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Foreword

The APO is continuously devoting itself to the improvement of productivity and
accelerating the economic development in the Asia and Pacific region through the sharing
of experiences and expertise. After the Rio Summit, from the viewpoint of sustainable
economic growth, the APO has been emphasizing Green Productivity (GP), so that the
region can remain competitive in a business environment that is globalizing at an ever faster
rate.

Japan has accumulated vast experience in environmental management and the
APO, recognizing this, established in 2003 the GP Advisory Committee (GPAC), comprising
more than 40 Japanese companies for advice and support on GP-related activities. The
committee, chaired by Mr. Yoichi Morishita, Chairman of Matsushita Electric Industrial Co.,
Ltd., recommended that the APO focus on promoting environmentally friendly products
and services, establishing green supply chains, organizing eco-product exhibitions in Asia,
and publishing eco-products databases for wider dissemination of environmentally friendly
products and services.

This Eco-products Directory 2005 is an updated version of the Eco-products Directory
2004, which was published in conjunction with the Eco-products International Fair 2004,

held in Malaysia. It is our great pleasure to publish this updated version on the occasion of
Eco-products International Fair 2005 in Bangkok, Thailand.

As the Asian region takes up the position of a production hub in the global market,
we can look forward to expanding green markets in Asia. | hope that this publication will
contribute to an appreciation and expansion of the eco-product markets in the region.

Finally, our sincere thanks go to Professor Ryoichi Yamamoto, Chairman of the
Subcommittee on the Eco-products Database of the GPAC, and all members of the
committee and working group, and the Society of Non-Traditional Technology for their
dedicated efforts and leadership in bringing this publication to fruition.

Shigeo Takenaka
Secretary-General

Tokyo
October 2005



Introduction

Achieving a Sustainable Economy through Eco-innovation

It is now clear that if the current world economy continues its present course,
environmental destruction and social collapse will be inevitable. The following facts should
provide sufficient empirical evidence to support this assertion. Overall, 760 tons of CO2 are
emitted globally every second; about 50% of this accumulates in our atmosphere and has
become the major cause of global warming. Other signs and reasons include the reduction
of oxygen at a rate of 710 tons per second due to excessive consumption, an increase
in the world population by 2.4 persons per second, and the exponential increase in the
production of materials such as metal, cement, and plastic. In the industrial civilization of
the 20th century, economic development inevitably increased the consumption of resources
and energy, as well as the discharge of substances that place a burden on the environment.
The increased input and output of such substances has made clear the extent of resource
depletion and limited ability of earth’s ecosystems to absorb and purify substances causing
environmental burdens. In the 21st century, giant nations such as China and India are
starting to show rapid economic growth with massive consumption of resources and energy
accompanied by massive discharges of environmentally burdening substances, following
in the footsteps of the OECD nations. On the other hand, as summarized in a recent report
by the Swedish government, attempts to decouple massive consumption of resources and
energy and massive discharges of environmentally unfriendly substances from economic
growth have failed even in OECD members. This implies that while the world economy
grows at a rate of 3% every year, we are heading directly toward the depletion of resources,
environmental destruction, and social collapse.

To resolve this problem, we need to promote eco-innovation at every level, including
technical, policy, management, and individual lifestyle levels, and disseminate such
innovation swiftly into society. The goals are clear: reducing materialism, substituting for
hazardous substances, and decarbonization of energy use.

In eco-innovation efforts, it is vital to increase two indicators. One is improving
performance per resource input or increasing resource productivity, which expresses the
economic added value. The other is eco-efficiency, which indicates improved performance
per environmental impact or increased added economic value during the product life cycle.
Worldwide, active efforts are being made for eco-innovation. In 2000, the EU issued the
End-of-Life Vehicles Directive to ban the use of lead, mercury, hexavalent chromium, and
cadmium. In 2001, the EU published a Green Paper on Integrated Product Policy. Since
2003, based on the Restriction of Hazardous Substances Directive or Energy Using
Product Directive Proposal, businesses have been required to prepare ecological profiles
of their products. In addition, the Registration, Evaluation, and Authorization of Chemicals
Regulation Proposal is further reinforcing chemical substance management. In 2001, Japan
enacted the Law on Promoting Green Purchasing to mandate eco-friendly procurement by
national and local governments. Meanwhile, the United Nations Environment Programme is



striving to spread the cleaner production concept and the Asian Productivity Organization its
Green Productivity concept worldwide. All these activities will promote eco-innovation, along
with the development of eco-materials, eco-products, and eco-services. Still, no methods for
the rapid and explosive spread of eco-innovation to communities have been developed. This
document is the second attempt after the Eco-products Directory 2004 to remedy this lack
in Asia. Just as a small ripple can set off a tidal wave, | am convinced that Asia will soon see
markedly accelerating trends in Green Productivity, eco-design, and ecoproducts. Human
beings are currently facing an environmental struggle of life-or-death proportions: Which
will be achieved first, environmental destruction and social collapse or the development
and dissemination of eco-innovation? In 2005, the International Green-Purchasing Network
(IGPN) was established to promote sustainable production and consumption worldwide. The
IGPN should contribute to eco-innovation and its dissemination.

Ryoichi Yamamoto

Professor
Institute of Industrial Science, University of Tokyo



Background of the Eco-products Database

As mentioned in the Foreword, the first eco-products exhibit in Southeast Asia, the Eco-products
International Fair 2004, was held in Malaysia from 2 to 4 September 2004. On that occasion, the Green
Productivity Advisory Committee (GPAC) (List 1) of the Asian Productivity Organization (APO) compiled
a database of major eco-materials, eco-components, and eco-products produced in Japan to introduce
environment-friendly products to other Asian countries. To launch the database project, the Subcommittee
on the Eco-Products Database (chaired by Professor Ryoichi Yamamoto, see List 2) was set up within the
GPAC. The subcommittee discussed the methodology for database development, standards to be applied,
companies to be included, division of labor, maintenance of the database after publication, etc. The Society
of Non-Traditional Technology organized the Database Working Group (List 3) with the collaboration of the
University of Tokyo, National Institute for Materials Science, and Green Purchasing Network. The Database
Working Group oversaw the details of the format and publication.

This Eco-products Directory 2005 is a revised edition following the 2004 format but including newly
incorporated information on eco-services and more product information from companies known for their
concern for the global environment.

Databook Format

Based on the databook format determined in 2004, the Database Working Group invited both
foreign and domestic companies to register their product information. The contents and format of the
information listed in the Eco-products Directory 2005 are as illustrated below.

Eco-products Nc.u53

Homerelectric appliances/ Lightings Circular fluoresGent lamp fixtures

High-efficji}ncy flickerless inverter ceiling lamp

Mats! a Electric Works, (Ayuthaya)Ltd. Category: )
50 5 Rojana Industrial Park, T.Kanham, A.Uthai, 13210 Thailand | & 1~ Global Warming
@ A5. Resource Con

) - sumption
el; 6-6:3533-0846 Fax; 66- @ B4. Higher Quality Z (6)
(4) E-mail; ) @ B5. Energy Saving
URL; http://www.mew.co.jp @ C5. Product Use, Maintenance and Repair

[Power-saving] The inverter circuit converts 50Hz alternating
current to approx. 50,000Hz high frequency current, which
increases the number of collisions (light emissions) between
mercury atoms and electrons in the fluorescent lamp, efficiently ’..ﬂ—-h._‘_ (8)
converting electricity into light. The power consumption has been
reduced by approx. 25% from that of the conventional glow-
starter magnetic ballast type without changing the brightness.
(82W glow-starter type: Approx. 41W, Inverter type: Approx. 30W)

[Need no glow starter] Since the inverter type turns on the lamp by

electronic cont f'does not need a glow starter, which has been

require e conventional type. Replacement work and waste
iminated.

uick lighting] This lamp is lit quickly when the switch is turned

(7) on. Stress applied on the lamp is less than the conventional type, (9)

which starts lighting after flickering, making the lamp life longer.
[Flickerless] The lighting frequency is as high as approx. 50,000Hz. Products/Model -
This lamp is easier on the eyes than the conventional type, which .
’ HAT9502E (32W ty;

flickers 100 times per second.

(1) Product type
One of the four product types below was selected.
|.  Eco-materials and technical usage
1. Eco-components and technical usage
Ill. Eco-products and technical usage
IV. Eco-services

(2) Product field
One of the product fields below was selected.
(1. Eco-materials and technical usage)
1 Metals
2 Polymers
3 Natural materials



4 Foam
5 Ceramics and glass
6 Composites
7 Others
(Il. Eco-components and technical usage)
1 Construction components
Electrical and electronic components
Semiconductor manufacturing devices
Machine parts
Automobile parts
Packaging
Others
(1. Eco-products and technical usage)
Home electric appliances/lighting
Carriers/automobiles
OA/IT equipment
OA furniture
Apparel/fabric products
Commodities, outdoor goods, housing kits
Building and civil engineering
Machines and equipment
Others
co-services)
Product-related services (maintenance, upgrading, repair/renovation, etc.)
Reuse and recycling-related services (collection, reuse, etc.)
Lease, rental, sharing
Outsourcing services (waste disposal, control of hazardous substances, treatment of chemicals,
facility management, etc.)
Management-related services (consulting, accreditation, analysis, evaluation, etc.)
6 Others (insurance, e-commerce, eco-tourism, hotels, information transfer, etc.)

NOoO Ok WD

(IV.
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(3) Product name with product code
Using the Standard Commodity Classification of Japan, the product code is given, and products
are listed based on the order of the code. When the corresponding code was not found in the Standard
Commodity Classification, the most appropriate code was selected by the Database Working Group,
regardless of whether the company included the product trade name. The product category code
consists of a numeral and a name, but only the name element of the product code or the product trade
name given by the company or the Database Working Group appears in space (6).

(4) Product/service name with features
The heading is in boldface type (65 characters maximum).

(5) Company contact details
The company name and address (required), telephone number, facsimile number, e-mail address,
or homepage address (optional).

(6) Category
Five items were selected from the following 18 (A1 to C6).
A: Items related to environmental impact
A1 Global warming
A2  Air pollution
A3 Hazardous substances
A4 Waste
A5  Resource consumption
B: Items related to environmental performance indicators
B1  Recyclability
B2 Longevity
B3 Resource saving



B4  Higher quality
B5 Energy saving
B6 Environmental purification
B7  Use of recycled materials
C: Items related to life-cycle stage
C1  Material extraction
C2 Material and component production
C3 Design and material selection
C4  Product manufacture
C5  Product use, maintenance, and repair
C6 End-of-life disposal

(7) Product details
The features of the product/service and how it reduces environmental impact are described (1200
characters maximum).
(8) Photograph
One photograph per product is shown.

(9) Explanation of photograph
A brief explanation of the product photograph with the model number is given (45 characters
maximum).

The number of environment-friendly products/services contained in the Eco-products Directory
2005 totals 568.
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Eco-materials, Eco-components, Eco-products, and Eco-services
— What are they ? —

The prefix “eco”, meaning habitat or environment, comes from “ecology”, the branch of science
concerned with the interrelationships between organisms and their environments. Eco has long been
used in such compound forms as ecosystem and ecocide. More recently, this prefix has been used in

combination with “materials”, “products”, or “services” to indicate that they take into account environmental
impacts through the entire life cycle.

1. What are eco-materials?

The term “eco-materials” was first introduced in Japan by Professor Ryoichi Yamamoto and
colleagues at the University of Tokyo in 1991 as a proactive measure in response to the sustainable
development movement. Eco-materials are defined as those that can improve the environment throughout
their life cycle, with accountable performance. Eco-materials encompass one or more of the following six
factors:

1. avoiding and/or reducing the use of nonrenewable or scarce resources;
enhancing the material closed loop by recycling and reusing waste;
increasing resource efficiency including that of energy and materials;
using more durable materials with fewer maintenance requirements;
promoting the use of renewable resources and energy; and
minimizing adverse impacts on biodiversity and eco-systems.
In other words, eco-materials form a key concept in material science and technology to minimize
environmental impacts, enhance the recyclability of materials, and increase energy and material efficiency.
Eco-materials also contribute to the development of eco-products and promote the green procurement
movement in Japan and elsewhere.

Eco-materials have relatively better ecological, economic, and efficiency features and are currently
classified into groups based on similar properties, similar processing routes, and similar applications.
Therefore, this data book classifies them into seven categories: metals, polymers, natural materials, foams,
ceramics and glass, composites, and others.
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2. What are eco-components?

The term “eco-components” in this publication refers to those used as components or parts of
eco-products. Eco-components can be essential, functioning parts of a subsystem or equipment, or a
combination of parts, assemblies, attachments, or accessories of an eco-product. They are sometimes
called semi-products and used as inputs in eco-product manufacturing.

Similar to eco-materials, eco-components are produced taking into account their environmental
impacts through the entire life cycle. As a result, the six factors involved in eco-materials can also be
applied to eco-components. Eco-design or life-cycle design concepts, methodologies, and tools are used in
the production of eco-components. In addition, eco-components can contribute to the manufacture of eco-
products through eco-design for disassembly, design for upgradeability, and design for waste prevention.

While eco-components are defined as components or parts of eco-products, they are naturally
related to the industrial sectors making them. Based on the major product categories, eco-components
can be classified into seven groups: construction components, electrical and electronic components,
semiconductor manufacturing devices, machine parts, automobile parts, packaging, and others.

3. What are eco-products?

Eco-products are designed according to eco-design concepts and principles to have environmentally
friendly features. Life cycle concepts and engineering play a very important role during the development
phase of eco-products. Eco-products are made from improved raw materials, including recycled or biomass
materials. In addition, during the production process, minimal energy and water resources are used with
less waste and fewer pollutants. In the consumption phase, the use of eco-products can lead to energy
and water savings, minimal emissions, and reduced waste and subsequent need for waste treatment. Eco-
products are also designed to ensure the ability to recycle and recover materials and components.

In Japan, eco-products generally bear eco-labels, which are type I, type Il, or type Ill according to
1SO14020 standards. In addition, those products listed in the database of the Green Purchasing Network
are also considered to be eco-products.



In this data book, eco-products are classified into nine groups following the conventional industrial
product categories. Among commercial products on the Japanese market, these are home electric
applications/lighting, carriers/automobiles, OA/IT equipment, office furniture, apparel/fabric products,
commodity/outdoor goods/housing kits, building and civil engineering equipment, machines and equipment,
and some other eco-products not relevant to the above eight groups of eco-products.

4. What are Eco-services?

Eco-services are defined as those designed to shift traditional business from designing and selling
products as physical objects into designing and selling product or service functions to meet the needs of
customers. This new business is based on the life-cycle concept to ensure consideration of environmental
issues. The use of eco-services can enhance the eco-efficiency of customer activities. A number of similar
concepts have been proposed, such as Product Service Systems, Sustainable Service Systems, and
eco-efficient services in Europe, and “servicizing” in the USA. Although these concepts have their own
distinguishing features, the main purpose of shifting traditional business to new, sustainable business in
eco-services is common to all.

While the economy is shifting from goods production toward service provision, eco-products can
be transformed into services to improve resource productivity and eco-efficiency. Eco-services have great
potential to bring about huge changes in production and consumption patterns that will accelerate the shift
toward a more sustainable society.

Eco-services are generally classified based on actual business scenarios. The great diversity of
eco-services has led to varying classifications, and no single standard yet exists. Based on examples in the
Japanese market, eco-services are classified into six categories:

1. product-related services, including maintenance, upgrading, repair, reform, etc.;

2. reuse and recycling-related services;

3. user services, such as consumer leasing, rental, or product sharing;

4. outsourcing services, such as those provided by some professional companies in the form of pay-
per-service waste treatment, hazard control, chemical handling, or facility management;
management-related services, such as consulting, certification, diagnosis, assessment; and
6. other services outside the above categories.

These six categories may cover most eco-services, from traditional industrial services to new
services and businesses.

In this data book, we modified the classification of eco-services into four groups: 1) product-
related services, 2) reuse and recycling-related services, 3) management-related services, and 4)
others.
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Classification of Categories

Recently, many eco-products have been developed in Japan. Eco-labelling (types | to Ill) has
been introduced to standardize or evaluate these products. The classification of available eco-products
into categories and the compilation of a databook on such products should aid both consumers and
companies in using and developing eco-products easily and appropriately. Based on this objective,
information collected on eco-products was categorized from three perspectives: A) environmental load;
B) environmental performance index; and C) life cycle stage. These categories are considered useful for
investigating the effects that eco-products have on which environmental loads, with what level of eco-
performance, and at which stage.

For category A, products were categorized according to the environmental impact reduction with the
use of eco-products. Among various environmental problems currently observed, products were grouped
according to their impact on the following five: global warming as a global environmental problem; air
pollution as a local environmental problem; the issue of hazardous substances; management of waste due
to landfill site limitations; and the consumption of resources due to Japan’s dependence on other countries
for most. Details of the classification are as follows:

A1. Global warming : Products effective for reducing greenhouse gases such as CO, which cause global
warming. The category includes products with energy-saving effects and those that contribute to
decreasing deforestation, in addition to products that directly reduce the discharge of greenhouse
gases.

A2. Air pollution : Products that reduce the discharge of air pollutants such as nitrogen oxides, sulfur
oxides, and suspended particulate matter, discharge of which is restricted by the Air Pollution Control
Law and other governmental regulations. The category also includes products with properties promoting
air cleaning.

A3. Hazardous substances : Products with actions to reduce the discharge of substances affecting
the human body and ecology such as substances subject to the Law Concerning Reporting, etc. of
Releases to the Environment of Specific Chemical Substances and Promoting Improvements in Their
Management (PRTR Law).and material safety data sheet. The category includes products that use
hazardous substances in lesser amounts or which use no hazardous substances at all, as well as
certain products composed of hazardous substances which can be reused/recycled.

A4. Waste : Products that reduce the final disposal amount. They include those with reduced volume or
weight and those supported by reuse/recycling systems.

A5. Resource consumption : Products that reduce the consumption of resources such as minerals, wood,
water, etc. They include those using few resources in the product itself or in the manufacturing process
and those that can be reused/recycled efficiently.

In category B, products were categorized based on the environmental performance required for
resolving the environmental problems in “A” above. The following seven environmental performance indices
were selected:

B1. Recyclability : Index of the ease of recycling. The category includes products that are easy to
disassemble and classify for reuse and recycling and those designed so that recycling can be carried
out efficiently.

B2. Longevity : Index of longer life for conventional products. The category includes products designed for
longer-term use and those of which the use can be extended by repair.

B3. Resource saving : Index of resource saving for conventional products. The category includes products
designed to save resources by reducing product weight or enhancing product design efficiency.

B4. Higher quality : Index of enhanced quality for conventional products. The category includes those
effective for improving the environment due to enhanced quality and services (environmental efficiency)
achieved for the same environmental loads.

B5. Energy saving : Index of energy saving for conventional products. The category includes those made
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B6.

B7.

under an efficient process design, those that have been made lightweight, or those designed to reduce
energy consumption during use.

Environmental purification : Index of products with the function of cleaning the environment. The use
of these products should detoxify hazardous substances or waste in the environment and recycling
systems.

Usage of recycled materials : Index of the enhancement of the rate of use of recycled resources for
conventional products. The category includes products that use recycled resources in the products
themselves or during the manufacturing process.

Furthermore, as it is preferable that measures for environmental problems be implemented in the

entire product life cycle, for category C products were distinguished by life cycle stage as measured using
the life cycle assessment method. The following six life cycle stages were selected:

C1.

ca.

Cs.

C4.

Cs.

Ceé.

Materials extraction : Stage for mining resources used for products in mine sites. The category
includes facilities for reducing environmental impact in this stage.

Materials and components production : Manufacturing stage of half-finished products in general,
such as primary products and parts serving as the material for products. Products in this category
include half-finished products and products designed to reduce the environmental load in the
manufacturing process.

Design and materials selection : Stage in which parts and materials are selected and products are
designed. The category includes those made of parts and materials that are eco-friendly or designed
taking the environment into consideration, and eco-products based on design.

Products manufacture : Stage in which products are manufactured using parts and materials. The
category includes products reducing the environmental load during the manufacturing process.

Product use, Maintenance and Repair : Stage in which manufactured products are used by consumers,
including prolonged use due to repair. The category includes products with a reduced environmental
load during use such as energy-saving products, products cleaning the environment during use,
products of which the life can be prolonged by repair, and long-life products.

End-of-life : Stage in which products are disposed of/recycled after use. The category includes

products with low final disposal amounts, those easy to break down, those with high reusability/
recyclability, and products with recycling systems.

< Life Cycle > < Category No.>

—_—= C1

‘ Extraction of raw materials

v

‘ Production of materials ‘

\

‘ Parts manufacturing ‘

\

‘ Product manufacturing ‘

\

‘ Distribution ‘

v

‘ Consumption/Use/Repair

‘ Disposal ‘

| (C3)

e — e
o e e  — — — — —— — — — — — — — ——— —— —————

Figuer Conceptual outline of a product’s life cycle stages.



Development of Eco-materials, Eco-products, and Eco-services
in Japan

1. HISTORY OF ECO-DESIGN

Eco-design has a long history dating from the 1960s. The concept, methodologies, and tools
of eco-design can be divided into product-oriented and system-oriented approaches. The publication
of Silent Spring by Rachel Carson in 1962 initiated a new movement for environmental protection and
sustainable development. Since then, various organizations and governments have introduced principles,
methodologies, programs, laws, and regulations related to eco-design and sustainable development. The
first life cycle assessment (LCA) project was conducted by Coca Cola in the USA in 1969. The declaration
of the United Nations Conference on the Human Environment in 1972 also marked a milestone in eco-
design history. In the 1970s, Ruedi Mueller-Wenk, a Swiss engineer, introduced the concept of “eco-balance”
or “ecological accounting” to address the impact of products, companies, and others on the environment.
Later in that decade, the three main concepts of eco-design, Resource Productivity, The Natural Step, and
Industrial Ecology were introduced in Europe and North America.

The last decade of the 20th century saw a blossoming in the development of eco-design concepts,
methodologies, and tools. In 1991, the eco-material concept was introduced to Japan by Professor Ryoichi
Yamamoto and his colleagues as a proactive measure for eco-design and sustainable development in the
field of material science and engineering. At the same time, a green chemistry program was started in the
USA. The World Business Council for Sustainable Development (WBCSD) introduced the eco-efficiency
concept in 1992. One year later, Ernst Ulrich von Weizsacker introduced the factor 4 concept, and then the
factor 10 concept was introduced by his colleague Friedrich Schmidt-Bleek in Europe to enhance resource
productivity while reducing the impact on the environment by a factor of 4 or 10, respectively, to achieve
the goal of sustainable development. These two concepts have been widely used in Japan as indicators
of sustainable development or of the benefits of eco-products. Following the introduction of the pollution
prevention concept in the USA, several other concepts such as Cleaner Production, Green Productivity,
Zero Emissions, and Inverse Manufacturing were initiated in Europe and Asia in 1994. In the period from
1996 to 1999, various system-oriented concepts were proposed, including the ISO14000 series, functional
economy, Product-Service System, Servicizing, Integrated Product Policy, Sustainable Service System, and
triple bottom line. At the same time, the United Nations Environment Programme (UNEP), in collaboration
with scientists in the Netherlands, published the first eco-design manual under a project called PROMISE.
Since then, the trend in concept development has moved toward holistic management systems of products
and services.

At the beginning of the 21st century, European and OECD countries introduced new systems and
tools to cope with the growing demand for the appropriate management of chemicals. The first system
was a globally harmonized system (GHS) for the classification and labeling of chemicals introduced in
2001. One year thereafter, the OECD countries organized a workshop in Tokyo, Japan, to develop a
plan for a more holistic approach to chemical management, referred to as the Chemical Product Policies
(CPP). In 20083, European scientists proposed the establishment of a new EU directive setting eco-design
requirements for energy-using products (EuP). This proposed directive was enacted by the end of 2004,
and it will be mandatory for manufacturers to address the life-cycle environmental performance of electrical
and electronic products.

Eco-design development trends are shifting from products to services and from the old industrial
economy to the new service economy. The importance of system-oriented approaches and concepts has
increasingly been emphasized in the later phases of development.

2. ECO-MATERIALS

2.1 Development of basic concepts

In the beginning, the eco-material concept focused on the development of materials that could
contribute to environmental conservation and protection. Environmental issues and functional properties of
materials were considered, including structural materials used in construction or automobile manufacture
and special functional materials such as semiconductors or solar cells.

Recently, the Eco-materials Forum in Japan has started an eco-materials guidelines project to
develop a standardized concept of and criteria for the evaluation of eco-materials. The conceptual definition
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of eco-materials in this project is: “Eco-materials are those that can contribute to reduction of environmental
burden throughout their life cycles” (Shinohara, 2004). In other words, any material can be an eco-material
as long as it satisfies prerequisites (I in Figure 1) and the necessary conditions for eco-materials (Il and/or
Il in Figure 1). The prerequisites for eco-materials include the optimization of physical and/or chemical
properties and superior technical performance. The necessary conditions are: significant environmental
improvement compared with conventional materials (ll); and no tradeoff of the environmental load
throughout the whole life cycle, and if there is a tradeoff, all life cycle environmental data must be available
to verify the improvement of environmental performance (ll1).

It should be noted that the entire life cycle impacts of eco-materials must be considered and
improved. Condition Il includes six vectors: 1) green resource profile; 2) minimal environmental impact
during the material manufacturing process; 3) high productivity in use; 4) minimal use of hazardous
substances; 5) high recyclability; and 6) high environmental purification efficiency. It is not necessary for an
eco-material to include all six vectors, but it must include at least one.

In addition to the development of methodologies and tools, several books on eco-materials have
been published in Japanese to help practitioners, students, and other interested persons apply the concept,
methodologies, and tools. The latest, an eco-material selection guideline, was published in June 2004.
Along with the publications, an eco-material international conference has been held every two years in
Japan, China, and the USA. These conferences provide a good opportunity for materials researchers and
industrial engineers to exchange ideas related to eco-materials. In 2003, the fourth eco-material conference
was held in Yokohama, Japan, which attracted more than 150 presentations, including 26 invited lectures.
In July 2005, the fifth international conference on eco-materials was organized in conjunction with the 9th
International Conference on Advanced Materials held by the International Union of Materials Research
Society (IUMRS) in Singapore. This international conference attracted more than 120 delegates from 16
countries, and about 150 research papers were presented.

Materials

Green environmental}
| (physical, chemical, electrical, etc. properties)

profile

Minimal
environmental impact
production process

High productivity

[ Minimal hazardous j

High environmental
treatment efficiency

Eco-materials
Il (environmental improvement)
Il (Life-cycle impact improvement)

N\
High recyclability

substances

Figure 1. Conceptual model of eco-materials within the context of material sciences

A new concept of eco-material was also proposed during the conference, that of the “material-lease
system.” This new concept is meant to promote the development of eco-services focusing on business-to-
business activities. The material-lease system is defined as a “system to improve the resource productivity
by sound material circulation” (Halada et al., 2005).

2.2 Current industrial practices

A recent study by Nguyen et al. (2004) reported a list of eco-materials based on environmental
reports or responsible care reports in 2002 of more than 40 Japanese companies and eco-materials
reported by companies in several industrial sectors including metals, cement, chemicals, and others.
Altogether, 441 different eco-materials were identified and further investigated to determine their eco-
material classification (359 eco-materials from the 2002 study and 82 eco-materials from a 2005 study).

Among industrial sectors, the metals industries (including ferrous and nonferrous metals) were one
of the leading industries in Japan in the field of eco-material development. Figure 2 shows that this industry
produced more than half (52%) of all eco-materials. The second leading industry was the ceramics and



glass sector, which accounted for 13%. Polymers, composites, and natural material industries followed as
the third and fourth (accounting for 10%, 7%, and 7%, respectively).
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Figure 2. Eco-materials used in Japanese industries

These commercialized eco-materials were then qualitatively classified using the LCA concept in
conjunction with the six stages of material extraction, material production, material selection and design,
product manufacturing, consumption, and end-of-life disposal. As illustrated in Figure 2, in metals most eco-
materials were developed with the emphasis on the consumption and end-of-life stages (42.6% and 23.4%,
respectively). In the polymer and composite sectors, production of materials is the main consideration stage
for overall environmental improvement (33.3% and 44.4%, respectively). Unlike the metal, polymer, and
composite sectors, the ceramic and glass sectors tend to pay more attention to the product manufacture
stage (accounting for 50%). The natural material sector focuses on material extraction and production,
as well as end-of-life stages (accounting for 36.4%, 27.3%, and 18.2%, respectively). This is because the
use of natural materials can reduce, or even eliminate, the use of nonrenewable resources. In addition, at
the end-of-life stage, the disposal of natural materials appears easier than that of metallic materials and
wastes.

In the metal industry, there have been three main focuses in eco-material development. First of all,
hazardous substance-free steel such as lead-free and chromate-free steel during production received the
greatest research and manufacturing attention. Second, in addition to the hazardous substance-free issue,
new advanced technologies in the steel-making process enabled easier production of steel by eliminating
cleaning processes or allowing the use of easily formable processes. Third, the iron and steel industry also
focused on the consumption stage by producing high-efficiency steel such as high tensile-strength steel,
weather-resistant steel, and higher energy-efficiency steel used in automobiles.

The second notable industry in the field of eco-material development was the polymer industry.
Hazardous substance-free materials such as halogen-free flame-retardant or VOC-free plastics were the
main eco-materials in the plastics industry. The industry also focused on the development of biomass-
based and biodegradable plastics as eco-materials.

In general, the development of eco-materials in Japan has taken advantage of advanced and newly
developed technologies. Ultralight steel, formable steel, recyclable plastics (Toyota super olefin plastics),
halogen-free flame-retardant polymers, and eco-cement are typical examples of eco-materials based
on advanced technology. Furthermore, the results of a study by Yamada et al. (2003) suggested that the
development of eco-materials in Japan was still in the early stage. R&D activities on eco-materials should
be diversified and better balanced between all sustainable concerns. The introduction of eco-material
guidelines is essential for this.

3. ECO-COMPONENTS AND ECO-PRODUCTS

3.1 Development of basic concepts

Similar to eco-materials, the prefix “eco” in eco-components and eco-products originally denoted
that they were ecologically sound. It also reflected economic issues in later phases of development.
The concept of eco-components and eco-products in Japan began to develop in the 1980s, along with
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the development of the eco-design concept, methodologies, and tools. Several definitions have been
introduced by various organizations and industries under three different auspices: the Green Purchasing
Network (GPN), type | and type Il eco-labeling, and eco-product exhibitions. In other words, there are
numerous criteria for eco-component and eco-product evaluation. Almost every large Japanese company
such as Sony, Canon, Panasonic, NEC, and Toyota has its own criteria. In addition, each product category
may also have different criteria. For example, NEC has 24 eco-product standards to evaluate its products
(NEC, 2004). However, they all share such common aspects as resource and energy saving, recyclability,
use of recycled materials, longevity, and ability to contribute to environmental purification processes.
These common aspects have been described in eco-design guidelines or in ISO standards on eco-labeling
(15014020 to ISO14025).

The first set of eco-products was introduced in 1989 when the Eco-Mark Program was established
(Japan Environment Association, 2003). The Eco-Mark Program is classified as type | eco-labeling
according to ISO standards. The number of certified products reached more than 5600 in 2003, up from
265 in 1989. In addition, Eco-Mark product categories also increased from 14 in 1989 to 59 in 2003.
Two basic requirements for Eco-Mark products are 1) the minimization of environmental impact during
the manufacturing, use, and disposal phases compared with similar products; and 2) the reduction
of environmental impact by any means. Furthermore, the Eco-Mark criteria for eco-products depend
heavily on the life cycle concept. The product life stage covers from resource extraction to manufacturing,
distribution, use and consumption, disposal, and recycling.

A few years after the introduction of the Eco-Mark Program, several companies introduced their
own criteria for eco-products. These are classified as type Il eco-labeling. In the beginning of concept
development, most criteria for eco-products focused on one or two environmental aspects including energy
saving and/or compliance with laws and regulations. In the later phase, environmental and economic
aspects have increasingly been included, especially since the start of the Factor X Program in Japan
with the participation of more than 50 companies. The criteria for type Il eco-labeling vary by company.
Companies participating in the Factor X Program such as Mitsubishi, Matsushita Electric, Hitachi, Toshiba,
Canon, and Fujitsu have developed their own calculation methods for type Il eco-labels. Other companies
such as NEC have also developed standards to evaluate their eco-components and eco-products. The
details vary and depend on the focus of the company. However, the three main concerns of global warming,
resource efficiency, and energy efficiency are found in most criteria sets.

In addition to eco-labeling programs, the GPN and the enactment of the Green Procurement Law in
Japan have played a major role in eco-product development (Green Purchasing Network, 2004). In 1994,
the Shiga prefectural government was the first local government in Japan to introduce comprehensive
guidelines on green purchasing. Two years later, the GPN was established to promote the green purchasing
concept and activities. In 2000, the Japanese government enacted the Green Procurement Law. Under the
law, all state institutions must follow its stipulations in the purchase of 14 product categories such as copy
and printing paper, stationery and office supplies, office furniture, electronic appliances, and others. The
criteria for each product category were mainly based on those of the Eco-Mark Program and GPN criteria
or on existing governmental targets.

3.2 Current industrial practices
3.2.1 Eco-components

Another study on the current status of eco-components and eco-products in Japan was conducted
during the development of this data book. More than 470 eco-components and eco-products were
investigated to determine current trends in their development. This study covered more than 300 companies
in Japan including electronics, construction, automobile, and machinery manufacturers. The distribution
of eco-components and eco-products in different industrial sectors is shown in Figure 3. Electrical and
electronic industries contributed the largest number of eco-components (33% of the total). Packaging
components, automobile parts, and construction components were second (18%), third (16%), and fourth
(15%), respectively. Machinery parts closely followed in fifth place (13%).

In the electrical and electronics industries, hazardous substance-free components are one of the most
crucial concerns as they are closely monitored by the authorities. This concern is related to the three life
cycle stages of manufacturing, product use, and end of life (Figure 4). These industries have also focused
on global warming because energy consumption during the production and use of eco-components is
closely related to their industries.
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Figure 3. Eco-components and eco-products in different industrial sectors

Similarly, the automobile and machinery industries also conducted R&D on eco-components to
reduce energy consumption during the product-use phase. This will help reduce the impact of global
warming.
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Figure 4. Distribution of eco-components in different industries in the six life cycle stages

Unlike the electrical and electronics industries, the packaging industry has focused on resource
conservation and recycling. This is due to the relatively short life of its products (a few months or years). As
a result, most packaging materials and components were carefully developed with great attention to the
material selection, design, and end-of-life stages (Figure 4).

3.2.2 Eco-products

Studies on the development of eco-products in Japan have been scattered. With more than 500
eco-components and eco-products on the market, the authors tried determine the development status and
trends of eco-products in Japan while preparing this data book. As shown in Figure 3, the three leading
sectors in the field of eco-product production were machinery, home appliances, and office furniture (20%,
17%, and 14%, respectively). Commodities/outdoor/house kits, and office and information technology (IT)
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equipment categories followed (11%). Automobile and carrier industries contributed only 4% of the total
number of eco-products. This is due to the scale and complexity of eco-products in each sector. Unlike
commodities or outdoor goods, a car consists of hundreds or thousands of different components. The
apparel and fabric industries surprisingly contributed only 3% of the total number of eco-products.

The development and production of eco-materials, eco-components, and eco-products make a great
contribution to companies’ sales and revenues. According to annual environmental reports, Canon had the
highest eco-product sale contribution to its total sales in Japan (92.3%). Other electronics companies such
as Fuijitsu, Toshiba, and Matsushita Electric had eco-product sales percentages of more than 50% of total
sales. For Hitachi and NEC, the figures were less than 50%. These percentages, however, do not indicate
which company is better than others in the field of eco-product development and production, since different
companies have different evaluation criteria for eco-products. For example, Canon had the highest sales
value because its calculation method is based only on energy efficiency (ENERGY STAR®) criteria.

4. ECO-SERVICES

4.1 Development of the basic concept

Eco-services in Japan have developed along with the basic concept of eco-materials and eco-
products. This approach is aimed at addressing social consumption patterns to provide function and/or
utility to customers through the use of services rather than physical products. The Product-Service System
(PSS), Sustainable Service System (3S), and servicizing are similar terms for eco-services used in Europe
and the USA.

Classifications of eco-services are mainly based on actual business cases. The great diversity of
examples of eco-services lead to a number of classifications. However, no standard classification yet exists.
According to a recent study on eco-services in Japan, they can be classified into the three categories of Ps,
Sp, and ES based on the relationship between product provider and user (Figure 5) (Tagusari et al., 2001).
In the Ps category, a company provides its main product (P) and additional services (s). In the Sp category,
a company provides mainly services (S) and additional products (p). Services that cannot be classified into
the above categories are classified as ES (general Ecological Service).

Education, consulting, and certification
Insurance

Energy-saving diagnostic

ES Quality assurance

Natural energy supply

e-Commerce

Green logistics

Green goods distribution

Rental and lease

Sharing
Maintenance Extending service life

Repair
Upgrade
Sp Reform and rebuild Ps
Remanufacture
Recycle

Reuse

Source: Tagusari et al., 2001

Figure 5. Three categories of eco-services

In this directory, eco-services are grouped into the four different categories of product-related
services, reuse and recycle-related services, management-related services, and others to reflect the
current practice in Japan.



4.2 Current Industrial Practices

A study in 2001 by Tagusari et al. reported a list of 51 Japanese examples of eco-services (Tagusari
et al., 2001). These 51 examples were classified into the three main groups shown in Figure 5. By assuming
that one example corresponds to one environmental issue among seven (resources, global warming, air
emissions, waste reduction, sharing, general purposes, and forestry), the report indicated that resource
saving was the main focus of eco-services in Japan (accounting for 36%). Global warming and CO2
emission issues also received significant attention (accounting for 26% of the total). The third mainstream
eco-service is for “general purposes” (15% of the total), which represented consulting and certification
services. Solid waste, air emission reduction, and forestry issues were still not the main focus of Japanese
industries when setting up eco-service systems (accounting for 11%, 4%, and 1%, respectively).

Another small study reported on 16 eco-services currently offered in Japan. Five main environment-
related categories were used to analyze the focus of Japanese eco-services: global warming, air pollution,
hazardous substances, solid waste, and resource consumption. Fifty percent of eco-service case studies
reported their intention to consider global warming issue when designing eco-service systems. Resource
consumption issues received slightly less consideration (37.5% of case studies reported).

5. ECO-PRODUCT EXHIBITIONS IN JAPAN

600 160,000
I Companies 150000
—e— Attendees
-1 140,000
500 124829
114060 4 120,000
400 100483
-4 100,000
88604
[%2]
- u,
o 300 4 80,000 €
£ 6783 s
5 d 500 g
o 453 160000 &
2 200 [4744 416 =
5 ] 350 370 3
288 305 41 40,000 g
=
100 r
4 20,000
1999 2000 2001 2002 2003 2004 2005

Note: 2005 data are estimates Source: JEMAI

Figure 6. Number of participating companies and participants in eco-product exhibitions in Japan

In addition to the development of eco-design tools and approaches, annual eco-product exhibitions
have been organized since 1999 to promote the eco-design movement in Japan. The objectives are to
encourage the transition from mass production and consumption to eco-products and revolutionizing
consumer awareness of the use of eco-products. A number of interested parties such as local governments,
educational institutions, corporations, and NGOs have participated in the annual exhibitions. More than 300
companies and organizations participated each year (Figure 6). In addition, individuals from government
authorities to private citizens, from top managers to shopfloor workers, from elementary schoolchildren to
college students across the country gathered to exhibit their activities and products, exchange knowledge,
and establish networks in workshops on green purchasing, environmental business, and education.

More than 450 corporations and organizations participated in the Eco-products Exhibition 2004.
They exhibited a wide range of products and services, from consumer goods to fuel-cell equipment to
materials for industry. A record 124,829 visitors, including ordinary consumers, green purchasing buyers,
top executives of leading environment-oriented companies, and young students attended the three-day
exhibition.

According to a survey conducted at the Eco-products Exhibition 2004, only 6% of participating
companies questioned thought that LCA was not necessary in eco-product development, while 34%
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believed that it was necessary. Among the survey respondents, 40.2% of companies had implemented
LCA for their eco-products either in all or parts of companies and products. In addition, more than 50% of
implementing companies had used LCA for eco-product environmental accounting as well as for developing
new eco-products (JEMAI, 2005).
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Related Organizations List

Ecomaterials Center, National Institute for Materials Science (NIMS)
1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, JAPAN

Tel: +81-29-859-2668 Fax: +81-29-859-2601
http://www.nims.go.jp/emc/

Ecomaterials Forum, The Society of Non-Traditional Technology (SNTT)
Sakura Bldg. 2-5-5, Toranomon, Minato-ku, Tokyo 105-0001, JAPAN
Tel: +81-3-3503-4681 Fax: +81-3-3597-0535
http://www.sntt.or.jp/

Green Purchasing Network (GPN)
Cosmos Aoyama B2F, 5-53-67, Jingumae, Shibuya-ku, Tokyo 150-0001, JAPAN
Tel: +81-3-3406-5155 Fax: +81-3-3406-5190

http://www.gpn.jp/

SPEEED (Special Projiect on Eco Efficency and Eco Design)
Fe-209, 4-6-1, Komaba, Meguro-ku, Tokyo 153-8505, JAPAN
Tel +81- 3-5452-6098 ex.57780 Fax +81- 3-5452-6305
E-mail: speeed17 @iis.u-tokyo.ac.jp
http://www.speeed.org/index.htm

Yamamoto Lab., Institute of Industrial Science, University of Tokyo
Fe-207, 4-6-1, Komaba, Meguro-ku, Tokyo 153-8505, JAPAN

Tel +81- 3-5452-6098 ex. 57781 Fax +81- 3-5452-6305
http://www.iis.u-tokyo.ac.jp/english/index.html
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