APPLICATION OF ENVIRONMENTAL PRINCIPLES TO

REVERSE SUPPLY CHAINS

Giannis T. Tsoulfas, Costas P. Pappis

University of Piraeus, Dept. of Industrial Management,

80 Karaoli & Dimitriou str., 18534 ˘ Piraeus, Hellas ˘ GR.

Tel. +30 1 4142150 - Fax +30 1 41423 28 e - mail: tsoulfas@unipi.gr, pappis@unipi.gr

Abstract

Little attention has been drawn in identifying environmental principles for the planning of both forward and reverse logistics networks. In this paper we deal with this problem.

In particular, prin ciples for a company´s functions of product design, packaging, collection and transportation, recycling and disposal and marketing are identified and commented upon. We claim that the improvement of both the forward and the reverse channel is essential for the best possible outcome.

Keywords: Environmental Management, Reverse Supply Chain, Sustainable

Development

1. Introduction

Earth as a resource systemhas a limited capacity for supporting a growing human population with an intensive exchange of mat erials and energy with its environment

(Karlsson, 1999). Communities, governments, businesses, international agencies, and non - government organizations are increasingly concerned with establishing a means to monitor performance and to assess progress towar d sustainable development. The latter is defined as meeting the needs of the current generation without compromising the ability of future generations to meet their own needs (World Commission on

Environment and Development, 1987). The integration of envir onment and development concerns and greater attention to themwill lead to the fulfillment of basic needs, improved living standards for all, better protected and managed ecosystems and a safer, more prosperous future. The key to sustainable development is that it must seek the mutual goals of economic development and environmental protection for the purpose of fulfilling basic needs for all (Conference on Environment and Development,

1992).

Reverse logistics and recovery of used products in particular has received much attention lately due to the above. While traditional logistics is perceived as managing the supply of goods and/or services fromthe producer to the (end) customer (Cooper et al., 1991), reverse logistics is the process of planning, implemen ting and controlling the efficient and effective inbound flow and storage of secondary goods and related information opposite to the traditional supply chain direction for the purpose of recovering value or proper disposal (Fleischmann, 2000). Just as econ omic globalization creates opportunities and poses challenges to our ability to formulate macroeconomic policies, so does environmental globalization. The opportunity for business profit is an additional motive for the companies. Relevant legislations in d eveloped countries derive fromthe social demand for environmental protection.

Nowadays the perspective that the manufacturers should be made responsible for their products ^fromcradle to grave~ tends to dominate. However, it can be claimed that the effor ts made so far are rather limited, while nobody would argue against the need for a global approach of the situation. Developed countries or leader firms, mainly, have established environmental policies for product recovery. The issue of how effective these policies are is debatable.

Little work has been done so far in identifying sustainability principles for the planning of both forward and reverse logistics networks, whereas nobody would argue against the necessity for a unified approach. In this paper w e deal with such an approach. We claim that in most cases the applied principles, which derive fromthe demand for sustainability, lead to the improvement of the economic issue as well. We also claim that the improvement of both the forward and the reverse channel is essential for results optimization.

2. From cradle to grave

Every product generated, transported, used and discarded within the supply and the reverse chain causes a certain impact on the environment. This impact is a function of the material and energy consumed and of the wastes released in the product´s whole life cycle, which in turn depend upon the type of the product and the technology used

(Daniel et. al., 1997). Cleaner production is the continuous application of an integrated preventiv e environmental strategy applied to processes, products, practices and services to increase eco - efficiency and reduce risks for humans and the environment. Cleaner technologies extract and use natural resources more efficiently, generate products with fewe r harmful components, minimize pollutant releases to air, water and soil during manufacturing and product use, and design durable goods that can be reused or recycled

(OECD, 1995). Rather than, for example, capturing polluting substances after they have be en produced (as with the end - of - process technologies), the goal is not to produce the harmful substance at all, or to produce less of it, or a less harmful one (Faucheux and

Nicolai, 1998).

Life Cycle Analysis (LCA) has become more widely applied as a too l to analyse the environmental impact fromraw material extraction through to post - consumption fate, including intermediate stages of product manufacture, distribution, and use (Fava et al.,

1991; Cattanach et al., 1995; Stuart. et al., 1999). Design for the environment (DFE) draws on data fromLCA to design products with minimal environmental impact

(Allenby, 1996; Fiksel, 1996).

The appropriate identification of all life - cycle stages of a product is necessary for the establishment or optimization of env ironmental policies. Any activity in the supply chain may have an undesired impact on the environmental chain. And vice - versa, any disturbances in the ecological balance may affect production activities and social welfare in the long - term. In this sense, t he supply chain is connected in both ends with the environmental chain to establish a perpetual cyclical operation such as that depicted in Fig. 1. The analysis of the cost - effectiveness of schemes for the recovery of products is difficult, however, it is useless to do so without looking at the whole process chain, combining the logistics aspects with the recovery ones (Nagel and Meyer, 1999).

Figure 1

The first stage in the supply chain, including the selection of materials and methods of

processing ma y be regarded as Product design. Product design and process technology

typically determine the types of pollutants emitted, solid and hazardous wastes

generated, resources harvested and energy consumed (Post, 1991; Sarkis, 1995;

Shrivastava, 1995). During the next stage, the forward channel, the materials are

processed till the manufacture of the product. The manufactured items are usually

packaged and then transported to distributors. Finally the products end in final users -

customers. There are cases thoug h, mainly concerning job shop, where the products are

directly transported fromthe producer to the end - user, without the intermediation of a

distributor. The reverse channel starts when the product is no longer operable or when

the end - user decides that h e will not use it anymore. Given that products are not

disposed uncontrollably, they are collected and transported to appropriate facilities,

where a selection occurs: some of themare reprocessed and the rest are properly

disposed. The reprocessed items a re finally redistributed and reused. In some cases the

separation occurs away fromthe reprocessing facilities.

3. Sustainability Principles applicable to Logistics networks planning

Sustainability principles applicable to Logistics networks planning may originate in

social pressure or internally, in corporate planning.

The principles proposed below have been formulated based on the literature, where they

may be found either as explicit statements (prescriptions or guidelines) or in treatments

of subject s relating logistics to environment, which implicitly suggest such principles.

Some of these principles may also be inferred fromcompany practice.

It is important to point out that the proposed principles are not applicable to all cases.

This would occur if, for example, the product design was to be launched with no

constraints at all. In real cases though, usually not all the parties that contribute in

forward and reverse channels meet the necessary conditions for eco - optimization. In

such cases total re - design should be applied if feasible. Manufacturers should not only

be held responsible for the processes that take place in their facilities, but also for the

selection of suppliers and partners.

The sustainability principles applicable to logistics net works design can be classified in

5 groups corresponding to respective company functions:

1. Product design

2. Packaging

3. Collection and transportation

4. Recycling and disposal

5. Marketing

3.1. Product design

Product design is a critical phase for ensuring an envi ronmentally sound product profile.

R&D directed at process change and product improvement can lead to higher - value

products and reduced environmental impacts. Designers, mostly concerned with product

performance, must take into account also the effect of d esign details on energy/material

requirements for manufacturing, use and secondary use (repairability,

remanufacturability and recyclability). Redesigned products will only be effective if

they are able to provide at least the services of the products they replace. By extending

the useful life of equipment items, additional raw materials are not needed to produce

new items. In some cases, landfill disposal will not be required or that fate is delayed

for a few years. A carefully constructed set of economic instruments may provide the

incentives needed to lead to design changes that help move towards sustainability. A

number of management tools, such as EMS (ISO 14000, EMAS) and LCA, can help

business identify and select opportunities for improvement. The fol lowing principles

may apply in product design:

1. Design and develop recoverable products, which are technically durable, repeatedly

usable, harmlessly recoverable after use and environmentally compatible in

disposal ( Gotzel et. al., 1999).

Materials with a high recycling rate and which have the least impact on the

environment, both in use and origin, should be preferred. Where possible,

environmentally safer substitutes should be used and the abuse of products should be

actively prevented (Corbett and Van Wa ssenhove, 1993).

2. Produce using minimum energy and materials.

The misspending of materials and energy either due to inappropriate design, or due to

excessive number of defects should be avoided.

3. Secondary raw materials should be given priority in usage (G otzel et. al., 1999).

Primary raw materials should be used only in cases where there would be no stock of

secondary ones. Furthermore, in many cases this policy is also money - saving.

4. Establish flexible manufacturing and management policies ( Klassen and An gell,

1998) .

Companies that manipulate materials and energy should be organised in such a way that

they could correspond rapidly to changes in management and processes. Sustainable

development requires a long - termperspective for planning and policy develo pment.

Changing demands for goods and services will also push design changes. The study of

alternative design schemes is necessary in order to achieve eco - optimization. (^Do the

same but do it better or try to do something different.~) (Fleischmann et al., 1999)

5. Use eco - friendly energy production, reduce water usage and keep control of

pollution sources.

Using less energy is obviously good for the environment. It is also self - evidently good

for business because it cuts companies´ costs, and eventually avo ids potential

environmental liabilities. It is, therefore, a prerequisite to the long - termsustainability of

business. To replace non - renewable and polluting technologies, it is crucial to support

the use of renewable energy resources, as well as to reduce energy consumption. The

identification of where great amounts of energy are used could subsequently lead to

redesign of the product or its use in order to make significant energy reductions. Major

improvements in energy efficiency can often be achieved at little or no cost, even with

net savings, through the use of targeted programs. Installed water - saving techniques

lead to reduction of water use. In addition, the elimination of the stochastic factors,

which affect pollution, may lead to greener productio n.

6. Use standardized parts.

Such a policy ensures that these parts could be re - used by a larger group of producers.

For example, automotive companies use standardized screws, speedometers, etc. In

most cases this policy is also money saving.

7. Provide for e asy disassembly of the product.

This would lead to cost, time and energy savings. The opposite case would make the

disaggregation of the product unpractical and costly.

8. Reduce by - products and get the best out of them.

During the manufacture by - products ar e also created. Some of themcan and should be

reduced and/or re - used. The rest must be eliminated and disposed properly.

9. Impose higher standards on suppliers (Corbett and Van Wassenhove, 1993).

Adopting specific procurement/purchasing policies requiring suppliers to apply

sustainable development practices may help companies avoid buying - in waste and

subsequent pollution problems.

10. Use effective accounting systems and management tools.

The use of accounting systems that account for the full life cycle cost ing of a product or

service, and the environmental impacts it creates, can be expected to provide additional

information that will influence the design process. Many companies have discovered that there are economic advantages to changing designs towards b eing more sustainable,

whether because they are easier to market or cheaper to produce.

3.2. Packaging

Packaging design is important for attaining a company´s environmental objectives.

Though it serves certain needs related mainly to the distribution of the product (e.g. safe

transportation), it is not part of the actual service offered by the product. In any case, it

affects environment in many aspects. This is the reason why regulations concerning

packaging constitute an essential part of governmental policies for environmental

protection. The following principles may apply concerning packaging:

1. Limit packaging to the necessary size (Gotzel et. al., 1999).

The opposite case not only is contrary to environment protection, but it also affects

transporta tion negatively. Furthermore, environmentally safe packaging can be used as a

marketing argument ( Corbett and Van Wassenhove, 1993).

2. Design packaging for refilling or recycling (Gotzel et. al., 1999)and use

standardized packaging when applicable.

There a re examples of standardized bottles, crates, boxes, pallets and containers, which

may be used by different companies.

3.3. Collection and transportation

Despite the obvious environmental gain fromused products´ recovery, collection and

transportation of recovered products has an environmental cost. Minimizing such a cost

is important in order to increase the total environmental gain fromrecovery. Principles

applicable in this phase of the reverse supply channel are the following:

1. Formulate a policy for the recovery of used products.

Such a policy favors the maximumutilization of used products. Companies may decide

either to undertake the recovery of used products on their own, or to establish co -

operation via local or more extended networks for the col lection and recycling of

similar products (Gotzel et. al., 1999). United efforts may be more effective and provide

higher recycling rates. Also, recovered products often suit more than one manufacturer.

2. Consider using existing forward chain facilities and transportation system as much

as possible for the reverse channel.

Transportation and the consequent environmental effects can be significantly limited if

the recovery of used products can occur at the same time or in combination with the

distribution of new products. The theoretical minimal average transportation distances

can be determined using a tool for allocation and route planning.

3. Classify used products as early in the recovery channel as possible.

This eases the planning of storage of used produ cts and redundant processes are

avoided.

4. Treat hazardous materials safely.

It is necessary to ensure that the generation of hazardous wastes is reduced and also that

adequate disposal facilities are available, for the environmentally sound management of

hazardous wastes.

3.4. Recycling and disposal

After its useful life, a used product may be either disposed or recycled (generally

recovered). As in the phase of collection and transportation, recycling and disposal may

significantly contribute to the tot al environmental gain and the attainment of the

environmental goals of a company. Ideally companies should borrow fromnatural

cycles to design their systems as part of a larger natural cycle, where materials are

borrowed fromand returned to nature, witho ut negatively affecting its overall balance.

The following principles may be applied regarding recycling and disposal:

1. Close the supply loop by recycling effectively and efficiently.

Designing for recyclability is essential but recycling becomes unproduct ive when the

energy, materials and pollution used in collecting and processing used products exceeds

those used to produce the goods in the first place. Closing the loop by extending

responsibility throughout the life cycle chain ensures total product and service

stewardship.

2. Reduce the volume and amount of materials going to landfill (Boks et. al., 1999)and

consider alternative uses of used products or wastes.

Using appropriate techniques one can compact the scrap. In addition, smaller landfills

can be u sed. Alternative uses of used products extend their life cycle. For example, used

tires can be used as a protective in seaports, speedways, etc.

3. Support the development of markets for recovered components and materials.

The environment can be at the basis of the creation of new markets or of the

reorganisation of existing ones for certain (material) flows resulting fromthe production

process. With such a reorganisation, materials that would otherwise end as wastes

would turn into useful by - products (Fauch eux and Nicolai, 1998).

4. Locate recycling facilities close to customer markets (Angell and Klassen, 1999).

Such a policy would ease the direct delivery of used products fromend - users.

Furthermore, companies can also offer waste disposal services ( Corbett and Van

Wassenhove, 1993) .

3.5. Marketing

Appropriate marketing policies may also add value to a product, particularly by

providing as much information as possible regarding recovery possibilities, thus

involving customers in the recovery effort. Princip les relevant to marketing are the

following:

1. Indicate the return, reuse and recovery possibilities (Gotzel et. al., 1999), make

available the necessary information of your products concerning recycling and

provide adequate safety instructions ( Corbett and Van Wassenhove, 1993) .

The end users should be aware of what they could do after the product has completed its

life cycle. Thus customers can make educated decisions about what products to buy and

how they should treat themafter the end of their life cyc le. Since it is difficult to

predetermine where the products would end in, it should be easy for everyone to

identify the product. An easy solution could be the use of labels with serial numbers or

barcodes and the storing of the relevant information in a database (Nagel and Meyer,

1999).

2. Motivate customers and keep records of where they deliver used products or

packages.

Motivation is important in order to maximize return volumes. On the other hand,

keeping records of where records used products and packa ges end in may lead to a

better planning of collection and transportation networks.

3. Extend service and enhance product function at the usage phase to improve eco -

efficiency.

Extended service and functionality increase the value of a product with positive

consequences for the company.

4. Establish product update policies.

Several companies, e.g. those dealing with computers and other electronics, can adopt

such a policy. As a result, recovery practices are enhanced, while an up - to - date

recycling schedule may be formulated.

5. Introduce the eco - objectives to the personnel.

Key to recovery success is the involvement of employees at every level in order for

themto promote the concept of eco - efficiency. Researchers outside the field of

operations management have co nsidered the role of culture (Wehrmeyer and Parker,

1996), training and education (Dechant and Altman, 1994) and the importance of

measurement systems (Brown and Dray, 1996) for encouraging environmental activities

of the work force. Corbett and Van Wassen hove (1993) mention that it is possible to

organise and supervise ^green groups~ to encourage employees to find and discuss ways

of reducing pollution.

4. Conclusions

Companies are in a continuous worldwide interaction with society. Consequently, the

leg islations and the streams should be taken under consideration. Manufacturers share

responsibility for products fromcradle to grave along with suppliers, consumers and

others in the life cycle chain. Manufacturers, suppliers, users and disposers of product s

all have a role to play in minimising the negative environmental effects of products and

waste streams. Sharing responsibility for environmental effects will yield a more

efficient use of resources, cleaner products and technologies, improved relations

b etween companies and communities and responsible consumer choices.

Industrial practices, individual habits, and the laws produced by governing bodies all

need to bring consumption of non - renewable resources and production of harmful

pollutants into line w ith what such bodies and ecosystems consider healthy. Until lately, industry only paid for the initial production of a product, while consumers and the

taxpaying public had to pick up the tab for the harmful side effects of the pollution

generated by that production. Industries are more and more held accountable for the

clean - up costs of their pollution and for the long - termdamage to the health of humans

and the ecosystem. Increasing acceptance by producers of responsibility for their

products after sale m ay ensure that post - sale management of these products will

increasingly come into the design equation. If the producer has no responsibility for

reuse, recycling or disposal, there is little incentive to design products that are durable,

easily disassemble d for recycling, or biodegradable.

Businesses have many bottom - line incentives to adopt sustainable development. Many

firms take the view that, rather than maximizing profits within a fixed set of

environmental constraints, it is better to modify these co nstraints in order to gain a

competitive advantage. Environment is introduced as a new criterion for differentiating

among products extending to the development of environmental standards or labels

(Faucheux and Nicolai, 1998). For starters, a sustainable approach can lead to internal

cost savings fromusing energy more efficiently, producing less waste and recycling

materials. Second, sustainability can open new markets, as consumers are attracted to

companies that have invested in green technologies. Thir d, opportunities abound to

assist other companies and communities - both at home and in emerging markets - to use

energy, water and by - products more efficiently and to find beneficial uses for wastes

( International Institute for Sustainable Development, 2000 ).

References

[1] Allenby B.R. 1996. A design for environment methodology for evaluating

materials, Total Quality Environmental Management 5 (4): 69 ˘ 84.

[2] Angell L.C., R.D Klassen. 1999. Integrating environmental issues into the

mainstream: an agenda for resea rch in operations management, Journal of

Operations Management 17: 575 - 598.

[3] Boks C., A. Stevels, B. Ram. 1999. Take - back and recycling of brown goods.

Disassembly or shredding and separation? 6th International Seminar on Life

Cycle Engineering: 54 - 62.

[4] Brow n H., J. Dray. 1996. Where the rubber meets the road: measuring the success

of environmental programs, Total Quality Environmental Management 5 (3): 71˘

80.

[5] Cattanach R.E., J.M. Holdreith, D.P. Reinke, L.K. Sibik. 1995. The Handbook of

Environmentally Consc ious Manufacturing: FromDesign and Production to

Labeling and Recycling, Irwin Professional Publishing, Chicago.

[6] Cooper J, M. Browne, M. Peters. 1991. European Logistics: Markets,

Management and Strategy. Oxford. Blackwell Publishers.

[7] Corbett C.J., L.N. V an Wassenhove. 1993. The Green Fee: Internalizing and

Operationalizing Environmental Issues, California Management Review, Reprint

Series, Vol. 36, No 1:116 - 135.

[8] Dechant K., B. Altman. 1994. Environmental leadership: fromcompliance to

competitive advantag e, Academy of Management Executive 8 (3): 7 ˘ 27.

[9] Faucheux S., I. Nicolai. 1998. Environmental technological change and

governance in sustainable development policy, Ecological Economics 27: 243˘

256.

[10] Fava J.A., R. Denison, B. Jones, M.A. Curran, B. Vigon, S. Selke, J. Barnum,

(Eds). 1991. A Technical Framework for Life - Cycle Assessments, Society of

Environmental Toxicology and Chemistry (SETAC), Washington DC.

[11] Fiksel J. 1996. Achieving eco - efficiency through design for environment, Total

Quality Environmenta l Management 5 (4): 47 - 54.

[12] Fleischmann M., H.R. Krikke, R. Dekker, S.D.P. Flapper. 1999. Logistics

Network (Re) - Design for Product Recovery and Reuse, Management Report 17.

[13] Fleischmann M. 2000. Quantitative models for reverse logistics, Ph.D. Thesis,

Erasm us University, Netherlands.

[14] Gotzel C., J. Weidling, G. Heisig, K. Inderfurth. 1999. Product Return and

Recovery Concepts of Companies in Germany, Preprint Nr. 31, Otto - von -

Guericke University of Magdeburg.

[15] International Institute for Sustainable Developmen t, Annual Report 1999 - 2000.

[16] Karlsson S. 1999. Closing the Technospheric Flows of Toxic Metals. Modelling

Lead Losses froma Lead - Acid Battery Systemfor Sweden, Journal of Industrial

Ecology, Vol. 3 No 1: 23 - 40.

[17] Klassen R.D., L.C. Angell. 1998. An internat ional comparison of environmental

management in operations: the impact of manufacturing flexibility in the U.S. and

Germany, Journal of Operations Management 16 (3 ˘ 4): 177 ˘ 194.

[18] Nagel C., P. Meyer. 1999. Caught between ecology and economy: end - of - life

aspec ts of environmentally conscious manufacturing. Computers & Industrial

Engineering 36 (1999): 781 - 792.

[19] OECD. 1995. Technologies for Cleaner Production and Products, OECD, Paris,

France.

[20] Post J.E. 1991. Managing as if the earth mattered, Business Horizons 34 (4): 32˘

38.

[21] Sarkis J. 1995. Manufacturing strategy and environmental consciousness,

Technovation 15 (2): 79 ˘ 97.

[22] Shrivastava P. 1995. Environmental technologies and competitive advantage,

Strategic Management Journal 16 (3): 183 ˘ 200.

[23] Stuart J.A., J.C. Ammo ns, L.J. Turbini. 1999. A product and process selection

model with multidisciplinary environmental considerations, Operations Research

47(2): 221 - 234.

[24] United Nations Conference on Environment and Development. June 3 - 14, 1992.

Rio de Janeiro, Brazil.

[25] Wehrme yer W., K.T. Parker. 1996. Identification and relevance of environmental

corporate cultures as part of a coherent environmental policy, In: Wehrmeyer, W.

(Ed), Greening People, Greenleaf Publishing, Sheffield, England.

[26] World Commission on Environment and D evelopment. 1987. Our Common

Future, Oxford Univ. Press, New York.