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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting.\Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14051 was prepared by Technical Committee ISO/TC 207, Environmental management.
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Introduction

The aim of this International Standard is to offer a general framework for material flow cost accounting
(MFCA). MFCA is a management tool that can assist organizations to better understand the potential
environmental and financial consequences of their material and energy use practices, and seek opportunities
to achieve both environmental and financial improvements via changes in those practices.

MFC

flow

Ener
and/(
In pa
mate

Man

beca
inforn

data

mate

MFC

and

envir
MFC

withi

supp

This

In ad

cost

A promotes increased transparency of material and energy use practices via development
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INTERNATIONAL STANDARD ISO 14051:2011(E)

Environmental management — Material flow cost accounting —

General framework

1 $cope

This [International Standard provides a general framework for material flow cost accounting (MFCA). Under

MFCA, the flows and stocks of materials within an organization are traced and quantified in g

hysical units

(e.g. mass, volume) and the costs associated with those material flows are also(evaluated. The resulting
information can act as a motivator for organizations and managers to seek opportunities to simultaneously
genefate financial benefits and reduce adverse environmental impacts,~MFCA is applicable to any
organization that uses materials and energy, regardless of their products, Services, size, structlre, location,

and @xisting management and accounting systems.

MFCA can be extended to other organizations in the supply chain{both upstream and down

stream, thus

helping to develop an integrated approach to improving material)and energy efficiency in the supply chain.
This pxtension can be beneficial because waste generation in @an organization is often driven by the nature or

quality of materials provided by a supplier, or the specification’of the product requested by a custq

By definition, management accounting and environmental management accounting (EMA) focus
organizations with information for internal decision-making. MFCA, one of the major tools d
focuges on information for internal decision-making;’and is intended to complement existing e
manggement and management accounting practices. Although an organization can choose to ing
costg in an MFCA analysis, external costs are outside the scope of this International Standard.

The MFCA framework presented in this International Standard includes common terminologies,
principles, fundamental elements, and implementation steps. However, detailed calculation p
information on techniques for improving material or energy efficiency are outside the s
International Standard.

This |nternational Standard'is'not intended for the purpose of third party certification.

2 ormative‘references

The followingsreferenced documents are indispensable for the application of this documen
refergnces)’only the edition cited applies. For undated references, the latest edition of th
document(including any amendments) applies.
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ISO 14050, Environmental management — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14050 and the following apply.

31
cost
monetary value of resources consumed to perform activities

© 1SO 2011 — All rights reserved
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3.2

cost allocation

indirect attribution of a cost between different objects, such as a product or process, by using an appropriate
apportionment basis.

NOTE In this International Standard, the object can be processes, quantity centres, products and material losses.

3.3
cost assignment
direct attribution of a cost to a specific object, such as a product or process

34
energy cost
cost for electficity, fuels, steam, heat, compressed air and other like media

NOTE Energy cost can be either included under material cost or quantified separately, at the’ discretion pf the
organization.

3.5
energy loss
all energy usk, except energy incorporated into intended products

NOTE Energy loss can be either included under material loss or quantified-Separately, at the discretion pf the
organization.

3.6
energy use
manner or kind of application of energy

EXAMPLE Ventilation; lighting; heating; cooling; transportation; processes; production lines.

[ISO 50001:2011, definition 3.18]

3.7
environmental management accounting
EMA
identification| collection, analysis and use-oftwo types of information for internal decision making:

— physical|information on the use,flows and destinies of energy, water and materials (including wastes)) and

— monetarly information on environment-related costs, earnings and savings

Ry
—

[IFAC, 2005!

3.8
input
material or epergy. flow that enters a quantity centre

3.9
inventory
stock of materials, intermediate products, products in process, and finished products

3.10
material
substance that enters and/or leaves a quantity centre

NOTE 1 Materials can be divided into two categories:
— materials that are intended to become part of products, e.g. raw materials, auxiliary materials, intermediate products;

— materials that do not become part of products, e.g. cleaning solvents and chemical catalysts, which often are referred
to as operating materials.

2 © 1S0O 2011 — All rights reserved
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NOTE 2 Some types of materials can be classified into either category, depending on their use. Water is one such
material. In some cases, water can become part of a product (e.g. bottled water), while in other cases it can be used as an
operating material (e.g. water used in an equipment washing process).

NOTE 3  Energy carriers like fuels or steam can be identified as materials, at the discretion of the organization.

3.1

material balance

comparison of physical quantities of inputs, outputs and inventory changes in a quantity centre over a
specified time period

3.12
material cost
cost for a substance that enters and/or leaves a quantity centre

NOTH Material cost can be calculated in various ways, e.g. standard cost, average cost,,and’purchase cost. The
choicg between cost calculation methods is at the discretion of the organization.

3.13
matefrial distribution percentage
propartion of the material inputs that flow into products or material losses

3.14
material flow
moveéments of a material or group of materials between various/quantity centres within an organization or
along a supply chain

3.15
matefrial flow cost accounting
MFCA
tool for quantifying the flows and stocks of materials in processes or production lines in both [physical and
monetary units

3.16
material loss
all material outputs generated in a quantity centre, except for intended products

NOTH 1 Material losses include\air emissions, wastewater and solid waste, even if these material outputs can be
reworked, recycled or reused internally, or have market value.

NOTE 2  By-products can bé considered as either material losses or products, at the discretion of the organization.

3.17
output
produict, material loss or energy loss that leaves a quantity centre

NOTH Any intermediate or semi-finished product that leaves a quantity centre is treated as a product inl MFCA.

3.18
process
set of interrelated or interacting activities that transforms inputs to outputs

[ISO 14040:2006, definition 3.11]
3.19
product

any goods or service

NOTE Adapted from ISO 14040:2006, definition 3.9.

© 1SO 2011 — All rights reserved 3
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3.20
quantity centre
selected part or parts of a process for which inputs and outputs are quantified in physical and monetary units

3.21

system cost

cost incurred in the course of in-house handling of the material flows, except for material cost, energy cost and
waste management cost

EXAMPLE Cost of labour; cost of depreciation and maintenance; cost of transport.
3.22

waste manalgement cost
cost of handljng material losses generated in a quantity centre

NOTE 1 Whste management includes management of air emissions, wastewater, and solid waste.

NOTE2  Wpste management cost includes the following:

— the costs| for onsite activities, e.g. reworking of rejected products, recycling, waste tracking, storage, treatment, and
disposal;

— the costs|for outsourced activities, e.g. waste storage, transport, recycling, treatment, and disposal.

4 Objective and principles of MFCA

4.1 Objective

The objective of MFCA is to motivate and support the efforts; of organizations to enhance both environmental
and financiallperformance through improved material and energy use by means of the following:

— increasing the transparency of material flows-and energy use, the associated costs and environnjental
aspects;

— supporting organizational decisions in areas such as process engineering, production planning, guality
control, product design and supply ¢hain management; and

— improving coordination and communication on material and energy use within an organization.
4.2 Principles

4.21 Unddrstanding material flow and energy use

The flow of aterials should be traced in order to create a material flow model (see 5.4) that illustrates the
movements ofimaterials and the use of energy for all quantity centres where materials are stocked, hardled,
used, or transformed~(e-g-storage, manufacturing processes, and Waste mManagement Operations).

4.2.2 Linking physical and monetary data
Environmental and financial decision-making within an organization should be linked by the collection of data

on the physical quantities of materials and energy use, and data on the associated costs. These two types of
data should be clearly integrated via the material flow model.

4.2.3 Ensuring accuracy, completeness and comparability of physical data

Physical data on material flows should either be collected in consistent measurement units or with sufficient
conversion factors so that the data may later be converted to a common measurement unit, preferably mass,

4 © 1S0O 2011 — All rights reserved
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for purposes of analysis and comparison. These data should be used to balance input and output flows to
determine if there are any significant data gaps.

424

Estimating and attributing costs to material losses

The total costs caused by and/or associated with material losses should be estimated as accurately and
practicably as possible, and these costs should be attributed to the material losses that generated the costs,
not to the products.

5 Fundamental elements of MFCA
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(i.e. products and material losses) and chahges in inventory to identify any significant “missing’
other

n
Imnetary units. Typically, quantity centres are areas in which materials are stocked and/or

Quantity centre
tity centre is a selected part or parts of a process for which inputs and outputs arequantifig
as storage, production units, and shipping points. The quantity centre serves as the b

tion activities under MFCA. First, material flows and energy use are quantified in qua
hd, material costs, energy costs, system costs and waste management-costs are quantified.

Material balance
rial that enters a quantity centre eventually leaves the quantity centre in the form of eithg
rial loss. Material can also reside within the quantity centré (e.g. storage) for a period of time|
bnges in inventory within the quantity centre (initial inventory minus final inventory).

use mass and energy can neither be created.nor destroyed, only transformed, the ph

pes within the system. Thus, in order to ensure that all of the materials subject to the MFCA
inted for, material balance should be perfermed, comparing the quantities of material inpy

data gaps. Quantification of material:flows and the assurance of a balance between materi

ed in physical
transformed
asis for data
ntity centres.

br product or
, contributing

ysical inputs

ng a system should be equal to the physical-gutputs from the system, taking into account any inventory

analysis are
ts to outputs
materials or
al inputs and

outputs (i.e. products and material losses) are both essential requirements for MFCA.
An example of a simple material balance around a quantity centre is illustrated in Figure 1. In this example,
95 kg of material enters the (quantity centre. Over the analysis time period, the inventory of|the material
changes from initial inventary)of 15 kg to final inventory of 10 kg. The amount of material leaving the quantity
centrg is 100 kg, i.e. input)(95 kg) plus initial inventory (15 kg) minus final inventory (10 kg). That 100 kg is
distributed to product (70 kg) and material loss (30 kg) as illustrated in Figure 1.
Input Output
Material —_— Quantlty centre — Product
95 kg 70 kg
Initial Final
mnventory of inventory or
material material Material loss
15 kg 10 kg 30 kg

NOTE

For simplicity, this figure only includes information on material flows, not energy use.

Figure 1 — Material balance in a quantity centre

In practice, imbalances between inputs and outputs can occur due to the intake of air or moisture, chemical
reaction effects that are not easily quantified, or measurement errors. Any significant imbalances should be
investigated.
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Physical data are often available in a variety of different measurement units. In order to perform material
balance, conversion factors may be necessary for converting the available physical data to a single
standardized unit (e.g. mass) for purposes of comparison. The need for data comparability should be taken
into account when MFCA data collection is ongoing. The usefulness of the data units for the purpose of
environmental impact assessment should also be considered.

5.3 Cost calculation

5.3.1 General

Decisions in_organizations often involve financial considerations. Therefore, material flow data should be
translated info monetary units to support decision-making. To that end, all costs caused by and/or assogiated
with the matgrial flows entering and leaving a quantity centre should be quantified and assigned or'allofated
to those material flows.

Under MFCA, three types of costs are quantified: material costs; system costs; and waste management ¢osts.
Energy costs can either be included under material costs or quantified separately, at,the discretion ¢f the
organization| For the purposes of this International Standard, energy costs will be~calculated and shown
separately.

In put Output
Material (95kg) Quantity centre 59— Product (70kg)
Material cogts $ 950 — Energy costs $50 Material costs $ 700
System costs $ 800 Energy costs $35
Waste management costs, ~$-80 System costs $ 560
Total costs $1295

Initial Final

inventory of inventory of

material (15 kg) material (10 kg)

$ 150 $ 100

L Material loss (30kg)

Material costs $ 300
Energy costs $ 15
System costs $ 240
Waste management costs $ 80
Total costs $ 635

Figure 2 — Cost calculation in a quantity centre

In Figure 2, the costslincurred for the quantity centre are as follows:

— material|costs:'$ 1 000;

— energy costs: $ 50;
— system costs: $ 800;

— waste management costs: $ 80.
NOTE 1 Material costs ($ 1000) = input ($ 950) + initial inventory ($ 150) — final inventory ($ 100).

Material costs, energy costs and system costs are subsequently assigned or allocated to the quantity centre
outputs (i.e. products and material losses) based on the proportion of the material input that flows into product
and material loss. Of the 100 kg of material used, 70 kg flows into product and 30 kg flows into material loss,
as illustrated in Figure 1. Thus, the material distribution percentages of 70 % and 30 % are used to allocate
energy and system costs to the product and material loss, respectively. In this example, the material

6 © 1SO 2011 — All rights reserved
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distribution percentage based on mass is used to allocate these costs, but determination of the most
appropriate allocation criterion is at the discretion of the organization. In contrast, 100 % of the waste
management costs of $ 80 are attributed to material loss, since the costs are caused solely by this material

loss.

NOTE 2

5.3.2

In the final analysis, the total costs of material loss in this example are $ 635.

The difference between MFCA and conventional cost accounting is illustrated in Annex A.

Cost allocation

In order to maximize analysis accuracy, all costs should be calculated from data available for individual
quantity centres and individual material flows, rather than estimated by cost allocation procedures. However,

cost
procq
centr

’

q

4

q

Durin
poss

allocated to quantity centres, appropriate allocation criteria may include“’machine hours, produg

numk

allocation of costs from a quantity centre to products and material losses, another appropria

criter
of the
the o

NOTH
neces

SUCIT @S ENergy Costs, SYSteEnT Costs, and waste management costs oftern are avaitablie ont
ss or facility. Thus, in practice, it will often be necessary to first allocate these costs to indiv
es, and subsequently allocate them to products and material losses, in a two-step procedure]
llocation of process-wide or facility-wide costs to different quantity centres; and
llocation of quantity-centre costs to products and material losses (see Figure.2).

g each allocation step, an appropriate allocation criterion should be selected that reflects
ble the main driver for the costs being allocated. When process-wide or facility-wide cos

er of employees, labour hours, number of jobs performed; floor space, etc. For the
on should be selected, e.g. the total material distribution percentage, the material distributio
main material. In all cases, determination of the most appropriate allocation criteria is at the

rganization.

1 The most appropriate allocation criteria for different types of costs, e.g. energy costs and systen
sarily be the same.

for an entire
dual quantity
| as follows:

bs closely as
ts are being
tion volume,
second step,
te allocation
N percentage
discretion of

costs, will not

NOTH 2  Different allocation criteria can also becused for different components of system costs, e.g]| labour costs,
depregiation costs, if this will reflect the distributien of actual costs more realistically.
NOTH 3  All waste management costs within a quantity centre are attributed to material losses, by| definition, as

illustrated in Figure 2.

5.3.3

An ouitput from one quantity centre often becomes the input for another quantity centre. For exam

illustr
estim

to make that prodiict. The total costs of $ 1 295 should be carried over and included as the cos

Cost carryover between quantity centres

ates a quantity-centre with 70 kg product output. The costs associated with that produ
ated as $ 1 295,.4.e. a combination of material costs, energy costs and system costs that 3

ple, Figure 2
bt output are
re expended
s associated

with the input fon the next quantity centre. Clause B.4 presents an example both visually and witl quantitative
data |to illustrate how cost data are carried over when more than one quantity centre is invplved. When
carrylng/over the costs, the cost items (material cost, energy cost and system cost) can be expressed
sepafately (see Table B.6).

5.3.4 Cost carryover of internally recycled material

Another example of an output that becomes an input is provided by the case of internally recycled materials. If
materials are recycled internally within the MFCA boundary, both financial and environmental benefits can
result. However, the fact that materials need to be recycled points to inefficiencies in the original process.

Internally recycled materials pass through quantity centres several times and each time may cause additional
material, system, energy and waste management costs. For example, the energy use in a quantity centre
often depends on the amount of material throughput. Therefore, the inefficiency that leads to internal recycling
increases the throughput of the quantity centre to achieve the same amount of product output, and increases
the energy use and related energy costs as well.

© 1SO 2011 — All rights reserved
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If material loss occurs in a quantity centre and is recycled internally, it should be handled in the same way as
any other material loss. This means that the quantity centre costs should be allocated to products and material
losses in accordance with 5.3.2. To properly assess the costs of internal recycling, the following should be
taken into account:

— cost savings of internal recycling, i.e. purchase value of substituted material,
— additional costs of the recycling process;

— additional costs in other quantity centres caused by the flow of recycled material through the system.

5.4 Materjal flow maodel

In MFCA, prpduction, recycling, and other systems are represented by visual models that illustrate ‘mdiltiple
quantity cenfres in which materials are stocked, used, or transformed as well as the movements of matgrials
between thogse quantity centres. Such a material flow model illustrates the overall flow of materials withjn the
boundary chpsen for MFCA analysis. An example of a material flow model is provided in Figure’3.

MFCA boundary
> ! I ) l
—>{ OCA Ly QCB >| (GroupofJ—p| OCD o (Finshed
(Process) [ " | (Process) | | P ~ 7| (Storage) v
> > processes) products)
I I I I
1 1 1 1
| 1 1 1
A\ v v v
/—ﬁ Material Material Material Material
loss loss loss loss
_—
Flow towards ]
finighed products 1 1 1
A 4 v I
=== QCE QCF Ly __L_ Material
Flow towards Waste Waste losses
material losses management management
(Process) (Process)
E— I
Q[L: Quantity
centre
NOTE The—MFEA qulldaly cam—be—extended—to—othet UIyalliLatiuna in—the aup}ﬁy uhaill, both upatl eam and
downstream.

Figure 3 — Material flow model for a process within the MFCA boundary

Figure 3 depicts a flow system, providing an overview of an entire process and identifying the points where
material losses can occur. Products include both finished products and intermediate products, i.e. material
inputs to other quantity centres. For each quantity centre illustrated in Figure 3, the modelling and calculation
explained in 5.2 and 5.3 should be conducted. Where material losses or a certain percentage of them are
recycled within the MFCA boundary directly or after a treatment process, they are shown as inputs. These
input flows are shown in QC A and QC B in Figure 3.

8 © 1SO 2011 — All rights reserved
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6.1

ISO 14051:2011(E)

mplementation steps of MFCA

General

Like any other management tool, MFCA requires a number of implementation steps, as outlined in this clause.
The level of detail and complexity of the analysis will depend on a number of factors, such as the size of the
organization, the nature of the organization's activities and products, the number of processes and quantity
centres chosen for analysis.

MFCA can be implemented in organizations with or without an environmental management system (EMS) in
place (e.g. ISO 14001), but the implementation process is easier and faster in those that do so within the

contg
Act (
finan
impa
decid

Figun
The |

xt of an existing EMS. MFCA can provide significant information in various stages of the RIg
PDCA) continual improvement cycle. For example, the use of MFCA allows the organizati
Cial considerations in establishing objectives and targets. The knowledge of potential €
cts and financial impacts can enhance the quality of the evaluation, providing ruséful in
ion-making.

e 4 provides an outline of the MFCA implementation steps constructed in accordance with a
UIFCA PDCA cycle can be included and applied at different phases of the \EMS PDCA cycle.

| L4

n-Do-Check-
bn to include
nvironmental
formation for

PDCA cycle.

ACT PLAN

6.11 Identification and assessment of
improvement opportunities

6.2\Involvement of management

~o

6.3 Determination of necessary expertise

~—~—
6.4 Specification of a boundary and

a time period
—

6.5 Determination of quantity centres

1 v

CHECK DO

6.6 Identification of inputs and outputs

for each quantity centre
. ~
6.7 Quantification of the material flows
in physical units
—~—
6.8 Quantification of the material flows
in monetary units

6.10 Communication/of MFCA results

6.9 MFCA data summary and interpretation

[ |

Figure 4 — PDCA cycle for MFCA implementation

A logical approach for implementing an MFCA analysis will take typical steps outlined in 6.2 to 6.11.
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6.2 Involvement of management

Management level personnel should understand the value and practicability of MFCA in achieving an
organization's environmental and financial goals. To be effectively implemented, MFCA should be strongly
supported by management.

Management involvement should include the following:

— leading implementation;

— assigning roles and responsibilities, e.g. set-up of an MFCA task force;

— providing resources;
— monitorihg progress;
— reviewing results; and

— deciding on improvement measures based on MFCA results.

6.3 Determination of necessary expertise

MFCA requies multiple types of expertise that can provide the diverseltypes of information needed fqr the
analysis. Examples of the types of expertise useful for implementation ofMFCA include:

— operatiopal expertise from design, procurement, and produétion regarding the flow of materialg and
energy yse throughout the organization;

— engineefing and/or technical expertise on the material balance implications of processes, including
combustion and other chemical reactions;

— quality cpntrol expertise on issues such as product reject frequency, causes, and rework activities;

— environmental expertise on environmental aspects and impacts, waste types, and waste managgment
activitieq; and

— accounting expertise on cost accounting data and practices, e.g. cost allocation.
6.4 Specification of a boundary and a time period

Before an MFCA analysis-can be undertaken, the MFCA boundary should be specified. The boundary can
encompass 4@ single ‘process, multiple processes, an entire facility, or a supply chain at the discretion ¢f the

organization| Howeyver, it is advisable to focus initially on a process or processes with potentially significant
environmental and economic impacts.

In the context of a supply chain, MFCA implementation follows approximately the same steps outlined in this
clause, although the organizations belonging to the supply chain will need to modify or add steps to ensure
sufficient communication and collaboration. In order to be more effective, the selection of the implementation
steps should be agreed by all the relevant organizations that belong to the supply chain. See Annex C for
examples of MFCA application for a supply chain.

After specifying the boundary, a time period for MFCA data collection should be specified. The period for data
collection should be sufficiently long so as to allow meaningful data to be collected, and to take into account
any significant process variations, e.g. seasonal fluctuations, inherent process variances that can affect the
reliability and usability of the data. The appropriate time period can be a month, a half-year, or a year,
depending on the analysis. For some industries, it can be convenient to define the data collection period to
coincide with the manufacturing of a production lot.
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6.5 Determination of quantity centres

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 centres. The quantity centres within
the MFCA boundary can be determined from process information, cost centre records, and other existing
information. If the material flows between two quantity centres cause relevant material losses or system costs,
e.g. energy for transport, oil or air pressure leakage, these flows may be determined as an additional quantity

centre.

6.6

Identification of inputs and outputs for each quantity centre

For ¢
input
and 4
at the

Once
quan
evaly

6.7

For ¢
massg
be cq
quan

A md
total

mate
envir

6.8

6.8.1

For ¢
be gy
repla

ach quantity centre within the MFCA boundary, the inputs and outputs should be identif
5 are materials and energy. Possible outputs are products, material losses and energy. I0
energy loss can be either included under material and material loss respectively or estimate
discretion of the organization.

the inputs and outputs have been identified for each quantity centre, they can’be used tg
ity centres within the MFCA boundary, so that data from the quantity centres can b
ated across the entire system being studied.

Quantification of the material flows in physical units

ach quantity centre, the amounts of inputs and outputs should be quantified in physical (
, length, number of pieces, or volume, depending on the type of material. All physical units
nvertible to a single standardized unit (e.g. mass) so that'material balances can be condu
ity centre.

terial balance requires that the total amount of outputs (i.e. products and material losses) is
amount of inputs, taking into account any sinventory changes within the quantity centrg
rials within the MFCA boundary should /be traced and quantified, but materials that H
bnmental or financial significance can be omitted, at the discretion of the organization.

Quantification of the material flows in monetary units

Material costs

ach quantity centre, the)material costs for inputs and outputs (i.e. products and material lo
antified. Material costs can be quantified in a number of different ways, e.g. historical cost, s
cement cost. The“choice is at the discretion of the organization, and may also be influg

ed. Possible
5ses. Energy
d separately,

connect the
b linked and

nits such as
used should
cted for each

equal to the
. |deally, all
ave minimal

5ses), should
tandard cost,
nced by the

methpd which the-erganization is already using in its existing cost accounting. Depending on|the selected
apprgach, the results of the MFCA analysis may differ.
The materiakCosts for each input and output flow are quantified by multiplying the physical amount of the

mate

rialflow by the unit cost of the material over the time period chosen for the analysis. Whe

the material costs for the outputs (i.e. products and material losses), the material costs associz

n quantifying

ted with any

changes in material inventory within the quantity centre also should be quantified.

The material costs in each quantity centre should be assigned to products and material losses, respectively.
This method is explained further in Clause B.2.

NOTE

6.8.2

Once the unit cost for the material is determined, it should be used consistently.

Energy costs

For each quantity centre, the costs of energy use should be quantified. In cases where the energy costs for
individual quantity centres are not known and are difficult to measure or estimate, it will be necessary to
allocate the total energy costs of the selected processes to the quantity centres. Subsequently, the energy
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costs for each quantity centre should be allocated to products and material losses. Cost allocation is explained
further in Clause B.3.

6.8.3 System costs

System costs are all expenses incurred in the course of in-house handling of the material flows, except for
material costs, energy costs, and waste management costs. Examples of system costs are the costs of labour,
depreciation, maintenance, transport, etc. The system costs associated with each quantity centre should be
quantified. In cases where the system costs for individual quantity centres are not known and are difficult to
measure or estimate, it will be necessary to allocate the total system costs of the selected processes to the
quantity centres. Subsequently, the system costs for each quantity centre should be allocated to products and
material lossgS- Costatiocation 1S exprained further in Clause B.3.

6.8.4 Waste management costs

Waste mang|
waste mana
waste manag
it will be ned
centres. The
losses leavin

6.9 MFCA

gement costs are associated with handling material losses generated in a quantity centre
jement costs associated with each quantity centre should be quantified., In<cases wher
ement costs for individual quantity centres are not known and are difficult-to measure or est
essary to allocate the total waste management costs of the selected processes to the qu
total of the waste management costs for each quantity centre should be-attributed to the mg
g that quantity centre. Cost allocation is explained further in ClauseB:3.

data summary and interpretation

The
e the
mate,
antity
terial

The data obtained during the MFCA analysis should be summarized’in a format that is suitable for flrther
interpretatior], e.g. in a material flow cost matrix, a material flow cost diagram. The data should firgt be
summarized [for each quantity centre separately. Table 1 illustrates a summary of the MFCA data [for a
quantity centre based on the data of Figure 2.
Table 1 — Example of a material flow cost matrix for a quantity centre
Period: XXX
Mass Material Energy System Waste Total
kg costs costs costs management costs|
$ $ $ costs $
$
Total inputs 100 1000 50 800 80 1930
Product 70 700 35 560 0 1295
(70 %) (70 %) (70 %) (70 %) (0 %) (67 %
Material loss 30 300 15 240 80 635
(30 %) (30 %) (30 %) (30 %) (100 %) (33 %
Total outputs 100 1000 50 800 80 1930
NOTE 1 For simplicity, this table only includes physical data on material, not energy.
NOTE 2 The total inputs and material costs include materials in inventory as follows (as illustrated in Figure 2):
Total material used (100 kg) = Input (95 kg) + Initial inventory (15 kg) — Final inventory (10 kg).
NOTE 3 This table presents a material flow cost matrix as an example of one way to summarize the results of an MFCA analysis.
Other presentation formats are also possible (see Figure B.4).

The data in Table 1 indicate the total amounts of material inputs plus inventory changes that flow into products
and material losses, respectively, as well as the costs associated with products and material losses. The
material losses represent material inefficiency in the process, which can lead to significant financial losses and
adverse environmental impacts.
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In general, review and interpretation of the summarized data will allow the organization to identify quantity
centres with material losses that are environmentally or financially significant. These quantity centres can be
analysed in more detail to identify the root causes of the material losses and the associated factors that incur
the costs. Data from individual quantity centres can also be aggregated for the entire target process being
analysed. For more information on data aggregation within the MFCA boundary, see Clause B.4.

6.10

Communication of MFCA results

Once the MFCA analysis is completed, the results should be communicated to relevant stakeholders. Most
MFCA stakeholders will be internal to the organization. Management can use MFCA information to support
many different types of decisions aimed at improving both environmental and financial performance.

Com
orgair

The
creat

comr
orgar

6.11

Once

municating the resulls 0 an organizafion's employees can be useful In explaining any
izational changes that will take place as a result of MFCA findings.

ables, graphs and other instruments developed for MFCA data analysis can servé as
ng effective communication instruments tailored to specific stakeholders i accordar

hunication strategies. One example might be the support of dialogue with external stakeh
ization's environmental performance as it relates to material use practices.

Identification and assessment of improvement opportunities

an MFCA analysis has assisted an organization to better understand the magnitude, cg

and drivers of material use and loss, the organization may review the MFCA data and seek op

imprd

ve environmental and financial performance. The measures'taken to achieve these impro

inclugle substitution of materials, modification of processes; production lines or products, arn

resed
cost-

rch and development activities related to material and energy efficiency. MFCA data car
benefit analysis of proposed measures, both those requiring additional investment and th

little ¢r no initial investment.

It is
orgar

also important to note that MFCA implementation creates opportunities for improver
ization's accounting and information systems. System improvements provide more precis

futurg projects and avoid some of the manual data collection and analysis that would be n

abse
implg
analy

hce of system improvements. Possible system improvements that are discovered d
mentation should be noted and included in the overall improvement plan resulting fron
sis in the organization.

process or

he basis for
ce with the
blders on the

nsequences,
portunities to
vements can
d intensified
support the
hse requiring

nents in the
e data for all
beded in the
uring MFCA
n the MFCA
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Annex A
(informative)

Difference between MFCA and conventional cost accounting

A.1 General

Understandir
implementati
losses. One
inefficiencies
product cosf]
identified. W
or hidden in
the process

provide inforfnation regarding potential savings or efficiency in product material afnd corresponding packa

MFCA, on th
all processin
approach, pn
The costs off
energy costg
as well as th
costs of mat
In addition tq
environment
emissions.

A.2 lllustn

In this exam
and 95 kg m
material losq
amount to $

CCA, the total costs of prodtct are $ 1 930.

On the other
material loss
in energy co
allocation cri

g the difference between MFCA and conventional cost accounting (CCA) is useful "fg
pn of MFCA. It traces material flows in physical units and monetary units, emphasising mg
Main difference between MFCA and CCA lies in the treatment of the costs of material losse
in processes. In CCA, all material costs and processing costs are assigned .or allocat
5. Although material losses can be visibly recognized in CCA, the costs are~not sepa
hste management costs associated with material losses are either incorporated in product
pverhead costs. This approach does not highlight the costs of material logses and inefficieng
due to a lack of understanding of the comprehensive costs of materiahlosses. MFCA car

e other hand, treats material loss as a cost object, and calculates‘the costs of material losse
g costs associated with the material losses. To further efthance the analytical power o
ocessing costs are differentiated as energy costs, systemicosts and waste management ¢
material losses are the sum of the costs of the material that flows to the material losse
and system costs that are allocated to material losses based on appropriate allocation cr
e total waste management costs associated with the material loss. This approach highligh
brial losses and inefficiencies in the process, and‘draws management's attention to these

reducing material loss costs, this approachican assist the organization in reducing its ad

ation of difference between MFCA and conventional cost accounting

ble, which is based on Figuyre 2, the quantity centre (QC) has 15 kg initial inventory of ma
hterial input enters the"QC. The final inventory of material is 10 kg, and 70 kg product and
are generated asCoutputs, as illustrated in Figure A.1. Material costs and processing
1000 and $ 930Crespectively, resulting in total manufacturing costs of $ 1 930. In the ca

hand, MFCA identifies material loss and valuates its cost. 30 % of the material input flow:
resulting in material costs of $ 300 for the material loss. The processing costs are differen
bts ($'50), system costs ($ 800), and waste management costs ($ 80). Based on an appro
efion (the mass-based material distribution percentage between product and material loss)
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total

waste management costs of $ 80 are attributed to the material loss. As a result, the total costs of material loss
are $ 635, as illustrated in Figure A.1. This means that 32,9 % of total manufacturing costs are wasted due to
the material loss.

The visibility of this information may prompt management to investigate the reasons for the material loss and
institute measures to reduce the material loss. Under CCA, the management does not generally have this
information so readily available to act upon. MFCA can also provide information that allows management to
consider options for reducing or substituting product material, for instance reducing weight more
systematically, increasing recyclability, and supporting environmental improvements in products and
processes.
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Conventional cost accounting

Input

Material: 95kg
Material costs: $ 950

Production process

Processing costs*:

$ 930

_[ Output

Initial inventory
of material
(15kg)
$150

Final inventory
of material
(10kg)
$100

Waste (30kg)

Ve
> Product (70kg)
Material costs $ 1000
Processing costs $ 930
Total costs $ 1930
.
'd

*Processing costs consist of energy costs, system costs and waste management costs in this case.

| MFCA
—[ Output ]—
e N
. Product (70kg)
Quantity centre Material costs $ 700
> Energy costs $ 35
Energy costs: $ 50 System costs 560
Input System costs: $ 800 Total costs $ 1295
Waste managementcosts: $ 80 \_ j
Material: 95kg \
Material costs: $ 950 Initial inventory Final inventory Material loss (30kg)
of material of material Material costs $ 300
(15kg) (10kg) = Energy costs $ 15
$150 $100 System costs $ 240
Waste management costs _$ 80
Total costs $ 635 )

Figure A.1 — Difference between MFCA and conventional cost accounting
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Annex B
(informative)

Cost calculation and allocation in MFCA

B.1 General

This annex p

calculati

calculati

integratg

B.2 Calculation of material costs

B.2.1 Gend

In this clause

— a more [complex process, where initial material input§’ are converted into intermediate productg
cannot be recognised separately in the final products.

B.2.2 Calculation of material costs in a basic manufacturing process

Figure B.1 shows the boundary of this material flow model, within which the nature of each mate

maintained tihroughout the process, e.g..aparts assembly operation, a bulk mixing operation. In this exa

two QCs are|defined and each QC generates product and material loss, respectively.

a basic manufacturing process, where the flow of each matérial can be traced from beginning to end

rovides guidance for cost calculation and allocation in MFCA, as follows:
bn of material costs (see Clause B.2);

bn and allocation of energy costs, system costs, and waste management costs (s€e Clause

d presentation and analysis of cost data (see Clause B.4).

ral

, the calculation of material costs is illustrated for two types of situations:

Material
Material Z
20 kg

and

ial is
mple,

16

Material Product Product
Material X ac1 Material X Material X
50 kg 40 kg QC 2 30 k¢
Material Y —> —> Material Y — Material Y
T
[]
v v
 — )
Flow towards Material Material loss
products loss Material X
Material X 10 kg
10 kg Material Z
e 4 20 kg Material loss
Flow towards Material X
material losses 20 kg
T Material Z
H 20 kg
QC: Quantity centre e e e e e e e >

Figure B.1 — Material flow model for a basic manufacturing process
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Table B.1 — Material quantities and compositions for a basic manufacturing process

In thé next step, the total amount of the material costs in each QC should be calculated by m
cal amount of each material by a unit cost determined by th&sorganization, in order to
ts (i.e. products and material losses) into monetary units overthe analysis time period. The
bre presented in Table B.2. The material inputs are Material X, Material Y and Material Z, w
00, $ 40 and $ 20, respectively.

phys
outpy
step
of $ 1

Period: XXX
Total material inputs in| Composition of products QC1 QcC 2 Result of
this process and material losses production (mass)
Products 70 kg 60 kg 60 kg
Material X 40 kg 30 kg 30 kg
Materials: 100 kg :
Material Y 30 kg 30 kg 30 kg
Material Z — — —
Materials losses 10 kg 30 kg 40kg
Material X: 50 kg -
Material X 10 kg 10 kg 20 kg
Material Y: 30 kg
. Material Y — — —
Material Z: 20 kg
Material Z — 20 kg 20 kg

Table B.2 — Material costs for a basic manufacturing process

ultiplying the
convert both
esults of this
ith unit costs

Period: XXX
Gomposition of QC1 QcC 2 Result of Total
products and production
material losses (mass)
Products Mass | Unitcosts'| Costs Mass | Unit costs | Costs 60 kg $4 200
Material X 40 kg $.100 $ 4 000 30 kg $ 100 $ 3000 30 kg $ 3000
Material Y 30 kg $40 $ 1200 30 kg $40 $ 1200 30 kg $ 1200
Material Z < $20 — — $20 — — $0
Materials losses Mass | Unitcosts | Costs Mass | Unit costs | Costs 40 kg $ 2400
Material X 10 kg $ 100 $ 1000 10 kg $ 100 $ 1000 20 kg $ 2000
Material Y — $40 — — $40 — — $0
Material"Z — $20 — 20 kg $20 $ 400 20 kg $ 400
Total material-costs in this process $ 6600

B.2.3 Calculation of material costs for intermediate products

Ideally, MFCA traces all inputs to final products and material losses, however, complex production processes
such as chemical reactions may require a huge variety of material inputs that are transformed into one or
several outputs, e.g. products, intermediate products, material losses. If such processes are determined as
quantity centres in MFCA, exact tracing of all inputs to outputs may be impossible for technical or financial
reasons. In these cases, the outputs are considered intermediate products (illustrated as “Material XY” in
Figure B.2).

© 1SO 2011 — All rights reserved
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20 kg

Material
Material Z

M’:?etz;alx Intermediate Product
50 kg product Material XY
—»{ QC1  |—»( Materialxy ac2 |—» 60kg
Material Y 70 kg
30 kg
! 1
4 i

(T— )

Flow towards
products

--—->

Flow towards
material losses

QC: Quantity
centre

N

Material loss
Material XY
10 kg

10kg

20 kg

Figure B.2 — Material flow model including intermediate products

Material loss
Material XY

Material Z

Material'l6ss
Material\XY
20kg

Material Z
20kg

Since the exjact composition of the intermediate product flows and ‘material loss flows for these complifated
systems is unknown, it is not possible to calculate an exact unit aterial cost for these flows. Therefgre, a
single unit material cost for all of the flows of uncertain composition is estimated using the unit material costs
of the original materials inputs. A unit material cost for the-flows of Material XY (as intermediate products)
illustrated in Figure B.2 can be calculated as follows:

(50 kgx$ 100)+ (30 kgx $40) _ ($ 5000 +$ 1200)

(50 kg + 30 kg)

80kg

=$77,5 kg

Table B.3 shpws the material cost computation for the material flow model in Figure B.2. Eventually, thg total
material cosfs for products and materiallosses are not the same as those in Table B.2 because the unit costs

are different.

Table B.3 — Material costs for a process including intermediate products

Period: XXX
Composition-of(products and Result of Unit cost Total
material losses production (mass)
Products 60 kg $ 4 650
Material XY 60 kg $775 $ 4650
Material Z 0 kg $ 20 $0
Materials losses 40 kg $ 1950
Material XY 20 kg $775 $ 1550
Material Z 20 kg $20 $ 400
Total 100 kg $ 6 600

NOTE

18

For simplicity, this table does not show each cost in QCs.
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B.3 Calculation and allocation of energy costs, system costs and waste management
costs

B.3.1 General

After material costs have been calculated and assigned to products and material losses, the next step is to
calculate energy costs, system costs and waste management costs, and to allocate those costs to product
and material loss. Ideally, energy costs, system costs and waste management costs should be calculated
directly from available production cost data for each QC. If this is not possible, as is often the case, these

costs

should be estimated from other available data, as described below.

B.3.1

In ca
data
inat
the e
criter
perfo

Tablg

B.3.]
and

Ener
ment
the s

Tabld
prody
a crit

P Allocation of energy costs, system costs and waste management costs to'Q

ses where energy, system and waste management costs cannot be obtained directly fro
for each QC, more aggregated data for an entire process or facility can be used to.quantify t
wo-step procedure. Firstly, energy costs, system costs and waste managemeni)Costs are ¢
htire process within the MFCA boundary. Secondly, these costs are allocated to each QC b
a, e.g. machine hours, production volume, number of employees, (Ilabour hours, nun
rmed and floor space.

B.4 shows an example of the cost allocation. The criteria are not,specified here.

Table B.4 — Allocation of energy costs, system costs
and waste management costs to each QC

Period: XXX
Type of cost QC 1 QC 2 Total
Energy costs $ 400 $ 300 $ 700
System costs $ 800 $ 1200 $2000
Waste management costs $ 300 $ 400 $ 700

3 Allocation of energy-costs, system costs and waste management costs to pi
material losses in each’'QC

oned in 5.3.2, the“most appropriate allocation criterion for different types of costs will not n
bme. It is noted-that total waste management costs are attributed to material losses.

B.5 shows the result of the allocation of energy costs, system costs and waste managern
cts and-material losses in each QC, based on the material distribution percentages in QC 1
brion Total waste management costs allocated to QC are attributed to the material losses.

Cs

m production
he QC costs,
alculated for
y appropriate
nber of jobs

oducts

Jy costs and systemi costs are allocated to products and material losses by appropriat¢ criteria. As

bcessarily be

nent costs to
and QC 2 as

In this case, the material distribution percentages in QC 1 are 87,50 % for products (70 kg/80 kg) and 12,50 %
for material losses (10 kg/80 kg), and those in QC 2 are 66,67 % for products (60 kg/90 kg) and 33,33 % for
material losses (30 kg/90 kg).
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Ta

B.3.4 Alten

This exampl
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available or
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For example
percentage i

energy cost
decision-makl

B.3.5 Alten

In many cas
criteria for
available on

A

g

ble B.5 — Allocation of energy costs, system costs and waste management costs
to products and material losses in QC 1 and QC 2
Period: XXX
Type of cost QC1 QC 2
Energy costs $ 400 $ 300
Products $ 350 $ 200
Material losses $ 50 $ 100
System costs $ 800 $ 1200
Products $ 700 $ 800
Material losses $ 100 $ 400
Waste management costs $ 300 $ 400
Products $0 $0
Material losses $ 300 $ 400

native to material distribution percentage
b uses the material distribution percentage as an allocation criterion, based on the mass

appropriate for management decisions, it is recommended that the material distrik

5 based on all materials, it potentially resultsin the allocation of a disproportionate amoy
5 and system costs to material losses.~This is obviously not useful for managg

ing.

native approach to allocation(criteria for energy use

bs, the mass distribution of myaterial inputs into products and material losses will be used g
llocating energy use to-products and material losses. However, if additional informati
the energy efficiency of machinery used in a quantity centre, a more accurate quantificati

to the items (a, b,-and’c) given in Figure B.3.

of the running-time of a machine is used for setting up, closing down and maintenanc
to actual production, the 10 % of energy use for these purposes could be considersg

losses rather than to products.

f the main material, which is directly related to processing,be used as the allocation criterion).

of all

each QC. When the material distribution percentage based,'on all the materials is not readily

ution

when a proportionally significant volume of water'is used in a QC as a washing materid|, the
volume of material losses can be much larger than the volume of products. If the material distril

ution
nt of
ment

s the
on is
on of

Ciency and wastage can’ be made. The following example illustrates this point. Each item below

e, as
d as

and as not’being used for production. This proportion of energy should, therefore, be allocated to

cts.

energy ineffi
corresponds
a) If10%
opposed
wastage]
material
b) Material
c)

allocatio

inpffir‘ipnr‘y aof 20 % will result in the allocation of 80 % aof the rpmaining energy use ta pmdn

n of only 85 % of the remaining energy use to products.

If it is found that the machine is 15 % less efficient than an optimally running machine, these results in the

If only the material distribution percentage is to be used as the allocation criteria, the energy use is allocated

as follows:

20

energy allocation to products:

energy allocation to material losses:

80 %

20 %
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If the alternative approach described above is used as basis for the allocation criteria, the energy use in this

QC is allocated as follows:

— energy allocation to products:

— energy allocation to material losses:

£ 10%

90 % x 80 % x 85 % =61,2%

100 % - 61,2 % = 38,8 %

AAIIocation to
material
losses
8 %)

A~

Total energy
use

90%

80%

15%

85%

Allogation to
products
(61,2 %)

a)

As a|result, the higher percentage of energy allocated to material losses indicated by using th
approach provides a more accurate reflection, of inefficiencies on which management sho

attention.

b)

B.4 |Integrated presentation.and analysis of cost data

c)

Figure B.3 — Quantification of energy loss

e alternative
ld focus its

The material, energy, system™and waste management cost data can be summarized in varipus ways for

furthgr analysis. Table B.6 provides an example of a material flow cost matrix illustrating data

QCs from Figure B.1.
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Table B.6 — Material flow cost matrix

Period: XXX
QC1 QcC 2
Material | Energy | System Waste Total Material | Energy | System Waste Total
costs costs costs | management costs costs costs | management
costs costs

Inputs from a b c d
previous QC $ 5200 $ 350 $ 700 $ 6 250
g‘é‘” PUISin| ¢ 5200 | $400 | $800 $300 $7700 | $400 | $300 | $1200 $ 400 $2300
gga' ineach 1 6200 | $400 | $800 $300 $7700 | $5600 | $650 | $1900 $ 400 $'4 550
Products $52002 | $350° [ $700° $6250d | $4200 | $433 | $1267 $ 4900
.“ﬁ:;i!"" $1000 | $50 $ 100 $ 300 $1450 | $1400 | $217 | $633 $400 $ 4650
Total costs of
material
losses in this $ 2 400 $ 267 $733 $ 700 $4100
process
Total costs in
this process $ 6 600 $.700 $ 2000 $ 700 $1p 000

NOTE 1 The|data are taken from Tables B.2, B.4 and B.5.

NOTE 2 Calgulation of energy costs at QC 2: energy costs at QC 2 are calculated to be $ 433 for products and $ 217 for material
losses, based ¢n application of the QC 2 material distribution percentage (i.e. 66,67 % for products and 33,33 % for material losses) to
the total energy costs ($ 650), which are sum of the energy costs for productsiat QC 1 ($ 350) and new input at QC 2 ($ 300).

NOTE 3 Calgulation of system costs at QC 2: system costs at QC 2 are’calculated to be $ 1 267 for products and $ 633 for material
losses based on application of the QC 2 material distribution percentage (i.e. 66,67 % for products and 33,33 % for material losses) to
the total system costs ($ 1 900), which are sum of the system costs.for products at QC 1 ($ 700) and new input at QC 2 ($ 1 200).

@  Value of material costs transferred from QC 1 to QC 2.

b value ofe hergy costs transferred from QC 1 to QC 2.
¢ Value of system costs transferred from QC 1 to:QC 2.

Value of tdtal costs transferred from QC 1(to QC 2.

Figure B.4 provides an examplé.of a graphical presentation (Sankey diagram) of this information.
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N Energy cost: $ 300
Material Z: 5400 gystem cost: $ 1 200

Energy cost: $ 400 Product (QC1) Product (QC2)
System cost: $ 800 Material X: $ 4 000 Material X: $ 3 000
Material Y: $ 1 200 Material Y: $ 1 200
N Energy cost- $ 350 Energy cost: $ 433
Material X: $ 5 000 . .
Material v- § 1 200 System cost: $ 700 System cost: $ 1 267
QC1 QC?2 G Total: $5 900
Material loss (QC1) Material loss (QC2)
Material X: $ 1 000 Material X: $ 1 000
Energv cost: § 50 Material Z: $ 400
System cost: $ 100 Energy cost: $ 217
Waste management cost $ 300 System cost: $ 633 '\
Waste management cost $ 400 '\

>

Material loss (| .
Material X: $ 2 ﬁD
Material Z: Ség
Energy cogt: #2267
Sysem cus%é 733

Wasté m&nagement cost § 700

&

Figure B.4 — Sankey diagram of summari{chanormation
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Annex C
(informative)

Case examples of MFCA

C.1 General
This annex ¢ontains a number of case examples on the application of MFCA. The various case examples
illustrate MFCA in different types and sizes of organizations, such as manufacturing (see Clauses C.2 and
C.3), pharmaceutical industry (see Clause C.5), food processing (see Clauses C.4 and C.6), agricultural (see
Clause C.4),[small- and medium-sized enterprises (see Clause C.3) and the supply chain (see Clauses C.2
and C.4). The results of all case examples are commonly given in US dollars, or in Euros.as well. Begause
examples of|larger and smaller sized companies and from industrialized countries and lemerging econgmies
are included | the results are not always comparable.
C.2 Case example 1: Lens manufacturing factory
C.2.1 Gengral
A lens-manufacturing factory of Company A based in Japan, whichzis one of the world-class companies inh this
field, achieved significant environmental and financial improvements after the introduction of MFCA] The
number of fagtory employees exceeded 1 000 at the time of adoption of MFCA. The targeted process wgs the
manufacturing of lenses used in cameras.
C.2.2 Matefial flow model of main targeted process
The material{flow model of the targeted process.is illustrated in Figure C.1.
[ — Targeted process of lens production (MFCA boundary)- - |
- Inputs Inputs Inputs Inputs: @ -
1 Materials Materials Materials Materials Materials 1
SO eOee®
In'guts i QC N
Waterials . Grlndlng Smoothmg Pollshlng Centerlng Coatlng ggﬁ#‘g’l !
! 7 I Products
—T> = - —> _I. (Next
v . process)
[ 1
I I
; .I. \Ehaved/ .I. .I. 1 -
1 loss loss
[
; Waste Material
. management losses
L e e e e e e e e e e e e e — =
Figure C.1 — Material flow model of the main targeted process
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ISO 140

Description of material losses

The types of material losses included the following:

S

S

C

(o)

ludge generated from the grinding and other processing of glass material;
ludge from supplementary materials;
oating materials not applied to the lens product; and

ff-specification products.

The j

C.2.4

Prior
very
meagq
the p
and

incurfed were allocated to the final products and material losses. As.a result, Company A rea
matefial loss cost was approximately 32 % of the total cost of the fens manufacturing process,
was |overlooked by the conventional production management measurement system, as
Figure C.2. Significant room for environmental and financial iniprovements were revealed by usin
Conventional production management
Lens-production
Glass material | Lens materials N Processing o Quality ~ /'NQ
manufacturer g in storage g into lenses g control '\\wa_s
Defective units Spoiled units (99%
Loss of pieces
(1%)
Material flow cost acCounting

I Findings through MFCA analysis

high product yield rate, i.e. 99 %, as illustrated in Figure C.2. Its conventional production

roduct yield rate was considered to be 99 %. However, in the MFCA:analysis, the mass of §
pbutput materials were measured in each QC, and the material, system and waste manag

ercentage of the above material losses per initial material inputs by mass was approximatel

to the introduction of MFCA, Company A believed that its existing process.for producing

urements were based on final product yield data. Because only one unit-per 100 lens units v

Cost of fi

Lens production

Glass material _| Lens materials ~ Processing . Quality
manufacturer " in storage " into lenses " control \—_process
Defective units Spoiled units
Sludge, etc. X
L 7 Material loss cost (32%)

Yy ——— N
Material losses
Discharge and waste

Treatme)

51:2011(E)

30 %.

enses had a
management
vas defective,
oth the input
ement costs
ized that the
a fact which
llustrated in
) MFCA.

»

hal
B%)

i

Figure C.2 — Comparison of conventional production management and MFCA

C.2.5 Improvements based on MFCA analysis

Company A implemented improvement initiatives to reduce the amount of waste generated in the grinding
process through collaboration with its glass material supplier for further effective improvement. As a result of
the collaboration with the supplier, Company A developed a new input lens designing called a “near-shaping”

lens,

© IS0

which resulted in 80 % reduction of material loss, as illustrated in Figure C.3.
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Conventional lens
material

Near-shaping lens
material

80% reduction of
shaved part

Consequentl
conventional
the supplier
consumption

material, engrgy, system and waste management costs for both companies. This is a typical examj

eco-innovatig

C.2.6 Conc

After the su
including thg
20 company
those facilitig
adverse env
Yen (USD 11

NOTE U{

C.3 Case

C.3.1 Gene

This case eample-focuses on a manufacturing factory of a small company in the Czech Republic, whi

more than 1

g

Figure C.3 — New near-shaping lens

Shaved part

y, the supplier needed much less glass material for the same product yield as compar
lens production. In addition, the amount of sludge and waste generated in the lens process
and Company A decreased significantly. The environmental benefits of reduced res
and reduced waste generation were accompanied by significant cost reductions with resp

n in the supply chain through MFCA.

Hlusion

ccess of this initial MFCA project, Company\’A" began to introduce MFCA into other fact
se located in Asian countries. As of theCend of 2008, MFCA was being used by more
facilities worldwide. After analysing how_material losses occur in the manufacturing procesg
s, the facilities have adopted various.improvements that have resulted in significant reductiq
ronmental impacts and costs. The total financial benefit to Company A was 1,0 billion Japz
,0 million) as of 2008.

b dollar amounts were converted/from Japanese Yen at the approximate exchange rate at the end of 2

example 2: Furniture manufacturing factory

ral

D years has been carrying on business in the area of job-order manufacturing of furniture

products arg

ed to
es of
burce
bct to
le of

Dries,
than
es in
ns in
nese

DO8.

th for
The

manufactured in accordance with customers' requirements, with detailed specificati

bn  of

materials, su

rface finishing, colours and special complements.

C.3.2 Material flow model of main targeted process

The targeted process was the manufacturing process of furniture, as illustrated in Figure C.4. The basic
material for manufacturing is chipboards sized 2 700 x 2 750 mm.

26
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Auxiliary
parts of
furniture

Stick, ABS

Chipboards
(371,25 m?)

cleaning

(49.38 m?) agents
QC1 QC2 QC3 QC4 QC5
Board Basic Neatening Final Putting Final
cutting ™ parts and finishing together, products
cutwork sticking sticking, (287,65 m”)
cleaning

Material Material losses

losses
0,05 %

Material
losses
4 %

Material
losses
1%

Material
losses
5%

applied sticks and
ABS cleaning
agents

| ‘ | '

QC Waste disposal (waste collecting container)

Figure C.4 — Material flow model of the main targeted process

3 Description of material losses
fiypes of material losses included those outlined below.

In QC 1, the basic material has to be trimmed by a saw. In this trimming process, solid wg
Ipss) amounting to approximately 5 % offinput raw material is produced.

This is followed by QC 2, with furnitdre parts being cut by the same saw in accordance wi
plan. Solid waste (material loss}.amounting to approximately 1 % of input raw material is prog

re stuck on. Waste produced in this manufacturing phase is sawdust extracted into collectin
vaste (material loss)amounting to approximately 4 % of input raw material is produced.

=0

DC 4 involves{he use of an NC machine tool, where, based on customers' requirements, f
re shaped and formed, complemented by supports or hinges. Solid waste (material loss)
pproximately 0,05 % of input raw material is produced.

Thisds<followed by QC 5, in which product parts are put together, stuck together and agglut

ste (material

h the cutting
uced.

h QC 3, furniture edges are,neatened and if products are to be fitted with plastic or veneered edges, they

g bags. Solid

Lrniture parts
hamounting to

nated. Using

ABS§)cleaning agents, the product is cleaned to have a glossy surface.

© 1SO 2011 — All rights reserved
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C.3.4 Findings through MFCA analysis

The total material balance (per month) is illustrated in Table C.1.

Table C.1 — Material balance

Inputs Outputs
Material Quantity Material Quantity Percentage of clipboards input
Final products 287,65 m? 77,48 %
Auxiliary parts of furniture 49,38 m? 13,30 %
Chipbgards . - 2
, 371,25 m2 Material losses in QC 1 18,56 m
50 x (2700 x|2 750 mm?) Material losses in QC 2 3,53 m2
9,22’ %
Material losses in QC 3 11,99 m?
Material losses in QC 4 0,14 m?
Final products 0,291 |
Stick 0,300
Material losses 0,009 |
Final products 0,475/
ABS cleaning agents 0,5001
Material losses 0,025
Within the framework of the manufacturing process, material\losses to the amount of 9,22 % of input raw

material as ¢

Table C.2illy

Table C.2 — Material flow cost matrix

hipboards is incurred. Other material losses (stick, ABS cleaning agents) are negligible.

strates the material flow cost matrix based:on this case example.

Material costs System costs mar‘g;ztr':\ent Total costs

(CZK) (CZK) costs (CZK) (CZK)

Products 31835 182770 — 214 605

Final proglucts 27 180 155 993 — 183 173
Auxiliary parts of furniture 4 655 26 777 — 31432
Material lossgs 3230 18 563 4000 25793
Total costs (4ZK) 35 065 201 333 4 000 240 398
(US$?) 1872 10 751 214 12 837

@  Exchange Rate: 1 CZK = 0.0534 US$ (as of January 12th, 2011).

Table C.2 shows that material costs represent 14,6 % of the total production costs. The cost of the material
losses amounts to 25 793 CZK per month (i.e. 10,7 % of the total production costs). The waste management
costs represent 15,5 % of the total costs of the material losses. The system costs are allocated to products
and material losses, using the quantity (m?2) of chipboards as the allocation criterion.

28
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From the existing cost accounting system, it appeared that the enterprise monthly incurs 4 000 CZK on waste
management. Corporate management was not informed about the amount of other costs expended in
connection with the material losses (see Table C.3).

Table C.3 — Costs associated with material losses

In th
prody
alway
final

Existing cost accounting MFCA
Item Costs Item Costs
(CZK) (CZK)
Waste management costs 4 000 |Waste management costs 4 040
Other costs of material losses:
— material costs 3230
— system costs 18 563
Total costs (CZK) 4 000 |Total (CZK) 25793
(US$) 214 (US$) 1377

C.3.6 Conclusion

MFC
posit
envir
tool g

c4

C.4.1

This
of MH
bean
robus
even

f improving material efficiency.

e demonstrated example, this expenditure amounts to 25793 CZK monthly (i.e. 10,7 %
ction costs). Although it is evident that in the course of the manufacturing process there
s be produced waste, given the technical and technological character of material input tran
broducts, the information gained from the MFCA canccontribute to searching for ways to impjovements.

A focuses on reducing the costs through*areduction in quantities of consumed materials. ]
ve environmental impacts. Better utilization of materials leads to a reduction of waste flows f
bnment. Hence, MFCA represents-a,very significant tool of environmentally oriented manag

Case example 3: Coffee bean manufacturing factory

General

case from Vlietnam highlights the importance of supply chain aspects in MFCA and provideg
FCA application in the agricultural sector. The case example company, a medium-sized expqg
5, employs about 200 workers and is situated in the southern part of Vietham. The company purchases
ta .coffee beans from farmers and middlemen and applies several refinement proce
ually exporting different quality grades of coffee beans to overseas.

of the total
will generally
sformation to

his has also
urdening the
ement and a

an example
rter of coffee

sses before

C.4.2 Material flow model of main targeted process

The major refinement processes at the site of the coffee exporter are cleaning, gravity sorting, colour sorting
and wet polishing. The major material inputs into the refinement processes are green coffee beans.

C.4.3 Description of material losses

The coffee exporter sorts and refines the purchased coffee beans to achieve several homogeneous quality
grades for export. Ideally, all coffee beans purchased could end up as export products. The supplied coffee,
though, does contain inhomogeneous beans, broken beans, and coffee dust and dirt. Therefore, about 1 % is

© IS0
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wasted in the form of coffee dust and weight loss and about 7 % ends up as low quality product achieving a
price below the purchasing price of the coffee beans.

A crucial material loss within the supply chain is the wastage of fertilizer in coffee farming. According to
Viethamese coffee experts, farmers apply almost double the amount of fertilizer that is needed. This is mainly

caused by inexperience, inappropriate information of fertilizer sales agents and the belief in “the more the
better”.

C.4.4 Findings through MFCA analysis

Figure C.5 summarizes the major findings of MFCA analysis at the coffee exporter's site.

Energy cost: 52 System cost: $10

H—) Product

Materijal cost Qc Quality coffeg’ beans.: $931
Green| coffee beans: 31000 Coffee Reven(ies: $960
exporter = $29-net profit
Material loss Material loss
Coffee dust: §10 Low quality bgahsy 871
Revenues: S0 Revenues) $63
=510 net loss =$8 net'loss

Figure C.5 — MFCA“analysis

The cost of material loss, coffee dust and low quality beans, amount to $ 81 per metric ton of green doffee
beans, that ¢quals 8 % of total cost. The low quality beans still have a market value. Therefore, revenues
have been considered in addition, which reduces’the net loss of low quality beans to $ 8 and the total nef loss
associated with material losses to $ 18. Adeording to the coffee exporting company, the only way to r¢duce
these losseg further is to increase the(quality of the supplied material input (green coffee beans). This is
exactly whatthe purchase managers steadily work on.

A different @pproach supported-by MFCA analysis are attempts to improve efficiency of supply fhain
processes lgading to lower material input cost in general. Including supply chain aspects into the NMIFCA
analysis at tHe coffee exporfer/underpins this view as illustrated in Figure C.6.

Enegdy, System and Energy and Energy and
Materigl cost  fugtheg Material cost System cost System cost
Fertiliz¢r: $250 8450 $300 $12

‘ |
I Material cost Hatertat ..nt.
Coffee cherries: 3575 Green coffee beans: $875 l
Product
Qc Qc ac u
Coffee Dry Coffee Quality coffee beans: $§816
o processing exporter Revenues: $960
= $144 net profit

Material loss Material loss
Material loss Coffee dust: §9 Low qusiity beans: §62
Fertilizer: $125 R $0 R $63
=$9 net loss =$1 net profit!

Figure C.6 — MFCA analysis including suppliers
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