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Abstract: This study aims to provide a better understanding of material flow cost accounting (MFCA)
application in developing countries, which are characterized by rapid structure transformation leading
to serious environmental problems. By systematically reviewing the existing literature, our analysis of
28 studies from nine developing countries (China, Indonesia, Iran, Malaysia, South Africa, Sri Lanka,
Thailand, the Philippines, and Vietnam) shows that MFCA research has primarily focused on
Asian developing countries. Moreover, while the use of MFCA is often associated with improving
eco-efficiency, the reviewed studies also indicate a high relevance for strategic decision-making
processes within organizations. Finally, one of the key challenges in MFCA application reported
in developing country studies lies in existing accounting systems with limited data availability
and insufficient cost allocation. Based on our findings and gaps identified in the MFCA literature,
we suggest paths for further research, including the necessity of quantitative research and comparative
analysis of MFCA application across countries, the further investigation of MFCA application in
small and medium-sized enterprises as well as in various manufacturing and service sectors in
developing countries.
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1. Introduction

The objective of this study is to provide a review of the existing literature on material flow cost
accounting (MFCA) application in developing countries. There are two major reasons for conducting
this review. First, although there is a considerable increase in the quantity of studies and special
issue call for papers from peer-reviewed journals on accounting in developing countries [1–3], MFCA
research has been largely neglected so far. Second, reviews which addressed MFCA in literature
have mainly focused on MFCA practices in general [4–7] rather than examining specific regions
(e.g., developing countries).

In recent years, developing countries, which are characterized by rapid structure transformation
from the agriculture sector to industry and service sectors, have increasingly been confronted by
environmental problems including the high consumption of natural resources and massive industrial
waste [8–12]. In response to environmental problems, industries in developing countries have made
their efforts in adopting various approaches to resource efficiency improvement and waste reduction.
A promising tool in this regard is MFCA, as it supports organizations in achieving both economic
and environmental performance by analyzing physical material and energy flows as well as related
costs [13–15].

Using Tranfield et al.’s [16] methodology for systematic reviews, we found three key findings:
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• First, it reveals a strong bias towards Asian regions in the scope of MFCA research.
• Second, it enhances a better understanding of the use of MFCA beyond eco-efficiency by identifying

its benefit for strategic decision-making processes.
• Third, it identifies current accounting systems in developing countries as one of the key challenges

in MFCA application.

Drawing from the above findings and gaps in MFCA literature, we describe future paths in
MFCA research including the investigation of the current rate of MFCA application and factors
influencing the application of MFCA in developing countries by quantitative research, the comparative
analysis of various important aspects of MFCA application across these countries, the examination of
MFCA application in small and medium-sized enterprises (SMEs), and of the further spread of MFCA
application in various manufacturing and service industries in these countries.

The paper is structured as follows. The next section provides a brief introduction to MFCA and
general characteristics of accounting in developing countries. Section 3 explains the methodology
used to undertake the systematic review. Section 4 highlights our results, which are summarized in
various tables together with detailed analysis. This is followed by Section 5, in which our discussion
and implications for future research are presented. Section 6 concludes the paper.

2. MFCA and Accounting in Developing Countries

We start with introducing MFCA and its development. Then, the criteria for choosing developing
countries as well as accounting characteristics of these countries are presented.

2.1. MFCA

MFCA is regarded as an effective tool to achieve both environmental and economic performance
by analyzing both physical flows and monetary units. It appeared in the early 1990s within an
environmental management project at the Kunert company in Southern Germany [17]. Since then, it has
received considerable attention in practice and academia [13,14,18,19], bringing together a wide range of
different perspectives, such as cleaner production, ecological economics, and management accounting
(MA) [7]. Under MFCA, the implementation process includes five steps: (1) engaging management
and determining roles and responsibilities; (2) identifying scope and boundary of the process and
establishing a material flow model; (3) allocating costs (material cost, energy cost, system cost, and waste
management cost); (4) interpreting and communicating MFCA results; and (5) improving production
practices and reducing material loss through MFCA results [13]. These steps have been formulated as
a general framework by the International Organization for Standardization in ISO 14051, followed
up by ISO 14052, which focuses on the practical implementation of MFCA in a supply chain and ISO
14053, which focuses on the practical implementation of MFCA in SMEs.

Overall, MFCA has become one of the most promising tools for environmental accounting
and accountability. It is a key component of the Environmental Management Accounting (EMA)
framework published by Burritt et al. [20]. Besides becoming an international standard in ISO (14051,
14052, and 14053), there is also a growing number of guidance documents on MFCA published
by governments and associations [18,21,22]. Meanwhile, a large number of case studies spreading
throughout many countries over the world have also demonstrated the effectiveness of MFCA in
enhancing corporate environmental and financial performance [19,23,24]. Previous MFCA reviews
have provided academics, practitioners, and other interested parties with a deeper understanding
of MFCA application and diffusion [4–7]. For example, Schaltegger and Zvezdov [7] developed a
framework for MFCA to support a wide variety of decision situations. Another example is that of
Christ and Burritt [4] who raised notable problems such as a lack of knowledge and application of
MFCA in practice or the need for survey, interview, and statistical research methods to supplement
case studies. Moreover, at the time their review was conducted, the evidence on MFCA was limited
to three studies from developing countries. With a small amount of such studies, it appears to be
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helpful to provide a broader understanding of the current state of MFCA application across developing
countries and how research into this stream has developed since then.

2.2. Accounting in Developing Countries

As of today, there are different criteria to classify world economies, such as gross national income
(GNI) per capita (focus on income) of the World Bank [25], Human Development Index (focus on
a long and healthy life, knowledge, and a standard of living) of the United Nations Development
Programme [26], or aggregation methods (focus on income and fuel exporters/importers) of the United
Nations [27]. In this paper, despite the debate and difficulty of defining developing countries in term
of various measurable aspects [28], we used the classification of the World Bank as used in previous
studies on accounting [1,2,29]. This includes four categories: high income, upper-middle income,
lower-middle income, and low income. Accordingly, developing countries are not listed among
high-income economies.

Accounting in developing countries has been dominated by financial accounting rather than MA
due to the effects of professional bodies, legal regulations, and education and training [30]. Nonetheless,
MA has been broadly applied and has transformed from traditional techniques to contemporary
techniques due to various reasons, such as foreign capital’s support [31], government reform, or global
competition [32]. Despite its transformation, introducing MA innovations has proven to be challenging
as traditional MA techniques have commonly been used in many developing countries and there is the
effect of culture on MA practices [33–35]. For example, Indian companies used more traditional MA
practices than those in Australian companies, and adopted contemporary techniques more slowly than
those in Australian companies [33]. Another example is that traditional MA techniques (budgeting
and standard costing) were accepted in Malaysian companies while there were the very low levels of
adoption of MA innovations (target costing and balanced scorecard) [34].

In recent years, EMA has emerged as the next step in the evolution of MA [36] in order to help
organizations increase both economic and environmental performance. Whilst research on EMA and
MFCA has been dominated by European and Australian researchers for a long time [37], with little
attention being paid to developing economies [38], many scholars have increasingly become interested
in these new accounting tools in the context of emerging countries [19,39–41]. There are such interests
in emerging countries, as these countries have an entirely different social-political environment and
accounting practices [42–45] which have affected EMA and MFCA development and motivated the
adaptation and testing of tools in respective contexts [19]. For example, due to the weakness of
legislation, Chinese companies will not increase their costs of environmental investment unless legal
requirements are strong enough to make pressure for them [44]. Another example is that while
courses on environmental accounting have been well set up at universities in developed countries
such as Australia and the United Kingdom [45], there has been a lack of these courses at universities
in developing countries. In addition, applying models or hypotheses already accepted in developed
countries to developing countries could be problematic or unsuitable.

3. Methodology

We conducted a systematic review to synthesize and appraise the existing studies on
MFCA application from the perspective of developing countries. Our review was guided by
Tranfield et al.’s [16] approach including three main stages: (3.1) planning the review, (3.2) conducting
the review, and (3.3) reporting the review.

3.1. Planning the Review

At the stage of planning, we prepared a review protocol comprising review question, key
words, inclusion criteria, and exclusion criteria. The research question was: What is the current
state of knowledge concerning MFCA application in developing countries? To answer this question,
keywords were limited to “material and energy flow cost accounting”, “material flow cost accounting”,
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“MFCA”, “flow cost accounting”, “energy cost accounting”, “material flow accounting”, “input/output
balance”, “ISO 14051”, and “ISO 14052”. Subsequently, the above keywords were searched from
five databases: ISI Web of Science, ScienceDirect, ProQuest, SpringerLink, and Emerald. To identify
relevant publications, we specified inclusion and exclusion criteria, as shown in Table 1.

Table 1. Selection Criteria of the Systematic Review.

No. Criteria Inclusion Exclusion

1 Publication type Articles, books, conference papers Any other publication type
2 Theme Material flow cost accounting Any other research area
3 Availability Full text Not available as full text
4 Language English Any other language
5 Location Developing countries Developed countries
6 Level Corporate level Any other level

3.2. Conducting the Review

At the stage of conducting, we selected and appraised relevant studies through inclusion and
exclusion criteria identified at the previous stage. Searching for studies based on keywords in five
databases revealed 1147 publications that were stored in the bibliographic management software Citavi
6.0. To filter relevant publications, we applied the process suggested by Viegas et al. [46]. This process
consists of four steps as follows: (1) elimination of repeated or duplicate publications, (2) alignment
of the titles with the theme, (3) alignment of abstracts with the theme, and (4) availability of full-text
publications in the databases. After eliminating redundant publications within and between databases,
a total of 684 publications were kept. From the selected publications, we reduced 565 publications
on an analysis of the title and abstract. As a result, 119 publications were included after screening.
In the last step of this process, we excluded 5 publications due to a lack of availability. As a result,
114 relevant publications with full text were chosen. After that, we eliminated 3 publications not
written in English, 71 publications due to location criteria, and 12 publications because they were not
examining MFCA at corporate level.

3.3. Reporting Results

Figure 1 presents a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
flow diagram of the literature selection process, resulting in 28 publications found in the review.

All 28 publications were extracted into a Microsoft Excel worksheet for in-depth analysis.
We followed previous studies on the systematic review [16,47] and used an analytic framework
with guiding questions including bibliographic analysis, background analysis, and thematic analysis,
as shown in Table 2.

Table 2. An Analytic Framework.

Categories and Sub-Categories Questions

Bibliography
Year In which year was the publication published?
Type What is the kind of publication?

Journal’s name If it is a journal, what is the journal’s name?
Journal’s discipline What is the journal’s discipline?

Authors’ name Who are the publication’s authors?
Authors’ geographic origin What is the geographic origin of the authors?

Authors’ discipline What are the author’s disciplines?
Background
Methodology What is the methodology used in research?

Location Which country does the publication focus on?
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Table 2. Cont.

Categories and Sub-Categories Questions

Size Which size is subject of the publication?
Industry Which industry sector is subject of the publication?
Themes
Benefits What are MFCA application’s benefits described in the publication?
Process How were MFCA application’s steps described in the publication?

Enablers and barriers What are the enablers of and barriers to MFCA application described in
the publication?
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4. Analysis of Results

This section is structured as follows. First, bibliographic findings are analyzed by year, type, and
author. Second, publications are characterized according to methodology, location, size, and industry.
Finally, themes of publications are synthesized.

4.1. Bibliographic Findings

In our review, we identified 28 publications published during ten years between 2009 and 2018.
Given that our review covers one decade, the total number of publications is relatively low. Figure 2
shows fluctuations in the volume of MFCA publications in developing countries.

Starting from one publication in 2009 [48], there is a notable increase in the number of publications
in 2012. Three years later, in 2015, the number of yearly publications reaches its peak, accounting for
one-fourth of total publications. This turning point can be explained in terms of an edited book and a
special issue published in these two years. First, the book by Herzig et al. [19] on EMA case studies of
South-East Asian companies contributes to four out of six publications in 2012. This book resulted
from a large EMA capacity building and research program in South-East Asia which was carried out
between late 2003 and early 2008, funded by the German Federal Ministry for Economic Cooperation
and Development [49]. Second, the special issue of the Journal of Cleaner Production attracted
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many MFCA publications in 2015, out of which three publications focused on MFCA application in
developing countries.Sustainability 2020, 12, x FOR PEER REVIEW 6 of 18 
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Figure 2. Studies on Material Flow Cost Accounting (MFCA) Application in Developing Countries
from 2009 to 2018.

There are three types of publications found in our review: journal articles (in total: 16;
58%), conference papers (6; 21%), and book chapters (6; 21%). Articles published in journals
are related to the discipline of environmental and sustainability management (Journal of Cleaner
Production; Environment, Development and Sustainability; International Journal of Environmental
Science and Development), accounting (Asian Journal of Accounting and Governance; Asia-Pacific
Management Accounting Journal; Journal of Accounting and Management), and governance and
control (Risk Governance & Control: Financial Markets & Institutions). The distribution of journal
articles is presented in Table 3. Notably, journals with the most publications on MFCA in developing
countries are not accounting journals. While the Journal of Cleaner Production alone accounts for
10 out of 16 journal articles, only three articles could be found in three different accounting journals.
However, following rankings such as the ranking of the Chartered Association of Business Schools,
these accounting journals are not highly ranked. We could not find papers on MFCA in developing
countries from well-known journals in the field of accounting, such as Accounting, Organizations
and Society; Accounting Forum; Management Accounting Research; and Accounting, Auditing &
Accountability Journal.

Table 3. MFCA Publications in Developing Countries by Journals.

Journal Name Number of Publications

Journal of Cleaner Production 10
Environment, Development and Sustainability 1

International Journal of Environmental Science and Development 1
Asian Journal of Accounting and Governance 1
Asia-Pacific Management Accounting Journal 1

Journal of Accounting and Management 1
Risk Governance & Control: Financial Markets & Institutions 1

Total 16
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In our review sample, 56 different authors contribute to the literature of MFCA in developing
countries. The following observations could reflect the novelty of MFCA, which is being researched by
scholars from many different countries and disciplines. An interesting observation can be made by
looking at the major contributors since it could enrich the knowledge about who mainly contributed to
the development of MFCA literature in developing countries. It appears surprising that the top four
authors come from developed countries, although other authors coming from developing countries are
also interested in this field. Specifically, three authors (Stefan Schaltegger, Tobias Viere, and Christian
Herzig), who contributed a high number of publications on MFCA in developing countries, come
from Germany in which research on MFCA has a long-standing history. Moreover, it is notable that
Roger Burritt coming from Australia and Chompoonoot Kasemset coming from Thailand (however,
based in the United Kingdom) also contributed a considerable number of publications on this topic.
Other major authors mainly come from developing countries such as Malaysia (Denny Ng, Mohd
Norhayati, Maliah Sulaiman), Thailand (Watcharin Chaiwan, Rungchat Chompu-inwai), and South
Africa (Michael Fakoya). Although studies on MFCA have received attention from a very small group
of researchers, our review shows a wide variety of authors coming from both developed countries
and developing countries, which has been not explicitly presented in prior studies [4,50]. A further
interesting observation is that publications are often developed by a team of authors coming from
various disciplines, bringing together perspectives in accounting (e.g., Michael Fakoya), management
(e.g., Christian Herzig), life cycle assessment (e.g., Tobias Viere), engineering (e.g., Chawis Boonmee),
and environmental science (e.g., Nova Ulhasanah). This result shows that MFCA knowledge has been
enriched by diverse and interdisciplinary perspectives rather than only focusing on accounting research.

4.2. Background of Publications

As can be seen in Table 4, 26 out of 28 publications used a qualitative research design (case studies).
This number illustrates a general trend in MFCA research as it is a suitable strategy during the
first stages of investigating the implementation of MFCA in developing countries because the case
method is suitable for exploratory research [51]. However, case studies primarily investigate MFCA
implementation at one company in a specific country [52–54] rather than examining multiple cases
across sectors and/or countries (e.g., comparative research designs). Two papers used a quantitative
method to collect data by conducting a survey [55,56]. Surveying 123 companies, Salim et al. [55],
for example, show that there is a low level of MFCA implementation in Malaysia. Another example is
that Yagi and Kokubu [56] analyze the characteristics of material flow management to facilitate the
expanded use of MFCA through surveying 101 firms in Thailand.

With regard to the location of MFCA studies, our analysis reveals that MFCA has been studied in
nine developing countries, namely, Thailand, China, South Africa, Malaysia, Vietnam, the Philippines,
Indonesia, Iran, and Sri Lanka. There is a strong bias towards emerging countries in Asia (86% of all
publications), while Africa accounts for only 14% of the publications. With ten publications, Thailand
attracted many scholars to carry out their research on MFCA application [54,56–64]. Following this
country, there are four publications focusing on China, four publications focusing on South Africa, two
publications focusing on Malaysia, and two publications focusing on Vietnam.

In terms of size of companies under study, our review shows that there are six publications
investigating MFCA in large enterprises [65–70]. Besides, we also found 12 publications examining
MFCA in SMEs [48,53,58–61,63,64,71–74]. Concerning SMEs, for example, MFCA helped a Chinese
company increase both environmental performance and the community’s recognition and trust [48].
Drawing from our review, MFCA application becomes important and potential not only in large
enterprises but also in SMEs that has been emphasized in ISO 14051 [13] and ISO 14053 [75]. Due to a
lack of information, we could not identify firm size in other publications.
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Table 4. Publications on MFCA in Developing Countries by Method, Location, Size, and Industry.

No. Method Location Size Industry Reference

1 Case study China SME
Construction machinery cab,

the fuel oil tank, the hydraulic
fluid tank, and the hangar

[48]

2 Case study Thailand SME Wood [59]
3 Case study South Africa Micro Micro-brewery [53]
4 Case study Thailand Small Textile [64]
5 Case study Thailand Small Textile [63]
6 Case study Thailand Medium Pajamas production [58]

7 Survey Thailand Not identified

Agriculture and food,
consumer products,

industrials, property and
construction, resources,

services, and technology

[56]

8 Case study Indonesia Large Textile and towels [66]
9 Case study China Large Plastics [68]

10 Case study The Philippines Small Electroplating industry [71]
11 Case study Sri Lanka Not identified Crepe rubber [78]
12 Case study Iran Not identified Oil [77]
13 Case study South Africa Large Brewery [65]
14 Case study Vietnam Small Seafood [72]

15 Case study China Not identified Liquid crystal display and
optoelectronic [79]

16 Case study Malaysia SME Metal parts for the automotive
industry [73]

17 Case study South Africa Not identified Hotel [76]
18 Case study The Philippines Large Snack [70]
19 Survey Malaysia Not identified Manufacturing [55]
20 Case study Thailand Not identified Starch and ethanol production [62]
21 Case study China Large Iron and steel [69]
22 Case study Indonesia Large Cement [67]
23 Case study Thailand Medium Paper [61]
24 Case study Vietnam Medium Beer brewing [74]

25 Case study Thailand SME Pottery and decorative
ceramics [60]

26 Case study Thailand Not identified Plastics packaging [54]
27 Case study South Africa Not identified Paper [52]
28 Case study Thailand Not identified Meat ball production [57]

Regarding the industry focus, the review shows that 26 publications concentrated on manufacturing
industries while there are two cases in terms of the hotel industry [56,76]. More specifically,
some scholars paid attention to some large industries such as oil [77], iron and steel [69],
metal parts [73], and other manufacturing industries such as paper production [52,61], textile
manufacturing [58,63,64,66], beer brewing [53,65,74], and food [57,70,72]. We also found interesting
results obtained from one case relating to the hotel industry [76]. This case is the only one focusing on
the implementation of MFCA in the service industry. In one other case, agriculture, manufacturing
and construction, and service industries were investigated together [56].

4.3. Themes

Overall, we found three main themes emerging from analyzing the literature on MFCA application
in developing countries: the benefits of MFCA application, the process of MFCA application, and
enablers of and barriers to MFCA application. These themes are presented in the following.
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4.3.1. Benefits of MFCA Application in Developing Countries

A large variety of benefits from applying MFCA in developing countries could be found.
MFCA is shown to assist companies to identify underestimated costs, reduce losses, waste, and
environmental impacts [52,63,78,79]; increase product quality and competitiveness [59,62]; improve
processes as well as resource efficiency [62,68,77]; and support decision-making [52,53,61,65,70,74].
These benefits, recognized among various contexts and various industries, can be grouped into
two broad categories: eco-efficiency and strategic decision-making. Eco-efficiency is defined as “a
management philosophy that encourages business to search for environmental improvements that
yield parallel economic benefits” [80]. This is a widely acknowledged benefit of EMA application in
standards and frameworks such as the ones published by the International Federation of Accountants
(IFAC) [81] or the International Organization for Standardization (ISO) [13]. It is interesting to note
that our review of the literature also stresses MFCA’s role for strategic decisions, which had not been
made explicitly by ISO [13]. Strategic decision-making plays a pivotal role in an organization due to its
long-term effects [82] and therefore has also been widely addressed in the literature of accounting and
control for sustainability strategy [83]. In various studies of our sample, it is shown how MFCA can
support managers in ensuring the future sustainability of an organization (e.g., implementing cleaner
production processes) [52,61,74]. For example, Herzig et al. [61] show that MFCA information helps
managers at a paper manufacturer develop long-term thinking by encouraging greater and cleaner
production of Grade A paper and a competitive business strategy for cost reduction.

4.3.2. Process of MFCA Application in Various Contexts

MFCA is known as an effective tool with benefits recognized through the process of its application
in various contexts. With some slight differences among cases studies in the steps of MFCA application,
23 cases present explicitly how companies applied this tool in practice. For example, Dunuwila et al. [78]
describe MFCA application at a crepe company in which the manufacturing process was illustrated in
more detail as follows: rubber latex collection, standardization, coagulation, milling, drying, folding,
dry blanket milling, cutting, and packing. Based on MFCA calculation, three improvement options
regarding reduction of fresh water, chemicals, and electricity use were suggested, leading to a notable
reduction in the need for water and electricity, emission of greenhouse gases, and costs at the same time.

As we mentioned in Section 2.1, there are five steps to implement MFCA guided by ISO [13].
These steps are (1) engaging management and determining roles and responsibilities; (2) identifying
scope and boundary of the process and establishing a material flow model; (3) allocating costs (material
cost, energy cost, system cost, and waste management cost); (4) interpreting and communicating
MFCA results; and (5) improving production practices and reducing material loss through MFCA
results. In most of the reviewed studies, the first step was presented implicitly at best (or even ignored).
An exception is the case of Chompu-inwai and Apinun [60], who describe comprehensively and clearly
all steps.

4.3.3. Enablers of and Barriers to MFCA Application

Five publications show explicitly enablers of and/or barriers to MFCA application [55,56,65,73,76].
First, Salim et al. [55] highlight that there is a direct positive impact of supplier integration on MFCA
application, while companies with bigger ecological environmental uncertainty are less motivated to
apply MFCA. Second, Yagi and Kokubu [56] reveal that hazardous waste and raw material management
could facilitate the promotion of MFCA. Third, Fakoya and van der Poll [65] emphasize the importance
of integrating enterprise resource planning and MFCA to speed up the availability of waste information
in terms of both quantity and cost figures to overcome existing challenges at a brewery company. Fourth,
Sulong et al. [73] reveal that there are many enablers of MFCA implementation, such as innovative
attributes (relative advantage, compatibility, complexity, trialability, observability; see also [84]), type of
innovation decision (authority innovation-decision from top managers), communication channels
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(constant meetings and cooperation), nature of social system (top management commitment and
team composition), and change agent’s promotion efforts. Besides, this study shows barriers to
MFCA implementation in the case of the Alpha company, such as performance appraisal issues, and
vendor constraint. Fifth, Nyide [76] shows various challenges in terms of MFCA implementation
including data accuracy, the understanding of data and capital budgeting, and limited experience and
knowledge of MFCA. We also found some additional enablers of and barriers to MFCA implementation
in other publications when describing the benefits and steps of MFCA implementation. These are
related to supply chain integration [63,66,70,71], environmental strategy [66,68,70,72], support from
government [59,72,78], training and education [48,59,68], and the combination of MFCA with other
techniques [60,67,69,79].

Current accounting systems including data availability and cost allocation appear to be the key
challenge in MFCA application across many cases. In terms of data availability, this challenge was
found in six reviewed cases [52,53,62,65,66,74]. It is caused by separating database systems between
different departments, such as the accounting department, environment department, and production
department, hampering the necessary collection of both physical and monetary data. Moreover, data
availability in the context of developing countries is different to that of developed countries due
to the differences in technological capacity and MA development [30]. While this is seen to be an
enabler of MFCA application in prior studies [14,85], our review shows that it represents a barrier to
MFCA application in many developing countries. In cases where it was not presented as a barrier to a
developing country company (e.g., in the case of Nguyen’s [72] MFCA study of a seafood company),
this might be due to the fact that the application only focused on one simple process. If the case
was expanded to a broader level for all processes, the firm may possibly also struggle with the same
problem in terms of data availability. As a consequence of the lack of availability of data, it is reported
that costs are difficult to calculate and allocate [62]. While MFCA requires the analysis of each process
with sufficient and detailed information about inputs and outputs in both physical and monetary units,
a traditional accounting system has no records of costs for each production line or environmental
cost classification. As a result, it is hard for accountants to find a reasonable basis for allocating
environmental costs, which is consistent with prior studies of EMA [44,81].

5. Discussion and Implications for Future Research

5.1. Empirical Evidence on MFCA Application in Developing Countries

Despite an increase in MFCA case study research published in recent years [4], the total number
of publications concerning MFCA application in developing countries is still limited. Drawing from
current literature, our knowledge about the level of MFCA application in emerging countries remains
limited to insights from individual company case studies. There is one article showing a low level of
MFCA application in the context of Malaysia through surveying 123 enterprises [55]. This provides
some first insights into MFCA diffusion in a developing country context as prior survey-based
research has been primarily concerned with EMA application in general rather than examining MFCA
specifically [4]. Nonetheless, in the study by Salim et al. [55], we are not certain about how many
companies know about MFCA, how many companies know about MFCA but not apply it, and how
many companies know about MFCA and apply it in practice in the context of developing countries
despite many case-based efforts in proving various benefits of MFCA and the ability of its application.
Do companies know about MFCA and if yes, what do they know about it? Are (or will) they (be)
interested in applying MFCA? In addition, as mentioned in Section 4.3, many enablers of and barriers
to MFCA implementation are primarily reviewed through case studies. While there are many empirical
studies investigating motivations and challenges in EMA implementation more generally [39,86,87],
it becomes a major shortfall in the current MFCA literature. Hence, we argue that quantitative research
is necessary to provide a better understanding of practical MFCA application in these countries.
Moreover, it seems that capacity development programs can make a positive contribution to the
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dissemination of MFCA in practice [88] and enhancing our knowledge about its dissemination through
wider research on MFCA in developing countries. The strong bias towards Asian studies in our sample
might be due to a capacity development program carried out in early 2000 in South-East Asia, resulting
in the publication of project outcomes (pilot case studies) as well as subsequent research activities in
the region [19]. Another reason might be that regional chapters of academic and practitioner networks
(such as the Environmental Management Accounting Network—Asia Pacific or the Australasian Centre
for Social and Environmental Accounting Research Group) have been most active in these regions for
many years. The fact is that studies on MFCA in the regions of Latin America and the Caribbean could
not be found and studies on MFCA in the region of Africa are limited to four publications [52,53,65,76]
in our review. We propose future research to further investigate MFCA in these regions to fill the gap
in the literature. Lastly, the findings and insights are commonly limited to a single company [48,53] or
a single country [55,56]. A comparison between countries would be difficult to make due to the lack of
heterogeneity among studies with regard to perspectives, methods, and sectors. Hence, we suggest
future research to further elaborate on MFCA application and diffusion from a comparative perspective,
which has received heightened attention in research on MA [89], EMA [90], and corporate social
responsibility [91,92], to compare important aspects of MFCA application between countries.

5.2. MFCA Application in SMEs in Developing Countries

It is notable that SMEs in emerging countries, which play a vital role in job creation and
global economic growth, account for an approximately 67% share of formal SMEs in the world [93].
Nonetheless, there are many key constraints to SMEs in developing countries, such as access to
finance, competition, and taxation [94]. For example, while on average 43% of businesses with 20
to 99 employees rate access to finance as a major constraint to current operations in low-income
countries, only 11% of businesses of the same size rate access to finance as a constraint in high-income
countries [95]. Due to capital intensity, SMEs in developing countries are less productive and contribute
less productivity growth than large firms. While large firms are both more innovative and more
productive, SMEs are less likely to engage in increasing innovation and productivity [93]. MFCA is
regarded as an innovative approach which could help organizations in enhancing economic and
environmental performance. Despite its benefits, we argue that constraints of SMEs in developing
countries seem to hamper MFCA application in these nations. Priorities of SMEs in developing
countries include seeking short-term profits and minimizing taxation rather than focusing on solving
environmental problems derived from their activities. For example, SMEs in Thailand tend to cut
production costs, and usually do not know how to manage waste effectively despite very high resource
consumption rates [59]. In addition, due to resource constraints, for SMEs it is difficult to “hire
some environment accountants to implement the environment budget method and the environmental
protection achievement examination system” [48] (p. 32). We think that leaders of enterprises could
hesitate to invest in an innovative approach such as MFCA since they are not certain about the benefits
that this approach could bring as well as potential costs that they need to spend. While there are nearly
21 million SMEs in developing countries [94], MFCA literature has investigated a minority of these
enterprises (e.g., 12 publications found in our review). Hence, future research could further investigate
how MFCA could be applied in SMEs in developing countries to overcome their existing constraints.
Drawing from our review, the effect of firm size on MFCA implementation was not investigated.
Therefore, we also call for conducting more studies to fill this gap in the current literature.

5.3. MFCA Application in Manufacturing and Service Sectors in Developing Countries

Developing countries are characterized by the process of rapid industrialization. As a result,
structural transformation started mostly in the 1900s and the economy has significantly moved from the
agriculture sector to industry and service sectors [8]. According to the World Development Indicators
of the World Bank in March 2016, the average value added (% GDP) in the agricultural, industry, and
service sectors were 40%, 20%, and 40%, respectively, in 1960 and 20%, 30%, and 50%, respectively,
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in 2010. In addition, the industrialization in developing countries has also led to a considerable increase
in economic growth. According to data from the International Monetary Fund in 2019, GDP growth
was 4.6% for developing countries while it was 1.7% for developed countries. Some emerging nations
experienced high growth rates, such as China (5.8%), the Philippines (6.2%), and Vietnam (6.5%).
Nonetheless, the industrialization in these nations has increasingly produced adverse environmental
problems due to the release of air and water pollutants and the disposal of hazardous wastes. Overall,
developing countries often demonstrate a lack of attention to environmental protection, inappropriate
or ineffective environmental standards, and underdeveloped pollution control techniques.

Mani and Wheeler [96] revealed that the top ten pollution-intensive industries include iron and
steel, non-ferrous metals, industrial chemicals, petroleum refineries, non-metallic mineral products,
pulp and paper, other chemicals, rubber products, leather products, and metal products. In our review,
there is one case in iron and steel, one case in the oil industry, one case in metal parts, and two cases
in paper production. As we mentioned in Section 4.2 in terms of sub-industry sectors, some major
industries in the economy of developing countries, which have made a strong and negative impact on
the environment, are missing in MFCA literature, such as chemicals and chemical products (12.1% of
GDP in 2015) and non-metallic mineral products (5.5% of GDP in 2015) [97]. Hence, the lack of data
on multiple sectors appears to be a gap in current knowledge. It seems necessary to examine further
how MFCA application could improve companies’ economic and environmental performance in
manufacturing sectors in which there are both high contributions to GDP and intensive pollution
(for example, manufacturing of basic metals accounts for 10.7% of GDP in developing countries
while it accounts for 4.6% of GDP in developed countries in 2015 [97]). Besides, in our review, there
are two publications concerning the service industry [56,76]. Although other scholars have already
recommended future research to further investigate MFCA in the service industry (e.g., Christ and
Burritt [4]), there seems to be still a need to do more in this regard. Not surprisingly, MFCA tends to be
applied in industries with significant material and energy flows; however, given the importance of the
service industry in the economy of developing countries as well as the cumulative impacts related to
this industry, it remains an important call for future research.

6. Conclusions

This paper provides a better understanding of MFCA application in developing countries.
Our study has shown that MFCA research has primarily focused on Asian developing countries.
Moreover, while the use of MFCA is often associated with improving eco-efficiency, the reviewed
studies also indicate a high relevance for strategic decision-making processes within organizations.
Finally, one of the key challenges in MFCA application reported in developing country studies lies in
existing accounting systems with limited data availability and insufficient cost allocation.

Nonetheless, this research was also confronted with some limitations. The first limitation relates
to databases used to search relevant publications. It is possible that publications matching the research
focus have been not found because they are contained in other databases. The second limitation refers
to language, since some studies might have not been conducted in English.

Based on our findings and gaps identified in the MFCA literature, we suggest paths for further
research as follows. First, quantitative research is necessary to better understand the current level of
MFCA application as well as to confirm factors that have been shown to influence MFCA implementation
in developing countries by exploratory case study research, and also in other regions beyond Asia.
Second, comparative studies into MFCA application among countries appears promising to better
understand the different factors influencing the take-up of innovative accounting methods such as
MFCA. Third, future research could further investigate the process of MFCA application in SMEs
in developing countries. SMEs play a crucial role in emerging countries [98] and the usage of MA
(including MFCA) could be both lower and different in SMEs compared to larger entities [99]. Fourth,
in spite of the dominance of research on MFCA in manufacturing industries, future studies could
continue to further examine these industries more broadly since “the importance of manufacturing
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industries is increasing in developing economies compared with a declining trend in industrialized
economies” [97] (p. 161). Along with manufacturing industries, there is also a need to further investigate
MFCA application and diffusion in service industries due to their importance in the economy of
developing countries as well as the environmental impacts associated with the service sector.
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