
 

 

 

Environmental Sustainable Innovation Trends in 

Global Value Chains: a focus on Emerging Markets 

 

by 

 Eduard Tunica Blancas - 935898 

 

 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 

Master of Science in Management Engineering 

at the 

Politecnico di Milano - School of Industrial and Information Engineering 

 

 

 

Supervisor: Prof. Riccardo Mangiaracina 

Co-Supervisor: Prof. Maria Giuffrida 



 

2 

 

  



 

3 

 

ABSTRACT 

With the rise in global consumption and the consequent intensive demand for global 

resources, significant challenges have been posed to the sustainable development of many 

countries across the globe. Green supply chain management has long been considered to 

play an important role in supporting these sustainability challenges. Indeed, the attention 

of both scholars and practitioners towards understanding how to effectively make global 

supply chains eco-friendlier has constantly risen over the years.  

This report aims to offer an up-to-date literature review on the main initiatives proposed 

by companies and policymakers to contribute to the greening of global supply chains and 

to delineate directions for future research. Data is collected and classified by means of 

structured keyword-based exploration on science search engines, cross-reference 

snowballing, and content analysis. Results are presented focusing on three main 

classification drivers, namely: 

 Geographical dimension:  a country comparison of the existing initiatives is 

presented. 

 Industry dimension: an overview of the existing practices adopted by five relevant 

industries. 

 Digital technology dimension: contributions are analysed highlighting the role 

and level of adoption of digital innovation in support of the environmentally 

sustainable practices.  
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EXECUTIVE SUMMARY 

Sustainability, and more specifically its environmental concern, has arisen as one of the 

priorities to be faced by global value chains. The intensive usage of natural resources and 

the level of waste generation require the development of sustainable managerial models. 

This report aims to provide an up-to-date literature review of the innovative solutions and 

new trends adopted by the different stakeholders (including companies, governments and 

public institutions) in global value chains. Two factors have been further evaluated, the 

role of digital technologies in this innovative scenario and the differences between 

developing and developed countries. In order to do it, the analysis of the literature has 

been based on three main dimensions. 

 Industry dimension: Five relevant industries have been selected to provide a 

complete overview of the trends in global value chains. The selected sectors are: 

automotive, electronics, food, pharmaceutical and health care and textile, apparel 

and luxury. 

 Geographical dimension:  the geographical locations in which the papers set the 

analysis have been evaluated. They have been divided into two main levels, firstly 

the geographical area and then, the specific country. The geographical areas 

included in the study are North America, South America, Europe, Africa, Middle 

East, South Asia, Southeast Asia and East Asia. These two levels have allowed 

making a cross-country comparison in order to identify differences between 

developing and developed countries. 

 Digital technology dimension: New technological advances play an important role 

in the innovation process and ecology should not be an exception. The main trends 

have been analysed, highlighting the role and level of adoption of digital 

technologies supporting the development of environmentally sustainable 

practices. 

The research has been based on a four-phase methodology for the development of a 

literature review. The steps of this process are: design, conduct, analyse and finally, 

structure and writing. Once designed the scope of the study and the three main dimensions 

to focus on, the research process starts. The sources of information that have been used 

are the science search engines Scopus by Elsevier and Google Scholar and the scientific 

social network ResearchGate. Through an intensive keyword-based exploration of papers 

and cross-reference snowballing, a total amount of 110 records have been initially chosen. 

Then, a selection process has been performed based on multiple criteria, such as the 

quality of the journal addressing the specific area of study or the topics included. The 

resultant selection encompasses 66 papers to be further analysed. 

The analytical phase has been mainly divided into three stages: the evaluation of the main 

features of the papers, different classifications based on the three dimensions previously 

mentioned (industry, geographical location and digital technology), and finally a deep 

analysis of the themes addressed. 

The first analysis addresses features of the papers: the year of publication, the type of 

document and quality, the methodology used in the paper and the general topic addressed. 

This very first evaluation has shown important characteristics of the records, such as the 
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recentness of the selection of the papers (a crucial factor when studying innovation and 

trends) and the high quality of the publishers. Then, five main methodologies (general 

review, case study, survey, model development and analytical model) applied in the 

papers have been identified, as well as five general topics addressed (operations and 

emissions, circular economy, technology, governance and business model and 

drivers/barriers and policy). Both categories, methodologies and general topics, have a 

balanced presence of papers on each subcategory, ensuring a complete representation of 

the space of study. 

The second stage mainly consists in two different types of classifications, aiming to 

answer the following questions: Is the literature paying the same level of attention in 

emerging economies than in developed countries when addressing environmental issues? 

Which is the role of digital technologies on them and which are the business areas where 

they are being applied? 

In order to answer the geographical issue, the papers have been classified in a duplicated 

matrix, one containing papers from developing countries and another from the developed 

ones. These two matrixes are identically structured, representing the industry and the 

geographical area in the axes and remarking the digital technology on each box if it exists. 

The evaluation has clearly revealed that there are no differences in terms of application 

of digital innovations, with both types of countries showing the same percentage of papers 

including new technologies. However, it has been seen that some industries such as the 

electronics or the textile and apparel have a higher presence in developing countries. It is 

due to the extended supplier and manufacturing base of these sectors in emerging 

economies. 

An additional analysis has been performed aiming to identify geographical differences. 

The focus of the papers in process, product improvement or both together has shown that 

developed countries are more advanced. While developing countries only focus on 

improving the environmental performance of the processes, the developed ones try to 

address it in advanced, from the very first phase of the product development, its design. 

This trend has revealed that developed countries present a more proactive approach when 

addressing sustainability, trying to avoid future problems instead of correcting them. 

The second classification has been also performed in a matrix. In this case, the axes of 

the matrix are the industry and the supply chain stage, and again the presence of digital 

technologies is highlighted on each box. This second classification aims to identify which 

are the industries and business areas where the literature is focusing. It has clearly shown 

a dominance of the manufacturing phase, followed by supply chain management and 

supplier relationship management. In addition, this classification has created a structured 

scenario to deeply analyse the content of the papers and where digital technologies are 

having higher impact. 

The last stage of the analysis further evaluates the content of all the papers selected. The 

analysis has been performed splitting them into seven business areas, the different SC 

phases used in the axis of the previous matrix. The seven clusters and the main ideas 

discussed on each of them are: 
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 Supply chain management: In this cluster the overall pictures of the different 

global value chains have been analysed. Two main topics arise from these general 

perspectives of the supply chains. Firstly, the key role of the regulations to manage 

environmental sustainability. There exist differences in the regulatory frameworks 

of different countries, and when dealing with global value chains it is widely 

exposed the necessity of a more harmonized or global policy. Secondly, in this 

section, the difficulties in the supply chains for the adoption of digital 

technologies have been studied. Many drivers have been identified in different 

industries. However, issues such as the lack of infrastructure or the low 

willingness to share internal information are defined as the barriers that cause the 

low level of adoption. 

 Procurement: It is the phase with lower presence in the literature and mainly 

focuses on the food industry. It tries to develop business models to ensure a 

sustainable usage of natural resources, in order to avoid overproduction and 

deforestation problems. 

 Supplier relationship management: Again in this section two main topics have 

been highlighted. The first one is the importance of the cooperation practices 

between different members of the supply chain to achieve environmental goals. 

The type of relationships (like partnerships and alliances) that companies establish 

with their supplier base is critical for the development of green initiatives. On the 

other hand, the application of digital technologies in this field is remarked, more 

precisely of artificial intelligence. Suppliers’ evaluation and selection is a difficult 

multi-criteria decision making task, and even more when including sustainability 

on it. Recent applications of artificial intelligence supporting the exploration and 

evaluation of multiple scenarios (an almost impossible task for a person given the 

number of possibilities) are very promising. 

 Manufacturing/production: It is the supply chain stage encompassing the highest 

number of papers. Many topics related to the manufacturing sector are addressed. 

First of all, the literature highlights the difficulties to integrate a well established 

managerial philosophy, as it is the Lean Six Sigma, and green practices. Barriers 

for the successful merge are identified, and some solutions, trends and models are 

suggested. In addition, specific key processes to improve the eco-friendliness of 

some sectors are analysed (for example, the catalysis on the pharmaceutical 

industry or the treatment of wastewater) and several cleaner production practices 

are identified. 

Regarding circularity, some recycling and remanufacturing practices have been 

identified in different sectors such as the automotive or the electronics, proving 

its environmental friendliness and profitability. 

Finally, Industry 4.0 technologies have been evaluated from an ecological point 

of view. How different digital technologies can facilitate the achievement of 

environmental goals has been demonstrated. However, they are normally not 

adopted with green purposes and the ecological benefits are the consequence of a 

higher goal. For example, the better usage of resources due to an improvement in 

efficiency, that aims to reduce costs. 

 Customer relationship management: This section has highlighted again the 

importance of the cooperation practices for the achievement of common goals. 
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Nevertheless, the concern is much higher in the relationships with the upstream 

part of the supply chain (as seen in the supplier relationship management section) 

than with the downstream part. 

Another important topic that has been studied is the role of the ecolabels, that have 

been evaluated from the producer’s point of view. The producer doesn’t see them 

anymore as an advantage but as an unsustainable cost. What used to be a 

differentiation advantage that provided access to new markets, nowadays has 

become a requirement just to enter in the market due to the common adoption of 

these labels. 

Moreover, the luxury industry analyses how second-hand markets and reuse of 

clothing are perceived in the different parts of the world. 

 Reverse logistics: The highest interest in this topic is given by the electronics 

industry. The e-waste generation is a global concern and particularly, in the last 

years, the literature is making an strong effort to develop sustainable models to 

manage the end-of-life of batteries coming from electric vehicles. The electric 

vehicle sector has exponentially grown, and there is a lack of facilities and 

infrastructures to manage the number of batteries that won’t be useful for mobility 

purposes in the following years. Collection strategies and possible reuse in 

stationary solutions have been analysed. 

Then, it has been analysed the possibility of applying digital tools that support 

multi-criteria decision making tasks in the creation of reverse logistics networks. 

Nevertheless, the importance of the relationships and cooperation willingness 

have been highlighted again as crucial enablers for a successful circular economy. 

 Product development: This last cluster of analysis has highlighted again the 

importance of collaboration practices and stakeholders’ engagement. The 

considerations of the different actors in the supply chain are crucial in the design 

phase, in order to minimize the environmental impact that the product will 

generate on its entire life cycle. Finally, in the pharmaceutical industry, Big Data 

and analytics are used to develop an application that helps in the sustainable 

development of new components for drugs. 

All the previous analyses have remarked two main factors influencing environmental 

sustainability in global value chains. First of all, the importance of the stakeholders’ 

engagement for the achievement of green purposes. Leading companies, managers from 

different levels of the supply chain and governments should cooperate in order to reach 

common goals. All these actors are in the same boat, and should row in the same direction. 

For this reason, it has been suggested to further analyse the willingness to promote 

changes with environmental goals. An evaluation of the different actors in different stages 

of the supply chain and their ability and intention to address ecology have been suggested. 

On the other hand, the low level of adoption of digital technologies has been highlighted. 

Their environmental benefits are clear, however, they are rarely directly applied to 

improve eco-friendliness. Specific actions have been suggested to deeply investigate the 

topic. Some examples are the development of supportive tools for multi-criteria decision 

making, not only in supplier evaluation and selection but also in other fields, and the 

connectivity and cloud computing for data sharing, aiming to facilitate cooperation 

practices.  



CHAPTER 1: INTRODUCTION 

11 

 

CHAPTER 1: INTRODUCTION 

Sustainable development has been widely discussed and is globally considered as an 

important issue. It has been defined as the ‘development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs’. 

According to the triple bottom line model, sustainability encompasses 3 main action 

frameworks: social, environmental and economic sustainability. Due to the increasing 

usage of resources caused by the global rising consumption of goods, this work focuses 

on the ecological part. The overconsumption of energy, water and other resources, as well 

as the management of the end-of-life of products have generated the necessity of 

sustainable development models. 

Particularly, Global Value Chains (GVC) have received increasing attention in the 

convergence between environmental sustainability and the Supply Chain (SC) 

management arena. This report aims to provide an up-to-date literature review regarding 

innovative solutions and new trends, proposed by different actors within the GVC and 

policy makers, aiming to tackle environmental issues. In such an innovative scenario, 

digital technologies might become a key enabler for the development of solutions. Their 

role, drivers and barriers, potential benefits and current applications are evaluated. 

Furthermore, globalization has increased the market competitiveness, and consequently, 

it has led many companies to search for the maximum cost reduction. This market 

pressure has generated a global outsourcing trend to emerging economies, typically 

characterized by their lower production costs. In addition, the lack of public awareness 

and less strict government ecological regulatory requirements of these countries could 

lead to a lower level of adoption of green practices. Because of the importance that 

emerging markets have gained in the GVC and their social and political environment, the 

report has set a special focus on these areas. 

Given the described scenario, this literature review analyses the main areas of study when 

dealing with environmental sustainability and how different industries apply innovative 

solutions with the aim of improving eco-friendliness. A more exhaustive evaluation is 

performed to determine the role of digital technologies and the differences between 

developing and developed countries. 

1.1. Theoretical background 

In order to better understand the content of the project, some basic concepts have to be 

previously introduced. 

Global value chains 

GVC describe the people and activities involved in the production of a good or service 

and its supply, distribution, and post-sales activities (also known as the supply chain) 

when activities must be coordinated across geographies. GVC encompass operations at 

the global level. 

The concept of a value chain has been used to analyse international trade in global value 

chains and comprises the full range of activities that are required to bring a product. From 
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its conception, through its design, its sourced raw materials and intermediate inputs, its 

marketing, its distribution and its support to the final consumer. 

Emerging market 

An emerging market (or an emerging country or an emerging economy) is a market that 

has some characteristics of a developed market, but does not fully meet its standards. This 

includes markets that may become developed markets in the future or were in the past. 

The economies of China and India are considered to be the largest emerging markets. 

Environmental sustainability and complementary concepts 

Environmental sustainability (ES) is the rates of renewable resource harvest, pollution 

creation, and non-renewable resource depletion that can be continued indefinitely. If they 

cannot be continued indefinitely, then they are not sustainable. To ensure a good 

understanding of this review, two key concepts of the ES area of study have to be 

previously introduced. 

 Greenhouse gas (GHG) emissions: A greenhouse gas is a gas that absorbs and 

emits radiant energy within the thermal infrared range. Greenhouse gases cause 

the greenhouse effect on planets. The primary greenhouse gases in Earth's 

atmosphere are water vapor (H2O), carbon dioxide (CO2), methane (CH4), nitrous 

oxide (N2O), and ozone (O3). Human activities since the beginning of the 

Industrial Revolution (around 1750) have produced a 45% increase in the 

atmospheric concentration of carbon dioxide, from 280 ppm in 1750 to 415 ppm 

in 2019. 

 Circular Economy (CE): A circular economy is an economic system aimed at 

eliminating waste by the continual use of resources. Circular systems employ 

reuse, sharing, repair, refurbishment, remanufacturing and recycling to create a 

closed-loop system, minimising the use of resource inputs and the creation of 

waste, pollution and carbon emissions. The circular economy aims to keep 

products, equipment and infrastructure in use for longer, thus improving the 

productivity of these resources. All "waste" should become "food" for another 

process: either a by-product or recovered resource for another industrial process 

or as regenerative resources for nature (e.g., compost). This regenerative approach 

is in contrast to the traditional linear economy, which has a "take, make, dispose" 

model of production. 

In addition, two managerial practices are strongly related to ES.  

 Lean Six Sigma: Lean Six Sigma is a method that relies on a collaborative team 

effort to improve performance by systematically removing waste and reducing 

variation. It combines lean manufacturing / lean enterprise and Six Sigma to 

eliminate the eight kinds of waste (muda): Defects, Over-Production, Waiting 

Time, Non-Utilized Talent, Transportation, Inventory, Motion, and Extra-

Processing. 

Lean Six Sigma not only reduces processes defects and waste, but also provides a 

framework for overall organizational culture change. By introducing Lean Six 

Sigma, the mindset of employees and managers change to one that focuses on 

growth and continuous improvement through processes optimization. This change 
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in culture and the mindset of an organization maximizes efficiency and increases 

profitability. In order to successfully implement Lean Six Sigma, a combination 

of tools from both lean manufacturing and Six Sigma must be used. Some of these 

tools include kaizen, value-stream mapping, line balancing, and visual 

management. 

 Supplier evaluation: Supplier evaluation and supplier appraisal are terms used in 

business and refer to the process of evaluating and approving potential suppliers 

by quantitative assessment. The aim of the process is to ensure a portfolio of best-

in-class suppliers. Supplier evaluation can also be applied to current suppliers in 

order to measure and monitor their performance for the purposes of ensuring 

contract compliance, reducing costs, mitigating risk or driving continuous 

improvement. Regarding ES, supplier evaluation is a powerful tool for the 

supplier selection and monitoring processes. 

Industry 4.0 and specific digital technologies 

The Fourth Industrial Revolution (or Industry 4.0) is the ongoing automation of 

traditional manufacturing and industrial practices, using modern smart technology. 

Large-scale Machine-to-Machine communication (M2M) and the Internet of Things 

(IoT) are integrated for increased automation, improved communication and self-

monitoring, and production of smart machines that can analyse and diagnose issues 

without the need for human intervention. The role of some specific technologies within 

Industry 4.0 are especially interesting for this work: 

 Big Data and analytics: Big data is a field that treats ways to analyse, 

systematically extract information from, or otherwise deal with data sets that are 

too large or complex to be dealt with by traditional data-processing application 

software. Big data challenges include capturing data, data storage, data analysis, 

search, sharing, transfer, visualization, querying, updating, information privacy 

and data source. When we handle big data, we may not sample but simply observe 

and track what happens. Therefore, big data often includes data with sizes that 

exceed the capacity of traditional software to process within an acceptable time 

and value. Current usage of the term big data tends to refer to the use of predictive 

analytics, user behaviour analytics, or certain other advanced data analytics 

methods that extract value from data. 

 Artificial Intelligence (AI): AI is intelligence demonstrated by machines, unlike 

the natural intelligence displayed by humans and animals. Leading AI textbooks 

define the field as the study of "intelligent agents": any device that perceives its 

environment and takes actions that maximize its chance of successfully achieving 

its goals. Colloquially, the term "artificial intelligence" is often used to describe 

machines (or computers) that mimic "cognitive" functions that humans associate 

with the human mind, such as "learning" and "problem solving". 

 Radio-frequency identification (RFID): RFID uses electromagnetic fields to 

automatically identify and track tags attached to objects. An RFID tag consists of 

a tiny radio transponder; a radio receiver and transmitter. When triggered by an 

electromagnetic interrogation pulse from a nearby RFID reader device, the tag 

transmits digital data, usually an identifying inventory number, back to the reader. 

This number can be used to track inventory goods. RFID tags are used in many 
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industries. For example, an RFID tag attached to an automobile during production 

can be used to track its progress through the assembly line; RFID-tagged 

pharmaceuticals can be tracked through warehouses; and implanting RFID 

microchips in livestock and pets enables positive identification of animals. 
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CHAPTER 2: METHODOLOGY 

The methodology followed to develop this literature review is based on the proposal of 

Snyder [1], who suggests a four-phase process to conduct the research. According to it, 

the steps of the review are: 1. Design (includes the definition of the topic, its scope, needs 

and the potential contribution). 2. Conduct (defines the search plan and the selection 

criteria). 3. Analysis (selection of the information needed and the documentation process). 

4. Structure and writing (clear communication of the motivation, needs, gaps in the 

literature, contribution and future research). 

2.1. Phase 1: Design 

The topic reviewed is the ES trends in GVC with a focus on emerging markets. Many 

reviews regarding this topic have been developed in the literature concerning a specific 

area, methodology or industry. However, none of them provides a general idea of the 

global situation considering 3 main dimensions: industry, geographical location and 

digital technologies. The differences between developing and developed countries and 

the key role that digital technologies may play enabling the adoption of greener practices 

are addressed. 

Given the wide perspective of the analysis, it has been decided to reduce the scope within 

the sustainability topic, focusing only on the environmental dimension. Nevertheless, 

even if the other two dimensions (social and economic) have not been directly considered, 

they can be used to support ideas due to the tight correlation among them, especially 

regarding the economic one. 

When it comes to the industry perspective, five of the main GVC have been selected as 

representative of the global situation. The selected sectors are: automotive, electronics, 

food (including agriculture and aquaculture), pharmaceutical & health care and textile, 

apparel & luxury.  

The potential audience of this review are academic researchers looking for a gap to be 

filled or further investigated, as well as public and private actors trying to understand the 

current situation in order to find initiatives that can be transferred or adapted to their 

specific area. 

2.2. Phase 2: Conduct 

The literature research has been done using as sources of information the science search 

engines Scopus by Elsevier and Google Scholar and the scientific social network 

ResearchGate. To measure the quality of the publications it has been used the SCImago 

Journal Rank (SJR). 

As a starting point for the identification process, only records written in English have 

been considered. Then, a comprehensive analysis of the status of the five industries, as 

well as interesting topics not related to any specific sector, has been done using the 

following list of key-words: Innovation, Trends, Solutions, Sustainability, Global Value 

Chains, Emerging markets, Developing countries, Green, Circular Economy, Industry 



CHAPTER 2: METHODOLOGY 

16 

 

4.0, Lean, Automotive, Electronics,  Food, Pharmaceutical, Chemistry, Textile, Apparel 

and Luxury. In addition, cross-reference snowballing and content analysis have been 

carried out. 

As shown in Figure 1, through this research a total amount of 110 records have been 

identified, after removing duplicates coming from different sources. 

 

Figure 1: Records selection process 

Before analysing in depth the selected papers, an additional elimination criteria have been 

considered. The quality of the journals has been taken into account. The SJR indicator 

has been used as a measure to check the quality of the publications, discarding those with 

a qualification worse than Q3. After the screening process 10 scientific papers have been 

eliminated. 
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Finally, the resulting 100 papers have been analysed more in detail. In this case, the 

elimination criteria have been: 

 As mentioned in the design phase, papers focusing on social and economic 

sustainability has been discarded. 

 Among the three dimensions (industry, geographical location and digital 

technologies) papers concerning only a specific industry or geographical location 

but none of the other two dimensions at the same time have not been included. 

Contrarily, some papers focusing only on a specific technology have been selected 

because of the difficulties in finding information on this dimension. Table 1 shows 

the resultant inclusion criteria. 

 Isolated records concerning industries or topics with low presence in the literature 

have been also discarded. 

 Specific industry Specific location 
Specific digital 

technology 

 x x x 

 x  x 

  x x 

 x x  

   x 
Table 1: Papers inclusion criteria considering the three dimensions 

After the eligibility process, the resulting papers’ database to be analysed include 66 

papers. 

2.3. Phase 3: Analysis 

Once finished the selection of the papers, a first classification concerning the main 

features of the documents has been done. It is shown in Table 2 and includes: Year of 

publication, journal/book name and quality (based on the SJR), title, authors’ names, 

methodology used and main topic addressed. 

Then, further analysis of the content of the records has been done. To understand how the 

extant literature addresses the 3 main dimensions on which this review focuses (industry, 

geographical location and digital technology), two identical matrixes have been designed. 

Both of them are structured in the same way: the dimensions industry and geographical 

location are the axes of the matrix, and the third dimension, digital technology, is written 

on each box and highlighted using a colour scale. The matrix has been duplicated in order 

to differentiate between developing and developed countries. Table 3 and Table 4 show 

the resultant matrixes of this analysis. 

Finally, two additional categories have been considered on the analysis, the SC stage on 

which the papers are centred and whether the papers are focused on the process or product 

improvement. These two categories have been analysed in combination with two of the 

starting dimensions, industry and geographical location respectively. The results of this 

last analysis can be seen in Figure 2, Figure 3 and Table 5. 
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2.4. Phase 4: Structure and writing 

The last phase is crucial to ensure clear communication of the motivation and need of the 

literature review. How the document is structured and written have to fit with the type of 

information provided and its level of detail. 

Furthermore, in this step the identification of gaps in the extant literature is done. Based 

on the results of the analytical step the main issues and deficiencies are pointed out, for 

example, low presence of one topic in the literature or the transferability of information 

and practices among different areas. So, the analysis lead to gaps identification as the 

main contribution of the research with the aim of clarify new areas that can be addressed 

in future researches. 

  



CHAPTER 3: LITERATURE REVIEW 

19 

 

CHAPTER 3: LITERATURE REVIEW 

In this chapter the evaluation of the content of the 66 selected papers has been explained. 

The analysis has been divided into three main sections: features of the papers, papers 

classification and main themes addressed. 

3.1. Features of the papers 

In order to have a general perspective of the records, they have been initially classified in 

Table 2. On it, the literature review has been contextualized through seven features: year 

of publication, name of the journal/book, quality of the journal, title of the document, 

authors, methodology used and main topic addressed. 

3.1.1. Year of publication 

The resultant selection of papers includes records published between 2010 and 2020. The 

freshness in the review has been evaluated grouping the publications into three main 

clusters. The first group includes the most recent papers, those published in the last 2 

years (2019 and 2020). The second cluster contains records published between 2016 and 

2018, and the last group all the rest, that has been published before. 

Analysing the number of papers included on each cluster it has been seen that 46 

publications have been done in the last two years, representing the 69.7% among the 

entire selection. Then, 15 out of the 66 papers have been published between three and 

five years ago, accounting for the 22.7% of them. And finally, only 5 publications that 

constitute the 7.6% are older than 5 years. Since the research aims to focus on innovation 

and trends, it is important to highlight the recentness of the papers. 

3.1.2. Type of document and quality 

All the selected records are scientific papers except in one case, which is a chapter of a 

book. Among the publishers, we can mainly identify 2 types of journals, international and 

scientific journals. 

Seven International journals compasses for the 11% of the publications and are included 

in the following list: International Journal of Life Cycle Assessment, International 

Journal of Technology Management, International Journal of Hydrogen Energy, 

International Journal of Sustainable Engineering, International Journal of Innovation 

and Learning, International Journal of Production Economics and Benchmarking: An 

international journal. 

On the other hand, the remaining 89% of the papers belongs to scientific journals, listed 

down below: ACS Sustainable Chemistry & Engineering, Agricultural and Food 

Economics, Applied geography, Business Strategy and the Environment, Chemsuschem, 

Clothing and Textiles Research Journal, Competition and Change, Current Opinion in 

Green and Sustainable Chemistry, Ecological Indicators, Energy Research and Social 

Science, Environmental Science and Policy, Environmental Science and Pollution 

Research, Expert Systems with Applications, Green Chemistry Letters and Reviews, 

Journal of Business Economics, Journal of Cleaner Production, Journal of Energy 

Storage, Journal of Engineered Fibers and Fabrics, Journal of Environment and 
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Development, Journal of Industrial Ecology, Journal of Open Innovation: Technology, 

Market, and Complexity, Marine Policy, Nature Sustainability, Open Agriculture 

Journal, Organometallics, Process Safety and Environmental Protection, Production 

Planning and Control, Regulation and Governance, Research Technology Management, 

Resources, Conservation and Recycling, Sustainability, Technological Forecasting & 

Social Change, Waste Management and Water Resources and Industry. As can be seen, 

the list is very extensive due to the wide range of journals addressing the topic. Such a 

high number of publishers focusing on the topic in recent years demonstrates the 

importance that environmental sustainability has gained globally. However, it has to be 

highlighted the large contribution of the Journal of Cleaner Production with 13 

publications and the Resources, Conservation and Recycling and Sustainability, 

contributing with 5 and 4 publications respectively. 

Finally, the quality of the journals has been also considered in the elimination criteria, 

ensuring a minimum Q3 quality in the selection according to the SJR. Among the number 

of papers, 47 of them belong to journals with a Q1 on the specific area of study, 

representing the 72% of the publications. The Q2 category includes 14 records, 

accounting for the 22% of the entire selection. The remaining 6% are the 4 papers with 

the lowest quality, Q3. As it has been shown, the journals selected are highly qualified. 

3.1.3. Methodology used 

Among the 66 selected papers, five different methodologies have been identified. The 

one with a higher presence is Case Study, including the 33% of the documents. Papers in 

this category analyse a specific topic through a real case of application of one or more 

companies or institutions. This first methodology is closely followed by General review 

which represents the 30% of the entire selection. This method is mainly used to evaluate 

the general situation through a review of the existant literature regarding a specific area 

of study. The next method is Survey, used in the 14% of the records. Through 

questionnaires, data about the opinions, practices and applications is collected (normally 

from companies) and further analysed. In other cases, through a Model development, the 

writer suggest a new tool, most of the times related to digital technologies, but also 

theoretical solutions. It represents the 12% of the papers. Finally, the 11% of the papers 

use an Analytical model in order to study data collected applying statistics. 

3.1.4. General topics addressed 

According to the research subject, five general topics are addressed in the literature. They 

are mentioned in the following list together with the percentage of the selected papers that 

focus on each one of them: Operations and Emissions 27.3%, Circular economy 15.2%, 

Technology 25.8%, Governance and Business Model 22.7% and Drivers/Barriers and 

Policy 9.1%. As it can be seen the division is well balanced, demonstrating a complete 

coverage of the area of study.
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REF. 

Nº YEAR JOURNAL / BOOK 

JOURNAL’S 

QUALITY TITLE AUTHORS METHODOLOGY MAIN TOPIC 

[2] 2010 
Journal of Cleaner 

Production 
Q1 

Integration of artificial neural network and MADA 

methods for green supplier selection 
Kuo, et al. 

Model 

development 
Technology 

[3] 2012 

Clothing and 

Textiles Research 

Journal 

Q2 
Challenges and Solutions of Sustainable Apparel Product 

Development: A Case Study of Eileen Fisher 
Curwen, et al. Case study 

Governance / 

Business model 

[4] 2013 

Business Strategy 

and the 

Environment 

Q1 

Environmental requirements, knowledge sharing and 

green innovation: Empirical evidence from the electronics 

industry in China 

Wong 
Model 

development 

Governance / 

Business model 

[5] 2013 

Leading 

Pharmaceutical 

Operational 

Excellence (Chapter 

10) 

Book 
Lean in Novartis Pharma : Sustainability Through a Five 

Step Deployment Methodology 

Dreamer & 

Niewiarowski 
Case study 

 

 

Operations and 

Emissions 

[6] 2015 
Competition and 

Change 
Q1 

Environmental upgrading of apparel firms in global value 

chains: Evidence from Sri Lanka 
Khattak, et al. Case study 

Governance / 

Business model 

[7] 2016 

Journal of Open 

Innovation: 

Technology, 

Market, and 

Complexity 

Q1 
Configuring an alliance portfolio for eco-friendly 

innovation in the car industry: Hyundai and Toyota 

Jeong & 

Ko 
Analytical model 

Governance / 

Business model 

[8] 2016 
Journal of Cleaner 

Production 
Q1 

Automotive printed circuit boards recycling: An 

economic analysis 

Cucchiella, et 

al. 
Analytical model 

Circular 

Economy 

[9] 2016 

Benchmarking: An 

international 

journal 

Q2 
Benchmarking green chemistry adoption by “big pharma” 

and generics manufacturers 

Veleva & 

Cue Jr 
General review 

Drivers/Barriers 

and Policy 

[10] 2016 
Ecological 

Indicators 
Q1 

A fuzzy multi-objective optimization model for 

sustainable reverse logistics network design 
Govindan, et al. 

Model 

development 
Technology 
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[11] 2016 
Journal of Cleaner 

Production 
Q1 

Factors impacting on cleaner production : case studies of 

Chinese pharmaceutical manufacturers in Tianjin , China 

Li & 

Hamblin 
Case study 

Operations and 

Emissions 

[12] 2017 

Resources, 

Conservation and 

Recycling 

Q1 
 E-waste: An overview on generation , collection , 

legislation and recycling practices 
Kumar, et al. General review 

Circular 

Economy 

[13] 2017 

Production 

Planning and 

Control 

Q1 

Implementation of Lean Six Sigma framework with 

environmental considerations in an Indian automotive 

component manufacturing firm: a case study 

Ben, et al. Case study 
Operations and 

Emissions 

[14] 2018 

Resources, 

Conservation and 

Recycling 

Q1 
Perspectives on reuse of WEEE in China: Lessons from 

the EU 
Lu, et al. General review 

Circular 

Economy 

[15] 2018 
Journal of Industrial 

Ecology 
Q1 

India’s E-waste rules and their impact on E-waste 

management practices a case study 

Bhaskar & 

Turaga 
Case study 

Circular 

Economy 

[16] 2018 

Resources, 

Conservation and 

Recycling 

Q1 

Profitability and environmental friendliness of a closed-

loop supply chain for PET components: A case study of 

the Mexican automobile market 

Chavez & 

Sharma 
Case study 

Circular 

Economy 

[17] 2018 
Journal of Energy 

Storage 
Q2 

Life Cycle Assessment of repurposed electric vehicle 

batteries: an adapted method based on modelling energy 

flow 

Bobba, et al. Case study 
Circular 

Economy 

[18] 2018 

Research 

Technology 

Management 

Q2 

Smart Factory Implementation and Process Innovation: A 

Preliminary Maturity Model for Leveraging Digitalization 

in Manufacturing 

Sjödin, et al. Case study Technology 

[19] 2018 

ACS Sustainable 

Chemistry & 

Engineering 

Q1 
Benchmarking Green Chemistry Adoption by the Global 

Pharmaceutical Supply Chain 
Veleva, et al. Survey 

Drivers/Barriers 

and Policy 

[20] 2018 

Green Chemistry 

Letters and 

Reviews 

Q3 
Benchmarking green chemistry adoption by the Indian 

pharmaceutical supply chain 
Veleva, et al. Survey 

Drivers/Barriers 

and Policy 

[21] 2018 

Process Safety and 

Environmental 

Protection 

Q1 
Pharma Industry 4.0: Literature review and research 

opportunities in sustainable pharmaceutical supply chains 
Ding General review Technology 
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[22] 2019 
Journal of Cleaner 

Production 
Q1 

Cleaner Production in the textile industry and its 

relationship to sustainable development goals 
Cardoso, et al. Case study 

Operations and 

Emissions 

[23] 2019 Sustainability Q2 
Environmental Upgrading and Suppliers’ Agency in the 

Leather Global Value Chain 

De Marchi & 

Di Maria 
Case study 

Governance / 

Business model 

[24] 2019 Sustainability Q2 
Sustainability Benefits of RFID Technology in the 

Apparel Industry 
Denuwara, et al. General review Technology 

[25] 2019 

Production 

Planning and 

Control 

Q1 
Green and lean: a Gemba–Kaizen model for sustainability 

enhancement 
Cherrafi, et al. Case study 

Operations and 

Emissions 

[26] 2019 

Current Opinion in 

Green and 

Sustainable 

Chemistry 

Q1 
The role of drivers, barriers, and opportunities of green 

chemistry adoption in the major world markets 

Veleva & 

Cue Jr 
General review 

Drivers/Barriers 

and Policy 

[27] 2019 

ACS Sustainable 

Chemistry & 

Engineering 

Q1 

A Green Chemistry Continuum for a Robust and 

Sustainable Active Pharmaceutical Ingredient Supply 

Chain 

Koenig, et al. General review 
Governance / 

Business model 

[28] 2019 Organometallics Q1 
A Pharmaceutical Industry Perspective on Sustainable 

Metal Catalysis 
Hayler, et al. General review 

Operations and 

Emissions 

[29] 2019 

International 

Journal of 

Innovation and 

Learning 

Q3 

Effects of business model innovation on corporate 

sustainability: intervening role of organisational learning 

and strategic flexibility 

Simha Vihari Analytical model 
Governance / 

Business model 

[30] 2019 
Nature 

Sustainability 
Q1 

The PMI Predictor app to enable green-by-design 

chemical synthesis 
Borovika, et al. 

Model 

development 
Technology 

[31] 2019 

Resources, 

Conservation and 

Recycling 

Q1 

A holonic framework for managing the sustainable supply 

chain in emerging economies with smart connected 

metabolism 

Martín-gómez, 

et al. 

Model 

development 
Technology 

[32] 2020 

Environmental 

Science and 

Pollution Research 

Q2 
A comprehensive analysis of e-waste legislation 

worldwide 

Patil & 

Ramakrishna 
General review 

Drivers/Barriers 

and Policy 
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[33] 2020 
Expert Systems 

with Applications 
Q1 

Construction of partner selection criteria in sustainable 

supply chains: A systematic optimization model 
Wu, et al. 

Model 

development 
Technology 

[34] 2020 Marine Policy Q1 

A comparison of environmental and economic 

sustainability across seafood and livestock product value 

chains 

Tsakiridis, et al. Analytical model 
Operations and 

Emissions 

[35] 2020 

Journal of 

Environment and 

Development 

Q1 
Potential Development Contribution of Fisheries Reform: 

Evidence From Pakistan 

Kaczan & 

Patil 
Case study 

Governance / 

Business model 

[36] 2020 Marine Policy Q1 

Producer perceptions of the incentives and challenges of 

adopting ecolabels in the European finfish aquaculture 

industry: A Q-methodology approach 

Chikudza, et al. Survey 
Governance / 

Business model 

[37] 2020 
Agricultural and 

Food Economics 
Q2 

Exploring institutional arrangements for local fish product 

labelling in Tuscany (Italy): a convention theory 

perspective 

Prosperi, et al. Survey 
Governance / 

Business model 

[38] 2020 
Regulation and 

Governance 
Q1 

Governing sustainable palm oil supply : Disconnects, 

complementarities , and antagonisms between state 

regulations and private standards 

Pacheco, et al. General review 
Governance / 

Business model 

[39] 2020 Applied geography Q1 

Reducing deforestation through value chain interventions 

in countries emerging from conflict : The case of the 

Colombian cocoa sector 

Castro-Nunez, 

et al. 
Case study 

Governance / 

Business model 

[40] 2020 
Open Agriculture 

Journal 
Q3 

Agriculture 4.0: The Role of Innovative Smart 

Technologies Towards Sustainable Farm Management 

Arvanitis & 

Symeonaki 
General review Technology 

[41] 2020 Sustainability Q2 

Trends in the Fashion Industry. The Perception of 

Sustainability and Circular Economy: A 

Gender/Generation Quantitative Approach 

Gazzola, et al. Survey 
Circular 

Economy 

[42] 2020 
Environmental 

Science and Policy 
Q1 

Collaboration practices in the fashion industry: 

Environmentally sustainable innovations in the value 

chain 

Villa, et al. Case study 
Governance / 

Business model 

[43] 2020 

Journal of 

Engineered Fibers 

and Fabrics 

Q3 
Assessing the implementation of Cleaner Production and 

company sizes: Survey in textile companies 
Cardoso, et al. Survey 

Operations and 

Emissions 
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[44] 2020 
Journal of Cleaner 

Production 
Q1 

Evaluation of economic, environmental and operational 

performance of the adoption of cleaner production: 

Survey in large textile industries 

Ferreira, et al. Survey 
Operations and 

Emissions 

[45] 2020 
Journal of Cleaner 

Production 
Q1 

Sustainable production using a resource-energy-water 

nexus for the Pakistani textile industry 
Abbas, et al. Case study 

Operations and 

Emissions 

[46] 2020 

Technological 

Forecasting & 

Social Change 

Q1 

The use of biotechnologies in textile processing and 

environmental sustainability : An emerging market 

context 

Rahman, et al. General review 
Operations and 

Emissions 

[47] 2020 Sustainability Q2 

Towards Sustainable Textile and Apparel Industry: 

Exploring the Role of Business Intelligence Systems in 

the Era of Industry 4.0 

Ahmad, et al. Survey Technology 

[48] 2020 

International 

Journal of Life 

Cycle Assessment 

Q1 
Prospective sustainability assessment: the case of wood in 

automotive applications 

Mair-

Bauernfeind, et 

al. 

Analytical model 
Operations and 

Emissions 

[49] 2020 

International 

Journal of 

Technology 

Management 

Q2 
Analysing the structure of bioplastic knowledge networks 

in the automotive industry 

Jeong & 

Ko 
Analytical model 

Governance / 

Business model 

[50] 2020 

International 

Journal of 

Hydrogen Energy 

Q2 
Charging Chinese future: the roadmap of China's policy 

for new energy automotive industry 
Li General review 

Drivers/Barriers 

and Policy 

[51] 2020 Waste Management Q1 
Current status and perspectives on recycling of end-of-life 

battery of electric vehicle in Korea (Republic of) 

Choi & 

Rhee 
General review 

Circular 

Economy 

[52] 2020 
Energy Research 

and Social Science 
Q1 

Beyond the EVent horizon: Battery waste, recycling, and 

sustainability in the United Kingdom electric vehicle 

transition 

Skeete, et al. General review 
Circular 

Economy 

[53] 2020 

Resources, 

Conservation and 

Recycling 

Q1 

Spatial modeling of a second-use strategy for electric 

vehicle batteries to improve disaster resilience and 

circular economy 

Moore, et al. Case study 
Circular 

Economy 

[54] 2020 
Journal of Business 

Economics 
Q2 

Integrating site-specific environmental impact assessment 

in supplier selection: exemplary application to steel 

procurement 

Schiessl, et al. Case study 
Operations and 

Emissions 
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[55] 2020 

International 

Journal of 

Sustainable 

Engineering 

Q1 

Modelling the interrelationship between factors for 

adoption of sustainable lean manufacturing: a business 

case from the Indian automobile industry 

Kumar, et al. Case study 
Operations and 

Emissions 

[56] 2020 
Journal of Industrial 

Ecology 
Q1 

Potentials of big data for corporate environmental 

management: A case study from the German automotive 

industry 

Beier, et al. Survey Technology 

[57] 2020 
Journal of Cleaner 

Production 
Q1 

A framework to overcome sustainable supply chain 

challenges through solution measures of industry 4.0 and 

circular economy: An automotive case 

Yadav, et al. Case study Technology 

[58] 2020 Chemsuschem Q1 
A Glimpse into Green Chemistry Practices in the 

Pharmaceutical Industry 
Sharma, et al. General review 

Operations and 

Emissions 

[59] 2020 

Current Opinion in 

Green and 

Sustainable 

Chemistry 

Q2 
Pharmaceutical industry perspectives on flow 

chemocatalysis and biocatalysis 
Martin, et al. General review 

Operations and 

Emissions 

[60] 2020 
Water Resources 

and Industry 
Q1 

Water efficiency and safe re-use of different grades of 

water - Topical issues for the pharmaceutical industry 
Strade, et al. General review 

Operations and 

Emissions 

[61] 2020 
Journal of Cleaner 

Production 
Q1 

Green lean operationalisation of the circular economy 

concept on production shop floor level 
Kurdve, et al. Case study 

Operations and 

Emissions 

[62] 2020 
Journal of Cleaner 

Production 
Q1 

Collection disruption management and channel 

coordination in a socially concerned closed-loop supply 

chain : A game theory approach 

Hosseini-

Motlagh, et al. 
Case study 

Governance / 

Business model 

[63] 2020 
Journal of Cleaner 

Production 
Q1 

A literature review on circular economy adoption in the 

manufacturing sector 

Acerbi &  

Taisch 
General review Technology 

[64] 2020 
Journal of Cleaner 

Production 
Q1 

Approaches for supporting sustainable supplier selection 

- A literature review 

Batista 

Schramm, et al. 
General review Technology 

[65] 2020 
Journal of Cleaner 

Production 
Q1 

An integrated model for selecting suppliers on the basis of 

sustainability innovation 
Badri, et al. 

Model 

development 
Technology 
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[66] 2020 

International 

Journal of 

Production 

Economics 

Q1 

Barriers to the adoption of industry 4.0 technologies in the 

manufacturing sector: An inter-country comparative 

perspective 

Raj, et al. 
Model 

development 
Technology 

[67] 2020 
Journal of Cleaner 

Production 
Q1 

The integrated effect of Big Data Analytics, Lean Six 

Sigma and Green Manufacturing on the environmental 

performance of manufacturing companies: The case of 

North Africa 

Belhadi, et al. Analytical model Technology 

Table 2: Features of the selected papers 
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3.2. Classification of the papers 

To better understand the content and set up the basis for a further analysis, the selected 

papers seen in Table 2 have been classified according to two main approaches. 

 The first one is the classification through the three main dimensions considered 

for this literature review: industry, geographical location and digital technology. 

The 66 selected papers have been classified in a matrix in which the axes are the 

industry and the geographical location, and the third dimension (digital 

technologies) has been specified inside of the different quadrants of the grid. 

In addition, the matrix has been duplicated in order to consider separately 

developing and developed countries. This segregation allows to identify possible 

similarities and differences and provides the research with an extra focus on 

emerging markets.  

The matrix that includes developing countries is shown in Table 3 and it includes 

the following geographical areas and countries: North America (Mexico), South 

America (Brazil and Colombia), Africa (North African countries), Middle East 

(Iran), South Asia (India, Pakistan, Bangladesh and Sri Lanka), Southeast Asia 

(Malaysia and Indonesia) and East Asia (China and Taiwan). An additional 

category called Cross-country has been considered for those papers addressing 

multiple developing countries, even if comparing them also with developed 

countries. 

On the other hand, Table 4 shows the matrix for the developed countries, formed 

by: North America (USA), Europe (Denmark, Italy, Ireland, Germany, Greece, 

Norway, Poland, Spain, the UK, the Netherlands, Latvia, Sweden and 

Switzerland) and East Asia (Japan and South Korea). Like in the previous matrix, 

an additional cluster named Global includes the papers that don’t treat emerging 

markets nor specify a developed country. It is important to notice that the 

geographical areas North America and East Asia appear in both matrixes. It 

happens because in these two areas papers addressing interesting topics have been 

identified in developing and developed countries. 

The matrix of developing countries includes 39 papers, the 59% of the overall, 

while the developed countries one contain the other 27. These numbers show 

again the balance on the selected papers but also remark a higher focus on 

emerging markets. 

Additionally to this classification and to further study the geographical dimension, 

another driver has been evaluated. Whether the paper focuses on process, product 

development or in both of them together has been analysed in Figure 2. 

 The second main classification is another matrix, shown in Table 5. It includes 

the 66 papers and, differently from the two previous matrixes, it changes the 

geographical dimension from one axis for the SC stage in which the paper is 

focused on. This second clustering has been mainly developed in order to establish 

a structured big picture to further review the themes addressed in the papers in 

section 3.3. 
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AUTOMOTIVE (6) ELECTRONICS (6) FOOD (3) 

PHARMACEUTICAL 

& HEALTH CARE 

(11) 

TEXTILE, APPAREL 

& LUXURY (10) 

NO SPECIFIC 

INDUSTRY (3) 

NORTH AMERICA 

(Mexico)  (1) 
No technology [16]      

SOUTH AMERICA (4)   No technology [39]  
No technology 

[22][42][43]  
 

MIDDLE EAST (3)    

Decision-making 

software [10] 

No technology [62] 

 
Decision-making 

software [65] 

SOUTH ASIA (9) No technology [13][55] No technology [15] No technology [35] No technology [20][29] No technology [6][45] Industry 4.0 [66] 

SOUTHEAST ASIA (1)   No technology [38]    

EAST ASIA (China 

and Taiwan) (6) 
No technology [50] 

Artificial Intelligence 

[2][33]  

No technology [4][14] 

 No technology [11]   

AFRICA (1)      
Big Data / Analytics 

[67] 

CROSS-COUNTRY 

(including emerging 

markets) (14) 

Industry 4.0 [18] 

No technology [25] 
No technology [32]  

Industry 4.0 [21]  

No technology 

[9][19][26][27][58] 

RFID [24] 

Industry 4.0 [47] 

No technology 

[41][44][46]  

 

Table 3: 3 dimensions (industry – geographical location – digital technology) classification for developing countries 
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AUTOMOTIVE (11) ELECTRONICS (1) FOOD (4) 

PHARMACEUTICAL 

& HEALTH CARE (6) 

TEXTILE, APPAREL 

& LUXURY (2) 

NO SPECIFIC 

INDUSTRY (3) 

NORTH AMERICA 

(USA)  (1) 
    No technology [3]  

EUROPE (15) 

Big Data / Analytics 

[56] 

No technology 

[17][48][52][53][54] 

 
No technology 

[34][36][37] 

No technology 

[5][60][61]  
No technology [23] Industry 4.0 [31] 

EAST ASIA (Japan 

and South Korea) (3) 

No technology 

[49][7][51] 
     

GLOBAL (9) 
Industry 4.0 [57] 

No technology [8] 
No technology [12] Industry 4.0 [40] 

Big Data / Analytics 

[30] 

No technology [28][59] 

 

Decision-making 

software [64] 

Industry 4.0 [63] 

Table 4: 3 dimensions (industry – geographical location – digital technology) classification for developed countries
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The first similarity to highlight from the matrixes (Table 3 and Table 4) is the 

technological presence. In developing countries, only 10 out of the 39 papers included 

concern a digital technology while, in the developed ones, just 7 of the 27 papers. In both 

cases the proportion is the same, lower than 26%. In GVC, that during the last decades 

have suffered a tremendous digital revolution, it is remarkable the low application of 

digital technologies to face environmentally sustainable challenges. Technologies such as 

Big Data, RFID or Artificial Intelligence among others included in the Industry 4.0 have 

set the fourth industrial revolution, impacting all the stages of the SC. However, as it has 

been demonstrated, there are still little insights and these technologies have a long way 

to go when the aim is to improve environmental sustainability instead of productivity and 

effectiveness. 

The most remarkable difference is within the electronics industry. All the papers focus in 

a reduced group of countries from Asia (China, Taiwan and India) except for two papers 

that make a multi-country comparison on e-waste management and legislation. The 

consumption of this industry is widely expanded all around the world, and that is the 

reason why e-waste management is a global concern. Nevertheless, the level of expertise 

combined with the production low cost has led to a centralization of the manufacturing 

base in very specific areas, with China as the clear dominant of the market. 

A similar trend can be identified in the textile, apparel and luxury industry. Its supplier 

base and manufacturing firms are strongly established in emerging markets due to the low 

production costs. Brazil, Pakistan and Sri Lanka are the main contributors in the literature 

with cases on these specific locations, but also many multi-country comparisons have 

been developed including mainly developing countries from Asia. 

As mentioned before, an additional factor has been considered for the analysis, whether 

the focus of the paper is on product or process improvement or in both of them. All the 

industries have been evaluated together and only the geographical area has been 

considered for the evaluation. 

 

Figure 2: Papers addressing product improvement, process improvement or both in the different geographical areas 
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Figure 2 clearly shows how the focus on process improvement is widely extended while 

product concern is mainly addressed by the developed countries. Two main geographical 

areas appear to be deeply analysed when doing this assumption, East Asia and South 

America, normally considered as developing areas. Among the four cases in East Asia, 

two of them are in Japan and South Korea, supporting the hypothesis. The remaining four 

exceptions, two cases in East Asia and the two cases in South America, are in China and 

Brazil. Even if both countries cannot yet be considered as developed they are two of the 

most advanced among the emerging economies. From this analysis based on Figure 3, it 

can be deduced that there is a relationship between the level of development of the 

countries and their focus on the adoption of environmental sustainability practices 

considering process, product development or both of them. While developed countries try 

to go a step ahead including the product as a key element to support the improvement on 

ES, in most of the cases in emerging economies the aim for the adoption of ES practices 

is only to accomplish with the respective legislation or to improve the process efficiency. 

Many times the acquisition of greener practices is only driven by the possibility of cost 

reduction through more efficient usage of the resources and so, to maintain and or even 

improve the competitive advantage. In conclusion, developed countries are starting to 

consider ES as an important factor to achieve competitive advantage through 

differentiation, adding value to their products and at the same time improving ecological 

aspects. 

As mentioned at the beginning of this section, the second main analysis has the difference 

that considers the SC stage to which the paper is addressed instead of the geographical 

location. Seven main phases of the SC have been considered, Supply Chain Management, 

Procurement, Supplier Relationship Management, Manufacturing/Production, Customer 

Relationship Management, Reverse Logistics and Product Development. Those papers 

involving more than one SC stage have been included in the cluster that best fits with 

their content and purpose. In Table 5 the resultant classification of the 66 papers is shown 

and establishes the framework to further analyse the content of the papers in section 3.3. 

It is important to notice the difference in the contribution to the literature among the 

different phases. Figure 3 represents the percentage of papers focusing on each stage of 

the SC. 

Three of them stand out among the others: 

 Manufacturing / Production: Includes almost the 37% of the entire selection of 

papers. The adoption of cleaner production practices is being pushed by 

legislations all around the world, consumer’s preferences and leading companies. 

Producers do not have any other possibility than becoming greener due to the high 

pressure suffered from their stakeholders. 

 Supplier Relationship Management: Leading companies from the different sectors 

are key actors driving the transformation into greener SCs. They do not only have 

clear strategies to become eco-friendlier but also to ensure that their stakeholders 

follow their philosophy. For this reason, supplier relationship management and 

the necessary tools to evaluate companies’ ES during the suppliers’ selection 

process have become essential. In the literature there is a clear focus on it, 

accounting for nearly the 17% of the selected papers. 
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 Supply Chain Management: As mentioned before, the focus is not only to convert 

companies but to transform the entire SC into a more sustainable system. The 

literature has a clear focus on supply chain management with almost the 20% of 

the papers addressing this topic. Collaboration practices, knowledge-sharing and 

stakeholders’ engagement are seen as preconditions to become a green SC. 

 

Figure 3: SC stages presence in the selected papers 

Manufacturing / 
Production

36,4%

Supply Chain 
Management 19,7%

Supplier 
Relationship 

Management 16,7%

Reverse Logistics
10,6%

Product 
development 7,6%

Customer 
Relationship 

Management 6,1%

Procurement 3,0%



CHAPTER 3: LITERATURE REVIEW 

34 

 

 

AUTOMOTIVE (17) ELECTRONICS (7) FOOD (7) 

PHARMACEUTICAL 

& HEALTH CARE 

(17) 

TEXTILE, APPAREL 

& LUXURY (12) 

NO SPECIFIC 

INDUSTRY (6) 

SUPPLY CHAIN 

MANAGEMENT (13) 

Industry 4.0 [57] 

No technology [50] 
No technology [32] No technology [38] 

Industry 4.0 [21] 

No technology 

[9][19][20][26] 

RFID [24] 

Industry 4.0 [47] 
Industry 4.0 [31][66] 

PROCUREMENT (2)   No technology [35][39]    

SUPPLIER 

RELATIONSHIP 

MANAGEMNT (11) 

No technology 

[7][49][54] 

Artificial Intelligence 

[2][33]  
 No technology [27][29] No technology [6][23] 

Decision-making 

software [64][65] 

MANUFACTURING / 

PRODUCTION (24) 

Big Data / Analytics 

[56] 

Industry 4.0 [18] 

No technology 

[8][13][16][25][55] 

No technology [12] 
Industry 4.0 [40] 

No technology [34] 

No technology 

[5][11][28][58][59] 

[60][61] 

No technology 

[22][43][44][45][46]  

 

Industry 4.0 [63] 

Big Data / Analytics 

[67] 

CUSTOMER 

RELATIONSHIP 

MANAGEMENT (4) 

 No technology No technology [36][37] No technology [62] No technology [41]  

 REVERSE 

LOGISTICS (7) 

No technology 

[17][51][52][53] 
No technology [14][15]  

Decision-making 

software [10] 
  

PRODUCT 

DEVELOPMENT (5) 
No technology [48] No technology [4]   

Big Data / Analytics 

[30] 
No technology [3][42]  

Table 5: Papers classification regarding SC stage – Industry – Digital technology
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3.3. Main themes addressed 

In order to highlight the main contributions in the literature, and according to the previous 

classification shown in Table 5, the structure followed to deeply analyse the content is 

through evaluating the trends in the different stages of the SC. On each of them, the 

different contributions from the literature are studied, as well as where the focus is. 

3.3.1. Supply Chain Management 

As it has been explained before the single company focus is obsolete when dealing with 

GVC. ES has become a global concern and high pressures have emerged intending to 

push the different actors along the entire SC to adapt such complex systems to the 

environmental requirements. 

The main contributor to this topic within the pharmaceutical sector are Veleva et al. 

[9][19][20][26], that evaluate the SC of the industry from different perspectives. The two 

main players of the sector are analysed, innovative companies and generics providers [9]. 

Innovative companies (multinational companies including Pfizer, Novartis, Roche and 

Merck) are those ones investing in R&D, creating new drugs and launching patents. 

Generics providers are those making copies of drugs upon expiration of their patents and 

are typically cheaper since they do not invest in drugs discovery and development. The 

main drivers and barriers for the adoption of Green Chemistry (GC) are analysed as well 

as the level of adoption of both players. The paper concludes that innovative 

pharmaceutical companies, given their innovative approach, clearly show a higher degree 

of GC adoption than generic producers. These two big players are both sourced by Active 

Pharmaceutical Ingredients (API) producers. These suppliers are analysed and compared 

with generics providers within the Indian market [20]. The results of the analysis 

demonstrate the lower level of adoption of green practices when moving up-stream in the 

SC. However, both generics providers and API produces need more education, technical 

and financial assistance, regulatory mandates and customer demand for “greener” drugs, 

to make further progress. The willingness and proactivity in the transformation into a 

more sustainable industry fall when moving from innovative companies to generics 

providers (mainly driven by the regulations and reputation but also by cost reduction) to 

API producers (to which the most important factor is cost-saving). Through a survey 

including 34 different actors of the industry (including big innovators, generic providers, 

API producers and smaller R&D pharma) the previously mentioned statements 

identifying cost-saving and environmental regulations as the main drivers for the adoption 

of GC are confirmed, and time pressures to deliver new drugs and regulatory risk are 

identified as the top two barriers [19]. In addition, the lower level of adoption of GC in 

emerging economies such as China and India (where the pharmaceutical industry is 

widely extended) is highlighted, and advise that it can become a greater problem due to 

the increasing trend of outsourcing to these low-cost countries [26]. Currently, in these 

countries, the production cost of APIs is 30–50% lower than in the USA and Europe. 

China is the leader in APIs supply, providing about 75% of the global requirement, 

whereas India mostly supplies finished (generics) products, providing about 20% of the 

worldwide demand. Apart from providing APIs and generics, both India and China are 

leading suppliers of fine chemicals and drug intermediates, and are also destinations for 

contract research [58]. The final conclusion of these papers is the need in the 
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pharmaceutical industry to increase stakeholders’ pressure in order to push harder for a 

greener SC. Recent initiatives supporting green chemistry have arisen, however, a global 

harmonized regulatory system and metrics, greater customer awareness and demand for 

eco-friendlier solutions are the main actions proposed in the literature to improve ES in 

this sector. 

As can be seen in the pharmaceutical industry policy may be a driver for the ES. 

Regarding the automotive and transportation sector, Li use China as an example for other 

developing countries of how to use policy to support the entrance of the New Energy 

Vehicle (NEV) sector [50]. Reviewing four “Five-year plan” periods (2001 to 2020) for 

developing China's NEV industry, three phases are identified. The first step is to build 

open incentive regulations including tax exemptions, project grants, government-oriented 

purchase for public transportation updating, and attractive monetary subsidies. The 

second phase is to deploy infrastructure including charging stations and isolated power 

stations accompanied by expanding the NEV market. In the third step, policies revert to 

a more efficient way to foster a healthier electric vehicle industry, emphasizing more on 

the connections between subsidy, market access and technology promotion. It is 

demonstrated that intense government intervention is necessary at the starting stage of a 

new industry. A delicate balance between government intervention and market self-

adjustment should be intensified by suitable policies. 

Due to the growing demand trend of electronic devices, a global concern for e-waste 

management has emerged. Patil and Ramakrishna [32] compare the legislation regarding 

e-waste management all around the world (that mainly include restrictions on e-waste 

import/export, Extended Producer Responsibility (EPR) and regulations for recycling 

specific categories of e-waste) in order to develop a general model compatible with both 

developed and developing countries. Finally, the article proposes a generic e-waste 

management model which implementation for Europe, China, India, Japan, South Korea, 

Taiwan, and Australia is illustrated. The purpose of the model is to help in the adjustment 

of policies to local conditions. Again as it has been seen in other industries the authors 

criticise countries that still do not have legislation regarding this field and highlight that 

it is crucial for controlling the global transboundary movement and crude processing of 

e-waste. 

The consideration of regulations for the governance of GVC is also considered in the food 

industry. Pacheco et al. [38] address the management of the palm oil supply to find 

opportunities for more effective governance. The paper explores disconnects, 

complementarities and antagonisms between public regulations and private standards. It 

is highlighted the complexity of the system governing the global palm oil value chain and 

the authors emphasize three major performance issues that challenge the effectiveness of 

this regime complex: land conflicts, yield gaps, and carbon emissions. Despite progress, 

these issues have proven to be intractable, and continue to undermine the sustainability 

and inclusivity of the sector. 

The textile and apparel industry in contrast to the previous ones changes the focus to 

improve SC sustainability through the adoption of digital technologies. Ahmad et al. [47] 

explore how the integration of Business Intelligence Systems (BIS) with Industry 4.0 

technologies (RFID, Big Data, robotics, cloud technology, augmented reality, virtual 
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mirrors, artificial intelligence, machine learning and 3D printing) can solve sustainability 

issues. The paper highlights that high-end companies in developed countries are advanced 

in the adoption of these technologies and are enjoying market leadership due to the need 

for fewer employees while having ecological benefits. Aligned with the previous case, 

Denuwara et al. [24] explore the positive environmental impact as a consequence of the 

process improvement by adopting RFID. The paper identifies two main benefits (waste 

reduction and increased recycling) along the different stages of the entire SC. Examples 

of environmental benefits from real cases of companies are given, such as the 

improvement of the efficiency, accuracy, and safety of fiber recycling, the enhancement 

of the inventory accuracy or the reduction of product loss by 50% by reducing processing 

times. 

Despite their economic and environmental benefits, as it has been seen in the textile, 

apparel and luxury industry, only a few companies are applying digital technologies in 

the manufacturing sector. Intending to understand it, many authors focus on studying the 

reasons for such a low level of adoption. The first ones are Raj et al. [66] that identify 15 

barriers to the adoption of Industry 4.0 in the manufacturing sector. Applying a Grey 

Decision-Making Trial and Evaluation Laboratory (DEMATEL) approach the authors 

evaluate the barriers in both, developed and developing economies. The paper concludes 

that improvements in standards and government regulation could facilitate the adoption 

of Industry 4.0 technologies in the case of developing countries, whereas technological 

infrastructure is needed to promote the adoption of these technologies in developed 

countries. A similar conclusion is given by Yadav et al. [57] after identifying 28 

challenges for the adoption and 22 possible solutions. The authors recognise the difficulty 

in adopting all the 22 measures at the same time and though a case study, they set 

importance and priorities. As previously announced, the paper concludes highlighting 

again the importance of the governments supporting the adoption of Industry 4.0 

technologies combined with circularity, in order to reinforce sustainability. According to 

the authors, it's necessary to develop programs and regulations to push companies to adopt 

these technologies. Finally, an additional inhibitor for the integration of Industry 4.0 in 

the different stages of the SC is remarked in the pharmaceutical industry. Analysing 

enablers and inhibitors, Ding [21] emphasize cooperation principles as a key barrier. 

Since the manufacturing information is sensitive, companies would not tend to share 

private information with their stakeholders. 

Despite the difficult scenario described and the different barriers identified, Martín-

Gomez et al. [31] propose a cyber-physical holonic framework for multiscale and 

multilevel Adaptive and Integrated Sustainable Supply Chain Management (AISSCM). 

The tool creates relationships based on circular economy principles, enabled by Industry 

4.0 technologies. 

3.3.2. Procurement 

The increasing global population has led to higher demand in many sectors. The major 

difficulties and managerial challenges have arisen within the food industry since the 

natural resources that can be devoted to food production are limited. In this case, the 

literature focuses its efforts mainly in developing business models to ensure the 

sustainable usage of natural resources, to avoid overproduction and deforestation 

problems. 
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Kaczan and Patil [35] tackle the problem of fisheries in Pakistan. The country expects an 

important growth on the demand for the next years and the authors try to prepare a 

sustainable bioeconomic model before facing the problems existing in Bangladesh and 

India, where the overproduction is driving to unsustainability. A similar topic is treated 

by Castro-Nunez et al. [39], addressing the deforestation problem. The cocoa sector in 

Colombia is widely pointed out as one of the sources of the problem and by using this 

case of study, the paper criticises this direct association between commodities production 

with the deforestation problem, demonstrating that there is not a direct association among 

them. The study suggests a change in the approaches to reduce deforestation with locally 

adapted measures and collaboration among actors within the value chain. 

3.3.3. Supplier Relationship Management 

As it has been explained before, companies are not responsible anymore only about their 

environmental performance but as a part of an entire SC. Hence, in the process of 

converting GVC into more environmentally friendly systems, Supplier Relationship 

Management (SRM) plays a key role. 

In the complex system of the pharmaceutical industry, the possible interactions between 

its different parts are seen as an opportunity to improve the ES through knowledge 

sharing. It is explored by Koenig et al. [27] that explain the complexity of the 

pharmaceutical SC and how it has become more diffuse due to the business pressure. 

However, this expansion of the global footprint shared between pharma companies and 

two additional players, Contract Research Organizations (CRO) and Contract 

Development and Manufacturing Organizations (CDMOs) (suppliers as they are API 

producers, and researchers at the same time), has also unveiled some opportunities to 

share green chemistry philosophies, tools, and techniques. 

This topic is widely addressed and the textile industry in developing countries is not an 

exception, as well as in Europe within the luxury sector. Through a case study in Sri 

Lanka, Khattak at al. [6] explain the role of two key players, leading companies and 

suppliers. Lead companies should encourage local suppliers for the adoption of 

sustainable measures and inform of the standards and certificates, as well as the training 

and transmission of knowledge needed. On the other hand, suppliers need to be prepared 

for it with sufficient capabilities (technological and to assimilate the knowledge shared) 

and strategic intent. In the high-end sector of the leather, De Marchi and Di Maria [23] 

analyse the key role of suppliers in the process of environmental upgrading through a case 

study in Italy. They highlight the ES innovations of the tanneries, important players for 

the leather GVC that has been commonly seen as mere producers. 

The important role of the leading companies is also studied in the automotive sector. The 

different strategies in supplier relationship management and its connection with the 

environmental performance are analysed by Jeong and Ko, evaluating two of the main 

car brands from Japan, Toyota and Hyundai. By an examination of the patents that each 

company owns (focusing on eco-innovation) is demonstrated that Toyota, investing much 

more in R&D, launch more patents with environmental purposes than Hyundai. This 

investment is supported by the partnership and alliance strategy of Toyota with its 

suppliers, highlighted as more beneficial than the collaboration strategy of its competitor. 

For these two reasons, Toyota has an advantage in order to achieve greener technologies 
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and knowledge against Hyundai [7]. This assumption is supported by Simha Vihri [29] 

that prove how business model innovation, organizational learning, strategic flexibility 

and environmental dynamism are linked, and how all of them influence directly or 

indirectly on corporate sustainability. Despite the advantage of Toyota, both companies 

have set ES as a corporate management priority and are aware of the importance of 

knowledge flows between organisations. An example in the bioplastics field is presented 

[49]. These two automotive companies have a virtuous circle in bioplastic technology. 

They internalise outside knowledge through strategic collaboration and then disseminate 

this knowledge. 

Once again in SRM is demonstrated the importance that literature is giving to cooperation 

in GVC in order to achieve a common goal, as it is ES. The other main theme addressed 

in the supplier relationship management is the supplier evaluation within the selection 

process. The automotive industry remarks the contribution to the greenhouse gas 

emissions (mostly CO2) of the production processes of the different tiers in its SC. For 

this reason, Sciessl et al. [54] suggest to add to the supplier selection framework not only 

cost and quality but also GHG emissions as a decision factor. The authors define a model 

in order to evaluate the CO2 emissions on the production processes of the suppliers. 

The suppliers’ evaluation process can become extremely complex when adding extra 

factors as they can be the environmental ones. As a result, Multi-Criteria Decision Making 

(MCDM) methods have been applied to help in such a difficult task. Batista et al. [64] 

review different approaches for supporting sustainable selection of suppliers, identifying 

15 different methods. An example of a MCDM method is developed by Badri et al. [65] 

considering sustainable innovation in the selection process. The model is based on the 

combination of a Best Worst Method (BWM) and a modified Preference Ranking 

Organization Method for Enrichment of Evaluations (PROMETHEE). Nevertheless, 

advances in Artificial Intelligence (AI) have enabled the development of more powerful 

tools in this field in the electronics sector. The first appearance found in the literature of 

AI is from 2010, when Kuo et al. [2] combined the artificial neural network (an AI 

technique) with two multi-attribute decision analysis methods, creating a hybrid method. 

Then, in 2020, Wu et al. [33] developed a tool based on genetic algorithms, more precisely 

in the NSGAII, to help in the partner selection criteria in sustainable supply chains. The 

tool considers different factors simultaneously, what has been proved impossible for a 

person due to limitations in terms of evaluating resources and efficient decision making. 

3.3.4. Manufacturing / Production 

The manufacturing phase is the core of the SC and at the same time where the 

environmental impact generated is highest. That is the reason why the literature mostly 

focuses on this stage, devoting to it the 36% of the total amount of the selected papers. 

Many specific topics are addressed in this section such as Cleaner Production (CP) 

practices, emissions, recycling and Industry 4.0. 

The starting point to review this SC stage is the transition into greener factories. One of 

its biggest challenge is the aim to integrate green into the well-known philosophies Lean 

Manufacturing and Six Sigma. This task is mainly faced by two of the most typical 

industries classified as Lean SCs, the automotive and the pharmaceutical industries. The 

problem is studied by Cherrafi et al. [25] that highlight the difficulties in integrating green 
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and lean. The authors propose a model based on the Gemba-Kaizen approach to reduce 

the consumption of resources and improve environmental performance. The model is 

validated through two different cases, one in a developed country (USA) and the other in 

an emerging one (Morocco). A different model is also presented by one of the main 

pharmaceutical companies in the world. In Chapter 10 of their book [5], Dreamer and 

Niewiarowski explain the 5 steps deployment methodology used by Novartis to merge 

lean and green. Process efficiency and waste reduction are the results of its application. 

Given the difficulties to integrate these two approaches, Kumar et al. [55], though a case 

study in the automotive industry in India, identify 15 Critical Success Factors (CSF) for 

the implementation of sustainable Lean Management. The paper not only recognizes the 

15 CSF but also the relationships among them, clearly shown in a flow chart in Figure 5 

of the paper. More examples of successful implementations in this field can be found in 

the literature. Ben R. et al. [13] using another case study in the automotive sector in India 

quantify the results of the integration of environmental considerations into Lean Six 

Sigma, providing some numbers of the improvement achieved. Finally, Kurdve and 

Bellgran [61] introduce the last tool identified in this field, the Green Performance Map 

(GPM). The GPM combines Lean and CE with consequent environmental benefits. In the 

paper eight industrial examples applying this tool are presented. 

However, not only greening Lean Manufacturing and Six Sigma allows improving the 

environmental impact of the factories. Some processes play a key role in the adoption of 

CP practices. 

Within the pharmaceutical industry, the catalysis process draws attention due to its 

intense use for drugs processing. The first paper addressing this topic is written by Hayler 

et al. [28] that consider the potential of metal-catalysis to greatly enhance the 

sustainability of the pharmaceutical products. This process will lead to shorter and more 

efficient synthetic routes and more direct access to single stereoisomeric products. 

Differently, Sharma et al. [58] consider the possibility of introducing greener inputs in 

the catalysis (the so-called biocatalysis). The introduction of green solvents in this key 

process to obtain new chemical entities and APIs may improve the environmental impact. 

Focusing again in the process itself, Martin Leemans et al. [59] evaluate alternatives to 

conventional batch processing. Particularly, flow processing may enable the 

intensification of chemocatalytic and biocatalytic. However, none of them is yet available 

for large production if flow processing (pilot-scale and early-stage respectively). 

The water intense consumption nature of the pharmaceutical processes has led companies 

to evaluate the possibility of integrating on-side a WasteWater Treatment Plant (WWTP).  

Strade et al. [60] evaluate in Latvia the environmental and economic sustainability from 

the synergies between manufacturing facilities and on-side WWTP. The other sector 

addressing water consumption together with energy and resources, due to the nature of 

its processes, is the textile industry. Abbas et al. [45] analyses the linkages between these 

three factors: resources, energy and water. Though a case study in Pakistan and 

considering cotton as the resource, the authors demonstrate the dual correlation of these 

3 factors (all of them interdependent). The paper describes the importance of the 

uncertainty on the availability and demand of the 3 factors and how they affect the others. 
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One of the main authors addressing the CP topic in the textile industry is Cardoso [22][43] 

[44]. On three papers collaborating with many other scholars, they initially measure the 

impact of the adoption of CP practices on operational, environmental and economic 

performance in large textile industries. Analysing companies across the world, they 

define 6 environmental performance indicators targeting different aspects of ES [44]. 

Then, they define 31 CP practices that according to the writers can be brought to any 

other industry, and relate their adoption to the size of the company (small/medium/large) 

[43]. Finally though a case study in Brazil, Cardoso et al. associate the economic and 

environmental benefits of the 31 CP practices previously defined with the Sustainable 

Development Goals (SDG). The analysis shows that CP practices contribute mainly to 

the achievement of the SDG 9, 12 and 15. 

The use of biotechnologies in textile processing, that consume less water and energy, is 

considered by Rahman et al. [46]. Drivers and barriers for the adoption in emerging 

markets are identified, and the weak legislation regarding environmental protection and 

the fear to lose their competitive advantage (low-cost production) are highlighted. 

However, as Li and Hamblin [11] prove by using a case study in the Chinese 

pharmaceutical industry, legislation is not the only driver for the adoption of CP. Even if 

ISO14001 is pushing in the adoption of CP, regulations alone are not enough. Companies 

also need to have the right culture, which can drive to more effective adoption of CP. 

Regarding the food industry, an evaluation of the GHG emissions is developed in Ireland, 

where both livestock and seafood are important industries. The study of Tsakiridis et al. 

[34] evaluate the contribution of each stage of the SC in terms of GHG emissions by 

applying an input-output model to 5 cases of livestock and 2 cases of seafood. The study 

concludes that even if most of the value is generated in the processing stage of the value 

chain, the emissions are generally higher in primary production. 

The next topic to be reviewed is recycling. ES has changed the perception of SCs from a 

linear to a circular perspective, in which reverse flows of materials and information are 

as important as the forward ones. In this new scenario, remanufacturing and recycling 

processes play a crucial role. Chavez and Sharma [16] evaluate the environmental 

friendliness and profitability of a Closed-Loop Supply Chain (CLSC) in Mexico for 

recycling PET (a kind of plastic) components. The analysis provides pieces of evidence 

of the environmental and economic benefits for the automotive industry in an emerging 

economy as it Mexico. The study considers not only the number of recyclable vehicles 

needed to make the CLSC profitable, but also the political and legal situation of the 

country and the technological capabilities. 

Apart from the previous case, the main target of the topic in the literature are electronic 

components. They are not only studied by their own industry, but also by the automotive 

industry due to increasing amount of these components that cars contain. Kumar et al. 

[12] review the overall situation of e-waste, analysing generation (demonstrating that the 

amount of e-waste generated is directly correlated with the GDP of the country), 

collection, legislation and recycling practices. Is in this last part of the paper, where the 

authors explain the different recycling technologies, dividing them into two groups. Pre-

processing, such as dismantling, shredding/comminution and mechanical separation/ 

enrichment, and end-processing, including pyro-metallurgy, hydro-metallurgy and bio-
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metallurgy. Examples of successful and profitable recovery processes can be found in the 

literature as it is in the case of Cucchiella et al. [8] that prove it for printed circuit boards 

of vehicles. 

The last topic addressed in the manufacturing stage is the adoption of digital technologies 

to tackle environmental sustainability. In the agrifood sector, Industry 4.0 has a growing 

impact. Arvanitis and Symeonaki [40] review the application of technologies such as 

cyber-physical systems, cloud computing, artificial intelligence, machine learning or Big 

Data and analytics. The paper explains how new technologies have been introduced in 

agriculture and the possibilities that it opens in terms of sustainability. Efficiency, 

effectiveness and better natural resources usage are the main benefits of it. All these 

positive aspects are explained by examples like the introduction of the internet of things, 

using sensors in the ground to gather data of many factors such as temperature or 

humidity. Another example is the introduction of autonomous systems and agricultural 

robots, able to make functions such as sow a field in a completely independent way. 

The automotive industry also analyses the potential environmental benefits of applying 

Industry 4.0 into the manufacturing phase. Sjödin et al. [18] evaluate the conversion into 

smart factories, creating a list of eight challenges to be faced that is shown in the Table 2 

of the paper.  However, through the analysis of 5 factories (three in Sweden, one in 

Germany and the last one in Brazil) the authors prove the positive impact on 

environmental sustainability through process efficiency and reduction of waste and 

company footprint. 

Considering the challenge previously studied of integrating green manufacturing with 

Lean and Six Sigma, Belhadi et al. [67] add Big Data and analytics to solve the difficulties 

and achieve higher environmental performance. Through a study of 201 North African 

companies, the findings confirm the direct influence of Big Data on ES and how it 

improves the initiatives on Lean Six Sigma and green manufacturing while managing 

environmental issues. Another study developed in Germany by Beier et al. [56] evaluate 

the environmental benefits from the application of Big Data in five different automotive 

factories in the country. Five main areas of improvement are identified: improved creation 

of life cycle analysis, measurement of energy consumption and increase in energy 

efficiency, measurement and reduction of emissions, measurement and reduction of water 

consumption and improved waste management. However, the paper concludes that 

despite the pieces of evidence previously explained, Big Data is not something directly 

considered on corporate environmental management. 

3.3.5. Customer Relationship Management 

The importance that literature gives to relationships between members of the SC when 

addressing sustainability is clearly lower when focusing on the down-stream part. 

Nevertheless, some interesting topics can be found. 

Following the cooperation topic, already widely analysed, Hosseini-Motlagh et al. [62] 

present a coordinated plan between members of the SC to deal with uncertainty and 

prevent disruption in the operations. The authors define an analytical scenario-based 

coordination model between a manufacturer and two different retailers, intending to 

neutralize conflicts of interests in a competitive environment. As mentioned before, the 
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paper proves the increased adaptability to disruption while enhancing economic, 

environmental and social sustainability. 

A different topic is addressed by the European markets in the food industry, concretely 

by the aquaculture market. In developed countries the use of an eco-labelling system to 

ensure traceability and sustainability of seafood products is widely extended. Through a 

quantitative analysis, Chikudza et al. [36] study the current situation of this trend from 

the producers' point of view. Ecolabels are seen by producers as a high-cost certification, 

due to the need for investment, audits and surveys among others, difficultly covered by 

their economic benefits. What used to provide a premium price and access to new markets 

for producers, with the current generalization is changing and becoming standards. Eco-

labelling is not seen as an economically sustainable long-term solution since the 

competitive advantage will not continue for more than 5-10 years. In addition to the 

adverse situation, the lack of a global standardized label carries extra costs. Some 

companies need to comply with more than one label because their different customers 

have different preferences, increasing the number of standards to accomplish and audit. 

Global ecolabels represent a way to access GVC, required in exportation to many 

countries and retailers, however, the adverse conditions for their adoption are pushing to 

compete locally instead of globally. Prosperi et al. [37] use a survey in Tuscany (Italy) to 

remark the benefits against difficulties on adapting regional eco-labelling to reach local 

markets, again from the farmer/producer’s point of view. The authors defend in this case 

that it is not only a way to reach retailers but also of providing the final customer with 

traceability of the product, informing who is the farmer and demonstrating its local 

production and proximity. 

Finally, the luxury industry evaluates CE, specifically reuse, in such a high-end sector 

analysing how second-hand markets are seen in different countries around the world. 

According to Gazzola et al. [41], the main factor influencing how customers understand 

second-hand markets is the economic situation, but it also depends on the different 

perceptions between generations. For example, some emerging countries such as the 

Philippines and India have closed the imports of second-hand clothes to protect the local 

economy. Contrarily, Sub-Saharan countries receive 25% of global second-hand clothes. 

In Western countries, the second-hand fashion market is a niche in which customers are 

mainly poor people. There is a very small percentage of people who just buy used items 

because they believe in CE as a real sustainable practice. The authors conclude 

highlighting the importance of consumer perception, and remark the importance that 

generation Z is giving to sustainability when buying. This growing concern among the 

youngest generations is pushing companies to become greener. 

3.3.6. Reverse Logistics 

CE has a key role in the journey to more sustainable GVC. One of the main enablers for 

the achievement of an efficient and successful CE is reverse logistics. Closed loops 

through reverse flows of materials allow the adoption of environmentally friendly 

practices such as recycling, reuse or remanufacture. 

In the electronics industry, given the long period of degradation of many materials used 

and that some of them are scarce or hazardous for the environment, this topic generates a 

deep interest. In order to face the problem, the first issue to evaluate is the ability of the 
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countries to collect the Waste of Electrical and Electronic Equipment (WEEE), also called 

e-waste, and the regulatory framework around it. Lu et al. [14] analyse the current 

situation in China, comparing it with the European Union (EU). The paper compares 

policies and practices for reuse in China and the EU, giving some numbers of tonnes of 

reused components in the last years and the level of reusability of different types of 

equipments. In China, the policies need to be made more systematic like those of the EU 

and specific for the Chinese challenges. In line with this previous paper, Bhaskar and 

Turaga [15] explain the extended producer responsibility for e-waste in India. EPR 

regulation force producers to take action, however, the recycling and collection system is 

not adequate for the customers in e-waste formal collection centres. Effective regulations 

and facilities for the collection and subsequent reuse of e-waste still need to be developed, 

especially in emerging markets. 

However, the topic has arisen during the last years even with higher force within the 

automotive industry. With the extremely rapid growing market of Electric Vehicles (EV) 

a sustainable solution for the lithium-ion batteries (LIBs) that these cars incorporate has 

become an urgent need. Skeete et al. [52] analyse the situation in the United Kingdom 

(UK) where the estimated stockpile of obsolete LIBs will be between 70185 and 106446 

units by 2025 considering different scenarios. The most worrying is the exponential 

growth trend of it, increasing from 20000 (the amount of obsolete LIBs generated from 

2011 to 2020) to the previously commented numbers in only 4 years (2021 to 2025) (see 

Fig.5 of the paper). There is a lack of infrastructure to manage the expected waste 

generated by 2025 and the problem has started to be faced by a regulatory framework in 

the UK and Europe. However, there is a need for an international regulation due to the 

global characteristics of the main stakeholders in the automotive SC. The problem is also 

studied by Choi and Rhee [51] in South Korea, defending the global need to define a plan 

for recycling batteries from EVs. In Korea, the new collection scheme for the 

management of end-of-life LIBs of EV is by applying the same EPR system currently 

used to manage the primary batteries in internal combustion engine vehicles. The positive 

aspect is the ease to collect the LIBs because end-users cannot replace them (as it has 

been done with the new smartphones, in which the battery is not accessible). The authors 

purpose to set up an international committee for the recycling of end-of-life batteries of 

EV as a new initiative in the Basel Convention. 

Nevertheless, when LIBs of EV become obsolete for dynamic purposes, they still can 

have a long way to run with stationary aims. As mentioned by Moore et al. [53] after their 

first use in an EV, LIBs are expected to retain 70%−80% of their original energy storage 

capacity. Because of that, the most suitable solution is to reuse the batteries in alternative 

systems that need stationary energy storage systems. In this case, the authors suggest a 

second-life of LIBs to create a back-up energy storage system. It can become a preventive 

measure for risk management, ensuring energy availability for critical infrastructures, 

such as emergency traffic signals. This solution will contribute to energy resilience, 

disaster relief, and resource efficiency. A different solution is suggested by Bobba et al. 

[17], explaining that one of the most promising second-life possibilities is combining 

these batteries with renewable energy production systems. In this case, is demonstrated 

the positive impact of the combination with a photo-voltaic building system. In addition, 

the authors discuss the stages to be included in the Life Cycle Analysis (LCA) of the 

LIBs, considering their second-life use, and suggest a LCA model. 
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As it has been seen reverse logistics is a crucial area of study to ensure ES and it should 

be applied not only for e-waste. For this reason, Govindan et al. [10] develop a Multi-

Criteria Decision Making model to create a reverse logistic network. By applying digital 

technologies the authors are capable to consider several scenarios that would be 

completely impossible to evaluate for a person.  

Finally, as it has been seen in many of the previous SC stages, cooperation is crucial, and 

even more when dealing with a process involving more than one actor as usually happens 

in reverse logistics. Villa et al. [42] evaluate the importance of the cooperation and 

stakeholders’ engagement in a case within the luxury industry in the creation of a reverse 

logistics chain. 

3.3.7. Product development 

As mentioned in section 3.2 sustainability is starting not only to focus on the process but 

also on the product. This proactive approach to deal with ES consist in considering it from 

the very first stage of the product development, when the product itself is designed. The 

decisions taken in this first phase are an important determinant for the future 

environmental impact that will be generated in all the processes involved during the 

product lifecycle. Following with the topic and the analysis of the last paper, Villa et al. 

[42] also prove though a second case the effectivity of collaboration practices into new 

product development. In addition, in the apparel industry, Curwen et al. [3] in 2012 

addressed this topic highlighting the importance of the interactions between the design 

team and the upstream supply chain. Again in this paper knowledge-sharing and matching 

core values between the company and its supply chain partners are seen as crucial factors 

for ES. In the case of study, the company was reorganized to create a cross-functional 

eco-team and the supply chain communication was restructured. Apart from this paper, 

an analysis based on the Chinese electronics industry developed by Wong [4] also 

provides pieces of evidence of the importance of knowledge-sharing. Exploring the 

determinants of green innovation from 203 eco-friendly innovation projects the paper 

identify the links between green requirements and green innovation success, and 

establishes that knowledge sharing and green process innovation may be the points where 

leverage can be applied to best secure product innovation success. 

Also in the automotive industry product innovation to enhance ES is being tackled by 

Mair-Bauernfeind et al. [48]. The paper studies and demonstrate though a life cycle 

sustainability analysis the advantages of wood-based materials and the potential lower 

environmental impact they could have as compared with other materials such as steel. 

From a completely different perspective, in the pharmaceutical sector, Borovika et al. 

[30] apply digital technologies such as Big Data and Analytics to develop a predictive 

tool (the ‘PMI Predictor’ app) to enhance sustainability in the first phases of the product 

development. The paper explains a ‘Green-by-design’ approach to help in the selection 

of molecules for the synthesis and route the development, assisted by predictive analytics 

and historical data.  
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CHAPTER 4:  DISCUSSION OF KEY ISSUES 

The literature review carried out in the previous chapter has shown some interesting 

insights. Two main topics arise as potential drivers to improve ES, however, they are not 

being successfully implemented: the stakeholders’ engagement and the presence of digital 

technologies. 

First of all, there is the stakeholders’ engagement to drive GVC into more environmental 

friendly systems. SCs are complex systems formed by many actors and, the alignment of 

all of them is crucial for the achievement of ES goals. Three main factors have been 

identified for the successful transformation into greener GVC: the important role of the 

managers within the companies forming the SC, the knowledge-sharing and cooperation 

practices and the importance of governments and public institutions to establish an 

adequate regulatory framework. 

Managers from firms not only have to focus on internal objectives but they have to expand 

the boundaries of their business to an entire SC perspective. It is crucial for ES purposes 

that top managers create the right culture in their company, adding sustainability as one 

of the pillars for the long term business success. Through this internal philosophy, the 

company should encourage the development of cooperation programmes with other 

firms, either from different phases of the SC (suppliers or customers in B2B) or acting on 

the same SC stage. Such programmes enhance the knowledge-sharing, and consequently 

the innovation and improvement capabilities in terms of ES. In addition, even if many 

times firms are willing to adopt these practices, some barriers difficult it, as the 

investment needed or the lack of capabilities and infrastructures. Governments and public 

institutions have to be seen as key actors to push for the adoption of green practices and 

overcome these barriers, finding the right balance between incentives and regulations. 

Incentives, such as tax reductions or construction of infrastructures and facilities, support 

the decision of carrying out measures to become eco-friendlier while strong policies have 

to be developed to forbid or punish those actions in the opposite direction. 

Finally, the lower attention to the relationships with the down-stream part of the SC when 

addressing sustainability has to be highlighted. It can be easily demonstrated looking at 

the number of papers classified into Supplier Relationship Management (11) and 

Customer Relationship Management (4) in Table 5. This happens because the output of a 

given company is directly influenced by the previous players in the SC and, if something 

goes wrong, the company is affected by the errors of the others. Contrarily, when a 

mistake happens in the following phases of the SC, the problem only affects those actors 

in the subsequent stages. For this reason, leading companies and well-known brands, that 

are normally in the last stage of the GVC (some examples can be Coca-Cola, Apple or 

Volkswagen), are partly responsible for the entire SC and have to be the ones leading the 

transition into more sustainable systems. 

The second remarkable observation is the low presence of digital technologies directly 

addressing sustainability. Even if technological advances such as Industry 4.0 

technologies have disrupted the manufacturing sector, they mainly focus on efficiency 

and effectiveness improvement. It is clear that process efficiency directly entails on better 

usage of resources, and consequently on ES improvements. However, even if the 
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literature has proved in several occasions the environmental benefits of the usage of 

digital technologies, there are few examples in which the main objective of the adoption 

of technology is eco-friendliness and not a consequence of a higher purpose. 

4.1. Research gap 

According to the previous insights, two main gaps have been identified through this 

literature review. 

On the one hand, the level of consciousness-raising on ES of the managers in the different 

levels of the SC. It is quite clear that leading and large companies from all the sectors, 

which brands are well-known and their image is very sensitive to maintain customer 

willingness to buy, have included sustainability on their strategic business plan. However, 

when it comes to less known firms as generics providers, smaller actors or suppliers of 

suppliers it seems that generally, ES lose importance. In these cases, the adoption of green 

practices is only motivated by cost reduction or by policy mandatories. 

Further research regarding the ES consciousness-raising along the entire supply chain is 

missing in the literature. This topic has been partially addressed in the pharmaceutical 

industry, evaluating mainly three actors: innovative companies, generics providers and 

API producers. However, it doesn’t include the entire SC. For the rest of the sectors, this 

kind of analysis is completely missing, as well as a global evaluation with a cross-industry 

comparison. 

On the other hand, the possibility to extend the usage of digital technologies to improve 

ES comes to light. Analysing Table 5 it can be understood that technologies are starting 

to appear homogeneously on all the different sectors and managerial areas, even if 

representing only around the 25% of the selected papers. Nevertheless, in some cases the 

literature does not provide specific measures or applications but analyse the potential 

benefits of the adoption. In many other cases, as mentioned before, the environmental 

benefits are the consequence of a primary purpose of specific measures. Applications of 

new technologies in many SC stages are messing in some industries, and even more, if 

considering them with ES as the main target. 

4.2. Future research suggestions 

In order to fill the gaps identified, possible future research areas are suggested. 

Regarding the key role of the managers on the transition into greener GVC, the level of 

consciousness-raising should be evaluated. It is suggested to analyse the willingness of 

the managers within the companies of different industries and SC levels to promote eco-

friendly changes. A comparison between different supply tiers, different companies in the 

same SC stage or different firm sizes is suggested. 

When it comes to the application of digital technologies directly addressing ES, the 

proposed topics for further investigation are: 

 AI supporting MCDM processes: Software supporting multiple scenarios 

evaluation in the supplier selection process have been presented. In addition, AI 

has enhanced the possibilities in this field. It is suggested to further investigate 
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applications of AI in different fields involving complex decision-making 

processes, such as creating logistics networks (forward and reverse). 

 Cloud computing and connectivity supporting data sharing. Digital technologies 

can facilitate cooperation practices. Not only supporting real-time data sharing 

(such as production or stock levels) with performance improvement purposes, but 

also data and knowledge-sharing for innovation. 
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CHAPTER 5: CONCLUSIONS 

This literature review has been developed in order to evaluate the extant literature 

concerning innovative trends in global value chains addressing environmental 

sustainability. A focus on emerging markets has been given to the work, aiming to 

identify possible differences, levels of application or lack of capabilities when compared 

with developed areas. The topic has been selected due to the rise in global consumption 

and the consequent intensive demand for global resources, as well as the outsourcing 

trend into emerging markets. The need for effective solutions in terms of environmental 

sustainability has become a global concern. 

Innovation is a complex area strongly influenced by many drivers and barriers, and this 

issue is even higher when innovation has environmental purposes. Factors such as 

business strategy, policies, governmental incentives and technological advances play a 

crucial role in the development of green solutions. 

In this scenario, three main dimensions have been considered aiming to identify 

differences, trends and improvement opportunities: the industry, the geographical 

location and the digital technologies. 

 Five industries have been selected as representative of global value chains: 

automotive, electronics, food, pharmaceutical & health care and textile, apparel 

& luxury. 

 The country and geographical area of application of the studies have been 

considered in order to evaluate potential differences between developing and 

developed countries. 

 The role of new technologies such as AI, Big Data and analytics, Robotics, IoT 

or RFID among other digital advances have been evaluated as potential drivers 

for green innovation. 

In this work 66 papers have been studied in three different phases: features of the papers, 

classification and main themes addressed. 

In the first phase, the main characteristics of the records have been analysed. A 

remarkable aspect of this very first evaluation is the recentness of the papers selected for 

the review. The 70% of them have been published during the last two years and less than 

the 8% are older than five years. It is a crucial factor when evaluating trends and 

innovation. Regarding the quality of the publications, the 72% of them have a 

qualification of Q1 according to the SJR and all of them have at least a Q3. It has to be 

highlighted the contribution of the scientific journal named Journal of Cleaner 

Production with 13 publications. In this first stage, two more characteristics have been 

analysed: the methodology used in the paper (case study, general review, survey, model 

development and analytical model) and the general topic addressed (operations and 

emissions, circular economy, technology, governance and business model and 

drivers/barriers and policy), identifying in both of them 5 different clusters. These two 

classifications of the papers demonstrate a homogeneous presence in terms of 

methodology, as well as for the topics, ensuring a complete representation of the area of 

study. 
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In the second stage a further classification based on the content and areas of function of 

the papers has been done. Two main classifications have been performed. 

 The first one mainly aims to identify differences between developed and 

developing countries. To do it, a matrix industry-geographical area with a 

distinction for those papers addressing digital technologies have been used. The 

matrix has been duplicated for each kind of countries in order to facilitate the 

evaluation. The resultant study shows that the number of selected papers 

addressing ES is slightly higher in emerging economies (39 against 27), 

supporting the previously mentioned focus of the study on these countries. 

However, contrary to the expectations, the percentage of papers merging ES and 

digital technologies is the same in both cases. 

The main difference identified when comparing developed and developing 

countries appears when analysing their focus on product, process development or 

both of them. In this case, developed countries clearly show that are a step forward 

addressing eco-friendliness by also considering the product on it. 

 The second classification is based on a matrix SC stage-industry and again 

differentiating the presence of digital technologies. In this case, the literature 

clearly shows the manufacturing phase as the dominant area of study, focusing 

the attention of the 37% of the papers. The production stage is widely addressed 

in the literature due to its close connection with the ES, however, supply chain 

management and supplier relationship management are also identified as key 

areas of analysis. 

Finally, in the last stage, further analysis of the main themes addressed in the selected 

papers has shown two main interesting insights. First of all, the importance of the 

stakeholders’ engagement to support green initiatives. The important role of 

governments, public institutions or leading companies is considered, but even more 

important is the key role of the managers supporting cooperative practices aiming to 

improve ES, a common concern for the entire SC. The second remarkable aspect is the 

low level of applications of digital technologies with ES as a primary objective. Many 

studies analyse the drivers and barriers or the potential benefits of applying these 

technologies for improving eco-friendliness. However, few of them suggest real 

applications with sustainability as its main goal and not as a consequence of another 

purpose. 

As a result of this work, it has been evidenced that environmental sustainability in global 

value chains still has a long way to run. Two main areas of improvement have been 

identified: the development of the right business culture and cooperation practices to work 

for a common plan for the SC and the application of digital technologies to enhance 

environmental results. Finally, specific future research lines have been suggested for the 

identified areas of improvement. 
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