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Introduction

Material Flow Cost Accounting (hereafter referred to as “MFCA”), a method of Environmental
Management Accounting, was developed in Germany. Along with study on the MFCA’s approach
and its effectiveness, MFCA has been introduced into industries. As a result, MFCA is being
highly appraised and rapidly disseminated as a powerful method to simultaneously realize
“reduced environmental impacts” and “improved business efficiency” by increasing transparency
of material losses.

The Ministry of Economy, Trade and Industry of Japan has been wishing to contribute to the
world to contribute to making both the environment and economies compatible through
dissemination of an advanced environmental management accounting approach. Consequently,
under the cooperation of concerned parties, Japan proposed inclusion of MFCA into the ISO to
ISO/TC207. As a result, ISO/TC207/WG8 (MFCA) was established in 2008.

Japan takes a lead in the activity of ISO/TC 207/WG8 by taking roles of convenor and secretary,
making efforts toward issuing ISO14051 in 2011. In order to widely share the Japanese MFCA’s
best practices and communicate its effectiveness in Japan and overseas, this MFCA Best
Practices booklet was produced in Japanese as well as in English as a part of the “FY 2009
International Standardization of Low-Carbon Environmental Management Accounting (Material
Flow Cost Accounting introduction and verification, domestic countermeasures etc.)”
commissioned by the Ministry of Economy, Trade and Industry of Japan. This booklet includes
easy-to-understand Japanese case examples selected from a wide range of industrial types
including service industry.

In producing this booklet, the committee members of the “FY 2009 International Standardization
of Low-Carbon Environmental Management Accounting (Material Flow Cost Accounting
introduction and verification, domestic countermeasures etc.)” provided guidance and advice,
which the Japanese Ministry of Economy, Trade and Industry of Japan commissioned. The
committee is comprised of the following members (member names are listed in alphabetical
order).

March 2010
Environmental Industries Office,
Industrial Science and Technology Policy and Environment Bureau,
Ministry of Economy, Trade and Industry, Japan
Chairman

Katsuhiko Kokubu, Professor, Graduate School of Business Administration, Kobe University,
ISO/TC207/WG8 Convenor

Committee member

Takao Enkawa, Professor, Department of Industrial Engineering and Management. Graduate
School of Decision Science and Technology, Tokyo Institute of Technology
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Yoshikuni ~ Furukawa, @ GENERAL MANAGER, SUSTAINABLE MANAGEMENT,
GOVERNMENT RELATION DEPT., NITTO DENKO CORPORATION, ISO/TC207/WG8
Secretary

Yuji Kawano, Assistant Manager, Production Management Department, Production Division,
Towa Pharmaceutical Co., Ltd.

Kazunori Kitagawa, Chief of Eco Management Center, Japan Productivity Center

Takeshi Mizuguchi, Professor, College of Economics & Regional Policy, Takasaki City
University of Economics

Yu Murata, Director of Environmental Industries Office, Industrial Science and Technology
Policy and Environment Bureau, Ministry of Economy, Trade and Industry of Japan

Michiyasu Nakajima, Professor, Faculty of Commerce, Kansai University, ISO/TC207/WG8
Expert

Masashi Numata, Senior Manager, Manufacturing Development Innovation Center, Sekisui
Chemical Co., LTD.

Hiroshi Tachikawa, Representative director, Propharm Japan Co., Ltd, ISO/TC207/WG8
assistant secretary

Masayasu Yoshikawa, Manager of Business Support Department, Organization for Small &
Medium Enterprises and Regional Innovation
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1. Objective of this booklet

The Ministry of Economy, Trade and Industry of Japan has been promoting ISO-standardization
of MFCA in order to globally disseminate Material Flow Cost Accounting (MFCA), one of the
environmental management accounting tools, which contributes to making both the environment
and economies compatible. Japan proposed the inclusion of Material Flow Cost Accounting
(hereafter referred to as “MFCA”) in the ISO to ISO/TC207". As a result, ISO/TC207/WG8
(MFCA)2 was established in 2008, making efforts toward international standardization of MFCA
(1SO14051) in 2011.

During the course of developing the standard, it was considered necessary to produce a booklet
that collates the MFCA case examples. Consequently, this booklet was produced in order to
disseminate MFCA on a global scale.

Additionally, this booklet includes annex on overview of MFCA. The annex is based on the first
chapter of “Guidance on Introduction of Material Flow Cost Accounting (Third version)”, including
explanation on the basic approach of MFCA. See the annex if you are a beginner in MFCA.

2. Case examples selected for this booklet

MFCA was developed as a tool to enhance material productivity in manufacturing operations.
Hence, there have been a number of examples in manufacturing industries. In addition to
examples in the manufacturing industry, MFCA case examples in the supply chain that involve
multiple organizations are also selected. Furthermore, MFCA application to industries other than
the manufacturing industry has started recently, and characteristic examples such as logistics,
construction, and recycling are also included in this booklet.

In order to familiarize MFCA with various types of manufacturing industries, easy-to-understand
cases were selected from wide varieties of industries and fields such as those from
manufacturing activity, supply chain, logistics, construction and distribution service.

Characteristics of these examples are summarized in “4. List of companies that applied MFCA”
and “5. Characteristics of case examples.” Refer to these sections when considering type of
industries and processes for MFCA application.

3. Structure of case examples

Each case example consists of (1) “Organizational profile,” (2) “Material flow model of Main
Target Process (es),” (3) “Description of material losses,” (4) “Findings through MFCA analysis,”
(5) “Targeted points to be improved or improvements based on MFCA analysis,” and (6) “Results
and future issues (Conclusion).” Given below are brief explanations on each of these sections:

(1) Organizational profile
This section includes the overview of corporate information such as the type of products

' TC 207 is one of the technical committees in International Organization for Standardization (ISO) under
which the ISO 14000 series of environmental management standards are developed.

2 WG 8 is one of the working groups under the TC 207. This working group is engaged in international
standardization of MFCA.
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manufactured, number of employees, sales, and capital.

(2) Material flow model of Main Target Process (es)

®)

(4)

This section introduces products subjected to the MFCA analysis and the characteristics of
manufacturing processes. Besides this information, this section provides a guide for
establishing a quantity centre and for applying MFCA.

In the case of nonmanufacturing industries, no manufacturing processes are present.
Therefore, this section notes only the scope for MFCA analysis and its characteristics.

Description of material losses
This section describes the materials used and material losses generated in the process.
Further, it introduces the approach for calculating energy and system costs.

Findings through MFCA analysis
This section states the MFCA calculation result and the findings based on the result.

(5) Targeted points to be improved or improvements based on MFCA analysis

This section states the targeted points for improvement and the improvement measures,
as identified on the basis of the MFCA analysis result.

(6) Results and future issues (Conclusion)

This section describes results from the MFCA introduction and implementation, future
implementation plan, and other related issues.

4. List of companies that applied MFCA and were included in this booklet

Table 1 organizes the 23 companies or SC teams included in this booklet by the type of industry,
and scale in terms of the number of employees. The type of industry is generally based on the
categories defined by the Tokyo Stock Exchange. In order to understand the scale of each
company, categories based on the number of employees are defined and included in the list. The
scale for the number of employees is divided into three categories comprising “Less than 100,”
“100 to 999,” and “more than 1,000.” Further, the “Remarks” lists the important points to be noted
in the MFCA application and record of MFCA awards presented.

Type of MFCA case examples
MFCA case examples are divided into three categories comprising “Manufacturing,”
“Non-manufacturing,” and “Supply chain.”

Examples in manufacturing sector are those of a single MFCA-applied
company/factory.

Examples in nonmanufacturing sector includes those of companies generally known as
manufacturing companies and those who have applied MFCA to their
nonmanufacturing activities such as service, construction, and logistics.

Examples in supply-chain sector are based on the examples of multiple companies that
concurrently applied MFCA and were cooperatively engaged in associated
improvement activities.
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Table 1 List of companies that applied MFCA and are included in this booklet

Type of MFCA case N & CERTEy Tpo ey Classification based on Remarks
examples number of employees
NITTO DENKO CORPORATION Chemicals More than 1,000 Special award for Material Flow Cost
Accounting, Eco-efficiency Award 2007
. Special award for Material Flow Cost
SEKISUI CHEMICAL CO., LTD. Chemicals More than 1,000 Accounting, Eco-efficiency Award 2008*
SUMIRON CO., LTD Chemicals 100~ 999
TOYO INK MFG. CO., LTD. Chemicals More than 1,000
- Special award for Material Flow Cost
Accounting, Eco-efficiency Award 2006*
- Mitsubishi Tanabe Pharma Corporation
was created through the merger of Tanabe
Mitsubishi Tanabe Pharma Corporation  |Pharmaceutical More than 1,000 Seiyaku Co., Ltd. and Mitsubishi Pharma
Corporation on 1st October 2007 (Tanabe
Seiyaku Co., Ltd. at the time of the production
of the MFCA case example and the award
presentation).
Manufacturing Speci -
. . pecial award for Material Flow Cost
Canon Inc. Electric Appliances More than 1,000 Accounting, Eco-efficiency Award 2006*
TS Corporation Electric Appliances Less than 100
o Transportation
Katagiri Seisakusho Co., Ltd. . 100~ 999
equipment
Mitsuya Co., Ltd. Metal Products 100~ 999
KOSEIALUMINUM CO., LTD. Metal Products 100~ 999
Shimizu Printing Inc. Pulp & Paper Less than 100
GUNZE Limited Textiles & Apparels More than 1,000
Kohshin Rubber Co., Ltd. Rubber Products 100~ 999
Shinryo Co., Ltd. Foods Less than 100
Special award for Material Flow Cost
KODAI SANGYO CO., LTD. Other Products Less than 100 Accounting, Eco-efficiency Award 2009*
JFE group Construction More than 1,000
GUNZE Limited Textiles & Apparels More than 1,000
Nonmanufacturing |OHMIBUSSAN, Inc. Other Services Less than 100
. . Special award for Material Flow Cost
Sanden Corporation Machinery More than 1,000 Accounting, Eco-sfficiency Award 2009*
Convenience store A Retail Trade Less than 100
Sanden SC team
Sanden Corporation Machinery More than 1,000
Sanwa Altech Machinery Less than 100
Panasonic Ecology Systems SC team Grand Prize for Subply-Chain Model f
Supply chain Panasonic Ecology Systems Co., Ltd. |Electric Appliances More than 1,000 rand Frize for Supply-Lhain Modeltor

Resource Conservation 2008**

Nippon Sangyo Shizai Co., Ltd. Chemicals -
Ohu Wood Works SC team - Green Supply-Chain Award 2008***
Ohu Wood Works Co., Ltd. Other Products 100~999 - Special award for Material Flow Cost

Miyoshi Industry

Metal Products

Less than 100

Accounting, Eco-efficiency Award 2009*

‘Eco—efﬁciency Award
This award was established in 2005 with the support of the Ministry of Economy, Trade and Industry of Japan. In 2006, a special award for Material Flow Cost
Accounting was established. Since then, this award has been given annually to companies that are considered to especially achieve successful results in

MFCA application, development, and dissemination.

“Grand Prize for Supply-Chain Model for Resource Conservation and “Green Supply-Chain Award
These awards are presented to companies that participated in the supply-chain cooperation promotion project for resource conservation and achieved
successful results. In the Grand Prize for Supply-Chain Model for Resource Conservation, the awards are presented to MFCA-applied supply chain which is
most likely to be a model for others in its MFCA approach and the associated improvement plan. The Green Supply-Chain Award is awarded to the supply chain
that newly shaped a cooperative formation and achieved successful results next to those awarded the Grand prize for Supply-Chain Model for Resource

Conservation.
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5. Characteristics of case examples
Below is the description on characteristics the field subjected for MFCA analysis in this booklet.
Those companies noted after the description are included in this booklet.

Forming process
After forming process of raw materials (e.g., resin and metals) and materials left-over such as
runners often become material losses. Separate material losses are generated at the
switching-phase of production types. Material losses are frequently increased through
manufacturing of wide varieties of products in small quantities. The companies with the case
example on the forming process are NITTO DENKO CORPORATION, SEKISUI CHEMICAL CO.,
LTD., SUMIRON CO.,LTD., TOYO INK MFG. CO., LTD., Kohshin Rubber Co., Ltd. and
Panasonic Ecology Systems SC team.

Machining process

Machining of various materials such as metals, resins, glass, and wood materials become
material losses through various processes including pressing, cutting, lathe-processing, milling,
and polishing. The companies with the case example on the machining process are Canon Inc.,
TS Corporation, Katagiri Seisakusho Co., Ltd., KOSEI ALUMINUM CO., LTD., KODAI
SANGYO CO., LTD., Sanden group, and Ohu Wood Works SC team.

Chemical reaction process

Material losses are frequently generated due to impurities and yield loss in reactions and
refining processes. The company with the case example on the chemical reaction process is
Mitsubishi Tanabe Pharma Corporation.

Surface treating process

Surface treating includes plating, heat treatment, coating, and rinsing etc. Small amount of
material losses are generated from the materials to be treated. However, significant amounts
of material losses are generated from operating materials (plating solution, paint, rinsing liquid
etc.). The company with the case example on the surface treating process is Mitsuya Co., Ltd.

Manufacturing process of textile products

The subject processes consists of a wide variety of product types differentiated by brand,
design, color, and size etc. A significant amount of waste textile materials are produced in
cutting process. Likewise, there are also cases when raw materials and products become
material losses due to changes in trends that result in clearance of inventory. The company
with the case example on the textile products is GUNZE Limited.

Paper processing

The subject process consists of printing, processing of pre-printing paper, and cutting after
printing etc. Material losses are frequently generated in the process that involves
manufacturing of a wide variety of products in small quantities; material losses are generated
at the time of switching of product types. The company with the case example on the paper
processing is Shimizu Printing Inc.
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Logistics
Product logistics concerns two types of material flows: one is toward the customers, while the

other is related to returned products, which is considered as loss. It is necessary to identify
environmental impacts and losses in business resources (i.e., cost) that are associated with
both flows. The company with the MFCA case example on the logistics is GUNZE Limited.

Construction activity

In addition to materials and costs classifying concepts as defined under MFCA, material
losses are identified based on the newly-defined classification of intended construction and
unintended construction. The company with the MFCA case example on the construction
activities is JFE group.

Recycling activity

Characteristics of the recycle business are that available amount of raw material, its price
and amount of intermediate product fluctuate, and that disposal of stocked materials
occasionally takes place. The business status can be revealed through MFCA application,
which enables accurate understanding of process-oriented losses in physical and monetary
units. The company with the MFCA case example on the recycling activities is OHMI
BUSSAN, Inc.

Cleaning service

MFCA can be applied to the cleaning service in two ways: one is from the viewpoint of those
who provide services and the other, from those who are served. The Company with the
MFCA case example on the cleaning service is Sanden Corporation.

Distribution service

In the distribution service, remained items are disposed once they expire, becoming material
losses. Further, there is an opportunity loss due to sold-out. MFCA especially increase
transparency of loss related to remained items in physical and monetary units. The company
with the MFCA case example on the distribution service is the convenience store A.

6. Abbreviations/terms used in this booklet
Abbreviated terms used in this booklet are explained based on the terms and definition given in

the draft International Standard of ISO 14051 as shown in the followings:

- QC: quantity centre
Selected part or parts of a process for which inputs and outputs are quantified in physical
and monetary units

- MC: material cost
Expense for the materials that are used and/or consumed in a quantity centre

- EC: energy cost
Expense for the energy used to enable operations

- SC: system cost
All expenses incurred in the course of in-house handling of the material flows except for
material costs, energy costs and waste management costs
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Case 1 NITTO DENKO CORPORATION
Production characteristics: Manufacturing line for adhesive tapes for electronics

(1) Organizational profile

One of the products manufactured by NITTO DENKO CORPORATION (hereafter referred to as
“Nitto Denko”) is adhesive tapes for electronics. One of the company’s facilities is located in
Toyohashi, Japan. The company is the Japan’s first model company that introduced MFCA in
2000 in order to verify effectiveness of the method.

The company employees numbered 28,640 on a consolidated basis at the time of the project.
The company’s sales were 577.9 billion yen on a consolidated basis. The capital was 26.7 billion
yen (FY 2009).

The selected process for the subject project was the manufacturing process of adhesive tapes
for electronics.

(2) Material flow model of Main Target Process/es
Material flow model for the selected process (MFCA boundary) is shown in Figure 1.1:

Input materials Inputinter- Input materials Input materials
Input materials -Sol vent divisional products -Plastic wrapping Aucxiliary materials
_Sol vent -Monomer -Substrates cores for packaging, etc.
-Polymer -Cross-Linker A&B -Separators (7kinds)
Dissolution Batch Coatlrjg & Cutting Inspectl_on/ Product
composition Heating Packaging warehouse
Input intermediate: Input intermediate Input intermediate: Input intermediate: Finished product:
Polymer Special adhesive Original sheets Products for width Adhesive tapes for
and length electronics
Vaste Emission Vg?'isgt]?nal sheets for Separators
-Substrates -Solvent (100% - .
-Separators separate((j and ’ coating (substrates, Adhesive
R . N separators, and
afjfleegliz\i deodorized) special adhesive) Substrates

Figure 1.1 Material flow model for the selected process

As illustrated in Figure 1.1, the process consists of five processes that are dissolution, batch
composition, coating and heating, cutting, and inspection/packaging.

Nitto Denko independently developed the “Daily Transaction Control System” to completely
control items and information from reception of orders to delivery of products. This system is
applied for production control and monthly closing. Material flows (e.g., input, output and yield
rate) were managed through the main production/control process unit of this system. Therefore,
this system’s control unit was selected and defined as a quantity centre for the purpose of MFCA
data collection.

(3) Description of material losses
Material losses in each step of the manufacturing process included the followings:
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(i)

(i) Cutting process: cut ends of the intermediate product.

Coating and heating process: substrates, separators and specialized adhesive, and

The percentage of the above material losses per initial input materials by weight was identified to

be approximately 32.83 %.

(4) Findings through MFCA analysis
Based on the MFCA calculation, the data collected within the boundary are summarized in
monetary units as shown in the following:
Table 1.1 Material flow cost matrix

Cost Classification | Material Energy System Man‘;v;:;fent Total
Product ¥2 499,944 ¥57,354  ¥480,200 ¥3,037,498
(68.29%) (68.29%) | (68.29%) (67.17%)
. ¥1,160,830 ¥26,632( ¥222,978 ¥74,030 | ¥1,484,470
Material Loss
(31.71%) (31.71%) | (31.71%) (100%) (32.83%)
Total ¥3,660,7741 ¥83,986  ¥703,178 ¥74,030 | ¥4,521,968
(100%) (100%) (100%) (100%) (100%)

Table 1.2 Comparison between conventional and MFCA-based profit and loss (P/L)

statement

MFCA-based P/L (Unit: Yen) Conventional P/L (Unit: Yen)

Sales* — 15,000,000 [Sales* 15,000,000
Productcosts 3,037,498|Costof sales 4,521,968
Material losses =1.484 470 |N/A N/A
Gross profit 10,478,032|Gross profit 10,478,032
Sales and general administrative expenses* 8,000,000(Sales and general administrative expenses* 8,000,000
Operating profit I~ 2,478,032 |Operating profit 2,478,032

(The values with an asterisk "*" mark were modified to be fictitious for disclosure)

The MFCA-based P/L statement revealed that sales costs (= product costs) were 3,037,498 yen
and waste costs (= material losses) were 1,484,470 yen. The conventional P/L statement
indicates sales cost of 4,521,968 yen, which included hidden material loss-related costs. MFCA
highlighted such hidden cost.

(5) Targeted points to be improved or improvements based on MFCA analysis

Nitto Denko implemented “waste/loss analysis” and “improvement measures” based on the
MFCA results and achieved improvement by approximately 10%. However, further rooms for
improvement still remained and a wider scale of improvement measures (a capital investment)
were considered along with implementation of the other existing improvement measures. As a
result, the production processes were fundamentally reviewed and the full-scale capital
investment to advance further improvement/reform was decided. The company’'s MFCA
implementation results and target were indicated in Table 1.3.
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Table 1.3 MFCA implementation results and target

Cost

st | FY2001 | FY2004 | FY2010(Target)
Products 68% 78% 90%
Material | 3204 | 2204 10%
Losses
Total 1009% 1009% 100%

(6) Conclusion

The Nitto Denko’s case proved that MFCA could serve as a management effective tool for
business decisions in the following aspects:

- MFCA clarifies issues and potential solution for these issues; and
- MFCA enables appropriate capital investment and secures a budget for such investment.

Especially, in this project, MFCA was employed as a company decision-making tool, which led to
700 million yen of improvement measures and capital investments.

10
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Case 2 SEKISUI CHEMICAL CO., LTD.
Production characteristics: Company-wide MFCA implementation for 34 sites with
individually different production characteristics

(1) Organizational profile

In SEKISUI CHEMICAL CO., LTD. (hereafter referred to as “Sekisui Chemical’), MFCA has been
conducted at their 34 sites in Japan. The subject sites manufacture a variety of products
including unit houses and chemical products (raw materials of resin and resin-processed
products). The company’s total employees numbered 19,742 on a consolidated basis. The
company’s sales were 932.4 billion yen (FY 2009) with a capital of 100.002 billion yen on a

consolidation-basis.

In Sekisui Chemical, MFCA is considered as a monitoring tool for manufacturing-related

innovation activities that aim to realize “no waste,

no defective products,

no complaints” and

“N-multiplication of productivity”. MFCA has been implemented company-wide as shown in

Figure 2.1.

Aiming to be an Environmentally Creative Corporation

(Environmental Top Runner Plan)

anufacturing
=Div. A11

Policies

Manufacturing

Dept A1
BuSiness Policies
Place A |
Policies

saplod Auedwo)

@ Implementation
Themes

MFCA Loss & Cost Reduction

Total Waste Reduction

CO2 Reduction

Company-side

Creation of Attractive Factory
Discussion

Visualization of Bu_siness Places

G Improvement Activities
5S/TPM Activities

{ Improvement] [Targets]
[Themes
No Waste
No defective
products
‘ No Complaints

Productivity
Multiplication

provem en
Themes

{ ery Difficult
‘ hemes

MFCALoss
& Cost
Reduction

SSoUBANadW 07 SSaUISNG 10 JUSWIB2I0UISY

Manufacturing Innovation

Technology Enhancement|

—
Technical Dept./CS Dept./

Operation Dept. Across Manufacturing Dept.

@ Promotion of Improvement Activities

[Application Methods]

@ Promotion of Education/Human Resources
Development

Manufacturing Dept.

I Across Business Places

MFCA, Quality Engineering, IE, VE, TPM ...

Figure 2.1 lllustration of company-wide MFCA implementation

11
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(2) Material flow model of Main Target Process/es
MFCA calculation and analysis were conducted for each process, which also incorporated losses
at the inventory phase as shown in Figure 2.2.

. Auxiliary Auxiliary Auxiliary
Materials | materials A materials B materials C |
99.98% 0.01 0.01%
%
99.98 90.30% 89.87% 86.42% 84.96%

o
Process A ]—» Process B ]—> Process C ]—P Inventory D J—> ProcessE J—> Inventory F J—> PrOdUCt

= Approx.3050t Prodyct cost: 800 million yen
Recycled l l l l l 79.7%
9.02%

Total material loss

Material loss C Material loss E s wastel Packaging Inventory
Material loss D Material loss F Y i waste waste Approx. .
Material loss cost: 190
LossC 9.68%  LossE 0.43%  3.44% Loss 1.46% 523% 620t million yen
LossD 0.01%  LossF 0.01% 20.3%

Figure 2.2 Material flow model of the main target process (MFCA boundary)

(3) Conclusion

The company’s group-wide target was set to reduce loss costs by 5 billion yen within three years,
from 2006 to 2008. The performance up to FY2007 revealed that the target was achieved one
year earlier than forecasted; the loss costs were reduced by 5.3 billion yen. Simultaneously, the
total amount of waste was reduced by 11%. Further MFCA deployments at household
counstruction sites and overseas branches are the company’s future subject.

MFCA Analysis

—
: Items Target In-charge Firsthalf |Second half| Firsthalf |Second half]
o Reduction in setup time MC implementation for existing machines ::>
> | ——
CostReduction: ** million yen Man-hour reduction in offline setup Investigalon |E
o
g New setup equipment research [l e Equpment
fon
== MC implementation for the Factory X Investigation
— of measures
b Stable production VRP
E CostReduction: ** million yen Stable coating 2 T Beoaual
* Compound renewal o
* & 3 materials/year
PVT control of renewal standards
.n
Reduction of inventories with a low turnover rate Centralized inventory control
CostReduction: ** million yen Lower ranked order acceptance
Product Control
OEM lot minimization
Production on orders with confirmed CRP
Material integration Engineering  [OFaiion " tass poduction
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ltems Target| In-charge | ol |0 |FY2007 |szooe
Recycle enhancement Major material recycle Manufacturing
Cost Reduction: ** million yen Low-volume material recycle Eys
Investigation  pygget  Eauipment
Reduction of unrecovered losses s oo
Reduction of processing operation losses of large-
Cost Reduction: ** million yen |Air-cooled molding Engineering L";’:;
Reduction of packaging materials Transfer in factory
Product Control
CostReduction: ** million yen Order point change

Figure 2.3 Material flow cost-related activities (a case of the Manufacturing Dept.)
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Case 3 SUMIRON CO., LTD.
Production characteristics: Small-to-medium business and mass production

(1) Organizational profile

SUMIRON CO., LTD. manufactures industrial adhesive tapes. The facility is located in Iga-shi,
Mie, Japan. The total factory employees numbered 140. The company’s sales were 6.1 billion
yen (FY 2007). The company’s capital was 96 million yen at the time of the project.

The selected process was the manufacturing processes of adhesive tapes used as a surface
protection film for construction materials and metal plates, protection films for automotive coating,
optical members, functional protection films; adhesive mats, and cleaning tapes for electronic
parts.

(2) Material flow model of Main Target Process/es

Operations were divided into five quantity centres (QC). QC was defined based on their internal
data collection process, and operational units. The five QCs consisted of “Adhesive Compound,”
“Coating and Aging,” “Inspection,” “Semi-finished Product Warehouse” and “Stacking,
“Laminating and Cutting.” Material flow model for the selected process is illustrated in Figure 3.1
below:

+Adhesive compounds Adhesive compounds Semi-finished Semi-finished Semi-finished products Products in process
- Additives -Original Fabric Films product Product *Laminated films -Cardboard
Input +Organic Solvents + Mold-releasing Agents -Electricity - Electricity +Double-sided tapes c
(Toluene and +Paper Tubes .Corner Labels +Craft Tape
ethyl Acetate ) - Electricity - Electricity + PE Bags/Films
- Electricity +Heavy Oil -Exterior Labels
(-Semi-finished Labels) | |
T v |
Adhesive . . . EErmeiad Stacking, Laminating § . 1
compound Coating and Aging Ins;ictlon ”;:g:f,; and Cutting ..Pfﬁaf’."lg.!
Adhesive Semi-finished products Semi-finished products Semi-finished Products in process Finished
Output compounds -Films( without Adhesives) -Non-conforming Riccel -Semi-finished Products -Emiumin
«Waste Fluid -Films (with Adhesives) Product§ -Expired Products with the Core Remaining M::(e:riéﬁwgaste
-Non-conforming Products lizpesien Sampes -Damaged Defects *Flipping Adjustment

-Adhesive Compound Waste
+Cleaning Solution Waste
(during Changeover)
(*Mold-releasing Paper)
+Organic Solvent Vapor

Semi-finished Products
-Non-conforming
Products

-Cut Scraps

Figure 3.1 Material flow model for the main target process (MFCA boundary)

Adhesive compound was processed for PE film coating. Subsequently, the adhesive compound
was coated on the PE film substrates in the coating process and fixed on PE films in the aging
process. The films coated and fixed with the adhesive compound were stored once in the
semi-finished product warehouse before the stacking process where the coated films were
stacked and cut in appropriate sizes. Subsequently, the films flowed to the laminating process
where they were combined with protection films and double-sided tapes and re-cut in product
sizes in the cutting process. Finally, the products were packaged and delivered.
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The materials, auxiliary materials and operating materials in the target process were shown in
the followings:

- Materials: adhesive compounds, original fabric films and semi-finished products;
- Auxiliary materials: additives, laminate films, double-sided films and corner labels; and

- Operating material: organic solvents, releasing agents and paper tubes.

(3) Description of material losses
The material flow cost matrix for the subject process is shown in Table 3.1.

Table 3.1 Material flow cost matrix

Material Energy System WIEELD
management Total
cost cost cost
cost

Product 40,300,000 2,700,000( 8,900,000 51,900,000
53.3% 3.6% 11.8% 68.7%

Material 16,600,000 1,600,000| 5,400,000 23,600,000
loss 22.0% 2.1% 71% 31.2%
. 90,000 90,000
Disposed/recycled 01% 01%
Subtotal 56,900,000( 4,300,000| 14,300,000 90,000| 75,590,000
75.3% 5.7% 18.9% 0.1% 100.0%

As indicated in Table 3.1, the percentage of the material loss per the initial input by cost ratio is
31.2%.

(4) Findings through MFCA analysis

Adhesive compounds consisted of adhesives, solvent, and additive, and antibacterial agent.
Among all these materials, only 22% of the solvent flowed to a next process; remaining 78% of
the solvent became material loss. On the other hand, original fabric film in the painting and
edging processes represented the most significant ratio of the input material cost or 30 million
yen (approximately 9% of the material loss). In the stacking, laminating and cutting processes,
cut-loss represented approximately 5 million yen/year or 18% of the input materials became
material losses.

(5) Targeted points to be improved or improvements based on MFCA analysis

Based on the MFCA analysis, 11 improvement measures were raised. Through the MFCA-based
simulation, material-loss costs were expected to decrease from 31.2% to 27.5% through the
following improvement measures:

- Reduction of organic solvent gas through rectification of solvent blending volume; and
Reduction of material losses by replacing two types of coating cloth with one type; and
- Use of the thinner film in the coating and aging processes.
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(6) Conclusion

Cost-effectiveness analysis was conducted for the three measures noted in Clause 5. This
revealed that the amount of material losses could be reduced from 31.3% to 27.5%. Through
implementation of MFCA, all material losses in the process were clarified. Especially, it was very
meaningful to identify hidden cost related not only to materials but also to system and energy.
Moreover, the product costs per square meter of products were clarified, which enabled
simulation of the investment impacts. In this project, the scope was limited to a single site. The
company intends to expand MFCA company-wide to further promote environmentally-friendly
management.
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Case 4 TOYO INK MFG. CO., LTD.
Production characteristics: MFCA implementation in production of coloring pellets
for plastic.

(1) Organizational profile
TOYO INK MFG. CO., LTD. (hereafter referred to as “Toyo Ink”) was involved in development,
manufacturing, and sale of the various products including the followings:

- Printing ink and related equipment;
- Can coating;

- Resins;

- Adhesives;

- Adhesive tape;

- Colorants;

-  Colouring pellets for plastic; and

- Inkjetink.

Toyo Ink positions safety management and environmental conservation as its most important
themes. MFCA was implemented as the aforementioned themes are consistent with their
activities to thoroughly eliminate losses at a manufacturing stage to promote energy-saving and
resource-saving policies. The company’s employees numbered 2,123 on a non-consolidated
basis and 6,860 on a consolidated basis. The company’s sales were 239.814 billion yen on a
consolidated basis (FY 2008). The capital was 317.33 million yen.

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

Coloring pellets and large manufacturing lines that produce lot sizes greater than 500kg were
selected for MFCA analysis. The extrusion molding process (OC1) consisted of mixing of
colorants, extrusion molding, inspection, and filling processes, and switching process (OC2)
which involved cleaning activity for an extruder at the end of each production as shown in Figure
4.1. As the four production processes in the extrusion-molding process were implemented
successively, they were grouped together as a single quantity centre (QC1).
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QC1: Extrusion-molding process \L |

Remaining stock this time
(reuse)

| l T
Mleng H Extrusion molding H Inspection H Fllhng ‘
l ) y y

| Material loss

Raw material 2 (resin)

Raw material 1 Remaining stock
(colorant etc.) last time

| Material loss

| Material loss | Material loss

. (dust collection loss,
(dust collection loss) filter, in-process loss) (Sample) (disposal of odd parts)

QC2: switching process

Cleaning resin

A Dust collection loss, filter: material loss
Extruder cleaning

Others: useful materials

Material loss

(cleaning resin, cleaning solvent, cleaning cloth)

Figure 4.1 Input/output per quantity centre

(3) Description of material losses
The following losses were identified from each process:

- Mixing process: dust collection loss;

- Extrusion-molding process: dust collection loss, filter, and in-process loss;
- Inspection process: sample products;

- Filling process: disposal of odd parts; and

- Switching process: cleaning resin, cleaning solvent, cleaning cloth.

MFCA data were defined in the following way:

- Actual values collected from on-site activities were used with regard to raw material
blending ratio, raw material unit price, total amount of processed materials (remaining
added from the previous process), total amount of materials added (including remaining
materials), total amount of finished materials (including remaining materials), amount of
remaining materials, amount of mill end waste, amount of samples, processing time, and
switching time;

- Allocated data of total values from a company-wide operation were used with regard to
amount of collected dust, in-process loss, cleaning resin, cleaning materials, and cleaning
cloth;

-  System costs (SC) included labor costs, depreciation costs, other expenses, and
allocation-related operational costs. The product-related SC costs were the allocated cost
out of 95% of the costs related to the extrusion molding process. The SC costs for material
losses were the allocated costs out of 95% of the costs related to the extrusion molding
process plus the costs related to switching-process; and
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- Energy costs (EC): Electricity costs represented energy costs in the process. 95% of the
electricity costs were assigned to the extrusion molding process and 5% of the costs were
assigned to switching process.

(4) Findings through MFCA analysis

Material loss was found to be only 2.2% of the direct materials in the extrusion molding process,
being increased to only 2.7% even with incorporation of material losses related to indirect
materials and those generated in the switching process.

- QC1: extrusion-molding process
- 97.8% of raw materials and remaining materials from the previous process became
product, and 2.2% became material losses (i.e., remaining materials, dust, sample,
disposal of edged parts, and in-process loss); and
- All of filters input to the process as indirect materials became material losses.

- QC2: Switching process
All of the input cleaning resin, cleaning solvent, and cleaning cloth became material losses.

The ratio of the material loss cost was 7.2%. This consisted of material costs (MC) that
accounted for 2.0% and SC that accounted for 5.1% of its cost, indicating that the loss cost ratio
of SC was more significant.

Table 4.1 Material flow cost matrix

Material | Energy | System Waste | Selling price
cost cost cost managem | for recycled Total
-ent cost materials
Product 77.4% 1.7% 13.7% 92.8%
Material loss 2.0% 0.1% 5.1% 7.2%
Waste/Recycle 0.1% 0.0% 0.0%
Total 79.3% 1.8% 18.8% 0.1% 100.0%

(5) Targeted points to be improved or improvements based on MFCA analysis

In order to improve switching time, yield ratio, and manufacturing time (processing speed),
MFCA data per lot was collected for a further analysis. A study of ten products that takes more
than nine-hour for switching process revealed that all parts were disassembled and rinsed as
switching was conducted from a darker color to a lighter color. This process can be improved
through preparation of spare parts and planning for lump production. For products with lot sizes
of less than approximately one-ton, the yield ratio was identified to be particularly low where
frequent replacement of the extruder filter occurred for two of these products. Such process can
be improved through planning of lump production and coloring inspection by preceding samples.
The reason for low processing speed was resin viscosity and coloring density. Increasing
processing speed made stable production difficult, leading to an increase in material loss.
Therefore Toyo Ink will consider alternative measures from an equipment perspective.
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(6) Conclusion

It had been considered that the production line selected for this project did not generate
excessive material losses. However, through the MFCA analysis, rooms for improvement were
revealed in switching time, yield ratio, and processing speed. MC from cleaning resin etc. and
SC and EC for the material losses were highlighted.

In the future, Toyo Ink will utilize MFCA to conduct assessment of impact and profit related to
improvements, to raise loss awareness, to unify various management activities, to respond to
process abnormalities, to clarify and prioritize issues for improvement, to cost each product, and
to conduct LCA analysis for an operational line.

Expanded application of MFCA in an internal production line will be also considered. As a future
issue, innovation will be necessary in ensuring that the data input activities for the MFCA
analysis will not be overlapped with existing management activities. Also, specific attention
should be paid to SC for the material losses, as improvement measures will not immediately lead
to reduction in SC.
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Case 5 Mitsubishi Tanabe Pharma Corporation
Production characteristics: Low-volume production of various medical products

(1) Organizational profile

Mitsubishi Tanabe Pharma Corporation manufactures medical products. The facility is located in
Sanyo Onoda-shi, Yamaguchi, Japan. The total factory employees numbered 10,330 on a
consolidated basis as of the end of March. The company’s sales were 414.752 billion yen with a
capital of 50 billion yen. The selected process for this project was a production line of a medical
product.

(2) Material flow model of Main Target Process/es
Material flow model of the selected process is shown in Figure 5.1 below:

Auxiliary material sieving

Materials, Auxiliary
materials, reaction

agents and solvents

l Dispensing l

Packaging materials

»| Composition | | Refinement Ealx )| Weighing | Formulation » Packaging
d P Pharmaceuticals Capacity
¢ A ¢ A l ¢
—' Material Losses | Material Losses | —l Material Losses | | Material Losses | | Material Losses | Material Losses |
Collection | [ ' Collection Il

Figure 5.1 Material flow model for the main target process (MFCA boundary)

Main materials, auxiliary materials, operating materials, solvents and packaging materials were
involved in the subject process. Wastes, waste fluid and solvents-sourced air emissions were
generated as material losses from the process. Each phase of operations shown in Figure 5.1
was defined as quantity centre (QC).

Characteristics of the manufacturing process included the followings:

- Manufacturing of various medical products in small volumes;

- Mixed use of common equipments and specific equipments for a certain medical product;
and

- Presence of recycling process.
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(3) Description of material losses
Material loss costs, energy costs, system costs and waste management costs were calculated in
the following way:

Material costs: Gaps between theoretical value and actual value based on the
molecular-weight calculation were considered to be material losses. For those materials that
only became material losses, their calculations were separately made;

Energy costs: Energy consumption by each department was allocated to each QC by
machine-hour. Subsequently, the losses were calculated and understood based on the
material distribution percentage;

System cost:

- Labor costs: Labor costs were calculated in man-hour by each QC. Subsequently, the
losses were calculated based on the material distribution percentage;

- Equipment costs: Equipment costs encompassed depreciation and maintenance costs.
The equipment costs were allocated to each QC. Subsequently, the losses were
calculated, using the following formula:

Equipment-cost per QC x [1 — (machine-hour/24 hours x 356 days)]; and

- Other system costs: Other system costs were calculated by subtracting labor cost,
equipment cost, energy cost, and waste management cost from the indirect
manufacturing cost.

Waste management cost: Waste fluid was considered to be waste for management. Waste
management cost was calculated in each QC based on the volume of the waste fluid for
management and incineration.

(4) Findings through MFCA analysis
Table 5.1 shows the material flow cost matrix based on the MFCA data collection.

Table 5.1 Material flow cost matrix
(Unit: JPY1,000)

Material cost System costs and Waste management Subtotal
service related cost cost
Product ¥ 371,748 ¥1,296,134 ¥ 0 ¥ 1,667,882
Material loss ¥ 586,761 ¥ 628,345 ¥ 157,836 ¥1,372,942
(For waste) (¥346,210) ( - ) (¥157,836) (¥ 504,046)
Total ¥ 958,509 ¥ 1,924,480 ¥ 157,836 ¥3,040,825
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Table 5.2 Material flow cost matrix by type of cost and QC

. Bulk
tity Cent i- ine- ighi -
Quantity Center Co;\::m R;f;:te Pharma- \(I:\Iaelgl(:iltr;g :zzmula Packaging Total

Costs ceuticals P
Material cost ¥259,330 ¥207,996 ¥34,483 ¥20,437 ¥23,737 ¥40,778 ¥586,761
(For collection process) (¥125,510) (¥88,762) (¥2,116) (¥19,591) (¥3,038) (¥1,535) (¥240,551)
(For waste) (¥133.821) (¥119.234) (¥32,368) (¥846) (¥20,699) (¥39,243) (¥346.210)
System cost ¥118,770 ¥33,535 ¥113,308 ¥24,484 ¥113,228 ¥213,744 ¥617,070
Service related cost ¥7,041 ¥806 ¥3,174 ¥6 ¥81 ¥167 ¥11,276
Waste management cost ¥126,048 ¥2.100 ¥23,868 — ¥1,941 ¥3,879 ¥157.836
Total ¥511,189 ¥244,437 ¥174,833 ¥44,927 ¥138,987 ¥258,568 ¥1,372,942

(5) Targeted points to be improved or improvements based on MFCA analysis
As a result of the MFCA analysis, processes that incurred the significant waste management cost
and the material loss cost were identified:

- Waste management costs in the composition process were identified to be 126 million yen;
and

- The costs for material losses from the composition to the bulk pharmaceuticals processes
amounted to be 285 million yen.

First priority was placed on reduction of the aforementioned waste management costs, as cost
reduction was considered to be easily achieved. Considering various countermeasures, change
in the initial investment decision in chloroform adsorption collection (investment amount:
approximately 66 million yen), alteration of manufacturing operation that promoted chloroform
collection, and alteration of waste treatment practices were selected. Based on the FY 2003
performance, the following impacts were simulated:

- Impact related to alteration of the waste management practice
The factory-wide waste fluid incineration treatment was changed; activated sludge
treatment was adopted. Change of the practice reduced the waste management cost and
collected more chloroform for reuse. This measure led to an annual economic benefit of
approximately 54 million yen (including annual energy-saving benefit of approximately 33
million yen).

- Significant reduction of chloroform emissions
Historically, 96% of the chloroform emission was collected for reuse, but the rest was
emitted as waste gas or fluid. Investment in a chloroform-collecting equipment further
reduced emissions of the waste gas. Consequently, a significant more emissions reduction
(73% reduction) was achieved than initially targeted in the company’s Environmental
Voluntary Action Plan that aimed at reduction by 10% below the FY 1999 emissions level by
FY 2003.
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- Significant reduction in CO, emissions
As a result of review of the waste management practice, it was decided that the waste liquid
incineration treatment was completely halted. This led to annual CO, emissions reduction of
2,328 tons. This amounted to be 41% of the CO, emissions-reduction target set in the
company’s Environmental Voluntary Action Plan that aimed at 10% reduction (5,647 tons
per year) below the FY1999 level.

(6) Conclusion

As shown in this case example, MFCA was considered to be extremely effective in identifying
material losses and to practically assist an organization’s environmental management.
Furthermore, it was also noted that the most critical issue in the MFCA implementation was
difficulty in its calculation at the introduction phase. In order to overcome this issue, we
introduced a system using the mission-critical enterprise system called “SAP R/3”. This system
enabled the automatic MFCA calculation for all the products manufactured at the Osaka factory,
the Onoda factory, and the Tanabe Seiyaku Yoshiki Factory Co., Ltd. However, there remain
issues including an effective MFCA introduction of newly merged company sites and application
of MFCA for a supply chain.
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Case 6 Canon Inc.
Production characteristics: Dissolution, molding, machining (cutting-out, pressing

and grinding), and rinsing of lens material

(1) Organizational profile

One of the products manufactured by Canon Inc. (hereafter referred to as “Canon”) is the lens
used for single-lens reflex camera and broadcast camera. The company’s lens-manufacturing
factory is located in Utsunomiya, Tochigi, Japan. The total employees of Canon numbered
25,412 as of the end of 2008. The company’s sales were 2,721.194 billion yen with a capital of

172.746 billion yen.

The process selected for this project was a manufacturing process of lens products used for
cameras. Canon successfully achieved to introduce MFCA through collaboration with its supplier
in order to concurrently reduce cost and environmental impacts by technological innovation.

(2) Material flow model of Main Target Process/es
Sources of material losses are described below:

Manufacturing process by a glass-processing manufacturer: both cutting-out and pressing
were conducted by a supplier. These processes generated a significant amount of material

losses; and

Lens-manufacturing process at the Canon Utsunomiya factory: approximately 50% of the
cut-out material and approximately 30% of the pressed material became material losses. At
the same time, a significant amount of operating materials such as cutting-oil and
grinding-material also became material losses.

Approximately 50%

Approximately 33%

Cut-out material

Pressed material
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Material flow model of the selected process is illustrated in Figure 6.2 below:

r: Selected process of lens production (MFCA boundary) -
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¥
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Figure 6.2 Material flow model of the selected process (MFCA boundary)

(3) Description of material losses
The types of material losses included the following:

- Sludge from cutting and grinding wastes generated in the cutting out and pressing
processes in supplier;

- Sludge generated from the grinding and other processing of glass material in Canon; and

- Operating materials that were managed along with sludge upon disposal.

(4) Findings through MFCA analysis
Conventional production management and MFCA analysis indicated the following results:

- Conventional production management
- Pressed material: yield rate 99% (i.e., loss 1%), and
- Cut-out material: yield rate 98% (i.e., loss 2%).

The conventional production management tools were based on the number of final products.
However, because MFCA highlighted the gap between input amount and output amount (product
and material loss) in consideration of mass balance, significant room for improvement (i.e.,
significant opportunity for reduction of costs and material losses) was revealed by the MFCA
analysis as indicated in the followings:

- MFCA analysis
- Proportion of material loss,
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» Pressed material: approximately 30%, and
»  Cut-out material: approximately 50%.

Result of the calculation in the case of the pressed material is illustrated in Figure 6.3:

Conventional Production Management
Lens production

Glass material - Glass works > Processing > Quality
> in stock into lenses control
Spoiled (99%)
units

Defective units

Loss of pieces (1%)

Material Flow Cost Accounting

Lens production Cost of final
product (68%)
Glass material Glass works > Processing > Quality
B in stock into lenses control P
Defective units Spoiled
Sludge, etc. units

Material loss cost (32%)
Material losses
Discharge & waste

Figure 6.3 Comparison between conventional production management and MFCA

(5) Targeted points to be improved or improvements based on MFCA analysis

MFCA analysis was conducted through collaboration with the glass material supplier. Sharing
material loss-related information, various measures for reduction of the material losses from the
grinding process were discussed and the following measures were proposed:

- Near-shaping of the pressed material (lens for single-lens reflex camera); and
-  Change from the cut-out material to the pressed material (lens for the TV broadcasting
camera).

Material loss

Cut-out material Material loss

I’ E é {I Pressed material

Heated metal patter
Glass manufacturer

Figure 6.4 Conventional production and production based on new materials for lens
production

Collaborating with the supplier, the new materials for the lens production called ‘Near-shaping’
was developed as shown in Figure 6.5 .
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Conventional lens

Near-shaping lens

80% reduction of
shaved portion

Shaved portion

Figure 6.5 Figure of Near-shaping to reduce sludge in the process

(6) Conclusion

Improvements through MFCA analysis based on the comparison with the conventional

manufacturing operation are shown below:
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Figure 6.6 Impacts through MFCA analysis

(i) Positive impacts on the glass material supplier
Raw material input was reduced by 85% through improvements based on the MFCA analysis.
Likewise, energy consumption was reduced by 85% and waste volume was reduced by 92%.
Positive economic (increased cost-competitiveness) and environmental impacts were identified
through various outcomes including reduced material use, and less energy consumption. In
addition, as other positive impact based on the MFCA analysis, the working condition was

improved through reduction of working hours in hot environment.

(i) Positive impacts on Canon
The sludge volume was reduced by 50% through improvements based on the MFCA analysis.
Furthermore, volume of oil and abrasive powder used in the grinding process were reduced by
40% and by 50%, respectively. Positive environmental impacts from less material, energy, and
water inputs as well as less sludge generation were identified. Simultaneously, positive economic
impacts were seen from reduced purchased price, less operations, less purchased amount of
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operating materials, less handling costs of sludge, waste oil and waste fluid. In addition, the
frequency of on-site operations such as sludge treatment and replenishment of abrasive powder
were reduced through improvements based on the MFCA analysis.

(iii) Positive impacts on the supply chain (the glass material supplier and Canon)

The glass material supplier and Canon shared the information related to material losses and
cooperatively worked to reduce the losses. This collaboration brought about positive
environmental, economic and technological impacts, enhancing market competitiveness and
realizing a win-win relationship between the glass material supplier and Canon.
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Case 7 TS Corporation
Production characteristics: Small-to-medium business and
high-mix low-volume production by order

(1) Organizational profile

TS Corporation is located in Oyama-shi, Tochigi Prefecture, Japan. The total factory employees
numbered 47 in 2007. The company’s capital was 20.4 million yen. The process selected for this
project was the manufacturing process of a stainless-steel.

(2) Material flow model of Main Target Process/es
Figure 7.1 indicates the material flow and the selected process (MFCA boundary):

Exterior plate shape/ forming process
Punching process  Finishing process

1
1
1
1
1
1
1
Punching operation Detaching Finishing |
operation operation :
1
1
1
1
1
1
1
1

The wasted

materials are O ~ - :— " Processes

transferred to the 1 subject to i Quantity centre
O = Y L___MECA___.

recycling

manufacturer :
Metallic Metallic

pieces

Left-over materials fragments

Figure 7.1 Material flow model of the main target process (MFCA boundary)

As shown in Figure 7.1, the process consisted of punching, finishing (detaching and finishing
operations) and bending processes.

In this project, the punching process and finishing process were defined as a quantity centre.
Further, raw metal plates were the subject material for MFCA analysis. System and energy costs
were calculated by proportion of the number of raw material plates used for the process.

As a characteristic of calculation, in case of the made-to-order production or a wide variety of
products in small quantities, multiple types of products were normally punched out from a single
plate. Therefore, it was difficult to determine the raw material amount for a single product to
conduct the MFCA analysis. In order to overcome this issue, the material flow per the single plate
(sheet thickness 1.5mm) — the main raw material for the subject process — was traced.

(3) Description of material losses

Input and material loss at each stage of the manufacturing processes are described in the

followings:

- Punching operation: Metallic fragments were generated as material losses. The fragments
were gathered by material type and delivered to a recycling manufacturer;
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Detaching operation: Left-over materials after the punching process became material losses.

The materials were gathered according to type of material and delivered to a recycling
manufacturer. In addition, if the left-over materials were large enough to be used for the
production process, the left-over materials were re-input into the punching operation; and

Finishing operation: After the detaching operation, protuberances at connecting points with

the material plates were deburred by a file. Fine metallic powder was generated during this
operation and became material losses.

(4) Findings through MFCA analys

is

Table 7.1 Material flow cost matrix

NOTE Figures have been altered for publication. Figures are in units of JPY1,000.

Figure 7.2 Flow chart with data

Material Energy System Disposal Recycling
Total i 7 Total
Cost Cost Cost Cost © selling price ©
Products | ____ 1320 - - _ _ ] 6l _ ___ L6l _ o380 __L____ 305
27.3% 3.4% 32.4% 63.1% 65.4%
Material loss | _ _ _ _ u3l _____ 8L ____ 57| e el _A18L Lo __1l18
23.4% 1.7%| 11.8% 36.9% 38.2%
Disposal/recyeling | _ _ _ _ _ _L _ o - b oo oL oo O ol ____ A7 _ - _ a7
0.0%) 0.0%| 3.7% 3.7%
Sub-total | _ _ _ _ 2450 _ _ __ 24| ____ 214 _ ____9o____48| ______L____ 466
50.8% 5.0% 44.2% 0.0%l 100.0% 100.0%
Cost items ] [Punching |  [Finishing
Total new input costs 386.0 96.9
(Excluding waste | New input MC 245.1 0.0
et [New input SC 123.6 1 90.0 H
7 New input EC 17.3 6.9
o Trom previous 0.0 — 2082
o Transferred MC 0.0 132.2
Transferred SC 0.0 66.7
Transferred EC 0.0 9.3
Total input costs per process 386.0 305.1
ste| Input MC 245.1 132.2
Input SC 123.6 156.6
Input EC 17.3 16.3
Total product cost 208.2 304.8
Product MC 132.2 132.1
Product SC 66.7 156.5
Product EC 9.3 16.2
Material loss cost L7281 0.3
Material loss MC] { 112.9 1 0.1
Material SC L 569| 4 0.2
Material EC 8.0 0.0
:/[atcfrml management 0.0 0.0
Auxiliary products, recycled material sales ‘
[Salable value | [___17.0]

It was found that costs for material loss accounted for approximately 40% of input costs, more
than 60% of which were related to the input material. Also, it was found that majority of the
material costs were from the punching process. Volume of the products was slightly less than

60% of the input materials, which was lower than the yield ratio calculated by the company.

(5) Targeted points to be improved or improvements based on MFCA analysis
Various improvement measures throughout all the operations were considered, including the

followings:
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- Introduction of a checking system for nesting operation (operation for setting a layout for
punching multiple products from a single plate);

- Prioritization for manufacturing of repeatedly ordered products;

- Grouping of the multiple products for greater efficiency; and

- Adjustment of production-schedule at the phase of order-reception and order-placement.

(6) Conclusion

Although individual yield rates for every nesting had been known and managed prior to the
MFCA application, the MFCA analysis made it possible to set clear targets for a total yield rate
rather than the individual yield rates, and that the ground was fostered in which each employee
was able to propose improvements from the operations that they were engaged in.

On the other hand, several issues for effective MFCA application were also identified, including
the followings:

- Understanding of the purchase volume or usage volume of a wide variety of materials
according to type; and

- Introduction of an automatic data output system for the NC turret punching-machine in order
to reduce additional labor costs for transcription of nesting-design instructions by operators.
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Case 8 Katagiri Seisakusho Co., Ltd.
Production characteristics: Manufacturing process of a cold forging product

(1) Organizational profile

Katagiri Seisakusho Co., Ltd. (hereafter referred to as “Katagiri Seisakusho”) manufactured
precision cold forging, using cold forging technology, in order to manufacture automobile parts
and other precision cold forging parts, as well as the manufacture and sale of super-abrasive
tools. The company’s employees numbered 260 at the time of the project. The company’s sales
were 4.5 billion yen (FY 2007). The company’s capital was 70 million yen (FY 2007).

The objective of this project was twofold:
- To establish an indicator for process improvement and cost reduction, and

- To connect it with the goals of enhancing quality, resource-saving, and energy-saving which
are raised as ISO 9001 and ISO14001 policies, and to identify issues such as effective use
of resources, productivity and quality improvements.

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

The target process was the manufacturing process for AT SOL housing. Further, the selected

processes consist of the followings:

- Cutting process which involves cutting approximately. 4 m rod materials into several
hundred materials using a round saw;

- Annealing process, lubrication process, and forging process which were repeated three
times each;

- Machining process which involved machining to conform with drawing specifications of
the client; and

- Heat treatment and plating process at an affiliated company, and the in-house
inspection, and shipment (packaging) process.

Although the annealing, lubrication, and forging processes were conducted 3 times each and

conducted at different locations, little material losses were generated from these processes;
these processes were considered as one quantity centre (see Figure 8.1).

Materials rasphyxiating gas -cutting oil
*chemical agent h oil
i wash oi
(rod material) “water

Outsourcing
Cutting I—>| Annealing, |—>| Machining |—3 Magneiménnealmg —>{ Inspection |—->| Shipment
plating
l \LX repeated 3 times \|/
. . . *cutting o
+mill ends -defective items 8

+wash oil
-swarf ~waste
L *swarf
-defective items L.
+defective items

Figure 8.1 Input and output at each quantity centre
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(3) Description of material loss
Following material losses were identified during the course of the project:

- Losses from each process
- Cutting process: rod mill ends, swarf, defective items;
- Annealing process: defective items;
- Lubrication: water, chemical agent, steam;
- Forging: defective items;
- Cutting work: wash oil, swarf, defective items; and
- Inspection: defective items.

- MFCA data definition
- The volume of disposed mill ends generated from the cutting process was determined
from the number of materials that could be obtained from one rod and the number of
used rods after cutting;

- As the annealing and lubrication processes treated other materials not included in this
project, the time and volume of the material loss for this project was calculated from the
number of treated items;

- System costs included the machining oil and cutting blades used in cutting, the nitrogen
gas used in annealing, heavy oil used for lubrication treatment (boiler), mold used in
forging, and cutting tools used in machining;

- Electricity costs that accounted for energy costs were aggregated for the entire factory,
and were calculated by proportionally allocating them according to the number of the
main equipments; and

- Electricity costs for the annealing process which accounted for a significant proportion
of the electricity consumption was calculated from the number of target products
handled at the annealing process.

(4) Findings through MFCA analysis

As shown in Table 8.1, the most significant material losses were identified in the QC 3
(machining process) where 25% of the input materials became material losses. The next largest
losses were identified in QC 1 (cutting process) where approximately 8% of the input materials
became material losses.
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Table 8.1 Material output volume

QC1 QcC2 QC3 QC4 QC5
Annealing,
Type of material ltem type Units Cutting Iubncatlgn, Machining |Outsourcing Inspectlon/s
cost processing hipment
and forming
Products
Output (intermediate 1 ity of products kg | 386035 | 345487.0 | 268411 | 277937 | 275352
(Products)  |products) for ’ : : : :
next process
Emissions and  |Quantity of Yvater, chemical kg 16.2 1591.9 723 0 0
Output wastes agents, cutting oil, etc.
(Material Valuable
losses) - Quantity of main materials kg 3569.3 69.7 9396.1 0 139.1
materials

It could be seen from Table 8.2 that material loss costs (MC) accounted for a large portion of the
material losses.

Table 8.2 Material flow cost matrix (units: JPY 1,000)

. Waste S.elling
Material Energy System management| Sub-total price for Total
cost cost cost recycled
cost .

materials
Product 15,683.0 893.4 13404.4 29,980.9 29,980.9
42.6% 2.4% 36.4% 81.5% 84.6%
Material 4,674.3 3224 1,697.6 6,694.3 6,694.3
loss 12.7% 0.9% 4.6% 0.0% 18.2% 0.0% 18.2%
Waste/recycle 110.3 110.3] -1331.2 -1220.9
0.3% 0.3% -3.8% -3.4%
Subtotal 20,357.3 1,215.8 15,102.1 110.3 36,785.4 35,4542
55.3% 3.3% 41.1% 0.3% 100.0% 0.0% 96.4%

(5) Targeted points to be improved
Focus was placed on improvements of the “machining process” and the “cutting process” that
were identified to cause significant material loss costs.

- Machining process
In this process, more than 85% of MC was from swarf. Generally, by improving the forming
method in order to match the forging shape with the finished machining shape as much as
possible, the amount of swarf was dramatically decreased from the machining process. In
other words, this measure leads to higher yield ratio. However, this was not implemented
this time. The reason for non-implementation of this measure was the following three points:

Forging processes, as well as annealing and lubrication treatment processes will
increase, and costs may also increase;

Forging surface roughness may be increased by reducing the machining operation;

and

The material composition and performance of parts can be changed by changing the
forging shape, and they might not conform to the needs of clients.
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- Cutting process
In the cutting process, improvement measures were implemented for two purposes:
reduction of swarf; and reduction of mill ends. In reducing swarf, blade thickness was made
thinner. This was expected to reduce swarf by 21%. In reducing mill ends, reuse of the mill
ends was implemented. This was expected to lead to 69% less mill ends than before the
introduction of this improvement measure.

(6) Conclusion
The following impacts were identified through the MFCA implementation:

All input costs, product costs, and material loss costs were clarified;
- Breakdown of cost for material losses per process was also clarified;
- Improvement measures could immediately be simulated; and

- Transparency of problematic areas was increased.

In the future, it was desirable to summarize and implement improvement measures identified
during this project. The company will conduct process improvements and cost reductions, and
introduce these measures in other processes as a means of realizing the effective use of
resources, improving productivity, and improving quality. In addition, the company will make
plans to link these activities with reduction of environmental impacts as targeted under the
company’s plan for the ISO14001 activities. In the future, the company would also like to link the
MFCA related activities with the product design phase.
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Case 9 Mitsuya Co., Ltd.
Production characteristics: MFCA implementation in the metal plating process.

(1) Organizational profile

Mitsuya Co., Ltd. (hereafter referred to as “Mitsuya”) was involved in plating of gold, silver, and
nickel etc. In this project, MFCA was implemented to improve the nickel-plating process which
has traditionally not been a focus for much improvement due to the fact that the unit price of
nickel was not high. The company’s employees numbered 299 at the time of the project. The
company’s sales were 4.39 billion yen (FY 2007) and the company’s capital was 15 million yen.

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

-  Target products and range of processes
Metal items to be plated were not selected for the MFCA analysis, as it was rare for the
products subject to being plated to become material losses. In this project, one of the plating
materials, nickel and its plating process were selected for the MFCA analysis.

- Manufacturing processes and quantity centres
Manufacturing processes consist of plate-processing, water-rinsing (dragging out), and
inspection. In order to understand the nickel flow that was not plated and washed away with
water, MFCA was implemented by defining the entire process as a single quantity centre as
indicated in Figure 9.1.

Main material : Nickel Chloride (24.7%)

Material input for
plating operation

Sodium sulfate (22.0%)

Sulfa Nickel Ni (10.8%)
Nickel polar plates (100%)

Quantitycentre 1
(Nickel-plating)

(weight ratio of nickel component)

Nickel-plated
Subject product Rinsin Gooditem: products
for nickel-plating g Delivery
[ Product]
4 )
| Detachment material input
N4
Defective ;
Waste fluid from d . Nickel was
Mixed Waste fluid rinsing tank products: detached
Fluid containin, and not
g Those that was d
o’:her metalithan overflowed became detachment returne
nickel wastewater
T [ Material loss]

Subject product for plating returned (re-plated )
. J
Figure 9.1 Input and output at the quantity centre

(3) Description of material losses
-  Losses from each process
- Nickel detached from defective items as identified at the time of inspection;
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- Nickel included in the wastewater; and
- Indirect (operating) materials such as hydrochloric acid, boric acid, varnishing material,
and water necessary for nickel plating.

- MFCA data definition
- Material costs (MC): treatment costs of spalling fluid were included in the costs for
material losses;
-  System costs (SC): depreciation costs for equipments were assumed to be zero in this
project; and
- Energy costs (EC): electricity costs.

(4) Findings through MFCA analysis
Input and output flow in the selected process was identified as shown in Table 9.1:

Table 9.1 Input and output in the subject process
NOTE Figures have been altered for publication. Units are in kg.

o - Input material
Nickel platmg Product Material loss
Nickel within product plating 71.7
Total good items in next process 71.7
In-process recycling 0.0
Emissions, waste 429.0
Valuable material 0.0
Total material loss 429.0

Total material loss consisted of indirect (operating) materials (i.e., chlorine, boracic acid,
brightening agent, water), and the nickel that did not become products.

As shown in the figure above, emissions and waste amounted to be 429 kg, the most significant
material losses of all. These losses consisted of the indirect (operating) materials such as
hydrochloric acid, boric acid, varnishing material, and water for nickel-plating, as well as nickel
(amount of nickel: 25 kg).

The ratio of SC was significant. Furthermore, material loss costs were 8,400 yen. Moreover,
waste management costs were 5,500 yen.

Table 9.2 Material flow cost matrix
NOTE Figures have been altered for publication. units: 1000 yen.

Material Energy System HiEsE
cost cost cost management Total
cost

Products 16.5 343.5 23.3 383.3
3.1% 65.4% 4.4% 73.0%|

Material loss 8.4 119.8 8.1 136.3
1.6% 22.8% 1.5% 26.0%

5.5 5.5

Waste/recycle T0% T0%
Subtotal 24.9 463.3 314 5.5 525.1
4.7% 88.2% 6.0% 1.0% 100%)
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(5) Targeted points to be improved or improvements based on MFCA analysis

Although SC accounted for 88% of the material loss costs, this was proportionally distributed SC
which was allocated to nickel that was washed away with water. For this reason, a focus was
placed on improvement of MC.

Of MC, while 8,400 yen became material losses, this was the total plating material which was
washed away with wastewater during the water-rinsing process. Nickel which had been washed
away with wastewater all became material losses. This suggested that 8,400 yen was disposed
of every month from the nickel plating process. Likewise, it was necessary to consider these
losses in combination with the waste management costs (5,500 yen). Reduction of the amount of
the nickel material that flowed to the water-rinsing tank led to reduced costs for the material loss
and the waste management.

(6) Conclusion

Reduction of the nickel material flowed to the water-rinsing tank was found to be a key issue. The
same could be applied to processes in use of other plating-materials. This issue was considered
to be related to the drainage system throughout the facility. In this regard, this issue was
recommended to be considered from the perspective of equipment investment. Furthermore, in
this project, water was not fully taken into consideration, while water was used in various ways
including adjustment of plating fluid and the water-rinsing process, etc. In order to fully evaluate
costs associated with the material losses in the process, water should be thoroughly traced and
calculated.

As MFCA can be applied to other lines, it was desirable to conduct a horizontal MFCA
deployment to cover a perspective of an entire facility.
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Case 10 KOSEI ALUMINUM CO., LTD.
Production characteristics: MFCA implementation in the manufacturing process for
automobile aluminum wheels.

(1) Organizational profile

KOSEI ALUMINUM CO., LTD. is involved in production and sales of automobile aluminum
wheels, major security parts for automobiles and motorbikes, various equipments and their parts.
The factory for MFCA application was established in 1990, and as the mother factory for
aluminum wheel production, is currently manufacturing pure wheels and aftermarket wheels for
delivery to various automobile manufacturers. In order to identify losses for minimal staffing,
improving productivity, and improving quality, MFCA was implemented for process improvement
and cost improvement which eliminates waste, and to improve environmental performance by
reducing energy costs through the efficient use of resources. The company’s employees
numbered 349 at the time of the project. The company’s capital was 199.5 million yen.

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

One of the models manufactured at the facility was selected as the target product and all
production processes of aluminum wheels were selected as the target process for this project.
Quantity centres consisted of dissolution, forging, cutting, machining, pressure measurement
and appearance inspection, balance inspection, paint appearance inspection, and shipment
process (see Figure 10.1).

Further, the dissolution process was shared by other non-selected processes for this project. In
the dissolution process, molten metal was allocated to each holding furnace by a dissolution
furnace facility (see Figure 10.1).

AL material AL molten
> Add-in material metal
T Flux Mold wash Cutting oil Cutting oil
c
_|
pressure
. . . i Cuttin measurement
Dissolution Casting H Cutting 9 Appearance
— work - inspection
o Dross Defective Hottop Swarf Defective Defective
S Oxide film items material Defective items items
o Oxidation loss Swarf items
C
= U < ) 4 O

Coating material
Preprocessing
Fine-tuning

mglgriils
n Appearance
Coating inspection % tools

@ Defect fine-
tuning

Coating loss Defective
Preprocessing items
loss

Figure 10.1 Input and output per quantity centre

Auxiliary
material

‘ Product
@ Material loss
<: In-process

recycling
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(3) Description of material loss
- Losses from each process
- Material losses: additive loss, coating loss, auxiliary materials, and operating materials;
and
- In-process recycling: oxide film, oxidation loss, hot top-materials, swarf, and defective
items.

- MFCA data definition

- The per unit weight of input volume and turnover volume for each process, except for
the dissolution process, were multiplied. As the dissolution process was conducted by
a common facility, each input material was calculated by multiplying the total allocated
weight of molten metal by the target line ratio and the target model production ratio.

- Astandard unit cost was used for aluminum material, and for materials which were also
diverted to other models, calculation was conducted using a cost proportionally divided
by the production ratio of the subject product, based on the weight cost information for
the materials used actually for the process.

- The aluminum oxide produced from the dissolution process was recovered, its
treatment was outsourced, and it became one of the reclaimed materials for input to the
subject process.

(4) Findings through MFCA analysis

Out of 135 tons of material losses, the in-process recycling quantity was found to reach 117 tons,
or approximately 87 % of the material losses. This finding indicated importance of undertakings
to reduce generation of material losses that flowed to in-process recycling.

Table 10.1 Material input/output amount

Qc1 QC2 QC3 Qc4 QC5 QCé Qc7 QC8 QC9 |Qc10
Pressure
MC item categories tem name Unit Dissolution | Forging | Cutting |Machining VRN, lBaIan{;e Coating A.ppearaln ce Defet%t Shipment
app! ir n inspection | fine-tuning
inspection
Output i i
utput  |Good items from | Quantity of kg 204635.6| 231710.5| 402785 30759.1 47256.2] 31606.0| 38601.7] 287937|  37300.8 99587.7
(product)|next process good items
Quantity of
aluminum
In-process material recycling kg 00| 7700| 407904| 699178 638.0| 3817.0 0.0 1520.0 0.0 0.0
recycling (defective items,
swarf, hot top
Output material etc.)
(material En;nslssmns, material
loss)  |Emissions, quantity (additive kg 00| 260 97| 2579 255 00| 91913 0.0 0.0 0.0
material loss loss
coating loss, etc.)
.| Quantity of valuable
Valuable material) ol loss kg 7871.8 0.0 00 0.0 0.0 0.0 00 00 00 0.0
(aluminum oxide)
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Material loss costs accounted for 25.4% of total costs as shown in Table 10.2.

Table 10.2 Material flow cost matrix
NOTE Figures have been altered for publication. Units: JPY 1,000.

. Waste
Mii)esrtlal Egsg?y S)(/;t:tm management Total
cost

Products 218.2 24.4 791.0 321.7
49.9% 5.6% 18.1% 73.6%

Material 47.4 204 43.1 111.0
loss 10.9% 4.7% 9.9% 25.4%
4.3 4.3

Waste/recycle T0% T0%
Subtotal 265.6 44.8 122.3 4.3 437.0
60.8% 10.3 28.0% 1.0% 100%

(5) Targeted points to be improved

Through MFCA analysis, the followings were found to be key issues for improvement:
- Reduction of the internally recycled material losses;

- Improvement of yield ratio; and

- Improvement of coating efficiency.

- Reduction of internally recycled material losses
As quantity of in-process recycling was identified to be significant, measures to reduce
defective products during each process played key roles. 25.4% of the total cost was from
the material losses, and the material losses generated from the machining process was the
largest of all.

- Improvement of yield ratio
Material losses (hot top and swarf) generated during the machining process and cutting
process were re-input as returned materials. As returned materials were re-dissolved for
reuse and such materials were hardly considered as material losses. However, as such
material losses carried over energy cost and system cost from the initial production cycle,
they were found to be significant losses from a cost perspective. It was surmised that
improving yield ratio and lowering material loss ratio were key improvement measures.

- Improvement of coating efficiency
Material costs at the coating process were also found to be substantial. Significant amount
of coating was not added to intermediate products; increasing coating efficiency was also a
key issue.

(6) Conclusion

MFCA was implemented toward a certain model of product in one specific line during the course
of this project. As dissolution process was involved, there were returned materials (i.e., hot top,
swarf, and defective items) that were returned to the dissolution process without proceeding to
the next process as material losses. By highlighting the quantities and evaluating cost of such
materials, key issues could be specified.
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In the future, countermeasures to these issues will be steadily implemented. In addition, their
deployment toward other lines and models will be implemented as well. Moreover, it was
surmised that MFCA could also be applied in daily on-site management, and toward the design
and development of new models in the technology department. MFCA could be considered as a
useful management tool in evaluating investment impacts and cost and environmental impacts.
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Case 11 Shimizu Printing Inc.
Production characteristics: Small-to-medium business and printing process

(1) Organizational profile

Shimizu Printing Inc. (hereafter referred to as “Shimizu Printing”) is located in Tokyo, Japan. The
company’s number of employees was 39 at the time of the project. Also, the company was
capitalized at 38 million yen, with sales of 1 billion yen.

(2) Material flow model of Main Target Process/es
The selected process for this project was a printing process that involves one printing machine to

print a single series (one product).

Figure 11.1 shows the work flow of the subject printing process:

Preparation .
Procurement Production: Operationalchang
(npup- -Ink preparation .

-Raw paper *Machine adjustment -Cliaanmg andf_ ‘
-Ink and vanish preparation | R Teveee.,, r?vﬁ) a(rz]gmer:to In
-Raw paperand -Printing plate *] -Register adjustment s IS @S]

plasticroll preparation *+d -Coloradjustment ,¢*

-Printing plate -Preparation of "**snnnananss*®’
- Electricity recordand
-Labor database

Key forimprovement!!

Figure 11.1 Selected process for this project (MFCA boundary)

Input materials consisted of ink, varnish, raw paper (paper and a plastic roll), and printing plate.
Electricity, water, and personnel work was also considered, along with the input materials.

A single printing machine was subject for the MFCA analysis and the machine was defined as a
quantity centre. The printing machine was capable of printing products in several colors.

(3) Description of material losses

Relatively large scale of test printing etc. was conducted (register and color adjustments) before
printing of products, and a focus was placed on this non-product related printing operation. The
following three items were identified to be material losses, or the elements associated with
material losses:

- Ink: ink was used for test printing etc. (register and color adjustments) in addition to a regular
printing process,

- Electricity: electricity was consumed to run the printing machine for test printing etc. (register
and color adjustments) in addition to a regular printing process, and
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- Personnel: labor was also devoted to the test printing etc. (register and color adjustments) in
addition to a regular printing process.

In addition to calculating the loss costs above, the ratio of these costs per cost related to a single
production process (printing cost of a single sheet) was calculated. Transition of the ratios was
tracked on a yearly basis.

(4) Findings through MFCA analysis
Reduction of sheet losses (test printing etc.: register and color adjustments) through
countermeasures implemented over a five-year period from FY 2003 (year of the MFCA
introduction) were shown below:

Table 11.1 Transition of loss ratio

over 5 years years

| R | vaseshoss | ratie
2003 13,367,833 864,226 6.5%
2004 17,159,346 993,697 5.8%
2005 19,436,109 | 1,071,102 5.5%
2006 17,361,876 773,707 4.5%
2007 14,208,506 351,138 2.5%

Loss %

2004

Year

2005

2007

Figure 11.2 Transition of loss ratio

over 5 years

Ratio of the loss cost (i.e., costs for ink, electricity and labor cost associated with the material
loss) to variable expenses (ink, electricity, and labor cost) for various activities at the initial
operation (register and color adjustments) were calculated.
Transition in the loss cost ratio associated with implementation of countermeasures was also
reviewed. The following showed transitions over five years:

Ratio ofloss to
variable costs

Table 11.2 Ratio of loss to variable costs

2003

6.5%

2004

5.8%

2005 2006

5.5% 4.5%
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(5) Targeted points to be improved or improvements based on MFCA analysis
Based on the MFCA analysis, process review was conducted from the viewpoints of both the
operation and the equipment as shown in the following:

Operation-related

Change in conventionally accepted operational rules that caused the material loss and its
associated losses was raised as one of the countermeasures. The measure included
re-examination of the test printing operation, etc. (register and color adjustments).

Equipment-related

- Complete switch-over of ink: switching to an ink which enabled color matching with limited
spare ink; and

- Printing machine: application of various options to stabilize color in a machine.

Future issue

- Understanding of the marginal loss rate,

- Integration with other operation-related material losses (printing accidents and errors related
to the pre-printing process),

- Exploration of approaches to curtail material losses, and

- Identification of material losses including those generated before/after the printing process.

(6) Conclusion

One of the measures conducted based on the result of the MFCA analysis was an investment in
new equipments. The introduced machine was the world’s first printing machine with UV10 color
+ coater and inversion mechanism. As this printing machine enabled all processes from
double-sided printing to surface treatment to be conducted altogether, it was possible to
significantly reduce number of sheets for the test printing etc.
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Case 12 GUNZE Limited
Production characteristics: Manufacturing of wide varieties of products

(1) Organizational profile

GUNZE Limited (hereafter referred to as “Gunze”) is an apparel maker that manufactures various
products including men's and kids' underwear and is located in Osaka, Japan (a factory is
located in Kyoto). As of March 31%, 2009, the number of employees numbered 9,041 on a
consolidated basis. The company’s sales were 151.5 billion yen on a consolidated basis as of
March 2009. The company’s capital was 26.1 billion yen.

(2) Material flow model of Main Target Process/es

The selected process for this project was a production line of inner wear at the Miyazu factory.
Quantity centres were defined according to one processing unit. The detailed process flow was
shown in Figure 12.1.

The selected process had the following characteristics:

- The process covered all the clothes-producing processes from weaving of original yarn to
dyeing, cutting, and sewing;

- A major portion of the sewing process was conducted at several outsourced facilities; and

- Same processes were applied to production of other types of clothes, although apparel
products consisted of an extremely wide variety of models, colors, patterns, and sizes.

«Original yarn “Water
« Weaving needle “Electricity
Input *Electricity oil «Electricity *Electricity *Needle, thread
(air conditioning) Dye, chemicals *Gas *Gas *Mark *Electricity *Parts *Wrapping paper
Y v v v v v v v
M ‘. [sizing and raini . Fabric Product
anufacturing (dyeing o Dveing rainin > ° (=it alsewi ishi
rocess ’ (white, color) ¥ Jinspecti > Drying finishing P ooe P C Sewin finishing
p e s cutting ey inspection
i : : =
® sssee N
d
Re-dyeing
ifNG
A v v v v v
Output * Defective * Wastewater *Test *Wastewater Defective *Cutting * Defective * Defective products
woven products sample dye products wastage sewn products

* Sewing wastage

Figure 12.1 Selected process for this project (MFCA boundary)

All materials input into the process such as original yarn, parts, wrapping paper, colorant, and
chemicals were subject for the MFCA calculation. The MFCA calculation was conducted for a
product with one specific identification number.

In the weaving process, original yarn was woven to produce a single roll of cloth. At the following
process, quantity was adjusted as intermediate products such as rolls of cloth that integrated
more than one type of original yarn. For processes following the weaving, material quantity was
calculated in units of partly-finished (intermediate) products.

Products were calculated as a single product according to product size (S, M, L etc.). There were
cases where products passed either through a dyeing machine or through a bleaching machine;
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costs associated with operation of these equipments including depreciation cost were
considered discretely.

(3) Description of material losses

Various materials such as original yarn and colorants were input to each process, and materials
loss were generated including defective products, cutting wastage, sewing wastage, and testing
operations.

(4) Findings through MFCA analysis

Through MFCA analysis, the impact of defective products could be identified not only in terms of
yield rate, volume of defective products, and residual volume, but also in terms of total cost. This
ensured the significance of lowering the volume of the defective products. Observation of the
production line and analysis of cause for defective products revealed that high defective rate was
identified in some products but defective rates were generally low among many products; and
As a production-term was very short, it was difficult to establish an effective countermeasure to
minimize material losses within the mass-production term

Table 12.1 shows the material flow cost matrix and the flow chart associated with the process,
respectively:

Table 12.1 Material flow cost matrix
(figures have been altered for publication.)

Material Energy System Waste management Total
cost cost cost cost ota
Good items 84.30 5.13 105.59 195.03
(product) 3439 2.1% 43.0% 79.4%
Material loss 26.46 197 20.71 49.14
10.8% 0.8% 8.4% 20.0%
. 143 1.43

Waste/recycling
0.6% 0.6%
110.76 7.10 126.31 143 245.60

-total

Sub ota 45.1% 2.9% 51.4% 0.6% 100.0%

(5) Targeted points to be improved or improvements based on MFCA analysis
Based on the statements in clause 4, the most important target points at the Miyazu factory was
to define an appropriate standard for newly used materials at the product development phase.

(6) Conclusion

Direct feedback of the MFCA analysis was not possible for the subject products as they were in
the very short product cycle. As majority of the products in the Miyazu factory were made over
the short term, the MFCA result could not be meaningfully applied to other items.

However, the MFCA analysis could be meaningfully used to evaluate practice at the design
phase. In addition, the MFCA analysis could be also used as a common production indicator for
factories in frequent use of new materials and those in little use of new materials. One of the
issues for effective use of MFCA is factory-wide development of a simple MFCA calculation tool,
the associated evaluation approach, and its implementation.
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Case 13 Kohshin Rubber Co., Ltd.
Production characteristics: Molding with complex material flow
(including in-process recycling)

(1) Organizational profile

Kohshin Rubber Co., Ltd. (hereafter referred to as “Kohshin”) produces a rubber sheet for flexible
container bags for transportation. The company is located in Sendai City, Miyagi, Japan. The
company’s employees numbered 357 at the time of the project. In addition, the company’s capital
was 100 million yen at the time of the project.

(2) Material flow model of Main Target Process/es

The selected process for this project was a manufacturing process of an original rubber sheet for
flexible container bags for transportation. The detailed flow of the material was shown in the
Figure 13.1:
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Figure 13.1 Selected process for this project (MFCA boundary)
The selected process had the following characteristics/steps:

- A compound was heated, dissolved, stretched in order to be formed into one film stretched
by a rolling device. The film was rolled up in the calendar process (hereafter referred to as
“process 1”). At this point, three rolls of film — a front film, interior film, and back film — were
produced;

- Following the process 1, the front film, interior film, and foundation were adhered, being a
single sheet (the roll in progress in the 108 process) in the laminator 108 process (hereafter
referred to as “process 2”);

- Inthe next step, the roll in progress in the process108 and the back film were adhered, being
a single sheet (the roll in progress in the process 109). This process was called the laminator
109 process (hereafter referred to as “process 3”); and
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- Finally, in the roll inspection process (process 4), extra portions of the roll in progress were
cut off, and the film was rolled up, becoming a product with length requested by a customer
after inspection.

Based on the process noted above, four quantity centres — process 1, process 2, process 3, and
inspection process - were defined. In this project, input materials were compounded substances
and foundation film.

Furthermore, other characteristics of the MFCA calculation included the followings:

- Material losses from each process were re-input into the process 1. Although this did not
result in material loss, system costs (SC) and energy costs (EC) were carried over with the
re-input materials. Therefore, returned materials and remaining films were added to the
weight of material losses in calculating an allocation ratio of SC and EC to products and
material losses; and

- Under the approach taken by the current simple MFCA calculation tool, as the product in
progress from the previous process was considered as the “material”. As the subject process
contained the quantity centre that did not necessarily receive the product from the centre
defined prior to the subject quantity centre, the calculation was adjusted in consideration of
mass balance at each quantity centre.

(3) Description of material losses
Material loss generated in the subject process was the film attached to the foundation film. This
could not be returned to the in-process recycling and ended up in a material loss.

(4) Findings through MFCA analysis
The following shows the material flow chart and the material flow cost matrix associated with the
subject process:

Cost items Process 1 (calendar) Process 2 (Laminator (RE108)) rocess 3 (Laminator (RE109 Process 4 (Rollingpection (slit)
TotaTnew mput Cost 1 )3 fr— 411 PEYA
qNew input MC 11,974 0f 0
[New input SC 1068 3772 2461
[New input EC 0 4 104
16302 40134/ > 41934
11012 29 014] 7551
s S 31923 10 11
136 230 250
[Total input costper process e —— 29816 e —— 1626 =1 44251 e —— 44 499
. [lmputmc ] 20360 | 22 984 ] 20 014] ] 27551
Input SC I 004 I 6901 I 12 5801 I 1433
Input EC | 2441 1 Ladg | 453l | 2,600
- | | | |
Total costs for product - 23622 - 081d - 41,934 - 40700
Product MC 17,500 2251 2351 190
Product SC 601 671 11 13114
Product EC 2.09 1.579) 505 2386
Total cost formaterial loss 4236) 11 2.360) 399
Material loss MC 2 850 460 1463 235
Material loss SC o 3 04 1204/
1loss EC 44 I3 141 22
42 0 A 19
g 2512 469 600 0
[Recy cled material sales o ol 5] u

NOTE Figures have been altered for publication. Figures are in units of 1,000 yen.
Figure 13.2 Material flow chart for the targeted process
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Table 13.1 Material flow cost matrix

Material [Energy System Vamngement Total
costs costs Ccosts costs

Good items | __251990] ___ 2,386.0) _ _13,1140) ______ | _ _40,700.0f
(products) 52.0% 4.9% 27.1% 84.1%
Material loss | _ 346301 __ 78401 319101 __ 1 __ 74390 ]
7.2% 1.6% 6.6% 15.4%
Waste/recycling Lo 27901 2790
0.6% 0.6%
Sub-total | __286620] Li7iof 1630601 2201 - 48,4204
59.2% 6.5% 33.7% 0.6% 100.0%

NOTE Figures have been altered for publication. Figures are in units of 1,000 yen.

(5) Targeted points to be improved or improvements based on MFCA analysis

Although material losses in a monetary unit were decreased by half through the in-process
recycling, SC and EC accounted for approximately 43% of the cost associated with the material
losses. Likewise, the largest portion of the material loss costs from the roll inspection process
occurred due to generation of the edged materials and specification adjustments etc. As these
material losses were largely due to the outputs (intermediate products) from the previous
processes (process 1 to 3), it was necessary to consider measures to promote loss reductions
based on the processes prior to the roll inspection process. Moreover, looking at a proportion of
the total cost of the product, as was known from the manufacturing cost for one-meter of the
product, the highest percentage of the cost were from the processes 1 and 2 which had relatively
high input costs.

Reduced cost by implementing individual improvement measures and a total improvement
measures were simulated using the simple MFCA calculation tool. Based on these results, the
management decisions will be made to implement improvement measures.

(6) Conclusion

An advantage of MFCA application was that losses (per process and for overall processes) and
impact of improvement measures through investments etc. could be expressed in a monetary
unit. This provided useful information for the management in their decision-making on
introduction of new technologies and on fundamental reforms in production processes. On the
other hand, issues related the MFCA application included the followings:

- Control of on-site operational load in collecting MFCA related information for quantification
and incorporation of such activities into operators’ daily tasks;

- Consideration of an interface for linking a cost management system with a daily report; and

- Coordination with ISO14001 activities.
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Case 14 Shinryo Co., Ltd.
Example of MFCA model adopted by a food-processing SME

(1) Organization profile
Shinryo Co., Ltd. produces brown sugar products. The company’s number of employees was 36.
Furthermore, the company’s capital was 26 million yen at the time of the project.

(2) Material flow model of Main Target Processes

The MFCA was applied to the processes from producing to packaging brown sugar products.
The manufacturing processes included: “the manufacturing process of material brown sugar”,
which is a series of procedures, starting with inputting raw materials, followed by dissolving,
filtering, concentrating, and agitating them; and “the molding process”, that is, molding material
brown sugar to meet the purpose of a given product, measuring, and placing in storage boxes.
These two processes are defined as the quantity centre (QC) for the brown sugar production.
The molded finished products are stored and dried in a drying room for one day before
packaging and shipment. For consumer products, the finished products are packaged in small
bags and then packed in carton boxes, while those for industrial uses are packaged in large bags.
These packaging processes are defined as the QC for the product packaging.

In the manufacturing process of material brown sugar, raw sugar, molasses, invert sugar, water,
and other materials are input. Meanwhile, the input for the product packaging process include
small bags for packaging, large bags, carton boxes, packing tape, and polypropylene (PP)
strapping band.

Material Flow

!
. | i 1
QC for brown sugar production QG for pro.duct 4 Ship- |}
packaging 1| ment :
|
| 1
* Raw sugar 1 3
—
= * Molasses :EmaH bbags ! !
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I
cC for industrial use 1
3 * Off-spec. sugar *Carton boxes ! 1
(re=input) < +Form~fill-seal film i \
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(for dissolution) . o for individual wrapping) || ! i
- Water Kraft paper (bite-sizg: - Aux. packing materials || | 1
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Figure 14.1 Outline of Material Flow
(3) Description of material losses

(i) Losses in manufacturing processes
- Off-specification products
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Off-specification material brown sugar was generated in the both QCs, and such sugar was
input again (or reused) in the manufacturing process when making the subject products next
time.

- Losses from dropped products etc.
Among brown sugar material, there were material losses during the molding, delivery, and
packaging processes, such as those dropped on the floor, washed out during the cleaning of
the material brown sugar manufacturing equipment, or discarded when cleaning automatic
packaging equipment.

- Losses from packaging materials for raw sugar
Upon purchasing raw sugar, it was contained in dedicated paper bags. All these bags were
discarded after raw sugar was input in the manufacturing process. These costs were not
highlighted in monetary units but they were actually considered losses in physical units.

- Losses from excessive packaging
Packaging material losses were rarely generated within the manufacturing facility in terms of
quantity. However, such materials were discarded at the time when customers purchased or
used the products. In this light, excessive packaging should be considered as loss from the
specification.

(i) Definition of MFCA data

— Material costs: All input materials (raw sugar, bag-in-boxes, craft paper, washing water,
packaging materials, auxiliary packaging material, etc.). For material brown sugar, newly
input raw sugar, input of off-specification products, and work-in-process were calculated
separately;

— Waste management costs: Waste management costs for raw-sugar paper bags were added
to the calculation;

— Energy costs: electric power and heavy oil costs were included in the calculation; and
—  System costs: Personnel, depreciation, and maintenance/repair costs were covered.

(4) Findings through MFCA analysis

—  Off-specification products accounted for 5% of overall products. As they were all input again
(reused) as raw sugar, it appeared that they did not entail any material losses. However,
they practically generated losses such as system costs and energy consumption during the
manufacturing processes. In addition, the absence of off-specification products led to
greater output of the products and a reduction in ongoing night duties.

— Losses from dropped products and others comprised 5% of overall products, suggesting
losses in material costs, system costs, and energy consumption. It was also necessary to
consider their negative impact in connection with night work as is the case with
off-specification products.
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— The estimate indicated that the losses from packaging materials for raw sugar caused a
significant cost burden.

— The losses from excessive packaging came to the fore when reviewing the quality and size
of packing tape, as well as the way to apply PP strapping band.

(5) Targeted points to be improved or improvements based on MFCA analysis

- The losses from off-specification products and dropped products stemmed from muri
(unreasonable), mura (uneven), and muda (wasteful) operations. Therefore, it was essential to
tackle with operational improvement and loss reductions concurrently. Such improvements
should not require any marked investment but still boost labor productivity (efficiency and
operating rate) considerably and probably reduced night duties.

- With respect to the losses from packaging materials for raw sugar, it was necessary to consider
how to push the relevant cost down to a reasonable level, in collaboration with raw sugar
production makers. Addressing this issue was expected to bring benefits in terms of costs and
environmental impacts.

- For the losses from excessive packaging, it was important to consider them from a standpoint of
customers. The excessive packaging should be considered as waste for customers. Changing
to less costly materials, rather than prioritizing the quality, should lead to cost reductions and
better customer satisfaction.

(6) Conclusion

The MFCA analysis this time highlighted small issues where the company will have to keep up
efforts to improve, and each small improvement should generate benefits. The resultant effects
were expected to emerge in various forms, such as less resource consumption, higher labor
productivity, improvement in labor safety and labor health, better customer satisfaction, less
material loss, and cost reductions.

Among others, the following challenges remained for consistent MFCA analysis and
improvement activities: improvement in daily reports, methods to collect data, development of
expertise to read data, and how to make better communication between management and
on-site workers.

53
&R 57



Case 15 KODAI SANGYO CO,, LTD.

Production characteristics: Processing of timber products, small-to-medium
business, and set-up of an internal production control system

(1) Organizational profile

KODAI SANGYO CO., LTD.

(hereafter referred to as “Kodai Sangyo”) processes wooden
materials for “household drain boards”. The company is located in Fukushima, Japan. The
company’s employees numbered 39. In addition, the company is capitalized at 65 million yen
with sales of 572 million yen at the time of the project.

(2) Material flow model of Main Target Process/es
The selected process for this project is processing of wooden materials for home-use “drain

boards”. The detailed flow of the process is shown in Figure 15.1.

Material
manufacturer/supplier

Delivery

Dowel

Nails, adhesive,
packing

Material storage, drying

—

Material " j‘> Assembly,
aterial processing :
packaging

Shipping
N Product Client

_‘/ inventory

Reuse

Stock of reusable cut
material
Stock of rough wood

Returned
goods

Storage

Material loss (mill ends, cuttings, others)

Clearoutof productinventory

(such as providing itat a bazaar)

Figure 15.1 Selected process for this project (MFCA boundary)

The selected process contained the following characteristics/steps:

- Materials delivered from a supplier were stocked as input materials. Subsequently, they are
naturally dried or artificially dried;

-  The materials that have been dried to the specified moisture-content level were input into

the process;

- The input wooden materials were firstly processed so that their length, width, and board
thickness were consistent with a given design. Subsequently, hole-drilling, milling, and
dowel insertion etc. were conducted as necessary; and

- In the assembly process, multiple parts were fixated by nails and adhesives etc. They were
then inspected, packaged, and sent to a stock for finished goods. Products are shipped
according to customer orders, and some products were returned in some cases.

The material-processing phases that generated entire material losses of the main materials were
defined as a quantity centre. Post-assembly processes, packaging, material stocking and drying
processes were not included in the scope of this project.
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(3) Description of material losses

Among the delivered wood materials, those with excessively large knots and cracks were
considered to be defective and called “rough wood.” The rough wood was provided to a material
manufacturer/supplier at discounted price.

(4) Findings through MFCA analysis
Table 15.1 shows the material flow cost matrix associated with the process:

Table 15.1 Material flow cost matrix

Material |Energy [System Waste
cost cost cost management |[Total
cost

Good items 300.0 20.0 220.0 540.0
(Products) 37.0% 2.5% 27.2% 66.7%
Material loss 150.0 10.0 110.0 270.0
18.5% 1.2% 13.6% 33.3%
. 0.0 0.0
Woaste/recycling 0.0% 0.0%
Sub-total 450.0 30.0 330.0 0.0 810.0
55.6% 3.7% 40.7% 0.0%] 100.0%

NOTE Figures have been altered for publication. Figures are in units of 1,000 yen.

The results of MFCA calculation suggested a need to consider optimal standardization in lumber
sawing and inventory amounts, as 33% of material loss in mill-ends and swarf came from the
material length that was based on product design and length of purchased materials.

(5) Targeted points to be improved or improvements based on MFCA analysis
Considering losses due to the effect of knots in materials (hereafter, “B-class products”), it was
necessary to consider an option of selecting wood materials that did not contain knots before the
processing (i.e., exclude the rough wood before manufacturing B-class products).

(6) Conclusion

The subject process involved living materials. Hence, statistical analysis of the input materials,
products and material losses were necessary. The results of the MFCA systematization scheme
indicated that the MFCA management system can be established based on three sources of
information: information from the “sales management system” (in operation), information from
the “accounting system” (in operation), and information from the “production management
system” (under consideration for its introduction). Furthermore, in addition to this information, the
MFCA management system will need master data in basic unit for the input materials that
constituent products, as well as information on unit prices of materials and products.
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Figure 15.2 MFCA systematization scheme

The system shown in Figure 15.2 was a simplified MFCA calculation scheme and was
considered necessary to be improved further for more accuracy and practicability. On the other
hand, this scheme indicated that MFCA management system could be established in the form of
a simple system. Likewise, speedy establishment of the system increased transparency of the
flow related to material losses in the process, and was considered to enhance the company’s
business performance.
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lll.Case Examples in the Non-manufacturing
Industry
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Case 16 JFE group
(JFE Engineering Corporation, JFE R&D Corporation,
and JFE Techno Research Corporation)
Production characteristics: Construction

(1) Organizational profile
JFE group (JFE Engineering Corporation, JFE R&D Corporation, and JFE Techno Research
Corporation) were involved in this project. Each company played the following roles:

- JFE Engineering Corporation (hereafter referred to as “JFE Engineering”): Implementation
of construction work;

- JFE R&D Corporation: Direction of the entire project; and

- JFE Techno Research Corporation (hereafter referred to as “JFE Techno”): Implementation
of MFCA analysis.

MFCA was cooperatively conducted by the three companies noted above. The application of
MFCA for this kind of construction was rare, and the attempt undertaken this time was
meaningful for pioneering the application of MFCA in the construction field.

JFE holdings, the holding company of these three companies, made sales of 326.040 trillion yen
on a consolidated basis. Also, the company capital was 142.3 billion yen.

(2) Material flow model of Main Target Process/es
Table 16.1 describes the targeted work for this project.
Table 16.1 Selected process for this project (MFCA boundary)

Materials MFCA input categories Material type (categories for Quantity centre Quantity and calculation approach for material cost
MFCA application for this project) | classification for
MFCA application
this time

The quantity of the existing refrigerator is clear, and the MC is
calculated with the recorded cost.

Existing refrigerator Transported material Targeted The estimated quantity of the new hatch and floor materials is used
construction a5 the quantity for the existing installed facilities. (however, as the
recorded cost is unclear, MC=zero).

Existing installations MC is calculated with the equipment costs estimated for the new

refrigerator.

Non-targeted

Hatch and floor Transported material . - - —

construction The estimated quantity of the new hatch and floor materials is clear
and the estimated cost is used as the MC.
T tod MC is calculated with the equipment cost estimate for the new
arget .

New refrigerator Newly added materials g R refrigerator.

construction
New installations " " P

Non-t ted The estimated quantity of the new hatch and floor materials is

Hatch and floor Newly added materials on-targel clear, and the estimated cost is used as the MC.

construction

Although it should normally be included in operating materials, itis
Both targeted and |included in ** entire construction, and after the end of the
Operating materials non-targeted construction, as it will be reused for a separate construction
construction activity, it was calculated by inclusion in “** entire construction.”

Protection materials and
fixtures

Construction
materials and fuel

Although fuel is often calculated using EU, itis part of the direct
material costs for the construction, and it is deemed better to
Transportation of equipments Operating materials (EC is often Both targeted and | efine it as operating material. However, this time, as it is included
and materials, fuel usedfor | o o calculation) non-targeted i, the estimate as “** entire construction,” it was calculated by

the installation activity construction linclusion in SC “** entire construction.”
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The targeted work was a renewal work for a large-sized refrigerating machine (dimensions: 5.3

X3 X3 mH, weight: 23 tons, and number of units: 3). Existing facilities were dismantled,

removed, and replaced with new facilities (new refrigerating machine, hatch, and floor).Further,

characteristics of material-flow related to the construction work were described in the followings:

- Little material flow was identified at the construction site, and

- No manufacturing operation was conducted at the site; those manufactured at an external
facility were installed at the site.

Quantity centre was defined by dividing the construction project into the targeted construction
work and the non-targeted construction work; no definition of a quantity centre based on the
process flow was made. The reason for non-definition of the flow-based quantity centre was due
to the fact that little material flow was present at the subject process.

Based on this approach, the project was divided as shown in the following:

-  Targeted construction: originally planned construction to create added value (e.g., transport,
replacement, and installation of the targeted equipments), and

- Non-targeted construction: disassembly, removal, boarding, and installation of protective
materials for existing facilities (hatch, flooring). Although these activities were necessary
from viewpoints of safety and actual implementation of the work, it was considered good to
keep non-targeted construction at a minimum level from the MFCA viewpoint.

(3) Description of material losses

Determination of scope of the costs for calculation was one of the key points for this project.
MFCA calculation was performed, using three types of approaches that defined different scopes
of the costs for calculation, as shown in the followings:

- Approach 1: Evaluating total costs of both the construction outsourcer (owner) and the
outsourcee (JFE group);

- Approach 2: Evaluating total cost of only the construction outsourcee (JFE group); and

- Approach 3: Evaluating total cost of the construction work only that excluded cost of the
main facility.

Both originally planned construction approach (hereafter referred to as “A construction method”)
and alternative construction approach (hereafter referred to as “B construction method”) were
compared and evaluated based on the three approaches for the MFCA calculation.

The material flow cost matrix calculation results are shown in the Figure 16.1 below (Figures for
each evaluation approach/construction approach were shown as a proportion to the total cost
generated by evaluation of the construction approach A by Approach 1).
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Material cost for product System cost for product non-targeted construction

Figure 16.1 MFCA calculation by each construction approach and method

(4) Findings through MFCA analysis

One of the key findings was that business compensation cost was included as a service cost for
material losses in evaluating the construction method A by the Approach 1. Although they were
an unavoidable cost from the project owner’s perspective, the MFCA-based evaluation made it
possible to consider a relative advantage in each construction approach by incorporating such
factors. At this point, the MFCA-based evaluation was considered to be effective.

(5) Targeted points to be improved or improvements based on MFCA analysis
Following points were identified as potential points for improvement:

(i) Evaluation with inclusion of the cost incurred by the outsourcer

- Total cost of the construction method B was 10% lower than that of the construction method
A

- Ratio of the material loss cost to the whole cost was estimated to be decreased from 15 %
to 12 % by the construction method B. In addition, energy consumption was decreased by
44% through the construction method B; and

- Based on the two assumptions above, it was considered that the construction method B was
the better approach.

(i) Costincurred by the construction company

Costs associated with the material losses including waste management cost were increased
significantly by the construction method B. Likewise, cost of unintended construction was
estimated to be reduced by one-forth by employment of the method B. Difference in the total
costs was considered to be narrowed.

(6) Conclusion
MFCA application to the planning phase and the estimating phase enabled economic and
environmental evaluations of multiple approaches, highlighting relative advantage of related
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parties to the project. MFCA can be used to quantitatively understand advantage and
disadvantage between outsourcer and the parties jointly engaged in the project.

In addition, this case example was very advanced in that MFCA was applied to the construction
activities. One of the key points identified from this example was that there were two ways of
MFCA application that consist of MFCA from the viewpoint of the outsourcee, and the one that
included both the outsourcer and the outsourcee. Furthermore, the latter approach enabled
evaluation of the service from various viewpoints.
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Case 17 GUNZE Limited
Production characteristics: MFCA application in clothing products distribution (Trial)

(1) Organizational profile

GUNZE Limited (hereafter referred to as “Gunze”) is an apparel maker that manufactures various
products including men's and kids' underwear and located in Osaka, Japan (a factory is located
in Kyoto). Gunze’s affiliated company is engaged in distributing activities of the Gunze’s products
to retail stores located all over Japan. As of March 31%, 2009, the number of employees
numbered 9,041 on a consolidated basis. The company’s sales were 151.5 billion yen on a
consolidated basis as of March 2009. The company’s capital was 26.1 billion yen.

(2) Material flow model of Main Target Process/es
The selected process for this project is a clothing distribution. The detailed process was shown in
the Figure 17.1.

Distribution toward client (factory=>LC=>agency, DC=clientretail store)

Material (packaging materials) Material (packaging materials)  Material (packagingmaterias, packing materials, price tags)
B 1 packagini @ 1 packaging @ 1 packagin:
for 1 variety for multiplg for multiple]
per product varieties varieties
per produc] per store Distribution
Facto
N LC h DC hw stores
packaging| 1 packagin
for 1 variety| for rf‘“'."p'%
per product I iR
Product waste Packaging waste
1 . Waste packing and
L Material loss Packaging waste price tags

Distribution not toward client
(client retail stores= agency, DC= LC=>waste, delivery, long-term storage)

Figure 17.1 Selected process for this project (MFCA boundary)

This project was conducted on a trial basis. Characteristics of the subject process included the
followings:

- Numerous types of products were subject for the MFCA analysis. Even with respect to
men’s inner wear products, there were as many as 8000 product types for distribution, and
several tens of thousands of product types according to size and color;

- Products were shipped to second distribution companies located throughout Japan; and

- It was necessary to track a wide range of physical product flow in the “Distribution MFCA”.

(3) Description of material losses
Logistic centre (LC) and distribution centre (DC) were defined as quantity centre. Further,
following materials were subject for calculation:

- Material: products manufactured in a factory; and
- Auxiliary material: packaging materials and price tags attached to the material at LC and
DC.
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Losses from each QC
LC: Prodcut waste and Packaging waste
DC: Packaging waste, Waste packing and price tags

MFCA calculation was conducted in the number of the products by tracing the inventory volume
at the beginning and the end of the period, input and output volume at the LC and DC, and
number of the transferred materials between LCs and DCs.

(4) Findings through MFCA analysis

Distribution costs were calculated in two ways as shown in Table 17.1: the distribution towards
client; and the distribution not toward client. Table 17.1 indicated that 25.91 % of the system
costs were for the distribution not toward clients.

Table 17.1 Calculation of the distribution costs

NOTE Figures have been altered for publication.
Distribution System costs for|System costs for]
St utio Distribution Distribution not Total
costs toward client toward client
Products 192,986 67,493 260,479
93.62% 0.00% 100.00%
. 0 0 0
M I
aterial loss 0.00% 0.00% 0.00%
waste/recycling 0.00%
192,986 67,493 260,479
Sub-total : - -
uptota 74.09% 25.91% 100.00%

Instead of a material flow model in physical units, diagrams for quantity centre and a diagram
showing the material flow between quantity centres was produced based on information about
the system costs (SC). A separate diagram was also created for calculation of CO, emissions

instead of SC.

Client (LC) Quantity Client (DC) Quantity
;r;coodns\mg LC= client 115,881 e Incoming  DC=client ~ 407,264
1 gods o >
Retumed 685 H 1
goods Client=>1C Retumed  glient=DG 13,829 '
! goods '
] ]
] L}
................................. § 7286 4
] 23
' nput SC) : (input SC)
[l
H Lo Route Quantity H Dc Route Quantity
1 End of '
End of previous period [ Stock at pericd start 60,477 pervous 4 tock  Stock at pericd start 53,910
Factory shipments i—-) Retumed goods  client=LC  gg5 perio t-.) Retumed goods  client=DC 13,829
517,747 Incoming goods factory=LC ?171‘7:7 Incoming goods LC=DC 422,717
; Retumed DC=LC 15
' Input total 593,060 Input total 490456 [ (input SC)
' (input SC)
! 58,344
] shi 115,881 JRELY s 407,264
! ipments  LC=client : —> hipments DC= client '
! Dispatches | gmpc 422717 Dispatches DCoLC [VRTTI Se——
' Output total 538,599 38,594 (input SC) Output total 421,415 1,292 4
1 (input SC}
L
— Start of
Stock  Stockatpeiodend 54461 -3 start of nextperiod Stock Stock at period end ! F = next period
4,820 (input SC) 31,773
(input SC)
= eliver LcoLe 24,048 - - Y pelive DC®DC 43,335
f =] ry ): ‘ Of Y - - >:
----------------------------- U
813 L Ll el -l
(input SC) (input SC)

= = Dotted line : distribution not toward client
= =» Solid line : distribution toward client

NOTE Figures have been altered for publication.
Figure 17.2 Material flow diagram with SC data
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(5) Targeted points to be improved or improvements based on MFCA analysis

Reduction of returned products and more efficient logistics were important points in order to
reduce material loss for higher economic performance. In this case, no material losses were
generated from the inventory. However, long-term inventory means presence of products that did
not meet market needs. Other issues also included cash flow and lowered sales value due to the
products obsolescence.

(6) Conclusion

Although MFCA approach for the logistic industry had not been fully developed, the analysis in
this project indicates a potential to evaluate loss generated through the entire material flow from
manufacturing of apparel products to delivery. Especially, the MFCA analysis for this project
highlighted the following points:

- Expected advantages of MFCA application

- The application of MFCA resulted in loss reduction (e.g., reduction in returned products,
transfer of products from one stockroom to another stock room, and long-term
inventory) during course of the distribution process; and

- It became easier to consider action and measures to reduce CO, emissions
in the distribution sector through the MFCA analysis.

- Issue in the MFCA application
As the distribution MFCA required handling of an extremely large volume of data, a
systematic approach for an effective MFCA calculation was considered to be necessary.

64
&Hl 68



Case 18 OHMI BUSSAN, Inc.
Production characteristics: MFCA implementation in plastic material recycling

(1) Organizational profile

OHMI BUSSAN, Inc. (hereafter referred as “Ohmi Bussan”) conducts plastic material recycling
and sales recycled plastic materials. MFCA was implemented to accurately assess losses from
processes in physical and monetary units, to gather basic data for process improvement and
cost reduction, and to use the MFCA result as a source for decision-making when making an
investment to curtail the identified losses. The company’s employees numbered 49. The
company’s sales were 1.8 billion yen and the capital was 40 million yen (FY 2007).

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

- Target products and range of processes
Recycled plastic materials were the selected product for this project. Pulverizing process,
interim product stock, and mixed extrusion process were the selected processes for this
project.

- Manufacturing processes and quantity centres

- The subject recycling processes consisted of the following activities:
Inventory where material losses recovered from the market were stored,
Sorting and preprocessing process to sort raw materials for the process,
Pulverizing and rinsing process that crushes the material into chips,
Mixing process that mixes the material with additives, extrusion,
Pelletizing process that processes the chips into pellets of equal size, and
Quality-control process, packaging process, and shipment process.

VVYVYVYVY

Among the aforementioned processes, pulverizing process, interim product stockroom, mixing
and extrusion process were defined as quantity centres. Input and output data are shown in
Figure 18.1.

One of the characteristics of the recycling business was that fixed plans could not be made for
purchasing raw materials. Raw materials were generally obtained when there was a supply. On
the other hand, the recycler needed to provide a designated amount of the deliverables
regardless of supplied amounts of the raw materials. This resulted in a large amount of long-term
inventory, which was a point for potential improvement.

65
&H 69



Pulverized material 2
Pellet

M

S
E

@Waste plastic
+Product waste
+Crushed waste

v

@Pulverized material 1
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Pulverizing process .
(sorting, preprocessing,
pulverizing, cleaning)

@®Pellet

@Pulverized material 1/2
@Returned materials
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@Fork lift fuel

Qc2

Pulverized N |nterim product stock
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-Residual dross screening (material loss)
-Residual dross screening (useful material)
+Residual dross screening (process recycling)

-Second-class goods
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@Long-term stocked material
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(3) Description of material losses

Pulverized N pfixed extrusion process
material

@Additives, colorant
@Packing material

@Industrial water

QC3

@Defective products
@ Packing material

—)| Pulverized products (sales) ]

Figure 18.1 Input/output within MFCA boundary

Pellet

—  Pulverization process: defective items, residual dross screening (material loss);
- Intermediate product stock: stock clearance fee; and
- Mixed extrusion process: defective items, packing material (material loss).

- MFCA data definition
- Input, output, emission gas amounts, and performance data for each material were
gathered;

- Energy costs (EC) were allocated according to operating time and number of
processes based on the measured values for the entire factory; and

- System costs (SC) were allocated according to operating time and number of
processes based on the measured values for the entire factory.

(4) Findings through MFCA analysis
As shown in Table 18.1, wastes with a market value in intermediate product stockroom were

found to be substantial. Likewise, material losses generated in the pulverization process were
found to be also substantial.
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Table 18.1 Material input/output amount
NOTE Figures have been altered for publication.

QC1 Qc2 QC3
MC item catgories Item names Unit Pulverizing process Interim stock Mixed extrusion
Material input quantity Kg 0 390000 970000
Products from -
previous process | roduct quantity Kg 0 320000 970000
Material loss quantity Kg 0 70000 0
Input — .
Material input quantity Kg 565000 780000 2000
Direct materials || roduct auantty Kg 550000 650000 2000
Material loss quantity Kg 15000 1300001 0
Material loss: uantity of product K
o Quantityof p 9 550000 970000 972000
Emissions, and
waste -
Sliver, etc. Kg 6000 0 0
Output
Second-class items, raw materials
stocked at the warehouse over the
Material loss: long-term, products in K
. g-erm, p 9 9000 200000 0
valuable materials |progress, completed product
(interim stock), etc.

- MFCA cost evaluation (all processes)
Material costs (MC) were identified to be the most substantial of all input costs as shown in
Table 18.2.
Table 18.2 Material flow cost matrix
NOTE Figures have been altered for publication.

. Energy Waste
Material cost cost System cost management |Total
cost
Product 54.2% 3.9% 27.8% 85.9%
Material loss 11.0% 0.1% 2.9% 13.9%
Waste/recycling 0.1%
Sub-total 65.2% 4.0% 30.7% 0.0%| 100.0%

(5) Targeted points to be improved or improvements based on MFCA analysis
Countermeasures to control long-term retained inventory, mixed extrusion process additives, and

sliver generated from the pulverization process were considered as prioritized points for
improvement.

The interim stock amounted to be 200 tons, based on the assumption that the interim stock
accumulated over the long-term in the stockroom (i.e., raw materials, intermediate products and
completed products) accounted for 10% of the monthly end stock. It was recommended to
reduce such stocked amount and the inventory-related cost (600,000 yen), and to increase sales
in consideration of the stocked volume.

Additives used in the mixed extrusion process were extremely costly. Approximately five-ton of
the additives were currently input monthly. Improved blending method will enable the recycler to
curtail the amount of the additives. However, change in the blending method required
replacement of facilities. This will increase system costs; cost-effectiveness from the increased
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productivity by the new facility (i.e., reduced system costs) was recommended to be considered
as well.

Approximately, six-ton of the sliver materials (material loss) were generated each month through
the pulverization process. The amount of the sliver materials loss depended to a large extent on
condition of the blade for the pulverizing machine. By reviewing the optimal period for the blade
replacement, it will be necessary to curtail generation of the slivers, and to convert the subject
material loss into product.

(6) Conclusion

Through the MFCA analysis, the input-output relationship at the recycling site was further
understood. Even with respect to handling practice of intermediate products in a stockroom, level
of its impact on the business was clarified. Likewise, this project became an opportunity to
improve awareness of the material losses. Through in-depth understanding of “quantity x unit
cost,” it became possible to understand the adverse affects of proceeding with business based
on intuition.

Hereafter, by continuing to apply this know-how, measures for improved profitability will be
promoted. In addition, the MFCA calculation tool used in this project will be a key tool for
management. It is the Ohmi Bussan’s intention to play a role in building a recycle-based society
through MFCA.
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Case 19 Sanden Corporation
Service characteristics: Maintenance and cleaning service of equipments for retail
stores

(1) Organizational profile

Sanden Corporation (hereafter referred to as “Sanden”) manufactures and sales
automobile-related devices, vending machines, and equipments for retail stores. Along with the
manufacturing activities, at its store-equipments department, Sanden also provides a total
service that includes store-design and maintenance after the opening of store in addition to
production and sales. The company employees numbered 2,853 on a non-consolidated basis
and 8,750 on a consolidated basis. The company’s sales were 216.69 billion yen on a
consolidated basis in 2008. The capital was 11.037 billion yen.

(2) Material flow model of Main Target Process/es

(i) Characteristics of services subject for MFCA analysis

Sanden provides off-site maintenance and cleaning services for used equipments at clients’ retail
stores. MFCA was applied to this service flow. The clients were logistics and restaurant chain
companies. Upon their closure of existing stores, refrigerator, showcases, shelves and other
equipments occasionally became wastes. In one of such stores, for example, the amount of such
wastes reached seven tons. According to industry source, a total of 4,113 stores were annually
opened and 2,137 were closed. In other words, assuming that all equipments were disposed of,
14,959 tons of wastes were annually generated. However, among those disposed of, some of
the used equipments were reusable and fulfill same functionality as new ones, being after
maintenance and cleaning. Therefore, Sanden provided off-site maintenance and cleaning
services for such equipments.

(i) Definition of quantity centres
In consideration of the subject service flow, following two approaches were considered:

- Sanden: Subject for MFCA analysis as a provider for the service
- Client company: Subject for MFCA analysis as a receiver of the service

Materials used in the subject service:

- Sanden: Rinsing water, rinsing agents, spare parts , paint, and packaging material
- Client company: Used equipments and newly purchased equipments

Two quantity centres were established; one covered all material flows of the service provider
(Sanden (upper part of Figure19.1) and the other covered all material flows for the client
company (lower part of Figure 19.1).
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Received | . | Parts- . | . I Equipments
Dlsassembly PECKagmg

e Disposed parts Loss Loss
water
Delivery
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remodeled)
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Collection of fixtures at the Equipments and fixtures subject for the service Installment of fixtures for a new
time of store closure store

(e.g., showcase for drink, food, (e.g., showcase for drink, food,
frozen item, food warmer, drink [ Newly purchased equipments and fixtures frozen item, food warmer, drink
warmer, and microwave) warmer, and microwave)

Equipments and fixtures for disposal ]
(Those extremely damaged or stained and those

Material flow in a convenience store chain (equipments at the time of store-opening and store-
closure)

Figure 19.1 Material flow of maintenance and cleaning services

(3) Description of material losses

(i) Material loss

In Sanden’s material flow, spare parts were used to replace used parts. As the process
concerned only replacement activities, input and outputs were equal. Furthermore, minor amount
of other materials were used and disposed of. In the material flow of the client company, type of
disposed equipments varied from store to store.

(i) Definition of MFCA data
Weight-based information was collected on maintenance equipments and spares parts. For the

material flow of the client company, number and weight-based data were assumed based on the
proposal submitted by Sanden to the client company. In addition, energy cost and system cost
were out of scope for this project.

(4) Findings through MFCA analysis

MFCA analysis revealed several equipments that did not necessarily require replacement
although amount of such equipments were small and associated rooms for improvements were
also small. Hence, simulation based on MFCA was conducted with broader scope of the analysis
subject; all logistics companies and restaurant chain companies were covered and simulated
through MFCA as shown in Tables 19.1 and 19.2. Table 19.1 shows the result based on the
assumption that all the equipments in 2,137 closed stores were disposed of. Table 19.2 shows
the result based on the assumption that all these equipments went through same service as the
one Sanden provided. As Table 19.2 shows, if Sanden provided the service for all the 2,137
stores, this reduces amount of the input as well as the material losses by 6,411 tons. In other
words, this will lead to a cost reduction of 4.957 billion yen; this is equivalent to 12,220 ton-CO,
reduction.
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Table 19.1 MFCA results of all logistics and restaurant chains (in case that all the
equipments in the 2,137 closed stores were disposed of)

Input Qutput
. 40,468million yen Material 40,169million yen Material 299million yen
Total input cost cost 99.3% cost 0.7%
Material and Quantity , CP# , Quantity , C?.St Quantity C‘O‘SQ
. % (million % % (million % % (million %
material cost (ton) (ton) (ton)
yen) yen) en)
Newly
purchased 28,791 65.8%) 40,168.8 99.3% 28,791| 100.0%| 40,1688 99.3%|
equipment
Reuse of
existing 0 0.0% 0.0 0.0%) 0| 0.0% 0.0 0.0%|
equipment
Non-reuse of
existing 14,959 34.2% 0.0 0.0%| 14,959 100.0% 0.0
equipment
Sub-total of material quantity and cost. 43.750| 100.0%| 40.168.8| 99.3% 28.791| 100.0% 40.168.8 99.3%| 14959| 100.0% 0.0 0.0%)
Unit
managemen ) Cost. Cost . Cost
Amount of toost | QuAMY | g (million | % Quantity | (million g | Quentiy |y (milion | %
waste and cost . (ton) (ton) (ton)
(million yen) yen) yen)
yen/ton)
Non-reuse of
existing 0.020 14,959 100.0% 2992 0.7%] 14,959 299.2 0.7%|
Sub-total of material quantity and cost 14.959.0f 100.0% 299.2 0.7%] 14,959.0 0.0%| 299.2 0.7%]

Table 19.2 MFCA results of all logistics companies and restaurant chain companies (all
these equipments went through same service as the one Sanden provided)

Input Output
Total input " 35,511million yen Material 35.340million yen |  Material loss | 171million yen
otal Input cos cost 99.5% cost 05%
) Cost ] Cost Cost
Material and Quantity o (million o Quantity % (million % Quantity % (million o
material cost (ton) (ton) (ton)
yen) en) ven)
Newly
purchased 22380 59.9% 27,846.2| 78.4% 22,380] 77.7%| 27.846.2| 78.4%
quipment
Reuse of
existing 6411 17.2%  7.493.4| 21.1% 6411 22.3% 74934| 21.1%
equipment
Non-reuse of
existing 8548| 22.9% 00| 00% 8,548| 100.0% 0.0
quipment
Sub-total of material quantityandcost_| 37,339 100.0%| 35.339.6] 99.5%) 28.791] 100.0%| 35339.6] 99.5%  8.548] 100.0% 00 00%
Unit
managemen ) GCost ) Cost GCost
Amount of teost |0 | (milion | % Quantity |, (milion | % [ QU0 (ion | %
waste and cost N (ton) (ton) (ton)
(million yen) yen) yen)
en/ton)
Non-reuse of
existing 0020  8548| 100.0% 1710[  05% 8,548 1710/ 0.5%
quipment
Sub-total of material quantity andcost | 8,548.0] 100.0% 171.0] _ 0.5% 8.548.0 0.0% 1710 05%

(5) Targeted points to be improved or improvements based on MFCA analysis

Few logistics companies and restaurant chain companies enjoyed this service; a significant room
for expansion existed. It is necessary that efficient use of material at the time of provision of this
service should be considered and dissemination of this service should be boosted.

(6) Conclusion

MFCA analysis revealed that dissemination of the subject service improved business
performance and resource efficiency in logistics and restaurant chain sectors. However, in case
of mid-to-small sized chain stores and individually owned stores, it is occasionally difficult to
reuse such equipments. In this respect, establishment of the maintenance and cleaning services
for equipments at mid-to-small sized chain stores and individually owned stores is considered to
be necessary in the future. In this respect, Sanden has been expanding its service to include
mid-to-small sized chain stores and individually owned stores as potential customers in order to
promote establishment of reusing system where the used equipments are maintained, cleaned
and reused with same functionality as new equipments.
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Case 20 Convenience store A
MFCA case example on the distribution and sales service

(1) Organizational profile

Distribution and sales service business consists of the purchase and sale of items. Among the
various businesses engaged in this field, a convenience store adds value in terms of offering
convenience to its customers. Toward this end, a convenience store chain runs many stores
within a small commercial domain.

Japanese convenience stores sell a variety of products, including food, magazines, and
groceries, and provide various services, including photocopying, reception for delivery service,
and payment for utilities. MFCA was applied to a typical convenience store, located in a rural city
in Japan.

(2) Material flow model of Main Target Processes
(i) Material flow in a convenience store

At a convenience store, the remaining items are categorized into those to be disposed of at the
convenience store and those to be returned to the provider. Food products such as lunch boxes,
sandwiches, and other types of processed bread have very short lifecycles and are disposed of
at the convenience store. The MFCA analysis on the target convenience store showed that it
disposed of approximately 40 kg of food products, thus resulting in an annual waste of 15 tons
per store. At present, there are approximately 43,000 convenience stores in Japan. Reduction
and recycling of food waste is one of the critical issues with regard to environmental conservation
in the convenience-store industry.

In addition to this, a convenience store utilizes other materials in its business activity, such as
sales slips; these materials become material losses upon the completion of an operation.
Electricity for lighting, air conditioning, refrigeration of items, freezing and heating, and water are
also utilized during its operations. All the electricity and water become waste heat and
wastewater, respectively.

(ii) MFCA Approach for a convenience store
As noted above, a convenience store sells a variety of items but sales volume of each item is low.

In this case study, the food waste of the target store was subjected to an MFCA analysis.

In a convenience store, various food items are sold, including lunch boxes, sandwiches, and
bread, each with their expiry date and time; these products are to be removed from shelves and
disposed of a few hours before their expiry time.

The objective of this study was to determine the products that were yet to be sold and their
associated costs. Three types of sandwiches— ham sandwich, egg sandwich, and cheese
sandwich — were selected among many items with expiry date and time, as the items were
regularly on shelves. Also, the target convenience store was defined as the quantity centre for
the MFCA analysis.

(3) Description of material losses
(i) Definition of material losses
From all the purchased items, those sandwiches that are yet to be sold became material losses.
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(i) Collection of MFCA data

Data from the point-of-sale (POS) system for the targeted product was collected (i.e., number of
items purchased, sold, and disposed of). In addition, energy cost (electricity expense) and
system cost (labor cost and royalty) were included in the MFCA analysis.

Japanese convenience stores sell a variety of products, including food, magazines, and
groceries, and provide various services, including photocopying, reception for delivery service,
and payment for utilities. The target chosen in this case study was one such typical convenience
store, located in a rural city in Japan.

(4) Findings through MFCA analysis
(i) Material cost for disposed items

As shown in Table 20.1, 41 pieces of the sandwich (3.5 kg; purchase cost: 2,900 yen) were
disposed of. The three types of sandwiches accounted for a small share of food products on sale.
As stated before, 40 kg of waste food were disposed of per day in the targeted convenience
store. Estimations suggest that the purchase cost of these disposed items reached as high as
12,000 yen per day, a significant financial burden for running the convenience store.

Table 20.1 MFCA balance sheet (Figures have been altered for publication)

Input Output
25 thousand yen 22 thousand yen| Cost for the 3 thousand yen
Total input cost Qost for the products
ts sold - Y
proucts so 88% remained 12%
. Cost Cost
Material and material Unit cost Quantity . (Thous . Quantity , (Thous . Quantity . Cost .
(thousand | % % ) % % ] % (Thousan| %
cost N (piece) and (piece) and (piece)
yen/piece) dyen)
yen) ven)
Ham 0.07 127 8.3 32.7% 112 7.3] 28.9% 11 0.7 2.8%
|Egg 0.07 107 7.0  27.6% 99 6.5 25.5% 8 0.5 2.1%
Cheese 0.08 111 8.6 33.9% 90 70 27.5% 16 1.2 4.9%
Ham (Negligence) 1 0.1 0.3%
Egg (Negligence) 0 0.0 0.0%
Cheese (Negligence) 5 0.4 1.5%
Ham (Carrying—over) 3 0.2 0.8%
|Egg (Carrying—over) 0 0.0 0.0%
Cheese (Carrying-over) 0 0.0 0.0%
Subtotal 345 0.0% 239 94.3% 304 0.0% 21.0] 82.7%] 41 0.0% 2.9 11.6%|
man:neltmen Cost Cost Cost
Volume and cost for & Quantity ” (Thous Quantity o (Thous Quantity . "
waste management t cost (kg) " and K (kg) " and K (kg) * (Thousan "
(Thousand dyen)
yen) yen)
ven/kg)
Ham 1.1 1.1
[Ege 038 038
Cheese 1.6 1.6
Subtotal 3.5 0.0% 0.0 0.0% 3.5 0.0% 0.0 0.0%|
" Cost Cost
Energy amount and Unit cost Usage (Thous . (Thous . Cost
(Thousand % % (Thousan %
cost en) amount and and dyen)
v yen) yen) v
Electricity (kwh) 68 0.6 2.5% 0.6 2.2% 0.1 0.3%
Subtotal 68 0.6 0.6 2.2% 0.1 0.3%
Cost Cost
(T}:jus (T}?:us Cost
System Cost % % (Thousan %
and and
dyen)
yen) ven)
Water utiity cost (ater erage) 0.0 0.0% 0.0 0.0% 0.0 0.0%
Labor cost (part—time worker) 0.8 3.2% 0.7 2.8% 0.1 0.4%
Subtotal 0.8 3.3% 0.7 2.9%)| 0.1 0.4%

(i) CO,emissions associated with food waste

The CO, emissions associated with food waste were estimated. The purchase cost of the food
waste was equal to the purchase cost of 200 pieces of sandwiches. On the basis of the
estimated life-cycle data for sandwiches (74 g-CO,), it was found that 14.8 kg- CO, was wasted;
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this resulted in an annual waste of 5,402 kg-CO2.
There are 43,228 stores in Japan. Total CO, emissions associated with the food waste from
those convenience stores were estimated to be roughly 230,000 tons.

(5) Targeted points to be improved or improvements based on MFCA analysis

The MFCA analysis revealed that reduction in food waste had a significant impact not only on the
financial performance of a convenience store but also on CO,emissions. In order to effectively
control opportunity losses as well as the quantity of food waste, it was necessary to place orders
accurately.

(6) Conclusion
As identified by the MFCA analysis, the products that were yet to be sold were disposed of and

became material losses for the convenient store. However, ordering fewer products can lead to a
sold-out situation, as a result of which the convenience store could miss a sales opportunity. In
the current POS system, purchase and sales volumes are estimated, thus giving the store owner
and manager the necessary information to avoid a sold-out situation. However, in the target
convenience store, this information was not readily available to the store owner and manager. In
this respect, it is necessary to improve the POS system, so that the store owner has access to
information on the cost of the products yet to be sold and on the opportunity loss.
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IV. Case Examples in the Supply Chain
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Case 21 Sanden Corporation and Sanwa Altech
Production characteristics: Mass-production of relatively small varieties of products

(1) Organizational profile

Two companies (Sanden Corporation and Sanwa Altech (consolidated subsidiary of Sanden
Corporation) were involved in this project (hereafter referred to as “Sanden” and “Sanwa Altech”,
respectively).

Both Sanden and Sanwa Altech are located in Isesaki City, Gunma Prefecture, Japan. The total
factory employees of Sanwa Altech numbered approximately 70 in 2006 and those of Sanden
numbered 9,170 in 2005. The capitals of Sanwa Altech and Sanden were 480 million yen and
11.037 billion yen, respectively.The process selected for this project was aluminum die-casting
for compressor-parts and processing of machine.

(2) Material flow model of Main Target Process/es
Figure 21.1 indicates material flow and the selected process (MFCA boundary):

Die casting factory (SanwaAltech) Sanden Yatsutajima Jigyosho

. " . X . Operating materials: X
Added materials:O, Operating materials: releasing materiall Cutting fluid Added materials:

Ingot Operating materials: flux hydraulic oil, lubricating oil Impregnating fluid
ngo

lubricating oil
returned material i @ @
Raw — Dissolution Forming \ Deburring |: Machining Impregnatio Submersion
materials process —/ test

. . Cutting Impregnation
Molten metal Dle;astt Ec;?\fa::ed completed Completed F'rocelssteg Assembly
products P products products complete
products products factory

Emissions:dust In-process recycling: In-process recycling: In-processrecycling:  Emissions: In-process recycling:
Usefulwaste: Runners, biscuits, defectiveitems Defective items Impregnating defective items
Aluminum drossdefective items, Valuable waste: Emissions: fluid

test products Aluminum powder Cutting waste fluid,

Emissions:drainage Lubricating waste oil

Useful waste: Useful waste:

Aluminum burrs, aluminum powder swarf

|:> Product

@ Material loss

Figure 21.1 Material flow model of the selected process (MFCA boundary)

As shown in Figure 21.1, aluminum die-casting was conducted at Sanwa Altech, and processes
following the machining process were conducted at Sanden.

The aluminum ingot — the material used in the die-casting process - was supplied by Sanden for
the processes by Sanwa Altech. Further, with regard to left-over materials and defective
products generated at Sanwa Altech and Sanden were returned to the dissolution process and
reused. Further, aluminum dross, burrs, turnings and chips were sold as valuable materials.

The quantity centre (QC) was defined based on the process chart above. In addition, types of
material for calculation were shown in the followings:

- Material: aluminum ingot, returned materials (such as left-over materials and defective
products); and
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- Auxiliary and operating materials: all of the auxiliary materials shown in Figure 21.1 were
subject for calculation.

As noted above, this case example was based on the operations by two companies. In order to
consolidate MFCA calculations between these two companies, the following approaches were
taken:

- Two separate MFCA calculation models were established for the aluminum die-casting
facility and the machining facility;

- Subsequently, two calculation results were consolidated for analysis; and

-  The consolidated MFCA calculation was made based on information about system cost and
energy which were partly related to allocation of processing unit costs as agreed between
Sanden and Sanwa Altech.

(3) Description of material losses
Input and material loss at each phase of the operations consisted of the followings:

-  Left-over materials and defective products at Sanwa Altech and Sanden that were returned
to the dissolution process and reused; and

- Aluminum dross, burrs, and turnings and chips were sold as valuable materials and
recycled.

(4) Findings through MFCA analysis
Input and output data in each quantity center were surmised in the material flow cost matrix as
shown in Table 21.1:

Table 21.1 Material flow cost matrix

Material Energy System Waste management] Total
cost cost cost cost

Products 339.9 77.2 257.6 674.7
38.0% 8.6% 28.8% 75.4%
Material loss 64.8 55.3 99.6 219.7
7.2% 6.2% 11.1% 24.6%
Waste/recycling 0.1 0.1
0.0% 0.0%
Sub-total 404.6 132.5 357.2 0.1 894.5
45.2% 14.8% 39.9% 0.0% 100.0%

NOTE Figures have been altered for publication. Figures are in units of 1,000 yen.

As stated before, material loss generated at the die-casting factory (e.g., runner, biscuit,
defective products, and products from a trial operation) and defective products from the
machining process were input as returned materials. These returned materials were re-input into
the subject process and were not considered to cause any issues. However, these materials
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carried over the energy cost and the system cost (e.g., labor cost and depreciation cost) from the
initial operation.

(5) Targeted points to be improved or improvements based on MFCA analysis
Following points were identified to be the target points for improvements based on the MFCA
analysis:

- Further operational management in a supply chain;

- Review and reduction of the input material;

- Technological break-through; and

- Feedback of the MFCA information to product design.

(6) Conclusion

Based on the comparative analysis of various production measures including in-process
recycling and collection of valuable resources, reduction of material loss was considered to be
the most effective option for cost reduction.
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Case 22 Panasonic Ecology Systems Co., Ltd. and its supply chain
Production characteristics: MFCA implementation in a supply chain

(1) Organizational profile

Panasonic Ecology Systems Co., Ltd. (hereafter referred to as “Panasonic Ecology Systems”)
manufactured heat-transfer elements used in heat exchange units through vacuum forming. PS
sheets which are the main materials used for the product of Panasonic Ecology Systems, were
processed through sheet forming by Nippon Sangyo Shizai Co., Ltd. (hereafter referred to as
“Nippon Sangyo Shizai”). Table 22.1 summarizes the overview of these companies engaged in
this project.

Table 22.1 Overview of Subject Companies

Panasonic Ecology Systems Nippon Sangyo Shizai
Number of employees | 5,519 (as of March 2009) -
Capital 12.09236 billion yen -

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

Overview of the production processes conducted by two companies was shown in Figure 22.1.
Nippon Sangyo Shizai blended virgin polystyrene (PS) material with butadiene rubber etc., and
formed a sheet in which PS sheets were formed and finished to be rolls. Panasonic Ecology
Systems conducted the vacuum forming process in which PS roll materials were used to form
heat exchange sheets, being subsequently trimmed. At this time, cross-directional mill ends
(borders) and feed-directional mill ends (feed) were crushed and sold as valuable resources.

I Nippon Sangyo Shizai I I Panasonic Ecology Systems I

Virgin PS material —_———— Urethane parts

I
1. Compounding |-> 2. Sheet 3. Packagng I Roll material | 4. Vacuum forming |—>| 5. Adhesion|—>| 6. Assembiy|
—pp-| forming |
I Material
Waste _———— waste
materials
Industrial waste
vendors

Figure 22.1 Process Flow for the Project

Parameters for MFCA data collection were defined as follows:

- Nippon Sangyo Shizai: butadiene rubber etc. was input with virgin PS material in the
compounding process. Roll material at specified dimensions was produced in the forming
process; and

- Panasonic Ecology Systems: PS roll materials were input as the main material.
Urethane-made materials were input in the assembly process.
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(3) Description of material loss

- Nippon Sangyo Shizai
Some purge materials, mill ends, and scrap materials were generated due to technical
setting at the start of the operation of the forming process. Mill ends were generated in-line
but the materials were immediately crushed, and re-input as raw materials. Purge materials
and scrap materials were re-input during the next production process or used for another
product.

- Panasonic Ecology Systems
Cross-directional mill ends (borders) and feed-directional mill ends (feed) were generated
from the vacuum forming process.

(4) Findings through MFCA analysis

- Nippon Sangyo Shizai
All mill ends were recycled internally. Although it appeared that no material losses were
generated because of the recycling practice, energy and personnel costs etc. for the
formation and crushing of these mill ends were input to these losses and these associated
costs were carried over from the previous production cycle. These costs were considered
losses.

- Panasonic Ecology Systems
While selling material waste as valuable resources was considered to be reasonable, it was
found that the selling price was extremely small compared to the production costs for this
material waste (material loss costs); only 2% of the production costs were recovered from
this practice.

(5) Targeted points to be improved or improvements based on MFCA analysis

- Nippon Sangyo Shizai
As gaps were identified between forming width and delivered product width, the minimum
forming width required to guarantee thickness will be sought. In addition, purge losses were
identified when materials were initially input at the time of the process changeover. Also,
losses from final sheet scrap material were identified. The process-changeover practice will
be re-considered, and reduction of material loss will be promoted.

- Panasonic Ecology Systems
As divergence existed between material width and product width, the edge space will be
reduced by 10mm. In addition, as material losses were identified from trimming,
minimization of the divergence between the mold and cavity will be promoted. Further, as
there was loss in the feed direction, minimization of feed and placement of the positioning
boss will be considered.

- Issues undertaken in cooperation by both companies
It was found that mill ends produced at Panasonic Ecology Systems could be re-input in the
processes at Nippon Sangyo Shizai through re-pelletizing, which was also quite

80
&EH 84



cost-effective. It was also found that the quality of scrap materials generated at the end of
the sheet forming process were good enough to be input in the processes at Panasonic
Ecology Systems; review of the processing company for waste material re-pelletizing,
physical distribution, and commercial distribution will be conducted to establish a closed
material recycling cycle.

(6) Conclusion

As a result of discussion by both companies, reduction of borders was considered. Test
processing found that the standard width dimensions could be made 10 mm smaller. In addition,
Panasonic Ecology Systems modified the vacuum forming mold and succeeded in making the
dimensions in both the cross direction and feed direction 10 mm smaller. The purchase cost of
the scrap materials was adjusted etc., and its deliveries were started.

Owing to these measures, mill ends which used to be an output to the recycling market was
diminished. Amount of the virgin material input at Nippon Sangyo Shizai became equivalent to
amount of the product at Panasonic Ecology Systems. In particular, the forming load at Nippon
Sangyo Shizai was significantly decreased.

Although it used to be vaguely assumed that adequate streamlining of this process had already
been conducted, it was found through implementation of MFCA that there was in fact much room
for improvement. In particular, by conducting an analysis of the entire supply chain, large areas
for improvement in the supply chain were revealed.
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Case 23 Ohu Wood Works Co., Ltd. and companies in its supply chain
Production characteristics: Supply chain-wide MFCA implementation in the
household stainless steel parts

(1) Organizational profile

Ohu Wood Works Co., Ltd. (hereafter referred to as “Ohu Wood Works”) is involved in various
operations from the design to installation of wooden furniture. 85% of the furniture manufactured
at the company is used at educational and medical facilities throughout Japan. Moreover,
Miyoshi Industry manufactures stainless steel members.

The objective of introducing MFCA in the aforementioned two companies was to minimize total
material losses in the supply chain by reviewing a layout at the design phase.

Table 23.1 Overview of Subject Companies

Ohu Wood Works Co., Ltd Miyoshi Industry

Number of employees | 150 -

Capital 30 million yen -

(2) Products and processes subject to MFCA implementation and their characteristics
(material flow model of main target processes)

Originally, Miyoshi Industry produced stainless steel parts, another supplying company produced
uniboards, and Ohu Wood Works assembled them. In this project, production lines for “training
kitchen counters” and “installed household sinks” which are produced by Ohu Wood Works and a
stainless steel sink, a main material for these Ohu Wood Works’s products, which is
manufactured by Miyoshi Industry were selected for MFCA analysis. The manufacturing
processes of these two companies were noted below:

- Manufacturing processes and quantity centres
Each of their manufacturing processes and supply chains are shown in Figure 23.1.

-  The target processes in Ohu Wood Works consisted of production of the wooden
structure from uniboard, and the finishing process. In the finishing process, the
stainless steel sink-tops produced by Miyoshi Industry was set to this wooden structure;
and

- In Miyoshi Industry, based on the specification provided by Ohu Wood Works, requisite
rectangular materials were cut in the shirring process from stainless steel materials
which had been optimally cut to length. Subsequently, they were cut by the laser-cutter
in order to conform to the external development-shape and underwent a bending
process. Finally, a sink-top was produced through the welding and finishing processes.
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Figure 23.1 Input and output at each quantity centre

(3) Description of material losses (Description of material loss)
- Losses from the subject process

- Ohu Wood Works: no material losses were generated; and

- Miyoshi Industry: SUS mill-ends were generated through the shirring and NC/laser
process. Grind stone and buffing material losses were generated in the
welding-finishing process, and left-over materials of dew-condensation control
sheets were generated from the shipment process.

- MFCA data definition

In the process of Ohu Wood Works, the stainless steel parts supplied by Miyoshi
Industry were substantial in terms of physical and monetary quantities while the
process that involved these parts was limited to be the attachment process. As the
material losses related to the stainless steel parts were considered to be nearly zero,
this could keep the material loss rate very low, potentially distorting the analysis. Hence,
the stainless parts were excluded from the MFCA analysis. Regarding the additional
parts used for assembly, only cost-information for these parts were included in the
analysis.

For Miyoshi Industry, most of the materials input into the process were included in the
MFCA calculation. As the externally supplied sink bowl did not incur any cost, it was
excluded from the MFCA analysis.

(4) Findings through MFCA analysis

MFCA analysis found that the steel mill ends generated from the shirring process and the laser
process at Miyoshi Industry accounted for the entire portion of the material losses. In particular,
significant amounts of shirring mill ends were identified; cut lengths were considerably different
from mill ends to mill ends. In addition to this, welding gas losses and labor losses were found to
be substantial in the Miyoshi Industry’s welding process and the finishing processes.
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(5) Targeted points to be improved or improvements

- Improvements through collaboration between Ohu Wood Works and Miyoshi Industry
With respect to the SUS mill ends generated through the shirring process, these material
losses occurred due to adjustments to the cut length based on the ordered product. This led
to issues of squabbling over the cut length dimensions of the SUS material and the
instructed dimensions specified by Ohu Wood Works. Data on the yield ratio from the SUS
material shirring process will be gathered on a monthly basis in order to explore the
possibility for design standardization between two companies.
During the sink-design process prior to an order-reception, when considering the cut lengths
of stainless steel material and the basic shape of sinks for educational facilities, there were
parts that could allow for free design to a certain extent. When designing a made-to-order
sink, variable dimensions were decided in advance so that the sink will conform to the cut
length dimensions of the stainless steel materials, without changing the basic specifications.
This will be proposed to the client on a necessary basis.

- Miyoshi Industry
Use of a large amount of welding gas and the associated labor costs during the welding
process and the finishing process were found to be an issue. These losses were due to the
welding technical standard. Systematic training in welding techniques will be conducted to
minimize these losses.

(6) Conclusion

Transparency of source of material losses was increased through the MFCA analysis; losses
were identified to be more substantial than originally expected. In order to reduce such losses,
the furniture-design in consideration of the material yield ratio was crucial. To this end, Ohu
Wood Works and Miyoshi Industry will work together to standardize designs, and will continue to
improve yield ratio from the SUS shirring process. Likewise, it is desirable that by improving the
yield ratio, reduction in the input volume of the raw material, less generation of the material
losses, and cost reduction are achieved.
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V. Annex (Overview of Material Flow Cost
Accounting)

The annex is based on the first chapter of “Guidance on Introduction of Material Flow Cost
Accounting (Third version)” issued by the Ministry of Economy, Trade and Industry of Japan in
March 2009.
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Overview of Material Flow Cost Accounting
1. What is Material Flow Cost Accounting?

Material Flow Cost Accounting (hereafter referred to as “MFCA”) is one of the environmental
management accounting tools aimed to simultaneously reduce both environmental impact and
costs. This tool is designed for organization’s decision-making. MFCA seeks to reduce costs
through waste reduction, thereby improving business productivity.

MFCA measures the flow and stock of materials which include raw materials, parts and
components in a process, in both physical and monetary units. The costs are managed in the
categories of material cost, energy cost, system cost, and waste management cost.

You can identify the loss costs by defective products, waste and other emissions, through
quantification of materials in each manufacturing process, and converting them in physical and
monetary units.

In addition to the material costs, labor costs, depreciation costs and other processing costs are
included in the loss costs. Costs for waste (material losses) are also calculated by the same
means as product cost.

An increasing number of companies are introducing MFCA in Japan, for the following reasons.

— MFCA helps organizations reduce the amount of material losses, rather than recycling
wastes;

— Reduced waste generation directly leads to the reduction of material input and material cost,
which realizes direct cost reduction;

— Reduced waste generation also leads to increased efficiency in processing and waste
treatment activities, thereby enabling reduction of not only material costs but also of
manufacturing costs in general; and

— Reductions of waste generation and of material input (resource consumption) are one of
the key activities in environmental management to lower the environmental impact.

2. Significance of MFCA, its economic effects and environmental contribution

A business entity is required to make “environmental consideration” in diverse phases of its
operations. Many companies are promoting environmental management of their business
facilities and emissions from such facilities through manufacturing activities, promoting waste
recycling and achieving zero emission.

Although waste recycling is one of the important measures for effective resource use, it should
be noted that the recycling process carried over the cost from the previous activities, requiring
the input of substantial expenses and energy, in addition to those spent from the resource input
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to the waste generation.

Therefore, it is essential to reduce material losses itself. MFCA identifies the quantities and costs
(incl. material, processing and waste treatment costs) of waste generated from a process. This
enables us to identify the fundamental source of waste generation and clarify difficulties in its
reduction, which leads to the reduction of waste generation itself.

Reduction of waste generation directly leads to reduced input of resources and enhanced
environmental performance in manufacturing process, as well as realizing slimmed resource
procurement and increased efficiency in business operations. MFCA is an effective management
tool that helps business management to better understand the “harmony of environmental
aspects and profitability”, through improvement of material productivity and cost reduction.

3. Waste from process = Material loss

In a processing-type manufacturing, material losses are generated in various steps of the
manufacturing process. Material losses generated from a process include the followings:

—  Material loss during processing (e.g. listing, swarf), defective products, and impurities;
—  Materials remained in an equipment following set-ups;

— Auxiliary materials (e.g. solvents and other volatile materials, detergents to wash equipment
before set-ups): and

—  Raw materials, work-in-process and stock products discarded due to deterioration or other
unusable reasons.

MFCA traces and equally evaluate material flows for products and wastes (material losses).
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Figure V-1. Types of waste generated from manufacturing process
4. Material flow and MFCA

One of the methods to clarify material losses is material flow analysis. An example of material
flow analysis is indicated in Figure V-2.

Stock operating. materials % i =+=> Flow of ope. materials
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Figure V-2. Material flow chart

In Figure V-2, 1,000 kg of main materials are input in Process A, and generate 100 kg of the
material losses in Process A and 90 kg in Process B, respectively. While 100 kg of main
materials lost in Process A is recycled by an external contractor, 90 kg in Process B is disposed
of as material loss.

Of sub (auxiliary) materials input in Process A, 10 kg and 9 kg become material losses in
Processes A and B, respectively. A total of 19 kg of sub materials are disposed of as waste. 1 kg
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of operating materials are input in Process B, all of which become the material loss.
Consequently, 1,101 kg of materials are input in this process, of which 891 kg become products
and 210 kg are material losses. As 100 kg are recycled by an external contractor, the final

material loss is estimated to be 110 kg.

Material flow cost analysis evaluates the material loss (i.e., material loss costs associated with
main materials, auxiliary materials and operating materials) (Table V-1).

Table V-1. Calculation of material loss cost

Unit Main Auxiliary Operating Materials
materials materials materials total

Input kg 1,000 100 1 1,101
Product kg 810 81 0 891
Material loss kg 190 19 1 210
Material purchasing unit price yen/kg 100 100 100

Material purchasing cost yen 100,000 10,000 100 110,100
Material cost yen 81,000 8,100 0 89,100
Material loss cost yen 19,000 1,900 100 21,000

If a company has the data of its material balance, it can easily calculate the material loss cost by
multiplying quantities of each material (kg) by their unit prices. Table V-1 indicates that even if
you recover some material cost by external recycling, this is significantly small compared to the
material loss costs. Although external recycling is an important activity, it is more significant to
reduce waste generation itself if you consider economics.

Economic loss (loss cost) caused by material losses is not limited to the material cost. As long as
each process requires input of energy, labour, depreciation, and other costs, these costs are also
assigned or allocated to material losses. Waste needs treatment activities and this cost is also
added to calculation.

For calculation, MFCA adds all the cost information including material, processing, energy, waste
treatment and other costs to the quantity data based on material flow, thereby tracking the entire
flow of each raw material and adding the quantity and cost information to such flow.

Therefore, MFCA helps organizations analyze the economic loss (loss cost) by material loss not
only in terms of material cost but also associated costs such as processing, energy, waste
treatment and all other comprising costs.

5. Characteristics of cost accounting by MFCA

The calculation of manufacturing costs for a product is based on the following approaches in
MFCA.
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(i) Allocating costs to products and material losses

—  Product cost: Costs assigned or allocated to products that flow to the next process; and
—  Material loss cost: Costs for disposed or recycled items.

(i) Calculating costs throughout the process

Product cost at one quantity centre is accumulated as the new input cost in the following quantity
centre, totalling the input costs for calculation.

(iii) All manufacturing costs are categorized into the following four groups for calculation:
- MC: Material costs (costs of materials including main materials put in from the initial
process, auxiliary materials put in during midstream processes, and operating materials

such as detergents, solvents and catalysts);

—  SC: System costs (all expenses incurred in the course of in-house handling of the material
flows such as labor, depreciation, overhead costs, etc.);

—  EC: Energy costs (Cost for the energy to enable operations such as electricity, fuel, utility);
and

- Waste treatment costs.

(=2}

. Making material loss “visible” in its quantity and cost

MFCA calculates the cost of material losses which represents economic loss (loss cost) caused
by the material loss.

This helps you increase transparency of material loss throughout the process, using the
quantities of materials that do not become products as well as overall costs including energy and
system costs associated with the material loss.

MFCA makes —> Identifying issues
material loss

visible using —> | Recognizing points for improvement

guantities and

Figure V-3 Advantages of MFCA

By making material loss “visible”, MFCA provides organizations with opportunities to “identify
problems and recognize the necessity for their improvement” (Figure V-3).

(i) Identifying problems
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Through MFCA, organizations have a chance to realize existence of material loss and the
resulting economic loss, which has been overlooked by conventional cost accounting.

Many companies indicate that they monitor yield rate associated with the materials used in the
process. However, the scope of such monitoring only covers part of materials, processes or
losses in many cases. They often control main materials, without monitoring the amounts of use
or loss in auxiliary or operating materials. On-site operators may be seeing materials getting lost,
while managers of the manufacturing department, the production engineering department and
the product design department are not aware of such losses. This happens because the
company’s conventional waste management practices only focuses on handling of wastes in
typical cases.

In such cases, MFCA helps organizations highlight conventionally uncontrolled material losses.
Systematic approach for material losses reduction is started when you identify problems.

(i) Recognizing points for improvements

A company may be aware of material losses, but does not have appropriate improvement
measures in place. There are varieties of reasons for not taking improvement actions, such as
“This is standard operation,” “This is the result of past improvement,” “Capital investment is not
likely to be retrievable,” “We are busy,” “We do not have sufficient human resources,” and “It is
technologically impossible”. If you further analyze their claims, you may find out that they have
“given up or ignored improving”, not that “improvement is technically impossible”.

In such cases, the true problems lie in not taking actions to break through technological limits,
not in technological difficulty itself. Solving a problem is equivalent to breaking true familiar
excuses such as “This is the limit,” “This is the standard,” “That’s not impossible,” and “We are
too busy.” Recognizing necessity for improvement is signified to start improvement measures
beyond such excuses.

By applying MFCA, loss costs are identified including processing costs, caused by material
losses. In many cases, scale of the identified costs is far more significant than you had previously
assumed. Not a few managements are surprised at the enormous loss cost. They also realize
that cost improvement measures are more effective than their previous recognition, which often
paves the way for improvements that had been overlooked.

At the same time, MFCA presents an ultimate target for engineers: “the zero material loss cost”.
This ambitious goal urges engineers to make a breakthrough as mentioned above, through the
recognition of necessity for improvements.

7. Manufacturing loss cost seen through MFCA

Types of manufacturing loss in the scope of calculation and management by MFCA are as
follows:
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i) Occurrence and yield rate of material loss by process;

i) Causes for material loss by process (swarf, listing, set-up loss, defects, tests, etc.);

i) Procurement cost for material losses (main, auxiliary, and operating materials);

iv) Waste treatment cost for material loss;

v) Procurement cost for material losses sold to external recycling contractors;

vi) System cost for material losses (labor, depreciation, fuel, utility and other costs);

vii) System cost required to internal recycling of materials; and

viii) Material and system costs for in-stock products, work-in-progress materials or materials that
were disposed of due to switch to a newer model or deterioration of quality, or for such stock
that has been aging.

~
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Many companies manage the first three items above, at least for main materials. Unfortunately,
only fewer companies control sub or auxiliary materials on a corporate basis. Auxiliary and
operating materials are often managed on a process or equipment basis, and the quantities of
materials input (and lost) for each model are rarely under management. In some cases, such
quantities are managed in the unit of production lot.

The overall waste treatment cost (Item (iv)) is generally managed on a factory basis by waste
type. However, few companies identify such cost by material type, by product model and by
process type.

Companies are often unaware of losses associated with recyclable waste as indicated in ltem (v),
because such waste is reused as resources and sometimes sellable as valuable materials to
external recyclers.

Items (vii) to (viii) are difficult to be identified unless process-wide MFCA calculation is
conducted.

Many companies identify time loss due to equipment downtime, set-up and other reasons. Some
of them promote improvement activities such as Total Productive Maintenance (TPM). Such loss
is considered to be part of input cost included in equipment depreciation cost, and should
preferably used in combination with MFCA.

8. MFCA makes loss “visible” for each process

Figure V-4 indicates the calculation of MFCA, using a simplified MFCA trial tool, using template
data provided for trial of MFCA calculation. This tool is included in an MS-Excel file downloadable
from the MFCA website (http://www.jmac.co.jp/mfca/thinking/07.php) (in Japanese only). The
diagram shows the image of a calculation flow chart that include (Waste treatment cost is
excluded).
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Manufacturing process Material processing ':j Parts processing I:ﬂ Finishing MFCA cost total
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(Newly input | Newly input MC 50.08 0.0 0.0 ‘-‘?_“']‘::ml—’ 50.08
cost Newly fnput SC 50.0) 50. 50 zestment cost | 1500
Newly imput EC 5.0 3.0] 3.0 15.0
Cost handed |10t _ 0.0 - 890.3 - 122 4
over from MC from previous process| | 00| | 425 B 26 1
previous SC from previous process 0.0 42 5] 78 6
process [EC from previous process 0.0 4.3 7.0
k. h 4 Y
Total 1050 1443 177.6f
Process total
of input cost |Frocess tofal of mput MC 50.0 42.5 36.1
Process total of mput SC 50.0 92 9 128 .6}
Process total of mput EC 5.0 FE 129
Percent quantity of material loss 15% 15% 135%
Percent quantity of product 85% | 85% 250,
Total 89 3 122 6 151 151.0
Positive Product MC 42 5 36.1 30.7] |Productcost 30,7
product cost | Product SC 425 78.4 109.3] (et 109.3
o Product EC 43 79 109 109
Toral 158 21 ﬁ 64
Negative Material loss MC 75 6.4 5.4 Material 193
pl’OzIJi'l'lCt cost Material loss SC ? 5 13 _g 1 9 3 10:;1 cost 40 ?
fot Dririleo o 0| 14 19 o 11

Figure V-4 Example calculation by simplified MFCA trial tool

In this example, a total material loss cost of 19.3 yen is provided as procurement cost for material
losses, based on quantity of the material losses generated.

MFCA includes energy costs and systems costs that are assigned or allocated to material losses
as a part of the material loss cost. In this example, the total system costs for the material loss are
40.7 yen, while total energy costs for the material loss are 4.1 yen. By adding these two costs to
the material loss costs above, you will have the total costs for the material losses in the
manufacturing process, which stands at 64.0 yen in this example. This accounts for 29.8% of the
total costs for this manufacturing process (215.0 yen).

Such material loss costs are identified on a process-by-process basis in MFCA.

In the example above, material loss costs for material processing, parts processing and finishing
processes are 15.8, 21.6 and 26.6 yen, respectively. The ratios of products and material loss
quantities are calculated to be 15% and 85%, respectively. Because energy costs and system
costs from the previous process are included in the material loss costs for the following
processes. In other words, the manufacturing losses cause the greater material loss costs in the
later processes.
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TEEFER@: WGS I=HBITHEMRESIE Jisc

Decision 3 (Cairo 3)

Based on the Cairo discussions on the Committee Draft, version 2 of a
Committee Draft will be circulated in September 2009. The Secretariat will
aggregate comments received on Committee Draft 2 and circulate the
aggregated comments to the WG8 experts in preparation for the 4th WG8
meeting.

Decision 4 (Cairo 4)
ISO TC207 WG8 has decided that the 4th WG8 meeting will be held in the
Czech Republic in January 2010.

Decision 5 (Cairo 5)

ISO TC207 WGS8 has decided that Annex B should include new information
on cost allocation related to recycling and energy use. Prof. Michiyasu
Nakajima will lead this effort with assistance from Ms. Martina Prox, Mr.
Seakle Godschalk, Dr. Maryna Méhr-Swart, and other members of the
group.
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International Federation of Accountants

International Federation
of Accountants

e JFAC issued International Guidance Documents,
Environmental Management Accounting, in August
2005

» Category D liaison is approved in June 2009.
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AFERG) PhiERIFTMFCA 85 FEIMFCA SHREY—IL

TMFCA % Fik) OFHE Y —/ %, MS-EXCEL TIERL S 417z, IR 3 FEFHD
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77401 MFCANT o AHE5FE
T AN2 =T VT NANRT L AEEE
Ty A3 BN TR EE

7411 MFCA NSV REHR XBALEORRIZESLSIZHRETAXLTHATS

IR TOYELZ . EEBRELTHETHIHEE D, MECANSVR(ITYT)

DIRNGUREARMAGUR) —h

## format

Input Output
n A 0FH EOHS #DIV/0! =TOE - #DIV/0!
AR GE aZk #DIV,/0! 2Rk #DIV/0!
MHEm | Y= . =y = axk weE 0 axk

PMHEMBR | Fame | @ | ¢ |GEE | * w | " lEm P e | F | Em | "
[FHRIEA) #DIV/0! 0.0 #DIV/0! #DIV/0! 0.0 #DIV/0! #DIV/0! 0.0/ #DIV/0!
#DIV/0! 0.0 #DIV/0! #DIV/0! 0.0#DIV/0! #DIV/0! 0.0[#DIV/0!
[TEERYHA2)L] #DIV/0! 0.0 #DIV/0! #DIV/0! 0.0[#DIV/0! #DIV/0! 0.0[#DIV/0!
0.000 #DIV/0! 0.0 #DIV/0! #DIV/0! 0.0[#DIV/0! #DIV/0! 0.0[#DIV/0!
MHEOYE LR NNET 0.0[ #DIV/0! 0.0[ #DIV/0! 0.0[#DIV/0! 0.0[#DIV/0! 0.0[#DIV/0! 0.0[#DIV/0!
AR XS SRR #DIV/0! #DIV/0! #DIV/0!

BEEYLED AR B = ,,/ azk ,,/ £ B azk % £ % azxk 5

WELIRL (FHA/kg) | (k) ’ (FH) ’ (kg) ’ (FH) (kg) (FH) ’
#DIV/0! 0.0/ #DIV/0! #DIV/0! 0.0[#DI1V/0! 0.0[#DIV/0!
#DIV/0! 0.0/ #DIV/0! #DIV/0! 0.0[#D1V/0! 0.0[#DIV/0!
#DIV/0! 0.0 #DIV/0! #DIV/0! 0.0[#DIV/0! 0.0[#DIV/0!
EEYNEYE LOR NN 0.0[ #DIV/0! 0.0[ #DIV/0! #DIV/0! 0.0[#DIV/0! 0.0[#DIV/0!
AR ISK T BHEAEE #DIV/0! #DIV/0!

. = B - axk = a3 N =p q

IRLF—EELEIRE (M) ERE (FMm) % (Fm) % Fm) %

#DIV/0! 0.0 #DIV/0! #DIV/0! [#DIV/0! #DIV/0! [#DIV/0!
#DIV/0!

IRILE—aR LG #DIV/0! 0.0/ #DIV/0! #DIV/0! [#DIV/0! #DIV/0! [#DIV/0!
aARBISKXS SRR #DIV/0! #DIV/0!
s o= =P e . = e aXk .
ZATLARE Fm | * Fm) | P Fm | *

#DIV/0! #DIV/0! #DIV/0! [#DIV/0! #DIV/0! [#DIV/0!
#DIV/0! #DIV/0! #DIV/0! [#DIV/0! #DIV/0! [#DIV/0!
RT LR #DIV/0! 0.0 #DIV/0! #DIV/0! [#DIV/0! #DIV/0! [#DIV/0!
[ P M0 i Y- dp A #DIV/0! #DIV/0!

&l 255




T7AI2 ITVTIVINGORER KEALEOKRIZESIESITHRITIALTERTS

MFCARE 5 Fi&k MR, SIv|dLO—F5— MFCAR REIRINEERE. TREKRE
EXZESTO) WZHAR. Ovk[20095F 75 D1MA EERTEE 5,000/{@
TRINSUR . 5tE H[200948A 258 EREREE 4,950/ 1@
Input _ Output B8 S (FHAR) EDEFDARD
SER & Output £ N8 K Output Output® AER . =R
" - SERR G D =
A = | | TR T~ | |ARED | I _
B oramurtms| "E | R meay | wg |BEBE B opoo| B s | pe |2 |HHAO ER(=
= o (a) L = g8Fhd | L o £z L | BFH(d) | e-d)
1) h3E £ (b) a—b)
1% (HE) 5,000.0| A& RE 4,950.0| & 500|KX [FE& 50.0| &
I ESE) 500.0 kg 0.1|kg/{& 495.0 kg 5.0 kg 5.0lkg 5.0 0.0
2| LFRREREE 501.0 kg 50.0/g 247.5 kg 2535 kg |@iEAVE 125.0|kg 253.5 0.0
o EE=PN ] 500.0 kg HEIODR 75.0|kg
*AER2 : pnEEEl 0.5kg TE& 25 kg
- [AER3: FEaH| 0.5 kg IN—=T% 51.0|kg
3| HEEAI 40/kg 0.6lg 2.97|kg 1.03kg | FB&H 30.0|g
0.030|kg 1.030|  0.000
SRR/ RE 1.0/kg
4| FHIREI 6.6|kg 00lg 0.0/kg 6.6lkg [ERKR) 6.6|kg 6.6 0.0
it IMBEE 1,011.6/kg 7455\ kg 266.1 kg
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7743 OREMIAYMEHER HEFIDRANEEDROYHBIMIITOERA
NEALEORRICES&LIITHREIAALTHATS

#E-UHIMT RO EBEMBOITITILINSUR
EMBE: TS

If84 |BAMH EQORS BORG | |[BOHZAR
YEEEH NE H= HuYe| ¥ w%
AT | B | AIEE | B ke B3 & | ke/fB ke
| ._iBf _ | 320000kg _ | - 310000kg | 10000 259 7000{ RIFE(E
“vIvEAm [ 10000 & 12400|[= CIENHH 4200( RIFE(E
(Ao yrER) 20 kg/{& 25 |kg/[@
(4vIyEAERD | 200000 kg
ws—sgAED [ 120000 kg
INEL 11200
=82 T8 —1200| @7 rzomzEs)
| 8% |  _3800ke | 19215ke | 18785 il 9500 0.19 1805
9500 @] 9150 & B 150 0.21 315
0.4 kg/[A 0.21 kg/{@ M5 EFOR 200 0.21 42
INEF 1878.5
EZ82 TH 0
| REME | 1995 ke | _ 1868kg _ | 127 | BEEEOR 9500 0.01 95
(132) 9500 {& 9340 & B 110 0.2 22
(2avh) 0.21 ke/{@ 0.2 keg/{@ AR 50 0.2 10
N5t 127
=2 TH 0
L._8El | _1872ke _ | _ 1392kg _ | _ 480 oy 9360 0.05 468
9360 {& 9280 1@ TB 60 0.15 9
0.2 kg/f& 0.15 kg/{& #E 20 0.15 3
NEE 480
EZ82 TH 0
| BR-BE | _1392kg _ | ] 13905 kg | . 1.5 TR 5 0.15 0.75
9280 & 9270 1@ YIS 5 0.15 0.75
0.15 ke/{& 0.15 keg/{@
INEE 1.5
=2 TH 0
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HE-HINMIROEEMHOITYTILINTUR

T7ML3 QNI AYMEHER BELEOROYAIMITOERA
NEALEORRICES&LIITHREIAALTHATS

IH#EEL: TS
BAMEYE |[FOHKME BOHEM| |BAORIAR
IE4 MEEE NE He Hluts = "
BIEE BT | BIEE BT kg Bk, & | ke/fE kg
L._ter | 2500 kg _ | _ 2 2254 kg __._246 Bz 200 0.25 50
(%2 100 & 9800 {& B 105 02 21
(B EES 25 kg/ 7 0.23 kg/{& DL} 9900 0.018 178.2
U\ 249.2
=8 T8 -3.2|vvmostEss
|SE RO | 2185kg _ | _ 1868kg | 317 wE 9500 0.03 285
(%= 9500 {& 9340 & B 110 0.2 22
(BEIES 0.23 kg/{& 0.2 kg/1@ HER 50 0.2 10
INEE 317
EZ82 TH 0
L. _UIEl | _1872keg _ | _ 1392ke | 480 oY 9360 0.05 468
(%= 9360 {& 9280 & B 60 0.15 9
(HAEER) 0.2 ke/{& 0.15 kg/{@ HE M 20 0.15 3
INEE 480
=2 TH 0
| @& |  _1892kg _ | _] 13905 ke [ . 1.5 FER 5 0.15 0.75
(#E) 9280 & 9270 {& YT 5 0.15 0.75
(BEIES) 0.15 ke/{& 0.15 ke/{&
INEF 15
ER2 TH 0
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7413 OHHMIAYMEER: SREVEREMTH
KEALEORRIASLIIHRETIALTHAT S

M (HE. R BAME R L-VOHHORATR, MIEHE, MO EEGE
- " = RIRYEED IS e ” o e = EROMIZOERITHEDESITHIE LR
ABC, T=1.6 ERATIMHOLKREESR DHEBEDY MIBRERFMEHE LB RHEMFCADEEEH EMTCEHELIMFCAD B BEHE
HE | HH HE | HH HHEE | MAEE | EEES |[RE| MIR MIR | SRANLIAEE | MISEE | MEOAGE | BERE | NISEE |IISEE | #HORE
R RES | wus | B gioE | i | vew | ok | o] me®s || g X e/ e/ [ et abi o | GRee [ i bte g | g/ 1B | BN/ 1
(ABC-16-01 3%x6 1,829mm|  914mm| 1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-001 | 2{@&| 1.360.0mm| 188.0mm 6.42kg 13.12kg 7.88kg 0.17 1.11kg] 7.77kg| 13.22kg|
ABCD-002 | 1{#| 1,124.0mm| 474.4mm 6.70kg 1.00 6.66kg|
ABC-16-02 3x6 1,829mm|  914mm| 1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-003 | 3{& 769.0mm| 483.7mm 14.02kg]| 14.02kg 6.98kg 0.95 13.27kg| 13.27kg] 7.73kg]
ABC-16-03 3x6 | 1,829mm| 914mm| 1.6mm| 7.85 1,671,706mm2| 21.00kg|ABCD-004 | 1{A| 1,538.5mm| 801.5mm 15.49kg|  15.49kg] 551ke| 096  14.93kg| 14.93kg| 6.07kg
ABC-16-04 3x6 1,829mm|  914mm| 1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-005 | 1{@| 1,743.8mm| 846.0mm 18.53kg] 18.53kg 247kg 0.76 14.10kg| 14.10kg]| 6.90kg|
X6tk ARt
EEEH
B * +
15 ERLEESROEROMIADOER(EOHTR) | aon | zon
[2&BHMFCAD EIEEHE B | S
HHEOME (HHEAZE| ERONIEE (MIES&| MIKORE
ik € /1%2FE /15 /1% BT ORE [HEYR
1542 314.95kg 16.66kg| 116.62kg| 198.33kg| 63% 37%

99.96kg
154 314.95kg 199.01kg| 199.01kg| 115.94kg| 37% 63%

158 314.95kg 22391kg| 223.91kg 91.04kg| 29% 1%

15%%| 314.95kg 211.52kg| 211.52kg| 103.43kg| 33% 67%

6045 (1,259.80kg 751.05kg| 508.74kg| 40%| 60%
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FEMEtO a2 (WE) &, BARMeRARL X NEBE TR DL, HiloelEE o
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FHICAN U CBRBERE 2 M HEE T D~ 3 O A v MEREIRMET D 2 L h | BRE
81X MFCA O RARMEIZ Jj & A CTVWET,

&2 AT, MFCA 2 TIZHAT « B L7 ik, MFCA I281 %7 — & JIE D IEHME S
ERUCEINDHRWET, MFCA Tld, Mt & — L ESMEe 2 2 H1E 3 2 TR HAL
TEIHEL, MEtr 2AOMBIEEZFE L, S LM A0 TESCT RLX—F i
BUET, MFCA TOMEIr ZX TR T () OBEED 25T, 2RAME
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MEtOv 252 ET L2 X, FMEor 20 a2 NORRMEORE 2 & T8, %
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- FHIRAE: 6.6kefEFH EHK L HFTEAY)

ERGRTREAL)NEEF 20 ke
- [EYRZEAE : 150k
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Input Output
= 1,474FH EDHE 1,164FH BOHE 310FH
L A ’ AR , AR
*X)\jxl“cl n+ axk 79% axk 21%

I HEEM | 9= . axk . £ axk L . axk .

MBEMBR | tmie) | @ | | Fm| * ww P lEm | e | Em | "
Sy Ik 1.000[ 5000 49.4% 500.0] 73.5% 4950 48.9%| 495.0| 84.1% 50  05% 50/  5.5%
JLEES 0.319] 501.0] 495% 1600 23.5% 2475 245% 790 13.4% 2535 25.1% 81.0] 88.7%
AR 5.000 4.0 0.4% 20.0 2.9% 30/  0.3% 149  2.5% 1.0 0.1% 52 5.6%
HIRF 0.025 6.6 0.7% 0.2 0.0% 0.0/ 0.0% 0.0/ 0.0% 6.6 0.7% 0.2 0.2%
HEOYMELIR DG 1,011.6] 100.0%] 680.2] 100.0%| 7455 73.7% 5889] 100.0% 266.1]  26.3% 91.3] 100.0%|

REWLED | NIBEM | HE ¥ axk % = % axk % 2 . EPS %

MELaRE | (FF/ke) | (ke) NG ) (k) (FH) (kg) ’ (FH)

EPN 0.050] 2535] 97.1% 127] 94.3% 2535] 97.1% 12.7]  94.3%
HEEA 0.100 1.0 0.4% 0.1 0.8% 1.0 0.4% 0.1 0.8%
FIRF 0.100 6.6 2.5% 0.7 4.9% 6.6 2.5% 0.7 4.9%
EEYuEYELaXNNE | 261.1] 100.0% 13.4]  100.0% 261.1] 100.0% 13.4] 100.0%

IRILF—BE "1 = =Py JR bk =4S ’

azk xm) | ERE Emy| * Fm) | ® Fm | "
B H(kwh) 0.200]  400.0 80.0] 100.0% 59.0| 73.7% 210 26.3%
IRILF—aRRINEE 80.0| 100.0% 59.0/ 73.7% 21.0]  26.3%

o= =l 4 =P q =l 4

ZATLARE Fm| * FR) | ® Fm | "
HEE 500.0)  71.4% 368.5| 52.6% 131.5]  18.8%
BT A & 2000/  28.6% 147.4] 21.1% 52.6 7.5%
SARTLARR NG 700.0/  100.0% 515.8] 73.7% 184.2]  26.3%)

EFREOFEIT, MS-Excel T7 > 7L — FAMERRSN TR Y, TREOLEREZLAT S &

a2 MENBHBICHAE TE 2 X515 T 5D,

(1) D=7 VT NNT o 2ZEFER T, MEORERNIZ, ToTAWEL, EORGOY)
B, AORGOMENSMHY £ Lz, T, MEOEMiZ RS IUE, MBI
HEOHB AN AORGE IR MRFRETEET,

(2) BEFEMIRE D 3025 b DIZHONWTIL, ENENDOERE A 2 e T hiL, D=3 X b
PR TEET,

(3) =X F—axb, VAT LAANMIBLTYH, ZELOEARSL TR RSN
X, BHRICEOEL X9,

FIg9) AR MEEOZITW@EH) ZLTHE S,

IHT, T U TATa—B X0~ T ) 70 2OWEBERARIG, FhICESWEa
A NFHERFET LTz, BB EMIRT 27-DICRO L HICRKICELEDDHZEHLTEAHTL
Y0, Flo, ZOXIRKRIZTF TR, M7 70K 7 77 ERIEHLT, —BET~YT
U7 ZADRAERGODLZ S 2R | a2 Rz RE-0352 L b AMATT,
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Input Qutput
o P 1474FH EOWS 974FA [ aong 499FF N
*XA:IZFI:IE-I- Iz~ 66% ‘lxl‘ 34%/
3 2 ' =) 4 ' = aXbk ' = - =p e
wreng | T008 ke A e R e - R -
Ay 1.000| /7~ 5000] 49.4%%C5000| 7354}  4950] 48.9% 4950 84.1% 50/ _05% 50  55%
JLERER 0.319 \ 501.0| 49.5%L71600[ 235% 2475 245% 790 13.4% @. 25.1% 810/ 8874 5D
EEH 5.000 40[  04% 200 2.9% 30| 03% 149 25% 10/ 0.1% 52|  56%
FIRF 0.025 66/ 0.7% 0.2 0.0% 00| 0.0% 00| 0.0% 66| 0.7% 02| 02%
MHEHOYE LR NN 1,011.6] 100.0% 680.2| 100.0% 7455/ 73.7% 588.9| 100.0% 266.1|  26.3% 91.3| 100.0%
e pre=y
RS S HM AL E [@X2)) C 4004 C 62
BEEMNIED | NIEBE(T e % Rk % £ % EPYS % £ % EPYS %
MELIRE (FH/kg) (kg) FHD (kg) (FH) (kg) FHD
BEEYINEYE IR NG 261.1| 100.0% 13.4] 100.0% 261.1| 100.0% 13.4| 100.0%
AR xS BIERLLE 0.9% 0.9%
IRLF—RE EXi . axk % EQL| axk % B0tk | 3Rk %
=) (FH) FHD %) | (FH) % | (FA)
EH(kwh) 0.200 400.0 80.0| 100.0% 49.4%| 395| 49.4% 50.6% 405| 506%
IRIILF—aRNDNE 80.0| 100.0% 395 49.4% 405 50.6%
#BARN KT DR E 5.4% 2.7% 2.7%
FAThARE G| ¥ o | G | ¥ S| dm |
FHE 5000  71.4% 49.4% 2470| 35.3% 50.6% 2530 36.1%
B E A 2000  28.6% 49.4% 98.8| 14.1% 50.6% 101.2|  14.5%
SRTLARRNG 700.0| 100.0% 3458| 49.4% 354.2] 50.6%
BIRMH T HEMLLE C 47.5% 23.5% C 2404

ZOERORNS, T2E 21X, LTHEHATZER

ijao

SNEE LT, RO 6 HERHLNERD

(1) AETOFETHE, FEEN 1% THS7ZN,

34% b D T LB oT,
(2) 2FEDOaAMON, T VTR KN TVRAT AR NRERZIRINES
FER T TH LN, &F

(38) =T UTILOEAT

T v 7 R0 KREW,

(4) AT

(5) BEAA.

ARANT, HE
BRI X TH 5,

(6) HE/EFHEBIZ, VAT LA A MDA
TSmO IEAL (FofliEEE

b3 4

BEERHDH D |

MFCA

X, v 7 FEFARAMOERIT

BIAN~T U T I

9.4%) THEIKL7=Z &2k 5,

FIFg10) MFCANTG D REHBNSRINEZETN?

Fo. SIS, WITRLTWDH X DIZ, MFCA NT o AEFHERN D

MEETHDLZ LB ET,

18

/N

=YL

Nt HE, AL LIS, FARGSSEREIZS W,
GHERE BIT/INE UV,

TTH D,

BREME»S b
AT REWVDIZ

WD 5 DD
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Input Qutput

BADR A E 1,474FH Eg)ﬁ.ﬁ: 97;1:;H (ﬁg}f‘l{ﬁl 492:|;—F':J \
b B w J

saesnn | TR0 o e w | * lam| * | g | ¢ |G| s
Ay 1.000 5000| 49.4% 5000/ 735% 4950 48.9%| 4950 8a1u| [ 50| 05% 50| 55%
JLRER 0.319 501.0| 49.5% 1600/ 235% 2475 245% 790 13.4% 2535 25.1% 81.0| 88.7%
&R 5.000 4.0 0.4% 20.0 2.9% 30, 03% 149  2.5% 1.0 0.1% 5.2 5.6%
EIRH 0.025 66| 07% 0.2 0.0% 00| 00% 00| 00% \_66 07% 02| 02y
HHOYMELIR NN 1,011.6] 100.0%| 680.2| 100.0% 7455 73.7%| 588.9| 100.0% 266.1] 26.3% 91.3| 100.0%
FBIARNIH I DR E 46.2% 40.0% 6.2%

BEYLED | WBEE WE “ azxk % WeE “ azxk “ WE W azxbk %

| _#ELaxb (FH/kg) (kg) (FMH) (kg) (FM) (kg CEED

JLRER 0.050 2535 97.1% 127]) 94.3% 2535 97.1% 12.7|  94.3%
HEEH| 0.100 10| 04% 0.1 0.8% 10/ 04% 0.1 0.8%
EIRH| 0.100 66| 25% 07 4.9% \_66] 25% 0.7]  49%
BEEYPNEYE XM 261.1| 100.0% 13.4] 100.0% 261.1| 100.0% 13.4| 100.0%
FBARNH I DR E 0.9% 0.9%

IRLE—BE B ERE azxbk " EQL | azk % ADL | axk Y

=p4S (FM) (FH) W | (FA) Ew | C(FA)

B H(kwh) 0.200 400.0 80.0)) 100.0% 49.4% 395 49.4% 50.6% 405 50.6%
IHLF—aRMNG 80.0/ 100.0% 39.5| 49.4% 405  50.6%
HBORNIR T AR 5.4% 2.7% 2.7%

YATHARE Fm| oo | x| S| e |
FHE 5000|  71.4% 49.4%| 2470| 35.3% 50.6% 2530 36.1%
B E A& 200.0]  28.6% 49.4% 98.8| 14.1% 50.6% 101.2|  14.5%
SRTFLARRNG 7000 100.0% 3458| 49.4% 354.2|  50.6%
AR DI R 47.5% 23.5% 24.0%

(1)
(2)
(3)
(4)

(5)

FIE1 1

A0 a A NI, FHCAORGLOMEIOME L 2 X MIERTRETH 5,

AORF A MIBWT, BEELAHED KRS VWEENL, EEET XX TH D,

B EODT X LT —a X MBI LT, 72& 20E, AT X FOHIE ERiEt

. BRI TOETR) TRLINETHD,

VAT AR MIEBWT, BUEAEIIEEE THD Z Lnb, BT 57201

FBERZEHODL LPRNEEZLNLOT, ZIZTIERREEL I LR,

—

THERICEALTH, AT X M CEBUE) LW O BURDORETT 5 2 L

TX5TLX I,

) RTYTILINSADITYTZILOXDSH

ZIVETDO MFCA i OfER, ~7 UV T AT 2GR E MFCA N7 o REFHERN

B S, =7 U7 vu AT LT, BAESAT AR, SHITF =2 MHMBERICET S

BEWMESDLIZENTEELE, ZROLOERETIZ, WO IIZ~T VT a RA&50 L
THEL LI,

V¥ 7 hoBr AT, RETERTEELTWD,
SHRETETRHESNTWA 7T, B LREICERR’S 5,

= Uy 7 EBRARRTIERLS, AR ARTHHTZDIT—FEICREESIND,
TAO AL, WOFEEO~T U T7a ZANREL . WIS IEENEK T,
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@ i LH LEE TR TO/ =T
@ WA > N LR TOEHE
@ WFHITRECTOHI Y B A
= 5FE T, BATHD ERBML TV Rnodz,
o BEEAIEABF O AT, LA TERTEEL TV,

FIg12) MFCADOHHicoim L-RELZEES S,

(1) METRET~T U T A RAEFEERREAEL TS,
SRR TR, ARMINEZ AR WTRTH D,
SARRDFETHZ ENRYRER-oTND,
= MR R RN R REAT2 0 B D D,

(2) FLOBRRIHOWVWTIL, TNETNO TR TEARKOBIEE, 7 AOHEEIT 7
IMEND D,

(3) BEA. MBANL, EWHE T, AT EE RETLERD D,

(4) FAMARH LR TR TR, 7B, BARLIZIHoT0nD
=IE (L) X TPM %50 FiETRIESIT LET DRERH D,
= HENML O FREME A ETT 2 ENR B D,

FIE13) REHEZIALTTEHBRETHELT 5,

MFCA O #rfERN e, ~7 U T r ZOFRERCKREREZTH L TH, T OMREDME
WEFATLRWVWEERDR DY ¥ A, MFCA [ZXDBURGIT A2 F 2 T, REREEZ I
L. 612, BEFEOUWEOTDITITEOUEHEZ AT 5 2 LA REITT,

TRORIT, WEFHHZELOLLOTYT, ZORIIRINTEEIIT, WBELERRE
PR LB BRI BTV ET, £, mEALUL, HNE S U ITRYSEE A
WHODHZ LT, IbiTE, WEAEFEANICHEREARET HZ LT, ZodE
IZBWT, ENFET ORFEDRNDEHFEEINLIMFCA © 2 A v 7 — 4 ZnlZHHATEE T,

O &I, B & SGEDOEBLAREME A IR LT, BERE OFEBUTWMIT 2D
WA ZBAT D LS, BELRFOME CHEEMBEZERTHZ L 2FEERL TN,
ZIZET, w2l T< MFCA 5 FIEZFRITL TWEET 5 Z L 2L bE> T
7., 49<, MFCADE 2 Z Y A THEL X 9,
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IE  |No[ozS4-BEORE [ HEOFAL T [HY WEE B WEDR
FHR - BARKCAE TEANCE DB |y, s
JL8 LS el Fo—rhy) |BE 5 HE50% IR
EEHEOREL ‘ 8 R 30% B3R
g | THORAMKED |gArmonEL  |HE (PRTR}{%)
FFHOORKEN |, : 8 R 0% HIR
S |mysmaLcng | OBE BE-TH (PRTRAR)
FHR- WHRRIAE TRARCEHUE( |, Q
[ veevoge—tng)  |BE HHR0% MR
\—T#50%HIH
FH LA 5 [/S—oHAS 1095 e —— o Qﬁ%)\iwﬁm
¥ £LTLNB “ O LR (YT H) OB
BEEAL
o |[SIVFBRENS \sqonmnnmE s B T8 S0 R 20% A
. ) Fyb T 55091
gyt | 7 [DAFRASRRELT lypenonm  |BELEER lpumazonn
mEE T LHE(SYFH) OB
T HI 2 50% HIl 8
wa | o [HARMISUBELT lyprnoREL  |ME RREE  [HEBARONE
TLBRESYFH) OHIE
— 5 - EE T E
£
R E s |[RPEEE-SE  [MIROMA
BETR |10 ST A RBRRCEST \mpnin wEf [BEA- BRAORE
i (PRTRHR)
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6. MFCA S FE0BBMIAMESTER (MS-Excel TERL)

MFCA fii 5y FiEo7 v 7 L— k& LT, 58, MFCA ffi%) PO EE~ =2 7 /L Dh
THBALI=~T U T ANRT v 245K, MFCA NT v 2EFFROMIZ, BN T AR
HBEND D,
<~ T VT NRT v AEEEK, MFCA NT v ZAEHEICHOWTL, 5 BiTTTIZHMA LT
L0, TbLEZRLTWEEE, 22T, BN THAYEHRERORN 255,

B TR S MFCA BHRZAT D #lC R, ~7T UV 7 v omEitie+ %
72O DOFE format TH D, 72720, ZOHMAXMGEDO T 0 A% BN T8O EFRIZIRE
L7,

BN TSRO 7 1 AT, E-2BEEMN, EMEIOWYIHIY CH 2 & E%EOME
FOZ LR, MiBAEE L CUHIME A L, BERIIT R b 0D, EHMEHZI
REEMEL IR RNLNAEN, ZDH, MFCA #4919 CEAT 5ERICIE, MFCA #HE %!
LOMEZ, EMEHTRET 5 Z L b2,

FORDY . ZO L) REBINT RO v¥ 2 Tid, MLIC L - TEEAABE, &
BB E LB LT 1L ROMENOEBEO RSN TEDL TRMHET S22 bH
V. ZOWEFENESNEH LY, BN T RO 7R R X, MFCA B3 EF RN LS
bIRNG, ZOERPENDOIE, ZOZLICHLERIHD EEX LN TN,

ZOTD, I T RO 7 ' 22BN TIL, 2) TRz T=F7 U T ART v RERFE ]
ORDOVIC, MTTaEADOZ A THNZ, MTTRICH > e FE 21T 2 HXOFHE
format THBUIN AW &R 21ER LT,

ML7avA0x A TRIE LizOiX, BT T 7rtA0% A 7T, MLTE, #
Bt 2 A7 m 2D Z A7 MEOEHEA L WEFETENRR D20 TH 5,

TITIE IRETIC, BN DA EEHREROERK, MEEATE 2, kD 3 SONL
7't A® format [Z OV TR T D,

A) HEEEZOBOEEIIN T 7 vk 2
B) #5iE (XA HADN) LZOHROUHEIINTL Y 7+& 2
O NC#Lvy b F U 77 LA NC L—HF—IITHEEIC L@ T 1t 2

IO O THYEERIL, TOEEAHTL LB TES, LarL, BT
DEATFEHELIZENW-ThS, 207 a2, ML ER, MBEMEE, EPERME YT
FORRDZLENREZ, FLBEICI > TL, B THRA RERREAR > T0DH 2 L b
HO., O LEHEZEESEWI EbH D, o T, WEIN LY EIEREZ -2
2, EBEoOML7 ot FHAMECADE T, ZOHBEHIEEZ I AY v A4 XS TH

22
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M5 a5,

7277L. A, B). C) #NFn0F ot 2 LIT/ER LB T Y &35 £ 1L,
MS-EXCEL OO & DD sheet I[ZILE->TEY, ZOHBETIEEDAZ A XT 5 L1,
%/ &% MS-EXCEL # iV MEN T, +IC RECThH D, £ 2t AlElo TMFCA
fii S i) % Fv iz MFCA SEAKREFETH FEIES LTV D,

LIF, ERE 3 DMLY ot A THER T & 7o TR &R R R AR T 5,

A) BENTIAMEHER BELTOZOYHMIIOERAA

FHEEL: TS
BAHHYE |[EORGYE E0HGA | |BOHERAR
IE4 WEEE NE B= HBiYs = e
BIEfE By | BIEfE B4 kg E%k. BT | ke/{A kg
| _DoeE | 2500 kg _ | _ 2 2254 kg | . 246 i) 200 0.25 50
(B2 100 & 9800 & B 105 0.2 21
(BfIE=) 25 kg/ 7 0.23 ke/{& DL 9900 0.018 178.2
N 249.2
=8 T8 —-3.2| vBoitERE
| SE BMLEE| 2185 kg _ | 1868 ke _ | 317] = 9500 0.03 285
(#=) 9500 1@ 9340 & B 110 0.2 22
(BRER) 0.23 ke/{E 0.2 kg/1{& HER 50 0.2 10
INEE 317
=2 TH 0
| _BOEl | _1872kg _ | _ 1392kg _ | _ 480 DL} 9360 0.05 468
(B2 9360 & 9280 {& B 60 0.15 9
(B ES) 0.2 ke/{& 0.15 ke/{A o 20 0.15 3
N 480
=% TH 0
| A | _1392kg _ | _] 13905 ke | . 1.5] TR 5 0.15 0.75
(%2) 9280 & 9270 & TG 5 0.15 0.75
(B ES) 0.15 kg/{& 0.15 keg/{A
U\ s 15
=2 TH 0

o MmO LTI, &0 TN, B OUIWNSE A X — T 52 LR, F220
YW THE & U TR O 0 By, Wk OBIE2Y, MFCA IZH &3 ~F U 7a AHIEOE
T—=<DOEDERABZ NG, EFEO format & LTV 5,

23
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B) M IAYMEHER HE(FIHRANELEDOERDOUAIMIIOERA

FHHEEL:  TILS
IR |BAME EQHS E0HA | |BOHERNR
WmEEEt NE HE |[HuY= | = =
AIENE | By | AIEE | BT kg E%k. &FT| ke/{@ kg
| _ & _ | 320000kg _ | _: 310000/kg | __10000 239 7000 RIFEfE
(oTvhEA®) | 10000 8 12400/([E] CIENAE 4200| PIFEE
(AT vhER) 20 kg/{@& 25 |kg/[E]
oIy RAER) | 200000 kg
ws—>HEAED | 120000 kg
Nt 11200
=2 T8 —1200 | @iE7Lz08RS)
| s [ 3800kg | 1 19215ke | 18785 e 9500 0.19 1805
9500 @ 9150 & B 150 0.21 315
0.4 kg/E 0.21 kg/{A IbEFAR 200 0.21 42
INEF 1878.5
=%, TH 0
| RELE | 1995kg _ | _ 1868kg _ | _ _127| | BEEEOR 9500 0.01 95
[Aw)) 9500 1& 9340 & B 110 0.2 22
(avhk) 0.21 ke/{& 0.2 kg/1@ SR 50 0.2 10
INEE 127
=2 TH 0
|Gl _ | _1872kg _ | _ 1392kg _ | _ - 480 DL} 9360 0.05 468
9360 1@ 9280 {& TB 60 0.15 9
0.2 kg/{& 0.15 ke/{& BESR 20 0.15 3
INEH 480
=2 TH 0
| BER-RE | _1892kg _ | ] 18905 ke | . 1.5] = 5 0.15 0.75
9280 {& 9270 & YT 5 0.15 0.75
0.15 ke/{& 0.15 kg/{A
U\ s 1.5
=2 T8 0

i, XA DA RNGOMTIZB T AFEMBOT Y 7o X3, 00X HEDE LT,

ROEI L LDNRH D,

BIERFOENE (T T — &IN5 280 H %), FTROARM, MR, 72
M, D) X =M e LT, BRUOBEMTRETRATLIZLBEL, 1

ALEBZTWRNI ENZ N, EEEICHEIE I R L1372 57200, FHE,

T OO F X —TERIIr A TH D, MFCA N7 AFHRE T

VAt

ZoLi

V2= MOMBHEOREMiZEYn s LTHETSE, 29 Lz X —Dr R

Z, Ml TE %,
GIHI RIS 5810 k)

FoM, N7, avy b, GEEOTRETIX, JoME 2B s LTHERT S, 2
o DOMEE MFCA BHEICE D D561, ZOFE LT, =7 U T AT o 28R

EMWTEHEAT L Z &2 B80T 5

24

&%l 283



C) #WmIAMEHEE:
NC ALY F I TURNC L——MIHFICLSREMITOERA
We7 VAIMLOETY, ERISEARE, St &EEDS Tk, —MKiz, ko
EoRF oA TINLEITH,
O NCHLy MU FUTT LA HDHWE, NC L—F—INTHECLY, &
R EMHEN D KRE 2 S . T E O, R —Eh, SRR R
HIEBEFEOREIMLAEIT D, ZOBRICHAET D r AL, AN, ]
EHARRETHD, ZNOHOMEN T 21, ITESOREIFIR & ~Hk, ME
DRI, R IZXVRE D,
@ REILHZIC, AT, #FmL, &ML, WENL, Mk & 217
Do ZOBCHAET D RL, FHWMBAOBRATHD, RNEM, 7 X M,
LN fEiBEDn AR Th b,
ZOFHED format 1. ZOEMRO T, HEHIE D LISFEMICHIT 5.
£, FHT BT, BEANICIIESRORALDOT, T0 1 &bz 0EEIL, FTo
ROEHIZ, WMOEE XIFEXEXLLETRD LD,

= " - REYBFOIS

ABC. T=1.6 FRTLIMBOLKREES DBH B
R ) HE | #E HHER HHEE | REEE |BE

£EETEES | HUL R Hig RE | HE /N /A | MeEs | /1K
ABC-16-01 3x6 | 1,829mm| 914mm|1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-001 | 2@
ABCD-002 | 1@

ABC-16-02 3x6 | 1,829mm| 914mm|1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-003 | 3{&
ABC-16-03 3x6 | 1,829mm| 914mm|1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-004 | 1@
ABC-16-04 3x6 1,829mm 914mm| 1.6mm| 7.85| 1,671,706mm2| 21.00kg|ABCD-005 | 1{&

OOHEEMLFO o 2T A LIMEtoEES RWOBEBOETH D, BaDOEEIL
Han 1R LIz 0EREANME L, 1HORP RN D BEZNTIUTNWET TH S,
Ll 29 LRz dAapE, ZafEdb  &AEIl BV T, BN IEFIZE <,
MO UAEPEDOBED/NS VY, 29 LEEROMGEOERZHET 2EE L. AX vy 70

DIRNFUNMEZETITEMICZ2 D & Bbh D,

ZD7, WHHICEEZRD D HIET, BEOEEFWET L2 LICLT, TOED
X921z, ZDFE format Z1ERk L7,

ZOROFHEGATIE, HEMTIZLY TELMLEAEE, TRTEHHOKRE AL
TRHET 5, B3R, EFER AT S “ABC-16-01" TiX, 1 D n>5H ABCD-001 % 2 @,
ABCD-002 # 1 fHCT& %, ZHENOHMMOERIL, Z OME X & S XHRE X HE XL
e (B CHETE5, zo@EET, AFF13.12kg TH D, ABC-16-01 TEAT 24
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BroEEL, ATEORTRLIEZL I, 21.00kg TH D, t->T. ABC-16-01 &, #Et 1
Ko47=0 o kb 2%, 7.88kg L7325,

ABC.T=16 | BBUBOHE

=] A f" —fi .,—. =R
DIEH B MIBRERARLAELEESNEMFCANERE

HEES |[mH| MIR MIGE | BRINISEE | MIKEE | MHOREE

£ERTERS HIES | /1K g B INSH/REEHAR [ NER /AR | et/ B TR
ABC-16-01 ABCD-001 | 2{&| 1,360.0mm| 188.0mm 6.42kg 13.12kg 7.88ke

ABCD-002 | 11| 1,124.0mm| 474.4mm 6.70kg

ABC-16-02 ABCD-003 | 3{E| 769.0mm| 483.7mm 14.02kg 14.02kg 6.98kg
ABC-16-03 ABCD-004 | 1{&| 1,538.5mm| 801.5mm 15.49kg 15.49kg 5.51kg
ABC-16-04 ABCD-005 | 11@| 1,743.8mm| 846.0mm 18.53kg 18.53kg 2.47kg

RAEWE BB LML, I RE, AR, RRBRE, BEMIZR> TR H D
D, ZOFETIEENERBEL WD, 72720, 29 LiziEmik, @5, BloHdmzinT
TELZ LT LAER Y, ZOXIRBEDHFETYH, ZOEORESMLOME 2 2%
EFRL, BEEICORIT L2, AOTH D,

LML, LT 2EmOFITIE, ZARICITWERS., LR ORIRE LIz, B5EoF
DEMELH D, £ O LIcEimZ LT 256, LiLOFEFETIE. MEtor 2§55 %
FHINEKATLEY, ZOXI RGEAE. EBREOHMOBERELMIET HZ LBNET
H5,

TOXRD format (T, EOMGHREREFHE N TROI-EHEZ, EREOMMOEREITIT
DU DMIEREEE 0T T, M 1 T L OffIc o HE, EEMIC/ o EHELZRD
LEEDOTH D, KT, #idh ABCD-001 (X, MilEMARES 0,17 £72->THY, 25 LIcEhdn
X, COMIEOBEWRMAREV, BMIERHIT, CAD %S CHEOEREZ FHHETIUTEMR
HLOERDDZETEDHN, IWIREZR T, TZO=MAFOEHMT 0.5) 7oL READL D HK
b x5,

ABC. T=1.6 IRERYBFOIE | EROMIGOER(CHRDLIITHIELLE
N ) DIHEDLE ENTTHELEMFCADEEHE
HEES |WN | EEAE | MIREE |MIGEE | HHORE
AERTERS MBS |/ | FEC | E/AER | e/ | BN
ABC-16-01 ABCD-001 2{@ 0.17 1.11kg 7.77kg 13.22kg
ABCD-002 | 1{& 1.00 6.66kg
ABC-16-02 ABCD-003 | 3{& 0.95 13.27kg| 13.27kg|  7.73kg
ABC-16-03 ABCD-004 | 1{& 0.96 14.93kg 14.93kg 6.07kg
ABC-16-04 ABCD-005 | 1@ 0.76 14.10kg| 14.10kg|  6.90kg

B, ZOHRESMLIZBWT, 1 2OAERTRESTDO L O T, HEOKEOM LE21T 955
AT, FROHETROE-ERIC, BHENTHZ LT, 1 OOAERROKEINTICHBT
5 MFCA OEEFHENTE 5,
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FREMLLREIC, QOMITFHEOMLEZITY, ZZTARRENHIGERH D, &5
WXL EEFRROEN M O T &N, R E b o BMEOLE ., REFLG (FVRE) 2
BAETLHZ b0, BMNZEAEOLEIL. €5 LERERGBIZE A EHE, BEE
Sy

2D XD G EOMEI O X3

LEREL 1 EoOBEEIC, RERSOHE, RFEINOHEE )
TFIUERO B Z ENTE B,
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