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Material Flow Cost Accounting (MFCA) combines physical flows and monetary units and is located be-
tween energy and material efficiency analyses, environmental management and managerial accounting
procedures. Since the development of ISO 14051:2011 research and application in industry increased, but
still some theoretical, methodological and practical gaps exist. This Special Volume addresses some of the
existing deficits and shows the fertile contribution of MFCA on resource efficiency. As can been seen by
the articles and case studies in this Special Volume, MFCA still is continuously spreading into further

countries and the methodology is extended, refined and elaborated and increasingly applied in combi-
nation with various other tools and concepts. The main challenges are still the continuous imple-
mentation of the method in industry and the public dissemination of the results.

1. Material flow thinking can shape managerial thinking

To cope with complexity the perception of corporate reality is
reduced by narrowing the focus of perception, resulting in limited
attention (Simons, 1995). Engineers see the functioning of technical
processes and products. Managers see the cost and profit side. Envi-
ronmental officers see emissions, effluents and waste. All three
tend to improve the corporate reality they see. This does not neces-
sarily lead to an overall optimization of corporate goals as conflicts
occur. Technical improvements focus in the first instance on the
technical functioning, and might neglect costs and environmental
aspects. Cost saving procedures might lead to staff reduction, not
considering that this might produce new environmental burdens.
Environmental considerations might request a new product design
(e.g. of decomposability), leading to conflicts with production engi-
neers etc.

By showing the common denominator of the various percep-
tions and foci, material flow thinking supports the integration of
the various views: Engineers might become more aware of environ-
mental consequences. Environmental officers get better informa-
tion on cost effects. In addition, management might get a better
overview of all, technical, monetary and environmental aspects.
Material Flow Cost Accounting (MFCA) as a tool for implementing
material flow thinking can considerably enhance an integrated
optimization.

This Special Volume offers a first comprehensive overview over
roots, conceptual characteristics, recent and future developments
of MFCA and governmental initiatives. MFCA has not yet been
explored in depth in research literature. MFCA so far has been sub-
ject more to practical application and less to empirical coverage.
The method is being used in many companies, especially in Japan

and Germany, but also in low-income countries. Some of these
more recent applications are documented in this Special Volume.
However, for reasons of competition and confidentiality many
companies hesitate to publish detailed information on material
flows, on efficiency achievements and saving results. Nevertheless
specific and new internally reported data and information on ma-
terial flows are an important lever for more efficiently structuring
material flows in a company and also making a contribution to
“cleaner production”. Thus, MFCA is not only a corporate account-
ing exercise but also belongs to the method toolbox of industrial
ecology, as it chiefly addresses the efficient and effective use of
natural resources. Its scope recently is being extended to the sup-
ply chain as well as to an even further reaching Life Cycle
perspective.”

MEFCA essentially addresses the monetary relevance of phys-
ical material flows and losses for companies. It demonstrates
physical and monetary quantities of material flows as two sides
of the same coin. By quantifying physical material flows it not
only provides a basis for technical analysis, but also for an envi-
ronmental assessment. It quantifies the material going into the
product, into air, into water or into soil, but it also traces indica-
tors like material efficiency, toxicity, criticality etc.. And finally it
also contributes to economic optimization as all flows are mone-
tarily assessed.

5 See e.g. the recent development of a new ISO-Standard 14052 on MFCA in the
supply chain still in progress or the proceedings linking MFCA to the concept of Life
Cycle Assessment in the Abstract Book of the 11th International Conference on Eco-
Balance by The Institute of Life Cycle Assessment, Japan: http://ilcaj.sntt.or.jp/
EcoBalance2014/program/scientific_program.html.
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Thus the method is used to analyse the physical energy and ma-
terial flows® in production systems and then to assess them in mon-
etary terms. Thinking in material flow systems enables the tracing
of inefficient material and energy use, both from an economic and
ecological perspective. Waste reduction becomes a major opportu-
nity and objective. The assessment of an input-/output-mass bal-
ance of physical material flows is the starting point for several
tools related to environmental management and cleaner produc-
tion (emissions control, resource efficiency). In essence, all material
input flows including energy and water are distinguished into
product output and non-product output. Non-product output is
evaluated not only with its disposal, treatment, and recycling costs,
but the wasted material's purchase value, as well as handling and
storage costs are included in the production costs of non-product
value and disclosed in the management control system. At the
same time, this full costs overview also can establish the baseline
for an idealized zero waste scenario. Ideally, in a resource efficient
production system, all inputs would be converted into products.
MECA is located at the interface between energy and material effi-
ciency analyses, environmental management and managerial ac-
counting procedures. Above all, the method points out
opportunities for action that are economically advantageous from
the point of view of companies, and at the same time, by saving re-
sources, emissions, waste etc. are also environmentally expedient.

By this MFCA adopts a different perspective to many other envi-
ronmental management and accounting tools. Savings in energy
and material do not only lead to cost reductions, but are generally
also environmentally advantageous. MFCA reveals material effi-
ciency and cost saving opportunities regarding the wide range of
raw and auxiliary materials and energies. And it also comprises
all flows and storages along the value chain between input (pur-
chase), throughput (production) and output (delivery or disposal).
Thus MFCA can help to identify economically attractive materials
that have so far slipped through the net of conventional economic
assessment or cost accounting. It can help to prioritize the econom-
ically and environmentally most attractive starting points. And it
supports a holistic view comprising the entire flow of materials
throughout the company from R&D and product design to recycling
and reuse, not only optimizing from a narrow functional or depart-
mental point of view. In this way MFCA expands the options for ac-
tion in companies that have so far been defined by narrow
accounting and management control procedures. It should thus
be seen as an instrument for management control purposes and
be applied on a regular level, integrated with existing accounting,
management control, planning, reporting, and production informa-
tion systems.

Meanwhile the procedure is well documented in an interna-
tional standard that enhances the understandability and the recep-
tion of the method: The ISO 14051 standard describes the “general
framework” of the MFCA approach. A second standard, ISO 14052,
that addresses “guidance for practical implementation in a supply
chain” is currently being developed.

Nevertheless, even if MFCA is accompanied by scientific support
or extended to scopes across the company boundaries it expresses
the results in simple physical and monetary quantities that can be
easily understood.

In this editorial we identify research gaps for MFCA-related
topics and give an overview on the papers of this special volume.

6 Energy flows as long as they are of material substance (oil, gas, wood, coal etc.)
can be treated as other material flows and quantified in mass values (kg, m?). Elec-
tricity or heat flows with negligible or no masses in MFCA are considered separately
or parallel in kWh or kcal.

2. Research gaps

As early as 1959, the German economist Paul Riebel already
pointed out that conventional cost-accounting in companies aims
to fulfil a number of different purposes, for instance cost-
efficiency comparisons, price policy, or current profit and loss state-
ment (Riebel, 1990, 1994). He inferred from this that first of all a
purpose-neutral accounting database is necessary, on which
various evaluation calculations with different objectives or pur-
poses could then build. Based on physical quantities it should be
possible to produce information for decision-relevant events be-
tween the company and the market as well as for those within
the company. Viewed in this way, MFCA also serves a specific pur-
pose, namely in the first instance to provide a purpose-free infor-
mation basis describing present material flows (stocks and
movements) in physical and monetary terms as the core of busi-
ness. If this material based accounting system is available, a wide
range of reports, evaluations, and calculations can be derived for
various purposes, for purchasing, for production planning, for prod-
uct design, for quality management, for investment decisions, up to
environmental management evaluations. This would then even
result in a natural bridge between an economic and environmental
assessment of the same system. This common information basis
could show material inefficiencies in physical quantities and value
these inefficiencies in monetary terms. The results can be trans-
ferred into the profit and loss statement on the one hand, as well
as into a company's environmental report on the other. The two
sides of one coin could target for special analyses of efficiency po-
tentials. What costs could be saved by avoiding inefficiencies? Or
alternatively, what environmental pollution could be saved by this?

It is important to campaign for such a basic accounting system in
companies. This alone allows the holistic assessments of produc-
tion that are becoming increasingly significant in times of climate
change and scarcity of resources. Companies must recognise that
this leads to additional benefits which conventional accounting
systems do not offer. MFCA is a strong argument here, as it calcu-
lates in monetary units. However, it should not be forgotten that
MFCA at the same time is also a toolbox for sustainability and
resource efficiency and that there is also a need for other, non-
monetary evaluation views.

Separation into material basic accounting and specific assess-
ments, such as Carbon Footprint, can above all supply key perfor-
mance indicators that are necessary for efficient and
environmental steering of a company. The challenge in closing
the efficiency gap is not to reveal potentials in a one-off exercise,
but instead to continuously improve and above all implement find-
ings in management action and operational routine. Experience
from the lean production movement shows that the challenge
lies not only in “hard” technical issues but quite often in “soft pol-
icies” (Rother, 2010; Schmidt, 2013). How can constant awareness
for improving effectiveness and efficiency be created among man-
agement and in each individual member of the workforce? This is a
question of leadership, but it has to be supported and accompanied
by the constant supply of data and performance indicators. Peter
Drucker expressed this succinctly: “If you can't measure it, you
can't manage it.” The inefficiencies must therefore be continuously
tracked down and quantified. The MFCA approach is one technique
for this aim.

The reference to lean production should be taken seriously as
well. Lean production originated in the Toyota Production System
(Ono, 1988) and addresses efficiency and waste in production.
Today there is hardly any automobile manufacturing company
that does not work in accordance with these principles. But they
do not consider energy and material wasting as wastage of value
creation, faulty products, working time and scarce and costly
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resources. They do not cross-functionally consider the entire mate-
rial flow between input and output, from R&D to waste manage-
ment, in both, physical and monetary terms, in cost and
environmental accounting terms, even if Muda, the Japanese
word for waste, plays a key role. Accordingly it is not surprising
that although MFCA as a method was developed in Germany, its
importance was recognised above all in Japan. Kaizen and the
Toyota Production System have prepared the field here. MFCA is
the logical continuation of this efficiency approach of lean produc-
tion with a double focus on both, the reduction of cost and of envi-
ronmental burdens. At the same time the method also offers major
opportunities for learning from the long-standing and very
practice-driven experiences of lean production. One important
task was always to implement such analysing and problem-
solving systems sustainably in corporate management. The ques-
tion of how important analysis instruments and continuous data
provision are, as well as questions of leadership and staff training
have already been answered here and tested in practice. In this
connection MFCA could also learn about dissemination and suc-
cessful implementation in companies. This could result in a highly
interesting field of activity helping to increase resource efficiency in
production.

Even if an ISO standard has been released in 2011 and a second
will follow expanding the supply chain perspectives, not all topics
have been covered already in the academic discussion. We analysed
which topics covered in the ISO 14051 have been covered already
and which still give room for further research (Table 1):

The status quo demonstrates that part of the research is already
well elaborated, whereas there is still much room left for further
studies. First of all, links to financial and management accounting
systems need to be strengthened. In general accounting data
constitute of physical quantities and monetary values, but often ac-
counting focuses on the monetary perspective only. MFCA can draw
the attention on the natural capital perspective and thus follow the
idea of integrated reporting (IIRC, 2013). The challenge is to formu-
late statements in a way that both communities are interested in a
topic and open their mind and combine disciplines.

Further, allocation mechanisms are lacking and thus cost alloca-
tion can be more elaborated in MFCA. In a first step, decent alloca-
tion within a company is important as only well allocated costs can
be managed top-down. In a second step, cost allocation has to be
addressed in the value chain. Similar challenges arise in the alloca-
tion of greenhouse gases (GHG) in the scope 3 level (GHGP, 2011)
and in cost carryover between quantity centers. The integration
of data with life cycle costing and supply chain management is
essential as quality and success of management depend on this in-
formation (Agndal and Nilsson, 2009).

Originally, MFCA was developed to quantify non-product mate-
rial flows. This includes internally and externally recycled materials
and its associated costs. So far, this aspect is only developed in the-
ory and practical concepts are still missing to a large extent. An
integration of these concepts with accounting tools might be valu-
able to document and transfer costs of internally recycled material.
This process has to be considered as value added and thus also
calculated and reported (Giinther, 2008).

The visualization of the general material flow model is already
well understood and applied by different disciplines. In a next
step the flow models have to be adapted to sector specific applica-
tion in order to take into account the sector-specific relevance of
the planetary boundaries (Rockstrom et al., 2009) and to involve
all areas and install individual accounting methods.

Subsequently the management has to be involved in this process
and results have to be published on international platforms to
disseminate knowledge on integrated tools and practical applica-
tion (Simons, 1995; IIRC, 2013).

Regarding the determination of necessary expertise silo
thinking is dominating in MFCA research and practice. Integrated
project teams in research and practice are an eminent way of con-
teracting this. In particular since environmental problems are
increasing, sustainable solutions need an interdisciplinary base
(Whiteman et al., 2013).

In order to avoid chaotic, arbitrary and not well-documented so-
lutions, processes have to be organized from project base to perma-
nent implementation. The regular implementation of methods
leads not only in MFCA to standards and thus similar system
boundaries and time frames but is a topic in most of the accounting
methods. Increasing standardization fosters the comparability of
results and thus the benefits of MFCA become more visible
(Schaffer and Steiner, 2005).

Various processes, such as receiving, cleaning, cutting, mixing,
assembling, heating, packing, inspecting and shipping, as well as
material storage areas, can be considered as quantity centers. How-
ever, no link to existing information systems does exist. Not only
management systems have to be integrated and linked, but also
processes and information systems (Whiteman et al., 2013).

Further, the identification of inputs and outputs for each quan-
tity center is discussed in many case studies, but little awareness
is payed on the difference between raw and operating materials.
A standardized assessment framework for input—output balance
as proposed by Jasch (1999) or in other environmental assess-
ment disciplines sets the boundaries between life cycle and pro-
cess stages and thus improves the methodological quality of
MECA.

The quantification of material flows in monetary units is already
well developed. However, there is potential for further research
regarding the inclusion of external costs and the assignment of en-
ergy and system cost (Steffen et al., 2015). Further barriers in the
context of MFCA do exist, mainly due to intransparent or lacking
communication. Organizational change management is a prom-
ising approach to cope with the inherent barriers (Hueske and
Guenther, 2015) and transfer theoretical knowledge on MFCA re-
sults into practice.

Linked to this issue and chapter 5.3.3 of the ISO standard is the
general communication of MFCA results, which are often subject of
confidentiality. Advancements of open book accounting (Kajueter
and Kulmala, 2005) and the carryover between quantity centres
would improve the process and push MFCA research on communi-
cation. Further identification and assessment of improvement op-
portunities are well developed and formulated in this special
volume, in particular in the article of Christ and Burritt.

The road travelled can be summarized as follows: Having started
from environmental management initiatives MFCA has further
developed as environmental management has, too. Management
accounting and control has always been reluctant towards the
method, due to theoretical, but also practical reasons. This might
be due to the focus on physical flows, the major difference to the
traditional way of thinking of management accounting and control
in monetary terms. MFCA will have a vibrant future, if challenges
ahead will the tackled. We see issues to be handled in the integra-
tion with environmental management, management control sys-
tems, information systems and the supply chain. The question of
project base or permanent use has to be answered for every com-
pany individually.

3. Contribution of the special volume to fill the gap

The look back and look ahead clarified the conceptual baselines
of the MFCA approach as well as some terminology. It also showed
the first regional implementation focus in Germany and Japan but
also first spread outs to transitional countries. As can been seen
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Past and future research and practical implementation of ISO 14051.

Chapter in ISO-standard

Chapter ISO
14051

Looking back — well developed

Topics covered in this
special volume

Looking ahead — research needed

Fundamental elements of MFCA (ISO 14051, chapter 5)

Quantity center 5.1 Well-developed and implemented

Material balance 5.2 Well-developed and implemented

Cost calculation 53 Theoretically well-founded, but low

implementation level

General 5.3.1 Not applicable

Cost allocation 5.3.2 Low application level

Cost carryover between quantity 533 Severe problems with existing
centers information systems

Cost carryover of internally 534 Theoretically well-developed
recycled material

Material flow model 54 Visualization well understood and

Implementation steps of MFCA (ISO 14051, chapter 6)

applied by different disciplines

General 6.1 Not applicable
Involvement of management 6.2 Little evidence in published papers
Determination of necessary 6.3 Silo thinking
expertise
Specification of a boundary and a 6.4 Chaotic, arbitrary and not well-
time period documented
Determination of quantity centers 6.5 Several case studies, but little links
with existing information systems
Identification of inputs and outputs 6.6 Many case studies, but little
for each quantity center awareness on the difference
between raw and operating
materials
Quantification of the material flows 6.7
in physical units
Quantification of the material flows 6.8 Material and waste costs well
in monetary units developed
MFCA data summary and 6.9 Theoretically well developed, but
interpretation low implementation level
Communication of MFCA results 6.10 Often subject of confidentiality
Identification and assessment of 6.11 Well developed in combination

improvement opportunities

with cleaner production projects,
but difficult as a stand alone option

Wagner
Wagner
Kokubu and Kitada

Bierer et al.

Jasch

Rieckhof et al.;
Kokubu and Kitada

Schmidt;

Kasemset;
Chompu-inwai et al.;
Sulong et al.;
Schmidt;

Kasemset;
Chompu-inwai et al.;
Sulong et al.;
Kasemset;
Chompu-inwai et al.;
Sulong et al.;

Bierer et al.;
Nakajima et al.;
Schmidt et al.;

Links with financial and
management accounting and
control systems need to be
strengthened

Allocation mechanisms
Integration with life cycle costing
and supply chain management
Implementation assistance by
integration with accounting and
control tools

Sector specific adaptation

Knowledge dissemination on
integrated tools

Integrated project teams in
research and practice

From project base to permanent
implementation

Integrated information systems

Standardized assessment
framework for input—output
balance

Assignment of energy and system
cost, inclusion of external costs

Implementation barriers
Advancement of open book

accounting
Interdisciplinary assessment teams

Christ and Burritt;
Jasch

by the papers and case studies in this special volume, MFCA still is
continuously spreading into further countries and the methodology
is extended, refined and elaborated and increasingly applied in
combination with various other tools and concepts.

This special volume contains a number of very interesting pa-
pers that also elaborate on the topics presented above. We have
put together a selection of methodological papers as well as case
studies from different regions of the world.

The paper of Bernd Wagner (2015) gives an overview on the
historical development of the method of MFCA and can be used
for educational purposes, but also as inspiration for new methods
that might emerge. Interestingly enough the idea arose from
observing a gap between input and output measured in physical
terms in a company. First, simple mass balances were established,
that were refined continuously. Later material flows were traced
throughout the company and indicators developed in order to be
able to control continuous improvement. Finally the method was
codified in an international standard.

The paper by Ramona Rieckhof, Anne Bergmann and
Edeltraud Guenther (2015) confronts the corporate and manage-
ment world with the challenges of sustainable development. It ar-
gues that conventional management thinking is not prepared to
cope with these challenges. It also shows how MFCA might be

able to support the establishment of links between short term oper-
ational management tools and medium or long term oriented stra-
tegic considerations that are able to accept the manifest challenges
of sustainability with its issues of environmental protection and
climate change. The paper thus focuses on the goal of encouraging
corporate strategy to move towards more efficient and sustainable
use of natural resources. It is based on an exceptionally extended
analysis of recent literature, embracing 82 articles, not only
covering the MFCA focus but also including most current manage-
ment concepts of Management Control Systems (MCS) and Levers
of Control (LOC). The authors point out that a resource-efficient
strategy can only be achieved if corporations commit themselves
to medium and long term targets of sustainability on a strategic
level and transfer them down to all corporate levels using manage-
ment control systems. Based on the broad literature review the au-
thors examine possible links and contributions of MFCA to basic
management tasks. This covers core questions of how to integrate
MFCA into existing information and accounting systems, of how
to enhance corresponding reporting systems referring to adequate
indicators of performance measurement, of how to implement and
communicate such an integrative flow management thinking
corporate-wide, across various functional areas and departments
etc.
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The paper by Katsuhiko Kokubu and Hirotsugu Kitada (2015)
addresses implementation challenges for MFCA. The authors
demonstrate that MFCA already overcomes typical shortcomings
of classical environmental management that generally is perceived
as being in opposition to profit targets. By increasing resource effi-
ciency MFCA can contribute to cost saving and profitability. Kokubu
and Kitada argue that in corporate daily life resistance to a regular
and continuous implementation of MFCA can be observed due to
conflicts with already existing management tools and approaches.
The authors show e.g. that the alerted awareness of MFCA guided
management specifically regarding material losses can conflict
with the now prevailing management conceptions. The paper re-
ports on case studies that have successfully managed to overcome
such typical conflicts between MFCA and the traditional manage-
ment perspective. It discusses for instance steps towards a more
precise accountability of “losses”, the successful introduction of
Performance Reporting Meetings (Tanabe Seiyaku) or Work-place
Centred Environmental Assurance Systems (Canon). And it de-
scribes the concept of a sustainability oriented or enlarged balance
score card, all measures that support a corporate development to
meet jointly the future economic and environmental challenges
of sustainability.

As MFCA is progressing around the world it meets other man-
agement concepts, sometimes in conflict, sometimes in synergy.
Several papers attempt to develop MFCA further in combination
with such other management tools. They present road maps for
the integration of MFCA with classical management tools or mea-
sures to overcome possible conflicts:

The team of Annett Bierer, Uwe Gotze, Lilly Meynerts and
Ronny Sygully (2015) developed a model for the integrated use
of Life Cycle Costing (LCC) and Life Cycle Assessments (LCA) that ap-
plies MFCA as the link between the two methods. Both LCC as well
as LCA open up the management focus beyond short-sited corpo-
rate views and limits. While the concept of Life Cycle Costing is
traditionally reduced to a pure cost accounting approach and LCA
on the other hand to a primarily environmental tool, MFCA might
function as a link between the two. MFCA might link the two ap-
proaches, taking advantage of their particular excellence, from
cradle to grave, by simultaneously controlling economic and envi-
ronmental effects, challenges and opportunities.

The concepts of Supply Chain Management (SCM) and MFCA
have a number of common features. Both are targeting the
improvement of material flows in terms of efficiency, of cost and
time. While SCM was set up to improve relationships across the
corporate boarder to suppliers, MFCA at the beginning was reduced
to a restricted internal inside-company view. While MFCA on the
other hand emphasized environmental awareness, SCM tradition-
ally tended to neglect sustainability considerations. Nakajima
et al. show how the two concepts can be joined. They exemplify
how timely requirements of controlling carbon emissions along
the supply chain, a not only contemporary political, but also eco-
nomic, environmental and social demand, can be met by intro-
ducing MFCA along the supply chain and into SCM. Requirements
and challenges of promoting a Low Carbon Supply Chain are the
focus of the questionnaire research performed by Michiyasu
Nakajima, Asako Kimura and Bernd Wagner (2015). The results
show that there are three prerequisites for introducing MFCA into
the Supply Chain:

e environmental performance indicators as performance evalua-
tion criteria in purchasing

e awareness of the concept and outcome of MFCA in the pur-
chasing department

e inter-organizational information sharing between buyers and
suppliers.

If these requirements are met, the authors put forward, both
sides, buyers and suppliers, can profit, in terms of cost reduction
as well of lower carbon emissions.

Mario Schmidt (2015) links his MFCA elaborations to increasing
the transparency of production-related greenhouse gas emissions.
This is done by an algorithm that transfers the representation of
all in- and outgoing materials and energies into a common unit
of CO, equivalents. Physical flows are valued with corresponding
greenhouse gas emissions in order to analyse what amount of emis-
sions could be saved if the losses were avoided. This alone would be
a sufficiently innovative contribution to the present conceptual
MEFCA discussions to justify a stand-alone article. But Schmidt, in
the same paper offers a number of additional forward-looking
and highly innovative contributions. He supports the valuing of
monetary and environmental impacts of physical quantities by a
mathematical refinement of the MFCA approach, which at the
same time is apt to facilitate the crucial further development of
software accompanying the transparency of material flows. In addi-
tion Schmidt shows how to handle so far in MFCA concepts
neglected multi-product cases of extended complexity. And he
demonstrates the treatment of recycling flows, to be found regu-
larly in complex production processes, but not yet systematically
taken into consideration within MFCA concept developments.

The contribution by Anja Schmidt, Uwe Gotze and Ronny
Sygulla (2015) in the first instance exhibits another interesting
case study, an example from the aluminium industry. But this
case study, by looking more closely and in detail into variations of
corporate production circumstances, at the same time opens up a
number of new methodological core questions and enrichments.
Three research fields and suggested solutions can be considered
as major contributions to the enhancement of management control
systems regarding the sustainable use of resources and energies in
industrial production: First Schmidt, Gotze and Sygulla discuss the
special role and handling of energies and energy flows within the
MFCA methodology. Schmidt et al. elaborate solutions of how to
recognize and assess the material or mass properties of energies,
e.g. ending up as emissions (with mass quantities) after combus-
tion. On the other hand they demonstrate how to treat, measure,
and quantify the energetic qualities of producing work, heat, elec-
tricity, noise etc. Even though there are still further methodological
research questions to be followed up on, this article offers consider-
able new insights on how to deal with energy flows, their physical
and monetary properties in MFCA. Equally innovative seems the
extension of MFCA methodology by opening up, besides the tradi-
tional cost oriented approach, an access to revenue oriented assess-
ments. This aspect promises to facilitate further the awareness and
acceptance of material efficiency endeavours by corporate manage-
ment. Finally and thirdly the contribution of Schmidt et al. helps to
overcome a so far in most MFCA applications observable restriction
of scope to one period consideration, e.g. to one accounting year.
The authors introduce an excellent equipment to include long
term investment calculation, to the toolbox of dynamic investment
appraisals.

The paper of Stefan Schaltegger and Dimitar Zvezdov (2015)
framed MFCA and environmental management accounting (EMA)
literature into past and future oriented, as well as short and long
term focus. This could provide application of the methods for a
larger range of decision situations. The paper provides a research
agenda for developing MFCA tools and spreading them to new
areas.

No special volume would be complete without documented
case studies. We have compiled a study by Chompoonoot
Kasemset (2015) in the textile industry in Thailand, where the costs
of Non Product output were reduced from 16% of total production
costs to 11%.
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Another case study was performed by Rungchat Chompu-
inwai, Benyaporn Jaimjit and Papawarin Premsuriyanunt
(2015) at a wood manufacturer in Thailand. By combining MFCA
and the Design of Experiments Approach, they achieved a reduction
in wood material losses in the cutting process from 69% of total
wood materials used to 54%. The five case studies by Farizah
Sulong, Maliah Sulaiman and Mohd Alwi Norhayati (2015) in
the Malaysian SME sector additionally applied the Diffusion of
Innovation Theory to interpret hindrances and success factors.

Adding an extra-organizational perspective, the paper of
Christine Jasch (2015) presents a governmental initiative, namely
the UNIDO TEST approach. Based on the experience, that establish-
ing an Input/Output balance is still a challenge especially in SMEs in
developed and transitional countries, the presented UN-initiative
reveals possibilities for the introduction of material flow thinking.
The core of the approach is the introduction of a mass balance in or-
der to foster continuous improvement, but also to avoid to complex
systems in the beginning. The paper presents the main idea and ex-
periences with the approach.

Finally, Katherine Leanne Christ and Roger Burritt (2015)
outline an agenda for future research based on an extensive
MFCA literature review. Concerns are raised about the absence of
theorising behind MFCA and the lack of knowledge and application
of the tool in practice. An agenda identifying promising avenues for
research, the scope of application within companies and broad-
ening of methods for investigation is then outlined. It provides a
promising outlook for future application and research.
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