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This paper systematically analyses the vital motivations, drivers and barriers to the adoption of low-carbon operations
management practices in response to climate change, highlighting the implications for the International Journal of Pro-
duction Research (IJPR)’s community, which has contributed significantly to discussion of and research into sustainable
production. Based on a thorough review of key articles on low-carbon operations management published in a number of
prestigious journals, seven propositions for future research are suggested. Additionally, a unique classification of the bar-
riers to and motivations for low-carbon production is put forward. These areas, which deserve further investigation, are
(a) economic issues, (b) policy, (c) technology, (d) governance and (e) the market. The research agenda proposed for
low-carbon production and operations may prove useful to the production research community in planning future devel-
opments and research projects, increasing knowledge and designing teaching modules on the topic. The study concludes
by shedding light on the main research opportunities that IJPR’s community will encounter.

Keywords: sustainable production; sustainable industrial engineering; low-carbon economy; sustainable operations man-
agement; sustainable supply chain; climate change

1. Introduction

In this research, factors that are considered motivators and barriers to the adoption of low-carbon production manage-
ment practices are identified, classified and analysed. In the process, light is shed on the implications for the IJPR com-
munity in terms of scope for future research, teaching and the advancement of knowledge. This work addresses recent
calls from the IJPR community for more research into emerging and complex sustainable production topics (Sarkis and
Zhu 2017).

Over the past 55 years, the IJPR has contributed to the debate on sustainable production (Sarkis and Zhu 2017), and
particularly to expanding understanding of low-carbon production and operations. The IJPR has contributed knowledge
on low-carbon manufacturing (for example, Chen and Hao 2015; Dhavale and Sarkis 2015; Liu et al. 2015; Wang and
Choi 2016), low-carbon logistics and supply chains (such as Validi, Bhattacharya, and Byrne 2014; Brandenburg 2015;
Du et al. 2015a) and low-carbon products (Tang, Wang, and Ullah 2017). However, by looking back at key articles in
the field of low-carbon production and operations, we believe the IJPR can move the sustainability debate forward, fur-
thering its already significant contribution to a more sustainable society.

Overall, the global discussion and analysis of business responses to climate change are still underdeveloped. This is
because climate change issues are multifaceted and include varied elements, such as human security, food security, natu-
ral disasters, poverty (Leichenko and Silva 2014), economic crises, health issues and use of land. However, the consen-
sus is that negative consequences of climate change have become more frequent (Rosen and Guenther 2015).

Climate change exposes people, societies and economic sectors to risks such as extreme weather events, natural dis-
asters and economic and social vulnerability (IPCC 2014). According to the World Business Council for Sustainable
Development (WBCSD 2008), organisations play an important role in inducing changes in patterns of consumption and
production; consequently, they can contribute to the mitigation of greenhouse gas emissions, or decarbonisation
(Nakićenović 1996).
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The Intergovernmental Panel on Climate Change (IPCC) has suggested certain practices that industries can adopt to
mitigate emissions contributing to the greenhouse effect, such as improving energy efficiency in new processes and tech-
nologies, promoting efficient materials and products, and recycling (IPCC 2014). These activities can be understood and
implemented by organisations through low-carbon operations management. According to Böttcher and Müller (2015),
low-carbon operations entail the integration of carbon efficiency in planning, execution and control of business pro-
cesses. For Du et al. (2015), low-carbon operation involves a number of factors, such as product design, manufacturing
processes and production equipment, as well as transport and packaging, in order to minimise carbon emissions and
energy consumption.

In 2013, the Carbon Disclosure Programme (CDP) conducted a survey among the member companies of its supply
chain programme. This revealed that around 30% of responding companies had set carbon reduction targets (CDP
2014). McKinsey’s (2012) research on sustainability included a survey of CEOs from different sectors and countries and
found that about 45% of respondents considered sustainability a priority. However, it was not among the top three most
important issues. Another finding of this research was that 46% of respondents’ companies manage sustainability some-
what.

Taking the above into consideration, the research question of the present article is: What are the motivations and
barriers that could inhibit companies’ adoption of low-carbon operation management practices? Biesbroek et al. (2013)
assert that the study of barriers is important because without understanding barriers it is difficult to develop strategies to
overcome them. They also claim that this theme is fragmented throughout the literature, necessitating a review of the lit-
erature. This paper seeks to integrate these approaches through the identification of motivations and barriers to the adop-
tion of low-carbon operation management practices in order to propose a conceptual framework. This conceptual
framework will be useful for the production research community, and particularly for stakeholders of the IJPR.

This research aims to contribute to the literature in three ways: (a) by organising the variables (Sections 4 and 5) to
analyse the motivations, drivers and barriers to the adoption of low-carbon operation management practices in response
to climate change; (b) by proposing a future research agenda (Section 5) arising from the systematisation of the papers
identified in the research; and (c) by delving into the potential implications of the proposed research agenda for the IJPR
community on sustainable production and low-carbon operations (Section 6).

2. Brief conceptual foundation

Carbon emission management has become an issue within organisational decision-making (Gasbarro and Pinkse 2016)
due to the debate on climate change which has been taking place in the global community in recent decades (UNFCCC
2015a).

The adoption of low-carbon operations management practices can turn efficient carbon emission management into a
reality. According to Böttcher and Müller (2015), low-carbon operations entail the integration of carbon efficiency in the
planning, execution and management of business processes. These authors state that there are three areas within low-car-
bon operations:

(a) Low-carbon products: According to Tang and Zhou (2012), product design is an important instrument for sus-
tainable development. For Lee (2012), the reduction of products’ carbon emissions is based on the development
of more energy-efficient products and lowering the environmental impact throughout a product’s life cycle.

(b) Low-carbon production and processes: According to Lee (2012), low-carbon production includes the develop-
ment of energy efficiency projects, replacing existing energy sources with cleaner fuels and reducing the direct
emission of greenhouse gases by means of input exchange. This area also includes the development of carbon
inventory.

(c) Low-carbon logistics: According to Tang and Zhou (2012), transport activity is one of the largest sources of
atmospheric emissions due to fossil fuel consumption. According to Dey, Laguardia, and Srinivasan (2011),
logistics managers can reassess, for example, the mode of transport used in order to minimise their carbon foot-
print, as well as optimising routes and shipping schedules (Norlund and Gribkovskaia 2013; Pan, Ballot, and
Fontane 2013; Islam and Olsen 2014; Handler et al. 2014).

However, organisations may be restricted in their access to fuels, energy sources and water (Busch and Hoffmann
2007; Gasbarro, Rizzi, and Frey 2014), or have to deal with climate regulations that impact on the acquisition of tech-
nologies and obtaining services from the market (Aben, Hartley, and Wilkening 2010; Hitchcock 2012; Plambeck 2012;
Okereke and Küng 2013). As a result, organisations may face barriers, drivers and/or motivators when adopting low-car-
bon operational practices.

2 A.B.L. de Sousa Jabbour et al.



Barriers may appear in both the development and the implementation of organisational strategies to adapt to climate
change (Biesbroek et al. 2013). Eisenack et al. (2014, 868) define a barrier as ‘an impediment to specified adaptations
for specified actors in their given context that arise from a condition or set of conditions’. According to the IPCC
(2014), barriers are factors that make it difficult to plan and implement adaptations, including lack of resources such as
technology, knowledge and finances. Investigating these factors is important because barriers can significantly reduce
the range of options and opportunities available to organisations to adapt to the impacts of climate change (IPCC 2014).
Additionally, many barriers make adaptation less efficient or effective, and may require costly changes that lead to loss
of opportunities or higher costs for organisations (Moser and Ekstrom 2010). Understanding the nature of barriers to the
adoption of low-carbon operations management practices bolsters comprehension of the reasons why companies take
certain actions (Chu and Schroeder 2010), making it possible to outline the best strategic actions to deal with these bar-
riers (Biesbroek et al. 2013; Eisenack et al. 2014).

Okereke (2007, 479) defines motivation as a factor which ‘arise[s] more or less directly from the raison d’etre of
business to maximise profit (…) motivational factors on their own are capable of inciting corporations to undertake car-
bon management actions’. Drivers, on the other hand, are ‘the factors that have the potential to “force” corporations to
take climate response action even when they would not have ordinarily wanted to do so’ (Okereke 2007, 479). Studies
identifying low-carbon operation management drivers offer insights into the development of strategic policies, under-
standing the susceptibility of organisations – in terms of stimulus and incentives – and in turn how to develop incentives
(Salon, Murphy, and Sciara 2014).

Climate change has become a risk to businesses due to its potential to cause disruption and vulnerability in the pro-
duction chain (Winn et al. 2011). In this context, developing resilient organisational capabilities is crucial. Organisa-
tional resilience refers to the ability of an organisation to deal with unpredictable events, and to respond to demand as
usual based on strategic and operational expertise (Annarelli and Nonino 2016). Therefore, identifying motivations, dri-
vers and barriers is relevant to developing organisational resilience in order to combat the harmful consequences of cli-
mate change.

3. Research procedures

3.1 Search for articles

The articles selected in this study were accessed using the SCOPUS database. SCOPUS carries over 20,000 periodicals
from more than 5000 publishers and boasts in excess of 49 million registered users. This database is also considered the
world’s most peer-reviewed database (Dangelico 2016), forming the largest body of research in the fields of science,
technology, medicine, social sciences, the arts and humanities (Fahimnia, Sarkis, and Davarzani 2015).

Keywords were chosen in advance and arranged according to the scope of the research (Tranfield, Denyer, and
Smart 2003). The selection of keywords was underpinned by an exploratory search for seminal articles in the field of
climate change and low-carbon research within the corporate context. The method used with these keywords was based
on the studies of Jabbour (2013), Mariano, Sobreiro, and Rebelatto (2015) and Dubey et al. (2017). The keywords were
as follows:

• (Barriers OR Limitations OR Difficulties OR Obstacles OR Impediments) and, after receiving the search returns,
filtered by (‘Low Carbon’ OR ‘Carbon Management’ OR ‘Carbon Emission’);

• (Incentives OR Motivations OR Drivers OR Enablers) and, after receiving the search returns, filtered by (‘Low
Carbon’ OR ‘Carbon Management’ OR ‘Carbon Emission’);

• (Barriers OR Limitations OR Difficulties OR Impediments OR Drivers OR Motivations OR Enablers) AND ‘envi-
ronmental strategy’ and upon receiving the search returns, filtered by ‘carbon’;

• (Barriers OR Limitations OR Difficulties OR Impediments OR Drivers OR Motivations OR Enablers) AND ‘envi-
ronmental management’ and upon receiving the search returns, filtered by ‘carbon’;

• (Barriers OR Limitations OR Difficulties OR Impediments OR Drivers OR Motivations OR Enablers) AND
‘green’ and upon receiving the search returns, filtered by ‘carbon’;

• (Barriers OR Drivers) AND (Low Carbon OR Carbon Emission OR Greenhouse Gas) AND (Corporate OR Busi-
ness OR Management OR Operations OR Organisations OR Strategy).

3.2 Selection of articles

The number of articles returned from the above searches was 5380 (books, book chapters and conference papers were
excluded). To refine this number during the selection stage, three researchers involved in this study routinely gathered
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to debate the inclusion and exclusion of articles, taking into consideration the scope and aim of this article (Tranfield,
Denyer, and Smart 2003). Many papers were excluded during the selection process due to their fields of study (chem-
istry, physics, biology, medicine, etc.), and duplicate articles that appeared more than once via different keyword combi-
nations were excluded. After debating inclusion and exclusion, the titles and abstracts of the remaining papers were read
and those suitable for the study were selected. At the end of this screening process, the result was that 270 articles were
found likely to be suitable. For these articles, the researchers performed in-depth analyses of the content, selecting those
relevant to this article. After thorough reading, it was noted that the content of some papers was not fully suited to the
proposed scope. Thus, at the end of the selection process, 58 articles were selected for systematic analysis.

3.3 Data extraction from articles

A number of categories of analyses (Table 1) were put forward in order to systematise information from the selected
articles. The following categories were chosen:

• Context (Country): (a) developed country or (b) developing country. According to Luo, Tang, and Lan (2013),
developing countries are unwilling to disclose information about their carbon-mitigation activities compared to
developed countries. Therefore, it seems to be important to divide the analysis by geographical context.

• Economic sector: (a) public, (b) multinational or (c) non-multinational. There is a discussion around how cities
and regions can promote actions to mitigate greenhouse gas emissions. Therefore, it would be interesting to
explore the different perspectives between the public and private sectors; the private sector is further divided into
multinational and non-multinational organisations.

• Article’s objective: content analysis was performed for this category. This assessment was qualitative and not based
on codes. As a result, this variable was not included in Table 1.

• Research method: (a) qualitative, (b) quantitative, (c) mixed method or (d) theoretical. From this analysis, it is
possible to suggest future research.

• Participation in a voluntary low-carbon programme: (a) yes or (b) No. Companies with a propensity to disclose
information on emissions targets may have more ongoing initiatives to mitigate climate change.

• Low-carbon operations practice: (a) product, (b) process, (c) logistics or (d) not specified. This classification is
based on Böttcher and Müller (2015).

• Organisational theories: (a) one theory was used, (b) two, (c) more than two theories were used or (d) no theory
was used. In general, organisational theories can be applied to understanding production research problems (Dubey
et al. 2017). Organisational theories support explanations for and descriptions of organisational behaviours and
structures (Sarkis, Zhu, and Lai 2011), so their use may explain factors considered motivators and barriers to cli-
mate-change strategies.

Table 1. Categories of analyses to systematise information from the articles.

Meaning Codes for alternatives

Context (Country) 1A Developed
1B Developing

Economic sector 2A Public
2B Multinational
2C Non-Multinational

Research method 3A Qualitative
3B Quantitative
3C Mixed Method
3D Theoretical

Participation in voluntary programme 4A Yes
4B No

Low-carbon Operations management practices 5A Product
5B Process
5C Logistics
5D Not Specified

Organisational theories 6A One
6B Two
6C More than Two
6D None

Notes: ‘Article’s objective’ and ‘Classification of the variables’ were not included in Table 1 and, therefore, not coded.

4 A.B.L. de Sousa Jabbour et al.



• Classification of the motivators, drivers and barriers: content analysis was performed for this category due to the
myriad different aims that could be identified. This assessment was qualitative and not based on codes. Because of
this, this variable was not included in Table 1.

Table 1 presents the categories of analyses and their respective codes.
The researchers of this article analysed the 58 selected articles based on Table 1. Each article was searched for data

which matched the categories of analysis, and was then inserted into a single Excel datasheet for statistical data analy-
ses. Taking into account that there were pre-established codes for organising data collection, it was assumed that the
classification process was reliable and followed a consistent pattern between the researchers’ analyses.

Analyses from descriptive statistics were developed based on frequency to highlight the general tendency of the
results. Content analysis was conducted to gather the aims and the motivators, drivers and barriers of the articles
searched. The combination of these analyses with arguments from literature support the propositions put forward by the
present article. This procedure is based on Biesbroek et al. (2013), who studied barriers to adaptation to climate change.

4. Analyses of the published papers

This section aims to present data drawn from the 58 articles selected through the process described. Systematised results
have been organised by analysis category. We note that not all of the categories were coded.

4.1 Context (Country)

The first analysis category refers to the identification of the geographic/economic context reported in the articles studied.
This category is divided into 1A – Developed nations, and 1B – Developing nations. This distinction is important as
barriers and motivators may differ from one organisation to another due to the context in which they operate (Liu
2014).

Around 57% of the articles reviewed reported studies that were conducted within the context of developed nations.
Developing nations were analysed in about 34% of the articles; only 9% of the articles discussed both contexts. Figure 1
shows the data.

4.2 Economic sector

Category 2 considers the economic sectors studied in the articles. It is divided into 2A – Public, 2B – Multinational and
2C – Non-multinational. Different approaches were found to the economic sectors studied in the selected articles. How-
ever, all combinations permitted by this category were employed. That is: studies focused purely on the public sector
(2A), solely on multinational organisations (2B), only on non-multinational organisations (2C), on the public sector and
on multinationals (2A, 2B), on the public sector and non-multinationals (2A, 2C), on multinationals and non-multina-
tionals, contextualising only the private sector (2B, 2C) and on all three economic sectors (2A, 2B, 2C).

The results showed that 30% of the articles looked at the three economic sectors simultaneously. Around 16% of the
reviewed articles studied only the public sector. The majority of the articles looking only at private companies focused
solely on non-multinational firms (30%). Figure 2 presents the full data from this analysis category.

Figure 1. Frequency of analysed contexts (country).
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4.3 Articles’ objectives

The list of the 58 selected articles is presented in Table 2, which provides a brief description of the systematised papers.
Content analysis was used to comprehend, organise and group the aims of the 58 articles selected for review. By thus
distinguishing areas of interest, motivators and barriers in the field of low-carbon operations management, it is possible
to propose new avenues of study, validating this approach. The objectives identified in the content analysis are detailed
below; the results are based on objectives or topics which are cited more than once since topics cited only once tend to
signal sporadic research:

• Identifying and discussing barriers (and motivators) for mitigating CO2 in a given sector or region/country (29%
of papers);

• Identifying and discussing incentives for the control and reduction of CO2 emissions in regions and cities (19% of
papers);

• Analysing barriers to the adoption of energy efficiency (12% of papers);
• Discussing barriers of political and regulatory nature as inhibiting factors to reducing CO2 (9% of papers);
• Understanding barriers to investment in infrastructure for clean energies (5% of papers);
• Identifying and discussing barriers to voluntary reduction of gases that promote the greenhouse effect (3% of
papers);

• Understanding motivators for technological changes related to climate change (3% of papers);
• Analysing aspects of collaboration in supply chains to contribute to climate change strategies (3% of papers);
• Discussing barriers to land use to reduce CO2 (3% of papers).

4.4 Research method

Category 3 segmented the analysed papers according to the research method employed. As such, the segmentations
were: 3A – Qualitative, 3B – Quantitative, 3C – Mixed method and 3D – Theoretical.

The selected papers most often employed the qualitative method, representing 38%. The theoretical method was used
by 26% of the selected sample, and the quantitative method by 22%. The mixed method was used by 14% of the stud-
ied papers. Figure 3 details the above-mentioned information.

4.5 Participation in voluntary programmes

There are certain organisations that tend to participate in voluntary carbon disclosure projects. This category aims to
identify which papers studied organisations that voluntarily participate (4A) or do not (4B) in these types of pro-
grammes. It was shown that 86% of the papers did not have, or chose not to, access databases linked to these voluntary
programmes to collect data about organisations. Figure 4 presents the percentages relative to this analysis category.

Figure 2. Frequency of economic sectors.
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Table 2. Brief description of the papers reviewed.

Article Brief summary

St-Laurent, Hagerman, and Hoberg
(2017)

The authors reported the main barriers to carbon offsets in Canadian forests based on a
qualitative study conducted with stakeholders in the sector

Meyers et al. (2016) The article identified barriers faced by small- and medium-sized companies in the Food and
Drink sector located in European countries in improving energy efficiency, and provided
recommendations

De Wolf, Pomponi, and Moncaster
(2017)

The authors identified drivers and barriers to low-carbon processes in the building sector in
developed countries

Long, Blok, and Coninx (2016) The article identified barriers to the adoption of smart technologies for reducing carbon
emissions in the agriculture sector in European countries

Meath, Linnenluecke, and Griffiths
(2016)

The authors analysed barriers and motivations for small- and medium-sized companies
participating in voluntary programmes for energy efficiency in Australia

Henriques and Catarino (2016) The article found and discussed barriers to pursuing energy efficiency in small- and medium-
sized enterprises in Portugal in order to reduce carbon emissions, and proposed ways to
overcome the identified barriers

Polzin (2017) The article analysed challenges to clean technologies used in addressing low-carbon processes
Kragt, Dumbrell, and Blackmore

(2017)
The authors identified the key drivers and barriers to engagement with carbon farming in the
Australian agriculture sector

Masud et al. (2017) The article analysed the perception of climate change risks by farmers in Malaysia and the
consequent barriers to adaptation strategies

He et al. (2017) The article discussed barriers to developing low-carbon logistics strategies in China
Herrmann and Guenther (2017) The authors proposed a scale of organisational barriers to understanding enterprises’ climate

change strategies in Germany
Santos (2017) The author discussed macroeconomic barriers to decarbonisation of the transport sector
Yi, Feiock, and Berry (2017) The authors developed a framework for understanding the reasons why cities in the USA have

voluntarily adopted climate change policies
Reyers, Gouws, and Blignaut

(2011)
This study analysed the motivating factors behind voluntary climate change mitigation. Three
factors were cited as important: legitimacy, financial business and moral responsibility

Lee et al. (2013) It was noted that the success of CO2 reduction in sectors such as electricity, heat production and
transport in the region of Southeast Asia depends on a reduction in the differences and
deficiencies in policies and regulations between ASEAN nations

Lo (2010) Companies from the Taiwanese electronic sector have adapted to environmental trade barriers
from international associations and sustainable procurement policies from customers to
voluntarily reduce greenhouse gas emissions

Aben, Hartley, and Wilkening
(2010)

This study sought to understand motivators and determine factors for technological changes
related to climate change in the Canadian timber industry. The results found related to carbon
neutrality, customer demands and corporate responsibility

Zhu and Geng (2013) The study demonstrated how extended supply chain practices contributed to attaining energy
efficiency and carbon reduction goals in Chinese companies. It was noted that barriers such as
financial gain, resources and capability are the leading obstacles to effectiveness and efficiency
in companies

Lee (2015) Economic and organisational factors were pointed out as having an impact on the adoption of
energy-efficient practices in the steel industry in South Korea, where the government exerts an
extensive amount of pressure on the sector to reduce carbon emissions

Galbreath (2014) While climate change is a source of study due to the damage it causes, wine companies in
Australia have noted that it may be good for planting and harvesting grapes. Despite this,
climate change adaptations and mitigations present dilemmas due to the carbon price scheme,
economic barriers and lack of market demand

Jeswani, Wehrmeyer, and
Mulugetta (2008)

Carbon restrictions imposed by governments do not ensure that CO2 reduction initiatives are
standardised around the world. Barriers such as high costs, lack of financial resources and a lack
of awareness, among others, are different in terms of CO2 reduction policies in the energy
sectors of the UK and Pakistan

Okereke and Küng (2013) European regulations and competitive dynamics are factors that affect carbon management in the
cement industry. Managers from four companies reported that unsuitable and unfavourable
regulatory structures are the leading barriers to the sector attaining greater CO2 reductions

Jaber and Probert (2001) CO2 mitigation in the electric sector in Jordan is considered a huge opportunity for the country.
However, the sector faces obstacles to mitigating CO2. The barriers identified in this study
include a lack of awareness, lenient energy price policies and a lack of access to technology

Chu and Schroeder (2010) This study, conducted with multiple stakeholders in Hong Kong, identified barriers related to
reducing climate risks, such as costs, market competitiveness and a lack of expertise, among
others. The motivators were reputation, risk reduction, and consistency in ethical values, among
others

(Continued)
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Table 2. (Continued)

Article Brief summary

Salon, Murphy, and Sciara (2014) Identified motivators and barriers to the public management of emission reductions in cities and
counties in the United States

Fleiter et al. (2012) The study concluded that despite an energy efficiency audit programme which was successfully
implemented in Germany, and the fact that some energy efficiency barriers had been overcome,
financial barriers continued to impact small- and medium-sized companies

Urge-Vorsatz et al. (2009) This study emphasised the potential to reduce emissions in the construction sector; however,
economic barriers represent 20% of the costs of energy efficiency projects for a 10–15% energy
reduction

Dulal, Brodnig, and Shah (2011) The paper assessed physical, financial, social, human and natural barriers to the mitigation of
carbon emissions in agriculture. The authors argued that the removal of barriers would lead to
farmers collaborating in carbon mitigation initiatives

Boiral, Henri, and Talbot (2012) The results confirmed that the relation between environmental commitment and economic
motivation is positive and has contributed to companies making use of greenhouse gas
reductions to obtain other financial benefits

Okereke (2007) The paper looked at 100 companies in the United Kingdom and the motivators and barriers to
their adoption of carbon management strategies

Pasquini, Cowling, and Ziervogel
(2013)

This study investigated the barriers to climate change adaptation in eight municipalities of South
Africa. The barriers faced by public officials within this context relate to the municipality’s
ability to react to these issues, a lack of knowledge of the adaptation options, problems with the
adopted policies and a lack of interest in climate issues

Herbohn, Dargusch, and Herbohn
(2012)

The paper analysed responses from public and private organisations in Australia concerning
climate change policies and the main reasons for their actions. Among the barriers which
emerged were uncertainty about regulation and the carbon market, lack of expertise on
regulation and a lack of resources (financial and personnel). The motivators for adhering to
regulations were compliance with legal requirements, social responsibility, management of legal
risks and identification of cost gains

Carlsson-Kanyama, Carlsen, and
Dreborg (2013)

The paper found that the degree of privatisation within Swedish municipalities and the lack of
support from outside decision makers form the barriers identified in adapting to local climate
change in the next 20–30 years

Pitt and Randolph (2009) The authors showed that due to fiscal, political and institutional conditions, besides actual
barriers in the planning process, municipalities in the United States have difficulty in planning
climate protection

Pålsson and Kovács (2014) Reducing CO2 emissions from freight transport in Swedish companies is motivated more by
internal issues than external pressure from stakeholders. When the organisation has economic
and image motivators, it is more likely to reduce CO2 emissions

Lemieux et al. (2013) A framework was proposed based on an Importance-Performance Analysis (IPA) to gauge the
perceived degree of importance and performance by the managers of land agencies and
resources in the United States in relation to the capacity to adapt to climate change. Contextual,
informational, financial, human and institutional barriers from agencies complicate management
and decision-making processes aimed at climate change

Liu, Liu, and Sun (2011) The paper explored the situation of energy structure and supply in China, raising questions
about political, financial and technological barriers that complicate the rapid development of the
low-carbon economy in China

Chomaitong and Perera (2014) The study addressed the most significant drivers and barriers to the implementation of practices
that reduce carbon emissions in local government agencies in Thailand

Liu (2012) The author presented a study focused on organisational awareness and behaviour in carbon
management in China, as well as the barriers in reducing carbon in their operations

Zhang and Wang (2014) The paper verified the methods of collaboration between companies in supply chains with the
aim of reducing carbon emissions and identifying barriers and motivations behind this practice

Wong, Ng, and Shahidi (2013) From the point of view of organisational culture, the paper examined the effect of drivers on the
adoption of carbon reduction strategies. Rewards and more stringent standards are the leading
drivers that bolster such strategies in Australian enterprises

Dilling and Failey (2013) Through a case study involving public and private land owners in the United States, the authors
investigated the perception and implementation of carbon sequestration through the use of land,
and what influence existing drivers and incentives have on decision-making

Sentance (2009) The goal of the paper was to study the leading challenges that the low-carbon society represents
in the development of transport infrastructure in the United Kingdom. Based on a theoretical
study, the author discusses the low-carbon society and issues regarding low-carbon transport

Sullivan (2009) Uncertainties in climate change policy were the main barrier for large European companies in
adopting a more proactive approach to reducing their emissions

(Continued)
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4.6 Low-carbon operations management practices

This category sought to identify which management practices for low-carbon operations are analysed in papers that dis-
cuss motivators and barriers to business strategies for climate change. The divisions of operational practices considered
in this category were: Product - 5A, Process - 5B, Logistics - 5C, and Not-specified - 5D.

Around half of the selected papers, 53%, did not specify which low-carbon operations management practices were
being analysed. Among those which did specify, process was the most cited operational category among the reviewed
papers, at 19%. Figure 5 presents these data.

4.7 Organisational theories

This category aimed to identify which organisational theories contributed to the identification or interpretation of the
effects of barriers and motivators in the adoption of low-carbon operations management practices. For this category, the
number of theories used per paper was established, with 6A representing one theory, 6B two theories, 6C three or more
theories and 6D representing none.

The great majority of the papers selected (90%) did not present any theory as an analytical framework with which
to discuss motivators and barriers to carbon management. Only six papers used a specific theory to analyse this subject.

Table 2. (Continued)

Article Brief summary

Jongh and Möllmann (2014) The private sector in South Africa was studied in order to assess adhesion to voluntary
mechanisms for climate change mitigation and to identify market barriers that may prevent the
adoption of practices for this issue

Eisenack et al. (2014) Authors discussed the main barriers encountered in the literature to organisational adaption
related to climate change, and the limitations of existing research on this issue

Burch (2010) The paper proposed a typology of barriers that inhibit action on climate change in three
Canadian municipalities, exploring how these barriers influence the municipalities’ capacity for
resilience in attaining greenhouse gas reductions and analysing the interaction and importance of
these barriers in these municipalities

Ford et al. (2010) The authors conducted the study with the goal of understanding how climate change and its
risks are perceived, experienced and dealt with through mining industry practices in Canada

Li et al. (2012) The paper aimed at studying the motivations and barriers faced in the implementation of CO2

capture-ready design on new-build coal-fired power plants in China
Ng, Skitmore, and Cheung (2013) Interviews were conducted with construction project participants from Hong Kong to identify

practices employed and the drivers and barriers for the reduction of carbon emissions in the
construction industry.

Liu (2014) A study of China was undertaken to identify, analyse and offer suggestions for overcoming
barriers faced in low-carbon production for industries with the highest energy consumption rates
in the country

Jones (2015) The study investigated how institutional investors in the private sector perceive the barriers to
the expansion of investments in clean energy infrastructure and what political solutions may be
available for them

Kavouridis and Koukouzas (2008) The paper assessed challenges and barriers to cleaner coal power, with a focus on carbon
storage and on technologies for capturing and storing carbon and increasing the political
measures necessary for emission trade.

Pegels (2010) The work identified the theoretical barriers to investment in renewable energies in South Africa.
The main barrier identified is related to renewable energy technologies

Giesekam et al. (2014) Barriers were identified in the use of materials that contain less carbon throughout supply chains
for the construction industry in the United Kingdom

Garbuzova and Madlener (2012) The paper investigated the Joint Implementation and Green Investment Scheme as a possible
means of attracting foreign investment in transnational projects, providing capital for the
Russian energy sector with the goal of modernising operations, increasing energy efficiency and
reducing carbon emissions

Tait, Laing, and Gray (2014) Barriers to the implementation of low-carbon transport initiatives were studied in Aberdeen City
Council, Scotland

Lah (2015) The author highlighted the leading theoretical barriers to energy efficiency in the transport sector
in a number of countries around the world and suggested policies to overcome them

International Journal of Production Research 9



The theories considered were: path dependence, evolutionary theory, induced technology change, institutional theory,
resource-based view and the stakeholder theory, organisational learning and institutional collective (Aben, Hartley, and
Wilkening 2010; Zhu and Geng 2013; Pålsson and Kovács 2014; Zhang and Wang 2014; Herrmann and Guenther
2017; Yi, Feiock, and Berry 2017). Figure 6 presents these data.

Figure 3. Frequency of research methods employed.

Figure 4. Frequency of voluntary participation in carbon disclosure programmes.

Figure 5. Frequency of low-carbon operations management practices.
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4.8 Motivators, drivers and barriers

The selected articles provided a wide spectrum of data related to barriers and motivators in the adoption of low-carbon
operations practices. The survey identified over 160 types of barriers and motivators.

The identified barriers and/or motivators were either used for conducting empirical studies (Reyers, Gouws, and
Blignaut 2011; Boiral, Henri, and Talbot 2012; Lee et al. 2013; Zhu and Geng 2013) or they were the findings of the
research involved in the selected papers (Sullivan 2009; Aben, Hartley, and Wilkening 2010; Ford et al. 2010; Lo 2010;
Lah 2015; Lee 2015). Additionally, it should be noted that the identified barriers and motivators may feature dual char-
acteristics. For instance, the cost variable can be a barrier to low-carbon operations management as well as a motivator
(cost reduction).

In the following section, a theoretical organisation is proposed for the variable motivators and barriers identified, in
the form of clusters based on characteristics.

5. Analyses and proposal of a research agenda

The following section aims to analyse the findings from searches according to the above analysis categories and, emerg-
ing from this discussion, to propose future research in the field of low-carbon operations and its barriers and motiva-
tions.

5.1 Context (Country)

Studies looking at barriers and motivators of low-carbon operations management have considered the context of devel-
oped and developing countries at a ratio of 57% and 34%, respectively. Jeswani, Wehrmeyer, and Mulugetta (2008) note
that low-carbon initiatives in developed countries have been backed by an international effort to reduce emissions of
gases that lead to the greenhouse effect. These countries have prepared national policies aimed at preventing pollution
and bolstering energy efficiency while also imposing emission restrictions. Developing countries, on the other hand, face
additional challenges in emulating their developed counterparts, as their economic development policies may not align
with the requirements of ecological modernisation. Luo, Tang, and Lan (2013) develop this idea by stating that organisa-
tions located in developing nations are less adept at promoting information about carbon mitigation activities. According
to Gouvea, Kassicieh, and Montoya (2013), geographical factors are relevant both to understanding economic and politi-
cal behaviour and to analysing how institutions – such as academia, industry and government – interact to manage natu-
ral resources in the context of the green or low-carbon economy. Geographical factors provide a perspective for
understanding the role of institutions in promoting or reducing barriers and motivations for low-carbon management.
Therefore, it would be interesting to see more research identifying, confronting and analysing how different national
contexts tend to influence initiatives, the generation of barriers and the creation of motivating conditions for the adop-
tion of low-carbon operations management practices. Accordingly, research proposal 1 could be:

• P1: To understand the effects of different national contexts in the adoption of low-carbon operations management
practices and how these contexts tend to influence the creation or mitigation of barriers and motivators of these
practices.

Figure 6. Frequency of organisational theories.
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5.2 Economic sector

There is a great deal of research looking at both private and public companies on the subject of barriers and motivators
of low-carbon operations management. Non-multinational companies have been the subject of study more often than
multinational firms. The objectives of studies focusing only on either multinational or non-multinational companies are
generally quite similar, including identifying and discussing barriers and motivators of CO2 mitigation in a given sector,
region or country and exploring barriers of a political and regulatory nature as inhibiting factors in reducing CO2. How-
ever, companies with experience in internationalisation tend to be more environmentally proactive (Aguilera-Caracuel,
Hurtado-Torres, and Aragón-Correa 2012). Further, according to Zhu et al. (2011), foreign companies operating in
China, for example, tend to be more active and prepared than Chinese companies in meeting environmental performance
standards, as they are involved in global supply chains and respond to different environmental institutions. As such,
research proposal 2 could be:

• P2: To analyse whether private multinationals tend to respond differently to the barriers and motivators of low-car-
bon operations management when compared to domestic companies.

5.3 Article’s objective

Based on the content analysis performed and the results shown in Section 4, themes which were cited in more than 9%
of the articles analysed have been considered as tendencies of research objectives. Thus, four research themes were
identified among the 58 papers selected:

• Identifying and discussing barriers and motivators for mitigating CO2 in a given sector, region or country (29% of
papers);

• Identifying and discussing incentives for the control and reduction of CO2 emission in regions and cities (19% of
papers);

• Analysing barriers to the adoption of energy efficiency practices (12% of papers);
• Discussing barriers of a political and regulatory nature as inhibiting factors in reducing CO2 (9% of papers).

It is notable that barriers to low-carbon operations management have been prioritised; however, considering recent
events, such as the agreements established at COP 21 (UNFCCC 2015b), there will certainly be opportunities to study
motivators for the development of cleaner technologies, processes and products. Further, supply chains may reposition
their activities and decide to collaborate in meeting agreements formed as a result of the developments at COP 21.
Research proposal 3 would be:

• P3: To study the topic of business and climate change strategies from the perspective of motivations for the adop-
tion of low-carbon operations practices, and to expand the scope of analysis towards supply chains.

5.4 Research method

It was noted that the papers analysed utilised primarily qualitative and theoretical methodologies. According to Eisen-
hardt (1989), qualitative studies and case studies, in particular, are recommended in situations in which, for example, a
specific theme is still in the early phase of comprehension. This is therefore an indication that research in this field is
still in an exploratory phase, in which constructs are not firmly established to a degree that allows for confirmatory tests
and relation measurements (Forza 2002). This conclusion leads to research proposal 4:

• P4: The constructs of barriers and motivators of low-carbon operations management, taken from theoretical sys-
tematisation, should be used to expand empirical and quantitative studies, which will yield useful generalisations.

5.5 Participation in voluntary carbon disclosure programmes

Among the systematised papers, few of the companies investigated voluntarily publish their carbon reduction measure-
ments. In general, companies participating in carbon disclosure do so due to social, market or stakeholder influence or
international pressure (Gonzalez-Gonzalez and Ramirez 2016), or operate in sectors under greater social control due to
higher emissions. In addition, there is a trend for companies with better performance to be more willing to participate in
carbon disclosure (Peng, Sun, and Luo 2015). However, there may be bias in results deduced from research conducted
only with companies that maintain and publish emission inventories. Thus, research proposal 5 would be:

12 A.B.L. de Sousa Jabbour et al.



• P5: To compare the barriers and motivators faced in the adoption of management practices for low-carbon opera-
tions by both participating and non-participating companies in voluntary carbon disclosure programmes.

5.6 Low-carbon operations management practices

Product design and processing technology typically determine the types of pollutants emitted, the solid waste, potential
dangers and the resources and energy consumed in manufacturing (Angell and Klassen 1999). According to Sarkis and
Rasheed (1995), environmentally responsible manufacturing entails planning, development and the implementation of
transformation and technology processes that minimise or eliminate waste. Furthermore, it aims to create recyclable
products or those that can be remanufactured or reused. Jabbour (2010) states that, by means of product development
activities, there is an increasingly clear consideration of the environmental dimension within production. Böttcher and
Müller (2015) note that low-carbon products tend to improve competitiveness among organisations in the automotive
industry due to the fact that the phase of use emits the most greenhouse gases.

Few of the selected papers that discussed barriers and motivators of low-carbon operations management mentioned
any of these practices, whether product, process, or logistics. The most commonly cited practice was process due to
debates on energy efficiency. Therefore, considering the relevance of environmentally responsible manufacturing,
research proposal 6 is:

• P6: To discuss barriers and motivators for the adoption of low-carbon products and logistics practices.

5.7 Organisational theories

Using an organisational theory in the development of scientific research helps explain organisational behaviours, whether
in relationships between organisations and their environments (internal and external), or among organisations (Sarkis,
Zhu, and Lai 2011).

Only 6 out of the 58 papers reviewed considered the use of an organisational theory to provide grounds and argu-
ments in the discussion of barriers and motivators of low-carbon operations management. Four particular theories may
be suggested as being useful for the development of future research in this area. These theories are: institutional, ecolog-
ical modernisation, stakeholders and the resource-based view (RBV). These have been suggested due to them being the
most popular theories in the context of sustainability, and because they analyse relations between organisations and their
environments.

Institutional theory considers that being situated within a greater organisational structure outside the organisation
itself tends to generate certain types of social pressure (coercive, normative or mimetic) on organisations. This pressure
can lead to changes in production and management systems in order to legitimise their actions, comply with regulations
or imitate competition (Sarkis, Zhu, and Lai 2011; Touboulic and Walker 2015). According to Gouvea, Kassicieh, and
Montoya (2013), there are multiple players in the institutional arena related to the green and low-carbon economies,
such as the scientific community, providers of green products and services, green consumers and the public sector. Pres-
sure of a coercive, normative or mimetic type may be a source of motivation leading to improved performance and,
occasionally, the development of resources and capabilities, and each of the above players could assume a different role
in the mediating process for putting pressure on companies to adopt low-carbon operations management practices.

Ecological modernisation theory (EMT) suggests that technological innovations and regulatory policies that encour-
age the prevention of pollution are a means to industrial and environmental development (Er, Mol, and Van Koppen
2012). Governmental policies can contribute to generating incentives and initiatives for clean production. Thus, they can
be sources of motivators that lead to improvement in environmental performance and occasionally the development of
resources and capabilities.

Stakeholder theory states that organisations generate external effects within their environments. Consequently, they
should monitor the expectations of stakeholders who are directly impacted by their actions and decisions as such stake-
holders tend to generate pressure on organisations (Sarkis, Zhu, and Lai 2011; Touboulic and Walker 2015). Stakehold-
ers may be sources for the generation of barriers and motivators as they either collaborate or do not collaborate with
organisations in seeking to meet their expectations concerning improved environmental performance.

The resource-based view theory centres on the perception that internal resources and capabilities are sources of sus-
tainable competitive advantages and organisation profitability (Grant 1991; Hart and Dowell 2011). Examples of
resources and capabilities are technologies, equipment, localisation and facilitated access to raw materials, training,
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organisational learning and the development of relationships with different stakeholders (Barney 1991). Resources and
capabilities may be sources of motivation, and barriers to climate change adaptations.

As a result, research proposal 7 is as follows:

• P7: To employ organisational theories as analysis methods to understand the motivators and barriers to low-carbon
operations, these theories being: institutional theory, ecological modernisation theory, stakeholders theory and the
resource-based view.

5.8 Motivators, drivers and barriers

The 58 articles were read by two researchers in order to find all relevant mentions of barriers, motivators and drivers
for low-carbon operational practices. The information gathered resulted in a long list of variables – a total of 160 – for
barriers, motivators and drivers. This result suggests that there is still a lack of unanimity in the literature, especially
when taking into consideration that the majority of studies on the subject are theoretical or qualitative. Thus, this paper
aims to establish factors to improve the grouping and comprehension of barrier and motivator variables.

Consequently, the list of variables was cognitively analysed to identify similarities and patterns among the variables,
underpinned by Tranfield, Denyer, and Smart (2003), who state that the amount of information from a systematic review
should be reduced in a concise and a summarised format. Thus, five factors were proposed for categorising the general
meaning of the barriers, motivations and drivers for low-carbon operational practices. This proposal was developed by
means of consensus building between the researchers. Additionally, each factor is composed of a group of variables
drawn from the list initially generated by the researchers.

The factors proposed are: (a) economic, (b) political/regulatory, (c) technological, (d) governance and (e) market.
The technological factor presented the fewest citations. A possible inference may be that technological factors are less
relevant or restrictive in pursuing low-carbon operations management. Economic, political/regulatory and governance

Figure 7. Research framework with opportunity for future studies.
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factors were cited equally often. It was thus understood that organisations need to deal with both external and internal
aspects in order to follow low-carbon operations management. In other words, organisations must develop resources and
capabilities to deal with pressure and uncertainty coming from the external environment.

Table 3 presents the factors and their respective variables based on the 58 articles systematised. There are marks in
the table to represent which factors were cited by each systematised article. Marking all the variables mentioned for
each article was avoided in order to provide an accessible visual aid to the table.

A framework (Figure 7) follows to summarise the research agenda derived from the theoretical systemisation pro-
posed by this paper.

6. Conclusion and implications for IJPR

This research effort aimed to identify, classify and analyse the motivators and barriers to the adoption of low-carbon
operations management practices, shedding light on potential opportunities for IJPR’s community. Based on a systematic
literature review, seven propositions for future research were suggested. Furthermore, variables that are considered to be
barriers and motivations to low-carbon operations management were organised into constructs as follows: (a) economic,
(b) political/regulatory, (c) technological, (d) governance and (e) market.

Overall, some potential discussions emerged as a consequence of the seven propositions suggested, including meth-
ods to mitigate barriers to the adoption of low-carbon operations management practices and the development of capabili-
ties to boost or implement motivators for the adoption of low-carbon operations management practices. These two
issues should be analysed through the lens of Ability-Motivation-Opportunity theory, which argues that human resources
management practices improve employees’ capabilities and in turn increase organisational performance (Appelbaum
2000; Argote, McEvily, and Reagans 2003; Renwick, Redman, and Maguire 2013). Consequently, enhancing employ-
ees’ capabilities may assist organisations in dealing with the governance barrier, for instance. Additionally, other poten-
tial discussions include the contribution and effectiveness of policies proposed in line with EMT in developing countries
to encourage the adoption of low-carbon operations management practices, and the need to integrate decisions regarding
operations management in the debate on business strategies and climate change. Thus, there are many opportunities for
new research on this topic.

This article has limitations, such as potential errors in the cognitive process of the systematisation of the articles and
the selection of keywords used to search on the SCOPUS database. The following section puts forward the findings
which are believed to have implications for the IJPR community.

6.1 Implications for the International Journal of Production Research community

Literature reviews published in the IJPR can have an impact on the production research community (Ho et al.
2015; Dolgui, Ivanov, and Sokolov 2017; Pinho and Mendes 2017; Sodhi and Tang 2017). In this context, Sarkis
and Zhu (2017) point out that the IJPR has been an essential vehicle for developing knowledge on sustainable
production. More specifically, considering the topic of low-carbon operations, the journal has contributed in three
main areas: (a) low-carbon manufacturing; (b) low-carbon logistics and supply chain; and (c) low carbon product
development.

Regarding low-carbon manufacturing, selected IJPR contributions are as follows. Chen and Hao (2015) found that
the carbon emissions tax imposed on high-efficiency firms should be greater than that imposed on low-efficiency firms
competing within the same industry. Wang and Choi (2016) suggested that market-based characteristics of the cap-and-
trade mechanism use economic benefits to motivate firms to adopt low-carbon technologies and environmental-friendly
facilities to curb greenhouse gas emission. Liu et al. (2015) proposed optimisation models to determine the remanufac-
turing quantity that maximises total profits under three common carbon emission regulation policies. Dhavale and Sarkis
(2015) developed quantitative models capable of integrating carbon market uncertainties into decisions on sustainable
manufacturing investment. Liu and Huang (2014) examined carbon footprints within the context of production schedul-
ing. Toptal, Özlü, and Konur (2014) analysed retailers’ joint decisions on inventory replenishment and investment in
carbon emission reduction under three carbon emission regulation policies. Lees, Evans, and Mareels (2012) proposed a
model whereby stakeholders would see the portion of utilities consumption (or greenhouse gas impact) that did not
directly contribute to saleable product and the impact of non-productive greenhouse gas emissions in a manufacturing
environment, with the illustration of a packaging line in a brewery.

In terms of low-carbon supply chain and logistics management, Validi, Bhattacharya, and Byrne (2014) proposed an
integrated low-carbon distribution system for the demand side of a product distribution supply chain. Du et al. (2015)
analysed the impact of consumers’ preference for low-carbon in the emission-concerned supply chain. Brandenburg
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(2015) suggested that decentralised supply chain configurations enable carbon emission reduction without affecting eco-
nomic supply chain performance. Ni and Shu (2015) considered two models to examine how carbon capping, carbon
emission cost rates and guaranteed service times affect the optimal safety stock placement for supply chains.

Low-carbon product development emerges as an area with potential for further study. One example in this field is
Tang, Wang, and Ullah (2017), who shed light on the problem of product configuration by considering environmental
and low-carbon emission issues. Thus, the contribution of the IJPR to the topic of low-carbon operations follows the
same pattern as observed in Figure 7. Consequently, the main area that the IJPR’s community could focus on is low-car-
bon product-related issues, including the life cycle of products from extraction to final disposal. It is believed that the
proposed research agenda, as visualised in Figure 7, is useful for developing this area further, paving the way towards
the consistent contribution of the IJPR to a more sustainable world.

This work is useful for teaching low-carbon operations management and can be used by production managers when
dealing with the complexity of adopting low-carbon practices.
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