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Abstract 
Integration of environmental aspects on manufacturing has been considered. Design 
for environment based on life cyc1e thinking is one of the approaches. To transfer 
adequate scientific environmental infonnation into manufacturing process and to 
exchange socio-econornic and ecological infonnation, the infonnation system fur 
eco-effective manufacturing is very essential. Design, structure, and implementation 
ofsuch infonnation systems are described. Behavioural aspects ofthe systems such 
as attitude ofusers and training are also mentioned. 
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1 ENVIRONMENT AL CONSIDERATIONS IN MANUF ACTURING 

The awareness of environmental management is becoming essential in today's 
industrial situation, as major firms recognise the importance of environmental 
responsibility for their long term business. Environmental performance becomes a 
prerequisite for doing business. 

There are a number of global trends that make it imperative for manufacturing 
firms to become more aware ofthe environmental implications of their product and 
process designs. The legislation that requires producers to take-back products at 
the end-of-life is being enacted. Environmental labels, which promote the 
development of environmentally friendly product and provide environmental 
performance information to consumers, are becoming actual industrial standards. 
Environmental codes of management practice series are becoming more prevalent. 
Many government agencies are taking aggressive steps to ensure that manufacturers 
are responsible for recovery of products and materials at the end of their useful 
lives. Consumers also have concemed about the environmental friendliness of the 
products that they purchase. A number of research articles have discussed about 
environmentally conscious consumers, who show the behaviour of buying 
environmentally conscious products although the products are inferior to other 
products in price and convenience, or perceived as so (Coddington, 1993). 

The object of this task is to visualise the conceptual model of information 
systems for eco-effective manufacturing. Firstly, studies for design for environment 
are reviewed briefly, and the need of information systems for eco-effective 
manufacturing is described. The planning, design and implementation of 
information systems into manufacturing are followed. Finally, some organisational 
aspects are mentioned. 

2 DESIGN FOR ENVIRONMENT 

Design for Environment (DFE) is defined as systematic consideration of design 
performance with respect to environmental, health, and safety objectives over the 
full product and process life cycIe (Fiksel, 1996). It seeks to eliminate the potential 
negative environmental impacts which result from particular products or processes 
throughout its entire life cyde by systematically assessing, evaluating, and 
addressing these potential problems during manufacturing. Although some product 
and process improvements can be accomplished after design, the greatest impact at 
the lowest cost is usually realised only when improvements are incorporated into 
initial designs, especially at the planning phase (TB&E). 

DFE aims to bridge the gap between two traditionally separate functions: 
manufacturing and environmental management. The goal of DFE is to bring these 
two functions into closer contact and address product life cycIe issues that are often 
ignored. Perhaps the most important factor in changing industry attitudes has been 
the realisation that paying attention to environmental responsibility can actually 
increase profitability. Reducing pollution at the source and designing products and 
processes in ways that enhance environmental quality generally result in the higher 



383 

productivity and reduced operating costs, and mayaiso increase the market share. 
Typical manufacturing proceeds through a number of stages as followings: 

Product planning 
Integrated product development can be defined as a process whereby all functional 
groups such as engineering, manufacturing, marketing that are involved in a 
product life cycle participate as a team in the early understanding and resolution ci 
key product development issues. Well-structured product planning model makes 
the basis of product design. In addition, it considers business administrative and 
strategic aspect of product. 

The eco-effective product design is defined as the systematic setting ci 
environment-oriented goals in the product design process (Frei and Züst, 1997), 
and that is why the importance of product planning, the early phase of product 
design, has arisen. Planning of eco-effective product is the interface between product 
design, management, and environment. So far, environm.ental aspects have not 
been taken into account in product planning. However surely one should also 
consider environmental aspects in product planning because of the situation 
described above. 

Task clarification 
In this stage the goals that a product is expected to meet are developed. At this 
phase, the tasks performed during the development process are defmed, and the 
problems are outlined. 

Conceptual design 
Once the general goals of a product or process have been outlined, more specific 
plans for achieving these goals are developed. At this phase, a number of different 
concepts are usually created and evaluated to fmd the one that best addresses 
product goals. This is also a critical step for incorporating DFE concepts, for it is 
at this stage that the general goals are developed into a realistic course of action. 

Embodiment design 
The next stage is to create a more complete description of the product or process, 
short of the specific detail work. The fundamental engineering concepts that were 
established in the conceptual design stage are elaborated to ensure their feasibility, 
and that they will work in the context of the product as a whole. When this stage 
has been completed, a final system layout for the product is produced. 

At last, in this stage of manufacturing, the layout that was developed is turned 
into a completed set of engineering drawings and production methods that are used 
to-produce the actual product. No major changes should occur at this phase, as it is 
primarily to flesh out specific technical details, specifications, and tolerances that 
will allow the product to be produced. DFE activities at this stage should be 
focused on helping the designer improve the environmental performance of specific 
systems, and serve to evaluate final impacts so that environmental performance of 
future products or redesigns can be improved. 
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3 APPLICATION OF INFORMATION SYSTEM FOR 
IMPLEMENTING DESIGN FOR ENVIRONMENT 

Need of integrating information system(18) in implementing DFE 
The integration of DFE and IS has not discussed in detail, because the research 
about DFE becarne activated in early 1990s, while the development of information 
technology and the application of it in organisation are discussed actively in 
19808. 

There is the need for cooperation between environmental scientists and 
manufacturing managers so that they can develop eco-effective manufacturing 
strategies for ecosystem. This need for co-operation suggests that the management 
of environmental systems needs the information available from information 
technological system together with the sensitivity to economic and ecological 
pressures that may result from such decision making (Moffatt, 1990). 

According to Agenda 21, which was adopted in the Rio Earth Summit in 1992, 
decision making based on adequate information requires both bridging the data gap 
and improving information availability. In spite of their usefulness as methods of 
systematic data collection and analysis, their potential application in eco-effective 
manufacturing is very limited. 

18 planning for DFE 
Environmental quality planning has been hampered by an inability to collect and 
handle 1arge amounts of environmental and manufacturing information effectively. 
The development of environmental IS could alleviate many of the problems 
associated with information processing. Especially on large corporations, to cope 
with the increase in the size, complexity, and dynarnism of corporations, managers 
are implementing IS to aid their decision making process. 

Environmental planning activities must not only interact within the engineering 
disciplines but also with public and govemmenta1 agencies outside the project 
(Fabrick and O'rourke, 1982). 

Consideration of different systems 
There are several options for developing a comprehensive IS or information 
infrastructure for DFE programs. The options available to individual companies are 
changing dependent upon contemporary information technology, and the options 
realised in them are also changing as rapidly as the need for DFE prograrns. 

The features and characteristics ofIS for DFE is depending on its phase, i.e., the 
decision for product planning and for embodiment design is completely different. 
Product planning and embodiment design are two representative phases in Design 
process. Relatively, the real implementations have been progressed for the 
embodiment phase, because traditionally the narrow meaning of DFE has been far 
embodiment design. 
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4 INFORMATION SYSTEM FOR EMBODIMENT DESIGN 

On the technical side industrial ecology offers specific engineering and operational 
programs for data gathering, technology deployment and product design. The 
techniques and technologies of real-time environmental monitoring are becoming 
increasingly sophisticated, and will be integrated using information technology as 
a practical tool for mapping and managing environmental impacts. 

Environmental data collection and management, on-line guidance, data and 
design analysis, and integration of DFE techniques into standard CAD and CAE 
systems are key issues relating to design and design tools (Fiksel, 1996). Before 
considering tools, it should be determined that which steps in the design and 
implementation phases would benefit most then consider the general applicability 
of the tool to the areas of need and exarnine the specific support and 
implementation requirements. Applicability to manufacturing stages, applicability 
to product life cycle stages, and degree of decision support are primary attributes 
may be used to classify DFE tools. 

A pioneering example ofthe corporate use ofinformation technology to integrate 
environmental, technical, and management data is provided by Johnson & 
Johnson, the international health-care products manufacturer (Tibbs, 1991). In 
addition, the Consortium on Green Design and Manufacturing was formed in 1993. 
It developed several softwares for implementing DFE (CGDM). Other known tools 
for embodiment design are biased to LCA tools, because LCA is representative 
methods that can be well-measurable and quantifiable. 

5 INFORMATION SYSTEM FOR PRODUCT PLANNING 

5.1 Which decisions should be made? 

Manufacturing itself is neutral on environmental issue, i.e., it is not inseparably 
related with environmental consideration. Basically manufacturing companies are 
profit oriented, so even though there are some ethical issues to discuss, it is natural 
that environmental consideration is not prior to pursuit for profit. Surely one 
should also consider environmental aspects in manufacturing because of the 
situation described above. To describe about the required decisions, activities 
around the company should be considered firstly. Besides of tangible exchanges, it 
is need to fmd the information flows to describe the requirement of decision 
support, i.e., to find what are required to construct appropriate IS. Generally, the 
information may be used for the environmental improvement of manufacturing 
systems, to support corporate policy detail targets via appropriate documentation 
and communication. The information flows can be depicted like Figure 1. 
Information flow with environment is not bidirectional, because the information is 
useful only for people related. 
They can be categorised as production system definition that considers production 
chain, design for business excellence that considers stakeholders and market, and 
environmental considerations for product. Decisions that should be made in 
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Figure 1 Infonnation flows among related groups. 

product planning phase can be surnmarised as product systems definition, design 
for business excellence, and environmental considerations for product. 

5.2 Structure of Information System 

Database 
The first step toward a solution in almost every problem is to access existing 
infonnation. The availability of data in usable formats is critically important 
because they form the infrastructure for initial project planning. Infonnation on 
alternative materials or processes, including relevant parameters such as cost, effuct 
on product performance, environment, energy, and economic impact, would be 
very useful. 

Models and corresponding DB 
The models are classified into as followings. 
• Market models are represented by identification of the needs of the market, 

analysis of the reaction of the market, and judgement models for product 
according to the preference of stakeholders 

• Life cycle models are represented by production systems definition model and 
rough modelling of life cycle inventory based on available data. 

• Multidimensional environmental models are almost same concept with impact 
assessment models. 

• Other decision support models are providedby decision theory for general 
business administration, and they are still developing now. What is important 
is not to know models and methods as many as possible, but understand which 
models are needed in current decision making and realise them into IS. 
Uncertainty resolving models are used to evaluate choices in the face cf 
uncertainty, and to consider what technical and business strategies the company 
might adopt in response to different market or competitive scenarios. 
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• Case models are available from both success and failure. It is possible to extract 
other models from cases, but sometimes case itself can be very useful to 
decision makers. Even though it is hard to extract quantitative models from 
cases, they can act as metaphor or surrogate model. 

Interfaces 
• General human interfaces are normally common in every IS, because their 

objective is to make present results easier and more understandable. There are 
so many theories that assert the string point of certain interface technique. They 
are not described in detail here. 

• Global operating logic provides better analysing ability, such as intelligent 
agents to facilitate search and data mining tools. In addition, the system should 
incorporate a well-defined security protocol. Because environmental matter is 
interdepartmental arid interdisciplinary, there are so many persons from several 
groups who are related in updating information in database. So the problem of 
access privilege is arisen because some data should be consistent and identical 
with each other. 

• Interchanging information between human and IS is important because if the 
system is designed to be interactive, decision makers also can make their 
integrated results and give back some feedback to the system, mainly to another 
model, to progress next step. This also means that continual improvement cf 
database and models is possible, and with thischange and improvement, 
environmental and business leaming cycles also can be expected. 

One valuable thing to mention is the dynamic feature of the data. There is no 
definite information about the future status of data. All thing that decision makers 
can do is facilitating the existing data and revising it as new data set, based on the 
appropriate models. The set of expected data will be compared with real data, after 
embodiment and introducing in the market. Making new set of data is one of the 
most representative contents ofthe feedback phase. 

5.3 Other components for facilitating implementation 

Linking funetion for databases 
It facilitates the linkage between databases and models. Some DBMS would be 
used for linking database to models. 

Transferring funetion 
This function is used for integrating several data and models. It supports problem 
structuring and formulation. Surely it can be implemented in each models, 
depending on the design of IS. 

Reporting funetion 
One of the function is the reporting to user and the other related groups. It contains 
the display format and appropriate environmental contents for decision makers and 
stakeholders or suppliers. Depending on the characteristics of information, there can 
be several kinds of format for reporting. Some of them are predefined according to 
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Figure 2 Structure ons for eco-effective manufacturing. 

the traditional fonnat of company. The other is the input to other phases in product 
design, because the ultimate object of product planning is the development of a 
product. So, it should transfer all infonnation needed by later phases. 

In summary, the structure of IS for eco-effective manufacturing can be depicted 
like Figure 2. 

6 BEHA VIOURAL ASPECT OF INFORMATION SYSTEM FOR 
DESIGN FOR ENVIRONMENT 

Supports from organisation 
When planning the IS it will have to be supported at all levels of the organisation. 
The project plan has to be supported mainly at an operationallevel. In addition, it 
has been suggested that top management is responsible for the development and 
implementation of an organisation's strategy. Since IS can have a significant 
strategie impact, top management also needs to take responsibility for fostering IS 
with the potential to provide this impact (Lederer, 1988). 

Attitude of users 
Because end-users must leam a variety of new skills and because they must adjust 
to a new work environment, management must provide them with substantial 
support. One should account for industry-specific characteristics. Each industry has 
its own special applications; in turn, end users of these applications display 
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attitudes or behaviours that are different (Culpan, 1995). Many studies of IS 
implementation support the positive relationship between usefulness and system 
use (Keil et al. , 1995). Favourable attitudes of users are associated with 
implementation success. 

Training 
Training should begin prior to implementing a system. Before training, however, 
you must make important decisions about the daily processes ofyour business. 

IS for DFE, however, are difficult to have a concrete training system because it is 
at its developing stage in many cases. So, metaphor or surrogate model will be 
useful for training operators. 

With regarding quality of information, if the information provided to IS has 
questionable quality, the results obtained by the most sophisticated computer 
system will also be questionable. Significant training must be placed at the data 
sampling and analysis activities of the institutions which provide information to 
the IS. This training element should be considered as a requirement for the 
successful implementation ofIS for eco-effective manufacturing. 

7 CONCLUSION AND RESEARCH RECOMMENDA TIONS 

Information technology has offered advantages on the aspect of speed, productivity, 
convenience. However, the construction of IS for eco-effective manufacturing is not 
simply a technical effort. Rather, it will represent new capabilities of firms and 
involve the whole organisation. Therefore, models for the process by which the IS 
are embedded in organisations should be developed. 

At present, it is hard to apply this idea into practice because it needs the 
company-wide agreements on the importance of product planning beforehand. 
However, it provides a road map for the kind of life cycIe thinking and analytic 
processes that are necessary to truly integrate environmental and business 
strategies. Even partial automation ofthis structure can yield significant benefits to 
a manufacturing organisation. This normative model should be applied to real 
situation and receive feedback if possible. 
The further research is needed, with differentiating each phase of DFE. All of the 
phases are related with manufacturing issue, but the detail characteristics of the IS 
for the phases can be perfectly different. Moreover, the way for incorporating 
complex life cycIe information should be systematised. 
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