The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



An Assessment of the Potential for Waste Minimisation in
Small and Medium Enterprises in the South African
Metal Finishing Industry

By

Claire H. Jinisch

Thesis submitted for the degree of Master of Science in Engineering

Department of Chemical Engineering
University of Cape Town
Rondebosch
7700
South Africa

12 June 2000




Acknowledgements

I wish to thank a number of people who have contributed either directly or indirectly to
this project:

Bas Kothuis for inviting me to join the Industrial Symbiosis Project and for his valuable
supervision. input and help throughout.

All the members of Industrial Symbiosis Project team, especially Dick van Beers, Eckart
Naumann and Daphne Hartney for their support and contributions to the project.

Dr. Harro von Blottnitz for his inpul. advice, editing, and comments, especially in the
final stages when he had very little time available.

All the members and staft at the Department of Chemical Engineering for their friendly
support. but especially the “Greenhouse” members, and Helen Divey and Shireen Mjacu
of the Main Laboratory for their efforts in analysing uncountable numbers of samples.

The managers and emplovees of the case study companies for their time, interest and
enthusiasm.

Walter Barnett of the Hot Dip Galvanizers Association South Africa for his valuable
knowledge and help. as well as the many other people, companies and organisations that
contributed in cathering data for the Metal Finishing Industry Survey.

All the people and organisations with whom I met on the European Study Tour.

The Canadian Industrial Development Research Council for funding the Industrial
Symbiosis Project.

The financial support of the National Research Foundation is also gratefully
acknowlcdged.



Synopsis

The metal finishing industry has previously been found to be one of the most polluting
industries of the manufacturing sector in South Africa.

South African environmental legislation has recently (1998) been updated. The National
Waste Management Strategy (NWMS), has clearly identified waste minimisation as an
important part of future programs aimed at making waste handling practices in South
Africa more sustainable. The waste minimisation approach has been applied in several
countries in various industry sectors, including the metal finishing industry.

The research presented in this thesis focuses on the identification and assessment of
opportunities for waste minimisation within small and medium enterprises (SMEs) in the
metal finishing industry. The potential for waste minimisation in the metal finishing
‘industry in South Afiica is assessed, based on the results of waste minimisation
assessments carried out in two case studies as well as a comparison with the situation in
other countries.

It was found that there has been significant potential for waste minimisation in the metal
finishing industry in other countries, and it has been exploited cost-effectively in order to
meet regulations or reduce treatment and disposal costs.

For a better understanding of the problems faced by the local case study companies, the
current state of waste management in the industry in South Africa was reviewed and a
survey of the size and nature of the sector was undertaken. It was found that outdated
equipment, poor maintenance, poor worker skill and poor housekeeping practices lead to
increased water consumption and the generation of unnecessary waste. In addition, few
metal finishing firms in South Afiica actively practice effective on-site effluent
management, and where it exists, it is usually not well organised, operated or maintained
in relation to compliance with existing by-law quality standards.

The similarities and differences between the local metal finishing industry and that in
other countries where waste minimisation has been applied successfully, were also
examined. The South African metal finishing industry was found to be similar to the
metal finishing industry in these other countries in terms of size, structure, and processes
employed. But, the waste management style typical of the industry in South Africa is
significantly behind that of other countrics, mainly due to the lack of effective
enforcement of environmental legislation.

Despite this, some of the waste minimisation options applied in other countries to address
well-known problems in this industrial sector, have been applied in the case study
companies. Most of these are in the areas of simple housekeeping and process efficiency
improvements resulting in reduction of waste volumes, hazardous nature, or both, as well
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as attractive savings for the owners for minimum capital input. The economic feasibility
of options requiring substantial capital investment was found to depend significantly on
which waste management costs are currently not internalised at the companies. If the
companies were made to treat their effluents and carry the costs (internalise the waste
treatment costs), then the technology mvestments would look a lot more attractive. Future
more stringent regulations, and higher water prices are therefore expected to improve the
cost-effectiveness of such options. Without this, the potential for cost-effective options
could be limited to low-cost or non-technology options.

However, experiences m the case-study companies mdicate that there is much room for
innovative solutions that allow for cost-effective explortation of even technology options
within SMEs, especially where there is interest within the company, supported by
external assistance from key players m the industry.

The result is that potential for cost-effective waste minimisation was found, not only in
the two case studies in the powder coating and hot-dip galvanising sub-sectors, but also
in the electroplating sub-sector. These companies were also found to be representative of
the South African metal finishing mdustry in terms of size, processes employed, key
characteristics, waste management style, and barriers and mcentives to environmental
improvement.

Based on the results of the case studies as well as a comparison with the situation in other
countries, it is concluded that there is potential for cost-effective waste minimisation in
SMEs in the South African metal finishing industry. However, it is noted that the
exploitation of this significant potential requires a clear understanding of the barriers and
incentives for waste mmimisation, and of the influencing roles that each of a number of
key stakeholders in the industry has to play in this regard.
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Chapter 1: Introduction

Metal finishing operations present some of the best and most classic applications of pollstion prevention
approaches’ - U.S. EPA, 1996

1.1 BACKGROUND

The metal finishing industry has been identified as one of the most polluting
industries of the manufacturing sector in South Africa. Although the contribution of
the metal finishing sector to total waste in South Africa is not large (expressed in
waste quantity per unit of GDP), more than 80% of the waste generated is hazardous
(EMG, 1993). Not only does that in itself demand changes in environmental
performance, but it is also highly likely that this particular industry will be subject to
increasingly stringent monitoring by the authorities.

As regulations become tighter, and as the costs of waste treatment and disposal
increase, the industry will have much to gain from adopting waste minimisation
practices as a means to reduce waste and therefore the costs associated with the waste.
The waste minimisation approach has been applied in several countries in various
industry sectors, including the metal finishing industry, and in all cases has proven to
be successful, in highly developed countries (Netherlands, U.S.A., UK., Austria) as
well as in countries in economic transition (South East Asia, African countries such as
Egypt, Tunisia, Zimbabwe, Tanzania) (van der Meer, 1998).

The majority of metal finishing companies in South Africa are small and medium
enterprises (SMEs) (EMG, 1993). There is a national development program in South
Africa, supported by Department of Water Affairs and Forestry (DWAF), Department
of Environmental Affairs and Tourism (DEAT), and the Department of Trade and
Industry (DTI), to promote and support the establishment of SMEs in South Africa.
SMEs form 41% of all South African enterprises and provide 35% of all jobs (DTI,
1998). They are therefore a vitally important part of the South African economy.
However, international experience has indicated that there is a pivotal role played by
SMEs in waste generation and their apparent inability to take on-board responsibility
for waste management (EMG, 1993). Though the individual contribution of each
SME to environmental degradation may be small, as an industrial collective, their
impact is significant.

The high toxicity of many of the metal finishing industry’s input material, and low
degradability, necessitate the adoption of improvement options to ‘clegn up’ the
industry. It has been identified that stringent control through excessive pepglties and
restrictive practices may not be appropriate in encouraging the responsible handling of
the wastes generated by industry (Cowan, 1998). Additional concerns as to the threat
of more stringent limits to the economic viability of small scale operations and the
possible consequent loss of employment opportunities counter the efforts of local
authorities to enforce improved environmental responsibility. This points to a need for
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initiatives which intend to help increase environmental performance and help preserve
a self-regulatory mode of operation. “An integrated approach to waste control through
waste minimisation and on-site pre-treatment is believed to offer a mutually
acceptable and effective mechanism for managing and controlling metal wastes whilst
optimising resource utilisation and relationship between industry and control
authorities” (Ibid.).

A process of drafting and enactment of environmental policies and regulating laws is
taking place at national level. The potential for waste mimmisation to improve the
environmental performance of industry in South Africa is being addressed and several
initiatives in this regard have been promuigated. The new National Waste
Management Strategy for South Africa (1998), has clearly identified waste
minimisation as an important part of future programs aimed at making waste handling
practices in South Afiica more sustainable.

The research presented in this thesis focuses on the identification and assessment of
opportunities for waste minimisation within SMEs in the metal finishing industry in
South Africa. Waste Minimisation Assessments (WMA) carried out at two metal
finishing companies in South Africa are presented as case studies. Through these case
studies, the thesis aims to demonstrate the advantage of waste minimisation as a
proactive environmemntal management tool in SMEs in the metal finishing industry.
For a better understanding of the problems faced by the case study companies, the
current state in awareness and adoption of waste minimisation in the metal finishing
industry in South Africa is discussed. The similarities between the local metal
finishing industry and that in other countries where waste mainimisation has been
applied successfully are examined. The potential for waste minimisation in the metal
finishing industry in South Africa is therefore assessed, based on the results of the
case studies as well as a comparison with the situation in other countries.

1.1.1 Context in which the research was carried out

The research for this masters project forms part of the larger Industrial Symbiosis
Project, currently undertaken by the University of Cape Town’s Department of
Chemical Engineering, titled: “An Industrial Symbiosis View of SMEs: Targeting
Greater Eco-Efficiency Through Innovative Business Practice.” The larger project
commenced in February 1997 and will run for 3.5 years. It is concerned with
optimising the economic and environmental performance, or “eco-efficiency,” of
South African SMEs, and is based on the existence of operational networks to which
individual firms belong. It examines the SME sector by way of analysis of two critical
sub-sectors, textiles and metal finishing, which have been shown in previous work to
be two of the most polluting sectors of the South African economy (Kothuis and
Petrie, 1997).

The symbiosis project looks at how companies function within their network and how
this influences the overall economic performance of these networks. Analysis of the
mass, energy, financial resources and information flows between companies and their
networks, intends to demonstrate the potential for improvement in environmental and
economic efficiency by cooperation between the company and its network partners.
The project is set up around 10 companies within the textile and metal finishing
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industry sectors. For each of the companies, a waste minimisation assessment is
required, followed by analysis of the networks.

1.2 PROBLEM STATEMENT

There is considerable information available on the environmental performance, waste
minimisation opportunities and cleaner technologies for the metal finishing industry
sector, from various international sources (Petrie, 1994). In Europe and the USA,
waste minimisation in the metal finishing industry has been well promoted and there
are many documented case studies where benefits have been gained. The acceptance
of waste minimisation as a business consideration in these parts of the world is
principally due to the very strict discharge limits and environmental regulations that
businesses operate under (UNEP WG, 1998).

For South Africa, exposure to Cleaner Production has been very low to date, however,
in the coming years, it is expected that the trends which are in evidence overseas will
become a business reality here too. South Affica has an opportunity to learn from the
mistakes and successes of developed countries regarding pollution and waste. The
country is in an ideal position to incorporate foreign initiatives, together with its own
ideas (EMG, 1998).

This thesis attempts to assess whether the waste minimisation techniques that have
been used with success in other countries may be applicable to the South African
metal finishing industry and/or if there may be other waste minimisation possibilities.
The research goes beyond this to investigate the key influencing factors in the
industries in different countries, which may have an influence on the adoption of
waste minimisation in the industry. For potential to exist, one needs to determine
whether the barriers can be overcome, and/or if sufficient incentives exist as drivers
for waste minimisation for SMEs within the industry. Lessons learnt from the
experiences of other countries in this regard are used in the assessment.

SMEs were selected as a focus for the assessment as, in general, SMEs lack the in-
house waste management resources of the larger industry members, many of whom
already have internalised environmental management systems. Moreover SMEs
experience greater difficulties in managing their wastes cost-effectively and therefore
are most threatened by demands for greater environmental responsibility. There is a
need to facilitate improved environmental capability in SMEs (Coleman, 1994).
Environmental improvement options for SMEs in particular, need to be cost-effective
as, in general, they can only afford to invest in the environmental protection measures
if it is economically beneficial (Kothuis and Petrie, 1997). There is a need to
overcome these constraints to improved performance in ways which give due
recognition to the need of SMEs to maintain maximum flexibility in their operations.
This research therefore also addresses whether the potential waste minimisation for
SMEs in the metal finishing industry is cost-effective.

In addition, there are very few case studies of waste minimisation in South African
industry and, at the time of the start of the research work for this thesis, there was only
one published case study from the metal finishing industry. The company was in fact
a larger manufacturing company with an in-house electroplating line. This formed
part of a thesis on waste minimisation in SMEs in South African industry (Coleman,
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metal finishing sectors other than electroplating. If these companies are found to be
representative of the South African metal finishing industry, and if potential for waste
minimisation is found, this thesis proposes that it indicates that there is potential for
waste minimisation in the South African metal finishing industry as a whole. Once
again, the key influencing factors will be included in the analysis of the potential and
in determining whether the companies are representative of the whole sector.

1.3 THESIS OUTLINE
1.3.1 Thesis objectives

Specific objectives of the research carried out and presented here included:

1. To characterise the South African metal finishing industry in order to understand
the processes used in the industry; industry structure; and the drivers towards and
barriers against environmental improvement that affect the industry now and/or
are likely to affect the industry in the future.

2. To examine the metal finishing industry in the U.S.A., Western Europe and
Australia, for comparison with the South African metal finishing industry.

3. To review trends in environmental management and waste minimisation practices
in the metal finishing industries in the U.S.A, Western Europe, and Australia so as
to demonstrate the success or otherwise of waste minimisation in the metal
finishing industry in these countries.

4. To formulate waste minimisation case studies for two companies in the metal
finishing industry in South Africa, based on practical on-site assessments of
industrial practice using real operating data, and to successfully carry out waste
minimisation assessments in the case study companies.

5. To assess the potential for waste minimisation in SMEs in the metal finishing
industry in South Africa based on analysis of the case studies and a comparison
with the situation in other countries.

1.3.2 Thesis Key Questions

The research was planned in such a way as to answer the following key questions:

1. What are the similarities and differences between the metal finishing industries in
South Africa and other countries?

2. What is the current state in awareness and adoption of waste minimisation in the
metal finishing industry in South Africa and in other countries?

3. Have SMEs in the metal finishing industry in other countries implemented cost-
effective waste minimisation successfully and do SMEs in the metal finishing
industry in South Africa have the potential to do the same?

4. Are SMEs within the metal finishing industry in South Africa capable of
conceiving and implementing cost-effective waste minimisation projects?

5. What were/are the obstacles and constraints for waste minimisation activities, and
how have/can these been/be overcome?
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1.3.3 Hypothesis

In answering the questions and satisfying the objectives set out above, the potential
for cost-effective waste minimisation in SMEs in the metal finishing industry in South
Africa may be determined. The premise for this dissertation has been that cost-
effective waste minimisation has been applied successfully in the metal finishing
industry in other countries. It is therefore hypothesised that:

“There is potential for cost-effective waste minimisation in small and medium
enterprises in the South African metal finishing industry”

1.3.4 Assumptions and Constraints

The assumptions and constraints that were used in order to gather evidence to evaluate
the hypothesis are set out below:

SMEs are companies with fewer than 250 employees. Medium sized companies have
between 40 and 300 employees and some form of middle management. Small size
companies have fewer than 40 employees and lack a formal management structure.
(The definition of SMEs is the one used across all work for the larger Industrial
Symbiosis Project). In researching SMEs in other countries it will be made sure that
they satisfy these criteria.

For the assessment of potential for waste minimisation in the case studies, the
companies selected should have tractable problems and be the cause of significant
environmental degradation or the results will not have much standing. In addition, the
state of environmental management in the company should be considered
representative of the waste management style for the South African metal finishing
industry in general.

The potential waste minimisation opportunities identified for the case-study
companies must be environmentally beneficial. In other words, a waste minimisation
option is considered successful if it results in:

a. areduction in the total amount of waste generated by the industry

b. areduction in the total environmental harmfulness of the waste

or both.
It includes any source reduction, or recycling activity undertaken by a generator, so
long as the reduction is consistent with the goal of minimising the present and future
threat to human health and the environment.

A waste minimisation opportunity is considered cost-effective if it results in reduced
or equivalent operating costs for the case-study company, or if the payback period on
a required investment is determined to be within five years from implementation and
is within the financial ability of the company.

Apart from simple no cost options such as improved housekeeping, the cost-
effectiveness of potential options is mostly company-specific. It is assumed that if it
can be found that there is potential for cost-effective waste minimisation in case study
companies, and that these companies are representative of the whole (in terms of
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processes and key charactcristiés), then it can be concluded that there is potential for
cost-effective waste minimisation in SMEs in the metal finishing industry in general.

The assessment of the potential for waste minimisation in SMEs in the industry in
general will be based on the results of the case studies and a comparison with the
situation in other countries. A similarity argument approach will be used i.e. if all of
the following are found to be true:

i) Cost-effective waste minimisation for SMEs in the metal finishing
industry has been demonstrated in other countries through waste
minimisation projects and case studies,

ii) The metal finishing industry in South Africa can be found to be similar to
that in other countries where waste minimisation has been applied
successfully, both in terms of processes, and in terms of key characteristics
which affect environmental performance,

iii}  Some of the waste minimisation options applied in other countries to
address well-known problems in this industrial sector, are applied in the
case study companies,

iv) There is potential for cost-effective waste minimisation in the case study
companies, and

v) The case study companies may be considered representative of the South
African metal finishing industry in terms of processes and key
characteristics which affect environmental performance.

then the hypothesis may be assumed to be correct.

1.3.5 Scope of Thesis

This thesis will be focussing on waste minimisation in the metal finishing industry
only. Where necessary, to set the background, general waste minimisation initiatives
will be mentioned, but it is not the intention of this thesis to discuss the concept of
waste minimisation in detail. It is also assumed that the reader is aware of many of the
concepts of waste minimisation and Cleaner Production. In addition it is assumed that
the reader has a general understanding of chemical processes. References to sources
of detailed information (e.g. process descriptions) will be given, and in some cases,
are included as Appendices.

There are many definitions of terms such as ‘waste’ and ‘emissions’, and ‘waste
minimisation’. It is not in the scope of this thesis to add to this discussion and hence,
working definitions are provided in the Glossary. However, the use of these terms
waste minimisation, Cleaner Production and pollution prevention in this thesis is
considered for the most part interchangeable. It is not considered necessary for this
thesis to undertake a comprehensive analysis of the specific terminology, but when
using any of the above terminology, to refer to the concept rather than to consider
whether the term used is the most appropriate term to describe it. For the most part,
the term waste minimisation will be used, however, when referring to literature, it is
necessary to apply the particular term used by the author to describe the concept, and
if there is any additional idea implied, it will be noted.

The detailed case studies in this thesis are in the hot dip galvanizing and powder
coating industry. These are only two sectors of the metal finishing industry.
Electroplating is considered a major process in the industry. Therefore, published
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literature plus the results from the work of other Industrial Symbiosis Project
members in this sector of the industry will be noted, in order to include this important
sector of the industry, and widen the scope of the assessment.

1.4 RESEARCH PROCEDURE

This research presented here relies on an extensive literature review. The aim of the
literature review is to survey the various concepts on which this masters project is
based and to draw these concepts together into a unified basis for the ensuing data
gathering and analysis. Primary information was accessed through books, journals,
reports, surveys, publications, conference papers, and manuals relevant to the metal
finishing industry, waste minimisation, Cleaner Production, and other related topics.
A significant amount of this literature was obtained from Internet sources.

The practical research in the gathering and analysis of field data, is divided into three
areas:

1. Meetings & Interviews (both in person and through correspondence). This helped
to complement the literature review and involved contacting agencies,
associations, organisations, and individuals with knowledge of the metal finishing
industry both in South Africa and in other countries. A significant research
activity in this area was the European study tour.

2. A survey of the South African metal finishing industry required for the first thesis
objective owing to insufficient available data.

3. Detailed waste minimisation assessments in two local metal finishing companies
to satisfy the fourth thesis objective. ‘

1.5 THESIS STRUCTURE

Both the literature review and practical research are set out to cover the objectives of
the thesis and to attempt to answer the thesis key questions.

Chapter 2 is a review of literature on metal finishing processes, associated wastes and
waste minimisation opportunities. In Chapter 3, international initiatives in waste
minimisation in the metal finishing industry are discussed. This includes both the
results from the literature survey as well as the findings from the European study tour
and other data gathering. Chapter 4 examines the South African situation in the light
of waste minimisation in general and specific initiatives in the metal finishing
industry. It includes both the literature review and the findings from the Industry
Survey. Chapters 5 and 6 present the findings from the waste minimisation
assessments in the two local case studies. In Chapter 7, the findings are discussed with
the aim of testing the hypothesis against the success criteria, and the conclusions
drawn from the work are set out.



- Chapter 2: Metal Finishing Wastes and Waste
Minimisation Options

“What we call Waste Minimisation often can be called something else in another profession. For
instance: accountants call it loss control, process engineers call it an efficient process, managers
call it total guality management, people unaccustomed to long definitions call it common sense®
- U.S. EPA, 1989.

2.1 INTRODUCTION

In order to gain a general understanding of the industry and to provide a context for the
discussion of the waste minimisation opportunities available to the industry, this chapter
provides a summary of processes falling under the metal finishing sector, as well as a
summary of the general and specific wastes associated with these processes. The problems
associated with these wastes and conventional waste freatment, and disposal options for metal
finishing wastes are reviewed in more detail. Waste minimisation methods and techniques for
the metal finishing industry are then discussed and a summary list of common waste
minimisation options for the metal finishing industry compiled from various literature
sources is presented.

There is an abundance of literature describing metal finishing processes, associated wastes,
and waste minimisation options. For the purposes of this thesis, it is not considered necessary
to review this literature in detail, and instead, overviews and summary lists are provided, and
all references are cited.

2.2 AN OVERVIEW OF METAL FINISHING PROCESSES

The term “metal finishing” comprises a broad range of processes that are employed at some
point during the manufacture of essentially all metallic products. The manufacturing
industries where metal finishing processes are used predominately include:

fabricated metal products (e.g. metal cans, fasteners, tools, metal furniture)

common machinery (e.g. engines, farm equipment, construction equipment,
manufacturing machinery)

electronic machinery (e.g. computers, office equipment, audio and visual electronics)
household appliances (e.g. washing machines, refrigerators, small kitchen appliances, air
conditioners)

‘e automotive and water transportation equipment and components (e.g. automobiles, trucks,

rail vehicles, boats)
e aerospace equipment and commercial aviation (e.g. aircraft, satellites), and
¢ miscellaneous manufacturing (e.g. jewelry, coins, musical instruments, toys)
(U.S. EPA, 1996).
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A finish is any final operation applied to the surface of a metal article in order to provide
protection for the base metal, or alter its surface properties to achieve various desirable
characteristics or to improve the utility of the product in some other way (U.S. EPA, 1996).
These characteristics may include:

increased wear, corrosion or abrasion resistance

enhanced appearance

improved base for the adhesion of other materials (e.g. other metals, paints)
enhanced frictional characteristics (lubricity)

improved hardness

improved solderability

enhanced electrical properties

enhanced temperature resistance

Processes used by the metal finishing industry involve the cleaning, hardening or softening,
smoothing or roughing and conversion of the object’s surface. Processes may be electrolytic,
mechanical or chemical in nature. Most metal surface treatment and plating operations have 3
basic steps:

1. Surface preparation (pre-treatment) involves the use of solvents, alkaline and acid
cleaners, abrasive materials, and/or water to clean the work-piece surface in preparation
for treatment. Chemical additives may be present in the cleaner to make it more effective,
easier to use, or less harmful to the metal surface. The surface of the metal is cleaned to
remove unwanted matter such as carbon smut, welding flux, ink, oxidation products, oil,
fingerprints, or other material.

2. Surface treatment involves some change in the surface properties of the work-piece, such
as application of a metal layer or paint. The final step in some processes is drying which
may be simple air-drying or a more complex system such as forced air evaporation or

spin dry.

3. Post treatment involves rinsing to remove any unwanted residual chemicals still present,
or further finishing operations such as heat treatment (to relieve hydrogen embrittlement),
colouring (using a dye) or anti-corrosion treatment (e.g. chromate seal) to produce the
final product.

(U.S. EPA, 1994).

An overview of the most common metal finishing processes is provided in Table 2.1. A
number of references were used in compiling this table. The main source for the list is the
U.S. EPA (1996) guide on ‘International Waste Minimisation Approaches & Policies to
Metal Plating’, which provides a good overview of metal finishing processes. More
comprehensive and detailed descriptions of each of the processes may be found in the
‘Encyclopaedia of Chemical Technology’ (Kirk & Othmer, 1995). Metal finishing manuals
such as ‘4 Cleaner Production Manual for the Metal Finishing Industry’ (UNEP WG, 1998)
and ‘Fabricated Metal Products Notebook’ (U.S. EPA, 1998) provide less detailed and more
user-friendly descriptions.





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































