
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 1, Issue 3, November 2012   ISSN 2319 - 4847 
 

Volume 1, Issue 3, November 2012 Page 13 
 

 

 

ABSTRACT 
The Cleaner Production concept is gaining world wide recognition due to its role as a means for industry to reduce waste, and 
as a result, reduce the costs associated with waste. Environmental regulations are becoming tighter and waste treatment and 
disposal costs are increasing. Manufacturing organisations have much to gain from adopting Cleaner Production (CP) 
practices. This is particularly true for the Metal Fabrication Sector which is a significant generator of wastes. However, the 
Cleaner Production concept is a relatively new approach in Zimbabwean industries. The thrust of CP is to deal with 
environmental concerns and at the same time grasp the opportunities arising from those challenges. This paper seeks to 
provide a framework that can be used by Zimbabwean metal fabrication companies to implement Cleaner Production. The 
paper analyses the flow of materials and energy in metal fabrication operations typical in Zimbabwean industries. It goes on to 
develop CP options that will minimise waste and emissions out of the processes highlighted above. Finally a framework is 
modelled and explained how it works the framework has been modelled in a way that is straightforward and can be easily 
understood by the user. Utmost care has been employed to avoid confusing jargon that is usually associated with Cleaner 
Production concepts. 
Keywords: cleaner production, metal fabrication sector 

1. INTRODUCTION 
The Cleaner Production aspect requires a new way of thinking about processes and products, and about how they can be 
made less harmful to humans and the environment. In a world of increasing demand for depleting natural resources, 
posterity will see a focus on resource use efficiency and a major global effort on extracting more from less. Cleaner 
Production is reducing or eliminating waste at the source by modifying production processes, promoting the use of non-
toxic or less-toxic substances, implementing conservation techniques, and re-using materials rather than putting them 
into the waste stream. Within CP, the objective of the initial plant survey is usually to assess the factory’s physical and 
operational conditions for obvious waste reduction opportunities; quick assessment of the situation followed by 
corrective action which often brings considerable savings with minimum capital outlay (Joseph, 1988). 
Cleaner Production options are evaluated to eliminate those that are not feasible. The feasible options can then be 
prioritised and implementation done on those that obtain top priority. Prioritising Cleaner Production options can be 
done using a weighted sum method. The weights vary from organisation to organisation depending on technical 
competency, financial conditions, and environmental sensitivity. The evaluation is done on three aspects of technical, 
environmental and economical. It is desirable to try to quantify the volume and composition of all material flows, 
which could result in a mass balance for all individual unit operations or for the entire company (Berkel, 1993).  
 

2. TECHNICAL EVALUATION 
Technical evaluation covers the following aspects: 
Consumption of materials and energy:  
Product/by-product quality:  
Right First Time (RFT):  
It is important to examine the following aspects when considering implementation: 
Human resources required: in-house staff or external expertise.  
Risks in implementing the option: especially on pilot testing. 
Ease of implementation: especially the layout of the production processes and of the auxiliary services (e.g. steam lines, 
water lines, pressure lines);  
Time required for implementation: could be done during shut-down time.  
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3. ENVIRONMENTAL EVALUATION 
The environmental evaluation should include estimates of the following benefits that each option may bring about 
(where relevant): 

 Likely reduction in the quantity of waste or emissions generated. 
 Likely reduction in green house gas emissions. 
 Likely reduction in the release of hazardous, toxic, or non-biodegradable wastes or emissions. 
 Likely reduction in consumption of non-renewable natural resources. 
 Likely reduction in noise levels. 
 Likely reduction in odour nuisance. 
 Likely reduction in on-site risk levels. 
 Likely reduction in release of globally important pollutants. 

4. ECONOMIC EVALUATION 
Evaluation of the economic benefits quantifies obvious savings in purchase of materials and fuels, the costs of treatment 
and disposal avoided, and material and waste stream costs must be estimated. There are also some less obvious 
financial benefits such as reduced sick days for workers or generally higher worker productivity; lower personnel costs 
from reducing the burden of special management and reporting of hazardous materials, wastes and pollution; reduced 
worker and environmental liability; and potential profits from sale of waste as a by-product. 
Benefits and costs are then analysed and calculated using various evaluation criteria such as pay back period, Net 
Present Value (NPV) or Internal Rate of Return (IRR). 

5. ZIMBABWEAN METAL FABRICATION SECTOR 
The Zimbabwean Metal Fabrication industry is mainly made up of agricultural equipment and transportation 
equipment manufacturers. The following is a list of products that are common in the sector: 

 Agricultural implements (animal drawn and tractor drawn). 

 Trailers and coaches. 

 Tubes, pipes and fittings. 

 Industrial machinery spare parts. 

The processes used to fabricate these products include, cutting, drilling, milling, turning, bending, forming, welding, 
grinding, sandblasting, painting, and galvanising. The following types of wastes come out of these processes: 

 Metal swarf and scrap metal 

 Contaminated coolants and lubricants 

 Welding smoke 

 Waste sand 

 Used oil 

 Spent degreaser 

 Acids 

 Zinc dross and ash 

6. CLEANER PRODUCTION OPTIONS FOR THE SECTOR 
Cleaner Production options were evaluated to eliminate those that are not feasible. The feasible options were then be 
prioritised and implementation done on those that obtain top priority.  
An evaluation of the economic feasibility of using Electrostatic painting in place of wet spray painting was done. The 
electrostatic technique is estimated to save 7 percent on paint. With a monthly consumption of 200 litres, the savings 
translate to 14 litres per month. The average cost of paint is pegged at $5 per litre. The evaluations, assuming that the 
cost of capital is 10% and the useful life is two years, are as follows: 

Initial investment  $500 

Savings     $70 per month 
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Pay back period 7.1 months 

NPV      $957 

IRR      138.5% 

These figures show that the project of replacing wet spray painting with electrostatic painting is economical. 
The Zimbabwean Metal Fabrication Sector is underfunded and hence greatest importance should be given to financial 
issues. Environmental issues can be given second priority since the environmental pressures in Metal fabrication are 
less than those in other industries such as chemical processes. Technical feasibility can be increased by employing the 
services of contractors. In the light of the above, the following weights were proposed: 

 Economic feasibility (50%) 

 Environmental feasibility (30%) 

 Technical feasibility (20%) 

Simple indicators such as scores can then be assigned to assess the relative performance of each option. The weighted 
sum of the scores gives an index for each option and this can be used as a basis to rank options in terms of their level of 
priority. The options can be grouped into categories such as ‘top’, ‘medium’ and ‘low’ priority. Prioritising options in 
this way provides a basis for preparation of the implementation plan. Ten options were weighed and ranked as shown 
in Table 4.1. 

Table 1: Evaluation of Cleaner Production Options 

Option 
No. 

Option Technical 
feasibility 

Environmental 
Impact 

Economic 
Feasibility 

Total Rank 

Weight 20% 30% 50% 10  
1 Preventing the building up of 

oils and dirt. 
6 8 7 7.1 

 
6 

2 Standardising the use of 
coolants and lubricants 

7 6 8 7.2 5 

3 Minimise and reuse waste 
paints. 

6 7 9 7.5 4 

4 Minimise colour changes in 
painting by moving from 
light colours to dark colours 

9 7 8 7.9 2 

5 Minimise water use by 
shutting off taps when not in 
use. 

9 6 9 8.1 1 

6 Galvanising and pickling to 
be operated at the minimum 
chemical concentrations 

7 9 7 7.6 3 

7 Use high pressure jet in 
cleaning since it uses less 
water 

8 6 7 6.9 8 

8 Use painting processes with 
minimum overspray, for 
example, rollers or 
electrostatic painting 
 

7 7 7 7.0 7 

9 Negotiate with suppliers to 
bring in cleaner raw 
materials 

6 7 5 5.8 10 

10 Minimise the use of oil as a 
protection against rusting. 

6 8 5 6.1 9 

 
From the results of Table 1, the options can be implemented according to their rankings, that placing more priority on 
the option that is ranked first. The assessment developed six more options that can be implemented at low cost. The 
following is a full list of Cleaner Production options that were developed: 

1. Minimise water use by shutting off taps when not in use. 
2. Minimise colour changes in painting by moving from light colours to dark colours. 
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3. Galvanising and pickling to be operated at the minimum chemical concentrations. 
4. Minimise and reuse waste paints. 
5. Standardising the use of coolants and lubricants. 
6. Preventing the building up of oils and dirt. 
7. Use painting processes with minimum overspray, for example, rollers or electrostatic painting 
8. Use high pressure jet in cleaning since it uses less water. 
9. Minimise the use of oil as a protection against rusting. 
10. Negotiate with suppliers to bring in cleaner raw materials. 
11. Use water based paints over oil paints. 
12. Standardise dimensions in products so as to reduce machining operations. 
13. Avoid complex product shapes that consume a lot of paint. 
14. Segregate scrap metal and swarf so that it can be sold to scrap metal dealers. 
15. Install water recycling loops so that water can be continuously reused in operations such as pressure testing of 

pipes. 
16. Recover used oil  for resale 

7. CLEANER PRODUCTION FRAMEWORK FOR THE SECTOR 
Most organisations are eager to follow Cleaner Production strategies. The problem with many organisations lies in 
knowing where to start and what to do. This Framework solves this problem by providing a very practical and simple 
guide to follow. The Framework, shown in Figure 1, is divided into six target areas as follows: 

 Environmental Management System and Standards 

 Material and utilities Consumption 

 Use of Hazardous Chemicals 

 Fabrication Processes 

 Waste Generation 

 Emission 

 
Figure 1: CP Framework for Metal fabrication 
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8. ENVIRONMENTAL MANAGEMENT SYSTEM AND STANDARDS 
The Zimbabwean Metal Fabrication sector operates without environmental management systems. Of the ten polled 
companies, only one had an operational EMS and is certified to ISO 14001 standard. The sector should therefore 
examine and monitor their environmental performance and set targets for improvement, through the broad adoption 
and implementation of EMS. 
An Environment Management System is a tool for managing the impacts of an organisation’s activities on the 
environment. It provides a structured approach to planning and implementing environment protection measures. The 
EMS will enable organisations to benchmark their environmental performance, and then regularly evaluate their 
performance and improvement. An Environmental management System can be developed by simply following the three 
steps listed below: 

 Assessing an organisation’s environmental impacts. 

 Setting targets to reduce these impacts. 

 Planning how to achieve the set targets. 

The use of recycled wastes as resources in industrial processes and the society at large benefits the environment in the 
following ways: (Clean Japan Centre, 1987) 
  recovery and reutilisation of materials means less raw materials need to be mined. 
 use of recycled wastes as resources decreases the necessity of refuse disposal, thus decreasing the influence of refuse 

on the environment. 
 use of regenerated raw materials instead of a brand new material in a production system decreases the quantity of 

energy required and the quantity of materials discharged to pollute the environment. 

9. RESOURCE CONSUMPTION 
The main resources consumed by the industry include, raw materials (mainly mild steel), electricity, water, gas 
(Oxygen and Acetylene), steam for galvanising processes, and welding rods. The sector is currently slack about 
matching material and utility resources to fabricated products. The problem is mainly due to the job shop nature of the 
processes. Resources such as electricity and gas are difficult to apportion to products that have been fabricated. The 
framework suggests the following activities to help optimise resource consumption: 

 Standardise products and material requirements. 

 Resources and utilities need to be apportioned to products through reasonable estimates (for example 
according to the time spent on a job). 

 Benchmarks should be put in place to control the consumption of resources.  

 Put in place planned maintenance systems for utility supplies to prevent losses through leaks and poor 
equipment performance. 

The following environmental benefits have been achieved through the application of CP 
technology. (Meller, 1985) 
 significant reduction of the volume of easily decomposable organic substances with the result that there is no 

significant reduction in dissolved oxygen content of natural water. 
 elimination of the pollution load of slowly decomposing or non-decomposable  

substances, particularly as a result of preventive measures taken by the paper and pulp industry (lignin and 
sulphonic acid). 

 decrease in the discharge of nitrogen and phosphorus compounds (nutritive compounds), 
 reduction of heavy metals such as mercury, cadmium, lead, zinc, nickel, copper, etc., discharged to the 

environment, chiefly due to improved recycling techniques. 

 promotion of economical use of water by industries. 

10. HAZARDOUS CHEMICALS 
Metal fabrication operations routinely use various hazardous chemicals, including solvents for cleaning, acids and 
bases for etching, and solutions of metal salts for plating the finish into the desired form. Galvanising and painting 
processes require the metal surface to be thoroughly cleaned beforehand, because surface contaminants greatly diminish 
the quality of the finished product. Both cleaning and plating processes generally occur in a “bath”—that is, a tank in 
which parts are dipped into a solution of chemicals. Preparing the surface of the metal for coating involves the removal 
of greases, soils, and oxides. Cleaning agents used for this purpose include detergents, solvents, acidic solutions, and 
caustics.  
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The coatings obtained through galvanising or painting contain toxic solvents and heavy metals. These chemicals may 
be toxic to humans and animals, cancer causing for both humans and animals, flammable, and/or persist in the 
environment for a long time, entering the food supply. Both workers and local communities are at risk from exposure to 
these chemicals, particularly those that persist in ground and surface water supplies for long times.  
There is need to identify, document, monitor and control the use of hazardous chemicals in metal fabrication. The 
above can be achieved as follows: 

 Document the types of chemicals used and the processes they are used in. 

 Monitor and control the chemicals required for each process and the quantities required.  

 Assess the storage facilities of the chemicals and determine if they meet the storage conditions required by the 
Material Safety Data Sheets. 

 Inventory management system for chemicals should promote economic use and safe handling.  

 Access to chemicals should be restricted and limited to trained and responsible personnel. 

 Organisations need to map out ways of managing and avoiding chemical spills. 

 Chemical substitution with less hazardous ones. 

11. FABRICATION PROCESSES 
Unlike other production systems, the optimisation of fabrication processes may not be a straight forward matter. This is 
due to the fact that most of the processes are heavily dependent on the skill and experience of the operator. There are 
however some ways that can be used to optimise the processes as highlighted below: 

 Standardise product fabrication processes by having written down procedures and work instructions. 

 Measure and benchmark process efficiency and performance. 

 Evaluate the appropriateness of equipment and processes used for every job. 

 Develop performance measures for fabrication processes (for example production cost as a percentage of 
product cost). 

12. WASTE GENERATION 
The research noted that most of the respondents were not aware of the types of wastes their organisations produced. 
The sector is so familiar with some types of wastes that they no longer recognise them as wastes. For example used oil 
and scrap metal are so common to the sector that they don’t necessarily recognise them as wastes. The sector therefore 
needs to do the following: 

 Keep a register of wastes generated by the facility and their sources. 

 Composition of wastes (identify the contaminants found in wastes). 

 Look for options aimed at reducing the volume or toxicity of wastes. 

 Identify options for treating and disposing wastes. 

 Evaluate the costs of waste disposal. 

13. EMISSIONS 
Air Pollution is one element that is easily forgotten in the Metal Fabrication Industry. The fact that the industry does 
not produce billows of smoke that are visible from a distance easily makes people unaware of the sector’s contribution 
to air pollution.  
Volatile organic compounds (VOCs) are usually emitted in degreasing operations. VOCs can cause serious health 
problems for workers and contribute to air pollution in the lower and upper reaches of the atmosphere. Poor handling 
practices can result in the loss of as much as 30% of solvents and degreasing agents. This can be a significant cost, as 
the chemicals would otherwise be re-used. VOCs are also emitted during paint application, curing, and drying. The 
problem of emissions can be dealt with by: 

 Monitoring the types and amounts of emissions produced by an organisation’s operations. 

 Investing in pollution control systems. 
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 Employing Cleaner Production options that help to reduce air pollution by preventing solvents from escaping 
into the air (volatising) and improving the efficiency of pollution control systems. 

14. RECOMMENDATIONS 
There is need for organisations such as the National Cleaner Production Centre to raise awareness of Cleaner 
Production practices in the sector. This is necessitated by the fact that most of the organisations surveyed showed 
ignorance about CP. Some of them were not aware of the wastes produced, where the wastes were known, they were not 
measured. 

It is recommended that individual companies develop Environmental Management Systems and benchmark with other 
companies that already have EMS’ in place. Companies should implement a management system, apply 
certification/verification and maintain this system in an effective way to achieve the envisaged CP improvements. 

Top management should adopt a business vision of Cleaner Production and translate it into action. The key to success 
is the engagement of employees at every level in order for them to promote the concept to suppliers and customers. 
Incorporating Cleaner Production into the corporate culture also means that each employee takes full product 
responsibility and considers all the operations the product goes through. This also ensures that there is a responsibility 
amongst the members of the organisation. 

The Metal Fabrication Sector needs to improve on the recording, monitoring and controlling of environmental data. 
This will make it feasible to quantify improvements made by Cleaner Production efforts. 

15. FURTHER WORK 
The prevailing economic conditions in Zimbabwe as of 2011 are making it difficult for industry to try implementing 
Cleaner production. Most companies are operating using fire fighting strategies that do not warrant implementing 
environmental conscious practices. There is therefore need to implement CP options in the industry and measure the 
effectiveness of such. 

Research is needed to find out the economic feasibility of those options that require financial investment. This can be 
made possible through rigorous costing of the cost savings made by employing these options. Environmental 
accounting techniques can help in this regard. 

16. CONCLUSION 
The chapter provides a framework or guidelines by which the Zimbabwean Metal fabrication organisations can use to 
achieve Cleaner Production goals. The framework has been modelled in a way that is straightforward and can be easily 
understood by the user. By implementing the recommended changes in production technology, the pollution load to the 
environment can often be reduced to a mere fraction of its original value. Additionally, CP has another advantage over 
end-of-pipe technology in that it allows better utilisation of energy and raw materials. Environmentally safe raw 
materials and products can also contribute substantially towards environmental protection. 
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