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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
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 nwrtber 

turn-over value (flxed employees 
property full-time 

excluded) 
Group A Less than Less than Less than . 
Agriculture, forestry, and Medium R1S.0 m R3.0m 51-100 
fishing, transport, storage and 
corrummication, finanCing, Small R2.Sm RO.Sm 5 - SO 
insurance, real estate and 
business services, corrumm.ity, Micro RO.Sm RO.l m 1-4 
social and personal services 
GroupB Less than Less than Less than 
Mining and quarrying, Medium R2S.0m RS.Om 51 - 200 
manufacturing, electricity, gas 
and water, construction, Small RS.Om Rl.Om 5 - 50 
wholesale and retail trade, 
catering and accommodation Micro R1.25 m RO.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 fonn 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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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
Chapter Two - Literature Review 

2 Literatllre 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 perfonnance 
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 developIJlent 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 perfonnance of the South African industry and its 
manufacturing sector. The characteristics of SMEs and their lack of capacity to improve their 
environmental perfonnance 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 perfonnance 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. 

Dick van Beers University of Cape Town page 2-1 
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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
Chapter Two - Literature Review 

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 aI., 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% 

textiles 
0.9% EI rretallurgical 

• rretal processing 

o pulp and paper 

o textiles 

• food processing 

t3 building materials 

• chemical prod ucts 

Figure 2.1 Comparative Contribution to Total Industry Waste by the Manufacturing Sectors 
[EMG,1993} 
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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
Chapter Two - Literature Review 

textiles 

8.7% 

building ffilterials 

0.1% 

electronics 

0.1% 

Iretal process ing 

2.6% 

chemical products 

6.7% 

o Iretallurgical 

• Iretal processing 

o building ffilterials 

o textiles 

• electronics 

CJ chemical products 

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 Afiica 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 aI, 
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 ~er 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/or Selected Processes [WRC. 1983} 
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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
Chapter Two - Literature Review 

2.2.2.3 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 
aspects total waste hazardous electrical power use 

intensity waste intensity intensity 
(fIR million (fIR million (GWbIR million 
GDP)] GDP)4 GDP)5 

Chemical energy; air 3.9 \.8 1.4 high 
products pollution; 

hazardous 
waste 

Metallurgical energy; air 719.3 47.7 7 .2 high6 

pollution; 
hazardous 
waste 

Metal waste water; 3.3 2 .7 0.1 medium 
processing hazardous 

waste 
Automotive' energy; air part of metal part of metal part of metal medium 

pollution; processing processing processing 
solid waste 

Electronic toxic gases; 0.2 0.2 unlrnown medium 
hazardous 
waste 

Pu Ip and paper energy; 36.1 0.0 l.l high 
water use; 
waste water; 
air pollution 

Textiles water use; 23.6 14.5 0.4 high 
waste water; 
hazardous 
waste 

Food processing water use; 10.6 0.0 0.1 high 
waste water 

Building energy; air 408.4 0.3 1.8 low 
rnaterials2 pollution 

Notes: 
1 inc!. 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 

Water Air Land 
pollution pollution pollution 
7 

high high high 

high" high high 

high low high 

high high9 high 

high medium high 

high high medium 

high low medium 

high low high 
~odour) 

medium high medium 

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 

6 even with high level of water recycling 
7 refers to pollution load 
8 contamination from landfill and process run-off 
9 with respect to the air pollution impact of "transportation" 

Table 2.3 Overview of Environmental Aspects of Selected Manufacturing Sectors [EMG, J993} 
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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
Chapter Two - Literature Review 

Phase 1: Planninj! and orj!anisation 
get management commitment 
defrne scope and boundaries of the project 
set up a project team and defrne responsibilities 
set up 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 
Repeat the process 

decisions on projects and fInances 
implementation 
evaluate results 

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

The goal of the planning and organisation phase is to obtain management commitment and to 
detennine 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. Owing 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. 

2.4.2 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. 

Dick van Beers University of Cape Town page 2-12 
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"Identification of Eco-efficient Improvements in the Industrial Networks of SMEs" 
Chapter Two - Literature Review 

Areas in which environmental Core drivers . 

networking initiatives can occur : 

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 

Informatio'} / 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 fInns 
Alternative fuels 

Marketing Green labelling (eco-labelling) 
Accessing "green" markets 
Joint promotions (eg. advertising) 
J oint ventures 
recruiting new companies 

Environment, occupational health and Accident prevention 
Safety Emergency response 

Cleaner production(eg. waste minimisatiorD 
Multimedia planning 
Design for environment (eco-design) 
Shared environmental information systems 
Joint regulatory pennitting 

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], Cote [1994], Lichtenstein & Hoeveler [1996] and Tang et al. 
[1998], the barriers for networking of businesses can be summarised as: 

Dick van Beers 

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