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Internalizing the Product

by

Tania Van Leynseele*

Abstract:

This report is both a synopsis of the presentations at the workshop entitled Internalizing the
Product and the key findings from the research project that commenced in May 1995. The
idea of internalizing the product goes back to the notion of externalities. The objective is to
minimize the social costs (or externalities) associated with a simple exchange of goods
between the producer and the consumer. We argue that this can be achieved by a service-
oriented approach, on the part of the firm. Our definition of a service-oriented company is
one that has deliberately undertaken to maximize customer service, while retaining
ownership or long term responsibility for the product. We propose that the most optimal (or
profitable) way for a firm to go about internalizing the product is through a service-intensive
approach. We discuss the key findings from the research project, which includes: motivating
factors, economics of remanufacturing, the role of design, organizational structure and the
impact on the environment. We culminate the report with a synopsis of the presentations that
were made at the workshop on April 29th.

* Tania van Leynseele is a research associate at the Center for the Management of Environmental
Resources (CMER), INSEAD, boulevard de Constance, 77305 Fontainebleau, France
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1. INTRODUCTION

1.1 Background

The CMER Workshop 1996 entitled Internalizing the Product is a follow-up to a research
project that started last year to research and document companies shifting from a traditional
product-orientation to a service-orientation. Our definition of a service-oriented firm is one
that has deliberately undertaken to maximize customer service, while retaining ownership or
long term responsibility for the product. It will make innovative changes in the design,
production, distribution and return processes to minimize material and energy intensity, while
increasing profits. It is true that a firm could be service-oriented (for example lease its
products) but not necessarily engage in recovery and reuse. In contrast, a product-oriented
company, could also have a policy of take-back. Hence, there is no definite correlation
between a service-oriented strategy and internalizing the product. The relationship between
the two is that the most optimal (or profitable) way for a firm to go about internalizing its
product is through a service approach. However, this does not indicate that a product-
oriented company will be unable to do the same.

The idea of internalizing the product goes back to the notion of externalities. The objective is
to minimize the social costs (or externalities) associated with a simple exchange of goods
between the producer and the consumer. This raises a number of issues. Who should bear
the burden for the external cost? In a majority of cases neither the producer nor the consumer
is obliged to pay the social cost. In some cases environmental regulation has put the weight
of the burden on manufacturers who have passed it on to the consumer, in the form of higher
prices. We propose that it is the firm who should bear a significant part of the costs, given
that it is the company that initially manufacturers the product and thus has the most control
over the process. To extend the argument further, internalizing the product does not
necessarily result in higher costs for the firm. The examples we have analyzed over the past
year, indicates that in some cases it could even be profitable and result in lower costs in the
long run.

The raison d'être for the study is based on the assumption that the natural environment is
limited in both resources and absorption capacity. There is a need to slow down the rate at
which we are using natural resources. Businesses will play a key role in this task. Firms are
motivated to maximize profits. One of the variables that determine profits is costs. One way
that businesses can reduce unit costs, is by producing to maximum capacity and deriving
economies of scale in the long-term. Hence, to a certain extent, businesses are motivated to
maximize output by functioning at maximum capacity. This link between profits and unit
costs has created a situation where managerial incentives focus on maximizing output and
sales - resulting in the long term exploitation of resources and energy'.

It is necessary to differentiate between selling maximum output and the material intensity of
products. While it is clear that over time the material intensity of most goods has decreased
(become smaller, more compact due to technological innovation), the incentive to
manufacture at maximum capacity, will offset some of the benefits from technological change
(that may have reduced the material intensity of goods). For example, while computers have

'Other factors that contribute to long term exploitation of natural resources is population growth and
industrial development.
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become more compact in size (overall less materials used), the tendency to operate at
maximum capacity (to reduce unit costs), will cause natural resources to be exhausted at an
increasing rate.

We propose that firms should move beyond this traditional mind set of selling products - the
alternative is to sell the service that is inherent in the product. For example, a firm will rent
out a refrigerator for 10 years. After 10 years, the customer will return the refrigerator to the
original manufacturer and recieve a certain sum of money. The firm will now be responsible
for effective recovery and disposal of the product. In the ultimate case, consumers will own
very few items. In effect, most items will be rented for a limited time period. The consumer
will have to pay the transportation costs of delivering the item back to the original
manufacturer.

There are a number of methods to internalize the product. Leasing ('take-back'), reuse and
remanufacturing are the most common. One could counter-argue that such a strategy will
NOT necessarily change a firm's behaviour. The firm will continue to maximize output
because it will still be important to reduce unit costs over the long term. However, given that
at some point the manufacturer will be obliged to take back the refrigerator (in this case), the
number of referigerators it sells will be a function of the firm's disposal capacity in 10 years
time. Given that the firm is now responsible for the refrigerators entire life cycle, limitation in
disposal and recycling capacity will place a constraint on the number of refrigerators sold
today. As products are returned to the company at the end-of-life, firms have to find an
economically and ecologically feasible alternative. Remanufacturing is one possible solution.

Another alternative solution for intermediate products that dissipate during use (such as
solvents, solder paste and pesticides) is to offer the product within a system that recovers as
much of the original product as possible for recycling purposes. The cases of
Dow/SafeChem and Alpha Metals clearly demonstrates this point2. The idea is that the
service which is inherent in the product is being marketed while the firm retains ownership for
the product. The way this has been accomplished in the above cases is by offering a type of
returnable packaging system which encourages the recovery of the original product. The
solution is slightly different for pesticides where Integrated Pest Management Systems (IPM)
educate farmers to use sustainable farming techniques minimizing pesticide use. Zeneca and
Ciba Geigy have started to offer IPM as a 'service' to farmers and a number of pilot projects
have been implemented in developing countries.

Internalizing the product encompasses all of the options listed above (remanufacturing,
recycling, reuse, efficient use). The main idea behind the term internalizing the product is
that the externalities normally associated with an exchange of goods between the customer
and the firm is minimized. The main externality that we are concerned with is the disposal of
end-of-life products. By internalizing, the firm will be responsible for the product's entire life
cycle, and upon return will find efficient means to recover as much of the added value as
possible. We propose that this is a service-oriented approach because the ownership of the
product will remain in the hands of the firm (the ultimate case), and it is the service that is
inherent in the product that the customer will purchase (or lease).

2Refer to the appendix for summary tables of the main cases.
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One result of internalizing the product (sometimes referred to as dematerialization) is that
material and energy consumption will decrease considerably and the related emissions and
waste from manufacturing processes that will be avoided. While we are unaware of any
studies that have been conducted comparing the ecological gains from reuse and recovery in
comparison to the transportation costs (pollution during transportation) when carrying used
items back to the original manufacturer, one can reasonably assume that the benefits
outweigh the costs.

Crucial factors that have influenced firms to internalize their products include rising waste
disposal costs and environmental regulation. Additional push factors include initiative of a
top executive, public opinion, pressure from employees and customers and company image.
The role of environmental legislation in influencing firms to discover unexploited business
opportunities was initially proposed by Michael Porte?. In contrast, the traditional
neoclassical school of thought, states that legislation will impose an additional cost on firms
and hence affect their competitive advantage in the international market s' The evidence from
the cases that we have studied partially supports Porter's hypothesis that 'properly designed'
legislation can prompt firms to innovate and find low-hanging fruit. Thus, while certain
examples can be found to support the Porter's hypothesis, it is difficult to apply it as a general
rule. If firms have discovered win-win opportunites, additional push factors (other than
regulation) have also played an important role (landfill costs). The form that the regulation
takes is important, and Porter essentially argues for market-based instruments that will
motivate firms to find creative solutions to environmental problems.

Economic variables that create a successful remanufacturing and recycling strategy includes,
customer acceptance, establishing sufficient reverse flows, recovery of high-value parts
and/or materials, determining the optimal level of disassembly (or materials separation) and
finding a market for remanufactured parts. The role of design also plays a vital part for it can
speed up and facilitate the process of disassembly and recovery.

For intermediate products that evaporate during use, crucial factors (based on the experience
of the firms that we have studied) is first to market the product within a system (packaging
and pricing will play a role) that encourages recovery and returns. For example, Dow will
market its solvents in Safetainers' and the pricing structure for the virgin solvent is
dependent on how many used solvent containers you return. All of the firms that attempt to
market their products within systems that encourage recovery or efficient use (pesticides),
agree that an educational process for users is vital. Second, these systems (eg: SafeChem)
might be more expensive both for firms and consumers, however the long run environmental
benefits are clear.

Organizational structure of firms is an important issue that needs to be studied further.
Specifically, how does the firm go about internalizing the product. Does it do it internally or
hire service companies (or recyclers) to engage in the recovery operation? What is the

3 Michael E. Porter and Claas van der Linde" Green and Competitive" Harvard Business Review,
September -October 1995. pp: 120-134.

4 Noah Walley and Bradley Whitehead "It's Not Easy Being Green" Harvard Business Review, May-
June 1994.
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optimal organizational structure to achieve maximum recovery and reuse? Does vertical
integration favor design for disassembly in comparison to out-sourcing? What is the incentive
structure within firms that gives rise to vertical integration or out-sourcing? This issue
particularly applies to the cases of remanufacturing and recycling. We hope to use the
evidence from the case studies to analyze these questions further.

1.2 Methodology

The methodology that we adopted was to start by documenting firms that were often cited in
influential journals as examples of 'win-win'. We started with 40 potential cases which were
often cited and narrowed it down to 10 examples that seemed promising. The next step was
to conduct extensive telephone interviews to collect more information. For four cases where
we had collected sufficient background information site visits were conducted. Namely, Rank
Xerox (manufacturing site in Venray, Netherlands), Dow/SafeChem (Germany), Alpha
Metals (Germany) and DST Logistica/IBM (Busnago, Italy). Following the site visits,
detailed reports were prepared to highlight the key findings for each case. On April 29th, the
workshop entitled Internalizing the Product was organized as an occasion to bring together
companies that had participated in this project and as an attempt to analyze and discuss some
of the key findings.

1.3 Objectives of the Report

We hope that the report will provide a useful synopsis of the key findings of the past year and
a summary of each of the presentations. At the end of the report we will discuss areas where
further research is necessary. Overall, we expect the report will pin point some of the
principal issues that firms will encounter when moving towards a service-oriented strategy.

1.4 Terminology

Given that the words reuse, refurbishing, remanufacturing and recycling are often used
interchangeably, we think that it is necessary to start by clearly defining each of these terms.

REUSE: Returned products after a limited period of use, usually in good condition, subject
to simple cleaning are sent back to the market place to start a second life.

REFURBISHING: Returned products after a certain period of use, are slightly upgraded (i.e.
certain parts maybe tested and replaced) to begin a second life.

REMANUFACTURING: The returned product is disassembled to an optimal level, certain
parts are removed and replaced with new parts (depending on their condition, ware rate),
components are cleaned and tested and the product is re-assembled.

RECYCLING: The returned product is disassembled and components are separated according
to their material categories (such as aluminum, plastic, glass, ferrous metals etc.) to be sent
for recycling.

DISASSEMBLY: Separation of a product into its various components and sub-assemblies.
Disassembly normally applies to durable consumer goods such as copiers, televisions and
cars.
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2. KEY FINDINGS

2.1 MOTIVATING FACTORS

One of the first questions that was raised in our minds was 'why would firms want to
internalize their products?' What are the factors that would push firms to move beyond the
traditional thinking and start taking responsibility for the product's life cycle? This question is
extremely important in terms of public policy. If environmental legislation propels firms to
discover win-win opportunities, the policy implication is that regulation should be
strengthened. However, the issue is not so simple. The evidence from the cases suggests that
in some instances legislation has succeeded, while in other situations, regulations have
restrained firms from adopting a service oriented approach. The German Packaging
Ordinance for example (implemented in 1992), has clearly succeeded5 European Union
definitions of waste and transnational issues have posed some problems for firms.

However, regulation itself is not sufficient. Another variable that has pushed firms in this
direction is rising waste disposal costs. Especially in Europe and the US, the cost of landfill
has influenced firms to explore other options. The need to minimize disposal costs by seeking
alternative solutions has played as important a role as environmental regulation. The
opportunity to decrease production costs by creating an internal supply of remanufactured
parts is another motivating factor. Another important factor is the competitive advantage that
is derived by offering a 'service' that is not offered by other firms. Pressure from employees,
interest groups, consumer pressure groups, initiative of a senior executive and the need to
maintain a firm's green image are other variables that have influenced firms to internalize their
products.

2.1.1 Decrease Waste Disposal Costs (profits)

The evidence from the cases and other studies show that firms have become extremely
sensitive to the issue of waste disposal given the high cost it represents. A study
conducted by Dr. Ing Rolf Steinhilper from the Fraunhofer institute in Germany has
calculated the disposal costs as a percentage of total production costs for a range of
items. For example, for PC's with laser printers disposal costs represent 2 percent of
total production costs. For cars, it is 3 percent and for refrigerators/freezers disposal
costs amount to 12.5 percent of total production costs6
Landfill costs cannot be separated from environmental regulation, given that regulation
is one determinant of the cost of disposal. This is especially evident in Germany. For
example, Alpha Metals Lotosysteme GmbH, was obliged to take back the solder paste
glass jars (given the packaging ordinance). It had to find a means to reuse the glass jars
because of the rising cost of landfill - namely, 300 DM per kilo in 1995. The company
calculated that it was cheaper to clean the jars (accounting for labor costs) and reuse

5 The German Packaging Ordinance that became active in 1993 had a profound influence on
packaging issues. Articles 4-6 of the ordinance requires manufacturers and distributors to accept the
return of and the recycling of used packaging. The ordinance sets specific recycling quotas for
returned packaging.

6 Dr. Ing.Rolf Steinhilper, "Product Recycling and Eco-Design: Challenges, Solutions and Examples"
Paper presented at the International Conference on Clean Electronics.
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them than to dispose the used jars. The firm went one step further and developed a tin
packaging for the solder that could be directly recycled upon return - the tin packaging
would be used as raw material to make solder bars. Other examples, include Siemens
Nixdorf and Digital. Both companies have developed extensive recovery and reuse
strategies in Germany to minimize landfill and incineration costs. As European Union
legislation becomes more stringent in this area, one can reasonably expect costs of
landfill to increase further in the near future.

Hence, for any firm considering a remanufacturing option, the cost of landfill is an
important variable that needs to be analyzed. It should be compared to the costs of
transporting used items, disassembly costs and the value of the recovered item. This
topic will be discussed further in the section on the economics of remanufacturing.

2.1.2 Decrease Production Costs

For firms that have developed their remanufacturing operations, used components can
serve as parts either for new products or for maintenance purposes. Rank Xerox has
experienced notable savings in raw material purchases, by using recovered parts in
'remanufactured copiers'. These savings were estimated at $69.4 million in 1995. In
essence, the asset recovery unit has become an internal supplier to the firm.

Raw Materials Savings Through Rernanufacturing at Rank Xerox 

100 -

80 —

1993	 1994	 1995
Year

Within the computer industry, IBM, Digital and Siemens Nixdorf use recovered parts
for maintenance purposes. DST Logistica, supplies used parts to IBM and the parts
are usually discounted to 30 percent of the price of new parts. The parent company
(IBM) saves in terms of purchasing parts, although they are only used for maintenance
purposes.

We have included this as a motivational factor while others might argue that it is
simply an economic benefit of remanufacturing for a firm. However, we would argue
that the inherent opportunity within remanufacturing to decrease overall production
costs will motivate some firms to engage in such an operation.

2.1.3 Environmental Regulation
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Rank Xerox	 Strategic situation of the firm,
reduce waste disposal costs,
sufficient reverse flows,
employee and customer
pressure.

Digital In anticipation of regulation on
take-back of electronic waste in
Germany

IBM/Dst Logistica	 Reduce waste disposal costs by
recycling upto 90% of used
equipment. Provide parts for
maintenance purposes - profit
motive.

Dow/SafeChem	 Regulations regarding the use
of CHC solvents. The Safe
Chem system as a means to
maintain market share in a
diminishing market.
Regulation creating a niche
market

Alpha Metals	 German Packaging Ordinance
obliging the firm to take back
used packaging.
High cost of landfill

Started an asset recovery
operation at the manufacturing
plants in Europe

Started an internal
remanufacturing/recycling
operation for computers.
Creation of a subsidiary,
namely DST Logistica to
engage in recovery and logistics
activities.

Instead of selling virgin
solvents, the solution was to
sell an entire service package,
where the cost of disposal and
take back is included in the
price.

Packaging of solder paste in tin
jars (which can be recycled)
instead of the traditional glass
jars (or plastic syringes) 

The impact of environmental regulation on firms has instigated two schools of thought
on this issue. The traditional perspective is that environmental regulations will impose
an additional burden on firms, that will increase their total costs and thus affect the
company's competitiveness in the long-term. A more recent view point espoused by
Michael Porter and others is that 'properly designed' environmental legislation can
encourage firms to innovate and discover profitable business opportunities. A study
was conducted by Porter on five industries where regulation has led to innovation and
competitiveness within the industry.

The research that we conducted on the case studies has not produced a crystal clear
answer to this question. For some companies, environmental legislation was not the
crucial factor that prompted the firm to start a remanufacturing strategy. Rank Xerox
is one example. However, in other instances the role of regulation is evident (Alpha
Metals, Dow) For some firms, anticipation of legislation has prompted the company to
develop internal recycling options (Siemens Nixdorf Digital). The following table,
presents a brief analysis of what we consider to be the main motivating factors for the
principal cases analyzed.

2.1.3 Other Factors

Additional factors that have motivated firms to internalize their products includes
motivation of a top -ranking executive, company image (green image), customer
pressure, employee pressure, environmental lobby groups, and for marketing purposes.
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Customer need (pressure) is an important factor and it maybe generated due to
regulation or high disposal costs. At this point the customer may demand the
manufacturer to take back the used items. A creative marketing department will
exploit such an opportunity to achieve a competitive advantage by supplying the
service of take-back and recovery. 3M Germany provides a concrete example - the
competition on computer tapes and cartridges by the Far East was generating a
continuous sales price erosion in Germany and Europe. 3M by creating the 'data care'
program was able to stop this price decline by offering a product return program that
was attractive to environmentally conscious consumers.

Some of the factors discussed above also apply to the category of intermediate goods
that dissipate during use. The major ones include environmental regulation creating a
niche market place (Dow, Alpha Metals) the need to decrease waste disposal costs
(Alpha Metals) and company image plus customer loyalty (Zeneca, Ciba Geigy).

These variables in combination with the above have pushed firms to be responsible for
the products entire life cycle and move towards what we refer to as a service-oriented
approach.

2.2 ECONOMICS OF REMANUFACTURING

When we discuss the economics of remanufacturing, while the term remanufacturing
principally applies to durable consumer goods (copiers, computers, cars), some of the
issues discussed below can also apply to the recycling of non durable intermediate
products. To arrive at an economically viable remanufacturing operation, it is possible
to outline a number of points that should be analyzed. The following questions needs
to be addressed:

o Does the company have sufficient reverse flows to make it worthwhile to set
up a remanufacturing operation?

a What type of parts/materials should be recovered?
o What are the technological limits of disassembly? What is the economically

optimal level of disassembly?
a Is there a demand (internally within the firm or external customers) for

recovered parts and materials?
a What are the labor costs? What is the level of skill necessary?

Outlined above are some of the vital questions that a firm will have to initially address
in order to initiate a recovery operation.

2.2.1 Establishing Sufficient Reverse Flow

It is clear that without adequate reverse flows, it is not economically feasible to set-up
a recovery operation. For some businesses that have already established recycling
activities inadequate return-flows continues to pose limitations to the efficiency of the
unit. Rank Xerox, that has one of the most developed remanufacturing operations had
a strategic advantage in this respect. Given that most copiers were leased, the firm
was guaranteed to have a certain percentage of used copiers returning each year. The
company has gone one step further and implemented specific programs in certain
countries to enhance the rate of return. For example, in the Netherlands a
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concessionaires' incentive scheme has been launched which has increased return rates
to over 70 percent.

In the computer industry, one of the constraints faced by DST Logistica is a low rate
of return of used equipment. Presently, the subsidiary is mostly engaged in materials
recovery and using recovered parts for maintenance purposes. One of the reasons that
the firm has not developed a line of remanufactured computers is the lack of adequate
returns. Related to the issue of establishing sufficient reverse flows, is customer
attitudes. In some cases, environmentally conscious consumers will facilitate the
returns process by taking a proactive stance. Consumers in Germany present a good
example.

Another issue faced by firms is 'should they buy-back the used equipment or should
customers pay to get rid of their equipment?' Essentially, the issue is should the
consumer or the firm bear the external costs. Siemens Nixdorf Germany has decided
that the customer should bear a part of the burden. It charges its' customers on a
sliding scale based on the product type and the disassembly and recycling costs. The
fee to return a note book computer is DM 25 (US $ 17.50) while the charge for a large
mainframe can cost a customer upto DM 970 (US $ 680). The company is aware that
when the electronic waste legislation is implemented in Germany it will be obliged to
take back its product free-of-charge. For this reason, the firm has already started to
institute point-of-sale recycling fees on some of its products, thus increasing the total
sales price of the item (passing at least a part of the cost of disposal onto the client).

This principle can also apply to the solvents and the solder paste case studies. For
Alpha Metals it is crucial that customers return the used solder jars (both glass and
tin). Given the packaging ordinance, customers were obliged (by law) to return the
jars. Dow has overcome the problem of recovering used solvent by creating a pricing
structure for the virgin solvent that is dependent on the number of used solvent
containers that the client returns.

Hence, the issue of establishing sufficient reverse flows will depend on a number of
factors:

• The type of agreement between the customer and the manufacturer (leased
or rented vs. sold, buying simply the product vs. the entire system which
includes recovery).

o The specifics of the environmental legislation in place will influence
customers and manufacturers behavior in returning and taking back used
equipment.

o Consumer awareness (cultural factors might play a role in influencing
consumer behavior).

o A concerted effort by the manufacturer to increase return rates (incentive
schemes etc.).

2.2.2 Recovery of High-Value Parts (Materials recovery vs. parts recovery)
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Once a sufficient returns flow has been established, the product will have to be
evaluated based on the following criteria':

- Technological limits : The type and variety of materials and parts, suitability for
disassembly, cleaning, testing and reconditioning.
- Logistics Criteria - Discussed above (which includes collecting costs, organizing,
grouping and rates of return)
- Value Criteria: the advantage in recovering high value parts and materials
- Time Criteria: the maximum product life time in comparison to the single-use
cycle time.
-Innovation factors: the technical progress of new product lines vs. the
remanufactured products.
- Disposal criteria - Discussed above (the costs of alternative processes to dispose
of products)
- Other Criteria: market/consumer behavior, liabilities, patents, intellectual property
rights.

The product will need to be analyzed with respect to each of the above factors. One
criteria that we have found extremely important and has been verified by a number of
firms, is the need to recover high-value added components or materials. This factor
will significantly affect the economic viability of the operation. For example, in the
copier industry, it is the reuse of motors. In the computer industry, the recovery and
resale of memory components plays an important role. At DST Logistica, while in
terms of weight the materials recovery (i.e. gold, silver, aluminum, copper) represents
an important portion of the activity, in terms of cost recovery and financial viability of
the operation it is the sale of high-value parts that is crucial for the subsidiary.

In the car industry this feature is also evident. BMW has been engaged in the practice
of selling remanufactured parts as spare parts to customers. The company reconditions
approximately 2000 different high-value parts such as engines, transmissions, water
pumps, and electrical systems. These recovered parts are usually sold at 50-70 percent
of the value of new parts.

2.2.3 Determining the 'Optimal Level' of Disassembly (or Materials Separation)

The term disassembly normally refers to the separation of components. However, in
this instance we will use the term to also refer to materials separation. To determine an
optimal level of disassembly (and or materials separation) a number of parameters
needs to be considered. Namely, labor costs, transportation costs (categorized under
costs of disassembly), the reclamation value of components (and materials) and
disposal costs. A mathematical model developed by Johnson and Wang propose that
disassembly will be profitable if the reclamation value plus the savings of non-disposal
is greater than the disassembly costs 8 . The study by Johnson and Wang ties in with the

7Ibid
s M.R Johnson and M.H. Wang "Planning Product Disassembly for Material Recovery Opportunities"
International Journal of Production Research, 1995, vol 33, No 11. pp: 3119 -3142.
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issue of recovering high value parts given that the 'reclamation value' refers to high
value components.

A similar study by Penev and Ron develops a model to determine the economically
optimal level of disassembly. The authors propose that proceeding with disassembly is
justified if the revenues from disassembly are greater than the disassembly costs and
the costs for disposal after disassembly9.

To what extent such theoretical models are used by firms is debatable. However, they
are useful in pin pointing the crucial variables that needs to be analyzed by managers
trying to determine the optimal level of disassembly. The following table developed by
DST Logistica (for the case study) shows the materials recovery at different stages of
disassembly of an IBM Serie PS/2 CPU. The economic values (reclamation value in
comparison to costs) are also presentee.

PERSONAL IBM - SERIE PS/2 CPU

A. Shredding	 11.439
100

7.572
66.2

3.867
33.8

B. Partial
Disassembly

Key boards 1.375 765 270 340
Base 7.230 5.820 460 950
Cards 1.360 1.360
Connectors 80 80
Fans 110 30 20 50 10
Batteries 19 19
Hard disks 620 59 540 21
Flexible disk drives 645 435 210
Partial Disassembly 11.439 7.109 540 20 0 780 1.360 80 1,550

100 62.1 4.7 0.2 0.0 6.8 11.9 0.7 13.6

9 K.D. Penev and A.J. de Ron "Determination of a Disassembly Strategy" International Journal of
Production Research, 1996, Vol 34, No. 2. pp: 495-506

"'The information was provided by Mr. Ing. Guiseppe Franzosi, Manager DST Logistica.
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Economic values Cables Iron Allum. Copper Glass Plastic Cards Conne Motors
Lira/kg. 400 600 1700 2.500 3 200 5.5 c 400

8.0
PP ABS PC Compr

essor
300

Sales earning 1142 11504
Logistics -100 -1144
Transport. to landfill -100 -137
Landfill costs -150 -205
Working time (min) 16
Working costs -666 -10656
General expenses -35 -400
Profit/loss -1039

C. Further Disassembly
of Hard Disk and
Flexible Diskette
Hard Disk 550 30 510 10
Motor 70 40 9 10 11
Flexible diskette 475 260 155 40 20
Cables 10 3 7
Cards 160 160
Totals 11.439 6.945 674 33 0 820 1.520 80 1.367

100 60.7 5.9 0.3 0.0 7.2 13.3 0.7 12.0

Serie P/S 2 CPU - ECONOMIC VALUES OF MATERIALS RECOVERY

Sales Earning 160 1212
General Expenses -35 -400
Profit/loss 811

sas
•	

Sales Earning 1050 10381
Logistics -100 -1144
Transport. to Landfill -100 -155
Landfill costs -150 -233
Working Time (min) 11,5
Labor costs -666 -7659
General expenses -35 -400
Profit/loss 791

* It should be noted that the profit/loss statements for the P/S 2 model are not very
representative of the actual situation because the values represent only materials recovery and
NOT the recovery of high value parts that are sold. Parts recovery has not been included
here because in terms of weight it represents only 5% of all returned equipment. However, in
terms of economic value it represents a significant portion.

2.2.3 Marketing Issues
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Recovery of high value parts and materials is not very useful if there is no market for
remanufactured items. In the copier industry, Rank Xerox has succeeded in
successfully marketing a line of 'Remanufactured' copiers - 85 percent of the parts in
these machines have recovered components. The sale price for the remanufactured line
is 15 to 20% lower than that of new products. It is offered with the same 3 year total
satisfaction guarantee warranty as a 'newly manufactured' machine". Two key factors
that have assisted Rank Xerox in finding a market for remanufactured products is the
type of agreement that it has with a customer (leasing vs. selling) and the very nature
of a copier machine. Given that the customer is simply leasing the copier for a limited
time period, he will be more likely to accept a remanufactured machine that is less
costly, and is guaranteed to offer the same service as a new copier.

The computer industry in contrast (where models are obsolete after about 4 years) has
a difficult time marketing remanufactured computers given lack of customer demand.
For this product type, there is limited demand for models with used components. This
is a function of customer preference for models with the latest features and the belief
that remanufactured machines are inferior in quality to new models. Hence, the issue
of perceived quality plays an important role and firms have employed different
marketing tactics to convince customers that they are not purchasing a product that is
inferior in quality. For example, IBM (US) has started a line of computers with
recovered parts and this program is called Equivalent to New (E7N). Marketing
slogans such as this one play an important role in influencing customer perceptions.

Another constraint is given the dynamism of the industry, there is a time lag problem
with employing recovered parts for maintenance purposes. By the time the computer
is returned to the manufacturer, the demand for recovered parts for replacement
purposes maybe very low, because at this time there are very few machines of that
particular model in use. In addition to internal use for maintenance purposes,
recovered parts can be sold to other industries. For example, computer memory chips
are sold to toy and video game manufacturers. This represents a significant source of
revenue for IBM's recovery operation.

Hence the parameters governing a successful marketing of recovered equipment and
materials include:

Product type - For certain product types customers are more willing to lease or
purchase remanufactured models (copiers vs. computers). The dynamism of the
industry plays a significant role. Industries where the models are changing rapidly,
there is less opportunity to use recovered parts in new models - the issue of
compatibility of parts.

o Pricing - plays an important role in offering an incentive to customers to buy a
remanufactured model. This concept also applies to recovered parts that are resold
as spare parts. The issue of pricing also plays an important role where a closed-
loop system is offered to customers instead of simply the product. In this case the
impact is the opposite because the closed-loop system (eg: SafeChem) is usually
more expensive than the virgin product and includes the cost of take back and
recovery.

11 Rank Xerox Environmental Report 1995.

16



0 Quality - customers have to be convinced that they are not sacrificing quality by
buying a remanufactured model. Appealing slogans are frequently employed to
influence customer perceptions. Offering the same warranty as a new machine can
convince consumers that remanufactured models are not inferior in this respect. An
educational campaign is necessary to attract potential clients.

2.2.3 Labor Aspects of Disassembly

Disassembly is essentially a labor-intensive task. It has not reached the point of
automation yet. The level of skill necessary varies with the task. For example, in the
computer industry, a combination of both skilled and unskilled labor is necessary.
With respect to the recovery of valuable parts, skilled workers are necessary. Given
that a range of models arrive, a high level of skill and knowledge is necessary to
differentiate among the various machines. The subassemblies that are recovered varies
with each model, therefore the dissembler has to have an in-depth understanding about
the composition of the different models. At DST Logistica, there are currently 7 full-
time trained employees working on the recovery of high-value parts. They are paid on
average a salary of 2 million lira per month (approximately equal to $1280). With
regard to separating the parts into various material categories, a lower level of skill is
required.

A disassembly operation usually has a flexible work force depending on the flow of
returned equipment. This is a characteristic that is common to most disassembly
operations where the predictability of the return flows varies frequently. Overall,
disassembly has a positive impact on society, given that it has the potential to create
employment.

2.3 THE ROLE OF DESIGN

Design plays an important part in facilitating the disassembly and recovery operation.
Terms frequently used to describe this process include eco-design, design for
disassembly, design for commonality, and design for multiple lives. Eco-design is a
more general term and refers to the concept of designing products to improve its
environmental impact during the product's useful life. Design for disassembly (DFD) 12,

design for commonality (DFC)" and design for multiple lives (DML) focuses on
designing a product to facilitate reuse and disposal. Our discussion in this section will
focus on the latter issue. We will employ the term Design for Remanufacturing (DFR)
to include DFD, DFC and DML.

Designing a certain type of packaging or system to encourage recovery is also vital for
non-durable products (where DFD does not apply). In the case of Alpha metals, the
tin packaging for solder was specifically designed for recycling purposes. At Dow, the
special containers ('Safetainers') has an air tight pumping system which ensures that
zero emissions occur during the transportation phase and at the point when solvents
are transferred from the containers into the distillation equipment.

12 DFD improves equipment remanufacturability and facilitates routine service and maintenance.
13DFC is where the parts of different copiers are compatible. Components are standardized and
consolidated as much as possible to facilitate reuse between product families.

17



2.3.1 Facilitating Disassembly and Recovery

The designer can improve the suitability of a product for remanufacturing or recycling
by maximizing on opportunities in all dimensions of product design: Selection of
materials and auxiliary substances, designing of the product structure and joining
technologies. The evidence from the case studies point out how input from dissemblers
to design engineers has resulted in improving different aspects of product design to
facilitate recycling and disposal.

Copiers: At Rank Xerox, certain equipment and components are marked with
recycling symbols and remanufacturing codes which detail the recycling potential and
strategy for certain parts. Components are standardized to facilitate the replacement of
parts and repairing of copiers.

Computers: At Siemens Nixdorf new computer housings no longer receive paint
jobs, because paint renders the plastic non recyclable. Assemblers do not rivet fans
into the UNIX systems, instead they clip the fans in for easier disassembly. Each of the
computer's plastic components are identified by type and additive.

Cars: At BMW's plant all materials and components are classified for their
recyclability. In this process BMW distinguishes between 3 criteria: RI for good, R2
for adequate and R3 for inadequate recyclability and reuse. These assessments are
then applied to determine concepts and components for new vehicle generations.

Most manufacturers have also adopted strict toxic use reduction and toxic use
elimination criteria as a way to facilitate end-of-life disposal. Typical is the case of
refrigerators and CFC's (Ozone depletors). This is implemented in the following
manner. Component suppliers receive letters with lists of substances either to be
banned or limited (with acceptance limits) or to be declared. This is normally done in
anticipation of legislation and especially in view of disposal.

2.4 ORGANIZATIONAL STRUCTURE

A topic that has not received much attention and needs further research is to what
extent the organizational structure of firms will facilitate and encourage
remanufacturing. What are the advantages of a vertically integrated recovery operation
in comparison to out-sourcing? Before we begin this discussion, we will first explain
what we mean by vertical integration and out-sourcing.

2.4.1 What is Vertical Integration and Out Sourcing?

Vertical integration: This is the case where firm X manufacturers a certain
product P, and where the disposal and recycling of product P is done internally at
X. The key point is that the disposal/recovery activity is internal to the firm and
is not handed over to recyclers.
Out-sourcing or Dis-integration: This is a situation where firm X manufacturers
product P, but the disposal and recycling of P is out-sourced to recycler Y.
Hence, the disposal of P is done by an external party (in this case Y).
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A closed-loop system does not necessarily imply a vertically integrated operation. The
issues that we are interested in are: How does the organizational structure affect the
efficacy of the remanufacturing operation? What are the advantages of vertical
integration to the firm? to society? What are the benefits of out-sourcing? We will use
the evidence from the cases to try and address these questions.

2.4.2 Advantages of Vertical Integration

Most of the cases we analyzed were either vertically integrated (but not in the pure
form described above) or had cooperative agreements with a separate business unit or
subsidiary. At Rank Xerox, while the remanufacturing part of the operation is
integrated into the main product lines, the strip down and disassembly, functions as an
independent business unit. Some of the organizational drivers that pushed Rank Xerox
to vertically integrate was first, they were at the forefront of remanufacturing, so it was
necessary do it themselves. Second, for proprietary products the firm decided that for
strategic reasons the operation should be vertically integrated.

One of the main benefits to Rank Xerox of having a vertically integrated operation,
was a reduction in landfill costs and total costs of production. We are particularly
interested in the latter because it gives us some insights into the organizational
structure. Rank Xerox has in effect become an internal supplier, because the asset
recovery business unit provides remanufactured parts to the main manufacturing line.
For this reason, it has become less dependent on its suppliers and now has fewer
suppliers. The company is however trying to draw up agreements with its suppliers for
the supplier to reprocess the used parts. If these agreements are concluded the
remanufacturing operation will become dis-integrated to a certain extent.

At IBM/DST the organizational structure is a combination of both a cooperative
agreement and vertical integration. While from an operational perspective DST is
separate, in terms of overall business development it is vertically integrated.

An additional benefit of vertical integration (verified by a number of cases) is the flow
of information from the dissembler to design engineers. When a dissembler is faced
with certain technical problems, design engineers will be informed and studies will be
conducted on how the product can be better designed to simplify and speed up
disassembly. Facilitating disassembly will encourage remanufacturing in the long run,
and this has a positive impact on society (service-life of products is increased, landfill
and incineration is reduced etc.). Rank Xerox, IBM, Siemens Nixdorf and Digital have
each verified that providing input to design engineers is one of the main advantages of
having an internal recovery operation.

2.4.2 Advantages of Out-Sourcing

The advantages of out-sourcing include economies of scale or scope and locational
factors. Given that most of the cases we analyzed, had only one central recovery
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operation (except for Rank Xerox which has 3), transportation was an issue and the
locational advantages of out sourcing are clear. The issue of economies of scale is tied
into the problem of establishing sufficient reverse flows. For companies that have
limited volume and turnover, it may be more economical to out-source the disposal
activity.

3M Germany uses specialized 'service companies' to engage in the recovery operation.
The customer delivers the product to a collection center and the service company is
responsible for the recovery and recycling of materials. The materials and valuable
parts that are recovered are handed back to the manufacturer, 3M in this case.
Recovery rates and invoices are sent back to 3M. This case is interesting when
analyzing the organizational structure because while the recovery operation is out-
sourced to a service company, 3M is controlling the overall process and recovered
materials are re-integrated back into the firm's manufacturing processes. In essence,
by controlling the process, 3M has structured the out-sourcing operation to derive the
maximum benefits. It should be noted that most firms' organizational structure of
recovery will not fit into the extreme cases defined above, but will be a mixture of
vertical integration, cooperative agreements and out-sourcing.

2.5 IMPACT ON THE ENVIRONMENT

Having discussed remanufacturing from an economic and organizational perspective,
in this section we will focus on the environmental impact of recovery. Positive impacts
includes, a notable reduction in landfill and incineration, enhancing the service-life of
parts and material and a reduction in emissions and waste by reducing manufacturing
operations. A potential negative impact, is the emissions from transporting used items.
We are unaware of any studies that have been done on this subject, and it is an area
that needs further research.

2.5.1 Reduction in Landfill and Incineration

We will use the evidence from the case studies to validate the claim that both
remanufacturing and recycling will result in a notable decrease in landfill and
incineration. This is positive, given the limits in the overall absorptive capacity of the
environment.

Rank Xerox: In 1993 landfill as a percentage of total waste produced was 41 percent.
During the second quarter of 1995, it was 21 percent. Landfill in terms of absolute
weight was 2500 tons in 1992 (3rd quarter), by the second quarter of 1995 this figure
had dropped to 1000 tons.
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Landfill as a Percentage of Total Waste Produced (Manufacturing) at Rank Xerox
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Siemens Nixdorf: In 1988, 65 percent of the firm's end-of-life products were sent to
landfill. In 1995, out of the 5400 tons of equipment that was recovered only 14
percent was sent to landfill (17 percent was reused and 69 percent was recycled). The
firm has a policy of 'no incineration'. It is aiming for a goal of 10 percent landfill.

2.5.2 Increasing the Service-Life

By maximizing on the service life of products as a whole, as parts or as materials, we
are using resources more efficiently and avoiding manufacturing new products (or
parts). Michael Porter and others have referred to this as 'resource-intensity' .• 14 We
will refer to this feature of remanufacturing as 'service-life'. The concept of increasing
'service life' also brings into question the term 'end-of-life'(EOL). As entire products,
and components are reused for a second and third life, the term EOL will have less
value or will need to be redefined.

Rank Xerox: Machines reprocessed through Asset Recovery Operation (ARO) have
increased from 5 percent in 1989 to 50 percent in 1995. Components reprocessed
have increased from 0.25 million in 1989 to 3.5 million in 1995.
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14Michael E. Porter and Claas van der Linde" Green and Competitive" Harvard Business Review,
September -October 1995. pp: 120-134.
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Dow: By using the SafeChem closed loop system, approximately 65 percent of
virgin solvent is recovered in the metal cleaning industry. In the dry cleaning
industry, approximately 30 to 40 percent can be recovered. The recycled solvent is
resold to customers at a lower price.

Additional positive impacts on the environment include the reduction in emissions
and waste from manufacturing processes that will be avoided (because of
remanufacturing). A tradeoff could be the increased emissions from transporting
used items. These are topics where data is limited and further research is necessary.
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3. POTENTIALLY 'WIN-WIN' CASES

In this section we will present a synopsis of the presentations that were made at the
workshop and the key points that were analyzed during the discussion period.

3.1 REMANUFACTURING AS A STRATEGIC ADVANTAGE FOR RANK XEROX
(Hugh Smith, EHS Manager, Rank Xerox).

3.1.1 Synopsis of the Presentation

Mr. Hugh Smith began his presentation by pointing out that Rank Xerox is now a
"document company" specializing in services management such as copying services
and printing services. The traditional life cycle perspective at Rank Xerox was
discussed where customers were responsible for the disposal of EOL's. In the early
1960's the rudimentary elements of a refurbishing operation were in place, given
that the copiers were being rented out guaranteeing a returns flow. With the loss of
the patents cover and competition from the Japanese there was no longer a market
for the refurbished machines. Thus, a number of machines were being returned and
there was no process to deal with them, other than landfill. Mr. Smith remarked
that customers and employees were not satisfied with this option. Manufacturing
believed that Rank Xerox could reprocess parts several times, given that they were
durable and of high quality.

The speaker then focused on the critical business issues that the company faced
when starting an asset recovery operation and the solutions that were implemented.
The vital business issues were: Recovery processes not mainstream, inconsistent
demand for recovered parts, quality and reliability, return flows, perception as
'second-hand' and definition of 'new'. Mr. Smith pointed out that ironically it was
the service engineers and not the customers, who thought that remanufactured parts
were of inferior quality. Data from the field however, showed that it was not the
remanufactured parts that broke down. It was also necessary to develop proper
techniques to assess the service life of parts.

The solutions that were developed includes: Dual product range, integrate
reprocessed parts into assembly lines, strip back to lower level, improve testing and
characterisation, demonstrate 'as new' performance, simplify the returns process,
unique Rank Xerox warranty, communication, education and confidence. One of the
biggest hurdles the company faced was on the contractual side, defining what is
'new' vs 'remanufactured'. The dual product range consisting of 'newly
manufactured' (mostly flagship products with about 20% reprocessed parts) and
'remanufactured' consisting mostly of reprocessed parts was developed. It should
be noted that Rank Xerox has no models with only 'new' parts.

The benefits of the remanufacturing strategy were discussed by the speaker which
included improved asset utilization, improved capacity utilization, market
opportunity, reduced purchase of raw materials, reduced landfill and increase
employment (presently disassembly is a labor-intensive process). Following this, a
number of remanufacturing statistics were presented such as remanufactured copiers
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Manufacturing costs
Material related

overheads
Labor costs
Other overheads

Percentages
80 %

11%
9%

as a percentage of sales, percentage of remanufactured machines with respect to
demand. The statistics clearly indicated the overall success of the remanufacturing
strategy at Rank Xerox. Additional measures such as product quality, reduction in
landfill and packaging savings were also presented.

Mr. Smith concluded his speech by outlining the reasons for success at Rank Xerox
and some of the current constraints that the company faced. Well developed returns
infrastructure, insight into customer needs, assets have a high residual value, robust
design, total satisfaction guarantee (warranty) and a committed visonary
management were the main reasons for the success of the remanufacturing operation
at Rank Xerox. The current constraints faced by the firm included equipment return
rates, new technologies vs. reuse, changing regulatory requirements and the
exclusion of remanufactured products from procurement contracts.

3.1.2 Key Points (from the presentation)

A number of key points discussed by Mr. Smith and also in accordance with our
findings is the importance of a well developed returns infrastructure, product-type
(robust design and high material content for copiers) and the quality of
remanufactured products in influencing the success of remanufacturing. The
ambiguous role of the changing regulatory requirements in the European Union was
also debated by the participants during the discussion period. A motivating success
factor, that is perhaps unique to Rank Xerox, is the role of 'committed, visionary'
management.

3.1.3 Supplementary Information

In this section we will include some basic economic data relevant to
remanufacturing copiers at Rank Xerox. With regard to returns statistics the
following information is available:

Approximately 50 percent of machines reaching their useful life are
recovered (this percentage may increase in different countries that have
specific incentive schemes).

o Of this 50 percent, 75 percent are remanufactured and the remainder used
for parts reprocessing.

With respect to the breakdown of manufacturing costs (for a standard copier), the
following data was gathered:

In the breakdown of manufacturing costs, it is clear that material related overheads
(which includes the purchase of subassemblies) is a significant cost component.
Thus, by using reprocessed parts, the $ value of this percentage will decline. To
arrive at an estimate of the most significant sources of savings from
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remanufacturing a standard copier, the following information was gathered for the
subsystem Longbow Copier 5043.

Major Subsystems %
reprocessed

Weight (Kg) Cost ($) Price per
kilogram ($/kg)

Plastics 100% 25 548 22
Sheet metal 100% 100 548 5
Elastomers 10% 18 365 21
Printed wiring board 100% 5 913 183
Electro-mechanical 50% 83 1095 13
Other 20 183 9
Totals 250 3650 15

The data indicates that the recovery of electro mechanical sub-assemblies and
printed wiring boards are two of the principal sources of savings from
remanufacturing a Long Copier 5043. The need to recover high-value added sub-
assemblies is evident from this example.

3.2 IBM'S EXPERIENCE ON THE DISPOSAL OF ELECTRONIC EQUIPMENT
( Ing. Giuseppe Franzosi, Manager DST Logistica).

3.2.1 Synopsis of the Presentation

DST Logistica is responsible for IBM's logistics, reverse logistics and recovery
activities. In the recovery operation, 91 percent of the business (in-weight) is from
IBM products and 9 percent from the external market. The computers are returned due
to buy back, end-of-lease and trade-ins. Having presented the main activities of DST,
Mr. Franzosi discussed the main sources of returned equipment (in terms of weight)
which included IBM plants (providing surplus parts and end-of-life equipment
accounting for 15 percent), customers (used machines and maintenance parts
accounting for 76 percent) and the external market (with 9 percent machine parts).
The output from the materials recovery center (MRC) at Busnago was 84,5 percent (in
weight) in the form of precious metals and secondary raw material recovery, 8,1
percent of waste and 7,4 percent for parts assembly for the IBM maintenance market
and memory circuits (for the external market). Essentially the flow of materials to and
from Busnago was presented.

Mr. Franzosi also discussed the majors costs of the operation (collecting, process and
waste disposal) and the important sources of revenue which included material
fractions, components and parts. The speaker presented a pilot project to recycle
washing machines at DST Logistica. Presently, 52 percent of a washing machine is
recycled with 48 percent going to waste. The economics of the process costs above
3000 lira per machine. The pilot project has demonstrated that 75 percent of the
machine can be recycled with only 25 percent going to waste. However, the process is
extremely expensive and is estimated to be below 20,000 lira per machine. The pilot
project is funded by the European Community. The speaker concluded by emphasizing
that both willingness and obligation is necessary on the part of businesses to start
internalizing the product.
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Material category

Clean aluminium
Dirty aluminium
Pure copper 

Sale price per kilo of
material

$1.1 per kilo
$ 0.8 per kilo
$ 2.0 per kilo

3.2.2 Key Points

The DST case study is representative of a materials recovery operation (in terms of
weight) more so than parts recovery. However, the financial viability of the operation
is based on parts recovery and the sale of integrated circuits to external customers and
the supply of maintenance parts to IBM. Together, this represents 44 percent of total
revenue. The DST example, is interesting in comparison to that of Rank Xerox,
because it demonstrates the importance of product type - One of the main constraints
faced by DST, is the dynamism of the computer industry with new models entering the
market frequently and customer preference for computers with the latest features.
Another constraint faced by DST and also stated by Rank Xerox is the need to have a
well established returns infrastructure. With respect to organizational structure,. IBM is
more dis-integrated (than Rank Xerox) because a subsidiary has been created to carry
out both the logistics and recovery activities.

3.2.3 Supplementary Information

This section will present some economic data relating to the materials recovery
operation at DST.

Total revenue	 100 billion lira
Recovery operations	 15 billion lira
Logistics	 85 billion lira

DST supplies maintenance parts to IBM. Each model has approximately 5000
different subassemblies. For approximately 2300 parts, the selling price to IBM is
calculated by discounting to 30 percent of the price of new parts. This price includes
the costs of disassembly, transport and manufacturing. For other parts, there are
specific agreed upon prices.

The sale .of different materials is also an important source of revenue for IBM. Given
below are some of the sale prices per kilo of material:

It should also be noted that for external disposal services (ie. disposal for external
customers), DST first purchases the equipment from the client at 100 lira per kilo.
Depending on the complexity of the recovery operation, customers are invoiced
between 500 and 2000 lira per kilo. For example, video cassette recorders are
invoiced at 2000 lira per kilo.
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3.3 PRODUCT STEWARDSHIP AT DIGITAL
(Frank Severin, Manager External Technology Group Europe, Digital Equipment

GmbH)

The presentation by digital began with a general discussion of product stewardship
challenges which included chemical management, pesticide management, pollution
prevention, clean air, toxic substances and product issues to name a few. Dr. Severin
then went on to discuss the European framework focusing on the issues of scarcity of
landfill sites, polluter pays principle and producer responsibility for entire product life.
Product related Environmental, Health and Safety (EHS) developments in Europe
included trends in current EU environmental initiatives, product take-back, EU waste
definition, packaging, batteries, ECO-labels, regulated materials, energy efficiency and
Green public procurement. Dr. Severin classified product stewardship requirements
into 2 categories: Namely, "Green" requirements (based on the environmental impact)
and User environment (eg: product safety, acoustics etc).

The speaker went on to focus on two European Union initiatives. Namely, the
emerging Eco-lables driving product stewardship requirement in Europe and the Blue
Angel requirements. He remarked that given the increasing number of EU initiatives,
customer interest was expanding. For example, the number of product stewardship
inquiries were increasing from customers, government agencies and commercial
clients. A study conducted by Digital on EHS customer inquiries found that 53
percent of customers were interested in DFE, 50 percent in product ergonomics (user
comfort), 48 percent in take back services, 45 percent in general EHS programs, 45
percent in energy efficiency, 35 percent in Eco-labels and 10 percent in clean
manufacturing.

Having discussed the European regulatory framework and it's impact on customers, Dr
Severin discussed Digital's material recovery center in Nijmegen (Netherlands) which
has a recycling rate of over 90 percent. The two key activities at Nijmegen included the
recycling of packaging material and the take back, refurbish, reuse and down cycling of
products. Out of the 3500 tons of 'one' product fractions that was returned in 1995, ±
60 disassembled parts were collected and can be categorized as follows, after
disassembly: 4,5% of systems spares for re-use, 47% ferrous materials, 31,5% non
ferrous, 4% cathode ray tubes, 4% plastics, 5% cardboard, 3,5% waste and 0,5%
hazardous waste. The main sources of returns were from customers, off-lease
equipment, internally used equipment, excess stock and scrap/damaged products.

Finally, Dr. Severin gave a number of examples of DFD at Digital. For example, a
monitor now has 9 screws vs. 28 screws, many snap to fit connections, plastics
marking to name a few. He concluded by outlining how Digital hopes to continue with
product stewardship in the future - focus on asset recovery, refurbishment and repair,
reclaim, broker management, disposition, environmental product analysis and
consulting and closed loop feedback to product design.

3.3.2 Key Points

The regulatory framework presented by Dr. Severin was particularly pertinent because
it pin pointed two key issues: the role of regulation as a motivating factor for firms and
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as a means of increasing the awareness among customers. The surprising results of the
survey conducted by Digital on customer inquiries to EHS issues provoked some
questions among the participants. Dr. Severin explained that the survey had gone
through many phases, and first keywords such as DFE' had to be explained to
customers. It is only during the second or third round of the survey that the above
results were obtained. To a question by a participant on the economics of the
recovery, Dr. Severin commented that the materials recovery operation is profitable
even when accounting for the transportation costs incurred by Digital. He remarked
that the main sources of profits were the high value parts such as processors and the
homogenous material categories (aluminium, gold, silver) that was sold to recyclers.

3.4 PACKAGING OF SOLDER PASTE AT ALPHA METALS LOTOSYSTEME GMBH
(Larry Weiss, Assistant Professor of Accounting and Control, INSEAD)

3.4.1 Synopsis of the Presentation

The case study on the packaging of solder paste was presented by Professor Larry
Weiss of INSEAD who had the opportunity to visit the plant and interview key
personnel at the site. Professor Weiss began his discussion by explaining what is
solder paste and its main uses. Solder is a combination of tin, lead and silver and the
two major applications for solder are in the production of tin cans and for soldering
purposes in the electronics industry (ie. for the assembly of printed circuit boards).
The speaker went on to describe how the German packaging law affected the situation
of the firm. Given the packaging ordinance the firm was obliged to take back the glass
jars that were used to package the solder. The firm had two choices at this point -
either to scrap the jars and pay DM 300 per kilo or to clean and reuse the jars. The
firm chose the second option. Professor Weiss presented the economics of scrapping
vs. cleaning an individual jar which amounted to a net savings of 0.50 DM per jar.
Given that we are dealing with between 40,000 and 50,000 jars per year, this
amounted to significant savings.

However, cleaning the glass jars was not the ultimate solution and Mr. Gerd Froebel,
General Manager of the plant came up with the idea of creating a new kind of
packaging that could be recycled upon return, avoiding the problems of cleaning. This
new type of jar was of tin silver alloy which upon return is thrown into a melting pot
(including the left over paste residues) and used as raw materials in the manufacturing
process to make solder bars. This solution was clearly better for the environment, but
was it less costly? Professor Weiss compared the cost of cleaning and reusing a glass
jar vs the cost of tin containers. The net savings from using the tin containers was 0.20
DM per container.

The speaker also remarked that Alpha Metals did not patent the tin jar, hoping that
other manufacturers would also use it and the price would come down (This has not
happened so far). It should also be noted that the cost of landfill is increasing
exponentially in Germany. Alpha metals in Germany has been trying to convince the
other subsidiaries to adopt the same packaging, but given that in other countries there
are no regulations obliging the jars to be returned, the tin packaging has not been
adopted yet. Professor Weiss concluded by remarking that this is definitely a win-win
case because it is profitable for the firm and beneficial for the environment.
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3.4.2 Key Points

This case is particularly interesting because it clearly shows the impact of regulation
on a firm's behavior. One can argue that had the packaging ordinance NOT been
implemented, the firm would not have been obliged to accept the returned packaging
and the glass jars would have simply been disposed of by the end users. This example
fits in perfectly with Porter's hypothesis that properly constructed regulation can
prompt innovation within firms and create unexploited business opportunities. During
the discussion period, how Professor Weiss arrived at the accounting figures was
analyzed. For example, the speaker remarked that handling costs were excluded from
the analysis because they amounted to about the same for each of the 3 options
(landfill, cleaning or recycling tin jars). Also the costs of cleaning the, glass jars, might
be a little underestimated given that presently there is one full time worker cleaning the
jars and 3 other workers who clean the jars during their free time. Hence, the salary
for the 3 other workers has not been included.

3.4.3 Supplementary Information

This section discusses additional economic data pertinent to the Alpha Metals case. It
should be noted that the company (AMLG) started selling solder paste in 1986.

1996 Market Share 	 45-50% (Germany)
Total sales per year 	 40 tons
Capacity to sell
	

90 tons
Price for solder paste	 150 DM per kilo

The cost of landfill in Germany is as follows:

Normal landfill 	 300 DM per kilo
Special landfill 	 1500 DM per kilo

Given below are the distribution and costing figures for the 3 types of packaging (tin,
glass, plastic syringe).

Type of jar	 Distribution	 Cost per jar (DM)
Tin	 80%	 4.50
Glass	 10%	 2.50
Plastic syringe	 > 10%

The following figures refer to production figures for solder wire and solder bars at
Alpha Metals.

By-Products	 Price (per kilo)	 Production (year)
solder wire	 20 DM	 1800 tons
solder bars	 8.50 DM	 3200 tons

The returned tin jars are used as raw materials to make solder bars. The above
information gives us an idea on the scale of the operation.
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3.5 RECYCLING OF SOLVENTS AT DOW
(Mr. Gert Grau, Manager for the Environment, Dow Germany)

3.5.1 Synopsis of the Presentation

Mr. Grau began his presentation with a definition of solvents and a synopsis of the
three main chlorinated solvents and there applications: Namely, Perchlorethylene
(main applications in surface cleaning, dry cleaning and extraction), Trichloroethylene
(surface cleaning) and Methylenechloride (extraction and degreasing). The main
advantages and disadvantages of highly volatile chlorinated solvents were discussed
which included facts such as non flammability, pure substances with small amounts of
stabilizers, chemical stability, wide scale dissolving capacity and low range boiling
points to name a few positive features. Disadvantages included toxicity, suspicion of
causing cancer in humans, lack of biodegradability and long lasting contamination of
ground water.

Following this brief introduction to chlorinated solvents, Mr. Grau focused on the main
reasons for establishing SafeChem. One of the main factors was economic necessity.
The need to do something to keep the product in the market (Given the regulations
developing in Germany). Additional variables for establishing SafeChem included,
product stewardship, responsible care and distribution, demand for 'closed loop'
systems, product liability, legislation, economic necessity and properties of CHC
solvents being ideal for recycling. Mr. Grau also briefly discussed the different
components of the environmental legislation in Germany that affected the sales of
chlorinated solvents: Namely, the clean water act, the clean air act (emissions
protection regulation), take-back regulation and the chemicals act.

The constraints or problems that Dow has faced in marketing a closed loop
`Safetimer' system includes: wide spread distribution of small scale users, the higher
price of the closed loop system which was introduced in Germany at a time of
recession, the mistrust of chemical distributors, poor support by authorities and
problems with logistics and keeping control on the number of containers were some of
the initial problems the firm faced.

Mr. Grau concluded with the status and outlook for SafeChem focusing on the
following points: SafeChem's activities are now profitable, the system is now well
introduced and is accepted, effective coordination and cooperation with original
equipment manufacturers (OEM's) and extension of the system to dry cleaners with a
modified `Safetainer' system. Mr. Grau remarked that the transferability of this system
to other chemicals is difficult and that only chemicals physically used are suitable for
recycling.

3.5.2 Key Points

During the discussion period a participant remarked that the innovative system
proposed by Dow was simply a new form of packaging for the virgin solvent. At this
point Mr. Grau remarked on the consulting services that were also offered to
companies, on how to change their equipment and respond to the regulation in
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Germany. One important point from this case is the impact of regulation in first
drastically decreasing the overall market for chlorinated solvents in Germany and the
subsequent creation of a niche market for sophisticated closed-loop systems. Second,
this case clearly demonstrates how the concept of internalizing the product strategy
can be adopted for chemical products.

3.5.3 Supplementary Information

The company has grown rapidly since its inception. The following data on market
share and profits is useful to analyze the growth potential of SafeChem.

Year	 Market Share	 Number of	 Profits
Customers

1992	 20	 Negative
1993/1994	 6.6%	 Negative

1995	 20%	 500	 Profits of $0.25
million

SafeChem has the potential to quadruple its sales (of the closed-loop process) in
Germany. While it now has 20 percent of the market share in PER and TM, the
potential exists for 80 percent of the PER and TRI market to be converted to the
closed-loop processes. To convert to a closed loop system the customer has to make
certain investments. The new generation equipment costs between 10,000 and 20,000
DM. Additional equipment to the value of 2000 DM is necessary to connect to the
'Safetainer'. Hence, the reluctance by some customers to switch systems.

3.6 3M AND THE ENVIRONMENT - THE VISUAL CARE PROGRAM
(Dr. Marcello Puccini, Executive-in-Residence, INSEAD and former 3M employee)

3.6.1 Synopsis of the Presentation

Dr. Puccini commenced his presentation by discussing 3M's Pollution Prevention Pays
(3P) program that was started in 1973. Over the past 20 years 3P has resulted in
4,200 projects, pollution reduction of £1.3 billion, savings of up $ 750 million,
employee pride, stronger customer relationships and new products. At the occasion of
the 20th anniversary of 3P, the program was re-launched and enlarged in its' scope. A
new program entitled product responsibility was implemented to address the whole life
cycle of products. Dr. Puccini discussed the principles governing the product recovery
services which encompassed customer needs, environmental effectiveness and
marketing value (communication).

The speaker analyzed why there was a need for product recovery. The main reasons
were a decrease in the number of landfills in Europe by approximately 95 percent and
the simultaneous increase in the cost of disposal by 2000 percent. Demonstrating 3M's
commitment to product recovery, Dr. Puccini presented a number of programs that
have been initiated since 1990: Return fluid service (1990), packaging recovery
services (1991), "liner" recovery (1992), Anti-static shielding bag service (1993), data
care (1994), single used camera recovery service (1995), visual care (1995) and
occupational health product recovery services (1996).
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The DataCare material recovery program and the 3M visual care program was
presented in greater detail. For example, the flow of material in the visual care program
is as follows: customers will return their used overhead projectors to over 230
collection centers in Germany -- an optimized logistics helps to dismantle the
equipment in 6 recycling sites (referred to as 'service companies') — recovered flip
frames or transparencies are sent back via mail or via transportation companies to the
3M plant in Kamen. The status of the program was summarized by Dr. Puccini who
commented that communication through marketing and advertising was important to
gain customer acceptance. The advantages for the customers and the environment
from the visual care program was discussed: 95% of materials are recycled at a
material level, 5% is handled as waste for disposal, for flip frames and transparencies,
(depending on the level of contaminations) the polyester is recycled on a material level
or used as secondary fuel in cement kilns. The service is cost free for the last-owner of
the material.

In conclusion, Dr. Puccini summarized 3M's perspective on the electronic waste
directive. The following points were made: the visual care program is an investment
into future legislative actions (pre-empting environmental regulation). Only lean
directives are necessary since industry has already adopted a 'product responsibility'
stance. 3M is currently chairing the AG cycle (an organization that was formed to
study product recovery services in the information technology industry in Germany).

3.6.2 Key Points

The 3M case is noteworthy given the range and number of programs that have been
implemented and the overall savings for the business. It is a frequently cited example
for 'win-win'. With respect to organizational structure, the use of service companies by
3M Germany provides an interesting comparison to the vertically integrated structures
at Rank Xerox and the cooperative/ vertically integrated structures at DST. The main
motivating factors for setting up a recovery operation cited by 3M includes the
decreasing number of landfills in Europe and the high cost of disposal, which is in
accordance with our findings from some of the other cases. The case of Germany is
noteworthy where the dynamics of stringent regulation, high landfill costs and cultural
factors (proactive stance by both industry and consumers) interact to create innovative
solutions to environmental issues.

3.7 REMANUFACTURING OF PRINTER CARTRIDGES AT HANDI TERRE
(Mr. Serge Chagnoleau, President Handi Terre)

3.7.1 Synopsis of the Presentation

Handi Terre is a small French company that was created by Serge Chagnoleau in 1993.
The firm's objective is to collect all forms of bureacratic office waste. They decided to
start by collecting printer cartridges. Mr. Chagnoleau began his presentation by
outlining how Handi Terre fits into the overall picture of disposing office waste. He
remarked that Handi Terre is the 'interface' between between firms and recyclers.
Direct, personal communication is a key reason for its success. An efficient logistics
and collection program is necessary. Handi Terre has a growth rate of 5 percent each
month.
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Individual 'ilotiers' visit businesses and public institutions and propose the services of
recovering used cartridges. A box is left at the institution, and Handi Terre employees
will visit frequently to collect the cartridges that have accumulated. After collection,
the cartridges are disassembled and remanufactured to be sold at a discounted price.
Given that the value-added of a single cartridge is low, the speaker pointed out that it
is necessary to collect sufficient numbers for the process to be economically viable.
Mr. Chagnoleau emphasized that Handi Terre is creating jobs with waste. The target
for the end of the century is to create 2000 jobs. Competitors (in collecting used
cartridges) such as Hewlett Packard and Canon have not been as effective as Handi
Terre, given that they do not have people actually visiting firms and proposing the
service of 'free' disposal.

Handi Terre hopes to expand its' activities to collect other forms of office waste (not
simply ink cartridges). It has a pilot site in Marseille which is collecting used paper and
computers. It should be noted that while the collection of printer cartridges is a free
service that is offered to firms, the collection of other forms of office waste will be
charged a certain fee. Mr. Chagnoleau commented that European Union regulation
concerning the disposal of office waste, will help the firm expand its' activities.

3.7.2 Key Points

A few key points that were not mentioned by the speaker during the presentation is
that the company hires only people who have been unemployed for a long time period.
Handi Terre was created by Mr. Chagnoleau to address two societal problems in
France - namely, unemployment and protection of the environment. The
remanufacturing of the used cartridges is done by SERRIB, a filial of Bull and the
association ADAPEI which employs only handicapped people. SERRIB is responsible
for the engineering and quality control aspects of the remanufactured cartridges. The
success of the company is based to some extent on signing contracts with large firms
to collect their used cartridges. It should be noted that the two operations of
collecting used cartridges and selling remanufactured ones are separate, and clients
from whom Handi Terre collects cartridges are NOT obliged to buy the reconditioned
ones.

3.7.3 Supplementary Information

The price of a new cartridge is approximately FF. 800. Cartridges reconditioned by
Handi Terre and which have the approval mark of Bull are sold for about FF. 500
each. Cartridges lacking the Bull approval stamp are sold for about FF. 350. On
average, 80 percent of the cartridges sold by Handi Terre have the approval stamp of
Bull.

The costs of collecting cartridges have been calculated by the company to be about FF.
68 per cartridge. This has been calculated by accounting for the salaries of ilotiers and
professional expenses (such as gasoline for the cars). An ilotier is paid on average FF.
10,000 per month and collects around 600 cartridges. It should be noted that his
salary is dependent on the number of cartridges he collects. Additional professional
expenses per ilotier are estimated at FF. 3000 per month. Information on
administrative expenses, marketing and reconditioning the cartridges have not yet been
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estimated by Handi Terre to arrive at a unit cost of collecting, reconditioning and
reselling used cartridges.

3.8 MEASURING THE FINANCIAL IMPACTS OF INTERNALIZING THE PRODUCT
(Professor Marc J. Epstein, Graduate School of Business, Stanford University)

3.8.1 Synopsis of the Presentation

Professor Epstein commenced his presentation by defining the concept of internalizing
the product. He focused on product take back, dematerialization and the value of
input/output analysis. The speaker went on to discuss full environmental costing and
how it applies to the concept of internalizing the product. Given that internalizing the
product includes the total impact of a product or service (social impacts, economic and
financial impacts and environmental impacts), full environmental cost accounting is
necessary to adopt such an approach. By identifying and measuring the impacts for
internalizing the product, it provides better information for management decisions. For
example, the firm will start to consider the product and process redesign to reduce
costs.

In measuring and reporting of impacts, Professor Epstein focused on 3 categories of
costs: Namely, current costs related to previous production, current costs related to
current production and future costs related to current production. The speaker
remarked that most companies do not even know their current costs which are often
hidden in general and administrative costs and overheads. He focused on the need to
use activity based costing (ABC) to identify environmental costs, to track
environmental costs to products, facilities and activities and to determine the causes of
environmental costs.

The barriers to implementation and management of impacts was also discussed. The
first question posed by the speaker was that if remanufacturing make sense, why do
not all companies do it? He pointed out that internal accounting systems must change.
The problem is that accountants and managers are not trained in needed measurements.
They are typically more focused on the past rather than the future and also concerned
about measurement error. Management structures often make cross functional
cooperation difficult. There is a need for decentralization. Management incentives are
also a constraint given that they focus on short term vs. long term performance. For
example, the return on investment and return on net asset calculation creates improper
incentives to reduce capital expenditures, reduce depreciation and minimize
maintenance when redesigning can produce higher long term profits.

Despite these barriers within firms, Professor Epstein remarked that both regulators
and businesses are beginning to see the value of internalizing the product. Regulators
are implementing product take back legislation, accounting regulations etc. Companies
are beginning to see the value, regardless of the regulatory environment. For example,
firms are reducing resource consumption, raw material, labor and overheads. They are
also considering the impacts when designing products and processes (DFE, DFD).
Total environmental costing is critical for capital investment decisions, product
costing, product pricing, product design and cost management.
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3.8.2 Key Points

The need to account for future costs related to current production was a key point put
forward by the speaker which instigated a lot of discussion among the participants. A
number of problems in accounting for future costs were mentioned such as how to
accurately extrapolate on future disposal costs or how to account for impending
regulation. Another issue that was debated among the participants is how and if to
allocate joint costs. Professor Epstein's presentation was particularly pertinent because
it addressed the issue of internalizing the product from an environmental accounting
perspective.

4. TOPICS FOR FURTHER RESEARCH

During the research project we encountered a number of topics where data was limited
and there was a need for further research. Presented below are some of these topics.

o Organizational structure within the firm and among firms that will encourage
recovery and reuse. What are the advantages and disadvantages between
vertical integration and out-sourcing? What are the incentive systems that
motivate firms to vertically integrate instead of out-source? Which option is
preferable for the environment?

o A comparison for the environmental costs associated with recovery (such as
tranportation etc) vs. the environmental benefits from reuse and
remanufacturing.

o The impact of disassembly on the labor market. Given that disassembly is
considered to be labor intensive, has it resulted in increased employement ?
Which type of labor? (skilled or unskilled).

o Are there certain product types where remanufacturing is more economical?
What are the characteristics that make certain products easier to
remanufacture?

o From a policy perspective, what is the form/structure that regulation needs
to take to encourage innovation within firms? (Based on the assumption that
regulation can prompt win-win solutions)

o Recovery and Reuse of various product types and the markets they serve.
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A Recovery and Reuse
Strategy: In 1987, Rank
Xerox started an Asset
Recovery Operation (ARO) at
its logistics and manufacturing
operation in Venray
(Holland)15. ARO was created
as a separate unit, to engage in
the remanufacturing and
recycling of returned copiers.
It provides reconditioned
components at-cost to the
main manufacturing line.
Parts that cannot be
reconditioned and reused are
sorted into material categories
and sold to recyclers.

The principles governing
ARO are: reuse before
remanufacturing,
remanufacturing before
recycling and recycling before
landfill.

Design for the Environment
(DFE): Includes the following
principles:
• Design for Disassembly

(DFD)
• Design for Commonality

(DFC)
• Design for multiple lives

DFD means improving
fastening methods and
avoidance of non-separable
parts and materials. It also
includes using fewer material
types to make recycling easier
and faster.
DFC is where the parts of
different copiers are
compatible. Components are
standardized and consolidated
as much as possible.

Strategic Situation of the
Company: After the patents
cover expired in 1973, Xerox
corporation lost a significant
percentage of its market share
to Japanese competitors. In
the 1980's, CEO David
Kearns, implemented the
'Leadership Through Quality'
program., which focused
directly on customer needs.
Addressing environmental
concerns was a natural
extension of this strategy.

In the 1980's, new models
were flooding the market, and
the company was faced with a
growing pool of old and
outdated machines.
• customers demanded

trade-ins for old copiers.
• Rank Xerox faced

competition from
reconditioners.

• Had to maintain its
reputation for quality.

ARO proved to be the
solution.

Unexploited Profit
Opportunities: Senior
executives at Rank Xerox saw
a chance to reduce direct raw
material costs by recovering
parts from used equipment to
be used in the main
manufacturing line.

Address 'Green' Consumers
in Europe: The trend of green
consumerism during the late
1980's in Europe and the US
created a niche market for
remanufactured products
(assuming quality standards
were maintained).

Source of Direct Savings:

• Raw materials savings
through remanufacturing
at Rank Xerox was
estimated at $69.4 million
in 1995.

• The main manufacturing
division buys the parts
from ARO at cost.

• Decreases dependence on
suppliers.

Source of Revenue:
Components and materials
(which could not be
reconditioned and reused)are
sold to recyclers and suppliers,
providing a source of revenue
to the ARO unit.

Increase Market Share:
By offering the service of
'take-back' to customers, the
'green' image of the company
improves. Client loyalty is
affected, increasing market
share in long run.

Waste Recycled: The
percentage of waste recycled
increased from 52% during
the 1st quarter of 1993, to
80% during the 1st quarter of
199516.

Landfill: As a percentage of
total waste produced
(manufacturing) decreased
from 42% during the 1st
quarter of 1993 to 22% during
the 2nd quarter of 199517.

Impact from Emissions:
Reduced the need for 'virgin'
materials, lowered processing
energy requirements and
decreased emissions associated
with remanufacturing.

Increase in the Service-Life
of Copiers: The principles of
commonality and component
standardization, has resulted
in significantly longer and
more intensive service-life of
components and materials.

APPENDIX I: RANK XEROX-ASSET RECOVERY MANAGEMENT

sARO was later established at the manufacturing sites in Mitcheldon (U.K) and Lille (France).
16 Rank Xerox Environmental Report 1995.
"Ibid	
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APPENDIX 2 : IBM (DST LOGISTICA)-RECOVERY OF COMPUTERS

Organizational Structure:
A fully-owned subsidiary of
IBM (DST logistica) was
created in 1992 to engage
in both the logistics and
recovery operations for the
parent company.

The Subsidiary as a
Supplier to the Parent
Company: Since 1993,
DST sells parts recovered
(and reconditioned) from
the older models to IBM at-
cost18 The parts are used
for maintenance purposes
in Europe.

External Customers as a
Source of Revenue: A
notable portion of the
revenue for DST Logistica
is from the sale of memory
modules to external
customers19

Structural Optimization:
DST Logistica was created
to ensure structural
optimization within the
company. The subsidiary
had previously been
responsible for only
logistics.

Information on Design:
An important motivating
factor for IBM was to get
feedback from the
disassembly process, to
improve the design of new
models.

Getting ahead of
Environmental
Regulations The need to
prepare for potential
regulations in Europe
concerning manufacturer's
responsibility for end-of life
product".

Profits: In 1995, DST
Logistica made gross
profits of 1260 (million
iira)21

Savings on Raw
Materials: Recovered parts
are sold to the parent
company (IBM) at-cost;
Reducing, expenses on the
purchasing of components
for the parent company.

Constraints: IBM has not
developed a line of
computers using
remanufactured parts given
the following constraints:
• Logistics: The need to

have a predictable
return-flow in
sufficient volumes.

• Incompatibility of
Parts: Given the rapid
changes in the IT
industry where new
systems are introduced
every few months,
difficult to attain
compatibility of parts.

Landfill: The dependency
on lanfill as a means of
disposal decreased from
11% in 1992, to 8.2% in
199522.

The efficient use of
resources: With the
recovery and reuse of
components (memory
modules,) material-
efficiency is achieved.

)8The price for each of the parts are calculated at 30% of the selling price of new parts.
19 This process however is controlled by IBM, which does not want the memory module used by competitors. Therefore
other than computers (eg: video games).
20 For example in Germany, 'take-back' regulations for automobile and electrical equipment manufacturers is in the ma
21 Approximately $800,000 (assuming an exchange rate of $1=1500 lira)
22Information provided by Mr. Ing Guiseppe Franzosi, Manager of DST Logistica
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APPENDIX 3: BMW-REMANUFACTURING AND RECYCLING OF EL V'S
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Remanufacturing of High- Offer Flexibility to For the Dismantler: Resource-Intensity: by
value components: In the Customers: The sale of remanufacturing and
mid-1960's, BMW started reconditioned parts offered Revenue from the resale reusing high-value parts
to remanufacture used flexibility to customers to of used parts: The resale the service-life of these
high-value parts to be buy a part for a lower price of remanufactured parts at parts (engines) increases
resold as exchange part?. (50-70% of new parts),

with the same guarantee.
50-80% the price of new
parts, includes a notable

notably.

Pilot Disassembly Plant: profit margin and takes into Minimize Landfill and
An in-house pilot
disassembly plant has been

Potential Environmental
Regulation in Germany

account the costs of labor,
logistics and disassembly.

Incineration: By
increasing the percentage of

set up to dismantle and Ell: Legislation is in materials recycled in an
prototype cars and give the making in Germany for ELV, waste disposal
feedback to design
engineers24

.

automobile manufacturers
to take-back ELV's free-of
charge 25 .

content is reduced26 .

Developing a Recycling
Network in Europe: With
Renault, Fiat and Rover for
interbrand and
international recycling. For
example, in Italy Fiat has
opened its recycling
network (76 dismantlers)
for BMW, Rover and
Renault cars. — based on a
principle of reciprocity.

231n 1995, BMW was remanufacturing 2000 different types of parts ranging from alternators to water
pumps.
24 A Recycling and dismantling center (RDC) has been established in Lohhof, 15km North of Munich.
25Under normal circumstances depending on the value of the vehicle and its condition, the owner may
pay the dismantler or the dismantler will pay the owner for the used car. For used BMWs owners
normally get paid 200-300 DM, as high-value parts can be resold. The better the : model and the state
of the vehicle the greater the residual value and lower the cost for the owner.
26 In 1995, BMW had a recycling rate of 85%.
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Strategic Location of the
Recycling Facility: The
recycling center in
Paderborn, Germany is
directly located near to one
of the company's 3 research
facilities, encouraging the
flow of information
between disassemblers and
designers.

Stages of the Returns
Process:
• The first priority is to

try and reuse/resell the
returned computer (at
the regional branch
office)"

• The second option,is to
recondition the system
at the plant ( where it
was initially produced)
and attempt to resell or
reuse in-house.

• The next step is
disassembly to the
component level. High-
value added parts are
used for maintenance
purposes or resold to
companies29

• Last option is sorting
into material categories
for recycling purposes.

Expected Environmental
Legislation in Germany &
Europe: The Takeback
decree for Electronic Waste
to be implemented in 1997
will oblige all electronics
manufacturers to takeback
their used products.

Input to Design
Engineers: One of the
main goals of the takeback
operation is to better
understand the design faults
of old computers during the
disassembly process
resulting in improved
design (for disassembly) of
new models.

'Green' Image: A policy of
takeback /reuse and
recycling contributes to the
'Green' image of the firm.

Savings on raw material
procurements: Recovered
parts are used for
maintenance purposes -
resulting in savings on
procuring new parts.

Revenue from the sale of
reconditioned computers:
Reconditioned systems are
resold to customers at 50%
of the price of new models -
source of revenue for the
firm.

Revenue from the sale of
high-value added
components: Revenue from
the sale of computer chips
to dealers in Europe and the
US.

Landfill: In 1988, 65% of
the company's end-of-life
products were sent to
landfill, in 1995 this figure
dropped to 14% (of all
equipment recovered).
Aiming for a goal of 10%
landfill by the year 2000.

Service-Intensity: Reusing
the computer as a whole or
reusing high-value
components increases the
service-life of products -less
waste.

Design changes: Efforts
have been made to design
computers to minimize
materials and have fewer
standardized components,
decreasing disassembly
time — these changes wiill
facilitate the
disassembly/recycling
process.

APPENDIX 4: SIEMENS NDCDORF - REUSE AND RECYCLING OF
COMPUTERS

27 Only 3% (in-weigh) of all returned equipment was reused or resold at the branch level.
28 In 1996, approximately 15% of all returned equipment in-weight was reconditioned at the plant and
resold or reused.
29For example, computer chips are sold to dealers in Europe and the US.
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A New Type of
Packaging:
Mr. Gerd Froeble,
metallurgist and General
Manager of Alpha Metals
Lotosysteme Gmbh
(AMLG), developed the
idea to package the solder
in tin jars. The advantages
of tin jars:
• No solder evaporation

and no penetration of
humidity into the paste.

• The tin-silver alloy
provides adequate
hardness to allow
handling of the jars.

• The alloy is not
considered to be toxic.

• Returned jars are used
as raw materials in the
manufacturing process,
to make solder wire
and solder bars which
are sold to electronics
companies.

• Avoids the problems
and costs associated
with manually cleaning
the glass jars on return.

Environmental
Regulations - The German
Packaging Ordinance,
obliged all manufacturers to
accept the return of used
packaging3 .

Need to Satisfy
Customers: Some
customers demanded that
AMLG take-back the glass
jars. Given the regulations
the company had three
choices:

• Wash returned jars,
Prior to reuse (labor
intensive and difficult
process). .

• Landfill: Deposit glass
jars in landfill (costs
300 DM per ton and
special landfill costs
1500 DM per ton) -
expensive

• New Packaging:
Develop an alternative
form of packaging.

Reduces Raw Material
Costs: Returned tin jars
are a source of raw material
in the manufacture of
solder wire and bars. 31 . The
possibility to recover 100%
of the dried solder
remaining in the used tin
jars.

Avoid Costs of Cleaning
glass jar : With 80% of the
solder packaged in tin jars,
cleaning glass jars or waste
disposal costs are
minimized32. Cleaning of
glass jars includes labor
costs of 14 DM/ hour and
the overhead costs of
neutralizing the effluent.

Service-Life of a Product
is Maximized: On return,
the tin cans are reused in
the manufacturing process
to make solder wire and
bars, significantly
increasing the service-
intensity of the cans.

Deposition in Landfill is
Minimized: Since the
packaging is recycled or
reused on return, deposition
in landfill is not necessary.

Problems with Water
Effluent Decreased:
Cleaning the glass jars
creates effluent (which is
neutralized), by
significantly reducing the
use of the glass packaging,
the problem of effluent is
reduced.

APPENDIX 5 : ALPHA-FRY GROUP - TIN CONTAINERS FOR SOLDER
PASTE

3° In subsidiaries in other countries where Alpha-Fry has operations, given lack of regulation on packaging,
the solder paste continues to be packages in glass jars or plastic syringes. However, given that landfill costs
are rising everywhere, and regulations are becoming more stringent, it is very likely that the other subsidiaries
will also switch to this technology very soon.
31 Solder wire is sold at 20 DM per kilo, with an annual production of 1800 tons per year. Solder bars are sold
at 8.50DM per kilo, with an annual production of 3200 tons, each year.
32 10% of packaging is still with glass jars, but they are cleaned on return and reused (no landfill). The
remaining 10% are packaged in plastic syringes, which can be disposed as normal garbage.
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Selling a Service
Package: Instead of selling
virgin solvent, the solution
was to sell an entire service
package, where the cost of
disposal and take-back is
included in the price.

Important elements of the
'closed-loop' system
proposed by SafeChem
include:
• Distribution of the

solvent in special air-
tight containers33.

• Distribution of test kits,
refill stabilizers and
seminars on the proper
handling and recycling
of chlorinated solvents.

• Pricing: A pricing
matrix was developed
depending on the
number of virgin
solvent safe-tainers the
customer purchases
and the number of
spent solvent drums he
returns.

Future Developments:
Includes cooperation
with OEM's, full-
service packages,
consultancy seminars,
offer a closed-loop
system to the dry
cleaning industry. 

For Dow - Maintain
Market Share: The
German chlorinated
solvents market has been
declining drastically during
the last 10 years.

The creation of SafeChem,
a strategic move by Dow in
an attempt to increase its
share of the declining CHC
solvents market in
Germany, by offering a
system that would comply
with the regulations.

Thus environmental
regulations have helped
create a new niche market.

Profits: SafeChem made
profits of quarter million
DM in 1995, with the
potential to grow in the
coming years35.

Market Share: Increased
from 6.6% during the fiscal
year 1993/1994 to 20% in
1995 (of the total CHC
market).

In the market for closed-
loop system, SafeChem has
80% of market share.

Service Intensity:
• By recycling the used

solvent approximately
65% of it can be
recovered (metal
cleaning industry). In
the dry cleaning
industry,
approximately 30%-
40% of the solvent can
be recovered.

• By protecting the
solvent during the
cleaning process (with
stabilizers) its working
life is prolonged
considerably.

Reduced Emissions: No
emissions during the
transfer and transportation
stage, with the use of
'Safetainers'.
Approximately 10%
emissions during the
cleaning process itself36.

APPENDIX 6 : DOW (SAFECHEM)- RECYCLING OF SOLVENTS

"Referred to as "Safe-Tainers".
34From a level of consumption of 180 thousand tons in 1986, total consumption in Germany dropped
to 40 thousand tons in 1995.
35During the first 3 years of operation the company was running at a loss.
36The definition of a closed-loop system is to have 10% or less of emissions during a certain time
period.
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APPENDIX 7: ZENECA GROUP PLC-INTEGRATED PEST MANAGEMENT
(IPM)

Basic Principles of IPM:
• Correct identification

of pests and natural
enemies.

• Teaches farmers how
to use economic
thresholds37

• Improves the decision-
making skills of
farmers - when is it
absolutely necessary to
spray.

• Promotes non-chemical
methods of control
(cultural methods -
weeding and selection
of pest-resistant
varieties, crop
rotation).

The difference between
IPM and consulting
services is that IPM is more
specialized, each program
is tailored to the local
situation.

A trend towards reducing
Pesticide use: Zeneca
noticed the trend was
towards lowering the use of
pesticides, hence the need
to develop a program on
pest management38 .

The need for training and
educational support:

Company Image/Loyalty:
• The firm's image

improves
• Customer loyalty

towards Zeneca
products may increase..

• Improved relations
with governments,
NGO's and agricultural
extension workers.

For the Firm: It is unclear
that there are any
tangible economic
benefits for the firm.
( IPM is a free service

offered to farmers).

For the Farmer:
Production has the potential
to be more economical39.
• Use optimal levels of

spray - less costly,
purchase less.

• Potential to have
higher yields.

• Improves safety during
use (avoid accidents,
medical expenses)

Prevents Misuse and
overuse of Pesticides:
When IPM is introduced,
there is a decrease in the
quantity and variety of
sprays used40 - the problem
is that the decrease may not
always be sustained41

Protection of Ground
Water: Optimizing the use
of pesticides will avoid the
problems of ground water
contamination..

Impact on Health and
Safety: especially in
developing countries where
knowledge is limited on the
proper use of pesticides,
accidents have been
recorded - IPM educating
farmers on how to use
pesticides.

37 This is the number of pests per unit of area that causes economic damage.
38 Special training programs in IPM were started in 1995. IPM pilot programs have been launched in
Pakistan, Mexico and the Phillipines.
39 Data from the IPM pilot programs on economic benefits to farmers have not yet been collected,
however the evidence from other sustainable farming programs indicates that notable economic
benefits do exist.
40 Experiments in sustainable farming techniques have indicated that pesticide use can be reduced by
58% - 65%. --(Results of Integrated Farming System experiments in the Netherlands]
41 Depends on the sustainability of the program.
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