger – 

can be seen in Appendix D The mean of lower guess, upper guess and best guess of each impact 

related to SDG 2 are also described in Table 6. 

 

Table 6. RL impacts and SDG 2. 

Cod. RL impacts Lower 

Guess mean 

Upper 

Guess 

mean 

Best Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

2.23 4.14 3.38 

RLI2 Improve strategies environmentally driven 3.30 4.50 3.88 

RLI3 Reduce energy consumption 1.62 3.58 2.88 

RLI4 Optimize transport 1.44 3.96 2.88 

RLI5 Reduce soil pollution 2.77 4.42 3.88 

RLI6 Reduce water pollution 2.63 4.37 3.75 

RLI7 Reduce carbon footprint and air pollution 2.81 4.18 3.63 

RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

2.71 4.31 3.63 

RLI9 Improve customer service and satisfaction and the 

company’s image 

1.87 3.47 2.75 

RLI10 Increase profit and cost saving 1.68 3.39 2.50 

RLI11 Increase the return rate of used products 1.43 3.10 2.00 

RLI12 Improve product quality 1.30 3.16 2.38 
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RLI13 Increase technology solutions adoption 2.26 4.60 3.38 

RLI14 Increase market competitiveness 1.20 3.78 2.63 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

1.76 4.16 3.13 

RLI16 Reduce community complaints 1.14 3.03 2.13 

RLI17 Improve human health and safety 2.84 4.67 3.75 

RLI18 Increase job generation and provide income for value 

pickers 

2.59 4.43 3.50 

RLI19 Improve social responsibility 2.44 4.20 3.38 

  

The highest best guess mean for the SDG 2 is related to the RLI2 Improve strategies 

environmentally driven and RLI5 Reduce soil pollution (3.88), and the lowest is related to RLI11 

Increase the return rate of used products (2.00). Indicating that the contribution of RL in 

improving environmentally driven strategies and reducing soil pollution has the greatest 

contribution to the achievement of SDG 2 if compared with the other impacts on the list. 

 

4.3 SDG 6 – Clean Water and Sanitation 

All the raw data and cleaned and standardised data remaining SDG 6 – Clean Water and 

Sanitation – can be seen in Appendix E The mean of lower guess, upper guess and best guess 

of each impact related to SDG 6 are also described in Table 7. 

 

Table 7. RL impacts and SDG 6. 

Cod. RL impacts Lower 

Guess mean 

Upper 

Guess 

mean 

Best Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

2.32 4.27 3.00 

RLI2 Improve strategies environmentally driven 2.47 4.32 3.50 

RLI3 Reduce energy consumption 1.03 3.08 2.25 

RLI4 Optimize transport 0.64 3.40 2.50 

RLI5 Reduce soil pollution 2.72 4.57 3.50 

RLI6 Reduce water pollution 3.20 4.85 4.00 

RLI7 Reduce carbon footprint and air pollution 2.12 3.73 3.13 

RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

2.73 4.29 3.38 

RLI9 Improve customer service and satisfaction and the 

company’s image 

1.48 3.48 2.75 

RLI10 Increase profit and cost saving 1.05 2.74 1.88 
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RLI11 Increase the return rate of used products 1.47 3.00 2.25 

RLI12 Improve product quality 1.38 3.11 2.38 

RLI13 Increase technology solutions adoption 2.64 4.72 3.75 

RLI14 Increase market competitiveness 1.66 3.63 2.63 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

2.10 4.23 3.00 

RLI16 Reduce community complaints 1.23 2.78 2.25 

RLI17 Improve human health and safety 2.97 4.40 3.63 

RLI18 Increase job generation and provide income for value 

pickers 

1.96 3.87 3.00 

RLI19 Improve social responsibility 2.76 4.26 3.50 

 

The highest best guess mean for SDG 6 is related to the RLI6 Reduce water pollution 

(4.00); and the lowest is related to RLI10 Increase profit and cost saving (1.88). Indicating that 

the contribution of RL in reducing water pollution has the greatest contribution to the 

achievement of SDG 6 if compared with the other impacts on the list. 

 

4.4 SDG 7 – Affordable and Clean Energy 

All the raw data and cleaned and standardised data remaining SDG 7 – Affordable and 

Clean Energy – can be seen in Appendix F The mean of lower guess, upper guess and best 

guess of each impact related to SDG 7 are also described in Table 8. 

 

Table 8. RL impacts and SDG 7. 

Cod. RL impacts Lower 

Guess mean 

Upper 

Guess 

mean 

Best Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

1.93 4.05 3.00 

RLI2 Improve strategies environmentally driven 2.85 4.71 3.75 

RLI3 Reduce energy consumption 3.43 4.79 4.00 

RLI4 Optimize transport 1.45 3.96 2.88 

RLI5 Reduce soil pollution 1.61 3.40 2.75 

RLI6 Reduce water pollution 1.69 3.66 2.75 

RLI7 Reduce carbon footprint and air pollution 2.32 4.27 3.38 

RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

2.33 3.87 3.38 

RLI9 Improve customer service and satisfaction and the 

company’s image 

2.23 3.93 3.00 

RLI10 Increase profit and cost saving 1.58 3.09 2.50 
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RLI11 Increase the return rate of used products 1.40 2.75 2.25 

RLI12 Improve product quality 1.56 3.07 2.38 

RLI13 Increase technology solutions adoption 2.71 4.79 3.75 

RLI14 Increase market competitiveness 1.60 3.75 2.88 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

2.19 4.34 3.38 

RLI16 Reduce community complaints 1.75 3.20 2.63 

RLI17 Improve human health and safety 2.27 3.99 3.38 

RLI18 Increase job generation and provide income for value 

pickers 

1.34 2.99 2.38 

RLI19 Improve social responsibility 2.14 3.70 3.25 

 

The highest best guess mean for SDG 7 is related to the RLI3 Reduce energy 

consumption (4.00); and the lowest is related to RLI11 Increase the return rate of used products 

(2.25). Indicating that the contribution of RL in reducing energy consumption has the greatest 

contribution to the achievement of SDG 7 if compared with the other impacts on the list. 

 

4.5 SDG 8 – Decent Work and Economic Growth 

All the raw data and cleaned and standardised data remaining SDG 8 – Decent work and 

economic growth – can be seen in Appendix G. The mean of lower guess, upper guess and best 

guess of each impact related to SDG 8 are also described in Table 9. 

 

Table 9. RL impacts and SDG 8. 

Cod. RL impacts Lower 

Guess 

mean 

Upper 

Guess 

mean 

Best 

Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

1.72 3.83 3.00 

RLI2 Improve strategies environmentally driven 1.82 4.17 3.13 

RLI3 Reduce energy consumption 1.58 4.22 3.00 

RLI4 Optimize transport 2.19 4.42 3.38 

RLI5 Reduce soil pollution 1.16 3.65 2.63 

RLI6 Reduce water pollution 1.17 3.49 2.63 

RLI7 Reduce carbon footprint and air pollution 1.07 3.34 2.38 

RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

2.20 3.78 3.13 

RLI9 Improve customer service and satisfaction and the 

company’s image 

2.55 4.05 3.38 
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RLI10 Increase profit and cost saving 1.52 3.46 2.75 

RLI11 Increase the return rate of used products 1.86 3.10 2.63 

RLI12 Improve product quality 1.95 3.80 2.88 

RLI13 Increase technology solutions adoption 1.92 3.72 2.75 

RLI14 Increase market competitiveness 1.77 4.36 2.88 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

2.05 3.33 2.75 

RLI16 Reduce community complaints 1.57 3.10 2.63 

RLI17 Improve human health and safety 2.05 4.52 3.38 

RLI18 Increase job generation and provide income for value 

pickers 

3.55 4.75 4.13 

RLI19 Improve social responsibility 2.45 4.44 3.75 

 

The highest best guess mean for SDG 8 is related to the RLI18 Increase job generation 

and provide income for value pickers (4.13); and the lowest is related to RLI7 Reduce carbon 

footprint and air pollution (2.38). Indicating that the contribution of RL in increasing job 

generation and providing income for value pickers has the greatest contribution to the 

achievement of SDG 8 if compared with the other impacts on the list. 

 

4.6 SDG12 – Responsible Consumption and Production 

All the raw data and cleaned and standardised data remaining SDG 12 – Responsible 

consumption and production – can be seen in Appendix H. The mean of the lower guess, upper 

guess and best guess of each impact related to SDG 12 are also described in Table 10. 

 

Table 10. RL impacts and SDG 12. 

Cod. RL impacts Lower 

Guess 

mean 

Upper 

Guess 

mean 

Best 

Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

3.39 4.70 4.13 

RLI2 Improve strategies environmentally driven 3.67 4.63 4.13 

RLI3 Reduce energy consumption 3.73 4.86 4.38 

RLI4 Optimize transport 2.75 4.77 3.88 

RLI5 Reduce soil pollution 2.50 4.50 3.63 

RLI6 Reduce water pollution 2.98 4.59 3.88 

RLI7 Reduce carbon footprint and air pollution 3.26 4.64 3.88 

RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

2.88 4.26 3.50 
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RLI9 Improve customer service and satisfaction and the 

company’s image 

2.69 4.32 3.63 

RLI10 Increase profit and cost saving 1.93 4.42 2.75 

RLI11 Increase the return rate of used products 2.73 3.99 3.63 

RLI12 Improve product quality 2.60 4.28 3.25 

RLI13 Increase technology solutions adoption 2.75 4.39 3.50 

RLI14 Increase market competitiveness 1.58 4.51 2.75 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

2.79 4.18 3.38 

RLI16 Reduce community complaints 2.32 3.62 3.13 

RLI17 Improve human health and safety 2.06 4.44 3.38 

RLI18 Increase job generation and provide income for value pickers 2.51 3.88 3.38 

RLI19 Improve social responsibility 2.94 4.31 4.13 

 

The highest best guess mean for SDG 12 is related to the RLI3 Reduce energy 

consumption (4.38); and the lowest is related to RLI10 Increase profit and cost saving (2.75) 

and RLI14 Increase market competitiveness (2.75). Indicating that the contribution of RL in 

reducing energy consumption has the greatest contribution to the achievement of SDG 12 if 

compared with the other impacts on the list. 

 

4.7 SDG 14 – Life Below Water 

All the raw data and cleaned and standardised data remaining SDG 14 – Life Below 

Water – can be seen in Appendix I. The mean of the lower guess, upper guess and best guess 

of each impact related to SDG 14 are also described in Table 11. 

 

Table 11. RL impacts and SDG 14. 

Cod. RL impacts Lower 

Guess mean 

Upper 

Guess 

mean 

Best Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

2.90 4.64 3.75 

RLI2 Improve strategies environmentally driven 3.07 4.62 3.63 

RLI3 Reduce energy consumption 1.82 4.24 3.13 

RLI4 Optimize transport 1.37 3.81 2.63 

RLI5 Reduce soil pollution 2.25 4.30 3.63 

RLI6 Reduce water pollution 3.28 4.50 3.88 

RLI7 Reduce carbon footprint and air pollution 2.70 4.37 3.50 
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RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

3.08 4.73 3.88 

RLI9 Improve customer service and satisfaction and the 

company’s image 

1.65 3.52 2.50 

RLI10 Increase profit and cost saving 1.16 2.65 1.88 

RLI11 Increase the return rate of used products 2.10 3.49 2.88 

RLI12 Improve product quality 1.44 3.69 2.63 

RLI13 Increase technology solutions adoption 2.00 4.33 3.13 

RLI14 Increase market competitiveness 1.40 3.19 2.25 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

1.72 3.40 2.63 

RLI16 Reduce community complaints 1.39 3.12 2.25 

RLI17 Improve human health and safety 1.45 3.98 2.63 

RLI18 Increase job generation and provide income for value 

pickers 

1.23 3.40 2.50 

RLI19 Improve social responsibility 2.61 3.81 3.38 

 

The highest best guess mean for SDG 14 is related to the RLI6 Reduce water pollution 

(3.88) and RLI8 Meet environmental pressures and legal and government requirements (3.88); 

and the lowest is related to RLI10 Increase profit and cost saving (1.88). Indicating that the 

contribution of RL in reducing water pollution consumption and meeting environmental 

pressures and legal and governmental requirements has the greatest contribution to the 

achievement of SDG 14 if compared with the other impacts on the list. 

 

4.8 SDG 15 – Life on Land 

All the raw data and cleaned and standardised data remaining SDG 15 – Life on Land – 

can be seen in Appendix J. The mean of the lower guess, upper guess and best guess of each 

impact related to SDG 15 are also described in Table 12. 

 

Table 12. RL impacts and SDG 15. 

Cod. RL impacts Lower 

Guess mean 

Upper 

Guess 

mean 

Best Guess 

mean 

RLI1 Reduce the environmental footprint, amounts of waste and 

landfill disposal. Optimising the use of raw materials and 

natural resources and the recycling performance 

3.42 4.79 4.00 

RLI2 Improve strategies environmentally driven 3.19 4.74 3.75 

RLI3 Reduce energy consumption 1.28 3.94 3.00 

RLI4 Optimize transport 1.66 3.89 2.75 
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RLI5 Reduce soil pollution 2.72 4.63 3.63 

RLI6 Reduce water pollution 2.90 4.22 3.63 

RLI7 Reduce carbon footprint and air pollution 2.87 4.21 3.75 

RLI8 Meet environmental pressures and legal and government 

requirements and increase environmental protection 

2.96 4.70 3.75 

RLI9 Improve customer service and satisfaction and the 

company’s image 

1.86 3.45 2.63 

RLI10 Increase profit and cost saving 1.15 2.51 1.75 

RLI11 Increase the return rate of used products 2.31 3.64 3.00 

RLI12 Improve product quality 1.64 3.63 2.75 

RLI13 Increase technology solutions adoption 1.88 4.20 3.00 

RLI14 Increase market competitiveness 1.42 3.17 2.25 

RLI15 Improve operational performance, capacity utilisation and 

management solutions 

1.74 3.39 2.63 

RLI16 Reduce community complaints 1.53 3.23 2.38 

RLI17 Improve human health and safety 1.55 3.94 2.63 

RLI18 Increase job generation and provide income for value 

pickers 

1.47 3.54 2.75 

RLI19 Improve social responsibility 2.59 3.83 3.38 

 

The highest best guess mean for SDG 15 is related to the RLI1 Reduce the environmental 

footprint, amounts of waste and landfill disposal. Optimising the use of raw material and 

natural resources and the recycling performance (4.00) and the lowest is related to RLI10 

Increase profit and cost saving (1.75). Indicating that the contribution of RL in reducing the 

environmental footprint, amounts of waste and landfill disposal; optimising the use of raw 

material and natural resources and the recycling performance has the greatest contribution to 

the achievement of SDG 14 if compared with the other impacts on the list. 

 

4.9 VIKOR 

For the VIKOR application, the n (number of criteria) is de number of RL impacts found 

in the literature and used in the expert elicitation (19 impacts in total) and m (number of 

alternatives) is the number of SDGs also used in the expert elicitation (8 SDGs in total). The 

best mean (with an 80% of confidence level) of each combination of SDG and impact was used 

as values for the VIKOR matrix (see Table 13). All impacts were given the same weight (w) of 

1/19 = 0.05.  

 

Table 13. VIKOR matrix. 
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ODS 1 2.50 3.00 2.63 3.00 2.88 3.13 2.50 2.63 2.38 2.00 2.38 2.38 3.00 2.38 2.63 2.25 3.50 4.00 3.50 

ODS 2 3.38 3.88 2.88 2.88 3.88 3.75 3.63 3.63 2.75 2.50 2.00 2.38 3.38 2.63 3.13 2.13 3.75 3.50 3.38 

ODS 6 3.00 3.50 2.25 2.50 3.50 4.00 3.13 3.38 2.75 1.88 2.25 2.38 3.75 2.63 3.00 2.25 3.63 3.00 3.50 

ODS 7 3.00 3.75 4.00 2.88 2.75 2.75 3.38 3.38 3.00 2.50 2.25 2.38 3.75 2.88 3.38 2.63 3.38 2.38 3.25 

ODS 8 3.00 3.13 3.00 3.38 2.63 2.63 2.38 3.13 3.38 2.75 2.63 2.88 2.75 2.88 2.75 2.63 3.38 4.13 3.75 

ODS 

12 4.13 4.13 4.38 3.88 3.63 3.88 3.88 3.50 3.63 2.75 3.63 3.25 3.50 2.75 3.38 3.13 3.38 3.38 4.13 

ODS 

14 3.75 3.63 3.13 2.63 3.63 3.88 3.50 3.88 2.50 1.88 2.88 2.63 3.13 2.25 2.63 2.25 2.63 2.50 3.38 

ODS 

15 4.00 3.75 3.00 2.75 3.63 3.63 3.75 3.75 2.63 1.75 3.00 2.75 3.00 2.25 2.63 2.38 2.63 2.75 3.38 

Max 

(fi+) 4.13 4.13 4.38 3.88 3.88 4.00 3.88 3.88 3.63 2.75 3.63 3.25 3.75 2.88 3.38 3.13 3.75 4.13 4.13 

Min 

(fi-) 2.50 3.00 2.25 2.50 2.63 2.63 2.38 2.63 2.38 1.75 2.00 2.38 2.75 2.25 2.63 2.13 2.63 2.38 3.25 

 

 The results of the stages presented in Figure 5 and described in the Methodology section 

are shown in Table 14. The alternatives were sorted in ascending order, by values obtained by 

S, R and Qj. The results are three ranking lists. However, only the values obtained by Qj will 

be considered at this point – the calculation of Qj as the majority agreement in stage 4 (see 

Figure 5) prioritises the alternatives to define the rank (Yazdani and Graeml, 2014), but it has 

to satisfy two conditions before being adopted as the final rank. 

 

Table 14. VIKOR rank by Qj. 
 

Sj Rj Qj Rank 

SDG 1 0.78 0.05 0 1 

SDG 14 0.63 0.05 0.109116287 2 

SDG 15 0.60 0.05 0.128176196 3 

SDG 6 0.59 0.05 0.140439844 4 

SDG 8 0.55 0.05 0.163519364 5 

SDG 7 0.52 0.05 0.187285047 6 

SDG 2 0.47 0.05 0.225378865 7 

SDG 12 0.10 0.02 1 8 

 

 After ranking the alternatives, sorting by Qj in decreasing order, the result of the rank 

can be taken as a compromise solution if the following two conditions are satisfied (Opricovic, 

2011):  

C1. ‘‘Acceptable Advantage’’: 𝑄(𝐴2) – 𝑄(𝐴1) ≥ 𝐷𝑄 

Where: 𝐷𝑄 = 1/(𝑗−1) and 𝑗 is the number of alternatives. 

C2. ‘‘Acceptable Stability in decision making’’: The first alternative must also be the best 

ranked by S or/and R. 

If one of the conditions is not satisfied, then a set of compromise solutions is proposed, 

which consists of:  
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- Alternatives A1 and A2 if only condition C2 is not satisfied, or  

- Alternatives A1, A2, ..., AM if condition C1 is not satisfied. Where AM is determined by 

the relation Q(AM) - Q(A1) < DQ for maximum M. 

 

The A1 and A2 in the rank in Table 14 are SDG 1 and SDG 2, respectively. Then, C1 is not 

satisfied, since:  

0.109116287 - 0 = 0.109116287 < DQ = 1/(8-1) = 0.142857143 

For C2, it is possible to see that in the rank using Sj or Rj the first alternative would be SDG 

12. So, C2 is not satisfied as well. 

Since the rank by Qj does not satisfy the conditions, the rank by the utility measure (Sj) is 

adopted, as shown in Table 15, since it has the same best alternative as the rank by Rj. 

 

Table 15. VIKOR rank by Sj. 
 

Sj Rj Qj Rank 

SDG 12 0.10 0.02 1 1 

SDG 2 0.47 0.05 0.225378865 2 

SDG 7 0.52 0.05 0.187285047 3 

SDG 8 0.55 0.05 0.163519364 4 

SDG 6 0.59 0.05 0.140439844 5 

SDG 15 0.60 0.05 0.128176196 6 

SDG 14 0.63 0.05 0.109116287 7 

SDG 1 0.78 0.05 0 8 

  

 At the end of the VIKOR analysis, the best alternative is SDG 12, which means SDG 

12 is the one that is more impacted by RL. The SDGs were split into the three pillars of 

sustainability (Vinuesa et al., 2020) and in Figure 6 is possible to see the impact of RL along 

SDGs and its distributions according to the TBL. 

 



89 
 

Fig. 6. RL impacts on SDGs. 

5 DISCUSSIONS 

The method proposed (see Section 3) allows us to understand how RL adoption and its 

impacts can contribute to the achievement of various SDGs. The results (see Section 4) are 

based on the results from the expert elicitation which reflect their opinions about how much 

one impact generated by RL contributes to the achievement of one respective SGD. 

Considering the initial research questions (RQ1: Which SDGs are the most impacted by 

reverse logistics adoption?; RQ2: How reverse logistics can contribute to sustainable 

development?), we present and discuss the results taking into account the RQs in order to show: 

(a) the capacity of the proposed methodology to comprehensively evaluate the contribution of 

RL logistics adoption according to the SDGs; and (b) the results of the comparisons of RL 

impacts in terms of their contribution to sustainability and the achievement of various SDGs.  

 The SDGs were used here since they are the recommended direction when the subject 

is sustainable development, at the same time RL is also pointed as a key process to the circular 

economy and sustainable development as well. Even though RL is not the only answer for all 

SDGs and sustainability problems, it can help to achieve some goals in all three dimensions of 

TBL – since generating jobs and providing income for value pickers (Brix-Asala, Hahn and 
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Seuring, 2016; Slomski et al., 2018; Beiler et al., 2020; de Lorena Diniz Chaves et al., 2021) to 

increase profit for the companies (Agrawal, Singh and Murtaza, 2016; Dias and Braga, 2016; 

Fernando et al., 2017; Slomski et al., 2018; Uriarte-Miranda et al., 2018; Wang et al., 2019; 

Khor, Ramayah and Fouladgaran, 2020; Campos et al., 2020; Javed et al., 2021; Baah et al., 

2021; Govindan and Gholizadeh, 2021; de Lorena Diniz Chaves et al., 2021; Feng, Shen and 

Pei, 2021; Xu et al., 2021). 

 The literature about the sustainable impacts of RL is not equally distributed through the 

TBL. There is a clear tendency to stress the benefits of RL adoption to the economic aspect, 

followed by the intuitive connection between RL and the environment. The SDGs try to balance 

the relevance of the three pillars of sustainability to the world, however, the social aspect keeps 

fading in the literature, as shown in Figure 1, where just one article talks precisely about this 

aspect of sustainability. Other studies have previously elucidated this gap (Banihashemi, Fei 

and Chen, 2019; Sarkis, Helms and Hervani, 2010; Agrawal, Singh and Murtaza, 2016), which 

can be explained by the fact that, although RL presents social impacts, the full incorporation of 

the social pillar can be an obstacle due to the high financial incentive required to adopt social 

initiatives (Sittisom and Mekhum, 2020; Hong and Huang, 2021). 

However, according to Schroeder, Anggraeni and Weber (2019), circular economy 

practices – as RL – can help to achieve and offer the potential to create synergies between the 

following SDGs: SDG 1, SDG 2, SDG 6, SDG 7, SDG 8, SDG12, SDG 14 and SDG 15 (these 

SDGs and its descriptions can be seen on Figure 2). In this case, 4 goals are categorized as 

social, 2 as economic and 2 as environmental (see Figure 6), which indicates the amplitude of 

RL's contribution to sustainable development. 

Furthermore, our results were firstly descriptive (from Section 4.1 to 4.8) using the best 

guess means to analyse each SDG. An overview of these results can be seen in Table 16. In this 

table, it is easy to identify RLI3, RLI6 and RLI18 are the ones appearing twice as RLI+; and 

RLI10 is remarkably appearing four times as RLI-. These results can suggest from the expert’s 

perspective the impact of RL in increasing profits and savings – besides being extensively 

stressed by literature – is not an important impact to help to achieve the SDGs by adopting RL. 

Even further, from the 19 RL impacts on sustainability found in the literature, it is possible to 

infer that the 7 RLI+ presented in Table 16 are the most important contribution of RL adoption 

to help achieve the SDGs and, consequently, to sustainable development. 

 



91 
 

Table 16. Summary of the SDGs and the impacts with more and less contribution to its 

achievement. 

Section SDG RLI+ RLI+ Best 

Guess mean 

RLI- RLI- Best 

Guess mean 

4.1 SDG 1 – No 

Poverty 

RLI18 - Increase job 

generation and provide 

income for value pickers 

4.00 RLI10 - Increase 

profit and cost saving 

2.00 

4.2 SDG 2 – Zero 

Hunger 

RLI2 - Improve 

environmentally-driven 

strategies 

3.88 RLI11 - Increase the 

return rate of used 

products 

2.00 

RLI5 - Reduce soil 

pollution 

4.3 SDG 6 – Clean 

Water and 

Sanitation 

RLI6 - Reduce water 

pollution 

4.00 RLI10 - Increase 

profit and cost saving  

1.88 

4.4 SDG 7 – 

Affordable and 

Clean Energy 

RLI3 - Reduce energy 

consumption 

4.00 RLI11 - Increase the 

return rate of used 

products 

2.25 

4.5 SDG 8 – Decent 

Work and 

Economic 

Growth 

RLI18 - Increase job 

generation and provide 

income for value pickers 

4.13 RLI7 - Reduce 

carbon footprint and 

air pollution  

2.38 

4.6 SDG 12 – 

Responsible 

Consumption 

and Production 

RLI3 - Reduce energy 

consumption 

4.38 RLI10 - Increase 

profit and cost saving 

2.75 

RLI14 - Increase 

market 

competitiveness 

4.7 SDG 14 – Life 

Below Water 

RLI6 - Reduce water 

pollution 

3.88 RLI10 - Increase 

profit and cost saving  

1.88 

RLI8 - Meet 

environmental pressures 

and legal and government 

requirements 

4.8 SDG 15 – Life 

on Land 

RLI1 - Reduce the 

environmental footprint, 

amounts of waste and 

landfill disposal. 

Optimising the use of raw 

materials and natural 

resources and the 

recycling performance  

4.00 RLI10 - Increase 

profit and cost saving 

1.75 

 

Aiming to answer the main question from this paper: (RQ1) Which SDGs are the most 

impacted by reverse logistics adoption?, VIKOR was adopted to create a rank of the SDGs most 

impacted by the impacts of RL adoption, as input to the analysis of the data from the expert 

elicitation was used. The final rank (see Table 15) was: (1) SDG 12 - Responsible Consumption 

and Production, (2) SDG 2 - Zero Hunger, (3) SDG 7 - Affordable and Clean Energy, (4) SDG 

8 - Decent Work and Economic Growth, (5) SDG 6 - Clean Water and Sanitation, (6) SDG 15 

- Life on Land, (7) SDG 14 - Life Below Water, (8) SDG 1 - No Poverty. 

The SDG that has the biggest contribution from RL adoption is SDG 12 – Sustainable 

Consumption and Production, as we may intuitively infer since it is one specific goal for 

manufacturers: SDG 12 - Ensure sustainable consumption and production patterns, however, 
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manufacturing systems can potentially contribute to a far wider range of SDGs (Leurent and 

Abbosh, 2018; Schroeder, Anggraeni and Weber, 2019) and so do RL.  

Surprisingly, the second and third place in our rank (see Table 15) are for two SDGs 

classified as social (Vinuesa et al., 2020): SDG 2 – Zero Hunger, which promotes ending 

hunger, achieving food security and improved nutrition and promoting sustainable agriculture 

and SDG 7 – Affordable and Clean Energy, which promotes ensuring access to affordable, 

reliable, sustainable and modern energy for all.  RL adoption can provide helpful impacts for 

these SDGs since RL has high indexes in social performance (Agrawal, Rajesh K. Singh and 

Murtaza, 2016). For Zero Hunger, RL is an important tool that can help in dealing with food 

waste (Dutra et al., 2021) and improve human health and safety. Particularly, reducing pollution 

to soil, water and air can help to achieve food security (see Table 1). For Affordable and Clean 

Energy RL can help to reduce energy waste and consumption (see Table 1) and can also act as 

a motor to create energy savings technologies and clean energy (Wu and Zhao, 2022). 

The last SDG in the rank is SDG 1 – No Poverty, which promotes poverty ending in all 

its forms everywhere. Despite RL has social impacts and can increase job generation and 

provide income for value pickers (Brix-Asala, Hahn and Seuring, 2016; Slomski et al., 2018; 

Beiler et al., 2020; de Lorena Diniz Chaves et al., 2021), these are specific contributions that 

have a greater contribution in helping the accomplishment of SDG 8 - Decent Work and 

Economic Growth. SDG 8 promotes sustained, inclusive and sustainable economic growth, full 

and productive employment and decent work for all; being more related to the RL capacity of 

generate jobs adoption than SDG 1. 

 

6 CONCLUSIONS 

RL has been gaining attention due to its relevance to sustainable development and the 

SDGs are the newest way to describe and measure sustainable development. In this context, 

this paper aimed to investigate the relationship between reverse logistics and the SDGs using 

literature review, expert elicitation and VIKOR method to identify, rank and define the most 

impacted SDGs by reverse logistics. 

Regarding the research questions (RQ1: Which SDGs are the most impacted by reverse 

logistics adoption? And RQ2: How reverse logistics can contribute to sustainable 

development?), it was found that the SDG most impacted by RL adoption is SDG 12- 

Sustainable Consumption and Production. However, as argued by other authors (Leurent and 

Abbosh, 2018; Schroeder, Anggraeni and Weber, 2019), manufacturing systems can potentially 
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contribute to a far wider range of SDGs. For this reason, a rank was created to show the SDG 

most impacted by RL, and the final rank (see Table 15) was: (1) SDG 12, (2) SDG 2, (3) SDG 

7, (4) SDG 8, (5) SDG 6, (6) SDG 15, (7) SDG 14, (8) SDG 1. It was also found that from the 

expert’s perspective the impact of RL in increasing profits and savings – besides being 

extensively stressed by literature – is not an important impact to help to achieve the SDGs 

adopting RL.  

Furthermore, from the 19 RL impacts on sustainability found in literature, it is possible 

to infer that the 7 RLI+ presented in Table 16 (RLI1 - Reduce the environmental footprint, 

amounts of waste and landfill, RLI2 - Improve environmentally-driven strategies, RLI3 - 

Reduce energy consumption, RLI5 - Reduce soil pollution, RLI6 - Reduce water pollution, RLI8 

- Meet environmental pressures and legal and government requirements, RLI18 - Increase job 

generation and provide income for value pickers) are the most important contribution of RL 

adoption to help achieve the SDGs and, consequently, to sustainable development – with special 

emphases to RLI3, RLI6 and RLI18 which are the ones appearing twice as RLI+.  

The main contributions of this paper (both the identification and classification of the 

impact of RL adoption to achieve the SDGs) can help practitioners target their investments in 

RL and have a clear vision of how the adoption of RL by their companies can help in the 

achievement of SDGs. For policy-makers, it can help to evaluate reverse logistics initiatives 

and facilitate subsidy distributions more effectively; the results provided here can be also used 

by policy-makers to promote reverse logistics adoption by local companies since there is a 

common interest in contributing to the accomplishment of the SDGs. For scholars, the paper 

fills the gap in literature connecting reverse logistics with the SDGs, and also provides a future 

research agenda as described in the next paragraphs.  

Given these initial findings, the present study has some limitations, which provide 

opportunities for further research: 

(1) The RL impacts here had the same weights. But the same methodology can be applied with 

other ways of weighing them and doing sensitivity analysis to compare different scenarios. 

(2) Since the expert elicitation was extensive, just 8 participants responded. It can be expanded 

in future applications. 

(3) This paper does not consider all SDGs, only those that already had suggestions from the 

literature of having a relationship with circular economy practices. However, all SDGs should 

be considered in the next applications to verify if this approach was accurate. 
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Therefore, this paper proposes a valuable model that provides important initial and 

exploratory insights and an understanding of the role of RL and its impacts on sustainable 

development through the SDG perspective. 
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empregos e geração 

renda para catadores

Aumentar a 

responsabilidade social

Melhorar o desempenho 

operacional, a 

capacidade de utilização 

e as soluções de 

gerenciamento

Reduzir as críticas da 

comunidade
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Appendix C 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 2.00 5.00 4.00 80 acaf 2.00 5.00 4.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 4.00 3.00 50 prlm 1.40 4.60 3.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 2.00 3.00 2.00 70 proh 2.00 3.14 2.00 80 

     

Mean 1.16 3.48 2.50 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 2.00 5.00 4.00 75 acaf 1.87 5.07 4.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 70 prlm 1.86 4.14 3.00 80 

prmm 3.00 5.00 4.00 75 prmm 2.93 5.07 4.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.58 3.77 3.00 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 3.00 5.00 4.00 50 acaf 2.40 5.60 4.00 80 

acgg 1.00 3.00 2.00 60 acgg 0.67 3.33 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 0.00 1.00 1.00 90 prmc 0.11 1.00 1.00 80 

proh 2.00 3.00 3.00 60 proh 1.67 3.00 3.00 80 

     

Mean 1.24 3.33 2.63 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 1.00 3.00 2.00 40 acaf 0.00 4.00 2.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 50 prlm 4.00 5.60 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.80 3.76 3.00 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 85 acaf 2.12 4.94 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 
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acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 30 prlm 1.33 6.67 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 2.00 85 prmc 1.06 2.94 2.00 80 

proh 2.00 3.00 3.00 80 proh 2.00 3.00 3.00 80 

     

Mean 1.41 3.79 2.88 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 80 acaf 2.00 5.00 4.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 30 prlm 1.33 6.67 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 1.00 4.00 3.00 90 prmc 1.22 3.89 3.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 1.54 4.02 3.13 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 40 acaf 0.00 4.00 2.00 80 

acgg 4.00 5.00 4.00 90 acgg 4.00 4.89 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 
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proh 2.00 3.00 3.00 80 proh 2.00 3.00 3.00 80 

     

Mean 1.37 3.31 2.50 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 70 acaf 1.71 5.14 4.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 2.00 4.00 3.00 60 prmm 1.67 4.33 3.00 80 

prmc 1.00 2.00 1.00 75 prmc 1.00 2.07 1.00 80 

proh 2.00 3.00 2.00 85 proh 2.00 2.94 2.00 80 

     

Mean 1.70 3.50 2.63 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 80 acaf 2.00 5.00 4.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 3.00 2.00 80 prmm 1.00 3.00 2.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 1.31 3.24 2.38 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 40 acaf 0.00 4.00 2.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 2.00 1.00 80 prmm 1.00 2.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 1.00 2.00 1.00 75 proh 1.00 2.07 1.00 80 

     

Mean 1.02 2.76 2.00 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 80 acaf 2.00 5.00 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 4.00 4.00 70 prlm 2.86 4.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 1.00 90 prmc 1.00 1.89 1.00 80 

proh 3.00 4.00 3.00 80 proh 3.00 4.00 3.00 80 

     

Mean 1.44 2.99 2.38 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 70 acdv 0.86 2.00 2.00 80 

acaf 2.00 5.00 4.00 80 acaf 2.00 5.00 4.00 80 
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acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 0.00 1.00 1.00 95 prmc 0.16 1.00 1.00 80 

proh 2.00 4.00 3.00 70 proh 1.86 4.14 3.00 80 

     

Mean 1.27 2.99 2.38 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 75 acaf 1.87 5.07 4.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.71 3.89 3.00 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 40 acaf 0.00 4.00 2.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 
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prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.24 3.02 2.38 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 40 acaf 0.00 4.00 2.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.11 3.41 2.63 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 5.00 3.00 85 proh 3.00 4.88 3.00 80 

     

Mean 1.49 3.29 2.25 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 85 acaf 2.12 4.94 4.00 80 

acgg 1.00 4.00 3.00 40 acgg -1.00 5.00 3.00 80 

acmf 2.00 3.00 3.00 85 acmf 2.06 3.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.25 4.12 3.50 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 5.00 80 acdv 4.00 5.00 5.00 80 

acaf 2.00 5.00 4.00 75 acaf 1.87 5.07 4.00 80 

acgg 4.00 5.00 4.00 70 acgg 4.00 5.14 4.00 80 

acmf 2.00 3.00 3.00 95 acmf 2.16 3.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 4.00 2.00 100 prmc 1.20 3.60 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.28 4.62 4.00 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 5.00 80 acdv 4.00 5.00 5.00 80 
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acaf 1.00 3.00 2.00 60 acaf 0.67 3.33 2.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 2.00 3.00 3.00 70 acmf 1.86 3.00 3.00 80 

prlm 2.00 4.00 3.00 70 prlm 1.86 4.14 3.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 4.00 5.00 5.00 90 proh 4.11 5.00 5.00 80 

     

Mean 2.44 4.06 3.50 80.00 
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Appendix D 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 5.00 80 acdv 5.00 5.00 5.00 80 

acaf 1.00 5.00 3.00 100 acaf 1.40 4.60 3.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 4.00 3.00 50 prlm 1.40 4.60 3.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 0.00 4.00 2.00 100 prmc 0.40 3.60 2.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 2.23 4.14 3.38 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 70 acdv 4.00 5.14 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 4.00 5.00 4.00 80 acgg 4.00 5.00 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 100 prmc 2.20 3.80 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 3.30 4.50 3.88 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 4.00 60 acdv 2.67 4.00 4.00 80 

acaf 2.00 4.00 3.00 60 acaf 1.67 4.33 3.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 50 prlm 1.40 4.60 3.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.62 3.58 2.88 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 2.00 4.00 3.00 50 acaf 1.40 4.60 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 1.00 3.00 2.00 100 prmc 1.20 2.80 2.00 80 

proh 3.00 5.00 4.00 90 proh 3.11 4.89 4.00 80 

     

Mean 1.44 3.96 2.88 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 4.00 50 acdv 2.40 4.00 4.00 80 

acaf 3.00 5.00 4.00 95 acaf 3.16 4.84 4.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 
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acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.77 4.42 3.88 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 4.00 70 acdv 2.86 4.00 4.00 80 

acaf 1.00 5.00 3.00 100 acaf 1.40 4.60 3.00 80 

acgg 3.00 5.00 4.00 90 acgg 3.11 4.89 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.63 4.37 3.75 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 90 acdv 4.89 4.89 4.00 80 

acaf 2.00 4.00 3.00 50 acaf 1.40 4.60 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 3.00 4.00 4.00 85 prmm 3.06 4.00 4.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 
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proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.81 4.18 3.63 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 60 acdv 2.67 5.33 4.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 2.00 3.00 3.00 90 proh 2.11 3.00 3.00 80 

     

Mean 2.71 4.31 3.63 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 70 acdv 5.14 5.14 4.00 80 

acaf 1.00 5.00 3.00 100 acaf 1.40 4.60 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 3.00 2.00 80 prmm 1.00 3.00 2.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 1.87 3.47 2.75 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 4.00 3.00 50 acaf 1.40 4.60 3.00 80 

acgg 3.00 5.00 4.00 50 acgg 2.40 5.60 4.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 3.00 30 prlm 0.33 3.00 3.00 80 

prmm 1.00 2.00 1.00 80 prmm 1.00 2.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 1.00 2.00 1.00 75 proh 1.00 2.07 1.00 80 

     

Mean 1.68 3.39 2.50 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 50 acdv 1.00 2.60 1.00 80 

acaf 1.00 5.00 3.00 100 acaf 1.40 4.60 3.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 4.00 3.00 50 prlm 3.00 4.60 3.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 1.00 90 prmc 1.00 1.89 1.00 80 

proh 3.00 4.00 3.00 70 proh 3.00 4.14 3.00 80 

     

Mean 1.43 3.10 2.00 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 5.00 3.00 100 acaf 1.40 4.60 3.00 80 
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acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 100 prmc 1.20 2.80 2.00 80 

proh 2.00 4.00 3.00 70 proh 1.86 4.14 3.00 80 

     

Mean 1.30 3.16 2.38 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 70 acdv 2.86 5.14 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 4.00 2.00 90 prmc 1.11 3.78 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 2.26 4.60 3.38 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 2.00 4.00 3.00 50 acaf 1.40 4.60 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 3.00 2.00 80 acmf 1.00 3.00 2.00 80 

prlm 2.00 3.00 3.00 30 prlm 0.33 3.00 3.00 80 

prmm 1.00 3.00 1.00 50 prmm 1.00 4.20 1.00 80 
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prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.20 3.78 2.63 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 80 acdv 4.00 5.00 4.00 80 

acaf 2.00 4.00 3.00 50 acaf 1.40 4.60 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 3.00 30 prlm 0.33 3.00 3.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.76 4.16 3.13 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 4.00 3.00 75 acaf 1.93 4.07 3.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 3.00 2.00 80 acmf 1.00 3.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 3.00 5.00 3.00 70 proh 3.00 5.29 3.00 80 

     

Mean 1.14 3.03 2.13 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 5.00 80 acdv 4.00 5.00 5.00 80 

acaf 3.00 5.00 4.00 75 acaf 2.93 5.07 4.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 1.00 3.00 2.00 60 acmf 0.67 3.33 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 2.00 4.00 3.00 95 prmc 2.16 3.84 3.00 80 

proh 4.00 5.00 4.00 85 proh 4.00 4.94 4.00 80 

     

Mean 2.84 4.67 3.75 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 5.00 80 acdv 4.00 5.00 5.00 80 

acaf 1.00 5.00 3.00 95 acaf 1.32 4.68 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 4.00 5.00 4.00 80 proh 4.00 5.00 4.00 80 

     

Mean 2.59 4.43 3.50 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 5.00 80 acdv 4.00 5.00 5.00 80 



119 
 

acaf 2.00 4.00 3.00 75 acaf 1.93 4.07 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 3.00 2.00 60 acmf 0.67 3.33 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 3.00 5.00 4.00 90 proh 3.11 4.89 4.00 80 

     

Mean 2.44 4.20 3.38 80.00 
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Appendix E 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 4.00 60 acdv 2.67 4.00 4.00 80 

acaf 2.00 5.00 3.00 70 acaf 1.86 5.29 3.00 80 

acgg 4.00 5.00 4.00 70 acgg 4.00 5.14 4.00 80 

acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 3.00 4.00 3.00 30 prlm 3.00 5.67 3.00 80 

prmm 2.00 4.00 3.00 70 prmm 1.86 4.14 3.00 80 

prmc 1.00 3.00 2.00 100 prmc 1.20 2.80 2.00 80 

proh 2.00 3.00 2.00 70 proh 2.00 3.14 2.00 80 

     

Mean 2.32 4.27 3.00 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 4.00 60 acdv 2.67 4.00 4.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 4.00 5.00 5.00 85 prmm 4.06 5.00 5.00 80 

prmc 1.00 4.00 2.00 95 prmc 1.16 3.68 2.00 80 

proh 3.00 5.00 4.00 95 proh 3.16 4.84 4.00 80 

     

Mean 2.47 4.32 3.50 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 2.00 4.00 3.00 70 acaf 1.86 4.14 3.00 80 

acgg 1.00 3.00 2.00 60 acgg 0.67 3.33 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 50 prlm 1.40 4.60 3.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 2.00 1.00 85 prmc 1.00 1.94 1.00 80 

proh 2.00 3.00 3.00 60 proh 1.67 3.00 3.00 80 

     

Mean 1.03 3.08 2.25 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 1.00 3.00 2.00 60 acaf 0.67 3.33 2.00 80 

acgg 1.00 4.00 3.00 50 acgg -0.20 4.60 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 3.00 80 prmc 1.00 3.00 3.00 80 

proh 2.00 3.00 3.00 60 proh 1.67 3.00 3.00 80 

     

Mean 0.64 3.40 2.50 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 3.00 40 acdv 3.00 5.00 3.00 80 

acaf 2.00 5.00 3.00 85 acaf 2.06 4.88 3.00 80 

acgg 3.00 4.00 3.00 70 acgg 3.00 4.14 3.00 80 
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acmf 1.00 3.00 2.00 75 acmf 0.93 3.07 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.72 4.57 3.50 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 3.00 70 acaf 1.86 5.29 3.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 3.20 4.85 4.00 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 60 acaf 0.67 3.33 2.00 80 

acgg 3.00 5.00 4.00 90 acgg 3.11 4.89 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 2.00 1.00 80 prmc 1.00 2.00 1.00 80 
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proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.12 3.73 3.13 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 4.00 3.00 60 acdv 1.67 4.33 3.00 80 

acaf 2.00 5.00 3.00 85 acaf 2.06 4.88 3.00 80 

acgg 4.00 5.00 4.00 80 acgg 4.00 5.00 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 4.00 5.00 4.00 75 proh 4.00 5.07 4.00 80 

     

Mean 2.73 4.29 3.38 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 70 acaf 1.86 5.29 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 3.00 2.00 80 prmm 1.00 3.00 2.00 80 

prmc 1.00 3.00 2.00 85 prmc 1.06 2.94 2.00 80 

proh 3.00 5.00 5.00 95 proh 3.32 5.00 5.00 80 

     

Mean 1.48 3.48 2.75 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 60 acaf 0.67 3.33 2.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 1.00 90 prmc 1.00 1.89 1.00 80 

proh 1.00 2.00 2.00 75 proh 0.93 2.00 2.00 80 

     

Mean 1.05 2.74 1.88 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 70 acdv 1.00 2.14 1.00 80 

acaf 2.00 5.00 3.00 70 acaf 1.86 5.29 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 4.00 4.00 50 prlm 2.40 4.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 0.00 1.00 1.00 90 prmc 0.11 1.00 1.00 80 

proh 3.00 4.00 3.00 80 proh 3.00 4.00 3.00 80 

     

Mean 1.47 3.00 2.25 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 70 acaf 1.86 5.29 3.00 80 
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acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 0.00 1.00 1.00 95 prmc 0.16 1.00 1.00 80 

proh 2.00 4.00 3.00 70 proh 1.86 4.14 3.00 80 

     

Mean 1.38 3.11 2.38 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 60 acdv 2.67 5.33 4.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 

acgg 4.00 5.00 5.00 70 acgg 3.86 5.00 5.00 80 

acmf 1.00 3.00 3.00 80 acmf 1.00 3.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 2.00 4.00 3.00 95 prmc 2.16 3.84 3.00 80 

proh 5.00 5.00 5.00 90 proh 5.00 5.00 5.00 80 

     

Mean 2.64 4.72 3.75 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 60 acaf 0.67 3.33 2.00 80 

acgg 2.00 4.00 4.00 70 acgg 1.71 4.00 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 3.00 1.00 50 prmm 1.00 4.20 1.00 80 
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prmc 2.00 4.00 3.00 95 prmc 2.16 3.84 3.00 80 

proh 4.00 5.00 5.00 90 proh 4.11 5.00 5.00 80 

     

Mean 1.66 3.63 2.63 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 80 acdv 4.00 5.00 4.00 80 

acaf 1.00 3.00 2.00 60 acaf 0.67 3.33 2.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 90 proh 5.00 5.00 5.00 80 

     

Mean 2.10 4.23 3.00 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 3.00 2.00 75 acaf 0.93 3.07 2.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 3.00 50 prlm 1.40 3.00 3.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.23 2.78 2.25 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 80 acdv 4.00 5.00 4.00 80 

acaf 2.00 5.00 3.00 95 acaf 2.16 4.68 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 100 prmc 1.20 2.80 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.97 4.40 3.63 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 80 acaf 2.00 5.00 3.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 60 prmm 0.67 3.33 2.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.96 3.87 3.00 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 70 acdv 4.00 5.14 4.00 80 



128 
 

acaf 1.00 3.00 2.00 75 acaf 0.93 3.07 2.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 90 proh 5.00 5.00 5.00 80 

     

Mean 2.76 4.26 3.50 80.00 
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Appendix F 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 100 acaf 3.20 4.80 4.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 1.00 3.00 2.00 80 acmf 1.00 3.00 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 2.00 2.00 70 prmm 0.86 2.00 2.00 80 

prmc 1.00 3.00 2.00 85 prmc 1.06 2.94 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.93 4.05 3.00 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 4.00 90 acaf 2.22 4.89 4.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 85 prmm 4.06 5.00 5.00 80 

prmc 2.00 5.00 4.00 90 prmc 2.22 4.89 4.00 80 

proh 3.00 5.00 4.00 95 proh 3.16 4.84 4.00 80 

     

Mean 2.85 4.71 3.75 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 80 acdv 4.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 4.00 5.00 4.00 60 acgg 4.00 5.33 4.00 80 

acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 3.43 4.79 4.00 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 2.00 4.00 3.00 95 prmc 2.16 3.84 3.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.45 3.96 2.88 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 90 acaf 2.22 4.89 4.00 80 

acgg 3.00 4.00 3.00 70 acgg 3.00 4.14 3.00 80 
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acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 0.00 1.00 1.00 100 prmc 0.20 1.00 1.00 80 

proh 3.00 4.00 4.00 90 proh 3.11 4.00 4.00 80 

     

Mean 1.61 3.40 2.75 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 2.00 60 acdv 0.67 3.33 2.00 80 

acaf 3.00 5.00 4.00 100 acaf 3.20 4.80 4.00 80 

acgg 3.00 4.00 3.00 70 acgg 3.00 4.14 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 1.69 3.66 2.75 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 80 acdv 3.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 50 prlm 4.00 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 2.00 4.00 3.00 95 prmc 2.16 3.84 3.00 80 
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proh 3.00 5.00 5.00 90 proh 3.22 5.00 5.00 80 

     

Mean 2.32 4.27 3.38 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 75 acaf 1.87 5.07 4.00 80 

acgg 2.00 3.00 3.00 40 acgg 1.00 3.00 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 4.00 90 proh 4.00 4.89 4.00 80 

     

Mean 2.33 3.87 3.38 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 70 acdv 5.14 5.14 4.00 80 

acaf 3.00 5.00 4.00 100 acaf 3.20 4.80 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 3.00 4.00 3.00 50 prlm 3.00 4.60 3.00 80 

prmm 1.00 3.00 2.00 80 prmm 1.00 3.00 2.00 80 

prmc 2.00 3.00 3.00 90 prmc 2.11 3.00 3.00 80 

proh 2.00 5.00 4.00 90 proh 2.22 4.89 4.00 80 

     

Mean 2.23 3.93 3.00 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 90 acdv 4.89 4.89 4.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 95 acmf 1.16 2.00 2.00 80 

prlm 2.00 3.00 3.00 30 prlm 0.33 3.00 3.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 1.00 2.00 2.00 90 proh 1.11 2.00 2.00 80 

     

Mean 1.58 3.09 2.50 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 50 acdv 1.00 2.60 1.00 80 

acaf 3.00 5.00 4.00 100 acaf 3.20 4.80 4.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 4.00 4.00 50 prlm 2.40 4.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 0.00 1.00 1.00 90 prmc 0.11 1.00 1.00 80 

proh 1.00 2.00 2.00 90 proh 1.11 2.00 2.00 80 

     

Mean 1.40 2.75 2.25 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 70 acdv 1.00 2.14 1.00 80 

acaf 3.00 5.00 4.00 100 acaf 3.20 4.80 4.00 80 



134 
 

acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 1.00 90 prmc 1.00 1.89 1.00 80 

proh 2.00 4.00 4.00 80 proh 2.00 4.00 4.00 80 

     

Mean 1.56 3.07 2.38 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 80 acdv 3.00 5.00 4.00 80 

acaf 2.00 5.00 4.00 90 acaf 2.22 4.89 4.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 1.00 3.00 2.00 80 acmf 1.00 3.00 2.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 2.00 5.00 3.00 90 prmc 2.11 4.78 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.71 4.79 3.75 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 3.00 30 prlm 0.33 3.00 3.00 80 

prmm 1.00 3.00 1.00 50 prmm 1.00 4.20 1.00 80 
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prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.60 3.75 2.88 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 80 acdv 4.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 3.00 30 prlm 0.33 3.00 3.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 4.00 2.00 90 prmc 1.11 3.78 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.19 4.34 3.38 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 3.00 5.00 4.00 95 acaf 3.16 4.84 4.00 80 

acgg 1.00 3.00 2.00 60 acgg 0.67 3.33 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 4.00 3.00 50 prlm 3.00 4.60 3.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 2.00 4.00 3.00 95 prmc 2.16 3.84 3.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.75 3.20 2.63 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 3.00 60 acdv 1.67 3.00 3.00 80 

acaf 2.00 5.00 4.00 100 acaf 2.40 4.80 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 85 prmc 1.06 2.94 2.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.27 3.99 3.38 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 1.00 1.00 60 prmm 1.00 1.00 1.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 2.00 3.00 3.00 90 proh 2.11 3.00 3.00 80 

     

Mean 1.34 2.99 2.38 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 2.00 3.00 60 acdv 1.67 1.67 3.00 80 
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acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 90 acmf 1.11 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 40 prmm 3.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 4.00 4.00 95 proh 3.16 4.00 4.00 80 

     

Mean 2.14 3.70 3.25 80.00 
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Appendix G 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 2.00 4.00 3.00 90 acmf 2.11 3.89 3.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 0.00 3.00 2.00 95 prmc 0.32 2.84 2.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 1.72 3.83 3.00 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 2.00 5.00 3.00 60 acaf 1.67 5.67 3.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 3.00 2.00 95 acmf 1.16 2.84 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 3.00 5.00 4.00 70 prmm 2.86 5.14 4.00 80 

prmc 1.00 4.00 3.00 85 prmc 1.12 3.94 3.00 80 

proh 3.00 4.00 4.00 90 proh 3.11 4.00 4.00 80 

     

Mean 1.82 4.17 3.13 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 3.00 5.00 4.00 50 acgg 2.40 5.60 4.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 3.00 5.00 4.00 30 prlm 1.33 6.67 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 2.00 4.00 3.00 80 proh 2.00 4.00 3.00 80 

     

Mean 1.58 4.22 3.00 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 70 acdv 4.00 5.14 4.00 80 

acaf 1.00 4.00 3.00 75 acaf 0.87 4.07 3.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 2.00 3.00 3.00 70 acmf 1.86 3.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 2.00 4.00 3.00 100 prmc 2.20 3.80 3.00 80 

proh 3.00 5.00 4.00 95 proh 3.16 4.84 4.00 80 

     

Mean 2.19 4.42 3.38 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 75 acaf 1.93 5.13 3.00 80 

acgg 2.00 3.00 3.00 40 acgg 1.00 3.00 3.00 80 
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acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 30 prlm 1.33 6.67 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 4.00 2.00 90 prmc 1.11 3.78 2.00 80 

proh 2.00 3.00 3.00 80 proh 2.00 3.00 3.00 80 

     

Mean 1.16 3.65 2.63 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 

acgg 2.00 3.00 3.00 40 acgg 1.00 3.00 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 30 prlm 1.33 6.67 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 2.00 3.00 3.00 70 proh 1.86 3.00 3.00 80 

     

Mean 1.17 3.49 2.63 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 4.00 3.00 75 acaf 0.87 4.07 3.00 80 

acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 2.00 1.00 90 prmc 1.00 1.89 1.00 80 
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proh 2.00 4.00 3.00 80 proh 2.00 4.00 3.00 80 

     

Mean 1.07 3.34 2.38 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 75 acaf 1.93 5.13 3.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 3.00 2.00 80 prmc 1.00 3.00 2.00 80 

proh 2.00 3.00 3.00 80 proh 2.00 3.00 3.00 80 

     

Mean 2.20 3.78 3.13 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 70 acdv 5.14 5.14 4.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 3.00 4.00 4.00 50 prlm 2.40 4.00 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 3.00 4.00 4.00 90 proh 3.11 4.00 4.00 80 

     

Mean 2.55 4.05 3.38 80.00 

          
Increase profit and cost saving 



142 
 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 4.00 3.00 75 acaf 0.87 4.07 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 2.00 1.00 80 prmm 1.00 2.00 1.00 80 

prmc 2.00 4.00 3.00 85 prmc 2.06 3.94 3.00 80 

proh 1.00 2.00 2.00 90 proh 1.11 2.00 2.00 80 

     

Mean 1.52 3.46 2.75 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 70 acdv 1.00 2.14 1.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 

acgg 3.00 4.00 4.00 60 acgg 2.67 4.00 4.00 80 

acmf 2.00 4.00 3.00 90 acmf 2.11 3.89 3.00 80 

prlm 3.00 4.00 4.00 70 prlm 2.86 4.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 0.00 1.00 1.00 95 prmc 0.16 1.00 1.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.86 3.10 2.63 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 70 acdv 1.00 2.14 1.00 80 

acaf 2.00 5.00 3.00 90 acaf 2.11 4.78 3.00 80 
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acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 1.00 3.00 3.00 80 acmf 1.00 3.00 3.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 4.00 3.00 90 proh 3.00 3.89 3.00 80 

     

Mean 1.95 3.80 2.88 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 3.00 60 acaf 1.67 5.67 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.92 3.72 2.75 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 4.00 3.00 75 acaf 0.87 4.07 3.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 5.00 1.00 50 prmm 1.00 7.40 1.00 80 
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prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 90 proh 5.00 5.00 5.00 80 

     

Mean 1.77 4.36 2.88 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 4.00 3.00 75 acaf 0.87 4.07 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 4.00 4.00 3.00 50 prlm 4.60 4.60 3.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 1.00 2.00 2.00 95 prmc 1.16 2.00 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 2.05 3.33 2.75 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 2.00 3.00 50 acdv 1.40 1.40 3.00 80 

acaf 1.00 4.00 3.00 85 acaf 1.12 3.94 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 3.00 4.00 4.00 50 prlm 2.40 4.00 4.00 80 

prmm 1.00 1.00 1.00 60 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 4.00 3.00 70 proh 3.00 4.14 3.00 80 

     

Mean 1.57 3.10 2.63 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 3.00 70 acdv 1.86 3.00 3.00 80 

acaf 2.00 5.00 3.00 55 acaf 1.55 5.91 3.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 3.00 4.00 4.00 95 acmf 3.16 4.00 4.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.05 4.52 3.38 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 5.00 90 acdv 5.00 5.00 5.00 80 

acaf 2.00 5.00 3.00 75 acaf 1.93 5.13 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 3.00 5.00 4.00 95 acmf 3.16 4.84 4.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.55 4.75 4.13 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 5.00 80 acdv 4.00 5.00 5.00 80 
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acaf 1.00 4.00 3.00 65 acaf 0.54 4.23 3.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 2.00 4.00 4.00 95 acmf 2.32 4.00 4.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 3.00 5.00 4.00 95 proh 3.16 4.84 4.00 80 

     

Mean 2.45 4.44 3.75 80.00 
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Appendix H 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 4.00 100 acaf 2.40 4.80 4.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 3.00 4.00 4.00 95 acmf 3.16 4.00 4.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 0.00 4.00 2.00 95 prmc 0.32 3.68 2.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 3.39 4.70 4.13 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 70 acaf 2.86 5.14 4.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 3.00 4.00 4.00 95 acmf 3.16 4.00 4.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.67 4.63 4.13 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 3.00 5.00 4.00 95 acmf 3.16 4.84 4.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 4.00 95 prmc 2.32 4.00 4.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 3.73 4.86 4.38 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 70 acdv 4.00 5.14 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 3.00 5.00 4.00 95 acmf 3.16 4.84 4.00 80 

prlm 3.00 5.00 4.00 30 prlm 1.33 6.67 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 3.00 75 prmc 0.87 3.00 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.75 4.77 3.88 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 4.00 4.00 70 acdv 2.86 4.00 4.00 80 

acaf 3.00 5.00 4.00 60 acaf 2.67 5.33 4.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 
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acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 3.00 5.00 4.00 90 proh 3.11 4.89 4.00 80 

     

Mean 2.50 4.50 3.63 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 4.00 100 acaf 2.40 4.80 4.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 4.00 5.00 5.00 90 proh 4.11 5.00 5.00 80 

     

Mean 2.98 4.59 3.88 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 90 acdv 4.89 4.89 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 3.00 2.00 80 acmf 1.00 3.00 2.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 4.00 3.00 95 prmc 1.32 3.84 3.00 80 
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proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.26 4.64 3.88 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 60 acdv 2.67 5.33 4.00 80 

acaf 3.00 5.00 4.00 80 acaf 3.00 5.00 4.00 80 

acgg 4.00 5.00 4.00 90 acgg 4.00 4.89 4.00 80 

acmf 2.00 4.00 3.00 95 acmf 2.16 3.84 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 3.00 3.00 3.00 70 proh 3.00 3.00 3.00 80 

     

Mean 2.88 4.26 3.50 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 70 acdv 5.14 5.14 4.00 80 

acaf 2.00 5.00 4.00 100 acaf 2.40 4.80 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 3.00 4.00 4.00 50 prlm 2.40 4.00 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.69 4.32 3.63 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 90 acdv 4.89 4.89 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 3.00 4.00 4.00 70 acgg 2.86 4.00 4.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 5.00 1.00 40 prmm 1.00 9.00 1.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 1.00 2.00 2.00 90 proh 1.11 2.00 2.00 80 

     

Mean 1.93 4.42 2.75 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 70 acdv 2.86 5.14 4.00 80 

acaf 2.00 5.00 4.00 100 acaf 2.40 4.80 4.00 80 

acgg 4.00 5.00 5.00 80 acgg 4.00 5.00 5.00 80 

acmf 3.00 4.00 4.00 50 acmf 2.40 4.00 4.00 80 

prlm 3.00 5.00 4.00 80 prlm 3.00 5.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 2.00 95 prmc 1.16 2.00 2.00 80 

proh 5.00 5.00 5.00 90 proh 5.00 5.00 5.00 80 

     

Mean 2.73 3.99 3.63 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 70 acdv 2.86 5.14 4.00 80 

acaf 2.00 5.00 4.00 100 acaf 2.40 4.80 4.00 80 
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acgg 4.00 5.00 4.00 80 acgg 4.00 5.00 4.00 80 

acmf 2.00 4.00 3.00 90 acmf 2.11 3.89 3.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 2.00 4.00 3.00 50 prmm 1.40 4.60 3.00 80 

prmc 1.00 2.00 1.00 95 prmc 1.00 1.84 1.00 80 

proh 3.00 4.00 3.00 80 proh 3.00 4.00 3.00 80 

     

Mean 2.60 4.28 3.25 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 80 acdv 3.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 70 acaf 2.86 5.14 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 3.00 4.00 4.00 90 acmf 3.11 4.00 4.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 4.00 5.00 5.00 80 proh 4.00 5.00 5.00 80 

     

Mean 2.75 4.39 3.50 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 5.00 1.00 50 prmm 1.00 7.40 1.00 80 
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prmc 1.00 2.00 1.00 85 prmc 1.00 1.94 1.00 80 

proh 3.00 5.00 4.00 70 proh 2.86 5.14 4.00 80 

     

Mean 1.58 4.51 2.75 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 4.00 5.00 4.00 80 acdv 4.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 3.00 4.00 3.00 50 prlm 3.00 4.60 3.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 2.00 4.00 3.00 85 prmc 2.06 3.94 3.00 80 

proh 4.00 5.00 5.00 80 proh 4.00 5.00 5.00 80 

     

Mean 2.79 4.18 3.38 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 2.00 2.00 60 acdv 2.00 2.00 2.00 80 

acaf 3.00 5.00 4.00 70 acaf 2.86 5.14 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 3.00 5.00 4.00 95 acmf 3.16 4.84 4.00 80 

prlm 3.00 4.00 4.00 50 prlm 2.40 4.00 4.00 80 

prmm 1.00 1.00 1.00 70 prmm 1.00 1.00 1.00 80 

prmc 0.00 2.00 1.00 95 prmc 0.16 1.84 1.00 80 

proh 4.00 5.00 5.00 90 proh 4.11 5.00 5.00 80 

     

Mean 2.32 3.62 3.13 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 3.00 70 acdv 1.86 3.00 3.00 80 

acaf 3.00 5.00 4.00 85 acaf 3.06 4.94 4.00 80 

acgg 2.00 4.00 3.00 40 acgg 1.00 5.00 3.00 80 

acmf 2.00 4.00 3.00 95 acmf 2.16 3.84 3.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 5.00 3.00 60 prmm 0.33 5.67 3.00 80 

prmc 1.00 3.00 2.00 85 prmc 1.06 2.94 2.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.06 4.44 3.38 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 5.00 4.00 90 acaf 2.22 4.89 4.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 3.00 5.00 4.00 90 acmf 3.11 4.89 4.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 1.00 1.00 1.00 60 prmm 1.00 1.00 1.00 80 

prmc 2.00 3.00 3.00 85 prmc 2.06 3.00 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.51 3.88 3.38 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 4.00 60 acdv 1.33 2.67 4.00 80 
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acaf 3.00 5.00 4.00 90 acaf 3.11 4.89 4.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 2.00 4.00 4.00 70 acmf 1.71 4.00 4.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.94 4.31 4.13 80.00 
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Appendix I 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 1.00 5.00 3.00 80 acaf 1.00 5.00 3.00 80 

acgg 3.00 5.00 4.00 50 acgg 2.40 5.60 4.00 80 

acmf 2.00 4.00 3.00 90 acmf 2.11 3.89 3.00 80 

prlm 3.00 4.00 3.00 50 prlm 3.00 4.60 3.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 3.00 3.00 100 prmc 1.40 3.00 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.90 4.64 3.75 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 3.00 60 acaf 1.67 5.67 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 3.00 2.00 80 acmf 1.00 3.00 2.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 3.00 5.00 4.00 70 prmm 2.86 5.14 4.00 80 

prmc 2.00 3.00 3.00 95 prmc 2.16 3.00 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.07 4.62 3.63 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 2.00 50 acdv 2.00 3.60 2.00 80 

acaf 1.00 4.00 3.00 70 acaf 0.71 4.14 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 1.00 3.00 3.00 80 acmf 1.00 3.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 3.00 5.00 4.00 85 proh 3.06 4.94 4.00 80 

     

Mean 1.82 4.24 3.13 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 2.00 50 acdv 2.00 3.60 2.00 80 

acaf 2.00 4.00 3.00 60 acaf 1.67 4.33 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 2.00 4.00 3.00 30 prlm 0.33 5.67 3.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 2.00 2.00 80 prmc 1.00 2.00 2.00 80 

proh 3.00 5.00 4.00 85 proh 3.06 4.94 4.00 80 

     

Mean 1.37 3.81 2.63 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 4.00 80 acdv 2.00 3.00 4.00 80 

acaf 2.00 5.00 3.00 70 acaf 1.86 5.29 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 
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acmf 1.00 3.00 3.00 80 acmf 1.00 3.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.25 4.30 3.63 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 90 acdv 4.89 4.89 4.00 80 

acaf 1.00 5.00 3.00 80 acaf 1.00 5.00 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 

acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 2.00 2.00 95 prmc 1.16 2.00 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.28 4.50 3.88 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 2.00 60 acdv 0.67 3.33 2.00 80 

acaf 2.00 4.00 3.00 60 acaf 1.67 4.33 3.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 4.00 5.00 4.00 50 prlm 4.00 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 4.00 2.00 95 prmc 1.16 3.68 2.00 80 
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proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.70 4.37 3.50 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 60 acdv 2.67 5.33 4.00 80 

acaf 2.00 5.00 3.00 65 acaf 1.77 5.46 3.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.08 4.73 3.88 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 5.00 3.00 80 acaf 1.00 5.00 3.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 1.00 1.00 95 acmf 1.00 1.00 1.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 3.00 2.00 80 prmm 1.00 3.00 2.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.65 3.52 2.50 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 4.00 3.00 60 acaf 1.67 4.33 3.00 80 

acgg 1.00 3.00 2.00 60 acgg 0.67 3.33 2.00 80 

acmf 1.00 1.00 1.00 95 acmf 1.00 1.00 1.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 1.00 2.00 2.00 90 proh 1.11 2.00 2.00 80 

     

Mean 1.16 2.65 1.88 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 50 acdv 1.00 2.60 1.00 80 

acaf 1.00 5.00 3.00 80 acaf 1.00 5.00 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 3.00 4.00 4.00 95 acmf 3.16 4.00 4.00 80 

prlm 3.00 4.00 4.00 70 prlm 2.86 4.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 2.00 95 prmc 1.16 2.00 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.10 3.49 2.88 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 60 acdv 1.00 2.33 1.00 80 

acaf 1.00 5.00 3.00 80 acaf 1.00 5.00 3.00 80 
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acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 4.00 4.00 70 proh 2.86 4.00 4.00 80 

     

Mean 1.44 3.69 2.63 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 2.00 5.00 3.00 60 acaf 1.67 5.67 3.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 2.00 4.00 3.00 90 prmc 2.11 3.89 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.00 4.33 3.13 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 2.00 4.00 3.00 60 acaf 1.67 4.33 3.00 80 

acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 
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prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 4.00 5.00 4.00 80 proh 4.00 5.00 4.00 80 

     

Mean 1.40 3.19 2.25 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 2.00 4.00 3.00 60 acaf 1.67 4.33 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 40 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.72 3.40 2.63 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 2.00 4.00 3.00 75 acaf 1.93 4.07 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 0.00 2.00 1.00 90 prmc 0.11 1.89 1.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.39 3.12 2.25 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 4.00 3.00 60 acdv 1.67 4.33 3.00 80 

acaf 2.00 5.00 3.00 55 acaf 1.55 5.91 3.00 80 

acgg 1.00 3.00 2.00 40 acgg 0.00 4.00 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.45 3.98 2.63 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 1.00 5.00 3.00 85 acaf 1.12 4.88 3.00 80 

acgg 1.00 4.00 3.00 50 acgg -0.20 4.60 3.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 1.00 1.00 60 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 1.00 85 prmc 1.00 1.94 1.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.23 3.40 2.50 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 2.00 3.00 60 acdv 1.67 1.67 3.00 80 
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acaf 2.00 4.00 3.00 85 acaf 2.06 3.94 3.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.61 3.81 3.38 80.00 
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Appendix J 

Reduce the environmental footprint, amounts of waste and landfill disposal. Optimising the use of 
raw material and natural resources and the recycling performance 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 3.00 5.00 4.00 60 acaf 2.67 5.33 4.00 80 

acgg 3.00 4.00 3.00 50 acgg 3.00 4.60 3.00 80 

acmf 3.00 4.00 4.00 90 acmf 3.11 4.00 4.00 80 

prlm 4.00 5.00 4.00 50 prlm 4.00 5.60 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 4.00 3.00 100 prmc 1.40 3.80 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 3.42 4.79 4.00 80.00 

          
Improve strategies environmental driven 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 3.00 60 acaf 1.67 5.67 3.00 80 

acgg 3.00 5.00 4.00 70 acgg 2.86 5.14 4.00 80 

acmf 2.00 4.00 3.00 80 acmf 2.00 4.00 3.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 3.00 5.00 4.00 70 prmm 2.86 5.14 4.00 80 

prmc 2.00 3.00 3.00 90 prmc 2.11 3.00 3.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 3.19 4.74 3.75 80.00 

          
Reduce energy consumption 

Raw data Standardised data 
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Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 1.00 4.00 3.00 60 acaf 0.33 4.33 3.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 3.00 3.00 80 acmf 1.00 3.00 3.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 4.00 3.00 90 prmc 1.22 3.89 3.00 80 

proh 3.00 5.00 4.00 85 proh 3.06 4.94 4.00 80 

     

Mean 1.28 3.94 3.00 80.00 

          
Optimize transport 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 2.00 50 acdv 2.00 3.60 2.00 80 

acaf 2.00 4.00 3.00 65 acaf 1.77 4.23 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 3.00 5.00 4.00 85 proh 3.06 4.94 4.00 80 

     

Mean 1.66 3.89 2.75 80.00 

          
Reduce soil pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 5.00 5.00 4.00 80 acdv 5.00 5.00 4.00 80 

acaf 2.00 5.00 3.00 65 acaf 1.77 5.46 3.00 80 

acgg 4.00 5.00 5.00 90 acgg 4.11 5.00 5.00 80 
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acmf 1.00 4.00 3.00 80 acmf 1.00 4.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 4.00 3.00 95 prmc 1.32 3.84 3.00 80 

proh 4.00 5.00 5.00 95 proh 4.16 5.00 5.00 80 

     

Mean 2.72 4.63 3.63 80.00 

          
Reduce water pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 4.00 80 acdv 2.00 3.00 4.00 80 

acaf 3.00 5.00 4.00 60 acaf 2.67 5.33 4.00 80 

acgg 4.00 5.00 4.00 80 acgg 4.00 5.00 4.00 80 

acmf 2.00 3.00 2.00 80 acmf 2.00 3.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 2.00 1.00 95 prmc 1.00 1.84 1.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.90 4.22 3.63 80.00 

          
Reduce carbon footprint and air pollution 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 3.00 4.00 80 acdv 2.00 3.00 4.00 80 

acaf 2.00 4.00 3.00 65 acaf 1.77 4.23 3.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 4.00 5.00 4.00 50 prlm 4.00 5.60 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 
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proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.87 4.21 3.75 80.00 

          
Meet environmental pressures and legal and government requirements and increase environmental 

protection 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 3.00 5.00 4.00 60 acdv 2.67 5.33 4.00 80 

acaf 2.00 5.00 3.00 75 acaf 1.93 5.13 3.00 80 

acgg 3.00 5.00 4.00 80 acgg 3.00 5.00 4.00 80 

acmf 2.00 3.00 3.00 80 acmf 2.00 3.00 3.00 80 

prlm 4.00 5.00 4.00 70 prlm 4.00 5.14 4.00 80 

prmm 4.00 5.00 5.00 90 prmm 4.11 5.00 5.00 80 

prmc 1.00 4.00 2.00 80 prmc 1.00 4.00 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.96 4.70 3.75 80.00 

          
Improve customer service and satisfaction and the company’s image 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 3.00 5.00 4.00 60 acaf 2.67 5.33 4.00 80 

acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 1.00 1.00 95 acmf 1.00 1.00 1.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 3.00 2.00 80 prmm 1.00 3.00 2.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.86 3.45 2.63 80.00 

          
Increase profit and cost saving 
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Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 2.00 4.00 3.00 65 acaf 1.77 4.23 3.00 80 

acgg 1.00 3.00 2.00 60 acgg 0.67 3.33 2.00 80 

acmf 1.00 1.00 1.00 95 acmf 1.00 1.00 1.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 1.00 90 prmc 1.00 1.89 1.00 80 

proh 1.00 2.00 2.00 90 proh 1.11 2.00 2.00 80 

     

Mean 1.15 2.51 1.75 80.00 

          
Increase the return rate of used products 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 50 acdv 1.00 2.60 1.00 80 

acaf 3.00 5.00 4.00 60 acaf 2.67 5.33 4.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 3.00 5.00 4.00 95 acmf 3.16 4.84 4.00 80 

prlm 3.00 4.00 4.00 70 prlm 2.86 4.00 4.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 

prmc 1.00 2.00 2.00 95 prmc 1.16 2.00 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.31 3.64 3.00 80.00 

          
Improve product quality 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 1.00 60 acdv 1.00 2.33 1.00 80 

acaf 3.00 5.00 4.00 60 acaf 2.67 5.33 4.00 80 
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acgg 2.00 4.00 3.00 50 acgg 1.40 4.60 3.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 70 prlm 2.86 5.14 4.00 80 

prmm 1.00 3.00 2.00 50 prmm 0.40 3.60 2.00 80 

prmc 1.00 2.00 2.00 90 prmc 1.11 2.00 2.00 80 

proh 3.00 4.00 4.00 70 proh 2.86 4.00 4.00 80 

     

Mean 1.64 3.63 2.75 80.00 

          
Increase technology solutions adoption 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 2.00 5.00 3.00 60 acaf 1.67 5.67 3.00 80 

acgg 3.00 5.00 4.00 60 acgg 2.67 5.33 4.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.88 4.20 3.00 80.00 

          
Increase market competitiveness 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 40 acdv 0.00 2.00 2.00 80 

acaf 2.00 4.00 3.00 65 acaf 1.77 4.23 3.00 80 

acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 80 prmm 1.00 1.00 1.00 80 
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prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 4.00 5.00 4.00 80 proh 4.00 5.00 4.00 80 

     

Mean 1.42 3.17 2.25 80.00 

          
Improve operational performance, capacity utilisation and management solutions 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 3.00 3.00 60 acdv 0.33 3.00 3.00 80 

acaf 2.00 4.00 3.00 65 acaf 1.77 4.23 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 40 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 1.74 3.39 2.63 80.00 

          
Reduce community complaints 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 50 acdv 0.40 2.00 2.00 80 

acaf 2.00 4.00 3.00 90 acaf 2.11 3.89 3.00 80 

acgg 2.00 4.00 3.00 60 acgg 1.67 4.33 3.00 80 

acmf 1.00 2.00 2.00 80 acmf 1.00 2.00 2.00 80 

prlm 2.00 3.00 2.00 30 prlm 2.00 4.67 2.00 80 

prmm 1.00 1.00 1.00 50 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 85 prmc 1.06 2.94 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.53 3.23 2.38 80.00 
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Improve human health and safety 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 4.00 3.00 60 acdv 1.67 4.33 3.00 80 

acaf 2.00 5.00 3.00 75 acaf 1.93 5.13 3.00 80 

acgg 1.00 3.00 2.00 50 acgg 0.40 3.60 2.00 80 

acmf 1.00 2.00 2.00 70 acmf 0.86 2.00 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 2.00 1.00 40 prmm 1.00 3.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 3.00 5.00 4.00 80 proh 3.00 5.00 4.00 80 

     

Mean 1.55 3.94 2.63 80.00 

          
Increase job generation and provide income for value pickers 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 1.00 2.00 2.00 60 acdv 0.67 2.00 2.00 80 

acaf 3.00 5.00 4.00 75 acaf 2.93 5.07 4.00 80 

acgg 1.00 4.00 3.00 50 acgg -0.20 4.60 3.00 80 

acmf 1.00 3.00 2.00 70 acmf 0.86 3.14 2.00 80 

prlm 3.00 5.00 4.00 50 prlm 2.40 5.60 4.00 80 

prmm 1.00 1.00 1.00 60 prmm 1.00 1.00 1.00 80 

prmc 1.00 3.00 2.00 90 prmc 1.11 2.89 2.00 80 

proh 3.00 4.00 4.00 80 proh 3.00 4.00 4.00 80 

     

Mean 1.47 3.54 2.75 80.00 

          
Improve social responsability 

Raw data Standardised data 

Name Lower Upper Best Conf(%) Name Lower Upper Best Conf(%) 

acdv 2.00 2.00 3.00 60 acdv 1.67 1.67 3.00 80 
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acaf 2.00 4.00 3.00 75 acaf 1.93 4.07 3.00 80 

acgg 2.00 4.00 3.00 70 acgg 1.86 4.14 3.00 80 

acmf 1.00 3.00 2.00 90 acmf 1.11 2.89 2.00 80 

prlm 4.00 5.00 4.00 80 prlm 4.00 5.00 4.00 80 

prmm 4.00 5.00 5.00 80 prmm 4.00 5.00 5.00 80 

prmc 1.00 3.00 2.00 95 prmc 1.16 2.84 2.00 80 

proh 5.00 5.00 5.00 95 proh 5.00 5.00 5.00 80 

     

Mean 2.59 3.83 3.38 80.00 
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CHAPTER IV: RESEARCH CLOSURE 

 

1 INTRODUCTION 

 For better comprehension, this conclusion section is separated into discussions – that 

summarise and discuss the results from both articles presented in this dissertation – and 

conclusion – presenting the limitations of this dissertation and directions for future research. 

Section 2 (General discussions) reiterates the research questions and discusses the 

results of Article #1 and Article #2 respectively; and, in the two last paragraphs it compares the 

results found in both of them answering the primary question (can RL contribute to sustainable 

development?). 

Section 3 (General conclusions) summarizes Article #1 and Article #2 contributions, 

limitations and directions for futher researchs, providing insights for practitioners, scholars and 

policy-makers. 

 

2 GENERAL DISCUSSIONS 

It is not new that sustainability is a crucial topic for practitioners, scholars and policy-

makers; with the rise of the SDGs by United Nations it only become structured into specific 

objectives to be achieved in collaboration with all sectors. RL is typically associated with 

sustainability, but can RL really contribute to sustainable development? This was the initial 

question that led to the development of this dissertation. 

 Aiming to answer the initial question, it was separated into four specific research 

questions: (RQ1) What are the specific sustainable impacts generated by RL? (RQ2) Which 

dimensions (environmental, social and economic) of sustainability are the most impacted? 

(RQ3) Which SDGs are the most impacted by RL adoption? (RQ4) How can it contribute to 

sustainable development? In order to answer those questions in a rigorous way, the research 

was unfolded into two articles using literature review, expert elicitation and VIKOR method – 

respectively – to identify, classify, rank and define the most impacted SDGs by reverse 

logistics. 

 In this context, the first article (Article #1) answered RQ1 and RQ2. Article #1 provides 

a list of the RL impacts on sustainability gathered in literature (see Figure 7) and demonstrates 

that the environmental dimension of sustainability is the one with more impacts reported in 

literature. It was also found that the economic dimension is the one which appears most in the 

examined literature, being the “improve profit and cost savings” impact the one with more 
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citations. This demonstrates that besides the environment being mildly impacted by RL 

adoption in different ways, there is a tendency (or a concern) in presenting economic benefits 

when reporting RL adoption results. It can be a signal of greenwashing increasing and 

companies adopting “green practices” – as RL – just as a way to increase profits and improve 

the company image, as a new form of marketing (Astakhova, Reznikova and Astakhova, 2020). 

 Also in the Article #1, it was found that the social dimension of sustainability has great 

benefits coming from RL adoption (i.e.: Provide income for the value pickers, improve human 

health and safety, increase job generation, improve social responsibility and reduce community 

complaints. As shown in Article #1 Figure 7), although – as elucidated by other authors 

(Banihashemi, Fei and Chen, 2019; Sarkis, Helms and Hervani, 2010) – the social dimension 

of sustainability is still not extensively explored in the literature. 

 As described in the previous paragraphs, Article #1 shed some light on the contributions 

of RL to sustainability, a subject whose literature is overlooked. Results emerging from this 

paper were used as data input to conduct the second article (Article #2) presented in this 

dissertation (the impacts gathered in Article #1 were used to construct the questionnaire for the 

expert elicitation in Article #2). 

  Article #2 answered RQ3 and RQ4. In this case, it was found the SDG most impacted 

by RL adoption is SDG 12 - Sustainable Consumption and Production, reinforcing the intuitive 

link between SDG 12 and RL. However, as argued by other authors (Leurent and Abbosh, 2018; 

Schroeder, Anggraeni and Weber, 2019), RL may potentially contribute to a far wider range of 

SDGs; for this reason, a rank was created with all the SDGs considered in this research impacted 

by RL. The final rank was: (1) SDG 12 - Responsible Consumption and Production, (2) SDG 2 

- Zero Hunger, (3) SDG 7 - Affordable and Clean Energy, (4) SDG 8 - Decent Work and 

Economic Growth, (5) SDG 6 - Clean Water and Sanitation, (6) SDG 15 - Life on Land, (7) 

SDG 14 - Life Below Water, (8) SDG 1 - No Poverty.  

 Furthermore, Table 16 in Article #2 shows that the followings impacts of RL are the 

most important contributions of RL adoption to help achieve the SDGs and, consequently, to 

sustainable development: (1) RLI1 - Reduce the environmental footprint, amounts of waste and 

landfill, (2) RLI2 - Improve environmentally-driven strategies, (3) RLI3 - Reduce energy 

consumption, (4) RLI5 - Reduce soil pollution, (5) RLI6 - Reduce water pollution, (6) RLI8 - 

Meet environmental pressures and legal and government requirements, (7) RLI18 - Increase 

job generation and provide income for value pickers. 



176 
 

 At this point, the answer to the initial question is established: RL can contribute to 

sustainable development, and it is reinforced by literature and by experts. Furthermore, 

together, Article #1 and Article #2 make some interesting counterpoints. In Article #1 it was 

found that the social dimension of sustainability is not a major source of investigation in 

literature, but the creation of the SDGs bringing social goals in its core is a clear indication of 

evolution in this way. Therefore, in Article #2, the second and third place in the rank (see Table 

15) are for two SDGs classified as social (Vinuesa et al., 2020): SDG 2 – Zero Hunger, which 

promotes ending hunger, achieving food security and improved nutrition and promoting 

sustainable agriculture and SDG 7 – Affordable and Clean Energy, which promotes ensuring 

access to affordable, reliable, sustainable and modern energy for all. These results indicate a 

relation between RL adoption and the social dimension of sustainability but also demonstrate 

that there is a need for more investigations and reports about the intersection of these two 

subjects. 

 On top of that, besides Article #1 declaring “improve profit and cost savings” impact as 

one with more citations, Article #2 brings fresh analysis, where “improve profit and cost 

savings” is indicated as the RL impact with less contribution for most of the SDGs. These 

results demonstrate once again there is a pointless insistence in literature in focusing on the 

economic impacts of RL. Of course, it is an important RL outcoming that can help motivate 

companies to adopt RL and consequently contribute to all three dimensions of sustainability. 

However, for scholars, it is still necessary to balance the importance of these three dimensions 

and extend our understanding of how RL can potentialize social sustainability. 

 

3 GENERAL CONCLUSIONS 

 Motivated by the increasing relevance of RL for sustainability and as elucidated in the 

previous section (2 General discussions), this dissertation aimed to investigate the intersection 

of reverse logistics and the SDGs, using literature review (through PRISMA approach), expert 

elicitation (through IDEA protocol) and VIKOR to identify, rank and define the most impacted 

SDGs by reverse logistics. In the end, our exploratory results suggest that RL has significant 

contributions to sustainable development and to the achievement of the SDGs. Thus, its 

adoption could and should be encouraged by policy-makers and there is still a need for research 

aiming to establish a linkage between RL and social sustainability. 

 The main contributions of this dissertation are summarised as follows: 
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(1) For practitioners, the adoption of RL can increase profits and cost savings. Plus, it can also 

generate jobs and benefit the community and stakeholders. Even if the social dimension of 

sustainability is not a primary concern for companies, the results presented in this dissertation 

give a glimpse about the importance in measuring this aspect and consolidate it as a 

sustainability dimension of equal importance. 

(2) The results can also help practitioners target their investments in RL and have a clear vision 

of how the adoption of RL by their companies can help in the achievement of SDGs.  

(3) For policy-makers, it can help to evaluate reverse logistics initiatives and facilitate subsidy 

distributions more effectively; the results provided here can be also used by policy-makers to 

promote reverse logistics adoption by local companies since there is a common interest in 

contributing to the accomplishment of the SDGs.  

(4) For scholars, the paper fills the gap in literature connecting reverse logistics with the SDGs 

and providing a future research agenda as described in the next paragraphs. 

Given these findings, the present study has some limitations, which provide 

opportunities for further research: 

(1) The RL impacts here had the same weights. But the same methodology can be applied with 

other ways of weighing them and doing sensitivity analysis to compare different scenarios. 

(2) Since the expert elicitation was extensive, just 8 participants responded. It can be expanded 

in future applications. 

(3) This paper does not consider all SDGs, only those that already had suggestions from the 

literature of having a relationship with circular economy practices. However, all SDGs should 

be considered in the next applications to verify if this approach was accurate. 

(4) Considering the results found, future studies may seek to focus on the social dimension of 

sustainability to identify more RL impacts and report them – it can be achieved by adopting 

methodologies as social life cycle assessment (SLCA), for example – to generate more 

empirical evidence and contribute to the knowledge construction in social sustainability. 

 Lastly, this dissertation has valuable information and insights from literature, empirical 

studies and experts perspective about RL, sustainability and SDG achievement that can be used 

as input for future studies. 
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