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Abstract The purpose of this paper is to clarify the process by which cost design in
Japan becomes environmentally conscious cost design and to consider the possibility
of its further development and generalization. We first define cost design as proac-
tive manufacturing of low cost and high quality at the design stage, in contrast to
the standard cost system, and inquire into the extension of this process to the global
supply chain and product life cycle. Second, we recognize the development of envi-
ronmentally conscious cost design as a result of the integration of supply chain costing
and life cycle assessment into cost design from the viewpoint of environmental man-
agement. Third, we use corporate social and environmental reports in the Japanese
transport equipment and electric machine industries to investigate the state of envi-
ronmentally conscious products, environmentally conscious design, eco-procurement,
and life cycle assessment. To conclude, we make several proposals for further devel-
opment of environmentally conscious cost design after analyzing the likelihood of
success and some obstacles.

Keywords Cost design · Global supply chain · Product life cycle · Design for
environment · Environmentally conscious cost design

1 Introduction

Global warming and changing ecological systems have led to increased environmental
consciousness among enterprises and consumers. In particular, enterprises that partic-
ipate in material exploitation, processing, distribution and disposal may not be viewed
favorably by stockholders, employees, and consumers unless those enterprisesprovide
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environmentally friendly products. Because of this, environmental management has
become an important part of enterprise strategic management. Recently, there have
been many studies on environmentally conscious manufacturing (ECM), the recov-
ery and reuse of materials and products, and waste and pollution control (Gungor and
Gupta 1999; Henri and Joumeault 2010; Ilgin and Gupta 2010; Pondeville et al. 2013).
However, a great deal of research on environmental costing and environmental cost
management remains to be done.

Enterprises should make efforts to reduce their environmental impact even as they
try to balance these efforts with profitability efforts. These enterprises should there-
fore establish a model that integrates environmental costs into their cost management
strategy while maintaining profitability. Toward this end, some study of environmental
costing and environmental cost management has been conducted (Kreuze and Newell
1994; Parker 2000; Steen 2005; Ito 2006; Hunkeler et al. 2008; Horváth and Berlin
2012; Gabriel et al. 2014). In regard to this subject of study, Horváth and Berlin (2012)
in particular offer insight on integrating the costs of environmental requirements with
target costing1 and take a proactive view of ‘green target costing’. They also divide
green target costing activities into six steps, such as the evaluation of target selling price
including green price premium and green kaizen (continuous improvement) costing,
mirroring the six principles of target costing: price-led costing, focus on customers,
focus on design, cross-functional involvement, life cycle orientation, and value-chain
involvement. As a result, a comprehensive product design approach is built, in which
environmental costs and impacts are identified and improved by incorporating them
into the steps, and customers’ requirements can be met along with environmental
requirements and cost constraints together with product design. Their views motivate
this study of environmentally conscious cost design.

In Japan, researchers have only just begun to examine the integration of environmen-
tal consciousness with cost management, although some large companies are said to
have developed environmentally conscious management to gain a competitive advan-
tage or better utilize limited natural resources (Sarkis 1995). Ito (2007) and METI
(2002) threw a comprehensive light on the subject of environmentally conscious cost
design (ECCD) and its status as a new stage of cost design in their investigation,
the results of which were published as A Workbook for Environmental Management
Accounting by the Japanese Ministry of Economy, Trade and Industry (METI) (also
see Ito 2006). Kajihara et al. (2009) also conducted a factual survey on design for
environment and cost design in the general machine, electrical machine, transporta-
tion equipment, and precision machine industries in Japan. They found that 79.2 % of
firms had implemented design for environment, 73.1 % had implemented cost design,
and 59.7 % of firms had implemented both (see Park 2007, 2009). Although these
studies suggest the possibility of evolving conventional cost design into a comprehen-

1 Although cost design in Japan is expressed as target costing in other countries, this paper uses ‘cost
design’ to focus on its main characteristic—proactive cost management, or ‘proactively manufacturing cost
and quality into a product’ (tsukurikomi in Japanese)—from the standpoint of profitability rather than of
costing. The distinction between cost design and target costing and its effects needs further discussion. Ito
(2006) also points out that cost design is by no means a kind of costing, but is instead cost management to
proactively manufacture “the conditions of cost occurrence.”
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sive environmental cost design, a relation between design for environment (DFE) and
ECCD, as well as a concrete procedure for carrying out this cost design, remains a
subject of debate, as these studies have clarified neither the relation between DFE and
life cycle costing and eco-procurement nor the difference between DFE and ECCD.

The purpose of this paper is to clarify the relation between environmental manage-
ment and cost design and describe the current state of ECCD. Some remaining prob-
lems whose solution will advance ECCD are also described. Our analysis depends
primarily on the social and environment reports of companies listed on the Tokyo
Stock Exchange in the electric machine and transportation equipment industries. This
is because these companies have long histories of implementing cost design [82.5 %
in the electric machine industry (2002 data), 76.5 % in the transportation equipment
industry (2002 data), and 81.5 % in the manufacturing industry (2009 data)] and are
more likely to evolve cost design into ECCD (Yoshida et al. 2012; JAMS 2005, 2009).

We must first define the concept of cost design to understand how it can become
ECCD. We therefore begin by comparing cost design with standard costing practices
and explain the fundamental characteristics of cost design. In Sect. 3, we will discuss
product life cycle, environmental management, and the extension of cost design to
global supply chains and the complete life cycle. In Sect. 4, we analyze the relation
between cost design and environmental consciousness, investigate the actual state
of ECCD, and list some of the problems that should be addressed for the further
development and generalization of ECCD. To conclude, we examine a fundamental
framework for ECCD to allow both high value (high function at low cost) and minimal
environmental impact from a socioeconomic angle. This paper aims to clarify the
present state of Japanese green cost design and its structure and meanings. In clarifying,
the implication of comprehensive cost management, upon which Horváth and Berlin
(2012) touched in relation to the absorption of environmental awareness into target
costing, should be kept in mind, and inquiry into further development and problems of
environmentally friendly cost design in Japan will adopt the socioeconomic viewpoint
in this study.

2 Cost design and its space-time expansion

2.1 Comparison of cost design with the standard cost system

Cost design was energetically discussed in the Japanese academic literature of the
1990s. Because it has been discussed from multiple angles, including costing, cost
management (cost planning and control), cost engineering, and profit management,
there is not yet a universal definition of the term (IMA 1994; Sato 2009). However,
here we should define cost design before launching a discussion of ECCD since the
recognition of ECCD is influenced by the understanding of cost design.

Monden and Hamada (1991) first used the management practices of Toyota Motor
Corporation to define cost design as proactive cost reduction at the design stage2 of a

2 ‘Design stage’ in this paper is used in a broad sense that includes conception, planning, development
and design, trial manufacture, and preparation for production.
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new product, contrasting this with reactive cost reduction at the manufacturing stage
(see Monden and Hamada 1991; Monden 1999): that is, cost reduction by using the
standard cost system. In connection with this issue, Tanaka (1992) used the following
equation to compute target costs and clarify the difference between cost design and
standard costing, or budget control (see Tanaka 1992, 1993; Sakurai 1989, 1991).

This equation is g = (Sp − Ct)Qv − (Sp − Ce)Qv = (Ce − Ct)Qv, where g
is cost variance, Sp is the target selling price, Qv is the target sales volume, Ct is the
target cost, and Ce is the estimated cost.

In this equation, it is most important to minimize cost variance by means of proac-
tive kaizen and innovation, which help to achieve target costs. These are especially
important when the target cost is lower than the estimated cost. In such cases, the
category of product value, which motivates the above equation, is understood as the
ratio of function to cost and becomes an effective index to improve product function
with minimum cost. This proactive control view, which is based on exhaustive value
engineering, is fundamentally different from the reactive view of standard costing,
in which actual cost is evaluated on the basis of standard cost as the true cost. Thus,
the proactive view analyzes variance and enacts the remedial measures for that before
production to realize target cost, and the reactive view controls in the next period by ex
post fitting to the standard cost of the previous period. In seeking to explain the concept
of value in cost design, Tani (1994, 1995) also noted the engineering aspects of proac-
tive cost management, including simultaneous engineering, concurrent engineering,
and cooperation with suppliers (see Tani et al. 1994; Yoshikawa 1994). Tanaka (1985)
stressed design-stage value engineering, using a cost table3 for feed forward cost esti-
mation. Cost design that is founded on these engineering methods and includes cost
management can be regarded as total profit management in the whole organization
of a company (see Kato 1993a, b; Kato et al. 1995; Tanaka 1985, 1995, 2002; JAMS
2009).

Table 1 shows the fundamental features of cost design as discussed in the literature
above and compares those features with those of the standard cost system4.

On the basis of the contents of Table 1, this paper defines cost design as cost
management to proactively manufacture new value (high function at low cost) into
a product at the design stage to gain a competitive advantage. This idea is called
tsukurikomi in Japanese and can be translated as “built-in cost and quality” in English.
This definition will later be seen to be closely related to ECCD, since enterprises
must tackle various problems to proactively reduce environmental impact without
sacrificing cost and quality. Thus, the following subsection examines how this cost
design has been extended to global supply chains and the whole product life cycle
from an environmental viewpoint.

3 The cost table (cost estimator’s reference manual) sets functions, the characteristic values of specifi-
cations, processing characteristics, and volumes of similar articles against the normal actual costs of the
similar articles. This is used as a handy and speedy tool for cost estimation (Tanaka 2002).
4 “...[T]he actual costs are compared against standard costs for performance evaluation and the deviations
are investigated for remedial actions. Cost control is also concerned with feedback that might change any
or all of future plans, production method, or both” (Siegel and Skim (2000), p. 106).
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Table 1 Cost design in comparison with the standard cost system

Cost design Standard cost system

Object To proactively manufacture value (cost
and function) at the design stage

To actualize standard cost at
production stage

Methods Proactive cost management by using ex
ante cost variance analysis with value
engineering and improvement

Feedback cost control by means of ex
post cost variance analysis with
efficient physical and scientific
management

Analysis Target cost based on value or on target
sales and target profit

Standard cost based on standard
volume, standard unit price, and
standard capacity

Estimated cost (competitive future cost)
is evaluated on the basis of target cost
(long-term planned cost) and measures
to improve its variance from the target
cost are proactively prepared during
the cost design stage

Actual cost is evaluated on the basis
of standard cost as determined by
time study (time standard of each
task), and activities to reduce the
variance, defined through ex post
cost variance analysis, are
retroactively implemented at the
production stage

Actions Proactive alteration or improvement of
existing cost elements, production
processes, methods, and organization
styles, based on the concept of value

Changing purchasing methods or
efficient and effective usage of cost
elements or increasing productivity,
given existing cost elements and
manufacturing processes

Source: Nishimura (2003), Tanaka (1995)

2.2 Extension of cost design to supply chains and the product life cycle

Cost design in Japan was originally supported by subcontractors who cooperated
in industrial groups (the keiretsu system), in contrast to the openly contracted sup-
ply chains in the West (Bhimani 1995; Ellram 2000, 2006; Cooper and Slagmulder
1997, 1999). In Japan, suppliers (subcontractors) to whom their parent company gives
financial, technological, and informational support may find it difficult to supply other
companies with their products because suppliers are dependent not only on the parent
company but also on the parent company’s production plan. In contrast, western-style
suppliers are independent of purchasers and can select the most favorable purchaser
through mutual agreement. However, this situation in Japan is becoming less prevalent,
as we shall see later (Sect. 4).

To make effective and efficient use of scarce materials and provide customers with
highly functional and cheap products, finished product manufacturers in Japan must
establish global cooperation with suppliers. The supplier contracting system in Japan
was considered a pyramid, where a large assembly company took a vertex position
over the broader base of the supply tiers. For example, supply chains in the automo-
tive industry were composed of stratified supply groups (tiers) in which entire car
manufacturing companies (14 firms) closely relate to their suppliers and cooperate
on information and technology; first tier (about 800 firms), second tier (about 4,000
firms) and third tier (about 20,000 firms) suppliers provided functional parts, exterior
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Fig. 1 Expanding cost design into environmentally conscious cost design. The black triangle shows the
actual state at the stage where the cost design is carried out (supply from the group of the company
or subcontractors and production preparation); arrow A represents estimated product life cycle until the
manufacturing stage in the initial cost design, and arrow B represents the estimated domestic supply chain
in the initial cost design. Both are structured from the viewpoint of profitability and competitive strategy.
Dotted arrow E shows the estimation sphere of the whole product life cycle in the expanded cost design,
which is a result of expansion of cost design into the whole product life cycle (bold arrow C), while dotted
arrow F shows the estimated global supply chain in the expanded cost design, which is a result of expansion
of cost design into the global supply chain (bold arrow D). G indicates the function of ECCD, into which
C’s sustainability and D’s flexibility are integrated from the viewpoint of environmental consciousness

and interior decors, detailed parts, metal parts, and plastic parts both up the sup-
ply chain and laterally within a tier (Nabeyama 2011). In this system, suppliers who
enlarge their businesses also expand their own supply chain networks. Supply chains
in the transportation equipment and electric machine industries have also extended
their businesses overseas, keeping step with the overseas expansion of finished prod-
uct manufacturers (METI 2008; Otsuka and Ichikawa 2011; Nishimura 2008). This
expansion of cost design into the global supply chain results from corporate strategy
to increase manufacturing flexibility as a means of coping with the uncertainty that
competitive environmental change causes (Rimiené 2011; Grigore 2007).

As rising fuel expenses and strict environmental regulations cause increases in
user and disposal costs of a product in comparison with manufacturing costs, enter-
prises and consumers begin to think about the total lifetime cost of a product from
production to disposal or recycling (Kobayashi 1996; Nakajima 2004). Although engi-
neers may have planned and designed target costs at the design stage on the assump-
tion that the manufacturing and selling stage is the final stage of cost design, they
must now proactively build in the costs and functions across the whole product life
cycle, from material procurement to production, use and disposal. Generally, the con-
nection between life cycle costing and cost design results from business activity to
offer consumers satisfaction at a cost and quality that gives a sustainable competi-
tive advantage (Seuring 2004, 2010; Goldbach 2010). The process of expanding cost
design into the global supply chain and the whole product life cycle is represented in
Fig. 1.

Cost design was originally used to refer to a process of proactively manufacturing
value in a production process, whereby the costs and functions of materials and parts
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from domestic suppliers and their processing costs were controlled at the design stage
of a new product. In this process, as shown by dotted arrows A and B, the costs of
domestic suppliers and other costs in manufacturing stage are estimated at the cost
design stage, when their production conditions are relatively certain. When it extends
to the whole product life cycle (bold arrow C), the company should also proactively
manufacture at the design stage to control the costs and functions of a product in
the complete life cycle (dotted arrow E) with an eye toward sustainability. When a
supply chain becomes global (bold arrow D), a company should proactively manu-
facture to control the costs and functions of materials and parts in the global supply
chain (dotted arrow F) by using manufacturing flexibility to cope with uncertainty.
In the area of ECCD (G), a company must take steps to reduce the environmental
impact, from the material procurement stage up to the use and disposal of products by
customers.

This necessitates managing quality, costs, and delivery from the viewpoints of envi-
ronmental protection, particularly as it relates to resources recycling, global warming
prevention, and compliance (NEC 2012). Figure 1 shows the global supply chain
on the vertical axis and product lifetime along the horizontal axis. The cost design
stages are spread along the horizontal and vertical directions, which are indicated by
bold arrows C and D, indicating an expansion of cost design to cover the product
lifetime and the global supply chain. Proactive manufacturing that creates new value
(or proactively building-in value) enables wider and longer processes to control costs,
functions, and environmental impact at the design stage, and this result is shown as the
actualization of environmental consciousness in cost management based on flexibility
and sustainability.

More importantly, it is the global development of environmental consciousness
that has caused cost design to simultaneously expand to global supply chains and
the complete life cycle of a product. As environmental regulations become more
stringent and both stockholders and consumers become more sensitive to environ-
mental issues, enterprises should also make efforts to use environmentally friendly,
functional, and cheap materials and parts so as to reduce the environmental impact
across the product life cycle and produce more environmentally conscious prod-
ucts. Finished product manufacturers therefore tend to rely on suppliers who can
offer cheaper and more environmentally friendly materials and parts. Manufactur-
ers may also implement strict environmental assessments in the production and dis-
posal processes of products. Enterprises are concerned with ECCD and try to proac-
tively implement the desired environmental impact reductions, including cost, qual-
ity, and delivery targets, at the design stage of a new product. Socially respon-
sible design, such as the safety of products, is considered in the same way as
ECCD.

Enhanced environmental consciousness stimulates the need to combine cost design
with global supply chain and product life cycle management organically, so that
high quality and environmental impact reduction becomes integrated with cost
reduction. In the following sections, we consider how cost design can evolve into
ECCD.
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3 Cost design and environmentally conscious manufacturing of Japanese
companies in electric machine and transportation equipment industries

3.1 The present state of environmentally conscious management

To begin, we will examine environmentally conscious manufacturing (ECM), which
includes environmentally conscious products (ECPs), DFE, life cycle assessment
(LCA) and eco-procurement. Data related to ECM were collected from corporate social
and environmental reports disclosed mainly in 2013 (or in 2012 when undisclosed in
that year) on the internet by 137 companies in the electric machine industry and 58
companies in the transportation equipment industry. These industries were chosen
for discussion because the available data allow recognition of present advanced prac-
tices of cost design (particularly, ECCD) in Japan and forecasting of its future direction
because they are representative industries that have underpinned the Japanese economy
for a long time and have both long experience of cost design practice and experience
leading the way in ECCD. The companies investigated represent 85.8 and 95.2 %,
respectively, of each of the companies from each industry that is listed on the Tokyo
Stock Exchange. Generally, ECP5 refers to a product manufactured by a firm that has
adopted mainly any or all of DFE, LCA, and EP to fulfill standards of environmental
impact reduction across the product life cycle. DFE is a design process that consid-
ers environmental impact reduction across the entire product lifetime, from material
procurement to production, distribution, use, recycling, and disposal of a product.

As stated above, eco-procurement (sometimes called green procurement) plays an
important role in ECP and is now a decisive standard of judgment by which upstream
suppliers and finished products-makers select suppliers with whom to subcontract.
Manufacturers and upstream suppliers give preference to those suppliers who posi-
tively address environmental issues on the basis of environmental assessment, presum-
ing that the assessed standards will be included in the appraisal of quality, delivery,
cost, and technological development and reliably achieved (Sumida Group 2012).
LCA refers to activities to quantify environmental impact over the complete product
lifetime, from materials procurement to product disposal (Mitsubishi Electric Corpo-
ration 2002, 2010). Table 2 shows how the investigated companies carry out ECM. The
relation between ECP and other environmental manufacturing methods is indicated
in Table 3. Here, we see that ECP (60.5 %) is linked closely with eco-procurement
(61.5 %) and LCA (44.6 %). This situation suggests that overall ECP is never imple-
mented in a systematic form based on DFE. Where ECP strongly connects with DFE,
LCA, and eco-procurement (EP), the probability of ECCD implementation is assumed
to be high since DFE is easily connected to cost design at the design stage.

In Table 3, we see that 66 companies from among 195 (about 33.8 %) implement
ECP in a form strongly connected with DFE, LCA, and EP, while the rest (44) of

5 Toshiba group describes ECP in its environmental report as follows: “We will accelerate the creation of
ECPs with high levels of environmental performance in all product areas through ‘Greening of Products’
initiatives aimed at minimizing the environmental impact of products throughout their entire life cycles
and ‘Greening by Technology’ initiatives aimed at providing a stable power supply and mitigating climate
change worldwide using low-carbon energy supply technology” (Toshiba 2013, p. 23).
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Table 2 Present state of environmentally conscious manufacturing

Industry (number of investigated companies) ECP DFE LCA EP

Electric machine

Number of companies (out of 137) 76 46 59 86

Ratio (%) 55.5 33.6 43.1 62.8

Transportation equipment

Number of companies (out of 58) 42 29 28 34

Ratio (%) 72.5 50 48.3 58.6

Total

Number of companies (out of 195) 118 75 87 120

Ratio (%) 60.5 38.5 44.6 61.5

Source: corporate social and environmental reports in the two industries ECP environmentally conscious
product, DFE design for environment, LCA life cycle assessment, EP eco-procurement

Table 3 Relations between ECP and other environmental manufacturing methods

Industry ECP + DFE
+ LCA + EP

ECP + DFE
+ LCA

ECP+DFE
+ EP

ECP + LCA
+ EP

ECP + EP

Electric machine 40 3 1 13 18

Transportation equipment 26 1 2 1 5

Total (110) 66 4 3 14 23

In addition to the companies indicated in the table, there are eight companies that report carrying out only
ECP without identifying any other methods. As a result, we can see that 118 companies implement ECP
conjointly with any or all of DFE, LCA, and EP, or only EP (=110 + 8). We may note, in passing, the
situation of other environmental manufacturing methods: one company in DFE + LCA + EP, 2 in LCA +
EP, 1 in DFE, and 11 in EP. 62 companies identify nothing about environmental manufacturing

110 companies that report any relation of ECP to other environmental manufacturing
methods do so in a partial form, where it is supported mainly by an environmentally
conscious supply chain network. It is also important to consider that ECP is strongly
supported by EP. It may be inferred from Table 3 that 26 (44.8 %) of the 58 investigated
companies in the transportation equipment and 40 (29.2 %) of the 137 in the electric
machine industry may carry out ECP in a comprehensive form based on DFE, LCA,
and EP, which may also be related to ECCD (setting aside what type of cost design the
companies adopt), since another survey Park (2009) showed that 82.6 % of companies
in the transport equipment industry carry out DFE and 87 % implement cost design.
This is in contrast to 85.7 and 67.6 %, respectively, in the electric machine industry.
In this research as well as that of Kajihara et al. (2009), when recycling, design, and
environmental assessments are regarded as DFE, the research shows a higher rate of
implementation for DFE than that shown in our results, in which DFE is separated from
LCA and eco-procurement. The rate of ECCD implementation would thus be lower in
our study than in the findings by Kajihara et al. if DFE represents ECCD; this is because
DFE in our study has a narrower definition than in their studies: 38.5 % as a whole,
and 33.6 in the electric machine industry and 50 % in the transportation equipment
industry. Additionally, as discussed in Sect. 2, we must consider the function of ECCD,
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or integration of flexibility and sustainability based on profitability and competitive
strategy in process in which cost design expands into global supply chain and the
whole product life cycle. Therefore, ECCD may certainly take a comprehensive shape
through the connection of DFE with LCA and EP. We cannot assume a rate of ECCD
implementation higher than about 35 %. This may also be supported by the research
of JAMS in 2009, when only 20–24 % of the investigated companies included costs
for environmental preservation in target costs (JAMS 2009).

Even if we assume an implementation rate of ECCD at about 35 % on the pre-
sumption that ECCD is carried out when ECP is closely connected to DFE, LCA and
EP, it is debatable what form of ECCD each company adopts and what procedures
enterprises follow when integrating low cost, high quality, and environmental impact
reduction with ECCD.

3.2 Structures and problems of environmentally conscious cost design

Ito (2007) and METI (2002) present two types of ECCD: a unified type, which proac-
tively targets costs based on the value concept and targets environmental impact reduc-
tion simultaneously at the design stage, and a two-layer type, in which the target level
in DFE is decided on the basis of business policy before product development, separat-
ing items of expenditures related to DFE from target cost allocation (Ito 2007). Sony,
a major electrical manufacturer that adopts the unified type, “has added environmental
quality considerations to Sony’s procurement system, while quality, cost, delivery and
service are obviously essential” (Sony Corporation 2001, p. 22). Already in 1991, the
corporation, acting on the belief that product quality is inseparable from environmental
quality, launched “a full-scale product assessment program that included environmen-
tal factors in its overall definition of product quality” (Sony Corporation 2001, p. 28).
At Toyota, which has created and developed its own cost design system, the chief
engineer responsible for development of a particular vehicle also sets environmental
impact reduction targets for that vehicle in accordance with a comprehensive environ-
mental impact assessment system that functions for systematically assessing a vehi-
cle’s impact on the environment over the entire life cycle from the design stage through
to the production, use, and disposal stages (Toyota Motor Corporation 2011, 2013).

Figure 2 shows how “Sony’s comprehensive approach to environmentally conscious
operations begins with product assessment during product planning and design” (Sony
Corporation 2001, p. 28). For the first assessment of environmental impact [labeled (a)
in Fig. 2], five significant items of environmental impact in the hypothetical scenario
of a Camcorder TSE/3000 (a video camera) are picked according to an environmental
management system related to ISO 14001, which concerns electrical consumption,
electricity used during standby, the number of parts used, the solder, and packing
materials. Each environmental impact reduction target [labeled (b) in Fig. 2] is then
compared with similar models available at the time of conception and design. Changes
such as a reduction in electrical consumption from 10 to 8 W and a switch to lead-free
solder are examples of the types of changes made to reduce environmental impact (Ito
2007). In addition, the priority given to these items is decided and the cost of production
is reexamined as compared with the initial target cost (functional and cost targets).
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Fig. 2 Unified type of ECCD in Sony Corporation. Source: Ito (2007), METI (2002)

Sony computes the monetary conversion of the environmental impact reduction
performance “by applying Sony’s original monetary conversion coefficients as well
as by comparing the environmentally conscious design cost with the environmental
impact reduction performance in terms of such factors as energy conservation, and
weight, polystyrene foam, and leaded solder reduction” (Sony Corporation 2001, p.
31). Denso Corporation, an automotive parts manufacturer, also uses environmental
efficiency index to compare new and existing products to balance between environ-
mental impact reduction and product value. Regarding the index, product value (a
positive factor) and environmental impact (a negative efficiency index to compare
new and existing products to provide an environmental impact reduction factor) of
the new product are normalized to the values for existing products to create an index
number (Denso Corporation 2010, 2014).
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Fig. 3 The two-layer type of ECCD in IBM Japan. PEP product environmental profile, ECP environ-
mentally conscious product, DFE design for environment, DR design review, PSRB product safety review
board. Source: Ito (2007); IBM Japan 2001 (see also IMB Environmental Conscious Product Design on the
web site)

As stated above, Sony implements ECCD by combining DFE, product design, and
cost design (Fig. 2). In contrast, IBM Japan implements our definition of DFE, formally
separating it from cost design, although the target of environmental impact reduction
and life cycle assessment links closely with cost design in terms of ECCD. This two-
layer type is shown in Fig. 3. IBM Japan, which carried out environmental impact
assessment programs in 1978, expanded this to ECP programs and started implement-

123



Transforming cost design into environmentally conscious cost design in Japan 67

ing simple and easy-to-handle DFE in 1991 (IBM Japan 1999, 2000; Yamamoto and
Kokubu 2001). In ECCD, the corporation’s finance department implements “accurate
and impartial costing, and uses the whole value related to the procurement of materials
and parts in the whole company, not departmental costing, to establish a scheme for
cost design” (Ito 2007, p. 54). However, DFE and cost design are connected by the
Integrated Product Development process. DFE is implemented under the integrated
product development plan, in which new products are developed under a global stan-
dard and the applicable scope includes all life cycle processes of a newly developed
product. During implementation, it is important to set up and actualize targets of qual-
ity, cost, and delivery, while realizing environmental targets. In developing a new ECP,
the need to ‘proactively manufacture’ the product at the early stage of development
plays a critical role in determining the environmentally conscious level of a finished
product. At the same time, IBM Japan began to emphasize EP (IBM Japan 2001).

As indicated in Tables 2 and 3, about 35 % of the companies investigated in the
two industries (75 in Table 2 and 66 in Table 3 of 195) are assumed to carry out either
of the two types of ECCD discussed above, assuming that ECP based on DFE and
connected with some of other three factors represents ECCD. We also note that the
success or failure of ECCD is highly dependent on finished product manufacturers’
environmental management and their cooperation with suppliers, since ECCD has a
critical need to proactively build-in low cost, high quality, and minimum environmental
impact of materials and parts at the design stage and to proactively assess the above
factors over the complete product life cycle. This is because expenditures to suppliers
are a large portion of production costs, as shown in Table 4 of Sect. 4. Although we can
understand the general state of ECCD from the figures shown, we do not have a great
deal of information on concrete practical models (in particular, a fundamental category
combining the three factors) and their detailed procedures. We should extend our
observation to include the relation between ECCD and eco-procurement to investigate
the likelihood of adoption and problems for its further development. In practice, eco-
procurement plays an important role in realizing DFE effectively.

4 Eco-procurement and the future development of environmentally conscious
cost design

4.1 Problems and challenges

It is worthwhile to quantify the expense of materials and supplier’s processing costs6

within the manufacturing costs of finished product manufacturers in the electric
machine and transport equipment industries as a means of clarifying the importance
of supply chains for ECCD. Table 4 shows how companies in both industries depend
strongly upon suppliers, despite a difference between concentrated dependency in the
transportation equipment industry and the more dispersed type in the electric machine
industry. One of the more critical aspects in ECCD for finished product manufacturers

6 Here, the amount paid to subcontractors and processing expenses arising from outside manufacturing is
simply defined as suppliers’ processing costs.
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Table 4 Rate of material costs and suppliers’ processing costs in manufacturing costs

Cost elements Material costs Suppliers’ processing costs

Industry Transportation
equipment (%)

Electric
machine (%)

Transportation
equipment (%)

Electric
machine (%)

Median 69.5 57.6 4.6 9.4

Standard deviation 15.1 20.8 9.6 17.5

Minimum 22.9 0.8 0.03 0.03

Maximum 88.1 96.1 37.9 82.3

Sample points 55 133 55 133

Data were collected from corporate social and environmental reports in the manner described in Sect. 3.1

and upstream suppliers is the selection of subordinate suppliers (or subcontractors)
in parallel with innovation of their own manufacturing processes and methods. IBM
Japan points out the importance of green supply chains for ECP as follows. Cost
competitiveness is an important factor for the corporation and it is critical to mini-
mize production costs by becoming a more environmentally conscious enterprise. The
reduction of environmental countermeasure costs in material cost through the elim-
ination of waste and the minimization of energy costs through the reduction of the
energy used for production is necessary for this purpose. Speedy correspondence with
parts and materials manufacturers along the supply chain including the development of
information technology is essential to proactively manufacture environmental quality
in the development of a new product under ever-changing materials and parts (IBM
Japan 2001).

Toyota also requires materials and high quality parts at low cost with quick delivery
and assurances of environmental safety from suppliers according to their Green Pur-
chasing Guidelines: “Toyota expects its business partners to ensure ‘long-term and
stable procurement of the best products at the lowest price in the most speedy and
timely manner,’ based on thorough compliance with all applicable laws, regulations,
and social norms and consideration for the environment. From the standpoint of cus-
tomers who purchase our products, we ask you to ‘build quality’ into all processes
for Toyota products, from development to production and shipment/logistics” (Toyota
Motor Corporation 2011, p. 2). A green supply chain and its management play an
important role in the development of ECP or ECCD in Japan as well as in the West
(Kajüter 2002; Cooper and Slagmulder 1997).

4.2 Questions and possible solution under complicated supply chain system

The Great East Japan Earthquake of March 2011 marked a change in the relationship
between finished product manufacturers and suppliers. Although before the earthquake
all Japanese auto manufacturers were thought to control all supply chains from tier 1 to
tier 3, these chains were cut into pieces and manufacturers were compelled to suspend
business for several months as they were unable to control the new supply chain
(Nabeyama 2011). The supply chain has since changed from a closed, simple structure,
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such as the pyramid type previously described, to a multilayered and complicated
structure, such as a diamond or mesh structure, where the enhanced diversification and
concentration of production, as well as the loose relationships among suppliers has
made the whole supply chain both invisible and uncontrollable (Otsuka and Ichikawa
2011). As advancing technology increases the specialization and division of work,
suppliers have not only shifted from the supply of parts inside the same group (e.g.
Toyota) to diversified supply to other groups (e.g. Nissan or Honda), but they have also
accelerated the extensive division of work wherein a supplier in the first or second tier
not only directly provides an entire car manufacturing company with parts but also
sells parts to other suppliers. The intensive tendency of supply chains is also increased
through mergers and reorganization undertaken to improve productivity and raise value
added after the Great East Japan Earthquake. This tendency of big suppliers in the first
and second tiers gives rise to more intricate relationships among suppliers, who use
multifarious methods and networks to establish an efficient and effective supply chain
system (Otsuka and Ichikawa 2011).

As a result, the weakness of the close and visible supply chain, in which a supplier
served a finished product manufacturer in a crucial capacity and other suppliers in the
related group, was exposed after the earthquake. The invisibility and uncontrollability
that arose caused increased complexity and weakened relations among suppliers. In
addition, the search for rich resources and cheap labor prompted many suppliers to
move to East Asia (METI 2008), touching off a price war that has only increased the
complexity and invisibility of the supply chain structure. Those enterprises that carried
out cost design on the basis of close and visible relation to suppliers are now faced with
the problem of how to make visible and control the wide and long-term relations to
suppliers and other interested parties, such as carriers and collecting/recycling dealers,
in a way that ensures manufacturing flexibility and sustainability.

ECCD is a system to surmount not only the problem of lowering costs while increas-
ing quality but also the antagonistic relation between these two factors and the problem
of reducing environmental impact (Beppu 2005). ECCD is a process to proactively
build-in the three factors over a wide supply chain and the whole life cycle of a product.
The reason we cannot find many definite models of ECCD is due to the difficulty of
estimating the costs related to wide and complicated supply chains and the entire life
cycle of a product at the design stage.

The diversified and complicated nature of supply chains can make the cost estimat-
ing process obscure and uncontrollable, even as large finished product manufacturers
strengthen the unity of their groups in order to control the whole supply chain through
group-internal cooperation. Because of this, enterprises find it difficult to estimate and
proactively manufacture for cost, quality, and the environmental impact of supplier
materials and parts at the design stage. Moreover, enterprises must work to estimate
not only the costs over the product lifetime, but also cope with the changing life of the
product in competitive markets (Orita 2012). Finished product manufacturers should
establish a strongly green and socially responsible partnership with suppliers (Lavastre
et al. 2012; Thun and Hoenig 2011; Cheng et al. 2012) to develop improved compet-
itiveness, profitability, and long-term sustainability (Lockamy and Smith 2000).

However, in Japan where there is little room left in the cost design for cost reduction,
this often leads to a deterioration of quality, which can in turn lead to product recalls,
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since enterprises may compel suppliers to produce parts at lower cost to achieve the
target cost of a product (Kato 2010). At times, severe curtailment of costs (by set-
ting strict cost targets in factories or through requiring lower costs of suppliers) and
stricter environmental requirements lead to a reduction in the level of functioning of
the vehicles. Recall-related costs are a pure waste of social resources that the suppli-
ers, managers, and workers of an assembly firm could otherwise use in an effort to
manufacture cheap, functional, and environmentally friendly products. Thus, in effect,
these costs are also environmentally unfriendly activities. Under the prevailing cost
design systems in Japan, it is most critical to find ways to proactively manufacture
costs, quality, and environmental impact reduction into products and tackle recall-level
problems from the viewpoint of profitability, competitive strategy, and social respon-
sibility. Although auto manufacturers and big electronics companies seek to increase
the uniformity of their supply chain through information sharing and technological
and financial support, there still remain some problems of visibility and control in cost
design. Even today, recalls by auto manufacturers of defective vehicles is a serious
problem. The recall of 1.9 million Prius automobiles was the result of improper pro-
gramming for the hybrid control system, which Toyota produced from March 2009 to
February 2013 and sold globally (The Nikkei 2014). From among Honda hybrid cars,
81,353 of two different types produced from July 2013 to February 2014 were also
recalled (Nikkan Kogyo Shinbun 2014). According to an analysis of automobile recall
notifications published by the Road Transport Bureau of METI, 59.5 % (122) of all
notified recalls (205) in 2011 resulted from “design problems,” and 109 recalls (53.2 %
of the whole and 89.3 % of the 122) were caused by lax evaluation standards (Road
Transport Bureau 2013). The average results over five years, from 2007 to 2011, show
almost the same tendency as that in 2011. The recall of defective vehicles by Japanese
auto manufacturers that are the result of design problems exemplifies the difficulty of
balancing cost design with environmental impact reduction in ECCD.

At the individual company level, the most important aspect of ECCD implementa-
tion is to find and establish a fundamental category, analogous to value in the initial cost
design, which will make it possible to simultaneously quantify and evaluate the cost,
functions, and environmental impact of a product. However, some skepticism about
the development of this fundamental category seems reasonable, since we depend
here on the efforts of companies, changes in social environmental consciousness, and
the strong support of governments and industrial circles, which will all play a role in
resolving the environmental problems that have resulted from global socioeconomic
development. For example, to effectively implement ECCD, individual companies
must use cost tables at the functional level that are prepared with the aid of product
environmental information and databases on regulated chemical substances, prohib-
ited materials use, and energy-conserving technologies in each industrial sector. These
tables are also indispensable for the ultimate goal of sustainability, which is to “achieve
a better balance of environmental protection and social equity” in the economy (Swarr
and Hunkeler 2008. p. 85). Information on these items from each industrial sector,
even if the cooperation of firms, industrial groups, and national governments is nec-
essary in terms of finance and activities, may help nurture the development of ECCD
in the same way that Japanese motor companies could hasten to produce environmen-
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tally friendly vehicles on the model of the International Material Data System7 and
the Global Automotive Declarable Substance List.8 In the electric machine industry,
the recycling cost table9 of the office machine and optical instrument manufacturer,
Ricoh (Kokubu and Nakashima 2003), which makes use of life cycle costing in ECCD,
could be more effectively supported not only by industrial group (e.g. by PC3R, an
association to promote the reduction, reuse, and recycling of personal computers) but
also by governments as a source of information (PC3R Promotion Association 2014).

5 Conclusion

In ECCD, Japanese companies must solve the problem of proactively and reliably
manufacturing cheaper and more functional products with minimal environmental
impact at the design stage under increasing uncertainty and complexity caused by
broadening supply chains and the diverse, intricate relationships among suppliers and
other dealers (producers, users, retailers, and collecting/recycling dealers) in the life
cycle process. ECCD, when used on the basis of the initial cost design with the inten-
tion of profitability and competitive strategy, performs its social and environmental
duties by integrating flexibility and sustainability into it as a result of the initial cost
design’s expanding to global supply chain and the whole product life cycle. Therefore,
ECCD becomes more complicated than the initial cost design. The core of all the ques-
tions is whether Japanese enterprises continually follow management thinking to solve
the inherently antagonistic relation between low cost and high quality, and minimal
environmental impact in ECCD by proactively manufacturing for all of these factors
at the design stage or whether they modify its thinking and use a trade-off between
cost and environmental impacts to seek a well-balanced combination. Thanks to the
success of cost design, the idea of cheap, high quality goods has taken root in the
minds of Japanese consumers. Consumers have become accustomed to corporations
taking efforts toward environmental protection without passing on these costs, even
as producers wrestle with the problem of producing a low cost product that has min-
imal environmental impact. Japanese enterprises should continue to look inward and
outward for cost and quality improvements.

The most important point is to deepen national environmental awareness and for
each person to bear the social and environmental costs in his or her own way. In this
situation, enterprises can use ECCD to proactively manufacture with reasonable tar-
get costs, at high quality, and with low environmental impact. For example, they may
use a metric such as socioeconomic value, in which functional improvement and envi-
ronmental impact reduction curves will intersect at an optimum cost. However, this
problem is not only on the company side. Industrial organizations and governments

7 IMDS is a system that collects information on about 30,000 types of parts and chemical substances
contained in supply chains (Hewlett Packard 2014).
8 GADSL has the purpose of facilitating communication and exchange of information regarding the use
of certain substances in automotive products throughout the supply chain (GADSL 2011).
9 A recycling cost table is used to evaluate environmental costs on the basis of the relation between cost
analysis induced by life cycle costing and physical analysis based on the evaluation of product environmental
impacts. (Kokubu and Nakashima 2003).
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must also contribute to the realization of the goals of ECCD. Although difficult, both
enterprises and consumers in Japan must now embark on a new path in which they
must contribute to environmental protection in their own ways since environmental
problems take a long time and global effort to solve. The efforts of the government
and industrial organizations have led to several advances in environmental manufac-
turing and management in Japan. These include tax breaks for eco-friendly cars and
energy-saving household electric appliances, environmental regulations, and public
environmental protection activities.

As Japanese enterprises begin to implement ECCD, there will be room after sev-
eral years for further investigation of its practical state. However, the framework and
fundamental concepts of ECCD have already been implemented in some companies
and will be further refined in the future. At the same time, future study in management
accounting will considerably shift viewpoints from thinking in divisions or units of
company (the unitary systematic approach) to a systems-thinking approach (Rebitzer
2010), including environmental and, perhaps, social aspects (Lichtenvort et al. 2008).
This paper examined the possibility for cost design to transform into ECCD and pointed
out the difficulty of this transition and problems for its further development. The fun-
damental thinking discussed in this paper may be in line with socioeconomic studies
in management accounting, which accounting researchers must undertake when they
investigate socioeconomic issues such as the safety of products and environmental
consciouness focused on profitability and competitive strategy.
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