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Chapter One — Introduction

Eco-efficiency

Eco-efficiency is a management approach, developed by the World Business Council for
Sustainable Development (WBCSD), that allows companies to improve their environmental
performance while meeting the demands of the market. Put in simple terms, eco-efficiency — a
combination of the words economic and ecological efficiency — is all about producing more
with less [DeSimone and Popoff, 1997]. Eco-efficiency was defined at the first Antwerp
Workshop on Eco-efficiency, held in November 1993, as being “reached by the delivery of
competitively priced goods and services that satisfy human needs and bring quality of life,
while progressively reducing ecological impacts and resource intensity throughout the life
cycle, to a level at least in line with the earth’s estimated carrying capacity”.

The WBCSD has identified seven success factors for eco-efficiency:
- reduce the material intensity of goods and services

- reduce the energy intensity of goods and services

- reduce toxic dispersion

- enhance material recyclability

- maximise sustainable use of renewable resources

- extend material durability

- increase the service intensity of goods and services

Small and Medium-sized Enterprises

An SME can be defined in a number of ways. This research project applies the SME-definition
as defined by the South African Small Business Enabling Act (draft). According to this act, an
SME can be defined by quantitative and qualitative criteria, which are presented in Table 1.1.

Quantitative criteria (a minimum of two to be satisfied)
Sector Size Total annual Total asset Total number
© turn-over value (fixed employees
property full-time
: excluded)
Group A Less than Less than Less than .
Agriculture, forestry, and Medium R15.0 m. R3.0 m. 51-100
fishing, transport, storage and
communication, financing, Small R2.5m. RO.5 m. 5-50
insurance, real estate and
business services, community, Micro RO.5 m. RO.1 m. 1-4
social and personal services
Group B Less than Less than Less than
Mining and quarrying, Medium R25.0 m. R5.0 m. 51-200
manufacturing, electricity, gas
and water, construction, Small R5.0 m. R1.0m. 5-50
wholesale and retail trade,
catering and accommodation Micro R1.25 m. R0.25 m. 1-4
services
Qualitative criteria (compulsory)

“The enterprise must be privately, and independently owned or co-operatively owned and managed

and must not form part of an enterprise which exceeds the qualitative criteria referred to, but may have
more than one branch.”

Table 1.1 Definition of SMMEs Proposed in the Draft National Small Business Enabling Act

(South Africa)
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1.5

Research Approach

This research project can be divided into 4 areas, namely:
- literature review

- methodology development

- practical experiments

- evaluation of methodology

The aim of the literature review is to discuss the observations that have laid the foundation for
the formulation of the central problem of this research project. It also explores bodies of theory
that may (possibly) provide solutions to the central problem, which is formulated as the
perceived limited potential for South African SMEs in the manufacturing sector to improve
their environmental performance on their own.

Topics of the literature review:

- The poor environmental performance of the South African manufacturing sector.

- The characteristics of SMEs and their lack of capacity to improve their environmental
performance themselves.

- The waste minimisation methodology and its limitation in achieving the required
environmental improvement of SMEs in the manufacturing sector.

- Opportunities offered by the theory and case-studies related to networking of business and
industrial ecology.

The lessons of the literature review are applied so as to develop an appropriate methodology for
the identification of eco-efficient improvements in the industrial networks of SMEs.

The practical experiments concern the application of the developed methodology on two SMEs
in the South African manufacturing sector. Based on the practical experiments, the
methodology is evaluated in order to determine whether it is an appropriate tool to be used by
SMEs.

Structure of Thesis

Chapter 1 “Introduction” introduces the industrial network approach and provides an
overview of the hypothesis and objectives.

The observations that led to the initiation of this research project are elaborated in Chapter 2
“Literature Review”; this chapter sets out the theoretical framework of the industrial network
approach.

Chapter 3 “A Methodology for the Assessment of an Industrial Network™ describes the
methodology developed for the identification of the eco-efficient improvements in the industrial
networks of SMEs, which is referred as an industrial network assessment.

In Chapter 4 “Application of the Method to a Medium Enterprise in the Textile Sector”,
the experimental results obtained by the application of the industrial network assessment at a
textile printing company are described and evaluated.

The experimental results of the developed methodology at a powder coating company are
described and discussed in Chapter 5 “Application of the Method to a Small Enterprise in
the Metal Finishing Sector”.

Chapter 6 “Evaluation of the Industrial Network Approeach” evaluates the developed
industrial network approach, based on the conducted experiments with the two case-study
companies. The strengths and weaknesses of the developed methodology are addressed in order
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to elaborate on the extent to which the methodology meets the expectations. By doing this,
suggestions can be made for further development of the industrial network approach.

Chapter 7 “Discussion and Conclusions” draws conclusions based on the findings of the
previous chapters in order to validate the formulated hypothesis.
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3.8

3.8.1

Network Impact Matrix Envirenmental concerns
Material | Energy Solid Liguid Gaseous Total
choice* use*® residues* | residues® | residues®
Network sections:
Pre-manufacturing 0-4 04 0-4 04 -4 Suny20
Product manufacturing by O-4 0-4 0-4 0-4 G0-4 Sum/20
company
Product packaging and 0-4 0-4 0-4 0-4 0 -4 Sum/20
transport (to & from
comparny)
Product handling by 1%, 2™, 0-4 0-4 0-4 0-4 g -4 Sum/20
3" tier clients
Waste processing by 0-4 0-4 0-4 04 0 -4 Sum/20
recycling / waste treatment
COMpanics
Total score Sum/20 | Sum/20 | Sum/20 Suny/20 Sum/20 Suy'100

* rating from 0 (lowest impact on the environment) to 4 (highest impact on the environment)

Table 3.4 Framework for the Network Impact Matrix (after Graedel [1998])

Experiences, as discussed in the literature review, indicate that a full quantitative LCA is not
feasible for SMEs due to the lack of time, knowledge and finance [Guld, 1998]. However, the
abridged LCA method described by Graedel [1998] works with subjective ratings for the
various environmental concerns {material choice, energy use, solid residues, liquid residues and
gaseous residues) and can be done with much less time and financial investment. As the ratings
of the environmental concerns are subjective, it is important to discuss the network impact
matrix with various industry and LCA specialists and to consult available literature. This will
prevent ratings from being incorrectly interpreted and/or certain network improvements being
unidentified. The scoring guidelines and protocols for an abridged life cycle assessment, as
described in Graedel’s work, can provide assistance for assessing the environmental concerns
for each life cycle stage or network section. These guidelines are included in Appendix D.

The network impact matrix will largely be based on information gathered during step 1 of the
developed procedure for the industrial network assessment, the mapping of the industrial
network, and readily available data from other external resources.

Step 5: Summarise the Potential Improvement Opportunities

Purpose

The network brainstorming session and network impact matrix will identify potential network
improvements. To streamline the discussions with staff members, the results of these two
techniques have to be summarised as managers of SMEs often have a time-constraint. Their
time should therefore be used as efficient and effective as possible. It is not feasible, time-wise,
to discuss the findings of the brainstorming session and network impact matrix in great detail.
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2 Literature Review

2.1 Introduction

The central problem this Masters thesis is investigating is the perceived limited potential of
South African SMEs in the manufacturing sector to improve their environmental performance
on their own. The literature review explores this perceived problem and discusses bodies of
theory that may possibly provide solutions.

As explained in Chapter 1, the introduction, various observations have laid the foundation for
the development of an industrial network approach. In this literature review, these observations
will be discussed in detail in order to justify the development of the industrial network
approach.

Section 2.2 discusses the poor environmental performance of the South African industry and its
manufacturing sector. The characteristics of SMEs and their lack of capacity to improve their
environmental performance themselves are outlined in Section 2.3. Section 2.4 discusses the
waste minimisation methodology and its limitations to achieve the required environmental
improvement of SMEs in the manufacturing sector. Opportunities offered by the theory / case-
studies related to networking of businesses and industrial ecology are discussed in Section 2.5.

After discussing the observations which initiated the development of a method for the
systematic identification of opportunities for improved environmental performance in industrial
networks, two useful concepts for the method development are examined; viz. the systems
analysis theory and the methodology for a life cycle assessment.

At the end of this chapter, conclusions are drawn about the need for an industrial network
approach for SMEs and which features such a tool should possible have.
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2.2

2.2.1

The South African Industry and its Manufacturing Sector

This section gives a brief overview of the South African industry and its manufacturing sector
with specific reference to the environmental performance of the manufacturing sector.

General Overview

Although South Africa represents only 3% of the continent’s surface area, it accounts for about
40% of Africa’s industrial output, more than half of the generated electricity, 25% of GDP and
45% of the mineral production of the African continent. Based on these figures, it can be stated
that the South African economy is the single most important one on the African continent
[Mbendi, 1998]. However, South Africa’s economy is characterised by low productivity, a poor
international competitiveness, an unequal distribution of income and over-concentration of
various industries and other structural problems impeding sustained economuc growth and
human development [Coleman, 1997)].

According to Statistics South Africa [1999], the manufacturing sector can be divided into the

following major divisions:

- food products, beverages and tobacco products

- textiles, clothing and leather goods

- wooden products (except furniture}, articles of straw and plaiting materials, paper and paper
products, publishing, printing and reproduction of recorded media

- coke, refined petroleum products and nuclear fuel, chemicals and chemical products, rubber
“and plastic products

- other non-metallic mineral products

- basic metals, fabricated metal products, machinery and equipment and computing machinery

- electrical machinery and apparatus

- radio, television and communication equipment and apparatus; medical and precision and
optical instruments, watches and clocks

- transport equipment

- fumniture

- other

The manufacturing sector makes a significant contribution to South Afiica’s GDP. The
manufacturing sector consists of approximately 26,000 enterprises. Most of these enterprises
are located in the province Gauteng (44%), followed by the provinces Kwazulu-Natal (20%),
the Western Cape (18%) and the Eastern Cape (6%) [Statistics South Africa, 2000].

Although the manufacturing sector has an increasing GDP index over the past 8 years, the
following factors limited the growth of this sector during this period [Naumann, 2000b]:

- an unstable political situation that sent mixed signals to manufacturers;

- unsatisfactory labour relations and rising real wage costs;

- lack of training;

- outdated technology;

- high domestic interest rates and lack of access to international capital markets;

- the declining value of the South African Rand.
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2.2.2 Environmental Performance of the South African Industry and its Manufacturing Sector

2221 The South African Industry

South Africa has characteristics of both developed world environmental problems (for example
acid precipitation), and undeveloped world environmental problems (for example erosion).
Furthermore, the different aspects of the environment have not received equal attention in the
past.

Industrial development has, in the past, occurred on a rapid scale, especially around the five
major cities in South Africa (Johannesburg, Durban, Cape Town, Pretoria, Bloemfontein). The
highest concentration of industry, population and pollution lies within a radius of 150 km of
Johannesburg.

According to Bethlehem & Goldblatt [1996], there are three factors that characterise the South
African industry sector from an environmental point of view. Firstly, it relies highly on
industries with energy-intensive processes dependent on the low electricity prices. Besides this,
the industry has a set of old capital stock because of South Africa’s long absence and lack of
access from world markets, and the consequential low levels of foreign investment during the
“apartheid” years. Old capital stock means that technologies are often outdated, and processes
with a Jow(er) environmental impact are not used much by the South African manufacturing
industry, Thirdly, those industries involved in the extraction of non-renewable resources,
essentially mining and minerals processing, provide a major contribution to the GDP, export
rates and employment levels.

One of the major environmental problems in South Africa concerns the incompetence of the
government to tackle environmental problems in industry. In the past environmental problems
caused by industry have never been a major issue, so there is a lack of environmental policies.
Currently, an important development is taking place in the way pollution in industry is dealt
with; namely a shift from fragmented pollution control activities and policies towards
Integrated Pollution Control (IPC). This IPC principle is incorporated into the newly developed
environmental legislation. [RSA, 2000]. Various laws, policies and plans have been introduced
in order to bring about cleaner production and pollution prevention within industrial firms, eg.
the National Waste Management Strategy (NWMS). The problem with these new policies is
that the responsibility for the enforcement and implementation is fragmented among many
government departments. This is the reason why a central executing role for the Ministry of
Environmental Affairs and Tourism is difficult to realise [Scholten, 1995]. Another problem
concerning environmental policies is that there is a lack of money and educated inspectors to
control the enforcement of environmental legislation in the industry sector.

The South African economy and environment currently face many challenges which have to be
addressed in an effective way in order to obtain sustainable growth in this counfry. A large part
of these problems is due to the country’s political past. Fuggle and Rabie [1994] state that the
great environmental and economic tasks facing South African policy-makers in the nineties and
beyond are to:

- control the exploitation of common property resources

- adopt an effective population policy

- develop instruments for accomplishing an equitable distribution of income and wealth

- identify levels of maximum sustained yield for renewable resources, and

- calculate optimum depletion rates over time for non-renewable resources
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2222 The South African Manufaciuring Secior

The Environmental Monitoring Group [1993] conducted a study on the environmental
problems of the manufacturing sector in South Africa. This study included the chemical
process, pulp and paper, mineral benefication, heavy engineering, electronics, automotive,
textiles and clothing, food processing and building materials industries. Table 2.1 gives an
overview of the environmental and health effects of the waste types and identified pollutants of

the selected manufacturing sectors.

Pollutant Environmental / health effect

acids corrosive attack, solubilises metals

alkalis, sodium increased alkalinity and salinity; toxic to fish; solubilises metals

aluminium soluble aluminium implicated as neurotoxin; solubilises under acid
or alkali conditions

ammonia solubility in water results in alkaline conditions; eye, nose, throat
and respiratory tract irritation

cadmium highly toxic and cumulative poison; carcinogenic

carbon oxide

global warming

carbon monoxide

neurotoxin at high concentrations

chlorinated organics /
hydrocarbons

carcinogenic; flammable

chlorofluorcarbons (CFCs)

ozone depletion

colour

visually objectionable; can reduce light penetration of water

cyanide toxic at low concentrations — higher toxity under acidic conditions;
bioaccummulative

detergents foaming (contain phosphates)

fluoride chronic toxicity at concentrations not much higher than bepeficial

level for dental care

heavy metals eg. cadmium,
cobalt, chromium

persistent, bicaccumulative, toxic contamination of soil and ground
water; toxic to bacterial and aquatic life; inhibits sewage treatment
operation

hydrocarbons —~ dioxins and
furans

{OXicC; Carcinogenic

hydrogen sulphide

odorous at low concentration levels; toxic

inorganic salts eg. chlorides and
sulphates

increases water salinity; corrosive attack on construction materials;
inhibits biological activity

insecticides; pesticides

toxic to most forms of life; inhibits biological activity

nitrates and phosphates

nutrient for algal growth which causes oxygen depletion

nitrogen oxides (NOx)

irritant: respiratory problems; contributes to formation of
photochemical smog

oil and grease

blockage of sewer lines and equipment; water scumy, anaerobic
conditions; odour; may lead to formation of free fatty acids with
resulting acid/corrosive attack on concrete (damage to sewer
systems)

organic compounds

overloading of conventional sewage treatment plants; depletion of
oxygen in rivers

particulate matter in au

respiratory problems

pathogens

bacteria and viruses which cause disease

phenols

high oxygen demand leading to oxygen depletion; unpleasant odour
from contaminated water

polychlorinated biphenyls

(PCBs)

persistent, bioaccumulative toxic
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Pollutant Environmental / health effect
sulphides/sulphates may evolve noxious gases; dissolution in water creates acidic
conditions resulting in corrosive attack
sulphur oxides (SOx) irritant; respiratory problems; contributes to formation of acid rain
suspended solids (SS) turbidity and solids deposition impede transfer of oxygen and reduce
light penetration of water; inhibiting biological growth
temperature thermal pollution; promotes abnormal algal growth in natural water
bodies; may cause structural damage to sewer system; may inhibit
biological treatment processes
volatile organic compounds odorous; contributes to the generation of photochemical smog
(VOCs)
Table 2.1 Environmental and Health Effects of Waste Types and Identified Pollutants [EMG,
1993]

The relatively low costs of raw materials, many of which are mined in South Africa, and
especially the low disposal costs for wastes, do not encourage industry to make efficient use of
natural resources. This is the main reason why the production of wastes by the South African
manufacturing sector is relatively high. In the last years, many licenses have been given to new
waste disposal sites without fully examining and assessing their potential long-term
environmental impacts. This happened because the Department of Water Affairs and Forestry
had a lack of inspectors to enforce regulations. A significant number of landfill facilities cause
water, soil and air pollution, which is caused much controversy especially in surrounding
comunities. [Ast v. et al., 1996]. Figure 2.1 and Figure 2.2 show a comparative contribution to
respectively total industry waste and hazardous industry waste by the selected manufacturing
industries [EMG, 1993].

food processing building materials

2.3% 11.7% chemical products
1.0%
textiles
0.9% B metallurgical
M metal processing
pulp and paper O pulp and paper
19
2% O textiles
metal gr;);essmg M food processing
. o

@ building materials

W chemical products

metallurgical
81.8%

Figure 2.1 Comparative Contribution to Total Industry Waste by the Manufacturing Sectors
[EMG, 1993]
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electronics

chemical products
0.1%

6.7%

textiles

8.7%
building materials O metallurgical
0.1% M metal processing
metal processing O building materials
2.6% O textiles

M electronics

O chemical products

metallurgical
81.8%

Figure 2.2 Comparative Contribution to Hazardous Industry Waste [EMG, 1993]

In South Africa, water is not abundantly available: rivers and artificial lakes must provide most
of the water. Although South Africa is able to meet the water demand at present, problems with
the water supply can be expected if no measures are taken to improve the efficiency of water
use, storage, and transport. Pollution and salination of water stocks, caused primarily by the
manufacturing sector, have a significant negative effect on the natural environment [Ast v. et al,
1996]. Table 2.2 gives insight into the water intensity of various processes in the manufacturing

sector.
Process Water intake per unit
Wool, dyeing and finishing 100 — 600 m3 per ton
Cotton, wet processing 80 — 600 m3 per ton
Wool, washing 7 —40 m3 per ton
News printing 17 — 30 m3 per ton
Kraft pulp production, unbleached 12 — 15 m3 per ton
Cardboard manufacturing 1.5 — 22 m3 per ton
Breweries 8 — 13 liter per liter product
Abattoirs, with meat canneries 0.8 — 20 m3 per cattle unit

Table 2.2 Water Consumption per Produced Unit for Selected Processes [WRC, 1983]
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2.2.23 Overall Environmental Overview of the Manufacturing Sector
Table 2.3 gives an overview of the environmental aspects of various manufacturing sectors in
South Africa, as selected by EMG [1993]. This table shows that the manufacturing processes
have various environmental aspects. Therefore they need to be controlled in order to limit their
environmental effects as much as possible.
Sub-sector Critical Estimated Estimated Estimated Water Water Air Land
aspects total waste hazardous electrical power use pollution | pollution | pollution
intensity waste intensity | intensity 7 :
(T/R million | (T/R million (GWI/R million
GDP)* GDP)* GDP)*
Chemical energy; air ‘| 3.9 1.8 1.4 high high high high
products pollution;
hazardous
waste
Metallurgical energy; air 719.3 47.7 7.2 high® high® high high
pollution;
hazardous
waste
Metal waste water; | 3.3 27 0.1 medium high low high
processing hazardous
waste
Automotive' energy; air | part of metal part of metal part of metal medium | high high® high
pollution; processing processing processing
solid waste
Electronic toxic gases; | 0.2 0.2 unknown medium high medium high
hazardous
‘waste
Pulp and paper energy; 36.1 0.0 1.1 high high high medium
walter use,
waste water;
air pollution
Textiles water use; 236 14.5 04 high high low medium
waste water;
hazardous
waste
Food processing | water use; 10.6 0.0 0.1 high high low high
waste water (odour)
Building energy; air 408.4 0.3 1.8 low medium high medium
materials’ pollution
Notes:
1 incl. of broader issues relating to “transportation”
2 chiefly in relation with to cement production as addressed in [EMG, 1993]
3 based on CSIR [1992] total waste estimates and 1991 GDP data
4 based on CSIR [1992] hazardous waste estimates and 1991 GDP data
5 based on ESKOM record of sales for 1991; expected to be underestimated due to exclusion of

contribution from bulk sales and industry self-production

oo RN e\

even with high level of water recycling

refers to pollution load

contamination from landfill and process run-off
with respect to the air pollution impact of “transportation”

Table 2.3 Overview of Environmental Aspects of Selected Manufacturing Sectors [EMG, 1993]
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2.3

231

Small and Medium-sized Enterprises

Although SMEs have a low individual contribution towards environmental degradation, they
could play an important role in solving environmental problems because their collective
environmental impact is significant. The importance of SMEs for the South African economy is
significant as they represent approximately 28.7% of the South African enterprises while
micro-sized enterprise constitute another 47.4 % of the total number of enterprises in South
Africa [DTI, 1998].

This section discusses the difficulties of SMEs to address environmental problems themselves.
Additionally, some co-operative solutions for SMEs are outlined in this section.

Environmental and Economic Problems Faced by SMEs

A common problem is that managers of SMEs do not have access to, and as a result are not
aware of, information concerning environmental problems and effects. Besides this, many
SMEs do not have the financial resources and the knowledge to solve their environmental
problems on their own [Welford & Gouldson, 1993].

In South Africa, there is a lack of co-ordinated control on observing the environmental
legistation by the industry. South African companies with international clients will comply with
certain environmental standards (eco-labelling, ISO 14001) and large companies generally tend
to reach an acceptable environmental standard through a mixture of regulation and voluntary
action. Environmental management practices of SMEs (management, controlling of processes,
waste disposal, housekeeping), in developing countries such as South Africa, are in general
regarded as being of a low standard; the controlling by governmental institutions on observing
environmental legislation at SMEs is therefore important.

The low costs of dumping waste and the fact that in developing countries regulations are barely
strictly enforced does not encourage SMEs to take environmental action. The lesser financial
resources of SMEs and smaller scales of operation also do not attract the commercial interest of
consultants and equipment suppliers or commercial research and development [Selvam &
Chandak, 1992].

According to Hayes [1997], the top ten mistakes made by SMEs are:

1. Insufficient capital: there is no buffer for unexpected expenses or for quieter times;

2. No business plan: many SMEs loose (or do not have) focus on the right strategic course;

3. No managerial focus: many managers of SMEs are too busy with day-to-day business that
they do not have time to manage their business effectively;

4. Inadequate records: the paperwork is forgotten which will lead to problems with
government agencies and makes measuring the business performance very difficult;

5. Lack of profit focus: many SMEs just focus on surviving and do not know how much profit
they need to be making;

6. Cash flow management: often SMEs do not differentiate profits and cash flow and get into
trouble because they run out of cash;

7. Inadequate systems: SMEs depend a lot on the owners’ personal abilities, a lack of systems
can cause different standards within the firm;

8. Failure to plan for taxation: many times an SME fails to manage, fund and plan the tax
responsibilities which can lead to severe financial problems.
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2.3.2

9. Inadequate resource management: it is very important for an SME to manage and control
the various kinds of available resources (time, people, plant and equipment, cash, etc)
effectively and efficiently.

10. Break-even point: effective pricing and costing decisions requires understanding of the
break-even point of the firm. AN SME can get in trouble if it trades their products /
services under the break-even point.

These categories of mistakes and problems obviously have a negative impact on the SME’s
economic performance; however, these mistakes can also be linked with their general poor
environmental performance. For example, effective environmental management requires
adequate resource management (point 9) and sufficient records (point 4). Subsequently,
sufficient capital (point 1) is required to invest in the necessary cleaner technologies.

It is thus a wide-held view that SMEs must be assisted to become more resource-efficient,
competitive, technically advanced and less environmentally polluting, as it is often difficult for
SME:s to achieve these requirements on their own. Only a few SMEs will have the financial
resources to hire environmental consultants. Additionally, the technical know-how of large
companies to help SMEs with their environmental management might not be suitable for
SMEs.

A way to help SMEs to improve their environmental and economic performance will be found
around co-operation and networking. This means that links between SMEs themselves and links
between SMEs and institutions have to be established. For example, a useful and often
unexploited link might be between business and local universities' or between firms and
economic development units or councils. SMEs can learn from each other’s experiences and
mistakes if they co-operate and form a network [Welford & Gouldson, 1993]. However, co-
operation and networking cause uncertainty, and are difficult to manage thus having a high
failure rate. This is the reason why a lot of firms opt for full control of their own business and
prefer to expand by internal growth or by mergers and acquisitions [Nesheim, 1996].

Co-operative Solutions for SMEs

In the previous subsection, it was discussed that SMEs require external assistance to improve
their environmental performance. This subsection gives some examples of established co-
operative solutions for SMEs in South Africa and also discusses problems associated with co-
operative practices.

The South African government has presented a white paper, called “National Strategy for the
Development and Promotion of Small Business in South Africa” [RSA, 1995b]. This policy
document sets out a framework for the establishment of support organisations who are able to
provide finance, transfer information on commercial and technical issues, advice, training and
education to SMMEs and to facilitate business linkages programmes. It is the vision of the
government that these responsibilities will be taken up by NGOs, business organisations and
the private sector, with only limited participation by governmental institutions [Coleman,
1997]. Perhaps a similar kind of approach can be applied to tackle problems regarding the
enforcement of environmental legislation, as discussed in Subsection 2.3.1.

' The Department of Trade and Industry manages the Technology and Human Resources for Industry
Programume (THRIP) that aims to enhance competitiveness of the South African industry by encouraging
strategic partnerships between industry, research and educational institutions [DTI, 1999]
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Local business centres are being established in South Africa to provide business services to
SMMEs, like providing specific information and giving advice, networking and sharing of
experiences among companies. A good example of a local business centre is the Business
Opportunity Network — Western Cape (BON), the mission of which is “to create conditions for
the empowerment of SMMEs through business linkages” [BON, 1998]. The main objectives of
BON are to facilitate linkages between SMMEs, established businesses and government
institutions, to build capacity for SMMEs and to support networking and co-ordination between
all organisations related to the development of the SMME-sector.

Until present, the local business service centres have mostly worked together with low-tech
business, such as small-scale retailers and catering services. A lack of local capacity in core
technology know-how has been recognised, this is a constraint in improving the opportunities
of the manufacturing/ high-tech SMEs. Proposals for the establishment of manufacturing
technology centres have been developed by the co-ordinating body of the South African
government, called the Business Development Service (BUDS). These centres will focus on the
different sectors of the industry and provide mainly technical support to SMMEs. The
government still has to accept this proposal and funding and collaboration must be sought from
large local manufacturing business.

In many countries environmental support programmes for SMMESs have been established, with
costs subsidised by national governments or international organisations like the United Nations.

The type of support provided by these programmes can be summarised as [Coleman, 1997]:
programmes which offer technical assistance co-ordinated by government departments and
university based technology centres

- provision of industry related information and specific training courses by trade associations

- provision of grants or loans {low or free of interest) for clean-up, innovative research and
pollution control by small business development corporations

- building of centralised waste treatment plants which are better able to treat specific types of
wastes, and facilitating economic material recovery

- assistance with implementing environmental management systems, like the ISO 14001 norm

Technical support and providing know-how to SMEs by large(r) companies is possible, but this
type of support is limited by possible conflict of interest, and technology / management systems
which may not be appropriate for SMEs. Additionally, there can be resistance to financial
support over and above internal costs incurred for environmental management [Coleman,
1994].

Rowe and Hollingworth [1996] stated in their work that the role of business-support
organisations in providing environmental management, training and support to SMEs is of
significant importance. However, SMEs in the United Kingdom have made little use of these
services, even when free or subsidised [Smith and Kemp, 1998]. SMEs generally agree that
they require external assistance to meet their environmental responsibilities, but this assistance
should be locally accessible and include best-practice case-studies relevant to the size and
sector of the company [Smith et al., 2000].
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2.4.1

Waste Minimisation as a Tool to Improve Environmental Performance

As outlined in previous sections, the environmental performance of the SMEs in the South
African manufacturing sector is poor. Waste minimisation (WM) is proposed to be currently
the most appropriate methodology to improve the environmental performance of a company
[USEPA, 1988].

According to the National Waste Management Strategy for South Africa, waste minimisation is
defined as the reduction, to the extent feasible, of waste that is generated or subsequently
treated, stored or disposed of. It includes any source reduction and recycling activity undertaken
by a waste generator that result in either (I) the reduction of total volume or quantity of waste,
or (ii) the reduction of toxicity of waste, or both, so long as such reduction is consistent with the
goal of minimising present and future threats to human health and the environment [PMG,
1998].

Waste minimisation practices have already been successfully and extensively applied in a large
number of countries; viz. the Netherlands, USA, United Kingdom, India and China [van Berkel,
19951, [van der Meer, 1998]. Besides the case-studies carried out within the framework of the
Industrial Symbiosis project and a case-study conducted at a automotive component

- manufacturer [Coleman, 1994], the South African industry has limited or no experience with

the practical application of waste minimisation.

South Africa can leam from successes and mistakes of other countries, mainly developed
countries, regarding the prevention of waste and emissions. The waste minimisation
methodology can, therefore, be regarded as a valuable tool to improve the environmental
performance of SMEs in the South African manufacturing sector.

The WM-methodology, its value and limitations to improve the environmental performance of
the South African manufacturing industry are outlined in this section.

Description of the Waste Minimisation Methodology

By conducting a waste minimisation assessment, a company generating waste can potentially
identify means of saving money in terms of raw material and manufacturing costs and
decreased landfill disposal costs. The need for waste treatment facilities may be eliminated by
applying waste minimisation practices; therefore saving investment and operating costs of so-
called “end-of-pipe” facilities as well.

A waste minimisation assessment is a systematic planned procedure with the objective of
identifying ways to reduce or eliminate wastes. Various institutions, e.g. the USEPA [1989] and
UNEP [1991], have developed similar kinds of methodologies for the conduction of a waste
minimisation assessment.

Table 2.4 shows the WM-methodology as developed in the Netherlands [Kothuis & Berkel,
1992]. The reason for choosing the methodology is that this methodology has been tested
extensively with successful results in Europe; this methodology also ‘comes the closest to
convincing a company to incorporate cleaner production in it’s business operations’ [Berkel,
1995]. This particular WM-methodology has been applied at one of the two case-study
companies involved in the research presented in this thesis. :
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Phase 1: Planning and organisation

- get management commitment
- define scope and boundaries of the project
- setup a project team and define responsibilities
- setup goals (quantitative or qualitative) and time-planning
- identify sources of data and contact persons

Phase 2: Pre-assessment
- identify, characterise, and track the facilities waste streams
- draw up process flow charts
- determine mass and energy flows <
- start making rough mass and energy balances
- identify the main environmental costs
- select main focus areas

Phase 3: Assessment
- compile background information on processes, waste types &
sources, technologies, wm-practices and environmental
impacts
- gather additional data
- close mass and energy balances
- generate options
- screen and select options for further study
Phase 4: Feasibility

- technical evaluation
- economical evaluation
- environmental evaluation

Phase 5: Implementation
- decisions on projects and finances
- implementation
- evaluate results

Table 2.4 Waste Minimisation Assessment Procedure [Kothuis & Berkel, 1992]

Repeat the process

The goal of the planning and organisation phase is to obtain management commitment and to
determine the overall goals, involvement from company staff, and to set up a time-plan for the
waste minimisation project. The pre-assessment is an initial overview of the company’s
operations and waste streams and emissions to establish the focus areas for the waste
minimisation assessment. The objective of the assessment phase is to obtain a clear
understanding of the sources and causes of wastes and emissions in the focus areas, resulting in
the identification of improvement options. It involves a detailed study of the focus areas to
establish as many possible suitable waste minimisation options. During the fourth phase, a
technical, economical and environmental feasibility analysis is conducted on the generated
waste minimisation options. The last phase incorporates the implementation of the feasible
waste minimisation options.

Waste Minimisation Techniques

Waste minimisation techniques are the creative methods which are used to generate options,
ideas and opportunities to minimise the generated waste by the company [Janisch, 2000]. Waste
minimisation techniques can be grouped into two approaches, namely source reduction and
recycling.
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Source reduction can be defined as any activity that reduces or eliminates the generation of
hazardous waste at the source, usually within the process. Recycling is defined as the reuse and
recycling of wastes for the original or some other purpose, such as materials recovery and
energy production [CDTSC, 1993]. Of these two approaches, source reduction is preferable to
recycling from an environmental point of view as recycling activities themselves consume
resources and generate wastes [Coleman, 1994],

Source reduction techniques are characterised as good operating practices, technology changes,
input material changes, or product changes. Recycling techniques are characterised as use/reuse
techniques and resource recovery techniques. Figure 2.3 visualises the structure of these waste
minimisation techniques.

Waste minimisation techniques

v v

Source Reduction Recycling
Source Control Product Changes {se & re-use Reclamation
- substitution - return to - resource
- conservation original process recovery
- product - substitute for - by-product
composition another process recovery
v . .
Input Material Technology Changes Good QOperation Practices
Changes - process changes - procedural measures
- purification - equipment, piping - loss prevention
- substitution - lay-out changes - management practices
- additional automation - waste stream segregation
- changes in operational - materials handling
settings improvements
- production scheduling

Figure 2.3 Waste Minimisation Techniques [USEPA, 1989]

Source reduction techniques avoid the generation of hazardous wastes, thereby eliminating the
problems associated with handling these wastes. Recycling techniques may be performed on-
site or at off-site facilities designed to recycle the waste,

Limitations of the Waste Minimisation Methodology and its Application in South Africa

This section discusses why it is believed that the waste minimisation methodology can only
partly contribute to a marked improvement of the environmental performance of SMEs in the
South African manufacturing sector.
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The limitation of the WM-methodology and its application in South Africa relate to the systems
boundaries, scope and main focus of the waste minimisation. Each limitation will be discussed
separately in the following subsections.

Systems Boundaries of the WM-methodology

The WM-methodology tends to address environmental problems only within the company’s
physical boundaries. In most cases, these boundaries do not exceed the company’s production
terrain [Kothuis & Petrie, 1997].

According to the systems theory, as explained in Subsection 2.6.1, only separate elements (sub-
systems) of a production system are studied by the WM-methodology, rather than the entire
system. Figure 2.4 shows the systems boundaries of the WM-methodology.

Technology Good E
change housekeeping !
l l ; N -
Change of input Product E . physica{'
materials change : boundaries of
| Production process E—— ; company
of company ' {sub-system)
} !
Internal :
recycling

Figure 2.4 Systems Boundaries of the WM-methodology

Scope of the WM-methodology

As discussed in Subsection 2.4.2, the scope of the waste minimisation methodology includes
source reduction and internal recycling. Unfortunately source reduction and recycling
techniques cannot eliminate all waste generation. There will always be waste generation given
fundamental thermodynamic limits to the efficiency of all processes of conversion, production,
consumption and recycling [Jackson, 1991]. Besides these in-efficiencies, technical and
economic constraints also play an important role in the generation of wastes. So there will
always be a basic need for end-of-pipe-treatment and disposal of wastes.

Figure 2.5 shows the preferred waste management hierarchy, in which waste treatment for
pollution control and waste disposal should be considered only after appropriate waste
minimisation measures have been taken [Coleman, 1994].
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Scope of 1. Source reduction

WM- W
methodology

2. Recycling

v

3. Waste separation and concentration

v

4. Waste exchange

v

5. Energy/material recovery

v

6. Waste treatinent

v

7. Waste disposal

Figure 2.5 The Waste Management Hierarchy [UNEP WG, 1998]

2.4.3.3 Main Focus of WM-methodology

The WM-methodology consists of four phases. The goal of the pre-assessment phase is to get
an initial overview of the company’s operations and waste streams and emissions in order o
determine the focus areas for the assessment phase. The collection of data in the pre-assessment
phase is largely based on the completion of worksheets. Therefore it can be concluded that the
scope or coverage of the worksheets have a significant influence on the selection of focus areas.

Based on a review of various WM-methodologies [USEPA, 1989], [UNEP, 1991], [Kothuis &
Berkel, 1992], the most common worksheets used during pre-assessment phase of a waste
minimisation assessment are:

- surmmary of process steps

- overview of main input materials

- waste and emissions

- energy consumption

- costs of wastes and emissions

- evaluation of wastes and ermssions

The main focus of the worksheets seems to be on wastes directly associated with the company’s
production process and its waste treatment processes. Certain environmental problems of a
company might not be addressed by a waste minimisation assessment due to the set-up or
coverage of the used worksheets. For example the costs and environmental impacts related to
the re-working of a product, e.g. to a poor quality, are often not covered by the worksheets
during a waste minimisation assessment. In Figure 2.6, the main focus of the WM-methodology
is illustrated.
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Figure 2.6 Main Focus of the WM-Methodology
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Opportunities Offered by Networking of Businesses

As discussed in Subsection 2.3 “Small and Medium-sized Enterprises”, SMEs often lack the
expertise, financial and human resources to reduce their wastes and emissions on their own. It
1s therefore believed that SMEs should be linked with or helped by external parties to improve
its environmental performance.

Literature and case-studies have revealed that environmental and economical improvement
opportunities can be found by networking of businesses [Berkel et al., 1995], [Coté et al.,
1994}, [Cramer, 1996], [Nesheim & Reve, 1996], [Lichtenstein & Hoeveler, 1996], [Lowe et
al., 1997]. Working together means that common problems are solved and shared challenges are
faced more ‘effectively and efficiently. After all, a company can achieve more in partnership
than what a company can achieve on its own.

The concept and classification of environmental networking of businesses is explained in
Subsection 2.5.1. Additionally, Subsection 2.5.2 outlines the principle of industrial ecology,
which is closely linked to environmental networking. Some experiences with environmental
networking of businesses are discussed in Subsection 2.5.3 in order to learn from these
experiences. Drivers and barriers for networking of businesses and their success criteria are
then discussed in Subsection 2.5.4 and 2.5.5.

Networking of Businesses for Environmental Management Purposes

Although not always for environmental improvement purposes, the opportunities of networking
of businesses have been explored intensively; viz. Nesheim and Reve [1996], Lichtenstein and
Hoeveler [1996]. Valuable lessons for establishing linkages between SMEs and their network
partners can be learnt from their research and experiences.

Lichtenstein and Hoeveler defined networking as co-operation of business in order to compete
more effectively or to achieve together what each firm could not achieve alone. According to
themn, a firm can have three reasons to network with other businesses:

- companies might be confronted by the same problem;

- companies might have similar needs;

- companies want to adapt the same technology or manufacturing methods.

This thesis researches the opportunities for SMEs to improve their environmental performance
with assistance from, or in co-operation with, its business partners; this implies networking of
businesses for environmental reasons.

Networking of businesses for environmental management purposes is classified in this thesis as
environmental networking. Based on the definition of Lichtenstein and Hoeveler,
environmental networking can be defined as the co-operation of businesses with the aim of
achieving a better overall environmental performance than a firm could achieve individually.
This definition is broad and covers all environmental management approaches with a co-
operative or networking element, such as industrial ecology, life cycle assessment and
integrated chain management.

Based on the work of Van Berkel et al. [1995], De Groene and Hermans [1998] and Richert

[1995], environmental networking practices can be categorised in the following seven

approaches.

- The material-oriented approach: analyses the material flows through the entire life cycle of
a material in order to identify, evaluate and implement improvement options.
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The product-oriented approach: analyses the different material flows of the components of
a selected product from a system point of view in order to optimise the product-environment
interaction.

The waste-oriented approach: the waste flows of a group of businesses, linked for various
reasons (eg. active in same industry, production process) are analysed in order to prevent or
minimise the generated wastes by applying the five waste minimisation techniques.

The function-oriented approach: the specific function of a product is analysed, this
approach can be used for the comparison of different products with the same function.

The production-oriented approach: the flow of substances within a specific company and
its relations with the environment and business partners are assessed.

The actor-oriented approach. assesses the opportunities and constraints for different actors
in industry to change material and product flows in an environmentally-compatible
direction. The actors can be divided in three main streams: industries, consumers and
government.

The region-oriented approach. focuses on optimising the exchange of matenals, energy and
information between businesses in a certain region.

Figure 2.7 shows how various established environmental assessment tools are related to the
distinguished categories for environmental networking.

Environmental
networking

= DN

Material- Product- Waste- Function- Production Actor- Region-
oriented oriented oriented oriented -oriented oriented oriented
approach approach approach approach approach approach approach
Substance Eco- Waste LCA of Process Industry / Eco-
flow design minismi- products efficiency consumer / industrial
analysis sation with same analysis government parks
clubs needs analysis

Figure 2.7 Approaches for Environmental Networking

Industrial Ecology

Related to the industrial network model, as shown and discussed in Chapter ! “Introduction” of
this thesis, is the concept of industrial ecology. In contrast with the industrial network model,
which is company focused, industrial ecology focuses on entire production systems. However,
both concepts go beyond the company’s physical boundaries and have a strong networking
element.
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Jelinksi et al. [1992] defined industrial ecology as ‘a concept in which an industrial system is
viewed not in isolation from its surrounding systems but in concert with them’. Van Berkel et
al. [1995] state that industrial ecology employs a holistic view to study, assess and improve the
utilisation of natural resources {materials and energy) in an industrial society.

It is the opinion of the author of this thesis that the emphasis of industrial ecology is on the
improvement of material (including energy) efficiencies in industrial systems by establishing of
input-output material linkages between manufacturing entities, rather than analysing material
flows within independent manufacturing entities. Environmental networking, as described in
previous subsection, incorporates all networking activities which are initiated for environmental
reasons. The scope of the definition of environmental networking is therefore wider than the
industrial ecology definition.

Compared to most environmental improvement tools currently available, such as waste
munimisation, industrial ecology offers a radically different approach by viewing a company’s
process not in 1solation from its surrounding systems but in concert with them. By applying a
holistic and sub-system exceeding approach, it is proposed that industry, including SMEs, can
seek for new creative ways to meet the environmental challenges and opportunities through co-
operation of businesses.

In the past thirty to thirty-five years environmental management developed from a gradual
awareness of environmental problems caused by industry, to the recent development of the
industrial ecology approach.

Erkman [1998] describes the evolution of environmental management focussing on the
development of industrial ecology itself. The exploration of the industrial ecology approach
started thirty years ago, but until the beginning of the 90s the results of these projects and
studies were not really satisfying because they were too theoretical or the industry was not yet
ready for the creation of industrial ecology relationships. Researchers from the United States,
Belgium and Japan played an important role in discovering the possibilities and problems of
industrial ecology. During the last five years the industrial ecology / system approach has been
explored and studied quite intensively. The publication of a special issue of the Scientific
American called “Managing Planet Earth” in September 1989 can be seen as the source of the
current development of industrial ecology. In their paper, Frosch and Gallopoulos [1989]
propose that it should be possible to create an industrial production system, which is adapted to
the natural ecosystem, that could lead to a more sustainable society. This theory created the
idea of the establishment of an industrial ecosystem. The article in the “Scientific American”
inspired other researchers to develop the industrial ecology approach and the view of systems
analysis further. Among them are Hardin Tibbs, Arthur D. Little and Thomas Graedel.

Until present, there is no standard definition for industrial ecology. Researchers use different
definitions and sometimes the difference between industrial and ecology is not made [Erkman,
1997]. There is thus a need to formulate a standard definition of industrial ecology and to set
out what its boundaries are. This was also one of the conclusions of the International
Conference on Industrial Ecology and Sustainable Development, held in Troyes — France
during September 1999.

Experiences with Environmental Networking of Businesses

Practical experiences with environmental networking are discussed in order to learn from them
while developing and testing the industrial network approach. As shown in Figure 2.7,
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environmental networking can be distinguished in seven approaches. Experiences with the
waste-, actor- and region-oriented approach are outlined in this subsection.

Waste minimisation clubs are seen as a potential means of overcoming the expertise problem of
SME:s since these clubs facilitate the sharing of ideas, information and practical experience of
waste minimisation as well as providing less expensive expertise [Goff, 1999]. Some
international and South African experiences with established waste minimisation clubs are
discussed in Subsections 2.5.3.1 and 2.5.3.2. For the waste-oriented approach, two waste
minimisation clubs in South Africa and the “Target Zero” waste minimisation club in New-
Zealand are discussed.

Additionally, the Skills Supply Chain Programme of Ground Trust in the United Kingdom is
outlined; this case-study incorporates the actor-oriented approach. The Kalundborg Ecosystem
is the most famous example of an eco-industrial park {industrial ecology) and is discussed as an
example of the region-oriented approach.

Waste Minimisation Clubs in South Africa (Waste-oriented Approach)

The concept of Waste Minimisation Clubs (WMCs) is to exchange experiences related to the
implementation of the waste minimisation procedure among its company members. It is proved
that WMCs can encourage companies to improve their economic performance by reducing
costs related to production of wastes. Approaches of WMCs should be based upon a process of
training and involvement of several people from its member companies [Huisingh & Mebraty,
1998].

The first WMC in South Africa is the Metal Finishing WMC in the Durban region. This club
was established by the Pollution Research Group of the University of Natal and the Water
Research Commission (WRC) at the end of 1997, 30 metal finishing companies, with 5 to 200
employees, participate in this WMC. The main drivers for the companies to participate are the
pressure of the local legislation and achieving costs savings by minimising wastes and
emissions. The participants are all conducting a waste minimisation assessment. During official
club meetings that are held every 3 months, the companies discuss the progress and results of
their assessments [Kothuis, 1999]. In this way companies can leamn from each others’ ideas and
mistakes. Workshops, seminars, presentations or company visits are organised between the
official meetings. The topics of these events are chosen based on the interest of its members.

The Pollution Research Group is starting up a new WMC for the Hammarsdale region, also in
the Durban area. Its members will include mostly medium sized enterprises. At present, 10
companies participate in this new club; among them are a textile and chemical company, a
chicken abattoir and the sewage works. The members of this new WMC discharge their effluent
water to the same sewage works. The driver of this WMC is to improve the quality of the
discharges to the common sewage works, so the reduction of the water consumption and
pollution shall have a very high priority during the waste minimisation assessment at the
companies [Barclay & Kothuis, 1999]. Both WMCs in the Kwazulu-Natal province are funded
by the Water Research Commission (WRC).

Waste Minimisation Club “Target Zevo” in New Zealand (Waste-oriented Approach)

In August 1997, New Zealand officials initiated a major WMC project, called “Target Zero”. It
involves 25 companies in New Zealand. Each company is conducting the waste minimisation
assessment. By regular written and oral reporting within the WMC, the potential to gain better
results during the waste minimisation procedure is improved. Programme co-ordinators are
working together with regional and local governmental officials and with leaders of chambers
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of commerce, trade unions, industries and universities to help ensure that the WMC *Target
Zero” will become successful.

The project focuses upon product and process improvements, both within individual companies
and across a group of companies. By adopting this focus the project will promote the
implementation of the broader concepts of cleaner production, cleaner products and industrial
ecology.

A unique feature is the analysis of external material flows of the involved companies as well.
Once the companies have completed the waste minimisation assessment, the options for sharing
and exchanging utilities, eg wastewater, solid waste and energy, between all involved
companies are being explored as well. In other words, in the future members will be working on
the establishment of “Industrial Ecology” networks to build upon the waste minimisation work
being done within each company. This analysis of inter-company cleaner production will
provide a baseline of what can practically be achieved by co-operating industry in New
Zealand, and further develops the regional model for the development of cleaner production
{Brown, 1997].

One important conclusion of the “Target Zero” project is that without proper project support,
the enthusiasm within a WMC diminishes with time and that innovators are regarded as
exceptions. Also according to Brown, the success of cleaner production initiatives can be
measured by the extent to which changed attitudes and procedures are translated into on-going,
confinuous improvements.

The Skills Challenge Supply Chain Programme of “Groundwork Trust” in the United Kingdom
(Actor-oriented Approach)

Groundwork Trust is a network of charitable trust in the United Kingdom that helps SMEs in
improving their environmental performance. More than 40 local trusts have been set up and
partnerships have been established with over 100 local authorities and a large number of
companies and NGOs,

The mission of Groundwork Trust is “to bring about sustainable improvements, through
partnerships, to the local environment and contribute to economic and social regeneration”
[Groundwork Trust, 1998]. Groundwork Trust works in partnership with a wide range of
business support agencies, big business, sponsors and regulators to solve the problems of the
SME-sector which have generally proved impracticable using most common approaches.

One project of Groundwork Trust is the Skills Challenge Supply Chain Programme. This
programme uses the power of supply chain pressure in order to improve the environmental
performance of SMEs. The programme uses several large “champion” companies. These
companies have made strong commitments to environmental good practice and have committed
themselves through their policies or management systems to work with a small selection of
each of their suppliers to improve their performance too. These large companies act as
“environmental leaders” and urge 10 to 15 of their suppliers to attend the Skills Challenge
course. The “champion” company organises environmental courses and seminars in
conjunction with Groundwork Trust to show their suppliers that they are committed to the
programme. During the courses a general introduction of the Skills Challenges Programme is
given and subjects such as energy management, waste management and environmental
management are covered. 31 Suppliers have attended the course and have been environmentally
reviewed by specialists employed by Groundwork Trust. The majority of these suppliers would
not have improved their environmental performance if they were not urged to do so by their
clients. This programme is a good example of how the supply chain can be made greener. After
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joining the Skills Challenge Supply Chain Programme the suppliers feel that environment can
be business and marketing opportunity and costs reduction can be achieved by applying cleaner
production sirategies.

The case-studies conducted by the Groundwork Trust show that engaging SMEs in
environmental improvement is not easy. Much effort has to be invested in raising awareness
among companies before they get committed to an action plan to reduce waste and emissions
within their company. Once the SMEs start to apply environmental improvement practices, the
potential benefits become clear in terms of costs savings, improved market performance, future
prospects and reduced environmental risks.

The “Kalundborg” Eco-industrial Park in Denmark (Region-oriented Approach)

The most famous example of industrial symbiosis (exchange of by-products) can be found in
Kalundborg, Denmark where the “industrial symbiosis” relationships grew spontaneously.
What made Kalundborg so fertile for growing industrial symbiosis relationships is the city’s
environmental awareness as well as an ability to interact and work together. Industries are
relatively non-competitive among themselves. Stricter environmental laws were forcing these
industries to rethink how they must go about with their business [Lowe et al., 19971

Kalundborg’s Industrial Symbiosis, however, was not mapped out. One link after another began
to fall neatly in place due to a combination of abiding by new pollution-control policies, cutting
back on virgin energy and material inputs, and reducing escalating disposal costs, which all
began to save the various companies money.

Kalundborg has four main industries: Asnaes Power Station, a coal-fired plant; Novo Nordisk,
a maker of enzymes and pharmaceuticals; Gyproc, a plasterboard manufacturer; and Statoil, a
refinery. The exchanges of wastes between the companies in Kalundborg are shown in Figure
2.8.
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Figure 2.8 Exchange of Wastes in Kalundborg [Graedel and Allenby, 1995]
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The evaluation of the Kalundborg case-study showed that businesses, which want to have an
industrial symbiosis relationship, must fit together. They have to have, more or less, the same
culture and ideas about what to expect from each other. Besides this their production processes
must make it possible to exchange by-products. Industrial symbiosis is not possible without the
willingness to co-operate and trust between (potential) partners.

In Kalundborg regulations forced the industries to create technologies that were more efficient
and environmentally benign. The environmental regulations and awareness in Northern Europe
are generally regarded to be more developed than in the United States and far more so than in
South Africa. Such regulations must encourage industries to be creative and innovative in
finding eco-efficient solutions for their problems. Unfortunately, the enforcement of
environmental legislation in South Africa is generall regarded as poor; although this is expected
to improve in future. Other ways have to be found to motivate South African companies to be
creative and innovative. This issue will have to be addressed by the industrial network
approach. ‘

Summarised, the learning points of Kalundburg's ecosystem are [Lowe et al. 1997]:

- All contacts have been negotiated on a bilateral basis.

- Arrangements must be commercially sound and profitable.

- Opportunities not within a company’s core business, no matter how environmentally
attractive, have not been acted upon.

- Each partner does its best to ensure that risks are minimised.

- Each company evaluates their own deals independently; there is no system-wide evaluation
of performance, and they all seem to feel this would be difficult to achieve.

- A short physical distance between partners is necessary for economy of transportation
(many transfers are not economically or technically feasible over long distances).

- Development must be voluntary, in close collaboration with regulatory agencies.

Drivers and Barriers for Networking of Businesses

As mentioned in previous subsections, it is stipulated that companies can realise environmental
and economic benefits by working together as opposed to acting individually. This subsection
discusses the drivers and barriers of a company to intensify or optimise its relationship with one
or more of its network partners.

Drivers for network initiatives have to be addressed in order to encourage and initiate co-
operative solutions for the improvement of the environmental performance of SMEs. Rosenthal
[1999] identified nine areas in which networking of business could take place in an eco-
industrial park. Within these areas, core drivers were identified for the establishment of
networking initiatives. It is felt that most of these drivers can be applied to environmental
networking initiatives in general and do not necessarily have to be related to eco-industrial
parks. An overview of these areas and core drivers for environmental networking initiatives is
shown in Table 2.5.

Areas in which environmental Core drivers
networking initiatives can occur
Materials Shared buying

Customer / supplier relations

By-product connections

Creating new material and product markets
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Areas in which environmental
networking initiatives can occur

Core drivers

Transportation

Shared transport

Common vehicle maintenance

Alternative packaging

Human resources

Human resource recruiting

Joint benefit and wellness packages
(health insurance etc.)

Common needs (eg. maintenance)

Training

Flexible employee assignment

Information / communication systems

Internal communication systems

External information exchange

Monitoring systems

Computer and software compatibility

Joint management systems

Quality of life / community

Integrating work and recreation

Co-operative education opportunities

Volunteer and community programmes

Involvement in regional planning

Energy

Green buildings

Energy auditing

Co-generation

Spin-off energy firms

Altemnative fuels

Marketing

Green labelling (eco-labelling)

Accessing “green’” markets

Joint promotions (eg. advertising)

Joint ventures

recruiting new companies
Environment, occupational health and Accident prevention
Safety Emergency response

Cleaner production (eg. waste minimisation)

Multimedia planning

Design for environment (eco-design)

Shared environmental information systems

Joint regulatory permitting

Production process

Pollution prevention

Scrap reduction and reuse

Production design

Common sub-contractors

Technology sharing and integration

Table 2.5 Areas and Core Drivers for Networking Initiatives

Without addressing and overcoming “networking” barriers, it is unlikely that identified co-

operative solutions for SMEs to improve their environmental performance will be implemented.

According to Coleman [1994], Coté [1994], Lichtenstein & Hoeveler [1996] and Tang et al.

[1998], the barriers for networking of businesses can be summarised as:

- There might be limited trust amongst network partners which does not encourage
businesses to work together with each other (trust).
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