
Abstract
Sustainable Operations Management (SOM) practices must include coordinating, integrating, and directing activities both inside 
and outside organisational boundaries in order to achieve the desired economic, social and environmental goals. The aim of this 
article is to use exploratory factor analysis (EFA) to determine whether or not there is a consistent set of factors underlying each 
of Ethiopia’s largest manufacturing firms’ SOM dimensions. We primarily defined SOM practices through a literature review. We 
looked for the most popular subjects in this field and took care to cover operations in all phases that occur in the product life 
cycle, from conception to the procurement of raw materials to the management of production processes and supply chains. The 
measurement items indicators for SOM practices were then summarised based on earlier validated studies and in accordance 
with the literature review. A total of 223 operations managers from large manufacturing companies in Ethiopia participated in 
a paper survey. In this paper, a literature review and an EFA were used to illustrate the fundamental SOM practices and their 
corresponding measurement items, respectively.
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INTRODUCTION

Present manufacturing operations are besieged by 
increasing pressure that leads them to think beyond the 
economic benefits of their processes and products; they 
are forced to consider the environmental and social effects 
as well (Moldavska & Welo, 2017; Eslami et al., 2018; 
Malek & Desai, 2020). With this, one can presume that 
the changes resulting from sustainability considerations 
are sensed intensely in the area of Operations 
Management (OM) (Inman, 2010). It has thus become the 
goal of manufacturing operations managers to promote 
manufacturing processes and manufactured products 
that minimise environmental impacts while maintaining 
social and economic benefits (Hami et al., 2015). This 
can be vividly seen in United Nations’ 2030 Agenda 
for Sustainable Development. According to  the United 
Nations’ 2030 Agenda for Sustainable Development, one 
among the seventeen essential goals, has direct implication 
for the industrial sector—ensure sustainable consumption 
and production patterns (Monteiro et al., 2019). In view 
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of that, one of the key contributors to the anthropogenic 
impact on the ecosystem is the manufacturing company’s 
OM decisions; thus Sustainable Operations Management 
(SOM) practices substantially play a significant role in 
the part of solutions for challenges faced by the humanity 
(Swalehe et al., 2020; Sharif et al., 2014). Moreover, 
the principles and strategies related to SOM contribute 
to sustainable competitive advantage and organisational 
performance (De Guimarães et al., 2019). Besides, 
Kleindorfer et al. (2005) noted that SOM must help 
companies to become nimble, adaptive and aligned in 
matching the social, environmental and economic goals in 
view of increasing cost of materials and energy, growing 
public pressure on environment, health and safety.

Addressing sustainability in OM requires operations 
managers to incorporate economic, environmental and 
social criteria of sustainability simultaneously into the 
decision-making process (Türkay et al., 2016). The 
economic pillar of sustainability in OM refers to the firm’s 
intention to undertake its business operations in a way that 
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allows it to persist for long period of time, thus focuses 
on long-term financial performance, competitiveness 
and cost efficiency (Corbett, 2009; Steurer et al., 2005). 
On the other hand, the environmental dimension of 
sustainability in OM entails issues such as reducing input 
and output impact related to manufacturing and product 
development; that is reducing or eliminating waste and 
greenhouse gas emissions, using non-toxic or less-toxic 
substances, promoting material reuse, remanufacturing 
or recycling and reducing energy consumption and 
using renewable energy sources (Machado et al., 2017). 
Conversely, the social dimension of sustainability in OM 
consists of facets ranging from workers’ health and safety 
or wellbeing within a production system to the impact of a 
production system such as noise, heavy traffic and health 
on local communities (Taylor & Vachon, 2018; Krause 
et al., 2009). In summary, providing manufacturing 
operations impact on the planet, profit and people pillars 
of sustainability, it can be presumed that OM offers new 
opportunities to considerably contribute to sustainability 
(Longoni et al., 2014).

To get the desired economic, social and environmental 
goals, SOM practices must comprise coordinating, 
integrating and directing the activities inside and outside 
organisational boundaries (Andersen, 2019). Hence, 
SOM practices should focus on broad issues such as 
product design and development, by-product and waste 
disposal, internal resource efficiencies and supply chains 
(Sharif et al., 2014). Angell and Klassen (1999) noted 
that the two most important decision areas of OM that 
typically determine the types of pollutants emitted, solid 
and hazardous wastes generated, resources harvested and 
energy consumed are product design and manufacturing 
processes. Similarly, Burchart-Korol (2011) revealed 

that the concept of sustainable manufacturing operations, 
perhaps, used for better design and process for a product 
that reduce waste, eliminates extra material and reduces 
the use of energy and resources. 

On the other hand, Swalehe et al. (2020) stated that the 
SOM practices integrate the entire facet of operations, 
that is, not only sustainable product design and 
sustainable manufacturing process, but also sustainable 
supply chains to obtain maximum possible benefits. 
This attitude of managing sustainability in business 
operations calls upon the concept of life cycle analysis—a 
technique to measure the environmental impact related to 
all the phases a product passes through, right from raw 
material procurement to disposal and recycling of the 
product (Mann & Kaur, 2019). Similarly, Kleindorfer 
et al. (2005) noticed that SOM practices and processes 
developed to meet sustainability demands in OM include 
green product and process development, lean and green 
operations and remanufacturing and closed-loops chains. 
In the same way, Jayal et al. (2010) firmly asserted that 
achieving sustainability in manufacturing operations 
requires a holistic view spanning from the product, and 
the manufacturing processes involved in its fabrication 
and the supply chain across multiple product life-cycles. 

Likewise, in this article, SOM practices are defined 
through a preliminary literature review, checking for the 
most discussed topics in this area and taking care to cover 
operations in all phases that occur in the product life 
cycle, from the conception of the product project and raw 
material procurement to the management of production 
processes and supply chains. Based on this preliminary 
literature review, a theoretical model, as shown in Fig. 1 
is developed.

Source: Author

Fig. 1: Sustainable Operations Management Practices Considered in this Research
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Based on the above discussions, the important aspect that 
needs to be highlighted is that SOM extends the boundaries 
of the firm and includes not only the implementation of 
internal sustainable practices (e.g., sustainable product 
design and sustainable manufacturing processes) that 
improve the firm’s sustainability performance but also the 
extension of sustainable practices to the supply chain that 
advances the firm’s sustainability performance (Mann & 
Kaur, 2019).

Moreover, there has been relatively little and 
inconsistent  research on identifying the indicators for 
SOM practices from a developing nation standpoint and 
from product design, manufacturing process and supply 
chain perspectives (e.g., Sarwar et al., 2021; Çankaya & 
Sezen, 2019; Simões et al., 2017; Agostini et al., 2017; 
Abdul-Rashid et al., 2017; Lai et al., 2013; Gimenez et 
al., 2012; Zhu & Sarkis, 2004). This article’s overarching 
goal, then, is to use exploratory factor analysis (EFA) 
to determine whether or not there is a consistent set of 
factors underlying each of the SOM’s dimensions from 
the viewpoint of Ethiopia’s largest manufacturing firms.

LITERATURE REVIEW 

Sustainable Product Design Practice and 
Indicators 

Sustainable product design is aimed at decreasing or 
eradicating harmful substances, minimising wastes, 
improving resource recovery, preservation and efficiency, 
designing for reuse and remanufacturing, as well as 
adding to the sustainability aspects (Swalehe et al., 2020). 
Earlier, Zhu and Sarkis (2004) measured sustainable 
product design, particularly from environmental and 
economic sustainability perspective, through the design 
of products for reduced consumption of material/
energy; design of products for reuse, recycle, recovery 
of material, component parts; and design of products to 
avoid or reduce use of hazardous of products and/or their 
manufacturing processes. From economic sustainability 
perspective, a sustainable product design is expected to 
significantly influence the cost of disassembly, component 
inspection and repair and remanufacturing and recycling 
(Gunasekaran et al., 2014). The common impact where 
a sustainable product design has on the economic and 
social performances are tied to profitability, wages 
and employment (Rainock et al., 2018). For example, 
designing a product that does not have any toxic materials 
and can be disassembled easily, reduces the recycling 
costs (Waage, 2007). 

Sustainable Manufacturing Process and 
Indicators

The goal of sustainable manufacturing process design 
is to minimise the negative environmental, economic 
and social effects of processes (Gupta & Sharma, 1996). 
According to the three sustainability pillars, Jovane 
et al. (2008) suggested how manufacturing processes 
could cope up with environmental, economic and social 
challenges. From environmental sustainability point 
of view, Jovane et al. (2008) stated that sustainable 
manufacturing processes may tackle environmental 
challenges through the adoption of minimal use of non-
renewable natural resources, and managing them in the 
best possible way while reducing environmental impact. It 
is also concerned with the reduction of energy and natural 
resource consumption in operations, production planning 
and control (Çankaya & Sezen, 2019; Corbett, 2009). 
The need for environmentally sustainable manufacturing 
process design requires practices such as reducing energy 
usage and resource consumption during production, 
reducing emissions and generation of solid and liquid 
wastes and using non-conventional sources of energy 
(Mitra & Datta, 2014). The lessening of environmental 
challenges, thus, requires the adoption of sustainable 
manufacturing (Chien & Shih, 2007). The manufacturing 
processes may also respond to the economic challenges of 
sustainability through the promotion of wealth and new 
services that ensure the development and competitiveness 
of the firm through time; manufacturing processes can also 
tackle social challenges by upholding improved quality of 
life and social development (Jovane et al., 2008).

Sustainable Supply Chain Management 
Practices and Indicators 

Through the integration of upstream (input) and 
downstream (output) partners into the boundary of 
investigation and management, firms have started 
redefining the concept of OM using the supply chain 
perspective (Brandenburg et al., 2014). With the use of 
literature, this article recognises four sustainable practices 
such as sustainable warehousing (Abdul-Rashid et al., 
2017; Tekin et al., 2015), sustainable packaging (Agostini 
et al., 2017; Tekin et al., 2015; Ninlawan et al., 2010), 
reverse logistics (Abdul-Rashid et al., 2017; Ninlawan et 
al., 2010; Rao & Holt, 2005) and sustainable purchasing 
(Agostini et al., 2017; Abdul-Rashid et al., 2017; Luthra 
et al., 2016; Tekin et al., 2015; Ninlawan et al., 2010; Rao 
& Holt, 2005) to achieve sustainability in supply chain 
management. 
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One of the core elements within the supply chain is 
warehousing (Tan et al., 2009). A sustainable warehouse 
practice is a set of organisational and technological 
solutions intended at efficient realisation of the warehouse 
process, while preserving the maximum social standards, 
minimising the environmental impact with regard to 
financial efficiency (Malinowska et al., 2018). 

Thus, sustainable warehousing practices and decisions 
consider economic, environmental and social issues when 
aiming to achieve higher sustainable performance in 
supply chain management sustainability (Ishizaka et al., 
2020).

Since purchasing plays a major role in the supply 
chain operations, this function earns more attention 
from the perspective of SOM (Gunasekaran et al., 
2014; Laosirihongthong et al., 2013). Purchasing can 
contribute to sustainability by addressing issues such 
as reduction of waste produced, material substitution 
through environmental sourcing of raw materials, and 
waste minimisation of hazardous materials (Rao & 
Holt, 2005). Moreover, sustainable purchasing can be a 
vital activity to extend the sustainability concept to the 
suppliers as it selects right suppliers that also implement 
sustainability concepts in their own processes (Tekin et 
al., 2015). From environmental point of view, purchasing 
strategies arguably orbit around two important issues, 
the evaluation of suppliers’ environmental performance 
and mentoring to aid suppliers improve this performance 
(Mitra & Datta, 2014; Rao & Holt, 2005). Moreover, 
Selecting the right supplier and managing the purchasing 
process by implementing a strategic and collaborative 
understanding with the suppliers have significant effect 
in meeting a company’s sustainability goals (Çankaya 
& Sezen, 2019). Sustainable purchasing allows firms to 
pursue key environmental information from suppliers, 
which in turn instigates suppliers to be more oriented 
towards sustainable practices (Baah & Jin, 2019). 

From the TBL perspective, Mann and Kaur (2019) 
explained sustainable purchasing as an activity to procure 
goods and services from local and small producers. The 
authors further noted that sustainable procurement from 
the local and small organisation would have a positive 
impact on the economic environmental performance of 
sustainability, as it may result in less transportation and 
therefore less pollution; at the same time, purchasing from 
the local suppliers may positively influence the society 
through the generation of employment for the local 
workers (Mann & Kaur, 2019). Sustainable purchasing 
is all about taking social aspects (i.e., issues such as 
ethical sourcing, human rights and employee conditions) 

and environmental aspects (i.e., the environment that the 
product has over the entire value chain) into consideration 
alongside economic aspects in making purchasing 
decisions (Renukappa et al., 2016).

Packaging characteristics such as shape, size and materials 
have an impact on the management of supply chains as 
they particularly influence the transport characteristics of 
the product (Ho et al., 2009; Ninlawan et al., 2010). Due 
to its waste, a packaging does not only serve to protect 
the main product, but also expected to be environmental 
friendly to reduce environmental problems (Auliandri et 
al., 2018). In this sense, packaging should be sustainable, 
that is, it should adopt sustainable design and use 
sustainable materials, while invariably keeping in mind 
that products must be effective and safe for human health 
and the environment (Wandosell et al., 2021; Pauer et al., 
2019). Sustainable packaging is showing a progressively 
important part in greening the supply chain (White et al., 
2014). According to Gustavo et al. (2018), a sustainable 
packaging is defined as the one that uses clean production 
technologies; renewable energy; healthy materials; is 
physically designed to optimise materials and energy; 
is beneficial, safe and healthy for both individuals and 
communities; and is able to be effectively recovered 
and utilised in biological and/or industrial closed loop 
cycles. Because sustainable packaging provides product 
safeguard, waste prevention, operational efficiency and 
safe use, packaging can make a valuable contribution to 
the TBL of sustainable performance (Nordin & Selke, 
2010). Sustainable packaging practices require the use of 
minimal and lightweight packaging materials and should 
not have any unfavorable impact on the environmental, 
it should also be recyclable and biodegradable (Mitra & 
Datta, 2014). From economic sustainability point of view, 
sustainable packaging should reduce materials usage, 
increase warehouse and trailer space utilisation and 
reduce the amount of handling require (Ho et al., 2009; 
Wu & Dunn, 1995).

The other significant practice of sustainable supply chain 
management (SSCM) is reverse logistics (Islam et al., 2017; 
Rao & Holt, 2005). Because it combines environmental, 
economic and social factors, reverse logistics plays an 
important role in improving the environmental, social 
and economic performance of supply chain management 
(Simões et al., 2017; Mutingi, 2014). Reverse logistics 
practices that have been identified in previous studies 
include proper disposal of returned products, training of 
employees on new recovery methods in order to reduce 
the destruction of returned products without trying to 
recapture the value associated, recapturing value from 
returned products and product collection (Simões et 
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Table 1: Summary of the Measurement Items for SOM Practices 

Variable Measurement Items Authors Used the Measurement
Sustainable 
product design 

Design of products for reduced consumption of material/energy. (Zhu & Sarkis, 2004)
Design of products for reuse, recycle, recovery of material, compo-
nent parts.

(Sarwar et al., 2021; Zhu & Sarkis, 2004)

Design of products to avoid or reduce use of hazardous of products 
and/or their manufacturing process.  

(Zhu & Sarkis, 2004)

Cooperation with customers for eco-design. (Çankaya & Sezen, 2019; Abdul-Rashid et al., 2017)
Cooperation with customers for cleaner production. (Çankaya & Sezen, 2019; Abdul-Rashid et al., 2017)

Sustainable 
manufacturing 
process

Monitor and control environmental pollution such as drain emission. (Sarwar et al., 2021)
Reduce noise pollution. (Sarwar et al., 2021)
Controlling hazardous substances in the manufacturing process and 
exploitation of the available resources.

(Sarwar et al., 2021)

Process design focuses on minimising the consumption of energy and 
natural resources in operations.

(Sarwar et al., 2021; Çankaya & Sezen, 2019)

Emphasises the proactive and preventative maintenance to increase 
the operational efficiency of the equipment.

(Sarwar et al., 2021)

Production planning and control focused on reducing waste and opti-
mising materials exploitation.

(Schmidt et al., 2017; Luthra et al., 2016; Çankaya & 
Sezen, 2019)

Substitution of polluting and hazardous materials/parts. (Çankaya & Sezen, 2019)
Reduce CO2 emissions. (Simões et al., 2017; Abdul-Rashid et al., 2017; Lai 

et al., 2013)

Sustainable 
supply chain 
management

Providing design specification to suppliers that include environmen-
tal requirements for purchased item.

(Çankaya & Sezen, 2019; Zhu et al., 2007)

Cooperation with suppliers for environmental objectives. (Çankaya & Sezen, 2019; Zhu et al., 2007)
Choice of suppliers by environmental criteria. (Vanalle et al., 2017; Schmidt et al., 2017; Çankaya 

& Sezen, 2019)
Suppliers’ ISO14000 certification. (Çankaya & Sezen, 2019; Zhu et al., 2007)
Environmental audit for suppliers’ inner management. (Zhu et al., 2008)
Waste management (Incineration—burning to ash Land filling). (Simões et al., 2017; Lai et al., 2013)
Recycle (Collection of returned products). (Simões et al., 2017; Lai et al., 2013)
Reuse (Separation of reusable products and parts). (Simões et al., 2017; Lai et al., 2013)
Reprocess (Refurbish, Remanufacture, and Repair) (Lai et al., 2013)
Materials recovery (Disassembly, Inspection of dissembled parts, and 
Recover reusable parts and reuse them in repairing, refurbishing, or 
remanufacturing of other products).

(Lai et al., 2013)

Design for reverse logistics (Use of standardized materials, and 
Adoption of modular design).

(Lai et al., 2013)

Ecological materials for primary packaging (Çankaya & Sezen, 2019)
Recyclable or reusable packaging/containers in logistics. (Çankaya & Sezen, 2019)
Selection of cleaner transportation methods. (Çankaya & Sezen, 2019)
Effective shipment consolidation and full vehicle loading. (Çankaya & Sezen, 2019)

al., 2017). Lai et al. (2013) identified six broad aspects 
of practicing reverse logistics which embrace waste 
management, recycling, reuse, reprocessing, materials 
recovery and design for reverse logistics. According to 
Dowlatshahi (2010), a reverse logistics system constitutes 
a sustainable supply chain to systematically manage the 

flow of parts and products destined for remanufacturing, 
recycling or disposal activities.

Based on prior validated studies and in line with the 
literature review, Table 1 summarises the measurement 
items (indicators) for SOM practices. 
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RESEARCH METHODOLOGY 

The purpose of this article is to explore the indicators of 
SOM practices that help firms to achieve better practices 
of SOM. We have adopted secondary literature survey 
approach to identify variables and identify research 
gaps. Based on the constructs and items identified 
through literature survey, we have developed a structured 
questionnaire which was pretested before using for final 
survey. A questionnaire-based survey was chosen as the 
data collection method because it is the most widely used 
technique for primary data collection that describes a 
phenomenon from a large sample (Abdullah et al., 2017), 
in this case, indicators of SOM practices. 

We conducted a paper survey, which assisted in obtaining 
the required responses from the sample respondents.
The suggested sample size, according to Nunnally and 
Bernstein (1994), is the rule of 10. According to the rule of 
10, we need 10 observations for each observable variable. 
In the current study, there are three dimensions of SOM 
practices; the sustainable product design (SD) dimension 
has six observable variables, while the sustainable 
manufacturing processes (SMP) and sustainable supply 
chain (SSC) dimensions have eight and fifteen variables, 
respectively. This suggests that a minimum of 290 
samples are required to run the EFA (290 = 29 number of 
observed variables x 5 number of samples per observed 
variable). Although this study supposed to collect 
data from 290 respondents, we only got 223 complete 
responses in return. Thus, the response rate is 76.9%. In 
order to ensure sufficient study validity and confidence 
in the data’s representativeness, the desired response rate 
must be attained (Mellahi & Harris, 2016). As a result, 
we researched the field to determine whether our response 
rate is within the acceptable bounds. In the OM survey, 
According Frohlich (2002), the typical managerial 
response rate is around 32%. However, Goyder (1985) 
generally recommended that the acceptable range for the 
response rate could be between 30 and 70%. Regarding 
these claims, the survey’s response rate is acceptable 
because it is higher than the required minimum. The study 
therefore doesn’t need to conduct a non-response bias 
analysis because the response rate is above the minimum 
threshold or because there are no other signs that bias 
may be an issue (United States Office of Management and 
Budget, 2006).

Once the dataset of 223 operations and supply chain 
managers of Ethiopian large manufacturing firms had 
been formed, we coded each variable in the Excel file, 

that is, Sustainable product design - SD, sustainable 
manufacturing processes SMP and sustainable supply 
chain - SSC. EFA was conducted to examine how the 
selected measures are extracted.

Measurement Scale Development

Following the discussion in the prior sections, this 
study will exclusively examine three constructs of 
SOM practices (sustainable product design, sustainable 
manufacturing processes and sustainable supply chains), 
and the impact of these practices on performance is 
examined through three aspects—economic performance, 
environmental performance and social performance. As 
prior researches have already developed a useful set of 
validated measurement scales, it is not the need of this 
study to develop new measurement scales from scratch. 
Therefore, in this study, the measures of SOM practices 
and sustainable performance dimensions are developed 
on the basis of previous questionnaires and research 
literature.

The initial measurement scale in general for SOM 
practices and in particular for sustainable supply chain 
management practices together with environmental and 
economic performances, was developed by Zhu and Sarkis 
(2004). Zhu et al. (2008) verified the developed measures. 
Subsequently, the adopted measurement scales have been 
used by various authors and published across top-tier 
operations and supply chain management journals. 

The SOM construct was characterized by three 
dimensions, that is, sustainable product design, sustainable 
manufacturing process, and sustainable supply chain 
management, quantified by SOM’s reflective scales. 
Sustainable product design will be measured utilising six 
validated measurement scales adapted from Sarwar et 
al. (2021), Çankaya and Sezen (2019), Abdul-Rashid, et 
al. (2017), Zhu et al. (2008) and Zhu and Sarkis (2004); 
whereas sustainable manufacturing process uses eight 
validated measurement items, adapted from Çankaya 
and Sezen (2019), Simões et al. (2017), Abdul-Rashid et 
al. (2017) and Lai et al. (2013). Meanwhile, sustainable 
supply chain management will be quantified using fifteen 
validated measurement items adapted from Çankaya and 
Sezen (2019), Simões et al. (2017), Lai et al. (2013) and 
Zhu et al. (2008, 2007). Ethiopian senior manufacturing 
operations managers were requested to indicate their 
preference according to a 5-point Likert scale, ranging 
from 1 (not at all) to 5 (great extent).
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Sustainable Design (SD) 

Please indicate the extent to which you perceive that your 
company is implementing each of the following (Five-
point scale: 1 = Not at all; 2 = To a small extent; 3 = To a 
moderate extent; 4 = To a relatively great extent; 5 = To 
a great extent). 

Table 2: Sustainable Design

SD1 Design of products for reduced consumption of materials.
SD2 Design of products for reduced consumption of energy.
SD3 Design of products for reuse, recycle, recovery of 

material, component parts and by-products.
SD4 Design of products to avoid or reduce use of hazardous 

materials in their manufacturing process.
SD5 Cooperation with customers for eco-design.
SD6 Cooperation with customers for cleaner production.

Sustainable Manufacturing Processes (SMP) 

Please indicate the extent to which you perceive that your 
company is implementing each of the following (Five-
point scale: 1 = Not at all; 2 = To a small extent; 3 = To a 
moderate extent; 4 = To a relatively great extent; 5 = To 
a great extent). 

Table 3: Sustainable Manufacturing Process

SMP1 Monitor and control environmental pollution such as 
drain emission.

SMP2 Reduce noise pollution.
SMP3 Controlling hazardous substances in the manufacturing 

process and exploitation of the available resources.
SMP4 Process design focuses on minimising the consumption 

of energy and natural resources in operations.
SMP5 Emphasises the proactive and preventative maintenance 

to increase the operational efficiency of the equipment.
SMP6 Production planning and control focused on reducing 

waste and optimising materials exploitation.
SMP7 Substitution of polluting and hazardous materials/parts.
SMP8 Reduce CO2 emissions.

Sustainable Supply Chain (SSC) Management

Please indicate the extent to which you perceive that your 
company is implementing each of the following (Five-

point scale: 1 = Not at all; 2 = To a small extent; 3 = To a 
moderate extent; 4 = To a relatively great extent; 5 = To 
a great extent). 

Table 4: Sustainable Supply Chain Management

SSC1 Providing design specification to suppliers that includes 
environmental requirements for purchased item.

SSC2 Cooperation with suppliers for environmental objectives.
SSC3 Selection of suppliers by environmental criteria.
SSC4 Suppliers’ ISO14000 certification.
SSC5 Environmental audit for suppliers’ inner management.
SSC6 Waste management (Incineration—burning to ash Land 

filling).
SSC7 Recycle (Collection of returned products).
SSC8 Reuse (Separation of reusable products and parts).
SSC9 Reprocess (Refurbish, Remanufacture, and Repair).
SSC10 Materials recovery (Disassembly, Inspection of 

dissembled parts, and Recover reusable parts and reuse 
them in repairing, refurbishing, or remanufacturing of 
other products).

SSC11 Design for reverse logistics (Use of standardized 
materials, and Adoption of modular design).

SSC12 Ecological materials for primary packaging.
SSC13 Recyclable or reusable packaging/containers in logistics.
SSC14 Selection of cleaner transportation methods.
SSC15 Effective shipment consolidation and full vehicle 

loading.

Statistical Analysis

The IBM, Statistical Package for Social Sciences (SPSS) 
version 23 program, using the statistical principle of 
multivariate analyses was used to process the survey data 
results based on Likert scale evaluations that allowed 
for statistical and graphical representation (Klementova 
et al., 2015). The internal consistency and reliability of 
the survey were tested using the Cronbach’s α reliability 
test as in Ogunbiyi et al. (2014). According to Gliem and 
Gliem (2003), an α value of less than 0.6 is considered 
to be poor, one in the range of 0.7 is considered to be 
acceptable and any above 0.8 is reckoned to be good. 
Face and content validity of the measurement instruments 
were also checked. Next, EFA was carried out, clustering 
groupings-related variables into dimensions for SOM 
practices at Ethiopian 223 large manufacturing firms. 
Exploratory Factor Analysis (EFA) is one of a family of 
multivariate statistical methods that attempts to identify 
the smallest number of hypothetical constructs (also 
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known as factors, dimensions, latent variables, synthetic 
variables, or internal attributes) that can parsimoniously 
explain the covariation observed among a set of measured 
variables (also called observed variables, manifest 
variables, effect indicators, reflective indicators, or 
surface attributes) (Watkins, 2018). That is, to identify 
the common factors that explain the order and structure 
among measured variables.

According to the recommendation of Urban and Naidoo 
(2012), when testing the various variables, Kaiser-Meyer-
Olkin (KMO) and Bartlett tests should be applied to 
variables for the purposes of grouping extraction. The 
Bartlett test is sensitive to even small deviations from 
randomness, so its results should be backed up with a 
measure of how well the sample was chosen. The KMO 
(KMO; Kaiser, 1974) measure of sampling adequacy 
(MSA) is the ratio of correlations and partial correlations. 
This shows how much correlations are a function of the 
variance shared by all variables rather than the variance 
shared by specific pairs of variables. KMO values range 
from 0 to 1, and they can be calculated for both the whole 
correlation matrix and for each of the measured variables. 
It is preferable to have overall KMO values higher than 
0.70 (Kaiser, 1974; Hoelzle & Meyer, 2013).

RESULTS AND DISCUSSIONS

According to Field (2009), prior to conducting any 
statistical analysis, two main issues concerning the 
appropriateness of the collected data are central and must 
be checked using suitable techniques. These two issues 
are missing data and normal distribution of data. The risk 
of missing data was alleviated in this research through 
employing field survey, which allows research teams to 
collect data through in-person interviews, thus preventing 
survey submission if any question remained unanswered. 
The appropriateness of the collected data in terms of its 
normal distribution is presented in the next section.

Statistical Distribution of the Data

The following step examined the appropriateness of the 
collected data to check whether the data is normally 
distributed. To do this, we first transferred the 223 data 
sets from Excel into an SPSS file, using the IBM SPSS 
statistical package version 23.00. Summary values for the 
research constructs were then computed by averaging the 
measurement items in the variables for all samples, for 
example, (SD1+SD2+ SD 3+ SD4+ SD5+ SD6)/6 for SD.

The averaged variables were then selected in SPSS for 
descriptive statistics analysis to summarise the distribution 
of the data. In addition, the functions of skewness 
and the kurtosis test were enabled in the descriptive 
statistics analysis, because the skewness and kurtosis 
coefficients are used as valid statistical indicators for the 
appropriateness of data in terms of its normal distribution 
(Field, 2009). Table 5 presents the descriptive statistics 
specified in the SPSS output.

Table 5: Descriptive Statistics
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SD 223 3.4611 0.61349 1.83 4.83 -0.090 -0.303
SMP 223 3.7635 0.78312 1.75 5 -0.359 -0.485
SSC 223 3.5767 0.68455 1.8 4.8 -0.445 -0.711

According to Field (2009), the recommended value for 
skewness and kurtosis coefficients that determine data 
normality is within the -2.00 to +2.00 range. Drawing 
on Table 5, the collected data for all of the variables is 
normally distributed, with the skewness and kurtosis 
coefficients falling within the recommended range. This 
confirms that we have a normal data distribution.
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Data Quality

Having discussed the appropriateness of the collected 
data in terms of both the risk of missing data and 
the normal distribution of the data, it is beneficial to 
address data quality implications before conducting the 
statistical analyses. Data quality is a crucial issue in both 
quantitative and qualitative social research, as it is one the 
most important indicators for establishing the truthfulness 
and credibility of results, maintaining the robustness 
of research findings (Kaplan, 2004). Data quality is 
commonly determined by the two main complementary 
concepts of reliability and validity (Saunders et al., 2009).

The first aspect for measuring the quality of data is 
reliability. Reliability is concerned with the question of 
whether the results of a study are repeatable; the term is 
commonly used in relation to the question of whether or 
not the measures that are devised for concepts in business 
and management are consistent (Bryman & Bell, 2015). 
It is also defined as the extent to which a variable or set of 
variables is consistent in what it is intended to measure, 
it requires that the numerical results generated by the 
indicators of a measure should not vary on account of 
the characteristics of the measurement procedure or 
measurement scale itself (Hair et al., 2019). Therefore, 
reliability mainly deals with the quality of research 
measures in terms of their consistency or repeatability 
(Esfahbodi, 2016).

Cronbach’s alpha, α, is the most common measure of 
scale reliability (Field, 2009). It ranges from 0 to 1 to 
measure the reliability of data, with values of 0.60–0.70 
deemed the lower limit of acceptability. We used the SPSS 
software package to empirically analyse the reliability of 
each of the research measures. To do this, we selected all 
measurement items for each measure (e.g., SD1, SD2 and 
SD3) and carried out the reliability analysis individually 
for each research measure (seven times). The results of 
the reliability analysis are presented in Table 6.

Table 6: Reliability Statistics

Variable Cronbach’s alpha
SD 0.770
SMP 0.905
SSC 0.907

As can be seen from Table 6, the Cronbach’s alpha values 
for all variables exceed the ideal recommended 0.70 level, 
indicating high construct reliability. 

The other important concept that determines data quality 
is validity. Validity tests how well an instrument that is 

developed measures the particular concept it is intended 
to measure; in other words, validity is concerned with 
whether we measure the right concept (Sakran, 2002). It 
is basically associated with evaluating the precision and 
relevance of research results, determining the integrity of 
research findings (Saunders et al., 2009). Thus, validity 
is deemed to be the most important criterion of research 
quality, determining the extent to which the research 
findings can be generalised.

The face validity in this article was assured in line with 
our comprehensive pilot test where a pre-test of the 
measures employed was conducted with a number of 
academics specialising in the OM area. Since qualified 
academics and professionals involved in operations 
management verified the correspondence between the 
indicators and their associated construct (i.e., that the 
indicators really measure the construct), the face validity 
of the measurement scales was confirmed.

In terms of content validity, since all the measurement 
scales were adopted directly from prior research such as 
Abdul-Rashid et al. (2017), Simões et al. (2017), Lai et al. 
(2013), Zhu et al. (2008) and Zhu and Sarkis (2004); that 
had already been validated and used in other published 
researches including Sarwar et al. (2021) and Çankaya and 
Sezen, (2019) content validity was assured. In addition, 
the content validity of the measurement scales was 
further confirmed by the systematic review of pertinent 
SOM literature along with the conducted pilot study that 
involved the judgment of academics and professionals 
expert in OM. As such, in this research both the face 
validity and content validity of the adopted measurement 
scales were confirmed. Furthermore, construct validity is 
commonly empirically tested through factor analysis and 
can be attained through confirming convergent validity 
using EFA, which is assessed in the following section.

DISCUSSION 

An EFA was performed using a principal component 
analysis and varimax rotation. The minimum factor 
loading criteria was set to 0.50. The communality of the 
scale, which indicates the amount of variance in each 
dimension, was also assessed to ensure acceptable levels 
of explanation. 

Sustainable Product Design (SD) Measure 

The Sustainable Product Design (SD) measure comprises 
six measurement items. A vital first step has been 
undertaken to weigh the overall significance of the 
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correlation matrix through Bartlett’s Test of Sphericity, 
which provides a measure of the statistical probability that 
the correlation matrix has significant correlations among 
some of its components. The results were significant, 
X2 (n=223) = 347.928 (p < 0.001), which indicates its 
suitability for factor analysis. The KMO MSA, which 
indicates the appropriateness of the data for factor 
analysis, was 0.767, exceeding the suggested minimum 
standard of 0.60 required for conducting factor analysis 
(Field, 2009; Luthra et al., 2014). The analysis also shows 
that all communalities were over 0.50; except one item 
that had commonality (SD3 = 0.474) slightly less than 
0.50, but it was kept in the data as it did not influence the 
overall factor structure of the measure; furthermore it was 
loaded well in its own item. In addition, the eigenvalue 
for the SD measure was 2.822, higher than the acceptable 
value of 1. Finally, the factor solution derived from this 
analysis yielded one factor for the measure. Since one 
factor was extracted among the SD measuring items, a 
loadings plot was not produced in the SPSS output.

Nonetheless, in this initial EFA, one item (i.e. “SD1: 
Design of products for reduced consumption of materials) 
failed to load on in this dimension significantly, which 
indicates SD1 has little association with the measure – 
Sustainable product design; hence, it was removed from 
further analysis.

The authors repeated the EFA without including this 
item. The analysis again yielded a one factor solution, 
suggesting that all the measuring items truly represent the 
SD measure accounting for one underlying factor (Field, 
2009). The KMO MSA turned out to be 0.766, and the 
Bartlett’s test of sphericity proved to be significant. The 
factor loading for the SD measure was 0.55, exceeding 
the minimum suggested standard level of 0.50 (Hair et 
al., 2019) and specifying the practical significance of 
the derived factor. This also indicated that the one factor 
solution accounted for 55 % of variance in the SD measure, 
providing sufficient evidence of convergent validity. 

SD1 in the survey questionnaire is concerned Please 
indicate the extent to which you perceive that your 
company is implementing with the question “Please 
indicate the extent to which you perceive that your 
company is implementing the design of products 
for reduced consumption of materials” Based on the 
statistical procedures of the EFA test, SD 1 was excluded 
to ensure that the rigor of the results was not put at risk. 
The reason for this may be down to the fact that SD1 covers 
relatively more technical issues compared to the other SD 
measuring items, which makes it less consistent with the 
other items within the SD variable. It is important to note 
that this was recommended by the literature (Zhu et al., 

2008), although it appears that SD1 was not a good fit with 
the sustainable product design measure, and thus it was 
abandoned. 

Sustainable Manufacturing Processes (SMP) 
Measure

There are eight measurement items in the Sustainable 
Manufacturing Processes (SMP) measure. The 
correlation matrix passed Bartlett’s Test of Sphericity 
with an overall significance of X2 (n=223) = 956.058 
(p < 0.001), indicating its suitability for factor analysis. 
The factor analysis KMO MSA was 0.911, exceeding 
the recommended minimum standard of 0.60 (Luthra 
et al., 2014). The SMP measure had one factor solution 
with an eigenvalue of 4.862, which was greater than the 
suggested minimum standard of 1. A loadings plot, like 
the SD measure, was not produced in the SPSS output 
because the desired one factor was extracted from the 
SMP measuring items.

The factor loading of the SMP measure produced in 
the SPSS output was 0.61, which was higher than the 
recommended level of 0.50 (Hair et al., 2019), indicating 
that the derived factor was practical. As a result, the SMP 
measure explained 61% of the total variance, providing 
sufficient evidence for convergent validity. As a result, the 
SMP measure’s convergent validity was established.

Sustainable Supply Chain (SSC) Measure

There are fifteen different measurement items that make 
up the Sustainable Supply Chain (SSC) scale. Through 
Bartlett’s Test of Sphericity, the overall significance 
of the correlation matrix was found to be X2 (n=223) = 
1786.510 (p < 0.001), which indicates that it is suitable for 
factor analysis. With a KMO value of 0.846, the sampling 
adequacy for principal component analysis was confirmed. 
This value is higher than the recommended minimum 
standard of 0.60, which is necessary for carrying out 
factor analysis (Field, 2009). In addition, the eigenvalue 
of the SSC measure that was specified in the SPSS output 
was 6.654, which is an acceptable value that is greater 
than the minimum value of 1. In contrast to the preceding 
measures, SD and SMP, factor analysis delivered three 
factor solutions for the SSC measure. This result suggests 
that none of the measuring items adequately represent the 
SSC measure in its entirety. As a result, a factor analysis 
rotation and a loadings plot were produced in the SPSS 
output (refer to Fig. 3 for further explanation), both of 
which assisted us in locating the measuring item that did 
not conform to the pattern established by the other items.
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Fig. 3: SSC Factor Analysis: Rotation and Loadings Plot 

Fig. 3 demonstrates that the two items of SSC6 and SSC1 were relatively separated from the other 
items, preventing them from converging into a single factor. We excluded SSC6 from the SSC 
measure because, relative to SSC1, it was more likely that SSC6 prevented the other items from 
converging as a single factor. The factor analysis was then conducted without SSC6, yielding three 
factor solutions and another loading plot (see Fig. 4). As previously discussed, we must continue 
to modify the research measure until a single underlying factor is identified. 
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Fig. 3 demonstrates that the two items of SSC6 and SSC1 
were relatively separated from the other items, preventing 
them from converging into a single factor. We excluded 
SSC6 from the SSC measure because, relative to SSC1, it 
was more likely that SSC6 prevented the other items from 
converging as a single factor. The factor analysis was then 
conducted without SSC6, yielding three factor solutions 
and another loading plot (see Fig. 4). As previously 
discussed, we must continue to modify the research 
measure until a single underlying factor is identified.
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Fig. 4: SSC Factor Analysis: Rotation and Loadings Plot (with SSC6 excluded) 

According to the factor analysis rotation and loadings plot produced in SPSS output (Fig. 4), SSC1 
was then excluded, as it was distant from the remaining items of the SSC measure. The factor 
analysis was then performed again for the SSC measure without SSC6 and SSC1, this time 
resulting in a two factor solution. Therefore, factor analysis rotation and a loadings plot were 
produced in the SPSS output (see Fig. 5), through which we decided to cast out SSC5 as it is 
relatively far away from the other items.  
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plot produced in SPSS output (Fig. 4), SSC1 was then 
excluded, as it was distant from the remaining items of 
the SSC measure. The factor analysis was then performed 
again for the SSC measure without SSC6 and SSC1, this 
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out SSC5 as it is relatively far away from the other items. 
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Fig. 5: SSC Factor Analysis: Rotation and Loadings Plot (with SSC6 and SSC1 excluded) 

After performing the factor analysis for the SSC measure a fourth time, this time excluding SSC6, 
SSC1 and SSC5, the same result of a two-factor solution was obtained. As a result, factor analysis 
rotation and a loadings plot were produced in the SPSS output (see Fig. 6). Using these tools, we 
came to the conclusion that SSC2 should be excluded from the analysis because it is detached from 
the other items to a significant degree. 
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After performing the factor analysis for the SSC measure a fifth times, but this time excluding 
SSC6, SSC1, SSC5 and SSC2, the same result of a two-factor solution was obtained. As a result, 
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After performing the factor analysis for the SSC measure 
a fourth time, this time excluding SSC6, SSC1 and SSC5, 
the same result of a two-factor solution was obtained. As 
a result, factor analysis rotation and a loadings plot were 
produced in the SPSS output (see Fig. 6). Using these 
tools, we came to the conclusion that SSC2 should be 
excluded from the analysis because it is detached from 
the other items to a significant degree.
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After performing the factor analysis for the SSC measure 
a fifth times, but this time excluding SSC6, SSC1, SSC5 
and SSC2, the same result of a two-factor solution was 
obtained. As a result, a loadings plot and an additional 
factor analysis rotation were generated in the SPSS output 
(see Fig. 7). 
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Fig. 7: SSC Factor Analysis: Rotation and Loadings Plot (with SSC6, SSC1, SSC5 and 
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Fig. 7 demonstrates that the item SSC4 was relatively separated from the other items, preventing 
them from converging into a single factor. We excluded SS4 from the SSC measure due to its 
greater separation from other items, implying that SSC4 was more likely preventing the other items 
from converging as a single factor. The factor analysis was then repeated for the SSC measure 
without SSC6, SSC1, SSC5, SSC2 and SSC4. This time, a one-factor solution was obtained, 
indicating that all measuring items accurately represent the SSC measure and account for a single 
underlying factor. According to Bartlett's Test of Sphericity, the overall significance of the 
correlation matrix was X2 (n=223) = 1020,456 (p < 0.001), indicating its suitability for factor 
analysis. The KMO MSA was 0.877, exceeding the recommended minimum of 0.60 for 
conducting factor analysis (Luthra et al., 2014). The SSC measure had one factor solution with an 
eigenvalue of 5.097, which was greater than the suggested minimum standard of 1. The SSC 
measure factor loading in the SPSS output was 0.51, slightly higher than the recommended level 
of 0.50 (Hair et al., 2019), indicating the practical significance of the derived factor. As a result, 
the SSC measure explained 51% of the total variance, providing sufficient evidence for convergent 
validity. As a result, after removing SSC6, SSC1, SSC5, SSC2 and SSC4, the construct validity of 
the SSC measure was also verified in terms of convergent validity. 
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that SD1 be removed from the sustainable product design construct because it did not load in the 
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Fig. 7 demonstrates that the item SSC4 was relatively 
separated from the other items, preventing them from 
converging into a single factor. We excluded SS4 from 
the SSC measure due to its greater separation from other 
items, implying that SSC4 was more likely preventing the 
other items from converging as a single factor. The factor 
analysis was then repeated for the SSC measure without 
SSC6, SSC1, SSC5, SSC2 and SSC4. This time, a one-
factor solution was obtained, indicating that all measuring 
items accurately represent the SSC measure and account 
for a single underlying factor. According to Bartlett’s Test 
of Sphericity, the overall significance of the correlation 
matrix was X2 (n=223) = 1020,456 (p < 0.001), indicating 
its suitability for factor analysis. The KMO MSA was 
0.877, exceeding the recommended minimum of 0.60 
for conducting factor analysis (Luthra et al., 2014). The 
SSC measure had one factor solution with an eigenvalue 
of 5.097, which was greater than the suggested minimum 
standard of 1. The SSC measure factor loading in the SPSS 
output was 0.51, slightly higher than the recommended 
level of 0.50 (Hair et al., 2019), indicating the practical 
significance of the derived factor. As a result, the SSC 
measure explained 51% of the total variance, providing 
sufficient evidence for convergent validity. As a result, 
after removing SSC6, SSC1, SSC5, SSC2 and SSC4, the 
construct validity of the SSC measure was also verified in 
terms of convergent validity.

CONCLUSION 

The present paper demonstrates the basic SOM practices 
and indicators in conducting SOM. As far as sustainable 
product design measurement items are concerned, the 
EFA strongly suggests that SD1 be removed from the 
sustainable product design construct because it did not load 
in the component matrix. SD1 in the survey questionnaire 
is concerned with “Please indicate the extent to which you 
perceive that your company is implementing the design 
of products for reduced consumption of materials”. Based 
on the statistical procedures of the EFA test, SD 1 was 
excluded to ensure that the rigor of the results was not put 
at risk. The reason for this may be down to the fact that SD1 
covers relatively more technical issues compared to the 
other SD measuring items, which makes it less consistent 
with the other items within the SD variable. It is important 
to note that this was recommended by the literature (Zhu 
et al., 2008), although it  appears that SD1 was not a good 
fit with the sustainable product design measure, and thus 
it was abandoned. This  follows that metrics like SD2 
(Design of products for reduced consumption of energy), 
SD3 (Design of products for reuse, recycle, recovery of 
material, component parts and by-products), SD4 (Design 
of products to avoid or reduce use of hazardous materials 
in their manufacturing process), SD5 (Cooperation with 
customers for eco-design) and SD6 (Cooperation with 
customers for cleaner production) could be applied to 
evaluate sustainable product design in Ethiopia’s largest 
manufacturing environment.

According to the EFA, all of the collected indicators of 
the sustainable manufacturing process converged. This 
suggests that SMP1 (Monitor and control environmental 
pollution such as drain emission, SMP2 (Reduce noise 
pollution), SMP3 (Controlling hazardous substances 
in the manufacturing process and exploitation of the 
available resources, SMP4 (Process design focuses 
on minimising the consumption of energy and natural 
resources in operations, SMP5 (Emphasises the proactive 
and preventative maintenance to increase the operational 
efficiency of the equipment), SMP6 (Production planning 
and control focused on reducing waste and optimising 
materials exploitation), SMP7 (Substitution of polluting 
and hazardous materials/parts) and SMP8 (Reduce CO2 
emissions) could be used to assess the sustainability of the 
manufacturing process in Ethiopia’s largest manufacturing 
context.

EFA has also suggested dropping some collected  
indicators of the sustainable supply chain management  
dimension of SOM via graphical presentation. SSC1, 
SSC2, SSC4, SSC5 and SSC6, in the survey question-
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naire are concerned with the question “Please indicate 
the extent to which you perceive that your company is 
implementing each of the following: Providing design 
specification to suppliers that includes environmental re-
quirements for purchased item (SSC1); Cooperation with 
suppliers for environmental objectives (SSC2); Suppliers’ 
ISO14000 certification (SSC4); Environmental audit for 
suppliers’ inner management (SSC5); Waste management 
(Incineration—burning to ash Land filling) (SSC6)”. 
These five items were excluded from the SSC measure 
based on the EFA statistical procedures, assuring the rig-
or of the results. The reasoning for this may be because 
SSC1, SSC2, SSC4 and SSC5 are deemed to be relatively 
associated with SSC3 (Selection of suppliers by environ-
mental criteria) with respect to the comprehension of this 
concept, i.e. SSC1, SSC2, SSC4, SSC5 and SSC3 may be 
considered as overlapping issues. As for SSC6, it may be 
assumed that this item is relatively vaguer to respondents 
compared to other SSC measuring items. Thus, SSC6 may 
not be fully consistent with other respective items and in 
turn may not truly represent the SSC measure. As previ-
ously mentioned, it is common in quantitative research 
to have anomalies within certain measuring items, as the 
real data collected from the survey may not always fit the 
measures (Kaplan, 2004). 

As a result, SSC3 (Selection of suppliers by environmental 
criteria), SSC7 (Recycle or Collection of returned 
products), SSC8 (Reuse or Separation of reusable 
products and parts), SSC9 (Reprocess), SSC10 (Materials 
recovery), SSC11 (Design for reverse logistics), SSC12 
(Ecological materials for primary packaging) and 
(Recyclable or reusable packaging in logistics, SSC14 
(Selection of cleaner transportation methods) and SSC15 
(Effective shipment consolidation and full vehicle loading) 
can be considered as indicators to measure sustainable 
supply chain management practices from the perspective 
of Ethiopia’s largest manufacturers.

LIMITATIONS OF THE STUDY AND 
FUTURE RESEARCH DIRECTIONS

Confirmatory factor analysis (CFA) can be used by future 
researchers to evaluate the measurement model. This 
study is limited to EFA to evaluate construct validity 
individually for each construct without taking the entire 
model into account, whereas future studies may use CFA 
to assess construct validity within the context of the entire 
measurement model (Esfahbodi, 2016). Future researchers 
may, therefore, start with conceptualising a model through 
CFA and end with evaluating the data-model fit and 
considering potential model modification; in other words, 

models or theories may be refuted, but results may also 
suggest potential changes (Mueller & Hancock, 2001). 
Additionally, this study is restricted to validating SOM 
practices using EFA; however, it is advised that future 
researchers use structural equation modeling (SEM) to 
examine the impact of the aforementioned SOM practices 
on the sustainable performance of a manufacturing firm. 
This study concentrated on the frequently discussed aspects 
of operations management that relate to sustainability, but 
it is advised that future studies assess the sustainability 
indicators of other aspects of OM, such as facility 
location, facility layout, work measurement, aggregate 
planning and inventory management. Using operations 
research techniques like the analytical hierarchy process 
and other goal programming techniques, the SOM factors 
examined in this study can also be further prioritized and 
documented.  

CONTRIBUTION TO THEORY AND 
PRACTICE

This study aims to advance on the knowledge 
SOM, particularly in terms the indicators of SOM 
in manufacturing firms. The academic and practical 
significance of this study are respectively presented. 

Second, the researcher aims to contribute to the current 
literature by considering the Ethiopian large manufacturing 
contexts with respect to the adoption of SOM practices for 
managers, it will be interesting to know which sustainable 
practices of OM are widely applied in Ethiopia. Ethiopian 
manufacturing operations, especially the largest ones, are 
under increasing pressure to not only provide high-quality, 
innovative products at competitive prices, but also to build 
operations and supply chains that are sustainable in the 
long run. This is due to growing global competition and 
a growing emphasis on environmental concerns (Gupta 
& Palsule-Desai, 2011). Ethiopia is therefore anticipated 
to experience significant growth in the future in terms of 
emission and waste reduction, climate change mitigation 
and energy conservation. By carefully identifying the 
indicators of SOM practices that have been used by 
the largest manufacturing firms in Ethiopia, this study 
provides managers and decision-makers with information 
on the current situation. Managers and decision-makers 
would use the knowledge gained from this study to 
make decisions regarding sustainable manufacturing 
operations. Additionally, the results of this study add to the 
literature on operations and supply chain management by 
identifying the specific indicators for fundamental SOM 
practices, which will be used as a starting point by the 
future researchers to conduct additional research in the 
area.  
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Finally, developed countries have been the main focus 
of SOM research. However, this study takes into account 
SOM practices from the standpoint of a developing nation, 
which broadens our comprehension of SOM practices and 
measurement criteria in different contexts.  
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