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UNIDO Cleaner Industrial 
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industrial production involves several types of capacity building, depending on 

whether the assistance is at the policy, institutional or enterprise level. At the policy 

level, UNIDO works with countries in formulating industrial policies and strategies 

that make cleaner industrial production a priority. At the institutional level, it is 

designing and supporting programmes for strengthening institutions, primarily 

national cleaner production centres. This assistance provides advice, information, 

training, study tours and even equipment. At the enterprise level, technical assistance 

relies on UNIDO expertise in process optimization and in the technical aspects of 

different subsectors as well as on the extensive library of technical information. 
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Waste minimization is a new 

and creative way of thinking 

about products and the 

processes that make them. 

It is achieved by the continuous 

application of strategies to 

minimize the generation of 

wastes and emissions. 
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Funded by the United Nations Development Programme (UNDP), the DESIRE project 

was started in early 1993 after the Ministry of Environment and Forests asked UNIDO 

for help in implementing its policy on waste minimization. UNIDO, together with 

international experts, local experts from the National Productivity Council and factory 

personnel, initiated waste reduction projects in four agro-based pulp and paper mills, 

four textile dyeing and finishing mills and four pesticide formulation plants. The 

approach was based on the work of the United States Environmental Protection 

Agency and the Netherlands Organization for Technology Assessment. 

During the project's 16-month life-span, waste minimization teams implemented 

about half of the identified 450 pollution prevention options. Collectively, the 12 

companies spent US$300,000 to implement these options and saved US$3.0 million in 
raw materials and waste-water treatment costs. The pulp and paper and textile mills 

cut their organic pollutant load by about 30 per cent and the pesticide formulation 

plants reduced their toxic air emissions significantly. 

Comments from two participants: 

"We implemented many waste minimization options like good housekeeping, recycling of 

effluents, better process control and machinery modifications, and this has significantly 

reduced our effluent COD load." 

C'111~tcir;rn ;rn N. Dr.:.;r1 
Owner of Par<30.',f' p~rr'.<:-

"With the DESIRE project we have jointly identified 63 options for waste minimization. 

Of these, 39 have already been implemented. Due ta this implementation we have 

achieved very nice results: that is, we can reduce waste by almost 50 percent and pollution 

load by 75 per cent." 

r; J. K,111·rl.:v 
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Pollution from industries has for a long time been considered an 
unsurmountable problem necessarily associated with industrial 
development. This argument is no longer valid. 

Enterprises are realizing financial and environmental benefits from cleaner industrial 
production. This package describes a UNIDO-supported project to demonstrate cleaner 
production in India. It contains the following: 

• 

Report of the Experience<; Describestheapplicationofthewaste 

minimization approach to 12 small-scale industries in India. It sets out the 
objectives of the project, enabling measures used to overcome implementation 
constraints, the audit methodology, financial and environmental dividends to 
the participating companies and an action programme for the Government of 
India. 

Guidelines for Waste Minimization 
in Small-scale Industries Suggests a practical approach to 

implementing a programme to reduce pollutant discharges and to increasing 
financial returns. The guidelines lay out a six-step methodology for waste 
minimization based on the experience that the National Productivity Council 

gained in implementing the DESIRE project. 

•

Film on the Indian Experience Presentstheachievementsin 

five of the plants that participated in the DESIRE project. It shows examples of 
waste minimization options implemented in five of the participating companies. 

Activities at one factory 

One dyeing factory installed a centrifuge to spin excess dye liquor from yarn. This 
measure resulted in a 20 per cent reduction 1n the factory's annual operating costs and 

lessened pollution. Previously, workers washed out excess dye on the factory floor, and 
the concentration of pollutants in the waste water was 15 times higher than permissible. 

The centrifuge reduced the number of production stages from four to three, allowed dye 
liquor to be reused, cut water usage and decreased pollutant discharge. 

• •••••••••••• 
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The DESIRE project: 
summary, results and recommendations 

The purpose of the DESIRE project was to establish 
successful case-studies of the application of the waste 
minimization approach in small-scale industries 
(SSis) in India and to create the conditions for 
continuing and expanding waste minimization 
activities after the project was over. There were five 
separate, but closely interrelated, objectives: 

l. To show Indian SSis in three sectors that waste 
minimization is possible in the short term and that it 
has financial and environmental advantages. The 
agro-residue-based pulp and paper industry, the 
pesticides formulation industry and the textile 
dyeing and printing industry were selected as the 
industry sectors. 

2. To devise and test the usefulness of a systematic 
approach to waste minimization. The resulting audit 
methodology has been published in two forms: A 
generic guideline for waste minimization and three 
sector-specific technical manuals. 

3. To identify obstacles to the introduction and 
maintenance of waste minimization options and to 
formulate strategies for overcoming them. A number 
of obstacles were identified in the course of the 
DESIRE project and various approaches were applied 
overcome them. 

4. To recommend to various stakeholders, in both the 
Government and the industrial and professional 
community, policies that would promote waste 
minimization. 

5. To disseminate the results of the case-studies and 
the policy recommendations. 

The case-studies in companies constituted the core of 
the DESIRE project. To prove the financial and 
environmental benefits of waste minimization in 
practice the technical study team joined with 
committed industries. In turn, those joint task forces 
were coached by a waste minimization consultant and 
received technical backup from international experts in 

the sectors. Dissemination of the results was from the 
very outset of the DESIRE project one of the main 
concerns and activities. To that end, a survey was made 
of constraints and incentives for waste minimization 
and one generic and three sector-specific technical 
manuals were prepared. The results of the project were 
presented at sectoral workshops and a national 
semmar. 

Waste minimization 
The DESIRE project has developed and applied the fol
lowing definition: 

Waste minimization is a new and creative lvay of 
thinking about products and the processes that 
make them. It is achieved by the continuous 
application of strategies to minimize the 
generation of wastes and emissions. 

Waste minimization comprises several techniques: 

• Good housekeeping: appropriate actions to prevent 
leaks and spills (such as preventive maintenance and 
frequent equipment inspections) and to enforce by 
means of supervision and training existing working 
instructions. 

• Input material change: replacement of hazardous or 
non-renewable inputs by less toxic or renewable 
materials or by materials with a longer service 
lifetime. 

• Better process control: modification of the working 
procedures, machine instructions and process record 
keeping in order to run the processes at higher 
efficiency and lower rates of waste and emission. 

• Equipment modification: modification of the 
ex1stmg production equipment and utilities (for 
instance by including measuring and controlling 
devices) in order to run the processes at higher 
efficiency and lower rates of waste and emission. 

• Technology change: replacement of the technology, 

Summary, results and recommendationss • 



processing sequence and/or synthesis pathway in 
order to minimize the rates of waste and emission. 

• On-site recovery and reuse: reuse of the wasted 
materials in the same process or for another useful 
application within the company. 

• Production of useful by-products: transformation of 
the wasted material into a material that can be reused 
or recycled for another application outside the 
company. 

• Product modification: modification of product 
characteristics in order to minimize the environmental 
impacts of the product during or after its use (disposal) 
or to minimize the environmental impacts of its 
production. 

Results 
The results of the DESIRE project have been organized 
according to the five objectives of the project . 

Objective 1 : Demonstrate the opportunities and 
benefits of waste minimization in practice 

The results of the demonstration projects in 12 companies 
in three industry sectors are summarized and evaluated in 

Figure 1. Implementation status of the 
waste minimization options 
(all sectors: 540 options) 

• implemented 

planned 
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chapter 4 of this report. Participation in the DESIRE 
project enabled all of the companies to identify a large 
number of waste minimization options, most of which 
could be implemented over the course of the DESIRE 
project. Figure I shows the implementation status of the 
540 waste minimization options. Thirty-eight per cent of 
the options could be fully implemented within 15 
monthsof the start of the plant-level activities. Another 32 
per cent of the options are feasible: their implementation 
either has already started (16 per cent) or is planned for 
the near future ( 16 per cent). Only 30 per cent of the 
options generated proved not to be feasible and were 
rejected by the companies. For these options, the 
technology was either not yet available or not yet 
available at an appropriate scale for small-scale industries 
or far too expensive in relation to the potential cost 
savings and/or total investments in plant equipment. 

Table I summarizes the financial impact of the first batch 
of feasible options, that is, of the 196 options 
implemented within the time-frame of the DESIRE 
project. The investments and the net annual savings are 
by far the greatest in the agro-residue-based pulp and 
paper industry. The overall payback time of those 196 
options was less than six months: the economic 
feasibility of waste minimization in the textile dyeing 
and printing industry was significantly greater than in the 
other two sectors; and in the pesticides formulation 
industry it was significantly less. However, care is 
needed in the interpretation of these figures, since they 
include only the options explicitly evaluated by the 
technical study team, not the additional, highly cost
effective waste minimization options that some 
companies identified and implemented on their own 
(these were presented by the participating companies at 
the sector specific workshops). 

The implementation of these waste minimization options 
has contributed significantly to an improvement in areas 
such as discharge of wastewater, emissions to the air, and 
generation of solid waste, as well as in the conservation 
of materials, energy and water and the reducted use of 
toxic materials. Since most of the options contribute to 
environmental improvement in several areas, it is not 
feasible to describe the total environmental impact with 
one set of environmental indicators. 

With respect to the first objective of the DESIRE 
project, the following can be concluded: 

• There are many opportunities for waste 
minimization in the SSls of India. These can be 
detected by making a thorough integrated analysis 



Table 1: Financial impact of the options implemented in the course of the DESIRE project 

Financial Indicator Pulp and paper Pesticides Textile dyeing and Total 
industry" formulation printing industry 

industry 

Number of options implemented 72 73 51 196 

Investments ($1.000) 347 23.55 50.65 421.2 

Net annual savings ($1.000) 572- 20.85 244.5 937.35 

Overall pay back period (months) 6 < 14 <3 <6 

*figures exclude Three Star Paper Mill 

**figures exclude financial benefits from reduction of waste water treatment cost 

of the company, including - but not limited to - its 
production processes, input materials, waste 
streams and emissions. 

• Many waste minimization opportunities can be 
implemented by small-scale industries in the short 
term (within 1to3 years). 

• Waste minimization goes beyond technical 
modifications; it can also be achieved by 
improving operating practices and changing input 
materials and recycling practices. 

• The implementation of waste minimization 
will benefit the company. These benefits will take 
the form of monetary savings as well as less tangible 
benefits such as better working conditions, 
better product quality and better environmental 
conditions around the facility. 

Objective 2: Develop and test an audit methodology 

The development and application of a systematic waste 
minimization audit methodology is described and 
evaluated in chapter 3 of this report. The DESIRE 
project proved the need for a methodology tailored to 
the needs and capabilities of small-scale industries. To 
this end, international waste mm1m1zation 
methodologies were merged with the practical 
experiences of the companies participating in the 
DESIRE project.The hybrid methodology has in turn 
been elaborated in two forms: generic waste 
minimization guidelines aimed at catching the interest 
of industrialists and getting their commitment to waste 
minimization and sectoral waste minimization manuals 

aimed at helping technical staff in SSis to identify, 
evaluate and implement practical waste minimization 
options. 

The DESIRE audit methodology divides the waste 
minimization audit into stages: 

• Getting started: planning and organizing 
the waste minimization audit, including the 
establishment of a project team and the selection of 
the audit focus. 

• Analysing process steps: evaluation of relevant unit 
operations in order to quantifythe waste being 
generated, its costs and its causes. 

• Identification: development and preliminary 
selection of waste minimization opportunities. 

• Choosing solutions: evaluation of the technical and 
financial feasibility and the environmental 
desirability of the waste minimization options in 
order to select the most promising ones. 

• Implementation: putting the chosen solutions to 
work and monitoring of the results achieved by 
them. 

• Sustaining waste minimization: perpetuating the 
continuous search for waste minimization 
opportunities. 

Each of the stages has been elaborated into a series of 
tasks. The technical manuals contain more details on 
how to conduct each task in the particular industry 
sector and suggest typical waste minimization options. 

Summary, results and recommendationss • 



With respect to the second objective of the DESIRE 
project, the following can be concluded: 

• Using the DESIRE audit methodology 
and outside assistance from the technical 
study team, every SSI should be able to develop, 
and partially implement, an appropriate set of 
waste minimization options. 

• Experience shows that some impediments are to 
be expected if SSis are left to implement the 
audit methodology on their own. Given the lack 
of organizational and management skill, it would 
be better to offer them continuing guidance from 
outside experts. If any audit methodology is in 
use, the outside experts might be able to limit 
themselves to supervising the tasks specified in 
the methodology. 

Objective 3: Identify constraints and enabling 
measures for waste minimization 

The results of the inventory and evaluation of 
constraints, catalysts and enabling measures are 
summarized in chapter 2 of this report. They formed 
the basis for mid-course action, which allowed the 
successful completion of the case-studies in the 
participating companies. 

The constraints that can arise when introducing waste 
minimization in SSis were analysed to identify catalysts 
and enabling measures to deal with them. It was useful 
to divide these constraints as follows: 

• Attitudinal: the attitudes, skills and perceptions of 
the entrepreneur and other key persons in the 
company. 

• Systemic: the immaturity of the information and 
management systems in the company. 

Organi;:,ational: the division and allocation of tasks 
and responsibilities among persons and departments 
in the company. 

• Technical: outmoded plant equipment. 

• Economic: the costs of materials, energy, technology, 
labour and utilities and the financial and fiscal 
incentives for waste minimization. 

• Governmental: the incentives and disincentives for 

• From Waste to Profits 

waste minimization created by industrial and 
environmental policies. 

• Others: basically the factors beyond control, such as 
seasonal variations. 

In its own way, each type of constraint can delay or 
even block the waste minimization process. 

There appears to be a set sequence in which the five 
types of constraints normally appear when waste 
minimization is being introduced. The first constraints 
facing both companies and external agencies are 
attitudinal. These become evident in various 
misunderstandings over opportunities for waste 
minimization and the financial and environmental 
benefits. This means that a great deal of attention must 
be devoted to these attitudinal constraints. Once they 
have been broken down and management has decided 
to start a waste minimization assessment, it is systemic 
constraints that are encountered systemic constraints 
(especially the lack of information for conducting the 
assessment) and organizational constraints (especially 
into respect to the establishment of a properly 
functioning waste minimization team in the company). 
Later, when waste minimization opportunities have to 
be generated and evaluated, there might be technical 
constraints. In the last stage the actual 
implementation of waste minimization solutions - the 
main constraints might be economic. 

The following can be concluded with respect to the 
third objective of the DESIRE project: 

• Since each type of constraint can thwart the waste 
minimization process, it is essential to set up waste 
minimization policies to tackle the broadest 
possible spectrum of potential constraints and to 
develop the broadest possible set of enabling 
measures. 

• Experience shows that intensive on-site guidance 
and superv1s1on by outside trainers-cum
consultants can eliminate a remarkable number 
of these potential constraints. 

Objective 4: Formulate recommendations for 
waste minimization policies 

The policy lessons from the DESIRE project are 
elaborated in chapter 5 of this report. The 
dissemination and promotion strategy should suit the 



local industrial structure. To this end, the enabling 
measures identified by the DESIRE project have been 
classified as being either internal or external to firms 
(see table 2). Generally speaking, government agencies 
should be able to create the external enabling 
measures. The internal enabling measures, while they 
cannot be created directly by government activity, 
might in the long run be helped by training and social 
policies. 

A number of implementation mechanisms have been 
developed in discussions with governmental and 
industrial representatives: 

• Waste minimization circles: area-wide voluntary 
cooperation among industries with a view to 
exchanging waste minimization solutions to common 
environmental problems. 

• Obligatory waste minimization audits: mandatory 
submission of a waste minimization audit in 
procedures for obtaining financial benefits, like 
sales tax excemption, soft loan for investments etc. 

• Waste mm1m1zation demonstration projects: 
external assistance to selected industries in a sector 

or region to demonstrate the waste minimization 
potential. Dissemination of the results and training 
of waste minimization experts are crucial to ensure 
that waste minimization will be carried out by 
companies other than those participating in the 
demonstration project. 

Expected outcomes as well as necessary conditions for 
the fruitful development of these implementation 
mechanisms are elaborated in table 3. 

With respect to the fourth objective of the DESIRE 
project, policies that foster waste minimization 
might start by setting up waste minimization circles, 
introducing obligatory waste minimization audits 
and carrying out demonstration projects. 

Objective 5: Disseminate the results of the 
DESIRE project 

Three industry-specific workshops and a national 
seminar were organized to begin disseminating the 
results and experiences of the DESIRE project. The 
present report along with the DESIRE audit manual 
and the associated video, should serve to substantiate 

Table 2: Classification of enabling measures identified in the DESIRE project 

Type 

1. Attitudinal 

2. Systemic 

3. Organizational 

4. Technical 

5. Economic 

6. Governmental 

Internal to the enterprise 

• Encourage experimentation. 
• Publicize early successes. 
• Develop simple management 

indicators. 

External to the enterprise 

• Hold training session for plant-level • Disseminate success stories. 
waste minimization team. 

• Carry out top down housekeeping drive. 

• Organize capable waste 
minimization team. 

• Recognize waste minimization efforts. 
• Assign costs to production and 

waste generation. 

• Allocate costs properly and 
plann investments. 

• Disseminate waste minimization 
techniques and technologies. 

• Provide need-based support for 
environment-driven R&D. 

• Formulate long-term industrial policies 
• Offer financial incentives. 

• Form area-wide, voluntary waste 
minimization groups. 

• Enforce environmental legislation. 

Summary, results and recommendationss Ill 



and sustain those initial dissemination efforts. 

Recommendations 
To multiply the impact of the DESIRE project, two 
things should be done: 

I. Disseminate the results and experiences from it; 

2. Develop policies that foster waste minimization. 

Each of these calls for a series of interrelated initiatives. 

Recommendation 1: 
the DESIRE project 

Disseminate the results of 

The preliminary results of efforts to disseminate project 
achievements in the first series of workshops show that 
industrial experience is most powerful 
force for convincing companies, industrial 
organizations, governmental organizations and other 
stakeholders of the opportunities and benefits of waste 
minimization. Industrial experience should therefore be 
at the core of dissemination activities. 

A properly planned dissemination strategy is needed to 
maximize the effect of the DESIRE project. The 

Table 3: Key features of the waste minimization implementation mechanisms 

Implementation mechanism 

1. Waste minimization circles 

2. Obligatory waste 
minimization audits 

3. Waste minimization 
demonstration projects 

• From Waste to Profits 

Expected outcome 

• Increasing number of 
companies in region and 
sector starts with waste 
minimization. 

• Dissemination and 
implementation of 
comparatively obvious, 
low- and no-cost options 
via social mechanisms. 

• Cooperation between 
companies for 
environment-driven 
technology development. 

• Strong drive for the 
implementation of both 
low-and high-cost waste 
minimization options. 

• Preferential allocation of 
finances for waste 
minimization as compared 
to end-of-pipe control and 
treatment. 

• Convincing company-level 
examples of the 
implementation of waste 
minimization. 

• Inventory of practical 
waste minimization 
opportunities for 
dissemination to other 
companies. 

• Training of experts and 
institutional capacity 
building for waste 
minimization. 

Conditions 

• Environmentally conscious 
industrialists will have to 
take the lead. 

• Appropriate technical and 
methodological back up. 

• Establishment of a 
national network for 
information exchange. 

• Funds for support to, and 
activities of, waste 
minimization circles 

• Strong drive for the 
implementation of both 
low and high cost waste 
minimization options. 

• Establishment of 
provisions for independent 
quality evaluation for the 
approval of the waste 
minimization audits 
submitted by industry. 

• Agreement with industrial 
authorities on financial 
schemes to be used to this 
end. 

• Willingness of companies 
to act as demonstration 
units. 

• Interest of industry 
associations, professional 
organizations and 
technical research 
institutes to become 
involved in the 
dissemination of results. 

• Funds for providing 
subsidized waste 
minimization consultancy 
to the demonstration 
companies. 

Remarks 

• Common effluent 
treatment plant (CETP) 
boards are probably not 
the best organizations to 
start waste minimization 
circles, given the non
voluntary nature of the 
CETPs. 

• It is suggested to link the 
waste minimization circle 
to a local demonstration 
project. 

• Impact depends heavily on 
the selection of the 
financial schemes that will 
be subjected to obligatory 
audits. 

• Only effective for the 
organized sector. 
companies. 

• Demonstration projects 
can be used to catalyse 
the establishment of a 
waste minimization circle. 

• Opportunities for 
participation of local 
environmental authorities 
in the demonstration 
projects should be 
explored. 



following guidelines can be given for the development 
of such a strategy: 

• Use proven options and indicators to get started 
The results achieved in the case-studies 
exemplify the benefits of waste minimization. 
However, the options implemented in those cases 
were the best practical solutions to those particular 
waste generation problems, they are not necessarily 
the best solutions for all companies in the sector. 
Indicators should be developed for the range of 
savings and environmental benefits that can be 
achieved per unit of production. Sector-specific 
manuals already contain such indicators, but they 
may need to be supplemented by outreach materials 
(flyers, advertisements etc.). 

• Use the audit methodoJogy to persuade 
companies to participate 
The achievements of some companies in a sector can 
be presented as evidence that a waste minimization 
audit will bring benefits to any company willing to 
invest in its implementation. 

• Foster cooperation for environment-driven 
technology development 
It should not be expected that all causes of waste 
generation can be eliminated by ex1stmg 
equipment and technology. Cooperation between 
companies facing the same waste generation problems 
might motivate technical institutes and equipment 
suppliers to develop technical solutions for a particular 
sector. This approach, referred to above as a waste 
minimization circle is a promising one. 

Recommendation 2: Develop policies that foster 
waste minimization 

Given their perceived effectiveness, waste 
minimization circles, obligatory waste minimization 
audits and waste minimization demonstration projects, 
efforts should be made to implement and to assure that 
industries will make use of them. 

Initiatives will be needed in three areas: 

• Generation of demand for waste minimization 
services by 

- Information exchange and awareness raising 
- Enforcement and improvement of environmental 

regulations 
- Development of financial incentives. 

• Creation of a supply of 
waste minimization services, 

- Capacity building 
- Establishment of the technology cooperation chain 
- Training policies. 

• Development and formalization of 
implementation mechanisms, including 
procedures, criteria and the allocation of funds. 

The interrelatedness of these initiatives is illustrated in 
figure 2. 

The involvement and cooperation of industrial, 
governmental, environmental and professional 
stakeholders is crucial for the success of waste 
minimization. The Indian National Cleaner Production 
Centre could take the lead in establishing an 
institutional network for this purpose. 

Summary, results and recommendationss • 



Figure 2: Recommended strategy for promotion and dissemination of waste minimization 

CREATING DEMAND CREATING SUPPLY 

1. Information exchange 1. Capacity building 
2. Environmental legislation 2. Technology cooperation 
3. Financial incentives 3. Training policies 

CREATING SUPPLY 

1. Waste minimization circles 
2. Obligatory waste minimization audits 
3. Waste minimization demonstration projects 
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Chapter 1 

DESIRE 

1.1 Background 
The incorrect notion that environmental protection 
makes the production of goods and services more 
costly and therefore a luxury developing countries 
cannot afford is deeply rooted in industrial as well as 
environmental management agencies and industries in 
developing countries (and only to a lesser extent in 
developed countries). This argument is no longer valid, 
and the United Nations Conference on Environment 
and Development (UNCED), held in Rio de Janeiro in 
June 1992, established new goals for the world 
community which involve environmentally benign 
forms of development. Cleaner production can 
contribute to the sustainable forms of economic 
development endorsed in Agenda 21 (see chapters 20, 
30 and 34). Cleaner production can minimize the need 
to make trade-offs between economic growth and 
environment, between worker safety and productivity, 
and between consumer safety and competition in 
international markets. Optimizing several goals at the 
same time in this way leads to 'win-win' situations in 
which everyone gains. Cleaner production is such a 
'win-win' strategy; it protects the environment, the 
consumer and the worker while improving industrial 
efficiency, profitability and competitiveness. Cleaner 
production is especially attractive to developing 
countries because it provides industries for the first 
time an opportunity to 'leap frog' over older, more 
established industries. Thus countries that start to 
adopt cleaner production might be able to take full 
advantage of a rare window of opportunity which for 
once favours developments in poorer countries over 
those in the industrialized countries (UNEP, 1994 ). 

The above proposition attracted the interest of the Indian 
Government, especially the Ministry of Environment 
and Forests (MOEF). They thought that practical 
demonstration of cleaner production techniques and 
technologies would be the first step to institutionalize 
and propagate the cleaner production concept. 
Accordingly, they requested UNIDO to conduct a study 
of cleaner production techniques and technologies 
covering clusters of small-scale industries (SSis). The 
initiation of the exercise especially emerged from the 

project 

long-standing experience of UNIDO on industrial 
development. Upgrading or rehabilitating industrial 
plants at times led to environmentally benign production 
but this was not explicitly sought. The project was 
therefore launched with an explicit objective of 
demonstrating ways and means to make existing 
industrial units less waste intensive (Luken, 1994 ). 

There appeared to be considerable scope to demonstrate 
the financial and environmental benefits of cleaner 
production to SSis in India. There are between 2.0 and 2.2 
million SSis in India. They account for approximately 
half of the industrial output of India and an even larger 
share of industrial pollution, in the range of 60 to 65 per 
cent, given their poor utilization of raw materials. 
Although pollution from SSis individually may not 
create significant environmental damage, their 
collective discharge in industrial estates poses a severe 
threat to human health and the environment. 

The project was built upon the experiences from 
successful cleaner production projects in North America 
and western Europe. Most notable was the PRISMA 
project in the Netherlands, that worked with I 0 firms 
over a 1.5 year period. It identified 164 prevention 
options, of which 45 were implemented during the life 
of the project (Dieleman, 1991 ). A majority of these 
preventive solutions were cost-effective and had 
payback periods of less than three years. The mode of 
implementation consisted of a small group of firms that 
learned the techniques of waste minimization auditing (a 
systematic approach to waste and emission reduction) 
and applied them to their own establishments with the 
assistance of outside advisers. Similar projects have 
been implemented in other European countries, such as 
Austria, Denmark, Finland, Italy, Norway, Portugal and 
the United Kingdom of Great Britain and Northern 
Ireland, amongst others, under the umbrella of the 
PREPARE network (EU, 1994). 

The National Productivity Council (NPC) was entrusted 
with the main technical responsibility of conducting the 
project because of its earlier pollution prevention 
experience in companies like M/s Nirulas (ice cream 
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factory), Palam Potteries and JR Fabrics (textile Dyeing) 
(NPC. 1994 ). The Confederation of Indian Industries 
(CII) was also drawn in because of its close relationship 
with industry and the experience of its Head of 
Environment Division in the field of pollution 
prevention. The project was given the name DESIRE 
(DEmonstrations in Small Industries for Reducing 
wastE). Within the framework of the DESIRE project, 
12 demonstrations were carried out at companies in 
three industrial sectors. In addition, a barriers and 
incentives study was conducted by Corporate Insight. 

1.2 Waste minimization 
Over the past few decades, industries have responded 
to environmental degradation in four typical ways: 
ignoring the problem, diluting the pollution, controlling 
or treating the pollution and preventing pollution and 
waste generation at the source of production. The last 
activity has become the ultimate goal of cleaner 
production or waste minimization. It combines 
maximum positive effects on the environment with 
substantial financial gains for industry and society. 
As such, cleaner production can be defined as "the 
continuous use of industrial processes and products to 
prevent the pollution of air, water and land, to reduce 
waste at the source and to minimize risks to human 
population and the environment" (UNEP, 1994 ). 
Essential features are: 

• Cleaner production is a problem-solving strategy 
rather than a solution; cleaner production puts the 
waste generating process (the root problem) in first 
place and employs a preventive mind-set to develop 
alternative solutions (options). A variety of 
technical, operational, educational and managerial 
practices can be used to this end, but not exclusively 
to this end, which illustrates that cleaner production 
cannot be considered as a fixed set of solutions and 
technologies. 
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• Cleaner production is 'built in' instead of 'added 
on' industrial activity; cleaner production requires 
integration of environmental concerns into the 
design and operation of industrial activity, being 
either the delivery of products or the application of 
processes. For products and services, it aims at 
reduction of the environmental impacts along the 
entire life cycle of the product, from raw material 
extraction through materials processing, product 
manufacturing, trade and consumption, to disposal 
of the discarded product. For processes, cleaner 
production aims at conserving raw materials and 
energy, eliminating the use of toxic materials and 
reducing the quantity and toxicity of all emissions 
before they leave a process. 

With a view to facilitating the acceptance of the cleaner 
production concept and methodologies by Indian 
entrepreneurs, the term waste minimization (WM) was 
adopted rather than cleaner production. The 
interpretation given to waste minimization is however 
essentially equal to the one given to cleaner production 
above. Within the DESIRE project, the following 
definition has been developed and applied (NPC, 
1994): 

Waste minimization is a new and creative way of 
thinking about products and the processes that 
make them. It is achieved by the continuous 
application of strategies to minimize the 
generation of wastes and emissions. 

Waste minimization is best practised by reducing the 
generation of waste at the source itself. After exhausting 
the source reduction opportunities, in the second step, 
attempts should be made to recycle the waste within the 
unit. Finally, one might also think of modifying or 
reformulating the product itself so as to be able to 

manufacture it with minimal waste generation. The 
types of techniques which are available in these areas are 
given in figure 1.1 . 



Figure 1.1: Overview of waste minimization techniques 

WASTE MINIMIZATION 
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MODIFICATION 
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CHANGE 

I 

2. BETTER 
PROCESS CONTROL 

Waste minimization thus includes the following eight 
techniques (or approaches): 

I. Good housekeeping: appropriate provisions to 
prevent leaks and spills (such as preventive 
maintenance schedules and frequent equipment 
inspections) and to enforce the existing working 
instructions (through proper supervision, training 
etc.). 

2. Input material change: substitution of input 
materials by less toxic or renewable materials or by 
adjunct materials with a longer service lifetime. 

3. Better process control: modification of the working 
procedures, machine instructions and process record 
keeping in order to run the processes at higher 
efficiency and lower waste and emission generation 
rates. 

4. Equipment modification: modification of the existing 
productive equipment and utilities - for instance by 
the addition of measuring and controlling devices - in 
order to run the processes at higher efficiency and 
lower waste and emission generation rates. 

A. ON-SITE 
RECOVERY 

3. EQUIPMENT 
MODIFICATION 

B. USEFUL 
BY-PRODUCTS 

4. TECHNOLOGY 
CHANGE 

5. Technology change: replacement of the technology, 
processing sequence and/or synthesis pathway in 
order to minimize waste and emission generation 
during production. 

6. On-site recovery and reuse: reuse of the wasted 
materials in the same process or for another useful 
application within the company. 

7. Production of useful by-product: modification of the 
waste generation process in order to transform the 
wasted material into a material that can be reused or 
recycled for another application outside the 
company. 

8. Product modification: modification of the product 
characteristics in order to mm1m1ze the 
environmental impacts of the product during or after 
its use (disposal) or to minimize the environmental 
impacts of its production. 

Table I. I Contains illustrative examples for each waste 
minimization technique. 

DESIRE project • 



Table 1.1: Examples of the waste minimization techniques (NPC, 1994) 

Waste minimization technique Examples 

1. Good housekeeping • Repair all leaks. 
• 
• 

Keep taps closed when not in use . 
Avoid spillage . 

2. Input material change • Change from citric acid to citric W in textile dyeing. 
• Use alkaline water based degreasers instead of organic solvent for metal parts 

cleaning. 
3. Better process control • Adoption of better firing practices in down draught kilns. 

• Maintain process parameters (temperature, pressure etc.) as close as possible to 
the desired level with basic minimum instruments. 

4. Equipment modification 

5. Technology change 

• 
• 
• 
• 

Install drip hangers to recover drag out from plating operations. 
Use of storage tanks of appropriate capacity to avoid overflows . 
Apply static rinse instead of continuous rinse in electroplating. 
Use low dye-liquor jet dyers instead of kier dyers . 

• Apply electrostatic spraying techniques to minimize paint over-spray . 
6. On-site reuse • Reuse rinse solvents from formulation equipment in the make up of the next 

batch of the same product. 

7. Useful by-products 

8. Product reformulation or modification 

• 
• 
• 
• 

Reuse used moulding sand for the preparation of new moulds . 
Recover short fibre in pulp-making to make paper boards. 
Convert rice husk ash into white ash for teeth filling . 
Eliminate excessive product packaging. 

• Manufacture of liquid dyes instead of powder dyes for textile industries . 

1.3 Objectives 
The DESIRE project has been designed to demonstrate 
to the Ministry of Environment and Forest, State and 
Central Pollution Control Boards. selected industrial 
sectors and research and professional organizations, 
the financial and environmental benefits of the waste 
minimization approach to industrial environmental 
management. The study was designed to test a 
proactive approach to waste minimization that could be 
adopted by industrial organizations and facilitate the 
implementation of industrial and environmental 
policies in India. 

In order to persuade the above-mentioned parties of the 
advantages of waste minimization and to enable them 
to become active players in the dissemination of waste 
minimization upon completion of project, it had five 
separate. but closely related objectives: 

I. To show Indian SSis in three sectors that waste 
minimization is possible in the short term and that it 
has financial and environmental advantages; 

2. To devise and test the usefulness of a systematic 
approach (audit methodology) to waste minimization; 

3. To identify obstacles to the introduction and 
sustainability of waste minimization and to 
formulate strategies for overcoming them; 
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4. To formulate policy recommendations for the 
promotion of waste minimization for various 
stakeholders, both within the Government and 
within the industrial and professional community; 

5. To disseminate the results of the case-studies and 
proposed policy recommendations by a written 
report and by seminars and workshops. 

The DESIRE project has been focused in three ways: 

• It is primarily targeted to small-scale industries as 
they have been identified as having one of the largest 
waste generation ratios per unit of productive output 
(Nyati, 1992). The large number of SSis (estimated 
over 2.0 million) is therefore responsible for a greater 
share of industrial pollution than large scale 
industries; 

• It focuses on sectors of small-scale industries to 
facilitate replication of the measures identified in 
the demonstration units; 

• The targeted area is limited to a small geographical 
region to enable faster dissemination and absorption 
of information. 

The sector selection was done by MOEF based on 
general criteria of seriousness of pollution problems, 



expected potential for waste minimization and potential 
for dissemination. Agro-residue-based pulp and paper 
production, textile dyeing and printing and pesticides 
formulation have been selected as the target industries 
because they cause significant environmental problems 
and are predominantly made up of SSis. The study 
team would have preferred to add willingness to 
participate in the DESIRE project as well as general 
commitment to implement waste minimization to the 
above mentioned selection criteria, which in tum might 
have excluded the pesticides formulation industry, 
given its inability to innovate without support and 
assistance from large-scale multinational pesticides 
production companies. 

Agro-residue-based pulp and paper mills are located 
throughout India, with concentration areas in the 
agricultural states, especially around the Ganges River. 
Therefore, Delhi and Uttar Pradesh have been selected 
as the geographical location for the DESIRE project in 
the agro-residue-based pulp and paper sector. Both the 
textile dyeing and printing sector and pesticides 
formulation sector are concentrated in the state of 
Gujarat. It was therefore initially decided to select 
demonstration companies from Ahmedabad for these 
two sectors. However, given the interest of a number of 
textile dyeing and printing houses in Surat (a second 
industrial city in Gujarat state), the DESIRE project 
finally included textile eying and printing units from 
both Surat and Ahmedabad. 

This final report completes the fifth aim of the 
DESIRE project. In the following chapters, the results 
and experiences have been organized according to the 
above mentioned aims. Chapter 2 ("Constraints, 
catalysts and enabling measures"), summarizes the 
results with regard to the second aim (identification of 
the obstacles for waste minimization). Chapter 3 
("Company audit methodology") explains how the 
systematic working method has been developed and 
tested in DESIRE (objective 3) and how it can be used 
with a view to the dissemination of the results 
(objective 5). Chapter 4 ("Financial and environmental 
dividends in companies") summarizes the financial and 

environmental advantages that could be achieved in the 
participating companies (objective 1 ). Next is the 
discussion of the policy recommendations (objective 4) 
in chapter 5 ("Towards an action plan"). 

1.4 Workplan 
The practical demonstrations in selected plants 
constitute the core of the DESIRE project. In each 
industrial sector four to six plants have been motivated 
to act as demonstration units in which consultants of the 
National Productivity Council (NPC) conducted a waste 
minimization assessment. International methodology 
and industrial subsector experts have provided guidance 
to these assessment activities during two visits to the 
plants and from a distance. The assessment activities 
have also been monitored by Human Resource 
Development experts from Corporate Insight in order to 
identify the key barriers and incentives for waste 
minimization. For the dissemination of the results, two 
different approaches have been chosen. First the results 
are disseminated at the level of the industry sector, 
targeted to SSis in the respective sector, in close 
cooperation with the respective industry associations. 
This took place via specific workshops in the immediate 
vicinity of the demonstration plants and the preparation 
of sectoral waste minimization manuals. Next, 
dissemination took place at the general level, targeted at 
industrial and environmental stakeholders. in close 
cooperation with the Confederation of Indian Industries. 
A national workshop on waste minimization took place 
as well as the preparation of a general waste 
minimization guide. The dissemination approach chosen 
in the DESIRE project is depicted in figure 1.2. 

The activities undertaken in the DESIRE project and 
their planning have been summarized in table 1.2. 
Details of the company assessment will be covered in 
chapter 3; details of the barriers and incentives review 
will be covered in chapter 2. At the project level, the 
organization of the sectoral introduction and review 
workshops as well as the expert reviews have been 
crucial conditions for the successful implementation of 
the DESIRE project. 
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Figure 1.2: Dissemination approaches in the DESIRE project (Van Berke I et al, 1994) 
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Table 1.2: Workplan of the DESIRE project 

Project Phase Time Activities 
1. Preparation 

2. Sectoral 
introduction 
workshop 

3. Company 
pre-assessment 
work 

4. Sectoral 
mid-term review 
workshop 

5. Company 
assessment 
work 

6. Implementation 
period 

7. Dissemination 
workshops 

8. Reporting 

P and P: 1-3/93 
PF: 3-6/93 

TD and P: 3-6/93 

P and P: 3/93 
PF: 7/93 

TD and P: 7/93 

P and P: 4-8/93 
PF: 8-11/93 

TD and P: 8-11/93 

P and P: 9/93 
PF: 12/93 

TD and P: 12/93 

P and P: 9/93-4/94 
PF: 12/93-4/94 
TD and P: 4/94 

5-11/94 

12/94 

4-10/95 

Notes: P and P Pulp and paper industry 

• Adaptation of international manuals to Indian SSls. 
• Establishing working relations with industry associations and professional institutes. 
• Preliminary data collection and evaluation at one company per sector. 
• Obtaining interest from companies to participate. 
• Introduction to waste minimization concept, working method and obvious options per 

sector. 
• Company visits by international technical and methodology experts to boost 

commitment and involvement and to provide initial on-site guidance. 
• Two or three visits by NPC team to organize waste minimization team, to collect 

baseline data and to generate first batch of waste minimization options. 
• Data analysis and evaluation by NPC team to compile material and energy balances and 

evaluate feasibility of first batch of options. 
• Review of preliminary waste minimization experiences by international industry sub

sector and methodology experts. 
• Expert visits to generate additional waste minimization options and to contribute to 

option evaluation and implementation. 
• Preparation of draft waste minimization guide. 
• Two to four visits by NPC team to generate and evaluate additional waste minimization 

options and to evaluate progress in implementation of these options. 
• Completion of the generic waste minimization guide. 
• Completion of the barriers and incentives survey. 
• Final evaluation of the company achievements by NPC team. 
• Preparation of draft sectoral technical waste minimization manuals. 
• Ongoing implementation activities in the companies. 
• Sectoral workshops. 
• National seminar. 
• Preparation of policy recommendations. 
• Preparation of final report. 
• Completion of the sectoral technical waste minimization manuals. 
• Pre pa ration of video. 

PF Pesticides formulation industry 

TD and P Textik dyeing and printing industry 

3/93 March 1993 etc. 
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The general programme of the sectoral introduction 
workshops consisted of: 

• Introduction to objectives, workplan and expected 
outcomes of the DESIRE project (by UNIDO); 

• Introduction to waste minimization concept and 
working methods (by international waste minimization 
expert); 

• Summary of environmental profile of the industry 
sector (by industry association); 

• Summary of obvious waste minimization opportunities 
for the sector (by UNIDO); 

• Summary of the preliminary findings at one of the 
companies (by NPC); 

• Establishing working relations with interested 
companies. 

This programme required two working days and was 
attended by 5 to 10 companies. The workshops facilitated 
team building among the participating companies as well 
as with the study team. The working relations with the 
interested companies have been formalized with a 
memorandum of understanding between the companies 
and NPC. This formalized - on one hand - the 
commitment of the company to supply the necessary 
company data to the study team, to implement the 
feasible waste minimization options and to share the 
results and experiences of the DESIRE project with 
other companies and - on the other hand - the 
obligation for NPC to treat the company data as 
confidential. In addition, it was agreed that the 
participating companies would pay a token fee 
(Rs I 0,000 ($330)) to participate in the project. 

The first visit by the international experts to the 
companies (after the sectoral introduction workshop) was 
aimed at creating additional support for the execution of 
the waste minimization assessment at each company. In 
order to do so, the waste minimization concept as well as 
the general requirements for a successful company level 
assessment (management commitment, workers' 
involvement and an organized approach) were presented 
to the factory management and staff. Additionally, a plant 
tour was made in order to identify obvious areas for waste 
minimization, such as lapses in housekeeping, 
maintenance and process control practices. The experts' 
impressions of the site were reported as guidance to the 
factory management and the technical study team. 

The programme of the sectoral mid-term review 
workshops included: 

• Presentation of the company-level achievements (by 
company representatives); 

• Summary of sector-level achievements (by NPC); 

• General comments on organization of waste 
minimization activity in companies (by HRD expert); 

• General comments on technical content of company 
achievements (by UNIDO); 

• General comments on methodological aspects of 
company assessments (by international waste 
minimization expert). 

The sectoral mid-term review workshops were 
informal in character, with ample opportunity for 
discussion and exchange of ideas among the 
participating companies as well as between the 
participating companies and the national and 
international experts. 

The second company visit by the international experts 
took place immediately after the sectoral mid-term 
review workshops. The objective was to generate 
additional technical as well as managerial waste 
minimization options and assist in their implementation. 
During these visits, the review remarks to the mid-term 
reports were discussed as were the general technical and 
managerial problems that had been encountered. 

1.5 Project organization 
A project of such magnitude and complexity can only 
be successfully conducted with an active involvement 
of various institutions and stakeholders. The following 
organizations were actively involved in conducting the 
DESIRE project: 

• Governmental organizations: Ministry of Environment 
and Forest (MOEF); 

• Professional institutes: National Productivity Council 
(NPC, Delhi), Corporate Insight (CI, Delhi) and 
Indian Institute of Technology (IIT, Bombay); 

• Technical institutes; Central Pulp & Paper Research 
Institute (CPPRI, Sahanpur), Ahmedabad Textile 
Industries Research Association (ATIRA, Ahmedabad) 
and Institute of Pesticides Formulation Technology 
(IPFT, Delhi); 
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• Industry associations; Confederation of Indian 
Industries (CII, Delhi), Association of Small Scale 
Pulp and Paper Industry (ASSPPI, Delhi), South 
Gujarat Pesticides Formulators Association 
(SGPFA, Ahmedabad), Waste Minimization Group 
(WMG, Surat) and Gujarat Textile Processors 
Association (GTPA, Ahmedabad). 

UNIDO took care of overall project management and 
provided either in-house or international experts in four 
areas: a general waste minimization expert (to examine 
assessment methodologies, management of 
demonstration projects and design of national 
programmes); a pulp and paper expert (to examine 
technical aspects of waste minimization in the pulp and 
paper industry); a textile expert (to examine technical 
aspects of waste mm1m1zation in the 
textile dyeing and printing industry) and a pesticides 
expert (to examine technical aspects of waste 
minimization in pesticides formulation). Over the course 
of the project, the functions of textile and pesticides 
experts were fulfilled by two different persons, while the 
general and paper experts were involved from beginning 
to end. 
The planning, organization and implementation of the 
project were realised in joint consultation between 
UNIDO and MOEF. The Project Management Board 
consisted of the UNIDO senior environmental adviser, 
a representative of the MOEF, the managers of the 
technical study team (from NPC), the meta review 
study team (from en and the Indian Institue of 
Technology [IIT]) and the international waste 
minimization expert. The technical study team was 
organized within NPC and consisted of the project 
manager of the technical study team, the senior experts 
in charge of each industry sector and the energy expert. 
The three industry sector technical teams were in 
charge of the actual demonstration projects in the 
companies as well as of the preparation of sectoral 
technical manuals. These teams were headed by a 
senior expert from NPC and consisted of all involved 
experts from NPC as well as from the technical 
institutes and industry associations. The methodology 
team was in charge of the development of the DESIRE 
working method; it was headed by the project manager 
of the technical study team and gathered inputs from 
all other study teams as well as from en and IIT. 
Finally, the meta review study team was in charge of 
the review of the company projects in order to identify 
barriers and enabling measures. It was organized 
within Corporate Insight and interacted extensively 
with the technical team of NPC. This project 
organization structure is depicted in figure 1.3 . 
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1.6 Concluding remarks 
The DESIRE project was designed in order to create 
successful examples of the application of the waste 
minimization approach in small-scale industries in 
India and to create the necessary starting conditions for 
dissemination and continuation of waste minimization 
activities upon completion of the project. The 
demonstration projects in companies constituted the 
core of the DESIRE project. To that end, the technical 
study team joined forces with committed industries to 
prove the financial and environmental benefits of waste 
minimization in practice. In turn, these joint task forces 
were coached by a general waste minimization 
consultant and received technical back up by 
international industry subsector experts. Dissemination 
of the results was from the very outset of the DESIRE 
project one of the main concerns and activities. To that 
end, a survey was made of constraints and incentives 
for waste minimization in order to identify possible 
enabling policy measures. In addition, one general and 
three sectoral technical waste minimization manuals 
were prepared. The results have been presented at 
sectoral workshops and a national seminar. 

Given the complexity of the project and the need to visit 
all participating companies frequently, it has proven very 
valuable to concentrate the project in selected 
geographical regions. In addition, in the DESIRE project, 
the advantages of working with sectors of industries 
instead of mixed industries, have outweighed the 
disadvantages. The most obvious advantages of doing so 
proved to be fewer resource requirements for getting 
access to technical information and for familiarising the 
technical team with the sector specific waste 
minimization opportunities, less vulnerability to drop out 
by participating industries (due to reasons outside the 
project), cross-fertilization opportunities amongst 
participating companies and ease of dissemination of 
project results. The major disadvantage of companies not 
willing to share information considered confidential with 
competitors was eliminated in the DESIRE project by 
selecting industries willing to innovate and by signing 
confidentiality agreements with the participating 
companies. 

The DESIRE project merged a waste minimization 
demonstration project with a project to train 
consultants/trainers. As part of DESIRE, the technical 
team received practical waste minimization training and 
implemented it in a number of selected industries. The 
coaching of the national experts was crucial for the 
success of the project. Coaching was provided by 
international sector experts (at the beginning and at the 



Figure 1.3: DESIRE organization structure 
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mid-point of the company assessments), a general waste 
minimization consultanUtrainer (throughout the project) 
and national HRD consultants (at the mid-point of the 
company assessments). It is felt that the coaching model 
can be improved to allow input from HRD consultants at 
the start of the project (supporting the establishment of 
company level teams and setting the stage for the 
systematic identification, evaluation and implementation 
of waste minimization opportunities) and to postpone 
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input from the industry subsector expert to the mid-tenn 
review (in order to provide tailor-made technical 
solutions to the problems identified in the companies). 
The ongoing involvement of the general waste 
minimization trainer then provides continuity in the 
coaching of the national technical experts and serves as a 
liaison between the organizational and technical 
opportunities for waste minimization. 
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Chapter 2 

Constraints, catalysts and 
enabling measures 

2.1 Introduction 
The implementation of waste minimization requires 
a shift in the way environmental factors are dealt 
with at the company level. Instead of dealing with 
environmental problems once wastes and emissions 
are generated, a proactive approach should be developed 
in which environmental concerns are integrated into 
the design and operation of industrial activity, 
thereby avoiding waste generation in the first place. 
International experiences, however, show that 
the development of such proactive approaches is 
hampered by a number of constraints and they might be 
fostered by various incentives. These might be as diverse 
as attitudes (such as resistance to change), 
organizational factors (such as inappropriate job 
division). economic factors (such as low resource prices) 
and technical factors (such as non-availability of 
technologies to solve waste-generating processes) 
(OTA, 1986; Dieleman, 1991; Hirshorn, 1991; UNEP, 
1994 ). Some of these factors encourage a company 
to take a preventive approach, while others inhibit or 
even obstruct a company from doing so. One of the 
goals of the DESIRE project was therefore to map out 
this field of influences in order to be able to formulate 
recommendations for waste minimization fostering 
policies. 

The main constraints that need to be dealt with in efforts 
to foster the implementation of waste minimization 
in SSis are discussed systematically here. We also 
show how these constraints were tackled within the 
framework of the DESIRE project. The base material 
has been generated by the meta review study team, 
which identified barriers in the course of the 
demonstration projects, assisted in taking corrective 
mid-course actions and evaluated the implementation 
results (Sethi, 1994; Chandak, 1994 ). To that end, an 
assessment was made of the management organization, 
the management commitment, the management 
systems, team building and technology in each company 
participating in the DESIRE project. The findings have 
been organized in seven major groups; 

I. Attitudinal constraints; 
2. Systemic constraints; 
3. Organizational constraints; 
4. Technical constraints; 
5. Economic constraints 
6. Governmental constraints; 
7. Others. 

This categorization is, however. not always unequivocal; 
barriers encountered in a company might be the result of 
a number of coinciding constraints. The above sequence 
reflects - to some extent - the sequence in which barriers 
are often encountered in practice in the course of the 
implementation of waste minimization in a particular 
company. This will be elaborated in section 2.9, after the 
discussion of each of the categories separately in sections 
2.2 to 2.8. 

In each of the subsequent sections, a division will be made 
between constraints, catalysts and enabling measures. The 
constraints are the factual barriers that emerged in the 
preparation and implementation of the DESIRE project. 
Catalysts refer to specific circumstances that were 
encountered in one (or a few) of the participating 
companies, which greatly helped in overcoming one (or 
even a set of interrelated) constraint(s). The enabling 
measures, finally, refer to generic approaches which can 
be adopted in general in industry to facilitate the 
identification, evaluation and implementation of waste 
minimization options. 

2.2 Attitudinal constraints, catalysts 
and enabling measures 
Attitudes such as 'environment will always cost money', 
'waste minimization is impossible in the short term' 
etc. are quite common in industrial society. Yet 
such views are seldom, if ever, based on practical 
experiences or real cost estimates and are therefore 
perfect examples of attitudinal barriers, which inhibit the 
entrepreneur from undertaking waste minimization 
activity. Attitudinal constraints are often not recognised 
as such in the first place. Further study most often shows 
that various obstacles, even though formulated in 
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financial or technical terms, are in fact attitudinal. In the 
preparation of the DESIRE project, therefore, emphasis 
was given to the introduction of the waste minimization 
concept. 

The DESIRE project revealed that the attitudinal 
constraints in Indian SSis can best be divided as follows: 

I. Indifference towards housekeeping and environmental 
affairs; 

2. Resistance to change. 

Each of these will be elaborated and illustrated below. 

1. Indifference towards housekeeping and 
environmental affairs 

Good housekeeping is more a matter of culture 
than technique. Numerous SSis have been 
set up as family-run enterprises without professional 
management systems, and usually lack housekeeping 
culture. From workers to the chief executive, lapses 
in housekeeping are taken as part and parcel of 
industrial operations instead of as an indicator of poor 
efficiency and mismanagement. The same holds true for 
environmental problems caused by the industry, which in 
turn are supported by a mix of general unawareness of 
environmentally sensitive issues and underrating of 
environmental affairs in the generally prevailing short
term profit-making business strategics. 

2. Resistance to change 
Generally, the plant personnel resist any change owing to 
fear of the unknown and fear of failure. The knowledge 
of the operator is mostly experience based without any 
structured training or appreciate of experimentation. 
Upon deviation from the existing operating practices, the 
operator will lose the roots of his knowledge and his 
ability to control the processes in order to safeguard 
productive output. Such deviation is therefore resisted, 
which in turn inhibits experimentation with waste 
minimization practices. This is again fed by the lack of 
success stories or demonstration projects which could 
instile confidence of the employees to try out waste 
minimization. Such resistance to change is the breeding 
ground for the NMF (Not Mc First) syndrome, wherein 
people would be willing to be the second person to try 
out an idea provided it has been successfully 
implemented elsewhere. 
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Catalysts 
In order to ease these attitudinal constraints, the study 
team decided to try to activate the following catalysts 
as part of the waste minimization project in each 
company: 

1. Early success with waste nunumzation: since 
early successes might encourage management as 
well as operators and supervisors to continue 
experimentation with waste minimization, the waste 
minimization assessments in the companies were 
aimed at the identification of obvious, no- and 
low-cost waste minimization options in the first place. 
Such no- and low-cost options often consisted of the 
elimination of lapses in housekeeping, maintenance 
and process control, which could easily be identified 
during the first joint visit of the national and 
international experts to the company and which had 
obvious financial pay-offs. These positive experiences 
then paved the way for more detailed data gathering 
and analysis and the development of more complex, 
and often higher cost, waste minimization options. 

2. Employee involvement in waste minimization: given 
the need to change operators' and supervisors' 
attitudes, full attention was given to involving 
employees right from the start of the waste 
minimization option generation process. While doing 
so, it was found that in many cases employees were 
willing to accept and implement changes if the 
benefits were properly explained and illustrated. 

Enabling measures 
With a view to the dissemination of waste minimization 
practices, the following enabling measures have been 
proposed in order to deal on an ongoing basis with the 
attitudinal constraints in Indian SSis: 

1. Encourage experimentation (especially with no
and low-cost options): fear of the unknown and fear 
of failure should be gradually eliminated, which 
might call for specific, on-the-spot guidance and 
instructions for experimentation (with modifications 
of working procedures, alternative raw or auxiliary 
materials etc.). In order to minimize risks, 
experimentation should start with no-- and low-cost 
waste minimization practices such as improved 
housekeeping and process optimization, and 
gradually be extended on the basis of the lessons 
learned and experience gained. 



2. Publicize early waste minimization successes: it 
is recommended to emphasize both the financial and 
the environmental benefits of the early waste 
minimization successes in order to create awareness 
for waste minimization among the entire workforce 
and to sustain commitment and involvement from 
the key decision makers (or owners). 

The attitudinal constraints, catalysts and enabling 
measures have been summarized in figure 2.1 

2.3 Systemic constraints, catalysts 
and enabling measures 

In the absence of production monitoring data and 
routine procedures for analysis and evaluation of such 
data, waste minimization auditing is deemed to end 
in subjective and tendentious discussions. Data 
collection and the development of information systems 
within the company are the obvious remedial actions. 
The financial benefits for the entrepreneur of not 
keeping such production records might, however, 
outweigh the obvious advantages of appropriate 
data collection and evaluation for the purpose of 
production process optimization. Although collection of 
baseline data is an important starting condition for the 
development of waste minimization activities, it is most 
often not necessary to do so until obvious lapses in 
housekeeping and equipment maintenance have been 
eliminated. Generally speaking. it makes far more sense 
to repair. for instance, a leak than to monitor the water or 
steam losses caused by the leak. Since it was anticipated 
that lack of documentation and reliable records would 
be a major obstacle towards waste minimization in the 
DESIRE project, provisions were made for on the spot 
monitoring of energy, water and materials consumption, 
productive output. wastes and emissions. 

The DESIRE project revealed that the systemic 
constraints in Indian SSis can best be grouped as: 

1. Lack of professional management skills; 

2. Low quality production records; 

3. Inadequate and ineffective management systems. 

Each of these will be elaborated and illustrated below. 

1. Lack of professional management skills 
Managerial attitudes are generally poorly developed 
in SSls which in turn affects the ability of the company 
to systematically identify, evaluate and implement any 
kind of improvement opportunities, including waste 
minimization. The Jack of professional management 
skills is especially evident in the following areas: 

• Leadership: SSis are generally run as family affairs. 
The owners and decision makers are seldom 
qualified managers and fail to provide the required 
leadership and guidance for the further development 
of the business. This sustains the continuation of the 
business without medium- or even Jong-term 
targets. Consequently. the vision and thinking of the 
employees is also limited to day-to-day working 
without any future targets. In addition. the 
entrepreneurs often start their business from a 
trader's background and arc therefore more sensitive 
to low resource prices and high product prices than 
to reduction of the production costs. 

• Supervision: supervisors in SSis are usually persons 
who have been promoted owing to their good 
performance as workers. They are not trained to 

Figure 2.1: Summary of attitudinal constraints, catalysts and enabling measures 

Constraints 
1. Indifference towards housekeeping 
2. Resistance to change 

/"\... 
Catalysts 

1. Early success of waste minimization 
2. Employee involvement in waste 

minimization 

Enabling Measures 

1. Encourage experimentation 
2. Publicize early successes 
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perform as supervisors and in tum to instruct, control 
and guide other workers. The supervision aspect thus 
suffers from the operators view of the supervisor as 
being one of their senior colleagues instead of a 'shop 
floor manager' to whom they are accountable. 

• Joh security: in SS Is, job security is more dependent 
on the whims and fancies of the employer than on 
performance of the employee. The employees are 
therefore more worried about retaining their jobs by 
doing what pleases the employer and would generally 
not like to take the risk of failure in a new activity. 

2. Low-quality production records 
Most of the participating units kept hardly any records 
of water, energy or material consumption, inventories 
of chemicals, fuels and raw materials or daily floor 
level log sheets of input, output, down time etc. 
Environmental records of the quantity and quality of 
liquid, solid and air emissions were also not 
maintained. In the absence of record-keeping practices, 
data analysis and evaluation skills could not develop, 
which in turn hampered the systematic identification 
of waste minimization options. The generation of 
realistic data is already time consuming and effort 
intensive, but still simple in comparison to the 
development of skills for data analysis and evaluation. 
With no direct results coming from data generation, the 
interest of the project team and commitment of the 
entrepreneur usually dwindle fast. 

3. Inadequate and ineffective management 
systems 

In the absence of a well-defined management system, 
the reporting lines, responsibility and accountability 
are often assessed on a subjective basis. In response to 
these subjective performance criteria, the employees 
will tend to avoid any non-routine work like waste 
minimization. The imperfection of the management 
systems is particularly evident in areas like: 

• Professional upgrading of employees: there is almost 
total lack of systematic training of employees to 
upgrade their job skills. The employees are, therefore, 
unable to comprehend new subjects like waste 
minimization. 

• Production planning: production schedules are mostly 
prepared on a day-to-day basis. This hampers any 
systematic work, such as baseline data collection or 
assessment of the impact of implemented measures. 
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Catalysts 
In the course of the company level waste minimization 
audits, the study team found that some companies had 
distinct features which greatly helped them in getting 
started with waste minimization. These systemic 
catalysts encompassed: 

l. Proper documentation and planned layout: 
Historically the design, procurement and installation 
of productive equipment took place in a rather 
haphazard way, following the perceived business 
opportunities and supplier preferences of the 
entrepreneur, with little - if any - comparative 
evaluation of different technical opportunities or 
planning of the equipment layout. The result was 
inefficient plant layout and suboptimal dimensioning 
of various parts of the productive equipment and 
utilities. It was encouraging, however, to notice 
that most of the participating units, in particular in the 
textile industry, had come to realize the shortcomings 
of such an approach and had improved the 
preparation and documentation of their latest 
revamp and capacity expansion projects. This 
documentation served as excellent starting material 
for collection and evaluation of the necessary data 
for the waste minimization assessments. 

2. Proper housekeeping and maintenance provisions: 
Although generally imperfect or incomplete, some 
companies had made good progress in developing 
housekeeping controls and inspections (on incoming 
goods inspection, materials utilization etc.). 
Generally, companies having in-house maintenance 
and basic fabrication facilities were ahead of 
companies which had to rely on outside contractors 
for equipment maintenance and revamping. 

Enabling measures 
With a view to the dissemination of waste minimization 
practices, the following enabling measures are proposed 
to deal with systemic constraints: 

1. Training of plant level waste minimization team: 
It is highly recommended to conduct a training 
session with the plant level waste minimization team 
at the start of the waste minimization assessment. The 
training session should clarify the objective of waste 
minimization in the first place, which is to reduce the 
environmental impacts through improvement of the 
production efficiency. In addition, it should illustrate 
the importance and benefits of planned production 



and the need for collection and evaluation of realistic 
production records. Finally, attention should be given 
to illustrating the problem-solving approaches, 
preferably with an example from within the own 
company (like lapses in housekeeping or 
maintenance). The best results are to be expected if key 
decision makers (and owners) as well as shop floor 
supervisors participate in such training sessions. In one 
of the pesticides formulation units, a training session 
was given by outside trainers as part of the DESIRE 
project, which basically enabled the waste 
minimization team to conduct and implement the 
waste minimization assessment by itself. In 
some textile dyeing and printing units, the owners 
themselves instructed the waste minimization team, 
with little - if any - assistance from outside trainers. 

2. Develop simple management indicators: In the 
absence of professional management skills, simple 
indicators should be developed in order to enable 
management and supervisors to regain control over 
the production processes and to minimize wastage of 
materials, water and energy. Indicators as simple as 
input material and water and energy consumption per 
unit of productive output might be sufficient to 
illustrate the benefits of improved housekeeping and 
initiate ongoing efforts in this field. The control 
parameter should fit the basic production processes, 
and the level of detail should, in principle, meet the 
level of detail of the existing accounting systems in the 
company. 

3. Top-down housekeeping drive: As proven by the 
experience of some of the companies which had 
started with the introduction of housekeeping 
controls, housekeeping will only improve once key 
decision makers take the lead. They can do so by 
pinpomtmg, on a routine basis, lapses in 
housekeeping (like leaking equipment and pipes, 
material spills etc.) and following up on the 
elimination of these lapses. In addition, shop floor 
managers and supervisors should provide a 'good 
example': they should not spoil materials and should 
not intervene in the execution of the production 
process (for instance by forcing workers to deviate 
from standard production procedures in order to 
increase production output with a possible loss of 
product quality). 

4. Dissemination of success stories: Waste minimization 
success stories might help in creating general 
awareness for waste minimization. The success 
stories should be well documented with "before 
waste minimization" (baseline) and "after waste 
minimization" (accomplishment) financial as well as 
environmental figures in order to pinpoint the crucial 
role of accurate information systems for achieving 
waste minimization. Sectoral as well as generic 
manuals and workshops can contribute to the 
dissemination of such success stories. 

The systemic constraints, catalysts and enabling 
measures have been summarized in figure 2.2. 

Figure 2.2: Summary of systemic constraints, catalysts and enabling measures 
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2.4 Organizational constraints, 
catalysts and enabling measures 

The organization of the company might also hamper the 
introduction of proactive environmental management 
practices. In this context, it is essential to assess how the 
tasks and responsibilities with regard to production 
management and environmental issues are divided in the 
company and to suggest changes which could favour 
waste minimization. The DESIRE project was not aimed 
specifically at achieving such major organizational 
changes in the participating units. Instead, it was decided 
to set up a project team in each company to initiate and 
coordinate the waste minimization activities. If proven 
successful, the companies could then decide upon 
organizational improvements to sustain the waste 
minimization success at a later stage. The companies 
were encouraged to involve shop floor supervisors and 
technical staff members in the project team, which in 
tum co-operated with the outside consultants. The level 
of involvement from the different organizational parts 
and layers in the company differed however substantially 
from company to company. 

The experiences in the part1c1pating companies, 
illustrate that the organizational constraints can best 
be categorized under three separate, but strongly 
interrelated, organizational features of SSis: 

I. Concentration of decision making powers; 
2. Emphasis on production; 
3. Non involvement of employees. 

Each of these will be elaborated and illustrated below. 

1. Concentration of decision-making powers 
Generally. the owner is the chief executive and makes all 
decisions. Even for low-cost waste minimization 
measures. approval has to be sought from the owner. The 
waste minimization team therefore does not feel involved 
in. nor committed to, waste minimization. This, in tum, 
is reinforced by a general lack of recognition of the 
employees by the decision makers; typically employees 
in SSis are just supposed to fulfil whatever work is 
assigned to them. Generally only negative feedback is 
given to employees in case of non-fulfilment of the 
assigned jobs. The immense impact of other forms of 
motivation such as public recognition, awards etc. is not 
yet realized. The employees, therefore, lack the initiative 
to take up new and challenging assignments (like waste 
minimization). This lack of employee initiative, in tum, 
sustains the concentration of the decision-making 
powers. 
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2. Emphasis on production 
Owing to the overemphasis on production by owners, 
the time and efforts required for conducting the waste 
minimization assessment often get relegated to second 
priority. In some companies, emphasis on production 
was sustained by the fact that payment of employees was 
on a production basis; the higher the productive output, 
the higher the payment of the involved employees, 
without taking into account that less care was taken (and 
thus more materials spoiled) in order to achieve this 
higher productive output. 

3. Non-involvement of employees 
Production personnel do not participate in waste 
minimization activities until and unless ordered by 
the chief executive (or owner). Once started, waste 
minimization team members again face the general 
lack of recognition. High turnover of technical staff is 
then to be expected because the technical staff faces 
excessive workloads and poor remuneration, especially 
at the junior level. This, in tum, limits the ability of the 
enterprise to work on waste minimization as the 
experience gained by one team disappears with the 
departure of another team member. 

Catalysts 
In the course of the DESIRE project, the study team 
found that some of the participating companies had 
developed rather effective mechanisms to cope with 
the above limitations in the company's organization 
structure. These were: 

I. Family supervision: Huge differences existed in 
both the level and the quality of the involvement and 
supervision of owners and their families in the daily 
operation of the companies. For companies with 
technically qualified owners, who lived next to - or 
even on - the factory premises it proved to be easier 
to organize the waste minimization efforts 
effectively. Apparently, the technically qualified 
owners got more satisfaction from optimizing their 
production than the non-technically qualified 
owners who co-operate with chartered engineers or 
consultants to run the production. 

2. Sharing of information (on costs etc.): Information
sharing proved crucial in almost all company level 
assessments. Within the company, sharing of cost 
data between managers and operators encouraged 
operators to work more carefully with high-cost 
materials. On the other hand, sharing of information 
on perceived causes of equipment failure or off-



specification products among operators and between 
operators, supervisors and technical staff enabled 
problem-solving approaches to eliminate waste 
generation causes. In addition, it was found that to 
some extent information on cost-effective waste 
minimization opportunities can be shared among 
companies. In the textile dyeing and printing 
industry, the Surat-based Waste Minimization 
Group served as a platform for the dissemination of 
waste minimization opportunities among competing 
companies. In the pesticides formulation industry, 
the large scale pesticides manufacturers are 
supporting their commission formulators in 
implementing process optimization and quality 
control, which in turn spurs waste minimization in 
small-scale pesticide formulating companies. 

Enabling measures 
On the basis of the experiences in the DESIRE project, 
the following enabling measures are recommended in 
order to deal with the organizational constraints in 
SS Is: 

I. Organize a capable project team: A capable and well
organized waste minimization team is among the 
most powerful instruments to develop the waste 
minimization assessment as well as to eliminate 
numerous constraints for waste minimization. It 
should, however, be kept in mind that it might not 
be easy to establish such an effective team, given the 
deeply rooted lack of recognition, lack of employee 
involvement and the concentration of decision-making 
powers. A balance thus has to be found between the 
preferred situation with a properly functioning project 
team being able to develop and implement waste 

minimization on its own and the present situation 
which inhibits delegation of any decision making 
power and blocks creative problem solving. In this 
perspective, it deserves recommendation to select a 
team leader who has the authority to implement at 
least low- and no-cost waste minimization measures. 
In addition, efforts should be undertaken to involve 
one or preferably a few of the most concerned 
supervisors and operators (shop floor workers) in the 
waste minimization team. 

2. Recognition for waste minimization efforts: Once 
the team has started with the identification and 
evaluation of waste minimization opportunities, 
steps should be taken to encourage the team. To this 
end, various schemes might be put in practice, like 
public recognition, rewards, publicising the early 
successes etc. 

3. Assigning costs to production and waste generation: 
In order to expand the scope from the management 
from just production output to more comprehensive 
control over the efficiency of production, it is 
necessary to assign costs to the different production 
factors and waste streams. Comparatively simple 
calculations of the monetary value of the raw 
materials, chemicals and products lost with a 
particular waste stream normally incite managers to 
take action, as was illustrated in the DESIRE project 
with calculations on cost of fibre loss (pulp and paper 
sector) and print paste remnants (textile printing 
sector). 

The organizational constraints, catalysts and enabling 
measures have been summarized in figure 2.3. 

Figure 2.3: Summary of organizational constraints, catalysts and enabling measures 
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2.5 Technical constraints, catalysts 
and enabling measures 

Waste minimization is essentially equal to environment
driven optimization of the use of technology. 
Consequently, waste minimization requires technical 
changes to installations, tools, input materials, auxiliaries, 
processes and equipment. Given this important role of 
technology in the implementation of waste minimization, 
technical factors often emerge as constraints to waste 
minimization. However, upon secondary analysis, 
technical constraints put forward in the course of the 
waste minimization assessment often tum out to be 
resolvable through technology management rather than 
technology as such. Since it was anticipated that technical 
obstacles could have a destructive impact on the success 
of the DESIRE project, provisions were taken to provide 
proper technical backup for the company-level 
assessment teams by both a domestic technical institute 
for each participating industry sector and international 
industry subsector experts. 

The comparative evaluation of the waste minimization 
options in the DESIRE project (see chapter 4) shows 
that technical 'improvements' and 'optimizations' were 
generally the most cost-effective, short-term waste 
minimization solutions and not the comparatively 
radical technical 'innovations' (based on new processes 
and equipment). This illustrates that the technical 
constraints in SSis can best be organized as follows: 

1. limited technical capabilities; 
2. limited access to technical information; 
3. Technology limitations. 

Each of these will be elaborated and illustrated below. 

1. Limited technical capabilities 
For most of the SSis the ability to produce is based 
on experience of workers rather than on technical 
capabilities to monitor, control and improve the 
production technology. The limitations in the technical 
capabilities and skills include: 

• Limited or non-availability of trained manpower: In 
the absence of in-house or locally-available technical 
personnel to undertake or guide the waste 
minimization assessment, the individual companies 
are constrained to take it up on their own. To ease this 
lack of technical manpower, the participating 
companies strongly relied upon the technical expertise 
of the NPC, which in tum had to expand the envisaged 
level of technical assistance to each of the companies . 
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• lack of monitoring facilities: Due to the lack of in
house monitoring facilities required for conducting 
the waste minimization assessment, the industries 
have to depend on external agencies (NPC in case of 
the DESIRE project). Such agencies are few, 
expensive and located far off Basic data collection 
therefore becomes a major limitation in conducting 
waste minimization. 

limited maintenance facilities: The maintenance 
department in SSis is normally equipped with 
just enough facilities and personnel for routine 
maintenance. In case of equipment failure, even 
routine maintenance cannot be safeguarded. Major 
maintenance jobs like machine overhaul, motor 
rewinding, boiler cleaning etc. have to be entrusted to 
external firms which are expensive and time 
intensive. Since waste minimization often requires 
such maintenance activities, the dependence on, and 
costs of, external firms hinder undertaking waste 
minimization. 

2. Limited access to technical information 
Generally SSls have limited access to information and 
success stories on low resource consuming and low 
waste techniques within the country as well as 
overseas. Furthermore, there is almost total absence of 
technical literature. The information available from 
abroad is neither directly relevant nor tailor-made to 
the technical status and size of operations of SSis. 

3. Technology limitations 
The emergence of SSis has been need-based. There has 
not been any specific technology development for this 
sector. Mostly the old discarded technology has been 
modified. The problems encountered during this 
modification process are solved by trial and error 
without analysing the basic chemistry and engineering 
involved in the process. This has resulted in inefficient, 
suboptimal equipment and consequently higher waste 
generation. In addition several technological gaps still 
exist. Chemical recovery for agro-residue-based pulp 
and paper industry and low-cost automatic laminar bag 
filling and sealing for pesticides formulation are 
examples of such technology gaps identified in the 
DESIRE project. 

Catalysts 
Some of the participating companies in the DESIRE 
project distinguished themselves from the majority of 
the SS Is and had a comparatively skilled technical staff 



and/or in-house fabrication facilities. The following 
illustrates these interrelated technical catalysts: 

1. Technically skilled staff: Given the need to improve 
the operation and management of the production 
technology, the companies having technically skilled 
staff members had less problems in getting started 
with waste minimization. Normally, these technically 
skilled staff members had already taken the lead 
in their company to develop quality assurance 
policies and tools and/or started to experiment with, 
for instance, the use of alternative chemicals or raw 
materials. These staff members could easily absorb 
the waste minimization concept and had the ability to 
transfer the general working method to the specific 
circumstances in their own company. 

2. In-house fabrication facilities: Given the tradition 
in SSis to develop and modify production equipment 
from old discarded equipment, experience and 
expertise have been gained in finding smart, but 
simple, technical fixes for problems encountered in 
the operation of the previously discarded equipment. 
Especially those companies that operated in-house 
fabrication facilities (mechanical, electrical or civil 
workshops) had such experience and expertise, and 
could employ this in order to identify appropriate 
waste minimization solutions (or to modify suggested 
improvements from the outside experts into such 
solutions). 

Enabling measures 
The technical constraints discussed above are not specific 
to waste minimization only. These inhibit any innovation 
in SSis being in favour of product quality improvement, 
production expansion, energy conservation etc .. 
Therefore, most general measures undertaken to improve 
the technical skills and capabilities for SSis will also 
favour waste minimization. These might include 
technology development, demonstration and diffusion 
projects, technical training and building an infrastructure 
for technical support to SSis. In addition to these generic 
enabling measures, the following can be recommended 
to specifically foster waste minimization: 

1. Dissemination of waste minimization techniques 
and technologies: Given the prevalence of the Not 
Me First syndrome, wherein people would be 
willing to be the second person to try an idea provided 
it has been successfully implemented elsewhere, 
dissemination of success stories of waste minimization 
techniques and technologies could be a very powerful 

instrument to abate existing technical constraints. The 
publication of technical waste minimization manuals 
as well as the organization of workshops and seminars 
are valuable starting points. However, it should be kept 
in mind that numerous SSis are difficult to reach since 
by themselves they do not read technical literature 
nor consult technical service institutes. Therefore, 
intermediary organizations like small industries 
service institutes, professional organizations, industry 
associations and probably even equipment suppliers 
should become involved in delivering the successful 
waste minimization techniques and technologies to the 
companies. 

2. Need-based support for environment-driven R&D: 
There are obvious areas in which state of the art 
technology is not yet able to prevent environmental 
problems at typical production scales for SSis. In 
order to eliminate these technology and technique 
gaps, R&D support could be useful. This support 
however has to meet the needs of SSis (to fit to 
the existing technical status, size and investment 
capabilities of SS Is) and integrate minimization of the 
environmental burden as one of the development 
objectives in the technical research. 

Figure 2.4 contains a summary of the technical 
constraints, catalysts and enabling measures discussed 
above. 

2.6 Economic constraints, catalysts 
and enabling measures 

Although the DESIRE project proves the validity of 
the waste minimization adage 'from waste to profits', 
economic constraints can still hamper the development 
and implementation of waste minimization in 
companies. This is essentially so because resources 
(staff time, monitoring efforts etc.) have to be invested 
up front in the waste minimization assessment, without 
knowing exactly what financial benefits (input cost 
reduction, production expansion, product quality 
improvements etc.) can be gained from doing so. The 
DESIRE team came across four types of economic 
constraints: 

1. Prevalence of production quantum over production 
costs; 

2. Resource pricing and availability; 
3. Ad hoc investment policy; 
4. Capital availability and costs. 
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Figure 2.4: Summary of technical constraints, catalysts and enabling measures 

Constraints 

1. Limited technical capabilities 
2. Limited access to technical 

information 
3. Technology limitations 

Catalysts 

1. Technically skilled in-house staff 
2. In-house fabrication facilities 

The economic constraints referred to in this section are 
to be encountered in different stages of the introduction 
of waste minimization. The prevalence of production 
quantum over production costs and resource pricing 
and availability carry great weight when trying to 
obtain management commitment and involvement in 
the execution of a waste minimization assessment. 
Resource pricing and availability continue to play a 
role in evaluating the generated waste minimization 
opportunities, along with ad hoc investment policies. 
In an even later stage, when decisions have to be made 
about investments in waste minimization solutions, 
capital availability and costs as well as ad hoc 
investment policies can act as economic constraints. 
Each of the economic constraints will be elaborated 
and illustrated below. 

1.Prevalence of production quantum over 
production costs 

The prevailing fiscal incentives, viz. concessions in 
excise duty, sales tax etc., are mostly related to 
quantum of production with little or no relevance to 
cost of production. This coincides with the perception 
of fixed production costs arising out of the trader's 
attitude of most of the owners of SS Is (see also section 
2.2). The tendency of entrepreneurs is therefore to 
concentrate on maximisation of production to derive 
maximum financial benefit. Cost reduction exercises 
such as waste minimization get relegated to secondary 
and tertiary levels of importance. 

2. Resource pricing and availability 
The prevailing low prices and abundant availability of 
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Enabling Measures 
1. Dissemination of waste 

minimization techniques and 
technologies 

2. Need based support for 
environment driven R& D 

natural resources such as agro-residues, water etc. in 
most areas dampen the impetus for identifying and 
implementing waste minimization measures. It should 
however be noticed that in heavily industrialized 
zones, resource scarcity has become a major concern 
for industrial entrepreneurs. In the DESIRE project, 
this played a role in the textile dyeing and printing 
industry in Surat, which is in urgent need of 'soft' 
water. 

3.Ad hoc investment policy 
The inadequate and ineffective management systems 
(see section 2.3) sustain ad hoc investment policies in 
SSis. This ad hoc nature of investments disfavours 
waste minimization in several interrelated ways: 

• Limiting economic analysis to obvious direct costs 
and benefits: The economics of all investments 
(including waste minimization measures) are 
computed mainly on the basis of direct financial 
returns and short term financial gains. Therefore, only 
increases in production capacity, reductions in the 
consumption of raw materials and fuels 
and obvious reductions in production costs 
(such as reduction of workforce needed) are 
accounted for. The benefits accruing from reduced 
pollution control costs and electricity savings are often 
not accounted for on a routine basis, because in many 
cases no such costs are currently incurred. As savings 
on these environmental costs are often a major part of 
the economic benefit of waste minimization measures, 
their exclusion disfavours acceptance of waste 
minimization. 



• Ad hoc investment criteria: The small-scale 
entrepreneur is usually short of capital. The most 
attractive measures requiring higher investment do 
not get the priority. Instead, the measures that get 
selected for implementation are the least capital 
intensive. The impact of such implementation is not 
as attractive as one would expect it to be. 

• Inadequate investment planning: Investments, 
including those for adopting waste minimization, are 
often made without proper planning, which may result 
in partial implementation. The expected results are 
thus not achieved, bringing in dissatisfaction and loss 
of faith of decision makers. 

4. Capital availability and costs 
The financial institutions have not evinced interest in 
financing cost-intensive waste minimization measures 
having longer pay back periods (over one year). Even 
if financing were available, the interest rates are high 
(market rates vary from 15 to 20 per cent), rendering 
major waste minimization investments unviable. 

Catalysts 
The extent to which each of the above economic 
constraints actually played a role in each company 
depended to a large extent on the financial position of 
the company at the start of the project and the ability of 
the waste minimization team to identify financially 
attractive options. In the company selection and in the 
assistance to the companies, attention has been given to 
exploit each of these economic catalysts: 

I. Company financially-sound: Since it is evident that 
financially sound companies are less vulnerable to 
the economic constraints, the perceived financial 
soundness of the companies has been used as one of 
the criteria for the company selection. Accordingly, 
in each sector at least two companies participated in 
which capital availability for implementation of 
waste minimization would not be a major problem 
given the proven economic feasibility of the 
proposed waste minimization measures. 

2. Financially-attractive options: Since it had been 
recognised in the preparation of the project that the 
implementation of financially-attractive waste 
minimization options could be a strong catalyst for 
waste minimization, the assistance to the companies 
has been focused on the identification of waste 
minimization options requiring low to medium 
investments and having obvious financial returns. 
The implementation of such low- and no-cost, 

highly cost-effective waste minimization options is 
thought to pave the way for the implementation of 
selected higher cost options in the near future. 

Enabling measures 
The experiences in the DESIRE project lead to the 
identification of the following measures to enable 
companies to deal with the economic constraints for 
waste minimization: 

1. Proper cost allocation and planned investments: 
Awareness of costs due to wastes seems to be a 
crucial starting point for any company level waste 
minimization effort. To be able to illustrate the 
potential for savings from waste minimization, 
one needs to prepare an estimate of the costs of various 
components in a waste stream (e.g. energy, raw 
materials, water, product). Once different components 
and their cost have been allocated, it becomes easier 
to assign cost to a waste stream. Estimating the savings 
arising out of minimising or eliminating the waste 
stream becomes simpler. Such an exercise also helps 
in making the entrepreneur realize how much he 
is losing through the drain. In addition, it may be 
useful to merge waste minimization in the overall 
investment plan, because the additional costs for 
waste minimization might be much lower once waste 
minimization is included in an overhaul or capacity 
expansion plan than when implemented on its own. 

2. Long term industrial policies: The Government 
should avoid making frequent changes in the 
industrial policies, because such changes sustain 
short-sighted investment planning in SSis. 
Declaration of long term industrial policies would 
help the industries in merging waste minimization 
into the investment planning and in taking suitable 
steps to be more and more competitive without 
artificial fiscal protection. 

3. Financial incentives: Special financial schemes 
might have a huge impact on the capital cost 
and availability of SSis for waste minimization 
investments. To foster the implementation of high-cost 
waste minimization options. financial schemes could 
be developed by government or donor agencies 
which give priority to waste minimization proposals 
over end-of-pipe proposals. To suit SSis, such 
schemes should be procedurally simple and easily 
accessible. In addition, fiscal incentives can be 
created for waste minimization. These might include 
automatic capacity enhancement, preferential 
purchase in the government sector, a I 00 per cent 
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depreciation allowance on investments m waste 
minimization etc. 

Figure 2.5 depicts the interrelations between the 
economic constraints, catalysts and enabling measures. 

2. 7 Governmental constraints, 
catalysts and enabling measures 

Governmental policies affect company decision
making. and might thus either hamper or incite 
companies to adopt waste minimization. With a view 
to fostering waste minimization, industrial and 
environmental policies are expected to be most 
effective. In each of these policy areas, legislative 
initiatives are developed, which require training and 
institutional capacity building - both within the 
industrial community within various governmental 
organizations - in order to be effectively implemented 
and enforced. Although neither industrial nor 
environmental policies have been assessed in full detail 
as part of the DESIRE project, a preliminary inventory 
of governmental constraints and incentives has been 
made on the basis of the experiences within 
the companies. The following summarizes the major 
findings. which to some extent overlap with the results 
discussed above on each of the themes within the 
companies. 

1. Industrial policies 
Frequently changing industrial policy is not conducive 
to waste minimization efforts. In the course of the 
DESIRE project, for example, a reduction was 
announced of the excise duty exccmption from agro
residue-based paper, which upset the economics of this 
sector complctclv. With such uncertainties, industries arc 

not willing to implement long- or even medium-term 
waste minimization measures. In addition, incentive 
schemes like concessional corporate tax, a 100 per cent 
depreciation allowance for pollution control measures 
etc. are not yet available for waste minimization. 

2 .Environmental policies 
Regulatory authorities still emphasize exclusively 
achieving stipulated environmental discharge standards. 
No weight is given to reduction of the generation of 
waste. The entrepreneurs, therefore, prefer using 
conventional end-of-pipe control practices which satisfy 
the regulatory authorities rather than adopting waste 
minimization practices which are open to question by 
the authorities. Another area not yet covered by 
environmental regulations is utilization of ground water, 
which is a major industrial resource for numerous 
industry sectors (such as textile dyeing and printing and 
pulp and paper manufacturing). The price of ground 
water is based on the pumping cost and a nominal tax. 
This is far too low to justify financial returns even from 
low-cost water conservation measures. 

Catalysts 
Given the limited pressure from governmental 
authorities on industries to reduce their environmental 
loadings, it was very promising to notice that a number 
of the participating companies had already taken self
responsibility and showed serious commitment 
to improve the environmental performance of their 
operations. The reasons for such self-responsibility 
differed from company to company. In the participating 
textile dyeing and printing companies, the self
rcsponsibility was most profound and based on concerns 

Figure 2.5: Summary of economic constraints, catalysts and enabling measures 

Catalysts 

1. Companies financially sound 

Constraints 

1. Prevalence of production quantum 
over production costs. 

2. Resource pricing and availability 
3. Ad hoc investment policy 
4. Capital availability and costs 

Enabling Measures 
1. Proper cost allocation and planned 

investments 
2. Financially attractive options 2. Long-term industrial policies 

3. Financial incentives 
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for future supply of soft water for the sector and the 
growing concerns among foreign consumers about 
possible residues of health-threatening chemicals in 
clothing. In pesticides formulation, the environmental 
concern seems to be a positive spin-off from 
occupational health and safety concerns. In the pulp 
and paper industry, the location of the industry played a 
major role, with the mills located in residential areas 
showing more commitment to environmental 
improvement than those located outside residential areas. 

Enabling measures 
In the preceding sections some guidance has been 
given on how to develop governmental policies 
favouring waste minimization in SSis. Included were 
training policies to improve managerial skills of SSis 
(see section 2.3), dissemination of waste minimization 
techniques and technologies (see section 2.5), and 
long- term industrial policies and financial incentives 
(see section 2.6). In addition, the following measures 
could be adopted by the Government to foster waste 
minimization: 

1. Area-wide, voluntary waste mmumzation groups: 
The Government could set the stage for area-wide 
voluntary waste minimization groups by providing 
funds for the expenses to run such groups and creating 
conditions to exploit in their achievements. The 
expenses include for instance; the cost of publication 
of newsletters and other documentation, contribution 
to the costs of trial implementation of selected waste 
minimization options, the costs of technical support, 
the cost of study tours etc. In order to avoid 
undertaking similar initiatives by different waste 
minimization groups in different parts of the country, 

there exists the need for a national coordination and 
information exchange mechanism, which in turn 
could be used by other agencies like industry 
associations, small industry service institutes, 
professional organizations and schools, banking and 
financing institutes and pollution control boards. 

2. Enforcement of environmental legislation: Since 
numerous SSis do not yet feel the need to undertake 
action to protect the environment or bear any pollution 
control cost, there is a serious need to improve the 
enforcement of environmental legislation. Although 
numerous suggestions can be made to improve 
environmental legislation in order to make it more 
waste minimization oriented, it is felt that 
enforcement of existing environmental legislation will 
be more effective in fostering waste minimization on 
the short term. Unless enforcement is taken seriously, 
entrepreneurs will not perceive the need to include 
environmental concerns in their business activities. 

Figure 2.6 contains a summary of the interrelations 
between governmental constraints, catalysts and 
enabling measures. 

2.8 Other factors 
In the preceding sections, constraints within the 
industry as well as coming from Government activity 
have been dealt with on a topical basis. Next to these, a 
few other constraints occurred in the DESIRE project, 
which are basically beyond the scope of influence of 
both industry and Government. These are: 

Figure 2.6: Summary of governmental constraints, catalysts and enabling measures 

Constraints 

1. Industrial policies 
2. Environmental policies 

Catalysts 

.1. Management concern for the 
environment 

Enabling Measures 
1. Area-wide voluntary waste 

minimization groups 
2. Enforcement of environmental 

legislation 
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1. Seasonal variations: Some of the SSis are 
susceptible to seasonal variations. For example, 
agro-residue-based pulp and paper mills are 
dependent on the crop for the supply of raw materials 
which varies from season to season. The mills thus 
typically change the raw materials upon seasonal 
availability (rice straw, wheat straw, bagasse, 
elephant grass), and consequently do not have 
the opportunity to optimize the processes and choice 
of equipment to one of these agro-residues. 
Similarly, the pesticides formulation industry has to 
regulate its production with respect to the market 
demand which in turn tends to be governed by 
monsoons, climate etc. 

2. Lack of public pressure: Pressure from non
governmental organizations and the public in general 
is necessary for proper environmental management by 
industry and for proper enforcement of environmental 
legislation by governmental agencies. In the absence 
of such pressure, entrepreneurs tend to adopt a 
lackadaisical approach. 

2.9 Concluding remarks 
A series of constraints can arise when introducing 
waste minimization in SSis. In this chapter we have 
discussed such constraints and elaborated on catalysts 
and enabling measures to deal with these constraints. A 
division in seven categories has been used: 

I. Attitudinal; 
2. Systemic; 
3. Organizational; 
4. Technical; 
5. Economic; 
6. Governmental; 
7. Others. 

In its own way, each of the types of constraints can delay 
or even block the waste minimization process. It is 
therefore essential to set up waste minimization policies 
that can tackle the broadest possible spectrum of 
potential constraints. The experience of the DESIRE 
project shows that intensive guidance and company
specific supervision by outside trainers cum consultants 
can eliminate a number of these constraints and thus 
foster waste minimization. 

There appears to be a set sequence in which the five 
topical groups of constraints normally appear when 
introducing waste minimization in companies. The first 
constraints facing both companies and external agencies 
are normally attitudinal. These become evident in various 
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misunderstandings as to the opportunities for waste 
minimization and the financial as well as environmental 
benefits to be gained by the implementation of waste 
minimization. This means that when encouraging waste 
minimization in companies, a great deal of attention must 
be devoted to these attitudinal constraints. Once these are 
broken down - at least to some extent - and the 
management has decided to start a waste minimization 
assessment, it is common to encounter systemic 
constraints (especially non-availability of information for 
conducting the assessment) and organizational 
constraints (especially towards the establishment of a 
properly functioning waste minimization team in the 
company). In a subsequent stage, waste minimization 
opportunities, which might face technical constraints 
have to be generated and evaluated. In the last stage - the 
actual implementation of waste minimization solutions -
economic constraints might be most profound. 
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Chapter 3 

Audit methodology 

3.1 Introduction 
It is almost impossible to disseminate waste 
minimization results on an option-by-option basis, 
as waste minimization options have to suit the processes, 
technologies and materials used, product specifications 
to be met and development stage of the management 
system. A waste minimization "solution" for one 
company may therefore not be the best waste 
minimization "opportunity" for another, highly 
comparable company in the same sector. 
The dissemination activities thus have to focus on the 
audit methodology that enabled the companies to 
identify the tailor-made waste minimization solutions, 
instead of on the solutions found. By doing so, the audit 
methodology is used as the vehicle for 
the dissemination of waste minimization achievements 
and experiences. 

Waste minimization audits are often characterized as 
systematic planned procedures with the objective of 
identifying ways to eliminate - or at least reduce - the 
generation of waste and emissions. Furthermore, 
an audit should contribute to the initiation of on
going waste minimization activities, catalysing the 
corporate effort in achieving continuous environmental 
improvements in its operations (Van Berke!, I 995). 
A comparative evaluation of audit methodologies used 
in various waste minimization projects, in different 
countries as well as in different projects in the same 
country (De Hoo, 199 I; USEPA, I 992; UNEP/UNIDO, 
1991; MOWM, 1991 ), revealed differences regarding 
the following (Van Berkel, I 994 ): 

• Organization of the audit process in the company: 
This is reflected in the short lists of audit tasks 
which in turn are organized in different phases for 
the audit process. 

• Development of alternative, waste mm1m1zation 
options: This is reflected in different sets of 
standardized prevention techniques used to facilitate 
option generation. 

• External guidance to companies: Some audit 

methodologies allow for a self-assessment by 
motivated companies, whereas others require 
substantial outside technical or managerial assistance 
and guidance. 

The explanation of the waste minimization concept in 
section I .2 already specifies the general prevention 
techniques to be considered in the DESIRE audit 
methodology. The external guidance provided in the 
frame of the DESIRE project is already described in 
the workplan (section 1.4 ). This chapter therefore 
focuses on the organization of the audit process in the 
DESIRE project. 

The development of the audit methodology tailored 
to the needs and capabilities of Indian SSis was a crucial 
part of the DESIRE project (second aim as specified 
in section 1.3). At the start of the DESIRE project, 
an audit manual was drafted by the technical study team. 
This draft was almost completely derived from 
international examples, in particular the PRISMA/ 
PREPARE "Manual for the Prevention of Waste and 
Emissions (De Hoo, 1991) and the UNEP/UNIDO 
"Audit and Reduction Manual for Industrial Waste and 
Emissions" (UNEP/UNIDO, I 991 ). The preliminary 
experiences with the application of this draft manual 
in the agro-residue-based pulp and paper industry 
proved that the manual did not fit some predominant 
features of SSls, especially: 

• Limited technical capabilities 'understaffed'; 
• Almost complete absence of reliable production and 

environmental records; 
• Limited written communication skills; 
• Lack of professional project organization and 

management skills. 

It was therefore decided to start "from scratch" and 
develop a new audit methodology tailored to the needs 
and capabilities of SSis. To this end, inputs from the 
technical teams, the meta review study team, en and 
the international experts were gathered during a 
brainstorm and transferred into a DESIRE audit 
methodology. The experiences in the three sectors were 
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then used to further develop and test a general waste 
minimization guide (NPC, 1994) and three sector 
specific technical waste minimization manuals (Gupta, 
1995; Kuttiappan. 1995; Pervez, 1995). 

This chapter summarizes the results of the 
development and practical application of the DESIRE 
audit methodology. Section 3.2 describes the generic 
guidelines for waste minimization prepared as part of 
the project lines. Section 3.3 then continues with a 
summary of the coverage of the technical manuals for 
the three industry sectors covered in the project. The 
practical experiences of working with the audit 
methodology are evaluated in section 3.4. The chapter 
concludes with a discussion of the dissemination 
opportunities (section 3.5) and concluding remarks 
(section 3.6). 

3.2 General guide 
Under the project a generic guideline for minimization 
guide has been developed for SSis. The guidelines 
were conceptualized as a first and attractive 
introduction to the waste minimization concept, its 
potential and conditions for its implementation at the 
factory level. They cover, inter alia, a short description 
of the systematic working method. In this section, we 
will first address the general outline of the guidelines 
and then continue with a more detailed description of 
the audit methodology. 

Objective and outline 
The generic guidelines addresses entrepreneurs of SSis 
in the first place. Reading through the guidelines should 
enthuse them for waste minimization and develop their 
desire to experiment with waste minimization in their 
own operations. To this end, the financial potential of 
waste minimization has been stressed in the first place 
and details about the audit methodology only in the 
second place. In addition, practical examples have been 
included from a number of different sectors in order to 
prove to the entrepreneur that he won't be the first one 
experimenting with waste minimization. 

To achieve this overall objective, the following logical 
sequence of aims has been elaborated in the DESIRE 
guidelines: 

l. Attract attention for waste minimization; 
2. Establish the need for waste minimization; 
3. Suggest waste minimization as the solution; 
4. Provide a framework for the implementation of 

waste minimization; 
5. Identify additional assistance. 

This has been elaborated into a fifty-page guideline for 
waste minimization, with numerous examples and 
illustrations. The guidelines have been kept brief in 
order to allow for complete reading at one stretch 
(about 1 hour). The content is summarized in box 3.1. 

Box 3.1: Summary of the content of the generic guidelines for waste minimization (NPC, 1994) 

FROM WASTE TO PROFITS: GUIDELINES FOR WASTE MINIMIZATION 

Chapter 1: Money in your drain? 
Attractive introduction based on three industry case-studies, illustrating that these companies were not of aware how 
much money was lost with wastes and emissions and how these could be converted in extra profits. 

Chapter 2: Or even more! 
Explanation and illustration of the other benefits obtainable with waste minimization, like improvement of the work 
environment, quality improvement, image, compliance and new market opportunities. 

Chapter 3: Waste minimization gets it! 
Explanation of the waste minimization concept and the generally applicable approaches, with industrial examples. In 
addition, the essential conditions for waste minimization are summarized; management commitment, operator 
involvement and an organized approach. 

Chapter 4: Let's do it! 
The step-by-step summary of the essentials of waste minimization. The explanation of the audit methodology runs 
parallel with a case history of its application in the pulp and paper industry. 

Chapter 5: Just in case 
Listing of useful documentation and contacts for additional assistance . 
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DESIRE audit methodology 4. Selecting waste minimization solutions: Evaluation 
of the technical and financial feasibility and 
environmental desirability of waste minimization 
opportunities in order to select feasible waste 
minimization solutions. 

The DESIRE audit methodology divides the waste 
minimization audit into six stages. The objective of 
each of these is as follows: 

1. Getting started: Planning and organization of the 
waste minimization audit, including the establishment 
of a project team and the selection of the audit focus. 

5. Implementing waste minimization solutions: Actual 
implementation of the feasible waste minimization 
solutions and monitoring of the results achieved by 
their implementation. 2. Analysing process steps: Evaluation of the unit 

operations relevant to the selected audit focus in order 
to quantify waste generation, its costs and its causes. 6. Sustaining waste mrn11nizatio11: Perpetuating 

continuous search for waste minimization opportunities. 
3. Generating waste nw11m1zation opportunities: 

Development and preliminary selection of waste 
minimization opportunities. 

A flow chart of this manual with a specification of the 
tasks to be executed in each phase is included in figure 
3.1. Below is a short explanation of each of these tasks. 

Figure 3.1: Flow sheet for the DESIRE auditing procedure (NPC, 1994) 

..... 

interest in waste minimization 

Phase 1: GETTING STARTED 
Task 1: Designate waste minimization team 
Task 2: List process steps [unit operations] 
Task 3: Identify and select wasteful process steps 

....., selection of waste minimization focus 

Phase 2: ANALYSING YOUR ROCESS STEPS 
Task 4: Prepare process flow chart 
Task 5: Make material and energy balance 
Task 6: Assign costs to waste streams 
Task 7: Review of process to identify waste causes 

• listing of process waste sources and causes 

Phase 3: GENERATING WASTE MINIMIZATION OPPORTUNITIES 
Task 8: Develop waste minimization opportunities 
Task 9: Select workable opportunities 

f listing of waste minimization opportunities 

Phase 4: SELECTING WASTE MINIMIZATION SOLUTIONS 
Task 10: Assess technical feasibility 
Task 11: Assess financial viability 
Task 12: Evaluate environmental aspects 
Task 13: Select solutions for implementation 

Task 14: Prepare for implementation 
Task 15: Implement waste minimization solutions 
Task 16: Monitor and evaluate results 

f successfully implemented waste minimization solutions 

Phase 6: SUSTAINING WASTE MINIMIZATION 
Task 17: Sustain waste minimization solutions 
Task 18: Identify and select wasteful process steps 

ongoing waste minimization efforts 
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1.Getting started 
In order to prepare for the waste minimization audit, 
the following tasks need to be executed: 

I. Designate waste minimization team: The team should 
be made up of representatives from the groups in the 
company that will have a major interest in waste 
minimization. Size and composition of the team 
should fit to the company's organizational structure. 
The team should be capable of identifying potential 
areas, developing solutions and implementing them. 
To this end, input from both in-house and external 
experts might be needed. 

2. List process steps (unit operations): All process steps 
should be specified, including utilities, storage and 
waste treatment and disposal facilities, in order to get 
a proper overview of all manufacturing processes. 
The team should specifically highlight major and 
obvious waste generating areas and, if possible, 
identify the reasons for waste generation. In addition, 
housekeeping and process control practices should be 
broadly assessed. Special attention should be paid to 
periodic activities e.g. washing and regeneration (of 
catalysts, absorbents etc.) as these are often highly 
wasteful but still overlooked. 

3. ldent1fv and select wasteful process steps: This 
activity might be considered a preliminary 
prioritization activity. Without going into details, the 
team should broadly assess all process 
steps in termsof quantum of waste, severity of 
impact on the environment, expected waste 
minimization opportunities, estimated benefits (cost 
savings) etc. Such preliminary assessment helps in 
focusing on one or a few process steps (audit 
focuses) for detailed analysis. 

2. Analysing process steps 
This step covers the detailed data collection and 
evaluation for the selected processes. This information 
will enable the generation and evaluation of waste 
minimization opportunities in the next phases. To this 
end the following tasks need to be addressed: 

4. Prepare process flow chart: A schematic representation 
of the selected process steps is made, with the purpose 
of identifying all process steps and the sources of 
wastes and emissions. The flow chart should list and -
to some extent - characterize the input and output 
streams per process step. Given the historic 
development of the production processes, it is not 
always easy to establish a correct process flow 
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diagram. This is however crucial for the smooth 
development of the waste minimization audit. 

5. Make material and energy balance: These balances 
are needed to quantify the process flow diagram and 
the occurring losses (wastes). Later on, balances can 
be used to monitor progress of the implementation 
of waste mm1m1zation. Normally, only a 
preliminary balance can be derived. given the lack 
of records and the lack of data on composition of 
input and output material streams and complex 
recycle streams. It may be worthwhile to draw 
component balances for important resources, e.g. 
water and fibre balance in paper industry or print 
paste balance in the textile finishing industry. 

6. Assign costs to waste streams: In order to assess the 
profit potential of waste streams, the monetary loss 
incurred by a waste stream should be evaluated. A 
preliminary estimate can be made with a calculation 
of the cost of raw material and intermediate product 
lost with the waste stream (like fibre loss in the pulp 
and paper industry). A more detailed analysis might 
reveal additional costs, including the cost of raw 
materials in waste, the manufacturing cost of material 
in waste, cost of product in waste, cost of treatment of 
waste, cost of waste disposal, waste tax etc. 

7. Review of process to identify waste causes: A review 
of the processes should locate and highlight the causes 
of waste generation (cause analysis). A wide variety 
of possible causes should be considered, including 
for instance poor housekeeping, operational and 
maintenance negligence, poor raw material quality, 
poor layout, bad technology, inadequately trained 
personnel and employee demotivation. 

3.Generating waste minimization 
opportunities 

Having identified and assigned causes to waste generation, 
the audit team can move on to determining waste 
minimization opportunities which eliminate these causes. 
The following tasks need to be undertaken to this end: 

8. Developing waste mi11imizatio11 opportunities: The 
team, ready with data, starts looking for possible 
methods for eliminating waste causes, which in tum 
minimize waste generation. Finding such options, 
depends on knowledge and creativity of the team 
members, much of which comes from their education 
and work experience. Techniques like brain-storming, 
group discussions etc. might be applied to boost 
option generation . 



9. Select workable opportunities: The waste minimization 
opportunities are now screened in order to weed out 
those which are impractical. This weeding-out process 
should be simple, fast and straightforward and may 
often be only qualitative. The remaining opportunities 
are then subjected to more detailed feasibility studies. 

4. Selecting waste minimization solutions 
The feasibility of the workable waste minimization 
opportunities is to be evaluated in order to select the 
most practical set of waste minimization solutions. The 
following need to be undertaken to this end: 

1 O.Assess technical feasibility: The technical evaluation 
determines whether a proposed waste minimization 
opportunity will work for the specific application. To 
this end, impact of the proposed waste minimization on 
process, product, production rate etc. has to be 
evaluated. In addition, an inventory has to be made of 
the necessary technical changes for the implementation 
of the waste minimization opportunity. 

11.Assess financial viability: Financial viability will 
often be the key parameter in the evaluation of waste 
minimization opportunities. Priority should be given 
to the evaluation of the low-cost options, which 
often require only simple analysis like pay back 
calculations. A proper evaluation of higher cost 
options should include the full array of potential 
savings (including, but not limited to, savings on 
raw materials and energy, increased production and 
lower operation and maintenance cost) and might 
require advanced financial methods (like net present 
value or internal rate of return). 

12.Evaluate environmental aspects: In most cases the 
environmental advantage of waste minimization 
opportunities is obvious. However for complex 
options, involving changes of raw materials or 
process chemistry, care should be taken to assess 
whether or not a net reduction of toxicity and quantity 
of waste and emissions occurs. 

13.Select solutions for implementation: The results of 
the technical, financial and environmental evaluation 
have to be combined in order to select the most 
practical and viable solutions. Proper documentation 
of the selected solutions will be highly useful in 
obtaining approval and funds for the actual 
implementation of these solutions. 

5.lmplementing waste minimization 
solutions 

The selected waste minimization solutions now have to 
be implemented. A significant number of solutions 
might be implemented as soon as they are identified (i.e. 
repairing of leaks and enforcement of working 
instructions), while others would require a systematic 
plan of implementation. To this end, the following tasks 
should be undertaken: 

14.Prepare for implementation: This includes arranging 
finances, establishing task forces, detailed technical 
preparation and planning of the implementation. Good 
liaison, awareness and information dissemination should 
assist in obtaining the involvement of key departments 
and persons. 

15./mplement waste minimization solutions: 
Implementing waste minimization solutions is 
similar to any other industrial modification. In 
order to optimize the implementation results, the 
simultaneous training of manpower should not 
be missed out. 

16.Monitor and evaluate results: A performance 
evaluation is needed to assess causes for deviation 
of the results obtained from the results expected as 
well as to inform management and to sustain its 
commitment for waste minimization. 

6.Sustaining waste minimization 
It might seem in the first place that waste minimization 
is completed upon the implementation of the feasible 
waste minimization solutions. However, the team still 
faces the major challenge of sustaining waste 
minimization in order to further reduce wastes and 
improve profits in the future. This basically consists of 
the two activities: 

17.Sustain ·waste minimization solutions: Especially for 
housekeeping and process optimization, employees 
tend to return to the wasteful, old practices if not 
continuously motivated to sustain the improved 
practices. Information is therefore crucial in order 
to monitor ongoing achievements. Reward and 
recognition schemes could safeguard the ongoing 
involvement of the employees. 

18./dentify and select wasteful process steps: Having 
improved the environmental performance of 
selected wasteful processes, a new selection should 
be made as the focus for the next waste 
minimization audit. The newly selected processes 
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should then be subjected to the audit procedure 
(start at step 2: "Analysing production process 
steps"). 

3.3 Technical manuals 
The generic guidelines for waste minimization focus on 
industrial entrepreneurs in order to convince them of the 
opportunities and benefits of waste minimization. The 
guidelines contain only a brief and general introduction 
to the techniques of waste minimization auditing. It is 
envisioned that these entrepreneurs will then pass on the 
job of implementation of waste minimization to their 
technical staff. In order to serve this technical staff in the 
execution of the waste minimization audit, a series of 
sector-specific technical manuals has been developed. 

Objective and outline 
The sector-specific waste minimization manuals address 
primarily technical experts in the respective industry 
sector. Reading through the manual, they should be able 
to find enough information on suggested waste 
minimization opportunities and auditing tools to conduct 
a waste minimization audit in their industry. To this end, 
example waste minimization opportunities are broadly 
evaluated and the audit methodology has been 
tailored to the industry sector. In addition, examples of 
company-level waste minimization audits are included. 

To achieve the above general objective, the following 
logical sequence of aims has been elaborated in each of 
the technical manuals: 

I. Establish the potential for waste minimization; 
2. Suggest waste minimization as the solution; 
3. Provide a set of practical approaches; 
4. Provide a framework for the implementation of 

waste minimization; 
5. Identify additional assistance. 

This has been elaborated into a technical manual of about 
I 00 pages for the the agro-residue-based pulp and paper 
industry, textile dyeing and printing industry and 
pesticides formulation industry. Each manual contains 
numerous examples and technical details. The content is 
summarized in Box 3.2. Table 3.1 has been compiled to 
summarize the coverage of each of the technical manuals. 

3.4 Practical experiences 
Since the audit guidelines and manuals have been 
developed based on practical experience of the 
companies, no real test of these auditing tools has 
taken place as part of the DESIRE project. It is, 
however, possible to relate the practical experiences in 
the participating companies to the proposed audit 
methodology. The results of doing so have been 

Box 3.2: Summary of the content of the sector-specific technical 
waste minimization manuals 

FROM WASTE TO PROFITS: SECTOR-SPECIFIC MANUALS FOR WASTE MINIMIZATION 

Chapter 1: Industry profile 
Short introduction to processes, techniques, financial and environmental problems in the 
industry sector. 

Chapter 2: Waste minimization: principle, need and potential 
Explanation of the coverage of waste minimization (generally applicable techniques), with applications from the 
respective industrial sector. An estimate is given for the financial and environmental benefits to be gained from 
adopting waste minimization in an average unit in the respective industry sector. 

Chapter 3: Waste minimization opportunities 
Comprehensive listing of suggested waste minimization opportunities, organized per process area (unit operation) 
in the respective industrial sector. Each opportunity is broadly assessed on financial, technical aspects and 
environmental benefit. 

Chapter 4: Let's do it 
Description of the waste minimization audit methodology (see figure 3.1), tailored to the opportunities and 
constraints of the industrial sector. Some worksheets have been added in order to streamline data collection and 
evaluation for the industrial sector. 

Chapter 5: Barriers to waste minimization and enabling measures 

case-studies 

A summary of the most important barriers that might be encountered in the industrial sector and tailor-made 
enabling measures to these industry specific constraints. 

The results and experiences of the waste minimization audit in two companies participating in the DESIRE project are 
included as annexes to the manual. 

Sources of additional information 
Listing of useful documentation and contacts for additional assistance. 
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Table 3.1: Coverage of the technical waste minimization manuals at a glance 
(Chandak et al, 1995a, 1995b, 1995c) 

Coverage 

Process a re as 

Environmental issues 

Waste minimization 
potential 
(environmental) 

Waste minimization 
potential 
(financial) 

note: 30 Rs = I $ 

agro-residue-based pulp and 
paper industry 

• Raw material preparation 
•Pulp mill 
• Stock preparation 
• Paper machine 
• Utilities 

• Waste water discharges 
• Fibre loss 
• Energy consumption 
• Water consumption 
• Chemical consumption 

• Potential reductions per ton 
paper production: 
fibre: 40-100 kg 
caustic: 10-15 kg 
additives: 1-2 kg 
steam: 0,5-1,5 ton 
electricity 60-120 kWh 
water consumption: 

60-120 mJ 

•Savings on materials, energy 
and water: 
Rs 700-1800 /ton paper 
production 

• Savings on effluent treatment 
cost: 
Rs 500 /ton paper production 

• Capacity expansion generally 
possible but not well 
quantified 

summarized in table 3.2 (see pp. 32-33). This table lists 
the impediments encountered along with supervisory 
tasks and suggested methodological improvements. 

From table 3.2 it can be concluded that although the 
DESIRE audit methodology fits quite well the 
opportunities and capabilities of SSis, a number of 
impediments are to be expected if companies have to 
implement the audit methodology on their own. These 
impediments do not, however, originate in the audit 
methodology itself but rather in the limited development of 
project organization and management skills of the 
companies (as discussed in chapter 2). Outside experts 
(consultants and training or industry service institutes) can 

Pesticides formulation 
industry 

• Granules formulation 
• Dust formulation 
• Liquid formulation 

• Toxic fumes 
• Dust emissions 
• Cleaning waste 
• Leftovers in drums etc. 
• Off specification products 

• 70-80 % reduction of 
losses of active ingredients 

• 60 % reduction of losses of 
formulation compounds 
(soapstone, granules, 
solvents) 

• RS 60.000-90.000 /yr. savings 
on raw materials per 
formulation unit 

• Capacity expansion generally 
possible but not 
quantified 

Textile dyeing and 
printing industry 

• Cloth preparation 
(scouring, bleaching) 

• Cloth dyeing 
• Cloth printing 
• Cloth finishing (washing, 

ageing, softening, heat setting) 
•Colour and paste preparation 
• Utilities 

• Waste water discharges 
• Energy consumption 
• Water consumption 
• Chemicals selections and 

consumption 

• 15-200/o reduction in Chemical 
Oxygen Demand (COD) 

• 30-400/o reduction in 
water use 

• 10-20% reduction in 
steam consumption 

• 5-100/o reduction in 
electricity use 

• Savings on material, 
energy and water: 
Rs 700,000 to 
1,500,000/year 

easily facilitate the proper development of the waste 
minimization audit in a particular company. To this end, the 
outside expert basically has to see to the reasonable 
execution of each of the tasks specified in the audit 
methodology by the company audit team. Such a 
programmatic role does not require much technical 
expertise from the outside expert; it requires rather the 
ability to motivate and enable the company level audit team 
to execute the audit by itself (Van Berke!, 1994 ). In this 
role, the outside expert resists the temptation to overtake the 
audit tasks from the company audit team because a waste 
minimization audit executed by outside experts is not likely 
to be as effective in terms of involving staff and operators 
and assuring the implementation of waste minimization. 
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Table 3.2: Practical experiences with the DESIRE audit methodology 

Audit Tasks 

1. Designate waste 
minimization team 

2. List process steps 

3. Identify and select 
wasteful process steps 

4. Prepare process 
flow chart 

5. Make material and 
energy balance 

6. Assign costs to 

waste streams 

7. Review of process to 
identify waste causes 

8. Develop waste 
minimization 
opportunities 

9. Select workable 
opportunities 
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STEP 1: GETil~ STARTED 

1.lndustries are not used 
to systematic project work. 

2.Lack of good housekeeping 
attitudes hampers 
identification of obvious 
lapses in process control, 
maintenance, etc. 

3.Tendency exists to overlook 
excessive use of 'cheap' 
resources (water etc.). 

1.Assist in team building: 
instruction in data evaluation 
and problem solving 
approaches. 

2.Pinpoint obvious lapses 
in housekeeping: check 
completeness of preliminary 
inventory of processes and 
associated in- and outputs. 

3.Support priority setting; 
advocate implementation of 
obvious no- and low-cost 
opportunities. 

STEP 2: ANALYSING YOUR PROCESS STEPS 

4.Unplanned development 4.0n the spot verification of 
and extension of flow charts. 
facilities hampers 
preparation of correct 
flow chart. 

5.Non availability of 5.Assist in data collection 
sufficiently detailed data: and evaluation: supply 
lack of monitoring necessary equipment. 
equipment. 

6.Resistance to include 6.Emphasize monetary losses 

environmental costs. in the first place (raw 
materials, product and 
manufacturing cost). 

7 .Lack of skill and experiences 7 .Participate in process 
to evaluate processes. evaluation: question process 

details with operators and 
supervisors. 

STEP 3: GENERATING WASTE MINIMIZATION OPPORTUNITIES 

a.Difficult to create enabling 
environment for workers 
and technicians to 
contribute to creative 
problem solving. 

9. None. 

a.Participate in option 
generation session; 
challenge workers and 
technicians to share 
experiences; systematic 
evaluation of all waste 
generation causes. 

9.Check whether acceptable 
criteria and arguments 
are used. 

Inclusion of checklists with 
frequently occurring poor 
housekeeping practices and 
generally applicable low
and no-cost waste 
minimization opportunities. 

Improve explanation of 
logical option generation 
cycle; provide checklist 
with possible waste 

generation causes 
(task No.7) 
that fits to the available 
set of generally applicable 
waste minimization 
techniques {fig. 1.1 and 
task No.8). 

Relate generally applicable 
waste minimization 
techniques to standardized 
waste generation causes 
{see also step 2). 

iw com . 



Audit tasks 

10.Assess technical 
feasibility 

11. Assess financial 
viability 

12.Evaluate 
environmental 
aspects 

13.Select solutions for 
implementation 

14.Prepare for 
implementation 

15.lmplement waste 
minimization 
solutions 

16.Monitor and 
evaluate results 

17 .Sustain waste 
minimization 
solutions 

18.ldentify and select 
wasteful steps 

Bottlenecks encountered Supervisory tasks 

STEP 4: SELECTING WASTE MINIMIZATION OPPORTUNITIES 

10.Non-availability of 
engineering details to 
elaborate equipment-related 
options. 

11.Tendency to limit analysis 
to short-term, direct gains 
(underestimation of benefits). 

12.None. 

13.Tendency to prioritize 
low-cost options, regardless 
of inferior technical 
or financial 
performance. 

10.Support the technical 
evaluation; identify technical 
know how and suppliers. 

11.Contribute to reasonable 
quantification of less 
obvious financial benefits. 

12.Broadly verify figures. 

13.Check consistency of the 
selection with outcome of 
feasibility studies. 

STEP 5: IMPLEMENTING WASTE MINIMIZATION SOLUTIONS 

14.Most solutions required 
minimal investments 
enabling almost 
immediate implementation. 

15.lnstruction of personnel 
not always seriously 
addressed. 

16.Lack of simple 
performance indicators. 

14.Assist in seeking support 
and funds for 
implementation. 

15.Pinpoint and illustrate the 
need for proper instruction 
of employees. 

16.Suggest appropriate, easy
to-monitor performance 
indicators. 

STEP 6: MAINTAINING WASTE MINIMIZATION 

17.No experience gained 
in the DESIRE project. 

18.No experience gained 
in the DESIRE project. 

17 .Advise on appropriate reward 
or recognition systems. 

18.Assist in selection of audit 
focus for second waste 
minimization audit. 

Suggested improvements 

None. 

Include suggestions for 
performance indicators for 
monitoring waste 
minimization progress. 

Include suggestions for 
simple but effective 
employee reward and 
recognition opportunities. 
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Table 3.2 suggests specific additional guidance that 
could be provided in the DESIRE audit manual in 
order to ease its implementation. These are in 
particular: 

• Checklist to identify obvious lapses in housekeeping, 
process control and maintenance and to generate 
obvious, no- and low-cost solutions to eliminate 
these lapses (step I getting started); 

• More detailed explanation of the logic behind option 
generation: at present the logical link between cause 
evaluation (task No. 7: "Review processes in order 
to identify the waste generation causes") and option 
generation (task No. 8: "Development of waste 
minimization opportunities") is not yet explained. It 
is felt that option generation could benefit from 
explicit attention for this logical link; therefore 
waste generation causes and generally applicable 
waste minimization techniques (see figure 1.1) have 
to be classified in logical groups of problems (waste 
generation causes, for task No. 7) and solutions 
(waste minimization techniques, for task No. 8); 

• Suggestions for performance indicators: this should 
include possible performance indicators along with 
suggested applications (type of options to which 
these might be applied) and monitoring provisions 
(step 5: "Implementing waste minimization 
solutions"); 

• Suggestions for employee reward and/or recognition 
schemes in order to sustain employee involvement for 
the ongoing implementation of waste minimization 
solutions (step 6 "Sustaining waste minimization"). 

3.5 Dissemination experiences 
The waste minimization guidelines and manuals have 
been made in order to foster the dissemination of the 
results and experiences of the DESIRE project, which in 
tum was the fifth aim of the project (see section 1.3). To 
initiate these dissemination activities, a series of three 
sector specific workshops as well as a national seminar 
have been organized. In addition, the present final report 
along with the DESIRE audit manual and associated 
video will help sustain the initial dissemination efforts. 

Sector specific workshops 
The sector specific workshops aimed at participation 
from SSis and had three separate but interrelated 
objectives: 
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To create awareness of the waste mm1m1zation 
concept and its opportunities in the respective sector; 

• To inform about the waste minimization results 
achieved in the demonstration units and the barriers 
encountered while doing so; 

• To present a waste minimization audit methodology 
by which other units might achieve similar results. 

The pulp and paper workshop was held in New Delhi 
on 28 November 1994 and attracted about 30 
participants. The textile dyeing and printing workshop 
was held in Surat on 1 December 1994 and attracted 
about 140 participants. The pesticides formulation 
workshop was held in Ahmedabad on 3 December, 
1994 and attracted about 35 participants. 

The programme for the sector-specific workshops 
consisted of: 

• Opening ceremony (including welcome addresses 
by industrial authorities and DESIRE study team); 

• Presentation of the DESIRE project (by technical 
study team); 

• Presentation of the DESIRE audit methodology with 
applications from the respective industry sector (by 
technical study team); 

• Overview of sectoral results (by technical study 
team); 

• Presentation of company-level results and 
experiences (by representatives of the participating 
companies); 

• Summary of constraints, catalysts and enabling 
measures (by meta review study team); 

• Summary of lessons learned (by international 
expert); 

• Closing session (with participants' feedback). 

The workshops generally served their threefold purpose 
of creating awareness for waste minimization, informing 
about results and presenting the waste minimization 
audit methodology. The presentations of the results by 
the companies were most powerful in convincing other 
units to get started with waste minimization. Throughout 
the workshops, emphasis was given to the practical 



solutions implemented by the companies. This might 
have had the drawback that the participants experienced 
the workshops as an endorsement to implement the same 
solutions instead of as an endorsement to apply the same 
audit methodology to identify solutions tailored to the 
specifications of their own units. 

The sectoral workshops clearly underscored the success 
of the DESIRE project, particularly in the pulp and 
paper industry and, even more so, in the textile dyeing 
and printing industry. In the beginning, only three 
textile dyeing and printing units from Surat could 
participate (Paradise Prints, Garden Express Printing 
and Bhavin Textiles). In the early phases of the project 
implementation, another unit joined (Luthra Dyeing 
and Printing). Upon the finalization of DESIRE, several 
options developed as part of DESIRE (like dye bath 
reuse, print paste collection and reuse, gas-fired 
systems etc.) were already implemented in some 15 to 
25 units in Surat. 

National seminar 
A national seminar was held from on 6 to 7 December 
1994 in New Delhi by the Confederation of Indian 
Industries (CII), in cooperation with the Friedrich Erbert 
Stiftung (FES), UNIDO and the NPC. The two day 
programme was designed in order to: 

• Create mi·areness on the waste mm1m1zation 
opportunities, benefits and constraints among industrial 
and governmental leaders; 

• Contribute to the discussion on, and development of, 
appropriate policies for the dissemination of waste 
minimization among SSis in India. 

Around 80 persons attended the programme. 

The programme consisted of: 

• Welcome session: opening addresses by officials from 
industrial and environmental authorities and 
presentation of sectoral waste minimization awards to 
Paradise Prints (textile dyeing and printing), Super 
Industries (pesticides formulation) and Ashoka Pulp 
and Paper; 

• Introductionary session: presentation of background, 
genesis and activities of the DESIRE project (by NPC 
and UNIDO); 

• Summary session: sectoral overviews of the waste 
minimization achievements in the participating 
companies (by technical team); 

• Company examples: presentations of company level 
results and experiences (by industrial leaders of the 
award winning companies); 

• Evaluation session: presentation of lessons learned 
and barriers encountered in the company level waste 
minimization audits (by meta review study team and 
international expert); 

• Policy session: views on the project achievements 
from MOEF, Central Pollution Control Board and 
CII; 

• International session: presentation of waste 
minimization initiatives in China, the Netherlands, 
Pakistan, and Sri Lanka (by international experts); 

• Valediction: summary of the seminar topics. 

The seminar was effective in achieving the first 
objective. The pros and cons of waste minimization 
were discussed by the participants and the seminar 
attracted a lot of attention in the media (Indian economic 
newspapers etc.). However, it is felt that the seminar 
didn't contribute significantly to the second objective, 
for a number of reasons: 

• Confusion about the waste minimization concept as 
practised in the DESIRE project, because the policy 
sessions slipped into other subsets of environmental 
policies (like waste utilization, unleaded fuel etc.) 
and other target groups (international waste 
management corporations, power plants etc.); 

• Lack of a policy proposal for a waste minimization 
fostering strategy. 

It is felt that a larger step forward could probably have 
been made by presenting a vision of what a waste 
minimization fostering policy should look like (as in 
chapter 5 of this report) and by using the seminar as a 
discussion platform for getting feed back on the 
strategy and obtaining commitment to improving and 
implementing this strategy. 

Recommendation 
Although the DESIRE project has highlighted a number 
of examples of companies that have benefited from the 
application of waste minimization concepts, approaches 
and methods, international experience (from, for 
instance, Austria, Denmark, the Netherlands, the United 
States of America etc.) shows that this will not 
automatically incite other companies to start a waste 
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minimization audit for their own operations. A properly 
planned and designed communication and dissemination 
strategy is needed in order to achieve a maximum 
multiplier effect from the DESIRE project. The 
following general recommendations can be given for the 
development of such a dissemination strategy: 

I. Use example options and indicators to get started 
The practical results achieved in the demonstration 
units clearly illustrate the possible benefits of waste 
minimization. Although the options implemented in 
the demonstration units were the best practical 
solutions to the waste generation problems in these 
demonstration units, these options are normally not 
the best practical solutions for all companies in the 
respective industry sector. Options should therefore be 
presented as examples in order to boost option 
generation by plant representatives in other units in the 
same industry sector. In addition, one might avoid the 
common reaction of other units ("they could do so, but 
I'm already more efficient then they are") by 
developing indicators for the range of savings and 
environmental benefits that can be achieved by waste 
minimization per unit of production. The industry 
specific manuals already contain such indicators. In 
support of the manuals, there could be a need for 
easily accessible, basic information in flyers, for 
instance. 

2. Employ a general audit methodology to identify 
tailor-made solutions 
The general audit methodology (as outlined in the 
DESIRE guidelines and technical manuals) should 
be used as the vehicle for the dissemination of 
results. The company-level achievements in each 
sector might be presented as evidence that the 
systematic implementation of the waste 
minimization audit will bring benefits to each 
company willing to invest some human resources in 
the implementation of the waste minimization audit. 

3. Foster cooperation for environment-driven 
technological development 
It cannot be expected that all waste generation 
causes can be eliminated by existing equipment 
and technology. Therefore, cooperation between 
companies facing the same waste generation 
problems might incite technical institutes as well 
as equipment suppliers to develop appropriate 
technical provisions for waste minimization in the 
respective industry sector. The development of waste 
minimization circles is therefore a promising 
approach. 
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3.6 Concluding remarks 
The DESIRE project proved the need for a waste 
minimization audit procedure tailored to the needs and 
capabilities of small-scale industries. To this end, 
international waste minimization methodologies have 
been merged with the practical experiences of the 
companies participating in the DESIRE project in order 
to arrive at a new audit methodology. This in turn has 
been elaborated into both generic waste minimization 
guidelines, aimed at obtaining interest in, and 
commitment to, waste minimization from industrialists 
and sectoral technical waste minimization manuals 
aimed at assisting technical staff in SSis to identify, 
evaluate and implement waste minimization. The 
practical experiences in the participating companies 
show that this general audit methodology enables 
companies to identify and implement tailor-made waste 
minimization solutions. Whether or not the audit 
methodology will enable SSis to conduct waste 
minimization audits on their own is not yet known. Most 
likely, SSis will still need limited guidance and 
assistance from outside experts, given the lack of project 
organization and management skills. With the help of 
the DESIRE audit methodology, the input of outside 
experts can be limited to a programmatic role, in which 
they supervise the completion of each of the tasks 
specified in the audit methodology, with little need of 
technical expertise. 

Within the DESIRE project, a start has been made with 
the dissemination of waste minimization results and 
experiences. To this end, a national seminar as well as 
three sector-specific workshops have taken place. 
These showed that the presentations of the case-studies 
by the respective industrialists were most powerful in 
convincing outsiders of the opportunities and benefits 
of waste minimization. 

The DESIRE audit methodology can be used as the 
vehicle for the dissemination of waste minimization. 
To this end, a properly planned and designed 
communication and dissemination strategy is needed. 
Chapter 5 (particularly section 5.3) contains more 
detailed thoughts on the further dissemination of the 
waste minimization successes. 



References 
Berke!, R. van ( 1994 ), Comparative Evaluation of 
Cleaner Production Working Methods, in Journal of 
Cleaner Production, volume 2, Number 3-4, pp. 139-
152. 

Berke!, R. van ( 1995), Introduction to Cleaner 
Production Assessments with Applications in the Food 
Processing Industry, in UNEP Industry and 
Environment Review, January-March 1995, pp. 8-15. 

Dieleman, H. et al, (199 I), Choosing for Prevention is 
Winning, Part II A, PREPARE Manual and 
Experiences Document, Ministry of Economic Affairs, 
The Hague, Netherlands. 

Chandak, S.P., Gupta, P.K., Wadhwa, R. and Kumra, S. 
( 1995a), From Waste to Profits: The Guidelines for 
Waste Minimization in Agro-Based Pulp and Paper 
Industry, National Productivity Council, New Delhi, 
India (in press) 

Chandak, S.P., Pervez, J.M., Kalaphippan, F. and 
Gupta, R. (I 995b ), From Waste to Profits: Guidelines 
for Waste Mi11imization in the Pesticide Formulation 
Industry, National Productivity Council, New Delhi, 
India (in press) 

Chandak, S.P. and Kuttiappan, N. (1995c), From Waste 
to Profits: Guideli11es for Waste Minimization in the 
Dyeing a11d Printing Industry, National Productivity 
Council, New Delhi, India (in press) 

Hoo, S. et al (1991 ), Manual for the Preve11tion of 
Waste and Emissions, Part I, PREPARE Manual and 
Experiences Document, Ministry of Economic Affairs, 
The Hague, Netherlands. 

Kuttiappan, N. et al (1995), From Waste to Profits; 
manual for minimising waste i11 small scale textile 
dyeing and printing industry, NPC, Delhi, India (in 
press). 

MOWM (1991 ), Min11esota Guide to Pollution 
Prevention Planning, Minnesota Office of Waste 
Management, Minneapolis, United States of America. 

National Productivity Council (NPC) (1994), From 
Waste to Profits: guidelines for waste minimization, 
NPC, New Delhi, India. 

UNEP/UNIDO ( 1991 ), Audit a11d Reduction Manual 
for Industrial Emissions and Wastes, Technical Report 
Series, No. 7, United Nations Environment 
Programme/United Nations Industrial Development 
Organization, ParisNienna. 

USEPA (1992), Facility Pollution Prevention Guide, 
United States Environmental Protection Agency, 
EPA/600/R-92/088, Washington, United States of 
America. 

Audit methodology Ill 



• From Waste to Profits 



Chapter 4 

environmental Financial and 
dividends in • companies 

4.1 Introduction 
This chapter contains the comparative analysis and 
evaluation of the results -the concrete waste minimization 
measures identified and implemented - that have been 
achieved in the three industrial sectors covered by the 
DESIRE project. The results will be reviewed against the 
hypotheses put forward at the start of the project. These 
were: 

• There are many opportunities for waste 
mm1m1zation in SSis. These can be detected by 
making an integral analysis of the company, 
including - but not limited to - its production 
processes, input materials, waste streams and 
emissions. 

• Many of these waste minimization opportunities can 
be implemented by SSis within the short term 
(within 1 to 3 years). 

Waste minimization goes beyond technical 
modifications; it can also be achieved by improvement 
of operating practices, changes of input materials and 
recycling practices. 

• The implementation of waste mm1m1zation will 
benefit the company; these benefits will include 
monetary savings as well as less tangible benefits 
such as improvement of working conditions, 
improvement of product quality and improvement of 
the local environment around the facility. 

These hypotheses will be dealt with in this chapter. To 
this end all waste minimization measures identified in 
the participating companies are categorized, with 
regard to: 

1. Waste m11um1zation technique: following the 
subdivision discussed in section 1.2 (good 
housekeeping, input material change, better process 
control, equipment modification, technology change, 
on-site reuse, useful by-product and product 
modification); 

2. Implementation status: a division is made between 
measures implemented in the course of the DESIRE 
project ('implemented'), measures being under 
implementation at the end of the project ('started'), 
measures planned for implementation ('planned') 
and measures proven technically or financially
unfeasible ('rejected'); 

3. Investment: measures are classified according to the 
required investment level, being low (less than Rs. 
30,000 ($1,000)),medium (Rs. 30,000 - Rs. 90,000 
($1,000 - $3,000)) or high (more than Rs. 90,000 
(more than $3,000 )); 

4. Financial feasibility: to this end the measures are 
classified according to the pay back period, being 
either low (less than 1 year), medium (between 1 and 
3 years) or high (over 3 years); 

5. Environmental impact: the options have been 
classified with regard to the nature of the 
environmental impact, being minimization of air 
emissions, minimization of waste water discharges 
or reduction of solid waste, as well as with regard to 
the quantity of waste reduction, being either low. 
medium or high. The categorization of the size of 
the environmental improvement is explained in table 
4.1. Actual measurements could be made of 
reductions in solid waste generation and waste water 
discharges; these environmental impact categories 
are therefore given in weight. For air emissions, 
reductions had to be estimated and calculated; 
therefore the environmental impact categories are 
given as a percentage. 

The results will be evaluated on a sectoral basis, starting 
with the agro-residue-based pulp and paper industry 
(section 4.2), pesticides formulation industry (section 
4.3) and textile dyeing and printing industry (section 
4.4 ). For each industrial sector a short description of 
typical waste minimization approaches in the sector, a 
summary of the company-level achievements for each 
participating company and a summary of the sector
level achievement will be given. The chapter concludes 
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Table 4.1: Classification scheme for environmental impact of waste minimization measures 

Type of environmental improvement 

AIR POLLUTION: 
Reduction in suspended particulate matter (SPM) 

WATER POLLUTION: 
Reduction in kg/day of: 
• Chemical oxygen demand (COD) 
• Total solids (TS) 

SOLID WASTE: 
Reduction in kg/day qf: 
• Non toxic waste 

• Toxic waste 

with a general evaluation, consisting of the lessons 
learned regarding the features of the waste minimization 
potential in SSis. 

4.2 Pulp and paper industry 
The production of paper based on agro-residues such 
as rice straw, wheat straw, bagasse and sarkanda causes 
severe pollution to the environment. Most visible are 
the waste water discharges containing 'black liquor' 
(concentrated liquor removed from the pulp after 
digestion containing remnants of pulping chemicals 
dissolved (hemi)-cellulose, lignin, dust and silica) and 
fibre loss. In addition. the industry is highly energy and 
water intensive. Air emissions include dust from raw 
material preparation and stack emissions from the 
boiler house. 

Pulp and paper manufacturing consists of the following 
process areas: 

• Raw material preparation: cutting and cleaning of 
the raw materials (agro-residues, rags and waste 
paper) in order to remove impurities (non-fibre 
components, sand and dust) and to improve the 
pulping characteristics of the raw material; 

• Pulp-making section: production (cooking and 
digestion of raw materials), washing and bleaching 
of the pulp in order to produce a clean pulp; 

• Stock preparation section: preparing the pulp for 
feeding to the paper machine, by means of refining, 
cleaning and dewatering of the pulp, mixing 
different pulp qualities and adding additives; 

• Paper-making section: production of the paper from 

• From Waste to Profits 

Category 
low medium high 

< 10 Ofo 10 - 20 Ofo > 20 Ofo 

< 100 100 - 300 > 300 
< 120 120 - 350 > 350 

< 100 > 100 > 1000 
0 0 >0 

the pulp on the paper machine, including drying of 
the paper and cutting of the paper; 

• Utilities: boiler house, power generation and waste 
water treatment. 

Waste minimization can be applied to each of these 
process areas, as illustrated in table 4.2. 

The following industries were selected for 
participation in the DESIRE project; 

1. Mis. Ashoka Pulp & Paper, Delhi; 
2. Mis. Bindlas Duplex Pvt. Ltd., Muzzaffarnagar, 

·u.P.; 
3. Mis. Raval Paper Mills, Raibareilly, U.P.; 
4. M/s. Sangal Papers, Mawana, U.P.; 
5. Mis. Three Star Paper Mills, Dadri, U.P. 

M/s. Sangal Papers did not participate in the project 
despite initial confirmation because the management 
did not remain committed and had other priorities. The 
unit was, therefore left out. M./s. Three Star Paper 
Mills, though initially agreed, changed their mind as 
they wanted to switch over from waste paper based to 
bagasse based paper making, and the required plant 
modification kept them out of the project for almost 8 
months. Subsequently, they were attracted again, 
mainly because of the visible successes in other units; 
Three Star Paper Mills therefore became a late 
participant. The key findings at each of the 
participating units are summarized in annexes I to IV 
to this report. 

The company level summaries contained in annexes I 
to IV show that the DESIRE project has been 



Table 4.2: Illustrative waste minimization measures for agro-residue-based pulp and paper 
production (Chandak et al, 1995a) 

Waste minimization technique 

1. Good housekeeping 

2. Input material change 

3. Better process control 

4. Equipment modification 

5. Technology change 

6. Useful by-products 

7. On-site recycling 

B. Product reformulation 

Illustrative examples with associated benefits 

• Closing water taps not in use in order to conserve water. 
• Proper inspection and maintenance of steam pipes, traps and valves in order to minimize 

steam losses and conserve energy. 

• Dedusting of raw agro-residue to reduce effluent load generation (6-8 O/o TS reduction 
and 5 - 10 % COD reduction) and steam and chemical consumption by 7 - 10 O/o, to 
increase pulping capacity and to improve pulp quality. The investment of about Rs. 
400,000 for a 40 TPD plant is paid back in less then one year. 

• Optimization of cooking process (steam pressures, time and chemical dosing), in order to 
improve pulp yield and pulp quality. Pay back of the investment of Rs. 100,000 -
150,000 is difficult to quantify in advance. 

• Fibre recovery from centri-cleaners by fibres savers with high pressure pumps reduces TS 
and COD load by 2 %. The investment of Rs. 20,000 - 30,000 generates annual 
savings in the range of Rs. 200,000 - 400,000. 

• Better insulation of digestor with appropriate insulating materials leads to reduced 
cooking steam requirement.The investment of Rs. 100,000 - 150,000 is paid back 
in less then one year. 

• Use of twin wire belt press for pulp dewatering enables a 60 - 70 O/o effluent volume 
reduction in pulp washing and recycling of thick black liquor for making use of residual 
cooking chemicals. The investment of Rs. 1,000,000 - 1,500,000 has an anticipated 
payback within two years. 

• Double felting in paper machine eliminates kerosene oil for avoiding press picking and 
allows for an increase of the machine speed. The investment of Rs. 350,000 - 400,000 
is paid back in less than one year. 

• The use of screening rejects for unbleached paper making reduces solid waste while 
simultaneously saving on cooking chemicals. Without any investment, Rs. 100,000 -
200,000 can be gained. 

• Couch Decker filtrate can be recycled in paper washing, thus reducing total solids and 
COD load by 2-2.5 O/o. The investment of Rs. 50,000 -100,000 is paid pack in less 
than one year. 

• Installation of broke pulper for reduction in chemical costs for re-pulping broke paper 
and recovering fillers and other chemicals. Investment of Rs. 500,000 -1,000,000 
might be paid pack in two to four years. 

• Switch from bleached to unbleached paper production. 

extremely effective in achieving both environmental 
improvement and financial benefits for the 
participating agro-residue-based pulp and paper mills. 
Significant differences are apparent when the 
achievements per unit are compared. The total number 
of options ranges from 31 to 65 per mill, between 32 
and 48 per cent of these options has been implemented 
within the course of the DESIRE project. The share of 
low cost options (requiring less than $1,000 
investment) is significant: between 30 and 58 per cent 
of all options for each company. In order to visualize 
the differences between the participating mills, table 
4.3 has been compiled. 

In the four mills, a total of 197 waste minimization 
options has been identified and evaluated. The nature 
and complexity of the options ranges from 
comparatively simple improvements of housekeeping 
practices and repair of leaks to relatively radical 
technology changes (like two-stage vacuum washer. 
high velocity hoods etc.). Figure 4.1 reveals some of 
these differences, since it contains the subdivision of 
all options according to the waste minimization 
technique employed. Four waste minimization 
techniques have about an equal share in the total 
number of options, respectively technology changes 
(21 per cent), better process control (20 per cent), good 
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Table 4.3: Summary of sectorial results in agro-residue-based pulp and paper industry 

Company 
No. of options Implementation 

status 

1. Ashoka 50 
Pulp & Paper 

2. Bindlas 51 
Duplex 

3. Raval 65 
Paper Mills 

4. Three Star 
Paper Mills 

SECTORAL 
SUMMARY 

31 

197 
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• implemented 
started 
planned 
rejected 

Option evaluation 
Payback 

priod 
Environmental 

impact 

Total impact 
Financial Environment 

--- - ~ ~ --- ------·------------------~~-~-----~--

• low 
: medium 

high 

• low 
: medium 

high 

Investments: 30% COD 
$95,000 reduction 
Savings: 
$160,000/yr. 
Payback: 
< 7 months 
Savings of 
$47,000 in 
treatment cost 

Investment: 28% COD 
$104,000 reduction 
Savings: 
$330,000/yr. 
Payback: 
< 4 months 
Savings of 
$43,000 in 
treatment cost 

Investment: 340/o COD 
$150,000 reduction 
Savings: 
$182,000/yr. 
Payback: 
< 10 months 
Savings of 
$55,000 in 
treatment cost 

Agro-residue 
based pulp 
production 
not yet 
stabilised 

I=$ 347,000 
s = $672,000 
P = 6 months 

Agro-residuje 
based pulp 
production 
not yet 
stabilised 

Estimated total 
reduction per 
ton of paper 
production at 
four mills: 
320/o effluent 
volume 
310/o COD load 
40% TS load 



housekeeping (20 per cent) and on-site recycling ( 17 
per cent). 

These waste minimization options apply to different 
parts of the pulp and paper mills. Figure 4.2 shows the 
division of the options over the most important 
sections in the pulp and paper mills. Most options 
apply to pulp making (33 per cent) and paper making 
(32 per cent). The remaining options address 
environmental concerns arising from raw material 
preparation, stock preparation and utilities. 

The waste minimization efforts in the agro-based pulp 

and paper sector concentrated on water-related 
environmental concerns; 78 per cent of the options 
aimed at minimization of the waste water discharges 
(see figure 4.3). Most of these options have related 
environmental benefits, such as better raw material. 
chemicals, water and energy utilization. The second 
largest share belongs to the options aiming at 
minimization of air pollution ( 19 per cent); generally 
speaking these reductions of air emissions are achieved 
through minimization of the steam requirements 
throughout the mill, via for instance insulation, 
improved equipment design and lay out and better 
operating practices. 

Figure 4.1: Division of the waste minimization options according to waste minimization 
technique (paper industry: 197 options) 

3 O/o 1 O/o 

[j] good housekeeping 

input material change hetter 

9 O/o • process control e4uipment 

9 modification 

D technology change on-site 

Ill on-site recycling 

D useful by-producb product 

• refonnulation 

9 O/o 

Figure 4.2: Section-wise division of waste minimization options 
(paper industry: 197 options) 

9 O/o 

100/o 

33 O/o 

• raw material preparation 

pulp making section 

• stock preparation section 

9 paper making section 

D utilities 
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The implementation status of all options is finally 
depicted in figure 4.4. A significant share of the options 
( 42 per cent) could be implemented within the I 5-
month time-frame of the DESIRE project. In addition, a 
start has been made with the implementation of another 
19 per cent of the options. A comparatively small share 
of the options (11 per cent), was proved to be feasible, 
but implementation was not yet started for various 
reasons (like non-availability of capital, the need to plan 
for plant shut down in order to implement the option 
etc.). Finally. for the remaining 28 per cent of the 
options. either more detailed technical and financial 
viability study needs to be carried out or the 
management has yet to take them up and include in the 
implementation programme. It can thus be concluded 

that most options were very practical; as many as 72 per 
cent of all options identified proved to be feasible upon 
detailed evaluation. 

The overall financial impact could not be evaluated 
properly at one of the mills, due to change from waste 
paper based to agro-residue-based paper production (at 
Three Star Paper Mill). The other three mills invested 
$349,000 in the first batch of 72 feasible waste 
minimization options. These options generate net 
annual savings worth $672,000. An additional financial 
benefit of$ 145,000 is caused by the reduction of the 
effluent treatment costs. This in tum means that, even 
without savings on end-of-pipe treatment costs. the 
investments generated by the DESIRE project in the 

Figure 4.3: Division of waste minimization options according to environmental impact 
(paper industry: 19 7 options) 

3 O/o 

78 O/o 

• air pollution 

water pollution 

• solid waste 

Figure 4.4. Implementation status of the waste minimization options 
(paper industry: 197 options) 

• implemented 

started 

• planned 

~ rejected 

19 O/o 
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agro-residue-based pulp and paper industry had an 
overall pay backtime of six months. 

4.3 Pesticides formulation industry 
Pesticides formulation converts highly concentrated 
pesticide active ingredients into convenient-to-use 
products at application concentrations packaged for the 
end user. The processes used to formulate pesticides 
are basically blending operations where the active 
ingredients are mixed with inert materials (fillers 
(pulverized soapstone, clay), solvents etc.). Generally, 
chemical reactions do not occur in pesticides 
formulation, as opposed to the chemical complexity of 
the production of the active pesticides. 

The manufacturing process thus primarily consists of 
batch type mixing in solid-solid, solid-liquid and liquid
liquid phases. Therefore, there are no process waste 
streams. Waste arises principally from spillage, fugitive 
emissions and equipment cleaning between the 
formulation of different types of products in the same 
equipment. Waste generation ratios are therefore 
normally small compared to the overall material flows in 
the facility, which leaves little space for cost-recovering 
waste minimization options. However. given the high 
toxicity of the waste materials - espec1Jlly those waste 
materials possibly contaminated with active pesticides -
efforts to minimize waste generation do have a 
significant positive environmental impact, both within 
the factory (working conditions) and outside the factory 
(especially in the immediate vicinity of the plants). 

Four types of products are at present made in large 
volumes by small-scale pesticide formulators: 

• Granule based formulations: 10 per cent phorate 
granules is by far the single largest granule based 
formulation. Phorate is sprayed on clay granules. 
The granules are then coated with a solvent based 
coating before being weighed and packed. 

• Dust formulations: products include BHC (5-50 per 
cent). fenvalerate (0.4 per cent), malathion (5 per 
cent), methyl parathion (2 per cent), quinalphos (1.5 
per cent) and thiram (75 per cent) and are typically 
applied as dusting powders by the farmers. The 
main raw materials are soap-stone or china clay 
(filler), respective liquid or solid active pesticide and 
adjuvants. After crushing and pulverising, the active 
pesticide is sprayed on (in case of liquid technical) 
or mixed with (in case of solid technical) the 
pulverized filler. 

• Wettable powder formulations: products include 
BHC (50 per cent), butachlor (5 per cent), 
carbendazim (50 per cent) and isoproturon (50 per 
cent), and are typically dispersed in water before 
being applied by the farmer. Raw materials as well 
as process steps are essentially the same as in the 
production of dusts. 

• Liquid formulations (emulsion concentrates): 
products include butachlor (50 per cent), cypermethrin 
( 10-25 per cent), chlorpyrophos (20 per cent), DDVP 
(76 per cent), dimethoate (30 per cent), dichlorophos 
(70 per cent), endosulfan (35 per cent), fenvalerate (20 
per cent), Iindane, methyl parathion (50 per cent), 
monocrotophos (36 per cent) and quinalphos (25 per 
cent). The products have to be diluted by the farmer 
before being sprayed on the crops. The raw materials 
for the formulation of liquids are active pesticide 
(liquid or solid), solvents and adjuvants. The process 
consists of mixing and dispersing active pesticide and 
adjuvants in solvents. Before being filled, the product 
is normally filtered. 

Waste minimization can be applied to each of these types 
of formulation plants. For each waste minimization 
technique (as distinguished in table 1.1) some illustrative 
examples arc given for the pesticides formulation 
industry (see table 4.4 ). Some of these are normally easy 
to implement (like good housekeeping and better process 
control), while implementation of others might go 
beyond the capabilities of a single small-scale pesticide 
formulator (like changes to new types of formulations 
and new types of active pesticides). 

The following industries were selected for 
participation in the DESIRE project: 

1. M/s. Baroda Minerals & Grinding Industries Ltd. 
Ahmedabad; 

2. Mis. Indichem, Ahmedabad; 
3. Mis. Northern Minerals Ltd. Gurgaon; 
4. Mis. Super Industries, Ahmedabad; 
5. Vimal Pesticides Ltd., Ahmedabad. 

Mis. Indichem had severe financial problems and, 
therefore, did not join the project initially. However, 
after seeing the success of the other units, the unit 
started taking initiative towards the end of the project. 
Although some assistance was provided to this 
company, it has been kept out of the sectoral summary. 
The most important findings for each of the companies 
are given in annexes V to VIII. 
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Table 4.4: Illustrative waste minimization measures for pesticides formulation 
(Chandak et al, 1995b) 

Waste minimization technique 

1. Good housekeeping 

2. Input material change 

3. Better process control 

4. Equipment modification 

5. Technology change 

6. Useful by-products 

7. On-site recycling 

8. Product reformulation 

Illustrative examples with associated benefits 

• Use of industrial vacuum cleaner instead of manually sweeping the floor results in recovery 
of spilled soapstone, granules etc., significant reduction of fugitive emissions and 
improvement of the working environment. 

• Use of high quality raw materials (such as granules with sufficient absorption capacity, pure 
grade solvents, etc.). 

• Substitution of toxic adjuvants by less toxic adjuvants (for instance dispersing agents, 
solvents). 

• Quality check on all incoming materials (and their packages). 
• Proper implementation of procedures for loading and unloading of blenders and other 

equipment. 

• Installation of rotary air lock valve to cut-off pressurized air entering dust blenders, to avoid 
excessive fugitive dust emissions during blending. 

• Introduction of manual trolleys for weighing and charging soapstone powder to blenders. 

• Installation of fluid coupling assembly to avoid unloading of (dust) blender after power 
failure; avoids waste generation and workers' exposure and might increase productivity by 
about 10 010. 

• Installation of automatic volumetric filling and packing machine for small volume packages 
reduces workers' exposure to toxic fumes, reduces excess filling and increases production 
rate. 

• Off-site reuse of technical packages (drums) by supplier of active pesticides. 

• Rinsing technical packages with a suitable solvent; rinse solvent might be stored and reused 
as part of the recipe in the next batch of the same product. 

• Introduction of new types of formulations which minimize users' exposure and ecological 
risks during application (like dispersion concentrates (water based), water dispersible 
granules and controlled release applications). 

• Introduction of formulations based on less toxic and more specific active ingredients (like 
growth inhibitors etc.). 

The summaries of the company-level final results 
illustrate that the DESIRE project has enabled each 
participating pesticide formulating industry to implement 
several waste minimization options. In the four plants, a 
total of 224 waste minimization options has been 
identified and evaluated. Of these 133 should be 
considered as feasible and could be implemented or are 
in the process of (planning for) implementation, while 
the remaining 91 have been rejected by the companies. 
The implementation of the feasible options requires only 
small investments (97 per cent of the options required 
less than S 1.000 investment) and results in significant, 
but difficult to quantify. reductions of fugitive emissions 
of dust and toxic materials. The analysis of the 
achievements per unit shows remarkable differences. The 
total number of options ranges for instance from 47 to 64 
per unit. between 25 and 39 per cent of these options 

have been implemented within the course of the DESIRE 
project. In order to visualize the differences between the 
participating industries, table 4.5 has been compiled. 

As had been expected in the pesticides formulation sector, 
most of the feasible waste minimization options fell under 
the categories of good housekeeping (38 per cent), on-site 
recycling (30 per cent) and equipment modification (20 
per cent) as illustrated in Figure 4.5. These are 
comparatively simple improvements which the 
industries are apparently able to implement with limited 
outside technical assistance. More radical environmental 
improvements, like product reformulations and 
technology changes, seem to go beyond the capabilities of 
small-scale pesticides formulating industries, given their 
absence among the feasible options identified in the 
pesticides sector study of the DESIRE project. 
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Table 4.5: Summary of sectoral results in pesticides formulation industry 

Company 

1. Baroda 
Minerals & 
Grinding 
Industries 

2. Northern 
Minerals 

3. Super 
Industries 

4. Vimal 
Pesticides 

SECTORAL 

SUMMARY 

No. of options Implementation 
status 

47 

57 

56 

64 

224 

• implemented 
started 

planned 

rejected 

(*)covers only the options considered 'feasible' 

Option Evaluation 
Payback 
period* 

•unquantifiable 

low 
medium 

high 

Environmental 
impact" 

• low 
: m~dium 

high 

Total Impact 
Financial Environment 

Investments: 
$700 
Savings: 
$1,500/yr. 
Payback: 
< 6 months 

Investment: 
$4,150 
Savings: 
$2,650/yr. 
Payback: 
< 19 months 

Investment: 
$13,350 
Savings: 
$8,350/yr. 
Payback: 
< 20 months 

Investment: 
$5,350 
Savings: 
$8,350 
Payback: 
< 8 months 

Investment: 
$ 23,550 
Savings: 
$20,850 
Payback: 
< 14 months 

Not 
quantifiable 

Not 
quantifiable 

Not 
quantifiable 

Not 
quantifiable 

Not 
quantifiable 
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These waste minimization options apply to different 
parts of the participating pesticides formulating 
companies. Figure 4.6 shows the division of the 
feasible options among the most important types of 
formulations in the pesticides formulation industry. 
Apparently more feasible options could be found for 
the formula ti on of granules and dust than for the 
formulation of liquids. It is felt. however, that these 
differences are not significant, especially taking the 
following into account: 

• The number of production lines per type of 
formulation varied significantly: this sector study 

included in total 3 production lines for granules, 8 
production lines for liquids and 6 production lines 
for dust/wettable powder; 

• The size and complexity of these production lines 
varied significantly; the variety of batch size for the 
liquid plants ranged for instance from 1,000 to 5,000 
litres; 

• The capacity utilization per production line varied 
significantly; some production lines operated 24 
hours per day throughout the entire season, while 
other production lines only operated in periods of 

Figure 4.5: Division of the waste minimization options according to 
waste minimization technique(pesticides industry: 133 feasible options) 

6 O/o 0 O/o 

200/o 

• good housekeeping 

D input material change 

• better process control 

~ c4uipmcnt modifi<:ation 

D technology change 

Ill on-site recycling 

D useful by-products 

D product refomrnlatinn 

Figure 4.6: Section-wise division of waste minimization options 
(pesticides industry: 133 feasible options) 

390/o 
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Figure 4.7: Division of waste minimization options according to environmental impact 
(pesticides industry: 133 feasible options) 
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490/o 

high market demand for specific products. 

Figure 4.6 however underscores the point that for each 
type of pesticides formulation plant, viable waste 
minimization options can be identified and 
implemented. 

In the pesticides formulation sector, it was difficult to 
assess the media wise pollution load reduction. Thus a 
qualitative assessment of the overall pollution load 
reduction was made. Figure 4.7 shows the results. 
Since the quantum of pollutant discharge is small, most 
of the feasible waste minimization options have either 

49 O/o 
• low pollution load reduction 

medium pollution load reduction 

• high pollution load reduction 

low, or at best medium, impact on pollution load 
reduction. 

Even in low amounts, pesticides can have a significant 
effect on health and safety. Consequently. even small 
improvements in shop floor environment or containment 
of pollutants could have a salutary impact on reduction 
of safety and health hazards. A detailed hazard analysis 
was beyond the scope and capability of the technical 
study team, and thus only qualitative estimates were 
made. These are shown in figure 4.8. About 45 per cent 
of the feasible waste minimization options were 
identified as having a high impact on reduction of health 

Figure 4.8: Division of waste minimization options according to perceived impact on 
reduction of safety and/or health hazard 

450/o 

(pesticides industry: 133 feasible options) 

• low impact 

medium impact 

• high impact 
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Figure 4.9: Implementation status of the waste minimization options 
(pesticides industry: total 224 options) 

21 O/o 

or safety hazards, which underscores the beneficial 
impact of the implementation of waste minimization in 
the pesticides formulation sector. 

The implementation status of all options in the pesticides 
formulation industry is finally depicted in figure 4.9 . A 
significant share of the options ( 33 per cent) could be 
implemented within the 15 month time-frame of the 
DESIRE project. In addition, a start has been made with 
the implementation of another 6 per cent of the options. 
A rather big share of the options (21 per cent) has proved 
to be feasible, but implementation has not yet started due 
to various reasons (like non-availability of capital, the 
need to plan for plant shut down in order to implement 
the option etc.). Finally, 40 per cent of the options have 
been rejected; in most cases the perceived cost reduction 
potential of these options was too small to attract the 
interest of the entrepreneur. However, in some cases, 
alternatives to options falling in this category could be 
developed which were less technically sound but had 
acceptable payback times. This was for instance the case 
with the suggestion to install a gear box on the dust 
blenders. which was too expensive, but could be replaced 
by a fluid coupling assembly, which proved to be able to 
solve the same waste generation cause. From figure 4.9, 
we conclude that the DESIRE project generally led to 
practical options because as many as 60 per cent of all 
options identified proved to be feasible upon detailed 
evaluation. 

The overall financial impact of the DESIRE project 
in the pesticides formulation industry was positive. 
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The four participating pesticides formulation units 
invested $23,550 in the first batch of 73 feasible waste 
minimization options. These options generate net annual 
savings worth $20,850. This in tum means that the 
investments generated by the DESIRE project in the 
pesticides formulation industry had an overall pay back 
time of less than 14 months. 

It should however be kept in mind that waste 
minimization in the pesticides formulation industry has 
broader consequence than just converting waste into 
profits. Most of the chemicals used are toxic and, in this 
particular case, the pesticides formulating industry 
covered in India formulate highly toxic and highly 
persistent pesticides. Therefore waste minimization and 
substitution of chemicals has a very high beneficial 
effect on human health as well as the environment. 

4.4 Textile dyeing and printing 
industry 

Textile dyeing and printing is historically known 
as causing severe pollution to the environment. Although 
coloured waste water discharges from dyeing and printing 
operations are the most visible evidence of the 
environmental burden caused by this industry sector, 
several other environmental concerns play a role in textile 
dyeing and printing, such as use of toxic substances, high 
water- and energy-intensity of the production and air 
emissions of volatile organic compounds (VOCs). 
Textile dyeing and printing consists of the following 
process areas: 



• Preparation section: washing (scouring) and 
bleaching the fabric in order to prepare it for dyeing 
and printing; 

Utilities: boiler house (steam generation, thermic 
fluid system), water softening plant, waste water 
treatment facility and power generation facilities. 

• Dyeing section: dyeing of the fabric followed by 
fixation, removing unfixed dyes and finishing the 
fabric (washing, drying, heat setting, softening etc.). 
The dyeing section includes the preparation of the 
recipes and dyes for the dyeing processes; 

The sequence of processes as well as the selection of 
chemicals, auxiliaries, dyestuffs and equipment 
depends heavily on the type of fabric (polyester, 
cotton, viscose etc.), the quality of the incoming goods 
(level of contamination of the grey fabric by dirt, 
coning oils, marking tints etc.) and the required 
product specifications (for the finished cloth). Waste 
minimization principles are applicable to all operations 
in textile dying and printing. Table 4.6 contains some 
illustrative examples of waste minimization practices 
for the textile dyeing and printing industry. 

• Printing section: printing the fabric followed by fixation, 
removing unfixed dyestuffs and finishing the fabric 
(washing, drying, heat setting, softening etc.). The 
printing section includes the preparation of the print 
paste and handling and washing of the printing screens; 

Table 4.6: Illustrative waste minimization measures for textile dyeing 
and printing industry (Kuttiappan, 1995) 

Waste minimization technique 

1. Good housekeeping 

2. Input material change 

3. Better process control 

4. Equipment modification 

5. Technology change 

6. Useful by-products 

7. On-site recycling 

8. Product reformulation 

Illustrative examples with associated benefits 

• Closing water taps not in use in order to conserve water. 
• Proper mounting of printing screens and use of cellotape to avoid printing besides the 

fabric:. 
• Proper inspection and maintenance of steam pipes, traps and valves in order to 

minimize steam losses and conserve energy. 

• Use of alternative, less polluting auxiliary chemicals, like formic acid instead of acetic 
acid, diosyn detergent instead of hydrosulphite etc .. 

• Optimization of dyeing processes (steam pressures, time, chemical dosing and cycle 
times), in order to achieve the highest possible dye bath exhaustion. 

• Better insulation of steam and condensate lines, equipment, traps and tanks in order to 
reduce steam requirements. 

• Installation of automatic valve for switching off blanket wash water during non 
operation hours of the printing machine. 

• Use of low liquor jet dyeing equipment instead of high liquor dyeing equipment to 
conserve water, energy and auxiliary chemicals. 

• Installation of direct gas fired dryers and stenters (instead of indirect heating with 
thermic fluid) to conserve energy. 

• Apart from reuse of chemical containers, packaging materials and application of off 
specification fabric in for instance furniture industry, there seems to be little scope for 
waste minimization through application of useful by-products. 

• Installation of doctor blade on printing machine in order to collect print paste from 
printing belt for reuse. 

• Installation of an overhead storage tank to store the dye bath upon completion of the 
dyeing cycle and to reuse the dye bath for the next batch of fabric. 

• Design changes in the application of dyes and prints in order to enable the use of less 
polluting auxiliaries (like metal free dyes), to eliminate need for comparatively
polluting processes (like discharge printing) and to eliminate comparatively-polluting 
dye-chemistries (like sulphur dyes). ' 
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The following industries were selected for 
participation in the DESIRE project: 

l. M/s. Ashoka Fashions, Ahmedabad; 
2. M/s. Bhavin Textiles, Surat; 
3. M/s. Garden Speciality Prints, Surat; 
4. M/s. Mahendra Suitings, Ahmedabad; 
5. M/s. Paradise Prints. Surat; 

Midway through the project, the management at Ashoka 
Fashion changed hands and the entire management as 
well as the waste minimization team were changed. The 
new management completely disowned the waste 
minimization programme and refused to participate in 
the DESIRE project any further. This unit therefore had 
to be left out. The findings at the remaining four units 
are summarized in annexes IX to XII. 

The summaries of the mill-level final results illustrate 
the effectiveness of the DESIRE project in achieving 
both environmental improvement and financial 
benefits in the participating textile dyeing and printing 
mills. Significant differences are apparent when the 
achievements per unit are compared. The total number 
of options ranges from 22 to 38 per mill; between 29 
and 64 per cent of these options have been 
implemented within the course of the DESIRE project. 
The share of the low cost options (requiring less than 
S 1,000 investment) is remarkably high: between 56 
and 66 per cent of all options for each company. In 
order to visualize the differences between the 
participating mills. table 4.7 has been compiled. 

In the four mills, a total of 119 waste minimization 
options have been identified and evaluated. The nature 
and complexity of the options range from comparatively 
simple improvements of housekeeping practices and 
repair of leaks to relatively radical technology changes 
(like gas fired stenters etc.). Figure 4.10 reveals some of 
these differences. since it contains the subdivision of all 
options according to the waste minimization technique 
employed. Two waste minimization techniques account 
for half of the waste minimization options; these are: on
site recycling (26 per cent) and better process control (24 
per cent). Two other waste minimization options account 
for another third of the options, respectively good 
housekeeping ( 17 per cent) and input material change 
( 16 per cent). Three other waste minimization techniques 
have a limited share of the options (respectively 
equipment modification (7 per cent), technology change 
(8 per cent) and product reformulation (2 per cent)). The 
last waste minimization technique (viz. creation of a 
useful by-product) could not be transferred into practical 
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waste minimization solutions in the textile dyeing and 
printing industry. 

These waste minimization options apply to different 
parts of the textile dyeing and printing mills. Figure 
4.11 shows the division of the options over the most 
important sections in the textile mills. Most options 
apply to the dyeing section ( 43 per cent) and the 
printing section (70 per cent). The remaining options 
address environmental concerns arising from the 
preparation section and utilities. 

The waste minimization efforts in the textile dyeing 
and printing sector concentrated on water-related 
environmental concerns; 81 per cent of the options aimed 
at minimization of the waste water discharges (see figure 
4.12). Most of these options have related environmental 
benefits, such as better raw material, chemicals, water 
and energy utilization. The second largest share belongs 
to the options aiming at minimization of air pollution ( 19 
per cent); generally speaking these reductions of air 
emissions are achieved through minimization of the 
steam requirements throughout the mill, via for instance 
insulation, improved equipment design and Jay out and 
better operating practices. 

The implementation status of all options is finally 
depicted in figure 4.13. A significant share of the options 
(43 per cent) could be implemented within the 15-month 
time-frame of the DESIRE project. In addition, a start 
has been made with the implementation of another 30 per 
cent of the options. A comparatively small share of the 
options (14 per cent), has proved to be feasible, but 
implementation has not yet started due to various reasons 
(like non-availability of capital, need to plan for plant 
shut down in order to implement the option etc.). Finally, 
only 13 per cent of the options have been rejected owing 
to the limited technical or financial feasibility of the 
options. It can thus be concluded that most options were 
very practical; as many as 87 per cent of all options 
identified proved to be feasible upon detailed evaluation. 

The four participating industries from the textile dyeing 
and printing industry invested $50,650 for the 
implementation of the first batch of 51 feasible waste 
minimization options. The total annual savings of these 
options are expected to amount to $244,500. The 
average payback of the waste minimization investments 
in the textile dyeing and printing sector was therefore 
within 3 months. The environmental benefits have not 
been assessed at the company level. Option level 
environmental impact assessments, however, indicate: 



Table 4. 7: Summary of sectorial results in textile dyeing a printing industry 

Company 

No. of optionslmplementation Pay back 
status 

1. Bhavin 
Textiles 

2. Mahendra 
Suitings 

3. Garden 
Speciality 
Prints 

4. Paradise 
Prints 

SECTORAL 
SUMMARY 

27 

22 

38 

32 

119 

• implemented 

started 

planned 

rejected 

Option evaluation 

Environmental 
period* 

• low 
: medium 

high 

Financial 
impact* 

• low 
: medium 

high 

Total impact 

Environment 

Investments: 
$4,650 
Savings: 
$48,400 
Payback: 
< 2 months 

Investment: 
$3,700 
Savings: 
$30,800 
Payback: 
< 2 months 

Investment: 
$14,500 
Savings: 
$110,000 
Pay Back: 
< 2 months 

Investment: 
$27,800 
Savings: 
$55,300 
Payback: 
< 6 months 

Investment: 
$ 50,650 
Savings: 
$244,500 
Payback 
< 3 months 

1,000 kg/mo. 
COD reduction 
2,000 kg/mo. 
print paste 
reduction 

1,000 kg/mo. 
COD reduction 
10010 print 
paste 
reduction 
220 cm3/day 
water use 
reduction 

750 kg/mo. 
COD reduction 
2,500 kg/ mo. 
print paste 
reduction 

6,300 kg/mo. 
COD reduction 
2,600 kg/mo. 
print paste 
reduction 
1,700 cm 3 /day 
water use 
reduction 

9,050 kg/mo. 
COD reduction 
more than 
7, 100 kg/mo. 
print paste 
reduction 
1,920 cm3 f day 
water use 
reduction 

Financial and environmental dividends in companies • 



Figure 4.10: Division of the waste minimization options according to 
waste minimization technique (textile industry: 119 options) 

O D/o 2 O/o 
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0 technology change 
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0 useful by-products 

• product rcfonnulation 

Figure 4.11: Section-wise division of waste minimization options 
(textile industry: 119 options) 

2 % 
18 O/o 

Significant reductions m the use of chemicals, 
energy and water: 

• Remarkable reductions of the discharge of print 
paste remnants with waste water; 

• Example substitutions of auxiliary chemicals by less 
polluting auxiliary chemicals. 

Within the DESIRE project the textile dyeing and 
printing sector is characterized by the most active 
participation by the industry. In fact, at the start of the 
DESIRE project. the textile industry in Surat had 
already taken the initiative to form an association called 
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37 O/o • preparation section 

printing section 

• dyeing section 

9 utilities 

Waste Minimization Group Surat. As part of the 
DESIRE project, a waste minimization assessment has 
been conducted at some of the leading mills within this 
group (Paradise Prints, Bhavin Textiles and Garden 
Speciality Prints). The spin-off of the project could be 
gauged from the fact that other mills, which were not 
directly participating in the DESIRE project (Luthra 
Dyeing and Printing), took initiative on their own to start 
a waste minimization programme. The awareness is now 
so widespread that in the concluding seminar held for 
this sector in December 1994 at Surat, there were about 
140 participants. The participating mills have achieved 
significant benefits in terms of water, energy and raw 
material conservation. In addition, the participating 



Figure 4.12: Division of waste minimization options according to environmental impact 
(textile industry: 119 options) 
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Figure 4.13: Implementation status of the waste minimization options 
(textile industry: 119 options) 

mills themselves took the initiative to identify low 
polluting and less toxic substitute input chemicals. 

4.5 General Evaluation 
This section contains a comparative evaluation of the 
achievements in the three sectors in order to evaluate 
the total impact of the DESIRE project. In addition, 
some distinct features of the implementation of waste 
minimization will be discussed as well as some general 
conclusions drawn. 

Total achievements 
The participation in the DESIRE project enabled all 12 
companies to identify many different waste minimization 

43 % 

• implemented 

started 

• planned 

§ rejected 

options, which to a large extent could be implemented 
over the course of the DESIRE project. Figure 4.14 
illustrates the division of the 540 waste minimization 
options according to their implementation status. A large 
share of the options (38 per cent) could be implemented 
within 15 months of the start of the plant-level waste 
minimization activities. Another 32 per cent of the 
options are also feasible; implementation of these options 
has already started (I 6 per cent) or is planned for the near 
future (I 6 per cent). Only as few as 30 per cent of the 
options generated proved to be not feasible and have 
been rejected by the companies. For these options the 
technology is either not yet available or not yet available 
at an appropriate scale for SSis or far too expensive in 
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Figure 4.14. Implementation status of the waste minimization options 
(all sectors: 540 options) 

16 O/o 

view of the possible cost savings and total investments in 
plant equipment. 

There arc some differences among the sectors in terms 
of implementation status of the options. This is 
illustrated in tahlc 4.8. There arc rather large differences 
in the total number of options per sector; the pesticides 
formulation industry has almost twice as many options 
as the textile dyeing and printing industry. The 
pesticides industry has however the largest share of 
rejected options; therefore the differences in numbers of 
feasible options per industry sector are not significantly 
different. The rejected options for the pesticides 
formulation industry are therefore excluded from the 
remaining part of this general evaluation. 

Given the huge differences in the complexity, nature and 
impact of the various options, the number of options is 
not an indication of the financial and environmental 
impacts of the options. Table 4.9 summarizes the 
financial impact of the implementation of the first batch 
of feasible options ( 196 options implemented within the 
time-frame of the DESIRE project). The investments as 
well as net annual savings are by far the highest in the 
agro-residue-based pulp and paper industry. The overall 
payback time of the 196 waste minimization options 
implemented in the DESIRE project is less than 6 
months; the financial feasibility of waste minimization in 
textile dyeing and printing industry seemed significantly 
higher than the average of the three sectors and in the 
pesticides formulation industry significantly lower than 
the average of the three sectors. However, care is needed 
in the interpretation of these figures, since these figures 

m From Waste to Profits 

• implemented 

started 

• planned 

a rejected 

only include the options explicitly evaluated by the 
technical study team, whereas some companies have 
already identified and implemented additional waste 
minimization options on their own (as evidenced in the 
presentation of the participating companies at the 
industry specific workshops etc.). 

The implementation of these waste minimization 
measures has contributed significantly to environmental 
improvement in areas such as the following: 

• Minimization of waste water discharges (both in 
volume and pollution load); 

• Minimization of air emissions (from steam generation 
as well as fugitive emissions from materials handling 
and processing); 

• Minimization of solid waste generation; 

• Conservation of materials, energy and water; 

• Reduction of the use of toxics; 

• Minimization of health and safety hazards (both at 
the shop floor level and in the direct vicinity of the 
plants). 

Most options contribute to environmental improvement 
in several areas, such as material conservation and waste 
minimization or water conservation and minimization of 
waste water discharges. It is therefore not feasible to 



Table 4.8: Comparison of the implementation status per industry sector 
Implementation status 

• Implemented 
• Started 
• Planned 

Subtotal feasible options 
• Rejected 

Grand total 

• Figures include Three Star Paper Mills. 

Pulp and paper 
industry (*) 

82 
37 
22 

141 (71 O/o) 
56 

197 

Pesticides 
formulation 
industry 

73 
13 
47 

133 (59 O/o) 
91 

224 

Textile dyeing and 
printing industry 

51 
36 
17 

104 (87 %) 
15 

119 

Total 

206 
86 
86 

378 (70 %) 
162 

540 

Table 4.9: Financial impact of the options implemented in the course 
of the DESIRE project 

Financial indicator 

Number of options implemented 

Investments ($1,000) 

Net annual savings ($1,000) 

Overall payback period (months) 

*Figures exclude Three Star Paper Mill. 

Pulp and paper 
industry• 

72 

347 

672 .. 

6 

Pesticides 
formulation 
industry 

73 

23.55 

20.85 

< 14 

Textile dyeing and 
printing industry 

51 

50.65 

244.5 

<3 

Total 

196 

421.2 

937.35 

<6 

**Figures exclude financial benefits from reduction of waste water treatment cost. 

summarize the total environmental impact with one set 
of environmental indicators. 

Waste minimization features 
The results of the DESIRE project reveal a number of 
salient features of the waste minimization potential for 
SSis. The following six are considered of vital 
importance for the dissemination of waste 
minimization. 

I. Waste minimization is diverse: waste minimization is 
essentially a problem solving strategy rather than a 
solution; waste minimization puts the waste-generating 
process (the root problem) in the first place and 
employs a preventive mind-set to develop alternative 
solutions (waste minimization options). A variety of 
technical, operational, educational and managerial 
practices can be used to this end, but normally not 
exclusively to this end, which inhibits thinking of 
waste minimization in terms of a fixed set of solutions 
or technologies. The DESIRE results illustrate this 

diversity of solutions (see figure 4.15 ). The options arc 
divided among eight waste minimization techniques. 
Although on-site recycling (23 per cent). good 
housekeeping (25 per cent) and better process control 
( 17 per cent) have the largest shares of the options, the 
waste minimization opportunities in the other 
categories should not be neglected. 

2. Waste minimization protects the e11vironmenr: the 
implementation of waste minimization options 
contributes to environmental improvement in various 
areas. The subdivision of the options according to the 
size of the reduction of the pollutant load (figure 
4.16), shows that about half of the options have a low 
environmental impact, with the remaining having a 
medium or sometimes even a large impact on 
pollutant load. Since the impacts of different options 
add to each other at the company level, a considerable 
environmental improvement can be achieved; the 
short- to medium-term pollutant load reduction 
typically ranges between 25 and 50 per cent. 
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Figure 4.15: Waste Minimization is diverse (all sectors: 449 options) 

3 0/o 1 O/o 

3. Waste minimization is simple: waste minimization is 
to a large extent based on the application of common 
know how and entrepreneurship. Simple but effective 
waste minimization options were, for instance: 

• Paper industry: repairing of leaks. optimization of 
the cooking process and segregation of initial 
black liquor. 

• Pesticides formulation: cleaning and maintenance 
of spray nozzles and reuse of rinse solvents. 
Textile industry: doctor blade for print paste 
recovery, press switches for lights and proper 
insulation. 

4. Waste minimization is innornti•·e: the application of 

8% 

[i] good hou,ekccping 

input material change 

• better proccs' control 

a equipment modification 

D technology change 

Ill On-,ite recycling 
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the waste mm1m1zation concept might boost 
innovations in processes, products and technologies 
(equipment). Examples are: 

• Paper industry: hot stock pulp refining and 
anthraquinone-assisted pulping. 

• Pesticides formulation: new types of formulations 
and installation of fluid coupling assembly. 

• Textile industry: use of low liquor jet dyeing 
equipment and direct dye bath reuse. 

5. Waste minimization is rational: in numerous cases, 
waste minimization is achieved by rationalization 
of production. In each sector, several rationalization 
proposals lead to a serious reduction of waste 

Figure 4.16: Waste minimization protects the environment 
(all sectors: 449 options) 
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Figure 4.17: Waste minimization is economical (all sectors: 449 options) 

generation and waste water discharges. Examples 
include: 

• Paper industry: proper dedusting of agro-residues 
before pulping and use of broke pulper to avoid 
reprocessing of broke pulp. 

• Pesticides formulation: premixing of fillers and 
solid active pesticides before pulverising and 
dedicating equipment to one type of product. 

• Textile industry: standardization of print paste 
preparation and shade matching and provision of 
appropriate utensils to supply and recover print 
paste from printing machine. 

6. Waste minimization is financially attractive: the 
rationalization of the production normally improves 
the material-, water- and energy-efficiency of 
production. which in turn might create attractive 
financial benefits. Many waste minimization options 
therefore pay for themselves in a short period of time. 
Figure 4.17 illustrates this. About one third of the 
options have a payback within one year. In total, half 
of the options have a payback of less than three years. 
The remaining options either have a longer payback 
period (over three years) or have financial benefits 
which could not be quantified within the framework 
of the DESIRE project. 

The above features of waste minimization constitute a 
new acronym for DESIRE (Diverse, Environment, 
Simple. Innovative, Rational and Economical (see 
figure 4.18)). Such results can be achieved through the 
application of a systematic working method (DESIRE 
manual; see chapter 3), which specifies how to analyse 

• payback < I yr. 

payback < 3 yr. 

• payback > 3 yr. 

9 unquantifiable 

waste generation sources and causes, how to improve 
production processes (in order to avoid these 
waste generation causes) and how to integrate these 
improvements into the daily operation of the company. 

Conclusions 
In short, the four hypotheses formulated at the start of 
the DESIRE project have all been confirmed: 

• There are many opportunities for waste minimization 
in Indian SSis. These can be detected by making an 
integral analysis of the company, including - but not 
limited to - its production processes, input materials, 
waste streams and emissions. 

• Many of these waste minimization opportunities can 
be implemented by small-scale industries within the 
short term (within 1 to 3 years). 

• Waste minimization goes beyond technical modifications; 
it can also be achieved by improvement of operating 
practices, changes of input materials and recycling 
practices. 

The implementation of waste minimization will 
benefit the company; these benefits will include 
monetary savings as well as less tangible benefits such 
as improvement of working conditions, improvement 
of product quality and improvement of local 
environmental conditions around the facility. 

The above conclusions are far-reaching. The concerted 
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Figure 4.18: The "DESIRE" features of waste minimization 

WASTE MINIMIZATION IS ... 

Diverse 

Environmental 

Simple 

action of the companies part1c1pating in the project 
and the technical study team assisted by the project 
consultants has resulted in preventive measures being 
implemented and the start of ongoing waste minimization 
activities in the companies. These results can, according 
to the DESIRE team. also be achieved in numerous other 
small-scale industries. Company decision makers do. 
however. need to create favourable conditions and 
allocate resources to the systematic identification, 
evaluation and implementation of waste minimization 
options. Government decision makers should in tum 
encourage and facilitate industrialists to do so. This 
brings us to the opportunities for waste minimization 
fostering policies (sec chapter 5 ). 

m From Waste to Profits 

Innovative 

Rational 

Economical 
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Chapter 5 

Towards an action programme 

5.1 Introduction 
In 1992, the Indian MOEF issued the Policy Statement 
for Pollution Abatement in Small-scale Industries 
(1992). The policy calls for assistance to SSis in adopting 
cleaner technologies and recognises pollution 
prevention/waste minimization as the first priority for 
environmental management in the industrial sector. As 
this policy statement did not yet include details on how 
to provide assistance to SSis, the fourth objective of the 
DESIRE project (see section 1.3) can actually be 
interpreted as developing an action programme for the 
implementation of the waste minimization component 
of this policy statement. This chapter therefore analyses 
the policy lessons from the DESIRE project in order to 
support the Ministry of Environment and Forest and the 
Central Pollution Control Board as well as industrial 
stakeholders to develop appropriate action plans to 
promote waste minimization. 

The results and experiences of the trial implementation 
of waste minimization in selected SSis under the 
DESIRE project have been presented in the previous 
chapters (chapters 2, 3 and 4) of this report. In terms of 
policy lessons, the following hierarchy of conclusions 
emerges: 

Most importantly, the DESIRE project has 
demonstrated that waste minimization can result in 
significant financial and environmental benefits for 
SS/s (see chapter 4). Waste minimization proved to 
be a viable, short-term strategy for achieving the 
dual objective of industrial development and 
environmental protection. It is therefore desirable to 
ensure that a significant number of SSis in India 
start to understand waste minimization and develop 
activities to implement the waste minimization 
potential in their operations. 

• Secondly, the DESIRE project has shown the need to 
use a systematic audit methodology to identify and 
implement waste minimization solutions tailored to 
the specific conditions and capabilities of a particular 
industry (see chapter 3). Waste minimization fostering 
policies should thus in principle enable companies to 

apply this systematic audit methodology which 
in turn will guide them to the most practical waste 
minimization measures for their operations. 

Thirdly, it has become evident that companies face a 
huge array of co11strai11ts to applying this systematic 
audit methodology to their operations. In the 
DESIRE project, intensive individual support by 
outside experts has enabled the participating 
companies successfully to apply the audit 
methodology. While doing so, a number of catalysts 
have been used and enabling measures have been 
identified. It can thus be concluded that 
individualized support and guidance to companies is 
an effective mechanism for achieving waste 
minimization in SSis. 

Given the resource intensity of demonstration projects 
like the DESIRE project, the challenge is how to ensure 
a multiplier effect once waste minimization results have 
been demonstrated. 

Although lessons can be learned from international 
experiences in for instance the United States and Europe 
(WRITAR, 1994; Dieleman, 1991, EU, 1994, UNEP, 
1994 ), a localized dissemination and promotion strategy 
will have to be developed which fits the Indian industrial 
structure and the Indian set of constraints to. and 
enabling measures for, waste minimization. To this end 
the enabling measures identified in the DESIRE project 
(see sections 2.2 - 2.7), have been classified as those 
internal and external to firms (see table 5.1 ). Generally 
speaking, governmental agencies should be ahle to 
develop policies that create the external enabling 
measures. The internal enabling measures cannot be 
created directly by Government activity; however 
training and social policies might in the long run add to 
the development of these internal enabling measures. 

This chapter concentrates on opportunities to create 
these external enabling measures. Implementation 
mechanisms are to be developed which can be 
implemented by the environmental authorities (in 
particular the MOEF, the Central Pollution Control 
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Table 5.1: Classification of enabling measures identified in the DESIRE project 

Type Internal to the enterprise External to the enterprise 

1. Attitudinal • Encourage experimentation. 
• Publicize early successes. 
• Develop simple management 

indicators. 

2. Systemic • Training session for plant-level 
waste minimization team. 

• Dissemination of success stories. 

• Top down housekeeping drive. 

3. Organizational • Organize capable waste 
minimization team. 

• Recognise waste minimization efforts. 
• Assign costs to production and 

waste generation. 

4. Technical • Dissemination of waste minimization 
techniques and technologies. 

• Need-based support for environment
driven R& D. 

5. Economic • Proper cost allocation and 
planned investments. 

• Long-term industrial policies. 
• Financial incentives. 

6. Governmental 

Board and state pollution control boards) and which 
will likely be supported by industry. In section 
5.2. three such mechanisms will be described. In 
section 5.3. a description will be given of how to create 
demand for these mechanisms and how to meet this 
demand (or create supply of these implementation 
mechanisms). Finally. some concluding remarks will be 
given as to the institutions that should become involved 
and ways of cooperation (section 5.4 ). 

5.2 Implementation mechanisms 
The external enabling measures identified in the course 
of the DESIRE project have been discussed in various 
settings with governmental and industrial representatives 
in order to develop implementation mechanisms which 
can be implemented hy the environmental authorities 
and which will likely be supported by industry. Although 
consensus could be reached about the usefulness of three 
implementation mechanisms. a lot of details still need 
to be discussed and worked out before these can actually 
be implemented. The proposed implementation 
mechanisms are; 

1. Waste minimization circles: area-wide support for 
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• Area-wise, voluntary waste minimization 
groups. 

• Enforcement of environmental 
legislation. 

industries co-operating on a voluntary basis with a 
view to exchanging waste minimization opportunities 
for solving common environmental problems in the 
participating industries; 

2. Obligatory waste minimization audits: the inclusion 
of the requirement to submit a waste minimization 
audit in procedures for obtaining financial benefits, 
like sales tax excemption, soft loan for investments 
etc. 

3. Waste m11w111zation demonstration projects: 
subsidized external assistance to selected industries in 
a particular industrial sector or region in order to 
demonstrate the waste minimization potential. 
Dissemination of the results as well as training of 
waste minimization experts are considered integral 
parts of such demonstration projects in order to 
ensure that implementation of waste minimization 
will not be restricted to the companies directly 
participating in the demonstration project. 

The impact of these implementation mechanisms on 
the establishment of the external enabling measures is 
depicted in table 5.2. Generally speaking, waste 



Table 5.2: Impact of 'implementation mechanisms' on the establishment of the 
'external enabling measures' 

External enabling measures Implementation mechanisms 

Circles Obligatory audits Demonstration projects 

1. Dissemination of success stories. - -
2. Dissemination of waste minimization - -techniques and technologies. 

3. Need-based support for * * -environment-driven R& 0. 

4. Long term industrial policies. -
5. Financial incentives. -
6. Area-wise, voluntary waste - * 

minimization groups. 

7. Enforcement of environmental * * * 
legislation. 

Note: number of asterisks indicates the expected contribution of each implementation mechanism 

to the establishment of the respective external enabling measure. 

* 
*** 
***** 

only indirect contribution 

direct contribution 

targeted contribution 

no contribution 

minimization circles and demonstration projects are 
particularly effective for the dissemination of waste 
minimization experiences and might contribute to 
the initiation of environment-driven R&D and 
improvement of the overall level of enforcement of the 
existing environmental regulations. The impact of 
obligatory waste minimization audits is hard to 
evaluate because it is not yet exactly known in which 
financial schemes the obligatory audits will be 
introduced. However, this implementation mechanism 
could create a powerful financial incentive for waste 
minimization and contribute to the development of 
medium- to long-term industrial policies. 

Except for the waste minimization circles, the 
environmental authorities have not yet launched 
policies to create these implementation mechanisms. 
The conditions for, as well as expected outcomes of, 
these implementation mechanisms will therefore be 
elaborated below. 

1. Waste minimization circles 
The concept of a waste minimization circle has been 
derived from the successful experiences of the Waste 

Minimization Group in the textile industry in Surat. 
Box 5.1 summarizes the history of this Waste 
Minimization Group. MOEF has taken the lead to 
support 25 groups of companies operating a common 
effluent treatment plant (CETP) to develop trial waste 
minimization circles. 

The expected outcome of the establishment of waste 
minimization circles is in the first place that an 
increasing number of companies in a particular region -
and possibly in a particular industry - become involved 
in waste minimization. The circle builds upon the 
commitment of a number of environmentally conscious 
industrialists and their willingness to share information 
with other companies, probably even with competitors. 
Once the initiative has been taken, social mechanisms 
contribute to the further expansion of the circle as well 
as to the dissemination and continuation of waste 
minimization; the initiators (early adopters) undertake 
action to stay ahead of the others and thus sustain the 
perceived recognition from being among the first, while 
the late adopters wish to undertake action to come up to 
the level of the early adopters. It is most likely that the 
circles concentrate on comparatively obvious, low- and 
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Box 5.1: Waste Minimization Group Surat (WMG 1993-1994) 

Waste Minimization Group S~!at_ 
--- - __ , --- - ··------- -----

In India, a significant portion of textile process houses having an installed capacity of around 10 million meters 
per day are located in and around Surat. Waste Minimization Group Surat (WMG) is the result of voluntary 
efforts of a group of environment-conscious technical experts from textile processing, dyestuffs and chemical 
industries situated in and around Surat. The main objectives of this group are: 

• To create awareness of pollution, its prevention and control; 

• To create awareness of source reduction of costs and of pollution by optimum utilization of chemicals in 
various stages of application, dye waste treatment and reuse etc.; 

• To create awareness of cost reduction that can be achieved by efficient utilization of water and energy (and 
circulate information on resource inputs for selected commonly practised wet processing steps to serve as 
clean technology standards); 

• To share experiences and circulate information on environmental properties of dyes and chemicals used in 
the textile industry; 

• To share experiences and circulate information on the financial and environmental aspects of eco-friendly 
alternatives to the conventional dyes and auxiliaries; 

• To circulate environmental regulations imposed on the textile industry in different countries with a view to 
comparing the local industry with the regulatory measures adopted internationally. 

WMG started in 1993 with some 15 members. Informative meetings are held in order to exchange waste 
minimization experiences among the participants and to elaborate on common issues, such as dye bath reuse 
and recovery of print paste remnants. In 1994, a newsletter came into being. The first issues addressed special 
topics like chemical substitutions, water conservation and organization of a plant level waste minimization 
programme. At the end of 1994, membership had risen to over 150 persons. The DESIRE project was covered 
extensively by WMG; the WMG activities have contributed to the fact that by the end of 1994, some 20 process 
houses had started with the implementation of the most successful waste minimization options identified in the 

no-cost waste minimi1.ation opportunities for common 
environmental problems in the first place, which in tum 
arc excellent starting points for experimentation by 
industries not yet active in waste minimization. Given 
the low cost, the general applicability and the obvious 
benefits of these options, it is very likely that these late 
adopting companies will be enthusiastic about their 
early waste minimization experiences and thus become 
more active in waste minimization. Once suppliers. 
technical institutes and industry associations join the 
waste minimization circle, the circle might start to 
explore technical constraints to waste minimization, 
which in turn could result in cooperation among 
companies for environment-driven R&D. 

Although waste minimization circles seem to be a 
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powerful tool for the dissemination of waste 
minimization, it might be rather complicated to get these 
established given the conditions that have to be met for 
the fruitful development of waste minimization circles. 
First of all. environmentally conscious industrialists 
have to be identified who might he willing to take the 
initiative for a waste minimization circle. Within the 
circle, participating industrialists will be requested to 
share information and cooperate in ways in which they 
are not accustomed given their concern regarding 
confidentiality and competitiveness. Next, the circles 
should have access to appropriate methodological and 
technical assistance. In terms of methodology, the 
circles need assistance on how to organize and conduct 
waste minimization audits. In terms of technology, 
information on the latest technical developments in the 



industry sector as well as environmentally benign 
alternatives will be requested. In order to avoid 
duplication of efforts by waste minimization groups in 
different parts of the country, there exists a need for a 
national information clearinghouse. Finally, it goes 
without saying that the support of the circles (technical 
assistance, national network etc.) as well as the activities 
of the circles (seminars, newsletters, study tours etc.) 
require funds. Especially in the start-up phase, with 
comparatively few members, it is not likely that a waste 
minimization circle can be self sustaining. 

Given the need to encourage environmentally-conscious 
industrialists to take the lead in a waste minimization 
circle. it might be useful to link a waste minimization 
circle with an existing board for a CETP or to initiate a 
demonstration project in the first place. The obvious 
advantage of linking a waste minimization circle with a 
CETP board is that an existing institutional framework 
can be used to spread the waste minimization message. 
The drawback is however that CETP is based on non
voluntary cooperation (forced by environmental 
legislation), which in turn is not the optimal breeding 
ground for undertaking proactive steps like waste 
minimization. The obvious advantages of building a 
waste minimization circle on a demonstration project 
seem to be that appropriate methodological and 
technical back up can be provided in the initial phase. In 
the course of the demonstration project, the participating 
companies can experience the benefits of cooperation, 
which in tum might set the stage for a non-competitive 
environment for dissemination of the experiences in the 
waste minimization circle. The obvious drawback from 
this approach is however that a new institution has to be 
founded for the waste minimization circle. 

2. Obligatory waste minimization audits 
Several schemes exist to promote the development 
of SSis. Fiscal incentives like sales tax exemptions and 
I 00 per cent depreciation allowances exist for selected 
industries in the SSis segment in order to boost their 
development. In addition, funds and soft loans are 
available for the construction of pollution control 
systems, both for individual companies and groups of 
companies (common effluent treatment plants). In these 
schemes, no weight is given to environmentally sound 
industrial growth versus traditional industrial growth or 
to waste minimization versus end-of-pipe pollution 
control investments. The inclusion of the requirement to 
submit a waste minimization audit as part of the 
application within these schemes would create a 
financial incentive for companies to conduct waste 
minimization audits and implement the feasible 

measures. 
The obligatory waste minimization audits will incite 
companies to conduct waste minimization audits. Most 
probably these waste minimization audits will reveal 
numerous low-, or even no-cost, waste minimization 
options (like good housekeeping, proper process control 
and maintenance), which should be implemented by the 
companies, given the cost-saving potential of these 
options. In addition, the audits might result in some 
high-cost waste minimization options. for which the 
companies require additional funds for implementation. 
Soft loans and a 100 per cent depreciation allowance 
could be made available for these investments. The 
obligatory waste minimization audits should thus 
contribute to the implementation of the obvious no- and 
low-cost waste minimization options by the companies 
and to the preferential allocation of the available 
environmental investment funds for implementation of 
high-cost waste minimization options in industries 
having implemented their available low cost options. 

The proper deployment of this implementation 
mechanism requires the creation of quality control 
procedures for the waste minimization audits submitted 
by companies. The independent quality control for the 
waste minimization audits should evaluate whether all 
waste minimization approaches are seriously addressed 
and whether provisions are taken to safeguard the 
ongoing implementation of the no- and low-cost 
options, and they should verify the feasibility of the 
selected high-cost options. Separate criteria will have to 
be developed for audits submitted for obtaining ongoing 
fiscal benefits (like sales tax exemptions) and audits 
submitted for obtaining investment subsidies (like 
preferential loans or a 100 per cent depreciation 
allowance). Preliminary experiences from the 
introduction of an obligatory waste minimization audit 
for soft loans in China showed that this is actually a 
strong drive for companies willing to set up new or to 
expand existing facilities. However, the possibility to 
apply for a preferential loan tends to limit the focus of 
the companies to high cost waste minimization 
opportunities, causing them to neglect shon-term, no
and low-cost waste minimization opportunities (Van 
Berke] et al, 1994 ). 

Since the financial schemes are only available in the 
formal economy, the obligatory waste minimization 
audits will only be effective for SSis in the organized 
sector, which need external funds. With numerous SSis 
having significant shares of business in the unorganized, 
informal sector, the obligatory waste minimization 
audits will not likely impact major parts of SSls in the 

Towards an action programme m 



short term. 

J. Waste minimization demonstration 
projects 

Waste minimization demonstration projects consist of 
technical assistance and methodological guidance to a 
limited number of selected industries in order to create 
convincing examples of the successful application of 
waste minimization at the company level. These 
examples. in turn, should incite related industries to start 
with waste minimization on their own. The DESIRE 
project was the first systematic Indian waste 
minimization demonstration project. Although future 
demonstration projects can be conceptualized according 
to the main features of the DESIRE project, these future 
projects can be less complex and resource intensive if 
proper use is made of the results of the DESIRE project 
(in particular of the waste minimization guide and the 
results of the barriers and incentives study). 

The expected short-term result of a waste minimization 
demonstration project should be the actual implementation 
of waste minimization measures in the participating 
companies. In addition, provisions should be made to 
safeguard implementation of the successful waste 
minimization measures in related companies. To this 
end. the preparation of a sector-specific technical waste 
minimization manual. the organization of seminars and 
workshops and the training of experts should be 
considered integral parts of any waste minimization 
demonstration project. 

The most important starting condition for a waste 
minimization demonstration project seems to be the 
willingness of selected companies in a particular area -
and possibly in a particular sector - to act as 
demonstration companies; this includes the commitment 
to allocate resources (staff time and a token fee) to the 
identification and evaluation of waste minimization 
measures. to allocate funds to the implementation of 
feasible waste minimization measures and to share 
waste minimization results and experiences. With a 
view to institutional capacity-building for waste 
minimization and the dissemination of the results. it is 
necessary to obtain the involvement of the industry 
association. professional organizations and technical 
research institutes. In addition, it could be explored 
whether or not local environmental authorities could 
play an active role in local waste minimization projects. 
Although such participation might be resisted by 
industry in the first place, it was found in the 
Netherlands that such participation in the long term 
was appreciated by both industries and Government 
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officials (see box 5.2) 

Table 5.3 contains a summary of the expected outcomes 
and conditions of each of the proposed implementation 
mechanisms. 

5.3 Starting conditions 
Once the implementation mechanisms have been 
conceptualized, one should assess how to create both 
the demand for, and supply of, these mechanisms. The 
following contains some suggestions to create these 
starting conditions. 

Creating the demand 
The objective of these starting conditions is to 
encourage companies to start waste minimization 
with the use of one of the implementation mechanisms; 
that is, to join a waste minimization circle, to apply for 
financial benefits based upon a completed waste 
minimization audit and/or to participate in a 
demonstration project. Information transfer and 
awareness raising are key items to start with. In more 
detail, the following can be undertaken to create the 
demand for waste minimization: 

I. Information exchange and mwireness raising: The 
public promotion of waste minimization should aim 
at making industrialists aware of the financial and 
environmental benefits of waste minimization and 
encouraging them to start with the experimentation 
on waste minimization in their own operations. A 
tailor-made communication strategy should be 
developed and implemented. This should clearly 
specify different target groups within SSls, and link 
each of these target groups with an appropriate 
message and appropriate communication (like 
manuals, seminars, leaflets, newsletters etc.) and 
dissemination tool. Given the rather informal and 
unorganized structure of SSis, the actual delivery of 
the message to each of the companies should be 
given high priority. 

Generally speaking. two goals can be distinguished in 
the public promotion of waste minimization. The first is 
to build awareness for waste minimization that leads to 
the investigation and implementation of available 
obvious options. The second is to achieve long-term 
organizational change that integrates waste 
minimization in all functions and activities of industries 
(Luken, 1995). In the short term, the first goal seems 
most appropriate for Indian SSls. Given the numerous 
low- and no-cost, highly cost effective waste 
minimization options with significant reductions of 



Box 5.2: Involving local authorities in waste minimization demonstration projects in 
the Netherlands (Van Berkel, 1995) 

In the Netherlands, there are generally good and highly influential contacts between officials from local 
environmental authorities and local industries. Once local environmental authorities succeed in using these 
contacts for pushing the industries to take more care about the environmental situation and for offering some 
kind of motivational - or even technical - assistance for assessing waste minimization in industries, local 
authorities can become powerful players in the dissemination of waste minimization practices. 

Having recognised the critical role of local governments in shaping industrial environmental management, 
especially in smal-1 and medium-sized enterprises, a number of regional waste minimization projects has been 
executed over the last five years in the Netherlands. These projects generally aimed at two separate, but 
interrelated, objectives, respectively: 

1. To create examples of the successful application of waste minimization concepts and methods in leading 
industrial companies in the respective region; 

2. To create the conditions for ongoing cleaner production fostering policies within the local environmental 
administration. 

To achieve this, a local demonstration project took place in which local environmental authorities, industries and 
outside consultants co-operated. In addition, a local waste minimization-fostering policy has been developed 
with the model strategy depicted in figure 5.1. Industries will be approached with three separate, but 
interrelated, strategies. Strategy 1, motivation, deals with the dissemination of information in order to 
encourage enterprises on a voluntary basis to start waste minimization activities. Strategy 2, demonstration, 
aims at the identification of industry specific waste minimization opportunities, which can be used as starting 
points by industries in the respective industry sector. Strategy 3, continuation, aims at the integration of waste 
minimization in the day-to-day operation of the enterprises. 

Figure 5 1 Model strateqy for local waste m1n1m1zat1on fostering pol1c1es 

Getting started 

Strategy I: Motivate Strategy II: Demonstrate 

Strategy Ill: Continue 
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Table 5.3: Summary of key features of the waste minimization 
implementation mechanisms. 

Implementation 
mechanism 

1. 

2. 

3. 

Waste minimization 
circles 

Obligatory waste 
minimization audits 

Waste minimization 
demonstration projects 

Expected outcome 

• Increasing number of 
companies in region and/or 
sector start with waste 
minimization. 

• Dissemination and 
implementation of 
comparatively-obvious, 
low- and no- cost options 
via social mechanisms. 

• Cooperation between 
companies for environment
driven technology 
development. 

• Strong drive for the 
implementation of both 
low and high cost waste 
minimization options. 

• Preferential allocation of 
finances for waste 
minimization as compared 
to end-of-pipe control 
and treatment. 

• Convincing company-level 
examples of the 
implementation of waste 
minimization. 

• Inventory of practical waste 
minimization opportunities 
for dissemination to 
other companies. 

• Training of experts and 
institutional capacity 
building for waste 
minimization. 

wastes and emissions identified in the DESIRE project. 
this alone might result in major waste minimization 
achievements. Another important aspect in the 
planning of public promotion activities is to evaluate 
why companies have not yet started waste minimization 
(WRITAR. 1994 ). It is most likely that information is 
missing; industrialists either do not understand the 
consequences of their actions (especially in regard to 
total waste costs) or do not fully understand the 
availability or applicability of waste minimization to 
their current methods of production. Supply these 
missing links. and. according to this information 
missing model. generators will say "Ah" and move 
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Conditions 

• Environmentally-conscious 
industrialists will have 
to take the lead. 

• Appropriate technical 
and methodological 
back up. 

• Establishment of a national 
network for information 
exchange. 

• Funds for support to, 
and activities of, waste 
minimization circles. 

• Establishment of provisions 
for independent quality 
evaluation for the approval 
of the waste minimization 
audits submitted by industry. 

• Agreement with industrial 
authorities on financial 
schemes to be used to 
this end. 

• Willingness of companies 
to act as demonstration 
units. 

• Interest of industry 
associations, 
professional organizations 
and/or technical research 
institutes to become 
involved in the 
dissemination of results. 

• Funds for providing 
subsidized waste 
minimization 
consultancy to the 
demonstration companies. 

Remarks 

• CETP boards are probably 
not the best organizations 
to start waste 
minimization circles, given 
the non-voluntary 
nature of the CETPs. 

• It is suggested to link 
the waste minimization 
circle to a local 
demonstration project. 

• Impact depends heavily on 
the selection of the 
financial schemes that 
will be subjected to 
obligatory audits. 

• Only effective for the 
organized sector. 

• Demonstration projects 
can be used to catalyse 
the establishment of 
a waste minimization 
circle. 

• It deserves 
recommendation to explore 
opportunities for 
participation of 
local environmental 
authorities in the 
demonstration projects. 

forward with the implementation of waste 
minimization. It might be, however, that motivation 
rather then information is missing; industrialists do not 
perceive the need to look holistically at their 
environmental practices. By doing so, they would 
realize that efficiencies are to be gained, and thereby 
money is to be saved, and they would finally proceed 
with the implementation of waste minimization. This 
motimtio11 missing model actually calls for 
improvement of environmental legislation and its 
enforcement and public pressure. For export-oriented 
industries, much is to be expected of pressure from 
overseas buyers reflecting environmental concerns 



from consumers in western Europe and the United 
States of America (van Berke!, 1994 ). 

2. Enforcement and improvement of environmental 
regulations: Apparently industries don't yet feel the 
need to seriously address environmental concerns. 
Proper enforcement of environmental regulations 
should assure that companies actually comply with 
existing environmental regulations and incur the real 
cost of doing so. While doing so, environmental 
agencies should familiarize themselves with waste 
minimization concepts and approaches in order to 
evaluate all environmental initiatives of industries 
properly in addition to inspecting for compliance 
with end-of-pipe regulations. In industrialized 
countries with mature environmental enforcement 
practices (like the Netherlands), it proved to be useful 
to involve local environmental authorities in the 
planning and implementation of waste minimization 
demonstration projects (see also box 5.2). In addition 
to the proper enforcement of existing environmental 
regulations, opportunities for improvement of the 
environmental regulations should be analysed. Waste 
minimization could benefit from: 

• Change from concentration to load-based 
environmental standards; 

• Development of regulations for solid, non
hazardous waste and industrial use of ground water; 

• Shift from single media to multimedia environmental 
regulations, covering all environmental concerns 
(waste water discharges, air emissions, solid waste, 
hazardous waste etc.); 

• Development of requirements for company 
environmental management and reporting systems. 

3. Development of financial incentives: Apparently 
waste and emission generation and excessive resource 
consumption are still too cheap to really bother the 
industrial entrepreneur. Proper resource pricing, 
especially for fuels, power (electricity) and natural 
auxiliaries (ground water, cooling water, land etc.) as 
well as development of fool-proof provisions to 
terminate free-rider opportunities might thus greatly 
help in fostering waste minimization. In addition, 
initiatives should be taken to make more funds 
available for investment subsidies and tax benefits for 
companies implementing waste minimization. This 
includes coordination between various donors to 
result in complete sectoral and geographic coverage. 

Creating the supply 
The objective of these starting conditions is to create the 
institutional capacity to support companies in waste 

minimization. Practical training of waste minimization 
experts and linking technology development to the needs 
and capabilities of SSis are key items to start with. In 
more detail, the following can be undertaken to create the 
supply of waste minimization expertise: 

I. Capacity building: As proven by the study on 
barriers and incentives for waste minimization (see 
chapter 2), SSis strongly rely upon outside experts 
to get waste minimization implemented. Experts 
having basic waste minimization skills are still 
few, which calls for practical training of experts 
from institutions as diverse as small industries 
service institutes, professional organizations, 
industry associations, consultants and technical 
institutes. As each institution has a different role in 
fostering waste minimization in SSis, different 
training packages are needed. Industry associations 
and small-scale service institutes might have the 
most important role in fostering information 
dissemination and should thus be trained in 
communication and outreaching skills in order 
to convince entrepreneurs to undertake waste 
minimization activity. Consultants and technical 
institutes could probably support industries in 
conducting the plant level waste minimization 
audits and should thus be well trained in technical 
and methodological aspects of waste minimization 
audits. Generally speaking, it is highly advisable 
to link training of these different types of waste 
minimization experts with practical audits at 
companies (as part of demonstration or dissemination 
projects). 

2. Establishment of a technology cooperation chain: The 
limited access to technical information as well as 
limitations in technology employed by SSis were 
among the most prominent technical constraints (see 
section 2.5). Both evidence the malfunctioning of the 
cooperation between end-users of technology (SSis) 
and agencies involved in technical development 
(small industries service institutes and technical 
institutes). Mechanisms are to be devised which fine
tune technical development to the needs, capabilities 
and environmental concerns of SSis. To this end, part 
of the financing of the technical research institutes 
could for instance be allocated to environment-driven 
technical development. 

3. Training policies: Most of the internal enabling 
measures (see table 5.1) have a comparatively 
general nature and aim at improving industrial 
management in SSis and enhancing entrepreneurship 
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among SSis owners. To this end, training policies 
could be developed, which will not only foster waste 
minimization but contribute to improvement of 
the managerial capacities of SSis in general. 
Attention should be given to training of the 'new 
generation· (inclusion of business administration and 
industrial management in engineering education and 
professional curricula), and on-the-job training. The 
latter should be very practically oriented and could, 
for instance, be shaped as a series of short workshops 
to be delivered by distinguished practical experts in 
late afternoon sessions prior to a common dinner or 
other social activity at a local social club. 

The link between these starting conditions and the 
implementation mechanisms is depicted in figure 5.2. 
This figure stipulates the recommended promotion and 
dissemination strategy based upon the experiences 
from the DESIRE project. 

5.4 Concluding remarks 
This chapter assessed the policy lessons from the 
DESIRE project, starting with the enabling measures 
identified in the course of the company-level waste 
minimization assessments. The primary focus has been 
on the establishment of implementation mechanisms 
that support these external enabling measures. Three 
such mechanisms have been identified and seem to be 
implementable by environmental authorities and 
acceptable for industry. These are: 

1. Waste minimization circles; 
2. Obligatory waste minimization audits; 
3. Waste minimization demonstration projects. 

Expected outcomes as well as necessary conditions 
have been discussed. In addition, supportive actions 
have been analysed which might create the demand for, 
and supply of. waste minimization services. The 
resulting policy strategy has been depicted in figure 5.2. 
This model policy strategy still needs further 
elaboration. to which companies as well as industrial 
and environmental authorities should contribute. 

The development of waste minimization fostering 
polices goes much beyond the traditional environmental 
policy domain. In figure 5.2 the development of training 
policies to improve managerial skills and the 
deployment of fiscal incentives arc examples of such 
unconventional environmental policies. A recent 
qualitative survey of policy options to exploit the 
competitiveness-enhancing potential of cleaner 
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production suggested opportunities for the promotion 
of waste minimization in the following policy fields of 
the European Union (Molier et al, 1995): 

• Financial and industrial policies: In order to 
accelerate the industry's self interest in waste 
mm1m1zation, environmentally sens1t1ve cost 
accounting and capital budgeting tools could be 
promoted, via for instance information dissemination 
and demonstration projects, subsidies for 
consultancy services in this respect and tax benefits. 
Without any doubt, environmental levies (on the use 
of virgin resources) and environmental tax advantages 
(depreciation allowances for environmental 
investments) will contribute to the implementation of 
waste minimization. 

• Employment and training policies: Waste minimization 
often brings along new tasks and activities which 
require altered attitudes, new management and 
supervisory skills and extra environmental know
how. Virtually all existing continuous education 
programmes can be used to boost the development 
of such "care taking" and "improved housekeeping" 
attitudes as well as to create the awareness of 
production costs and quality at all levels within 
industry. 

• Environmental policies: Waste minimization teams 
established in the local or regional governments can 
assist small- and medium-sized enterprises in 
developing waste minimization activities. Waste 
minimization can be integrated in the environmental 
permits, for instance via inclusion of research 
obligations, behavioural prescripts and specifications 
for environmental management systems. In addition, 
voluntary initiatives of industries could be supported, 
for instance via support of the issuance of 
environmental hallmarks by industry associations. 

• Technology policies: Support could be provided for 
the development of "blue-prints" (specifications of 
the best possible environmental improvements in 
the sector) as well as for specific environment
driven R&D. Another interesting approach is to 
foster bench marking among industries in order to 
establish the best operating practices for a given 
technology and to allow for the dissemination of 
these practices throughout the industrial sector. 

In order to assure the deployment of ~uch a variety of 
policy tools for the promotion of waste minimization, 



Figure 5.2: Recommended strategy for promotion and dissemination of waste minimization 

CREATING DEMAND CREATING SUPPLY 

1. Information exchange 1. Capacity building 
2. Environmental legislation 2. Technology cooperation 
3. Financial incentives 3. Training policies 

/ 
IMPLEMENTATION MECHANISMS 

1. Waste minimization circles 
2. Obligatory waste minimization audits 
3. Waste minimization demonstration projects 

it will be extremely important for the various 
stakeholders to cooperate and exchange information 
and experiences. The following entities should play a 
role in this network: 

I. Government: industrial and environmental 
ministries which set the stage by adopting national 
industrial and environmental policies. 

2. Environmental agencies: central and state pollution 
control boards along with their regional branches 
play a critical role in the dissemination of general 
information on waste minimization and the 
enforcement of environmental regulations. 

3. Technical institutes: Including small industries 
service institutes, sectoral research institutes and 
industrial R&D agencies focusing on solving the 
technical constraints encountered m the 
implementation of waste minimization in industry. 

4. Industrial organizations: including industry 
associations, the Confederation of Indian Industries 
etc., focusing on general awareness raising on the 
business opportunities of waste minimization and on 
the dissemination of generally applicable waste 
minimization approaches. 

5. Consultants: including management as well as 
technical consultants, assisting companies in the 
identification, evaluation and implementation of 

waste minimization opportunities. 

6. Universities: including technical univers1t1es, the 
Indian Institute of Technology and professional 
schools, which should include waste minimization 
in the existing engineering and business management 
curricula in order to properly educate the future 
generation of industrialists. In addition, universities 
can play a critical role in interdisciplinary research 
on issues related to the introduction of waste 
minimization in SSls. 

The proposed network of these institutions is depicted 
in figure 5.3. 

It is evident that a major effort is needed to establish 
such a network. First of all, key organizations in each 
of the listed categories will have to be identified and 
motivated to become involved in the implementation 
of waste minimization. Next, training should be 
provided to experts from the selected organizations 
in order to create centres of waste minimization 
expertise. Once such basic skills and expertise have 
been created, mechanisms need to be developed for 
coordination among the participants in the network. 
The newly established Indian National Cleaner 
Production Centre could play an important role in 
establishing and developing such a network over the 
commg years. 

Towards an action programme • 



Figure 5.3: Schematic presentation of the proposed network for promotion 
of waste minimization in SSls 
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Annex I 

Ashoka Pulp and Paper (Delhi) 

Ashoka Pulp & Paper is an agro-residue-based pulp 
and paper mill producing unbleached semi-kraft paper 
having an average production capacity of 36 tons per 
day. At the start of DESIRE, the unit used a raw 
material mix of 75 per cent agro-residue (wheat straw) 
and 25 per cent waste paper. Bagasse is fired in 
conventional boilers in order to produce steam for the 
operation of the pulp and paper mill. Key 
environmental baseline data for Ashoka Pulp & Paper 
were: 

• Annual raw material consumption: 16,335 tons of 
wheat straw and 5,346 tons of waste paper; 

• Annual energy consumption: 10,450 MWh and 
18, 150 tons of bagasse; 

• Annual water consumption: 1,864,500 m3; 

• Wastewater discharges: 5,551 m3/day, with 5, 117 kg 

of BOD, 5,621 kg ofTSS, 25,214 kg of COD and 
34,824 kg of TS. 

A division of the wastewater discharges to the 
constituent waste water sources is given in table I. I. 

Ashoka Pulp & Paper participated in the DESIRE 
project with the twin objectives of production cost 
reduction and cost-effective compliance with 
environmental regulations. The pressure from the local 
public for improving environmental performance and 
the need to conserve water due to ensuing water 
shortages especially in summer months, were other 
reasons behind the company's decision to pursue 
actively waste minimization. The in-house team 
consisted of the director, the works managers and an 
operator. In cooperation with the technical study team, 
50 waste minimization options have been generated and 
evaluated. The most successful options are summarized 
in table 1.2. At the end of the 15 months cooperation in 

Table 1.1: Baseline wastewater sources at Ashoka Pulp and Paper 

Wastewater sources Parameters 

Flow (m3/day) BOD (kg/day) TS (kg/day) COD (kg/day) TS (kg/day) 

Patcher mechano 887 1401 1113 8009 11043 
chemical digester 
Patcher spherical digester 985 2362 1451 13894 14381 
Decker filtrate 1053 560 1017 1179 3377 

Total pulp mill 2925 4323 3581 23082 28801 

Centricleaner I 136 15 111 38 815 
Centricleaner II 125 22 86 60 738 
Fan pump pit overflow BO 53 50 116 225 
Inclined screen I 414 200 506 532 1283 
Inclined screen II 509 296 1121 788 1701 
Paper machine I 808 93 85 270 806 
Paper machine II 514 115 81 328 455 

Total paper mill 2586 794 2040 2132 6023 

Total mill 5511 5117 5621 25214 34824 
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the DESIRE project, Ashoka had implemented 24 
waste minimization options. In addition, 11 options 
were still under implementation and for two other 
options. implementation still had to take off. Finally, 13 
waste minimization options were rejected given their 
limited technical and/or financial viability. 

The overall impact of waste minimization at Ashoka 
Pulp & Paper is assessed in table 1.3. The environmental 
benefits per ton of paper produced are in the range of 30 
to 40 per cent. This is partially due to the increase of the 
share of waste paper pulp in the final product (increased 
from 25 per cent to -18 per cent). Additionally. Ashoka 

Pulp & Paper reaped the combined benefits of 
elimination of obvious waste sources and causes and 
improvement of the overall process efficiencies. 

A total of $95,000 was invested in the 24 options 
implemented by now and net annual savings are about 
$160,000. Thus the overall payback of the 
implemented options is less than seven months. The 
overall reduction in terms of COD load per ton of 
paper produced is about 30 per cent allowing for an 
additional annual saving of approximately $47 ,000 in 
effluent treatment cost. 

Table 1.2: Most successful options at Ashoka Pulp and Paper 

Waste minimization 
measure 

1. Installation of additional 
dryers on paper machine 

2. Installation of broke 
pulper at paper machine. 

3. Timely replacement of 
upper press roll to 
minimize press picking 

4. Double felting to reduce 
press picking. 

5. Sedimentation save-all 
for fibre recovery. 

I = Investment 

Financial viability 

I= $51,667 
s = $74,333 
P < 0.7 year 

I= $10,000 
s = $8,000 
P < 1.3 year 

I= $6667 
s = $16,667 
P = 0.4 year 

I= $8,333 
s = $21, 667 
P < 0.4 year 

I= $10,000 
s = $10,000 
P = 1 year 

S = Net sa\'ings (atfrr deduction of annualised operating cost I 

P = Payhack period 
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Environmental impact 

No major impact. 

TS and COD load reduced by 
120 and 90 kg/day 
respectively. 

COD load reduced by 300 
kg/day. 
Reduction of steam 
requirements. 

Reduced kerosene 
contamination in effluent by 
about 500 It/day. 

TS and COD load reduced by 
1.6 and 1.2 ton/day. 
Water requirement reduced 
by 600 m3/day. 

Remarks 

Capacity increase of 5 
tons/day, with same 
infrastructure and water 
requirement. 

Reduces reprocessing and 
washing of broke pulp and 
thus conserves fibres and 
fillers. 

The measure requires close 
monitoring of press roll to 
replace it as soon as press 
picking shows a rising trend. 

The measure improved 
mechanical de-watering, 
thereby reducing steam 
consumption per ton of 
paper production. 

Simple option identified and 
implemented after evaluation 
of the potential of fresh 
water substitution and fibre 
recovery with the available 
white water. 



Table 1.3: Assessment of overall impact of waste minimization at Ashoka Pulp and Paper 

Parameter Before After Change Most important measures 

1. Production capacity (ton 36 42 + 17% Extra dryers on paper machine; 
paper/day) minimization of spills/leaks; optimization 

of cooking; additional waste paper 
pulping. 

2. Waste water volume 153 92 - 40 O/o Several water recycling measures; 
(m3/ton finished paper) elimination of spills/leaks; increased 

share of waste paper pulp. 

3. COD load (kg/ton finished 700 498 -29% Optimization of cooking; replacement of 
paper) press roll; double felting of press roll; 

water recycling measures; increased 
share of waste paper pulp. 

4. TS load (kg/ton finished 980 700 -40 O/o Fibre recovery; water recycling measures; 
paper) increased share of waste paper pulp. 

5. Effluent treatment cost (Rs 116 97 -170/o Reduction of daily COD and TS load. 
lakh/year) 

6. Chemical cost (Rs 155 144 - 7 O/o Optimization of cooking process. 
laklr/year) 

7. Energy (Rs lakh/year) 430 393 - 8.6 O/o Insulation; hot stock refining; process 
optimizations. 
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Annex II 

Bind las Duplex (Muzzaffarnagar) 

Bindlas Duplex is an agro-residue-based pulp and 
paper mill having an average production capacity of 28 
tons per day of unbleached raft paper. On completion 
of the ongoing expansion, the capacity of the mill is 
expected to be about 40 tons per day. The raw material 
mix consists of 87 per cent agro-residue, 10 per cent 
rags and 3 per cent waste paper; the agro-residue mix 
varies upon seasonal availability of sarkanda, wheat 
straw and bagasse. Bindlas Duplex operates a rice
husk fired fluidized bed boiler to meet the steam 
requirements of the pulp and paper mill. 

The in-house team consisted of the managing director, 
the works manager and the maintenance supervisor. This 
team was supported by the technical study team. In the 
course of the DESIRE project, 51 waste minimization 
options have been identified and evaluated. The most 
successful options are summarized in table II. I. Upon 
completion of the project (after 15 months), Bindlas 
Duplex had implemented 18 waste minimization options. 
In addition, I 0 options were still under implementation 
and for seven options implementation still had to take off. 
The remaining I 6 waste minimization options had been 

Table 11.1: Most successful options at Bindlas Duplex 

Waste minimization measure Financial viability Environmental impact Remarks 

1. Installation of high I= $56,666 Marginal reduction in Cost intensive, but 
velocity hood on steam s = $53,333 steam requirement (which economically feasible 
dryer P < 1.1 year in turn minimizes air option due to increase in 

emissions from boiler production capacity. 
house). Installation required a 

major equipment shut 
down. 

2. Optimization of pulp I= $11,666 Overall pollution load Option required h_ardly any 
cooking process (steam s = $73,333 reduced by 10 01o. investment; implemented 
pressure, temperature, P < 0.2 year in second phase of the 
chemical dosing etc:.) project. 

3. Fibre saver for recovery of I= $7,333 Reduction in TSS and COD An additional high 
fibres from centri-c:leaner s = $8,333 load by 2 Ofo. pressure pump was 
reject P < 0.9 year required to ensure 

constant pressure for 
effective fibre recovery. 

4. Installation of additional I= $16,666 Marginal reduction of Press roll could be 
press set to increase s = $12,666 steam requirement (which installed given space 
mechanical dewatering of P< 1.4year in turn minimizes air availability; measure 
paper emissions from boiler reduced paper breaks and 

house). increased production. 

5. Fresh water substitution I= $8,333 Reduction of effluent This measure enabled the 
and installation of self s = $6,666 volume by 25 Ofo. mill to operate at full 
closing nozzles on hoses P < 1.3 year. instead of 60 Ofo capacity 

in dry season. 

I = Investment 

S = !\et savings (after deduction of annualised operating cost) 

P = Payback period 
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rejected given their low financial and/or technical 
feasibility. 

Bindlas Duplex invested a total of $I 04,000 for the 
implementation of the first batch of 18 waste 
minimization options. These will bring net financial 
benefits worth $330,000. The overall payback of the 
implemented options is thus less than four months. The 
overall reduction of the COD load per ton finished paper 
is about 28 per cent, allowing for an additional reduction 
of $43,000 on effluent treatment cost . 

The overall impact of the implementation of waste 
minimization at Bindlas Duplex is given in table II.2. 
Since additional agro-rcsidue pulping capacity has been 
installed. the raw material mix has not changed 
significantly. 

Table 11.2: Assessment of the overall impact of waste minimization at Bind las Duplex 

Parameter Unit Change 

1. Production capacity ton finished paper/day + 22 O/o 
2. Waste water volume m3/ton finished paper - 25 O/o 
3. COD load kg/ton finished paper - 28 O/o 
4. TS load kg/ton finished paper - 40 Ofo 

5. Effluent treatment cost Rs/year - 35 O/o 
6. Chemicals cost Rs/year - 6 O/o 
7. Energy cost Rs/year -5.5 O/o 

m From Waste to Profits 



Annex Ill 

Raval Paper Mills (Rae Bareilly) 

Raval Paper Mills is an agro-residue-based pulp and 
paper mill producing 10 tons per day of unbleached 
semi-kraft paper and 15 tons per day of bleached 
and dyed writing and printing paper. The raw material 
mix varies according to seasonal availability and 
production requirements (paper quality specifications); 
raw materials include wheat straw, rice straw and waste 
paper. Both rice husk and coal fired boilers are in 
operation to meet steam requirements. Raval Paper 
Mills was keen to participate in the DESIRE project, 
given the potential to reduce effluent treatment cost, 
increase productivity (and profits) and to conserve 
water (thereby enabling continuation of production in 
summer months). 

Key environmental baseline data for Raval Paper Mills 
were: 

• Annual raw material consumption: 7,920 tons of 
wheat straw, 2,640 tons of rice straw, 990 tons of 
elephant grass, 660 tons of bagasse, I, 129 tons of 
unbleached waste paper, 1,923 tons of bleached 
waste paper and 825 tons of rags; 

• Annual energy consumption: 7,000 MWh and 13,000 
tons of rice husk; 

• Annual water consumption: 1,452,500 m3; 

• Waste water discharges: 4,258 m3/day, with 5,051 kg 
of BOD, 8,393 kg of TSS, 24,764 kg of COD and 
30,270 kg of TS. 

A division of the wastewater discharges to the 
constituent wastewater sources is given in table III. I. 

The waste minimization programme was managed by 
the in-house project team consisting of the works 
manager, the technical project manager, the pulp mill 
supervisor, the maintenance supervisor, a laboraLOry 
analyst and an operator. The technical study team 
assisted the team in identifying and evaluating a total 
of 65 waste minimization options. The most successful 
options are summarized in table III.2. In the course of 
the DESIRE project (within 15 months), Raval Paper 
Mills succeeded in the implementation of 30 feasible 
options. Another 20 options proved to be feasible; out 

Table 111.1: Baseline wastewater sources at Raval Paper Mills 

Wastewater sources Parameters 
flow (m3/day) BOD (kg/day) TS (kg/day) COD (kg/day) TS (kg/day) 

Unbleached patcher 1209 3712 4938 20660 18090 
Beater wash 320 196 295 1125 4700 
Pulp mill centricleaner 29 23 58 73 100 
Pulp mill Decker filtrate 316 51 395 170 554 

Bleach patcher 632 165 654 414 1903 
Hydro pulper patcher 214 80 142 250 400 

Total pulp mill 2720 4227 6482 22692 25747 

Paper machine centricleaner 132 138 498 393 750 
Wire pit water 438 222 533 531 1273 

Couch decker filtrate 978 464 880 1148 2500 

Total paper mill 1538 824 1911 2072 4523 

Total Mill 4258 5051 8393 24764 30270 
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of these. I 2 were already under implementation, while 
for the other eight feasible options, implementation 
still had to take off. Finally, 15 waste minimization 
options were rejected, given their limited technical 
and/or financial viability. 

The overall impact of waste minimization at Raval Paper 
Mills is assessed in table III.3. The environmental 
benefits per ton of paper produced are in the range of 30 
to 40 per cent. This is due to the combined impact of 
elimination of obvious waste sources (repairs, spills 
etc.), improvement of raw material dedusting, proper 

provisions for black liquor collection and comparatively 
small, but significant, improvements of process 
efficiencies. 

The implementation of the first batch of 30 feasible 
waste minimization options required an investment of 
SI 50,000 and generates net annual savings of$ I 82,000. 
The overall payback period at Raval Pulp was therefore 
less than I 0 months. The overall environmental impact 
consists of a 34 per cent COD reduction per ton finished 
paper; this in turn creates an additional saving of 
$55,000 on effluent treatment cost. 

Table 111.2: Most successful options at Raval Paper Mills 

Waste minimization measure 

1. Modification of existing 
raw material dedusting 
system. 

2. Insulation. 

3. Fine-tuned dilution control 
at fan pump. 

4. Provision of high 
consistency pump in couch 
pit. 

5. Water pressure control for 
edge cutting nozzles 

l = Investment 

Financial viability 

1=$1,667 
s = $8,333 
P = 0.2 year 

I= $8,333 
s = $12,667 
P < 0.7 year 

I= $333 
s = $2,667 
P < 0.2 year 

I= $5,000 
s = $27,667 
P < 0.2 year 

I= $4,000 
s = $6,667 
P = 0.6 year 

S =Net 'avings (after tk<luction of annualised operating cost) 

P = Payhack period 
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Environmental impact 

Reduction of COD and TS 
discharges from pulp 
washing and centri
cleaning, by respectively 
1.6 and 2.2 ton/day. 

Steam conservation of 0.2 
ton steam/ton paper 
(which in turn minimizes 
air emissions from boiler 
house). 

Only marginal indirect 
environmental benefits 
due to better machine 
operation. 

Reduction of TS load by 
1.0 ton/day. 

TS and COD reduction of 
respectively 0.3 and 0.4 
ton/day. 

Remarks 

Dedusting efficiency 
improved from 40 to 70 O/o 
for fines (below 40 mesh 
size). Oedusting improves 
utilization of chemicals 
and steam in pulping and 
reduces water 
consumption for pulp 
washing. 

Insulation installed on 
digestor, steam lines and 
condensate lines and tank. 

Simple and easy to 
implement; improved 
consistency control on 
pulp feed to paper 
machine. 

Fibre loss after paper break 
(2 50 kg/break) fu I ly 
recoverable; significant 
reduction of volume of 
dilution water. 

In addition, this option 
eliminates on average 5 
paper breaks per week. 



Table 111.3: Assessment of overall impact of waste minimization at Raval Paper Mills 

Parameter Before After Change Most important measures 

1. Production capacity (ton 25 27 + 8 O/o Minimization of spills and losses. 
paper/day) 

2. Wastewater volume 170 120 -30% Recycling of backwater; elimination of 
(m3/ton finished paper) spills/leaks; provisions for proper 

collection of black liquor. 

3. COD load (kg/ton finished 990 657 - 34 CVo Optimization of cooking; provisions for 
paper) proper collection of black liquor; water 

recycling measures; improvement of raw 
material dedusting. 

4. TS load (kg/ton finished 1210 714 -41 CVo Fibre recovery; improvement of raw 
paper) material dedusting; water recycling 

measures. 

5. Effluent treatment cost (Rs 72 55 - 25 O/o Reduction of daily COD and TS load. 
lakh/year) 

6. Chemical cost (Rs 148 138 -6.5 O/o Improvement of raw material dedusting; 
lakh/year) optimization of cooking process. 

7. Energy (Rs lakh/year) 422 401 - 5 CVo Insulation; process optimizations. 
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Annex IV 

Three Star Paper Mill (Dadri) 

Three Star Paper Mills was a 100 per cent waste paper 
based mill at the beginning of the project. It changed its 
pulping mill in order to utilize agro-residues, in 
particular bagasse and wheat straw, as the basic fibre 
source. Due to this transformation, the mill was unable 
to implement most of the waste minimization options 
suggested in the first phase of the project, since these 
pertained to waste paper based paper production only. 
However, during the transformation, the mill became 
aware of the cost savings achieved in other agro-residue
based pulp and paper mills. Some of the generic waste 
minimization options for agro-residue-based paper 
production could therefore be implemented in the 
construction of the new pulp mill. In addition, Three Star 
Paper Mills operates a coal-fired fluidized bed boiler. 

The in-house wa~tc minimization team consisted of 
the managing director, the works manager and the 
maintenance supervisor. The technical study team 

worked with the plant-level team to monitor baseline 
performance of the waste paper mill and to generate 
waste minimization and energy conservation options. 
A total of 31 options have been considered. The most 
successful options are summarized in table IV. I. In 
total, 19 options are feasible; 10 could be implemented 
over the course of the DESIRE project, while for four 
additional options implementation had started and for 
the remaining five feasible options, implementation 
still had to take off. In view of the change of the raw 
material mix, 12 waste minimization options initially 
generated had to be rejected. 

Since paper production based on agro-residues had just 
started at the end of the DESIRE project, it was not 
possible to collect reliable data for the evaluation of the 
overall financial anJ environmental impact of the waste 
minimization programme at Three Star Paper Mills . 

Table IV.1: Most successful options at Three Star Paper Mill 
~ - -- --·- -

Waste minimization measure 

1. Timely replacement of 
upper press roll to reduce 
press picking. 

2. Insulation. 

3. Installation of two-stage 
vacuum pulp washers. 

Financial viability (estimated) 

I= $6,667 
s = $16,667 
P = 0.4 year 

I= $6,500 
s = $8,333 
P < 0.8 year 

I= $50,000 
s = $16,667 
P = 3 year 

Environmental impact 
(anticipated) 

COD load reduction of 175 
kg/day; reduction of steam 
requirements (which in 
turn minimizes air 
emissions from boiler 
house). 

Steam conservation of 
about 0.15 ton steam/ton 
paper; marginal reduction 
of air pollution from boiler 
house. 

Reduction of wash water 
re~uirement by about 40 
m /ton paper. 

I= Im ,,1111.:m S =:"et saYings (after dedu.:tion of annualised opcrnting (OS[) P = Payba.:k period 

Remarks 

This measure requires close 
monitoring of press roll to 
replace it as soon as press 
picking shows a rising 
trend. 

Insulation installed on 
steam lines, digestor and 
condensate lines and tank. 

The improved washing 
efficiency increases 
product quality. 
High cost investment in 
the frame of the 
conversion to an agro
residue-based pulp mill. 

Savings as well as environmental impacts are estimated figures since post-implementation measures could not be carried out during the project period. 
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Annex V 

Baroda Minerals and Grinding 
Industries (Ahmedabad) 

Baroda Minerals & Grinding Industries is mainly a job 
order formulator for big producers of pesticides (like 
Bayer, Searle and Cynamide). It produces dust powder 
(methyl parathion and BHC) and liquids (such as 
cyperrnethrin, fenvalerate, endosulfan, methyl parathion 
and monocrotophos). The production equals about 7,000 
tons of formulated products per annum. Given its long 
history in working as a job formulator which has to 
attain the high quality and safety standards of the parent 
companies, Baroda Minerals & Grinding Industries had 
already implemented several waste minimization 
practices at the start of the DESIRE project. The 
company wished to participate in the DESIRE project in 
order to share its own experiences and to explore 
outstanding waste minimization opportunities. 

A waste minimization team has been established with 
active participation of the occupier, a management 
trainee and two plant supervisors. The technical study 
teams assisted the plant level team in the identification 

and evaluation of waste minimization options. In the 
course of the project 4 7, waste minimization options 
have been considered. At the end of the project 18 
feasible options had been implemented, while two 
other feasible options were under implementation and 
four other feasible options had been accepted for 
implementation. The remaining 23 options had been 
rejected by the company, given the perceived low 
relevance for the company and/or the limited technical 
and financial viability. The most successful options are 
summarized in table V. J. 

The implementation of the first batch of 18 feasible 
waste minimization options required an investment of 
about $700. The expected annual savings are about 
$1,500. The overall payback period is therefore within 
6 months. It proved to be impossible to arrive at a 
reliable quantification of the overall environmental 
impact of these waste minimization options. 

Table V.1: Most successful options at Baroda Minerals and Grinding Industries 

Waste minimization measure 

1. Installation of rotary air 
lock valve to avoid 
pressurisation of blender. 

2. Recovery of left-over 
active pesticide by rinsing 
drums with suitable 
solvent and reusing 
solvent as part of recipe in 
next batch of compatible 
formulation. 

I = Investment 

Financial viability 

I =$200 
S = not quantifiable 
P =short 

I= nil 
s = $1,300 
P = immediate 

S = Net savings (after deduction of annualised operating cost) 

P = Payback period 

Environmental impact 

Reduction of fugitive 
emissions of pulverized 
soapstone contaminated 
with active pesticide. 
Reduced health hazards. 

Reduction of generation of 
toxic fumes from storage 
and handling of 'empty' 
drums. 

Remarks 

Savings occur due to 
reduction of materials 
losses and reduction of 
compensation costs. 

Savings calculated with 
average production figures 
and technical material 
costs. 
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Annex VI 

Northern Minerals (Gurgaon) 

Northern Minerals is one of the largest professionally 
managed pesticide formulation plants in Northern India. 
It formulates, packages, distributes and markets its own 
brand of pesticides, including granules (approximately 
1250 tons/year phorate production), dust powder 
(approximately 800 ton/year, mainly fenvalerate (0.4 
per cent) and malathion (5 per cent), wettable dust 
powder (approximately 160 tons/year, mainly BHC (50 
per cent), mancozeb (75 per cent) and altrazin (50 per 
cent)) and emulsion concentrates (approximately 1500 
ton, mainly endosulfan (35 per cent), quinolphos (25 per 
cent), fenvalerate (20 per cent), butachlor (50 per cent) 
and cypermethrin (10-25 per cent)). Major pollutants 
are toxic fumes caused during raw material charging and 

blending, reprocessing of expired and off-specification 
products, waste generation due to unloading of dust 
blender for restarting after power failure and spillage 
during raw material handling. 

A plant-level waste minimization team took the lead in 
the identification, evaluation and implementation of 
waste minimization options. This team consisted of the 
general manager, the deputy general manager, manager 
of the quality control laboratory and two production 
supervisors. With the guidance of the technical study 
team, 57 waste minimization options could be 
generated. A total of 35 options proved to be feasible; 
out of these 14 were implemented during the course of 

Table Vl.1 : Most successful options at Northern Minerals 

Waste minimization measure 

1. Installation of fluid 
coupling assembly to avoid 
unloading of dust blender 
after power failure. 

2. Use industrial vacuum 
cleaner. 

3. Automatic volumetric 
filling and packing 
machine for small liquid 
packages. 

4. Recovery of left-over 
active pesticide by rinsing 
drums with suitable 
solvent and reusing 
solvent as part of recipe in 
next batch of compatible 
formulation. 

I= lll\L"llllL'O( 

Financial viability 

I =$1,333 
S=$1,100 
P = 1.2 year 

I= $833 
S = not quantifiable 

P =medium 

I = not yet quantified 
S = not yet quantified 

P =medium 

I= nil 
s = $1,500 

P = immediate 

S =Net savings (after deduction of annualised operating cost) 

P = Payback period 

Environmental impact 

Avoidance of waste 
generation after power 
failure. 
Reduced workers exposure 
to toxic fumes/health 
hazards 

Reduction of fugitive 
emissions of soapstone 
(contaminated with active 
pesticide). 
Reduced workers' exposure 
to health hazards. 

Reduction of spillage and 
excessive filling of bottles. 

Reduction of generation of 
toxic fumes from storage 
and handling of 'empty' 
drums. 
Reduction of drum 
d isposa I costs. 

Remarks 

Savings calculated on 
average power failure 
(1/week) with most 
common dust product. 
To be implemented. 

Replaces manual sweeping 
of the floor. 

Reduction of filling time 
and filling losses. 
Option to be implemented. 

Savings calculated with 
average production figures 
and technical material 
costs. 
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the DESIRE project, while implementation of another 
option had started. Twenty of these feasible options still 
have to be implemented. The company rejected 22 
options, given their perceived low technical and/or 
financial viability. The salient features of the most 
successful options have been summarized in table VI. I. 
In addition to the implementation of waste minimization 
options, progress has been achieved in setting up 
systematic data recording systems and training 
employees. It is envisioned that these measures will 
enable the continuation of waste minimization at 
Northern Minerals. 

• From Waste to Profits 

Until now, the investment for the implementation of 
the waste minimization options has been minimal. The 
implementation of the remaining feasible options 
requires an investment of $4, 150 and should give 
annual savings worth about $2,650. The overall 
payback period is therefore just within 19 months. The 
waste generation options reduce fugitive emissions and 
should minimize reprocessing requirements; however 
both these environmental advantages could not be 
quantified reliably within the DESIRE project. 



Annex VII 

Super Industries (Ahmedabad) 

Super Industries formulates, packages, distributes and 
markets its own brand of pesticides. The production 
includes granules (phorate; approximately 1,000 
tons/year), dusts (about 2,800 tons/year, mainly 
fenvalerate (0.4 per cent), methyl parathion (2 per cent), 
BHC (5-10 per cent) and malathion (5 per cent)), 
wettable powders (about 15 tons/year; mainly BHC (50 
per cent)) and liquids (approximately 85,000 litres/year; 
mainly dichlorophos (76 per cent), fenvalerate (20 per 
cent) and methyl parathion (50 per cent)). In the course 
of the DESIRE project, Super Industries started to set 
up a new granules plant. Major polluting areas in this 
company are toxic fumes (active pesticides and 
solvents) from the blenders during charging, blending 
and discharging, reprocessing of expired and off 
specification product, fugitive soapstone powder 
emission from dust handling operations, and spills and 
leaks from pumps and charging lines. 
At the announcement of the DESIRE project, Super 
Industries showed a keen interest and strong 
commitment to participate and learn waste minimization 

practices. The in-house team consisted of the occupier, 
the production manager, the production in charge, the 
laboratory in charge and the maintenance in charge. As 
part of the DESIRE project, a training session has been 
held in order to build the project team and to familiarize 
the project team with the waste minimization objectives, 
practices and data gathering and evaluation tools. The 
plant-level team received assistance and guidance from 
the technical study team. In the course of the project, 
56 waste minimization options have been generated 
and evaluated. sixteen feasible options had been 
implemented at the end of the DESIRE project, while an 
additional number of eight feasible options was under 
implementation. From the remaining options, I 2 should 
be considered feasible and the company is willing to 
implemented them, while the other 20 options should be 
considered as not feasible. The salient features of the 
most successful options have been summarized in table 
VII. I. 

The implementation of the first batch of 24 waste 

Table Vll.1: Most successful options at Super Industries 

Waste minimization measure 

1. Improved material and 
product handling facilities 
at new granules plant. 

2. Recovery of left-over 
active pesticide by rinsing 
drums with suitable 
solvent and reusing 
solvent as part of recipe in 
next batch of compatible 
formulation. 

Financial viability 

I= $12,000 
S = $7,500 (expected) 
P < 2 year 

I= nil 
s = $2,000 
P = immediate 

Environmental impact 

Reduction of material 
losses and overfilling of 
packages. 
Significant reduction of 
workers' exposure to 
health hazards 

Reduction of generation of 
toxic fumes from storage 
and handling of 'empty' 
drums. 
Reduction of drum 
disposal costs. 

I= Investment S = Net savings (after deduction of annualised operating cost) P = Payback period 

Remarks 

This measure actually consists 
of a number of options: 
• Semi-automatic 

weighing and packing 
line; 

• Enclosure of charging 
and discharging hoppers; 

• Proper ventilation 
systems; 

• Improved layout for 
technical spray pumps. 

Savings calculated with 
average production figures 
and technical material costs. 
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mm1m1zation options required an investment of 
$13,350. The annual savings are expected to mount up 
to $8,350 upon completion of the new granules plant 
(early 1995). The overall payback will thus be within 
20 months (Chandak, 1995). Given the low rates of 
waste and emission generation, it was not possible to 

quantify the environmental impact equivocally. Table 
VII.2 summarizes the estimated overall impact. It may 
be concluded that although remarkable reductions have 
been achieved in waste generation, the financial gains 
are almost negligible. 

- able Vll.2: Estimated overall impact of waste minimization at Super lndustrie 
Aler waste minimization Item 

1. Technical left over in empty drums 
2. Blender cleansings 
3. Technical spills and leaks 

• From Waste to Profits 

175 kg/year 
36 kg/year 

45-65 kg/year 

10-12 kg/year 
Negligible 
Negligible 

$800/year 
$10/year 

$250/year 



Annex VIII 

Vim al Pesticides 

Vimal Pesticides is mainly a job formulator for big 
pesticides manufacturing and marketing companies, 
like Searle, Cynamide and Lupin. Vimal Pesticides 
produces granules (approximately 2,000 tons/year, 
mainly phorate (10 per cent) and butachlor (5 per cent)), 
dust (about 2,500 tons/year, mainly methyl parathion (2 
per cent) and fenvalerate (0.4 per cent)), wettable dust 
powder (approximately 150 tons/year, mainly 
carbendazim (50 per cent)) and liquids (approximately 
400,000 litres/year, mainly dimethoate (30 per cent), 
cypermethrin (I 0 - 25 per cent) and monocrotophos (30 
per cent)). In order to qualify for the job work, Vimal 
Pesticides has to meet the quality, safety and 
environmental standards of the big companies, which in 
turn has been an incentive to implement waste 
minimization. Major polluting areas at Vimal Pesticides 
are toxic fumes emission from raw material charging 
and blending, reprocessing of expired and off
specification products, waste generation due to 
unloading of dust blenders for restarting after power 
failure and spillage during raw material handling. 
The plant level project team took the lead in the 
implementation of waste minimization. The team 
consisted of the occupier, the production manager, the 
laboratory in charge, the maintenance in charge and a 
production supervisor. The technical study team 
assisted this plant level team; in the course of the 
DESIRE project a lot of ideas have been generated. 

Several of these could be transferred by the plant level 
team into practical waste minimization solutions. A total 
of 64 waste minimization options has been considered 
during the project period. Within the first 15 months, 25 
waste minimization options could be implemented, 
while implementation had started for another two 
feasible options. In addition, the feasibility of another 11 
waste minimization options has been proved; the 
company plans to implement these in the near future. 
The remaining 26 options have been rejected by the 
company, given the low technical and/or financial 
feasibility. The salient features of the most successful 
options have been summarized in table VIII. I. 

Vimal Pesticides invested $5,350 for the implementation 
of the first batch of 25 feasible waste minimization 
options. These options generate annual savings which 
mount up to $8,350. The overall payback of these 
options is thus within 8 months. The environmental 
benefits are visible in the plant, in terms of reduction 
of waste generation and minimization of workers' 
exposure to toxic fumes. However, quantification of 
these improvements proved to be impossible within the 
frame of this project. Table VIII.2 contains preliminary 
estimates of the overall impact. It may be concluded that 
although remarkable reductions have been achieved in 
waste generation, the financial gains are almost 
negligible. 
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Table Vlll.1: Most successful options at Vimal Pesticides 

Waste minimization measure 

1. Installation of fluid 
coupling assembly to avoid 
unloading of dust blender 
after power failure. 

2. Dust unloading and 
weighing in trolley, which 
can then be lifted and 
placed over the charge 
hopper of the dust 
blenders. 

3. Recovery of left-over 
active pesticide by rinsing 
drums with suitable 
solvent and reusing 
solvent as part of recipe in 
next batch of compatible 
formulation. 

I = Investment 

Financial viability 

I =$1,333 
5=$1,100 
P < 1.3 year 

I= $400 
s = $5,000 
P < 0.1 year 

1=0 
s = $2,000 

P = immediate 

S = !\et savings lafter deduction of annualised operating cost) 

P = Pay back period 

Environmental impact 

Avoidance of waste 
generation in case of 
power failure. 
Workers' exposure to toxic 
dust (and subsequently 
health hazards) reduced. 

Reduction of fugitive dust 
emissions from charging; 
improvement of shop floor 
air quality. 

Reduction of generation of 
toxic fumes from storage 
and handling of 'empty' 
drums. 
Reduction of drum 
disposal costs. 

Remarks 

Savings calculated on 
average power failure 
{1/week) with most 
common product. 

Option successfully tried, 
but will only be 
implemented in next 
season. 

Savings calculated with 
average production figures 
and technical material 
costs. 

Table Vlll.2: Estimated overall impact of waste minimization at Vim al Pesticides 
Item 

1. Technical left over in empty drums 
2. Technical spills and leaks 

• From Waste to Profits 

Before waste minimization After waste minimization 

12 50 kg/year 
80-90 kg/year 

25-30 kg/year 
negligible 

Estimated financial gain 

$1,400/year 
$300/year 



Annex IX 

Bhavin Textiles (Surat) 

Bhavin Textiles is a job order textile dyeing and 
printing unit and belongs to Colourtex Ltd, a leading 
dyestuff manufacturer in Gujarat. The current grey 
cloth processing capacity is 50,000 metres per day. Of 
the cloth processed, 80 per cent is polyester and the 
rest is acrylic. Sarees and dress materials are the final 
finished goods (about 30 product varieties). The unit 
commenced its processing during the mid term project 
review period of the DESIRE project. 

The main processing steps are washing, scouring, 
desizing, weight reduction, whitening/dyeing, heat 
setting, printing, reduction clearance, drying and 
packaging. Wastewater effluent is generated from 
almost all the processing steps except heat setting, 
drying and packing. 

The unit participated in the project to develop a 
management information system (MIS) for waste 
minimization, in addition to exploitation of available 
potential for waste minimization. Being a new unit, the 
management was keen to develop a systems approach to 
be able to tackle the problem of waste in the long run. 
The project team took the lead in the implementation of 

waste minimization. It consisted of the director, the 
production manager and the technical manager. The 
technical study team assisted this plant-level project 
team. After the field study conducted by the team and 
evaluation of the data collected for water, raw materials, 
chemicals and energy, the audit team specifically looked 
into waste minimization opportunities for dyeing, 
printing and washing. Special emphasis was given to 
water conservation, due to water shortages in the region. 
A total of 27 waste minimization options has been 
considered during the project period. Within the first 15 
months, eight waste minimization options could be 
implemented, while implementation had started for 
another 13 feasible options. The remaining six waste 
minimization options have been rejected by the 
company, given the low technical and/or financial 
viability. The salient features of the most successful 
options have been summarized in table IX. I. 

Bhavin Textiles invested a total of $4,650 in these 
feasible waste minimization options. The savings 
accrued were on the order of $48,400 giving an overall 
payback period of less than 2 months. 
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Table IX.1: Most successful options at Bhavin Textiles 

Waste minimization measure Financial viability 

1. Development of I =0 
Management Information s = $21,600 
System to control batch P: immediate 
size in jet dyeing. 

2. Chemical substitutions. I =0 
s = $4,800 

P: immediate 

3. Dyebath recycle for white I= $650 
dyeing. s = $1,300 

P = O.Syear 

4. Condensate and cooling I= $4,000 
water recycle. s = $12,000 

P < 0.4year 

5. Standardization of print I= 0 
paste stock preparation. s = $8,700 

P: immediate 

I = lnvestmenl 

S = Net savings (after deduction of annualised operating cost) 

P = Payback period 

Ill From Waste to Profits 

Environmental impact 

Only minor environmental 
impact due to optimization 
of dyeing process. 

COD load reduced by 718 
kg/month. 

Reduction of water and 
auxiliary chemicals 
consumption. 

Reduced water 
consumption. 

Reduced solid waste 
generation. 

Remarks 

The option would enable 
to produce more with 
same infrastructure and 
water requirement. 

Oxalic acid replaced by 
oxalic + mineral acid; 
acetic acid by catalyst O; 
hydrosulphite by Diosyn HF 
and citric acid by citric W. 
No impact on product 
quality. 

Implementation required 
installation of an insulated 
holding tank. 

Reduced fouling of heat 
transfer surface in heat 
exchangers and boilers. 

The option required 
improvement of 
procedures and skills of 
personnel. 



Annex X: 

Garden Speciality Prints (Surat) 

Garden Speciality Prints is a textile dyeing and printing 
unit and belongs to the Garden Group of companies, a 
leading fabric and dress material manufacturer in India. 
The current cloth processing capacity is 80,000 metres 
per day with a process mix of printed goods (45 per 
cent) and dyed and finished goods (55 per cent). Only 
synthetic fabric is processed. Sarees and dress material 
are the final finished goods. The main processing steps 
are washing, scouring, desizing, drumming (only for 
chiffon), weight reduction, whitening/dyeing, heat 
setting, printing, reduction clearance, drying and 
packing. Wastewater effluent is generated from almost 
all processing steps except heat setting, drying and 
packing. Garden Speciality Prints participated in the 
project to improve its efficiency of operation both in 
terms of chemicals usage and energy usage. Being a 
market leader, the company wanted to maintain its 
superiority even on the environment front. 

Garden Speciality Prints is comparatively well staffed. 
The plant level waste minimization team therefore 
consisted of the director, technical manager, assistant 
technical manager, processing superintendent, printing 
manager, assistant printing manager, assistant dyeing 
manager and maintenance engineer. The technical 
study team assisted the plant level team in 
implementing the systematic waste minimization audit 
methodology. Upon completion of the preliminary 
assessment of the consumption of water, energy and 
chemicals in all processes, desizing and scouring, 
weight reduction, dyeing, printing and washing were 
selected as audit focuses. The detailed assessment 
included the utility requirements, particularly steam 
generation and distribution. In the course of the 
project, 38 options have been generated and evaluated. 
Seventeen waste minimization options had been 

implemented at the end of the project. For another I 0 
feasible options, implementation had started, while for 
yet another four feasible options, implementation still 
had to take off. The remaining seven options proved to 
be not feasible, and were subsequently rejected by the 
plant management. The salient features of the most 
successful options have been summarized in table X. l. 

Being an integrated mill specialized in production of 
small batches of speciality fabrics offered both 
advantages and disadvantages for the implementation 
of waste minimization. Several options commonly 
applicable in small-scale commission dye houses, for 
instance, could not be implemented by Garden 
Speciality Prints. These included dyebath recovery and 
reuse (hampered by differences in quality 
specifications to be attained per batch of dyed goods) 
and reduction of chemicals inventory (comparatively 
large inventory of speciality chemicals needed to serve 
all fabric varieties). On the other hand, Garden 
Speciality Prints could implement options which are 
normally not feasible in commission dyeing, such as 
extending the length of the cloth pieces (their own 
weaving looms have been modified in order to increase 
the cloth length from 100 to 300 metres), increasing 
the minimum design length (through changes in 
marketing policies that would reduce start-up losses 
per printing job) and reducing processing steps 
(through integration of scouring and dyeing processes 
for particular fabric varieties). 

Garden Speciality Prints invested, in the course of the 
DESIRE project, a total of$ I 4,500 in implementing 
the feasible waste minimization options. The savings 
accrued were on the order of $110,000, giving an 
overall payback period of Jess than two months. 
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Table X.1: Most successful options at Garden Speciality Prints 

Waste minimization measure 

1. Replacement of 
continuous water wash 
with two-stage pre
soaking fill and draw type 
bath in weight reduction. 

2. Chemical substitutions. 

3. Installation of press light 
switches for viewing lamps 
in jet dyeing machines 

4. Replacement of costly 
leader cloth with low 
grade (or off specification) 
grey cloth for initial 
printing table setting. 

5. Recovery of residual print 
paste from squeegee, 
screens and containers. 

I = Investment 

Financial viability 

I =$1,200 
s = $1,800 
P < 0.7 year 

1=0 
s = $5,400 

P: immediate 

I= $100 
s = $19,300 
P: immediate 

I =0 
s = $45,000 
P: immediate 

I =0 
s = $10,000 
P: immediate 

S = Net savings (after deduction of annualised operating cost) 

P = Payback period 
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Environmental impact Remarks 

Reduction of the alkali loss The option enables 
in wastewater. recovery of Jean alkali 

solution which can be 
recycled for scouring, 
weight reduction bath 
make up or jet dyeing. 

Reduction of COD load, Oxalic acid replaced by 
oxalic + mineral acid; 
acetic acid by catalyst D; 
hydrosulphite by Diosyn HF 
and citric acid by citric W. 
No impact on product 
quality. 

Reduction of the electrical The measure required 
energy consumption. installation of press type 

switches to put on viewing 
light when required. 

Low-grade (waste) cloth The measure is a typical 
used to avoid wastage of resource conservation 
high quality cloth. measure of using a low 

grade resource in order to 
conserve the high grade 
resources for better use. 

COD reduction; residual The option required 
print paste was discharged improvement in systems 
with rinse water before. and procedures and skills 

of personnel. 



Annex XI 

Mahendra Suitings (Ahmedabad) 

Mahendra Suitings is a textile dyeing and printing unit 
for its own brand products as well as on commission 
basis for other textile companies. The current grey cloth 
processing capacity is 90,000 metres per day. Suitings, 
shirtings and other dress materials made from cotton, 
synthetic and blended fabrics are processed. The main 
processing steps are washing, whitening/dyeing, heat 
setting, printing, reduction clearance drying and 
packing. Wastewater discharges are caused by almost all 
the processing steps except heat setting, drying and 
packing. The unit participated in the DESIRE project 
with a view to reduce the operating costs. 

The plant level project team took the lead in the 
identification, evaluation and implementation of waste 
minimization options. The team consisted of the 
managing director, technical manager and printing 
supervisor and was assisted by members of the 
technical study team. 

Upon completion of the preliminary assessment of 
chemicals, water and energy use for all processing areas, 
the project team focused on the waste minimization 
opportunities for bleaching, dyeing, printing and 
utilities. In the course of the DESIRE project, a total 
of 22 waste minimization options were generated and 
evaluated. Within the 15 months duration of the project, 
14 feasible options were implemented, and 
implementation started for another two feasible options. 
Of the outstanding six options, two are considered 
feasible and should be implemented shortly, whereas the 
other four have been rejected given their low financial 
and/or technical feasibility. The salient features of the 
most successful options have been summarized in table 
XI.I. 

Mahendra Suitings invested a total of $3,700 in 
implementing the above-mentioned five waste 
minimization measures. The savings accrued were of the 
order of $30,800 giving a payback period of less than 
two months. 
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Table Xl.1: Most successful options at Mahendra Suitings 

Waste minimization measure Financial viability Environmental impact Remarks 

1. Recycling of washing I =$1,000 Reduction of COD load and The option eliminated the 
discharge from mercerising s = $11,000 reduction of tota I caustic caustic lye requirement of 
to meet caustic P < 0.1 year consumption. the bleaching operation 
requirement of bleaching. (saving 60 kg/day caustic 

lye). 

2. Installation of press I= $100 Reduction of the electrical The measure required 
switches for viewing lamps s = $9,000 energy consumption. installation of press type 
in jet dyeing machines. P: immediate light switches to put on 

the view light when 
required. 

3. Use of steam condensate I= $1,000 Better dyeing quality; The measure is under 
in jet dyeing machines for S = not yet quantified reduced soft water consideration for 
dye liquor preparation. P = short term consumption; heat implementation in new 

recovery. machine. 

4. Optimize excess air levels I= $300 Energy conservation The measure required 
in thermic fluid heaters. s = $9,000 (reduction of lignite installation of ash door 

P < 0.1 year consumption) and and provision to keep this 
reduction of air emissions. closed when not in use. 

5. Condensate and flash I= $1,300 Reduction of soft water Reduced load on water 
steam recovery. s = $1,800 requirement. softening plant and boiler. 

P < 0.8 year 

I = Investment 

S = Net savings (after deduction of annualised operating cost) 

P = Payback period 
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Annex XII 

Paradise Prints (Surat) 

Paradise Prints is a commission textile dyeing and 
printing unit. The current cloth processing capacity is 
60,000 metres per day with a product mix of polyester 
(90 per cent) and nylon (10 per cent). Only synthetic 
fabric is processed. Sarees and dress material are the 
final finished goods. 

The main processing steps are washing, scouring, 
weight reduction, whitening/dyeing, heat setting, 
printing, reduction clearance, drying and packing. 
Wastewater effluent is generated from almost all the 
processing steps except heat setting, drying and packing. 

The company had started its own waste minimization 
activities long before the start of the DESIRE project. 
It had concentrated on the substitution of chemicals 
(in order to reduce COD/BOD load per ton processed 
fabric and to reduce toxicity of effluents) and 
conservation of water and energy (Desai, 1994 ). 
Paradise Prints is a forerunner in the entire Surat belt 
of textile processing houses. The unit participated in 
the project to improve upon its waste minimization 
strategy and identify additional process-oriented waste 
minimization measures. Being a market leader, Paradise 
Prints wanted to maintain its superiority even on the 
environment front. 

A plant level audit team was made up for the evaluation 
of the processes and waste minimization options. The 
team consisted of the director, technical manager, dyeing 
master, dyeing assistant master and two assistants. Upon 
completion of the preliminary assessment of the 
chemical, water and energy consumption and waste 
water discharges from all processing areas, the team 
focused on waste minimization opportunities for 
desizing and scouring, weight reduction, dyeing, printing 
and washing. Over the course of the DESIRE project, 32 
waste minimization options have been considered. 
Twelve options have been implemented during the 
project. Implementation has already started for another 
11 feasible options and is to start for yet another five 
options. The last four options have been rejected, given 
their poor financial and/or technical performance. Salient 
features of the most successful waste minimization 

options have been summarized in table XII. I. 

According to the technical study team, Paradise Prints 
invested a total of $27,800 in implementing the 
feasible waste minimization measures. The savings 
accrued were of the order of $55,300 giving a payback 
period of six months. 

According to the perceptions of the management of 
Paradise Prints, participation in the DESIRE project 
was particularly successful in the following areas: 

• Dye bath reuse: Four jet dyeing units have been 
equipped with overhead tanks to reuse spent dye bath 
from disperse dyeing. Reusing the dye bath I 0-12 
times has become routine practice. Dyebath reuse has 
lead to 85 per cent COD reduction from jet dyeing, 90 
per cent water conservation in jet dyeing, 40 per cent 
energy conservation in jet dyeing and 80 per cent 
reduction of chemical costs in jet dyeing. The 
investment of about $ 30,000 in overhead tanks, 
piping and valves had a payback period of less than 
six months. 

• Recovery of print paste remnants: Edge carry-over 
has been reduced through the application of cellotape 
on the printing screens. Four printing machines have 
been equipped with a doctor blade to recover about 
18 tons of print paste remnants. The remnants are 
sorted in different shades and reused in the 
preparation of next batches of bulk print paste 
colours. Consequently, COD discharge has been 
reduced by 900 kg/day. In addition, this has enabled 
the reduction of the water consumption for print belt 
washing from 70,000-80,000 litres/machine per day 
to 10,000 litres/machine per day. The annual savings 
through print paste recovery and reuse mount up to 
$56,000. 

• Solvent recovery: An on-site distillation system will 
be installed to recycle the solvent used for blanket 
wash. The reduction in solvent consumption is 
estimated at 3,500 kg/year. The net annual benefit 
will be in the range of $36,000. 

Annexes Ill 



Paradise Prints has developed its own software to 
evaluate progress in reducing COD load (computed 
COD discharge on the basis of the monthly 
consumption of chemicals). In the first two years of 

waste minimization activities, COD discharge has been 
reduced from 150 kg/ton of fabric to 80 kg/ton of 
fabric. In terms of concentration, COD came down 
from 252 mg/I to 51 mg/I. 

Table Xll.1: Most successful options at Paradise Prints 

Waste minimization measure 

1. Replacement of 
continuous water wash 
with 2 stage pre-soaking 
fill & draw type bath in 
weight reduction. 

2. Chemical substitutions. 

3. Installation of individual 
piping for circulation of 
thermic fluid. 

4. Replacement of manual 
washing with continuous 
washing range. 

5. Recovery of residual print 
paste from squeegee, 
screens and containers. 

I = Investment 

Financial viability 

I =$1,200 
s = $1,800 
P < 0.7 year 

I =0 
s = $3,500 

P: immediate 

I= $1,600 
s = $4,000 
P = 0.4 year 

I= $25,000 
s = $36,000 
P = 0.7 year 

I =0 
s = $10,000 
P : immediate 

S =!'.'et savings (after deduction of annualised operating cost) 

P = Payback period 

• From Waste to Profits 

Environmental impact 

Reduction of the alkali loss 
in waste water. 

Reduction of COD load by 
3070 kg/month and BOD 
by 1950 kg/month. 

Reduction of the thermal 
energy consumption 
(natural gas requirement). 

50 O/o reduction in effluent 
volume along with 
significant reduction of 
energy and chemical 
requirement. 

COD reduction; residual 
print paste was discharged 
with rinse water before. 

Remarks 

The option enables 
recovery of lean alkali 
solution which can be 
recycled for scouring, 
weight reduction bath 
make up or jet dyeing. 

NI detergent replaced by 
Ginasol 6836, acetic acid 
by catalyst D, 
hydrosulphite by diosyn HF 
and citric acid by citric W. 
No impact on product 
quality. 

The measure required 
installation of individual 
piping systems for thermic 
fluid heater to each 
stenter. 

The measure is a typical 
technology change option. 

The option required 
improvement in systems 
and procedures and skills 
of personnel. 
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ABOUT THE !\1ANUAL 

This manual is the result of the exrerience gained in Project 
DESIRE - DEmonstration in Small Indu~tries for Reducing 
\\'a~tE. Thi:' project was sponsored by C:\lDO and conducted 
by the National Productivity Council. 

Although several manuals have been brought out by differ
ent agencies on Waste Minimisation, it has been felt that these 
are primarily addressed to meet the requirements of large 
industries. The small Sl>etor with its typical features of scale of 
operation, level of technology, man power etc. demand a simple 
approach and hence the need for guidelines tailor-made to suit 
their requirements. 

We would consider these guidelines to have served their 
purpose if they are able to enthuse you to initiate a Waste Mini
misation programme in your industry. 

The publication of these guidelines has been made possiblE 
through the assistance provided by the Ministry of Environ
ment and Forests, Government of India. 

August, 1994 
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1 Money In Your Drain? 

What's that you say? There's no money flowing in YOUR 
drain? 

Well MC Engineering, JR Fabrics and Palam 
thought so too, until they discovered otherwise! 

Let us have a close look at what they found. 



Money In Your Drain? 4 

(I) MC ENGINEERING: GOLD FROM NICKEL 

-.............. _ 

This is a small scale electroplating unit specialfsing in job-order 
nickel and chromeplating of TV and radio aerial components. 
Daily production is 60,000 components. 

Nickel and chromeplating involves two steps: 

1. Electroplate metal by dipping components in an electrolytic 
salt bath, pass an electric current through the solution, and 

2. Rinse components with continuous water after plating, to 
remove excess salt solution from the surface. 

l 
1 . ..,,0 
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Fairly simple steps? No, not for electroplating but Yes, for 
pushing money into the.drain. 

The company was breaking even with difficulty because of 
the high cost of the salt that was consumed. There was loss of 
the salt solution during rinsing, and as if this was not enough, 
the salt was cau1ing water pollution as well! 

~·- '. ~ . ___,.- ~"4 
\'~ ~:_; •• &- '!". 
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Not in a position to invest in an Effluent Treatment Plant, the 
company management decided to address the problem 
throug_h Waste Minimisation and this idea struck gold! 
To their amazement-because this simple idea had not struck 
them before-they found that simple changes in the processing 
steps yielded large benefits, Including significant improvement 
in the bottom line. 

Waste Minimisation measures were as follows: 

- Continuous "once through" rinse replaced by cascade 
rinse through addition of two more tanks. 
Hangars over the electroplating bath. 

- Operators to suspend electroplated components on the 
hangars for a few seconds, before dipping them In static 
rinse for washing. · 

Time taken to implement Waste Minimisation measures--
15 days. 

Consumption of electroplating salt brought down by 40 
per cent. 

- Waste water generation brought down by 30 per cent. 
Pollution load brought down - 50 per cent. 
Total expenditure on Waste Minimisation measures 
-Rs 1,000 

- Annual savings - Rs ~,000/-. 

The company now plans to recycle rinse water as make-up 
water to further reduce waste and consequently, the poilution 
problc 1n. 

Such saving opportunities do not exist only in electroplating 
units. 

5 



Money In Your Drain? 6 

Let us see what JR Fabrics did in their yarn dyeing unit. 

(II) DYE IN DRAIN 

After dyeing in a kier, the yarn is washed in a continuous water 
stream on the floor to remove the residual dye. 

The unit dyes 10 batches (540kg) of yam every day. 

The consequent pollution level is however, 15 times higher 
than permissible levels. Waste water treatment is found to be 
very expensive-more than Rs. 1.8 lakhs/year. 

:.;~ .... "'~ 
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JR Fabrics decided to use Waste Minimisation methtids. This 
involved installation of a centrifuge to squeeze out leftover dye 
liquor before washing the yarn. 

Dy~ 7<.JB 

The squeezed out dye liquor is recycled for the next batch, 
thus saving 1.4 kg of dye per ton of yam. 

Centrifuge cost- Rs 20,000/-
Annual savings-Rs 100,000, i.e. almost 20 per cent of the 
annual operating cost. 

Additional Benefits 

a) pollution load in terms of COD (Chemical Oxygen 
Demand) is reduced to 4.8 kg/ ton. 

b) the washing cycle of the centrifuged yarn requires only 
three stages in place of the earlier four. 

c) strain on the operator reduces. Total time taken for 
implementation of Waste Minimisation measurcs--
3 months. 

J>Y£l> 'YARN BEFORE WA5H1Ntr 

R£COV!31<.EO DYE 

PUMP 



Money In Your Drain? 8 

(III) NO SMOKING PLEASE I 

Let us now take the case of Palam Potteries, a well known pot
tery unit situated at Palam, near Delhi. 

The unit was using Down-Draught Coal fired kilns for pot
tery making. Since the Delhi Airport is cloile-by, the unit was 
under constant pressure to control emission. The emission was 

DUST 
5EP~TOR 

particularly severe after firing of the coal. Particulate emissions 
were 2.5 times more than the permissible level ~3000mg/Nm3 

versus the prescribed standards of 1200 mg/Nm ). 

Initially the unit tried fo solve the problem by conventional 
end-of-pipe pollution control measures, by installing cyclones 
to remove particulates. 

~-,._ 



The problem remained unsolved, because cyclones are an 
incorrect choice for a pottery unit where dust particles are of a 
\rery fine size. 

Waste Minimisation revealed that smoke was being gener
ated principally because of improper firing practices and poor 
combustion management. 

These conditions were modified by training the operators on 
efficient firing practices. 

- Instead of four shovels per firing, only two shovels per 
. firing. 

- Augmentation of Induced Draught Fan capacity. 
- Installation of Draught Control System. 

~ ___.~_1iiL!S!l---. y 

~ 
f'OR~ 

The Results: 

Savings: 

1. A drastic reduction in smoke emission, down tc, 1100mg/ 
Nm3, thereby avoiding the need of installing an expensive 
air pollution control system. 

2. Saving 28 per cent fuel worth Rs. 250,000 per year, due to 
better combustion efficiency. 

Other Benefits 

- Better quality of pottery due to better heat distribution in 
the kiln and rejection rate down by 50 per cent. 

- Time taken for implementation of Waste Minimisation 
measures-3 weeks and another 4 weeks were needed to 
augment fan capacity. 

Scrapped cyclones at Palam Potteries-any takers?! 

9 



Money In Your Drain?· 10 

These are just three exampJes from diverse industries-but 
they prove the innumerable benefits of Waste Minimisation. 

Unknowingly, money could be going down the drain in the 
form of waste, or up the chimney in the form of smoke! 

; 

t 
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SimpJe Waste Minimisation measures help c;,.onveJ'.t waste 
into profit. "!! 
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2 Or Even More I 

Waste Minimisation offers several other benefits, apart from 
reducing the requirement of resources viz. raw material, water 
and energy. Palam Potteries got better product quality, apart 
from higher profits and JR Fabrics improved labour manage
ment relations. 

The other benefits that Waste Minimisation offers are: 

Improvement in Work Environment 

Waste Minimisation l\elps you to improve the shopfloor envi
ronment leading to higher efficiency and better working rela
tions. 

- Plant appearance is better. 
Workers health problems are reduced. 

- Spillages are reduced.· 

Q1:1ality Improvement 

The importance of quality and cost reduction needs no empl-.a
sis. There are many instances where Waste Minimisation has 
directly led to improvement in quality of processed products. 
For example, at Palam Potteries, Waste Minimisation measures 
not only brought down the rejection rate by 50 per cent, but 
enabled the unit to produce superior quality pottery. 

Image 

Waste Minimisation reflects and improves the overall image of 
your company. 13 



Or Even More ! 

Company's image in the eyes· of the public and regulatory 
bodies is improved. 

Its image becomes more environmental friendly. 

Compliance 

Environmental regulations are becoming tighter and often 
result in increased end-of-pipe treatment costs. Audit schemes 
also require companies to provide information regarding 
energy, water and material use as well as waste and waste 
water generation. Waste Minimisation helps you as an entre
preneur to cope with these problems. 

Waste Minimisation helps in optimising your production 
processes and meeting the increasing quality demands (espe
cially for export markets), at the lowest possible cost. In future, 
certain products have to be certified as having been produced 
in an environmentally sound way. 

New Market Opportunities 

Increasing consumer awareness of environmental issues, has 
led to a high demand level in international markets. Conse
quently, if you put in conscious efforts towards Waste Minimis
ation you open up new market opportunities. 

It opens the opportunity for marketing green products. 

- Due to better quality of products produced by imple
menting Waste Minimisation, products are saleable at a 
higher price. 

14 
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Environmental Cost Reduction 

The effluent streams in your unit become smaller and less con
taminated and can be treated in simpler and low-cost treatment 
plants. 

- Reduced energy consumption in treating waste 
- Amount of chemicals required for treating waste are 

reduced. 
- Reduced manpower and equipment requirements for on

site pollution control and treatment. 
- Area required for waste treatment and disposal is 

reduced. 
- Waste disposal cost is reduced. 

Introduction 

"The Missing Milk Shake" 

A Case Study at M/ s Nirulas, New Delhi 

Nirulas food processing facility produces ice cream, cheese 
and processed meat and vegetables. 

Waste water from these products was discharged directly 
into the environment, resulting in 40m3 of waste water with an 
average BOD (Biochemical Oxygen Demand) of 2,300 mg/1. 
This grossly exceeded the stipulated discharge limit for BOD of 
30 mg/I. 

"THE MISSING MIU< SHAKE'( 

.........,, '0 

.. 

tCE CREAM• MA~ 

A CASE STUDY OF 
NIRULAS 
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Or Even More! 

PROCESS STEPS IN tCE CREAM MAKING 
ICE" CREAM VESS~L. 

1 

2 

~K!Nq.n«; 
lCECREAM 

3 
The National Productivity Council (NPC) designed a waste 

water treatment plant, that would resul~ in compliance with the 
prescribed effluent discharge limits. 

NPC also suggested a study of Waste Minimisation opportu
nities. The study revealed three major Waste Minimisation 
opportunities: 

1. Modification a~ segregation of the first wash of the ice 
cream vessel. 

i 
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2. Segregation and reuse of whey from the cheese making 
operation. 

3. Separation of coarse solids in the vegetable and meat pro
cessing unit. 

The results are as follows: 

Effluent 'Iteatment Plant 

1. Surface area 
required 

2. Investment cost 
3. Annual operating 

cost 

Bef~WM 

200m2 

Rs750,000 
Rs200,000 

After WM 

lOOm2 

Rs390,000 
Rsl00,000 

The effluent treatment plant was commissioned in 1990 and 
ever since it has been operating successfully. 

Reductions in BOD are detailed in the following table. 

The case of the "Missing Milk Shake" Is thus a clear Illustra
tion of the benefits to be derived from Waste Minimisation, 
coupled with traditional end-of-pipe treatment technology. 

Section Before WM After WM Reduction 

Flow BOD Flow BOD 
m3/d mg/I m3/d mg/I 

Ice-cream 12.7 3,165 12.6 1,222 61 % 
Vegetables 23.1 866 23.1 801 7% 
and meat 
Cheese 4.3 7,395 0 0 100 % 
Overall 40.1 2,300 35.7 847 63 % 

Hence if you wish to sustain your business over the turn of 
the century, you will have to face these developments. Waste 
Minimisation will help you to turn these Nfrighkning" devel
opments into new business opportunities. 

17 





3 Waste MinimisationlliiU Gets It 

Previous examples would indicate that Waste Minimisation is 
another way of looking at the production process to increase 
efficiency and hence profits. let us have a det.liled look at vari
ous aspects of Waste Minimisation. 

"Waste Minimisation is a new and creative way of thinking 
about products and processes that make them. It is achieved 
by the continuous application of strategies to minimise the 
generation of wastes and emissions."' 

3.1 WHAT IS WASTE MINIMISATION? 

The answer could be as varied and diverse as one could per
ceive it to be. One of the definitions state: 

Isha Tiwari 
Class \'.II C 

Air Force Bal Bharati School 
New Delhi 

Age: I l Years. 
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Waste Minimisation Gets It 22 

3.2 COVERAGE 

Conventionally, Environmental Management has relied upon 
setting up pollution control equipment to treat liquid effluents 
or gaseous emissions and bringing down the concentration of 
pollutants to within the stipulated limits. However, this 
approach has proved to be inadequate because: 

a) It mostly changes the physical form/media of pollution 
viz. gaseous pollutants into solids (502 into gypsum), liq-

uid effluents to solids (sludge from waste water treatment 
plants) or solids waste into gaseous (incineration).· 

b) It assumes that the environment has enough capacity to 
take care of the residual pollution levels by itself. 

c) It rarely brings about an absolute reduction iri the quan
tity of pollutants. 

d) It is often cost intensive, with hardly any benefits to the 
entrepreneur and is, therefore, looked upon as an 
unavoidable dent in p.rofits. 

CONVENTIONAL ENVIRONMENT MANA6EMf;VT 
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A better approach, now accepted worldwide, is to supple
ment the conventional approach with Waste Minimisation
which is also known by other terms viz. Pollution Prevention, 
Cleaner Production, etc. The trend is towards making manage
rial and/ or technical interventions to make the industrial oper
ations inherently pollution free. However, it should also be 
clearly understood that Waste Minimisation, howsoever attrac
tive, is not a panacea for all environmental problems and may 
have to be supported by conventional treatment/ disposal sys
tems. 

Waste Minimisation is best practised by reducing the genera
tion of waste at the source itself. After exhausting the source 
reduction opportunities in the second step, attempts should be 
made to recycle the waste within the unit. Finally, you could 
also think of modifying or reformulating your product itself so 
as to be able to manufacture it with least waste generation. The 
type of techniques which are available in these areas are: 

Source Reduction 

Good Housekeeping 

Process Change 

- Input Material Change 

- Better Process Control 

Equipment Modification 

Technology Change 

Recycling 

- On-site recovery I reuse 

- Creation of useful by-products. 

Product Reformulation or Modification 

The fact that the techniques of Waste Minimisation are not 
theoretical, would·be obvious from the following examples: 

SOURCE REDUCTION 

Good Housekeeping 

- Repair all leakages 
- Keep taps closed when not in use 
- Avoid spillages. 

~ ";] D 
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In many cases, good housekeeping itself has brought ab0ut 
10-20 per cent reduction in wastes generation. 

23 
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Process Change 

Input Material Change 

- Change from citric acid to citric W (Mfd. by Nat-Syn 
Organics) in textile dyeing industry. Resultant BOD 
reduction-97 per cent, COD reduction-99 per cent 
along with cost savings of 56 per cent. 

- Use alkaline water based degreases instead of organic sol
vents for metal parts cleaning-100 per cent avoidance of 
residual waste solvent 

Better Process Control 

- Adoption of better firing practices (avoid heavy firing) in _ 
a down draught kiln. 10-20 per cent fuel savings. 

- Maintain process parameters viz. temperature, pressure, 
etc. as close as possible to desired level with basic mini
mum instruments. 

Equipment Modification 

- Install drip hangars to recover drag out from plated com
ponents. 

- Use of storage tanks of appropriotte capacity to avoid 
overflows.' 

Technology Change 

- Apply stottic rinse in place of continuous rinse in electro
plating 

- Use low dye-liquor ratio jet dyers instead of kier dyers 
Apply electrostottic spraying techniques to minimise paint 
overspray. 

RECYCLING 

On-site Reuse 

- Reuse rinse solvents from formulation equipment in the 
make up for the next batch of the same product-100 per
cent waste avoidance. 

- Reuse existing sand for the preparation of new moulds. 

Useful By-Products 

- Recover short fibre in pulp-making to make paper boards 
- Convert rice husk ash into white ash for teeth filling!! 



PRODUCT REFORMULATION OR MODIFICATION 

- Eliminate over packaging of products (use only one 
layer). 

- Manufacture of liquid dyes instead of powder dyes for 
textile industries. 

3.3 WHAT YOU NEED 

Waste Minimisation is neither a complex nor a technically 
involved subject. In fact, you may feel that it is too simple to be 
pursued and some results can be achieved even through a 
casual approach. However, to realise the full benefits of Waste 
Minimisation, you need to take care of three important issues: 

a) Management Commitment 

A successful Waste Minimisation programme demands a 
strong commitment from you. It would mean your direct 
involvement and supervision. Most important is your convic-

tion. Your seriousness has to be reflected In programmes and 
actions and not merely in words. 

Why don't you set up a Minimum Waste Minimisation Goal for 
your business? 

b) Operator's Involvement 

While your involvement in decision-making and propelling 
Waste Minimisation activities is essential, ultimately the shop
floor work has to be carried out by the operators and supervi
sors. It is, therefore, important that, right from the stage of for
mulating and launching a Waste Minimisation programme, the 
operators be actively involved. The involvement and innova
tiveness of operators is of great help in identifying and imple
menting measures for Waste Minimisation. You could also 
introduce incentive schemes, bonuses, rewards and other forms 
of recognition to motivate employees and stimulate them to 
cooperate and participate. 

Go ahead and approach your shorfloor people! 

25 



Waste Minimisation Gets It 26 

c) Organised Approach 

For Waste Minimisa1:ion to be effective and sustaining, it is 
essential that you formulate and adopt an organised approach. 
Initially it may be alluring to work on a piecemeal basis as the 
immediate benefits might be more appealing. H<?wever, the 
interest soon drops and long term sustainable benefits are-not -
·realised. If you spend some time and effort to estaplish ·this 

approach, it would be more than paid back. An organised 
approach in assigning responsibility, fixing targets, reviewing 
progress and timely implementation would enable you to 
establish the progra,mme as a continuous activity and develop 
a culture of 'doing better.' It would also help you in drawing 
assistance from State sponsored schemes. 

Got It! 
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4 Let's Do It 

For an effective Waste Minimisation programme, it is essential 
to bring together various groups to ensure implementation. 
How formalised the programme should be would depend on 
the size and composition of your enterprise and its waste and 
emission problems. The programme should be flexible enough 
so that it can adapt itself to unexpected circumstances. A 
methodical step-by-step procedure ensures exploitation of 
maximum Waste Minimisation opportunities. The steps of a 
typical Waste Minimisation programme applicable to SSis are 
illustrated below: 

Step 1: GETTING STARTED 
Task 1: Make Waste Minimisation Team 
Task 2: List Process Steps (unit operations) 
Task 3: Identify & Select Wasteful Process Steps 

Selection of Waste ,i1inimisation focus ... , 
Step 2: ANALYSING YOUR PROCESS STEPS 

Task 4: Prepare Process Flow Chart 
Task 5: Make Material & Energy Balance 
Task 6: Assign Costs to Waste Streams 
Task 7: Review of Process to Identify Waste Causes 

Listing ofproc ss waste sources 

' Step 3: GENERATING WASTE MINIMISATION 
OPPORTUNITIES 

Task 8: Develop Waste Minimisation 
Opportunities 

Task 9: Select Workable Opportunities 

Listing of Waste Min!fisation opportunities 

Step 4: SELECTING WASTE MINIMISATION 
SOLUTIONS 

Task 10: Assess Technical Feasibility 
Task 11: Assess Economic Viability 
Task 12: Evaluate Environmental Aspects 
Ta.sk 13: Select Solutinns for Implementation 

Listing of Waste M;imlsation solutions 

Step 5: IMPLEMENTING WASTE MINIMISATION 
SOLUTIONS 

Task 14: Prepare for Implementation 
Task 15: Implement Waste Minimisation 

Solutions 
Task 16: Monitor & Evaluate Results 

Successfully implemented tste Minimisation solutions 

Step 6: MAINTAINING WASTE MINIMISATION 
Task 17: Sustain Waste Minimisation 

Solutions 
Task 18: Identify & Select Wasteful Process Steps 

On-going Waste ~inimisation efforts 
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STEP 1 GEITING STARTED 

1.1 Form Waste Minimisation Team · 

You should first form a Waste Minimisation Team to coordinate 
the programme, get the various measures implemented and 
bear the overall responsibility. The team should be made up of 
representatives of groups that will have a major interest in the 
results of the programme; however, the composition of the 
team would ultimately depend on your organisational struc
ture and your requirements. Depending on the need, you may 
include external experts in the team. The team should be capa
ble of identifying potential areas, developing solutions and 
implementing them. For continuity and sustainability of the 
Waste Minimisation programme, it is desirable to have an in
house team. 

30 

As It Has Been Done 

1.1 Writewell Papers Ltd. undertook a Waste Minimisation 
programme in their factory. A team consisting of the following 
was constituted: 

Team Leader: 

Mr. A. K. Sinha 

Team Members: 

Mr. D. P. Singh 
Mr. Ajay Singh 
Mr. Ramlal 
Mr. Suresh Kumar 

External Experts: 

Works Manager 

Maintenance Incharge 
Executive-Lab. and QC 
Pulp Mill Operator 
~aper Machine Operator 

(NPC &t UNIDO) 

M/s Writewell Papers Ltd. 



1.2 List Process Steps/Unit Operations 

Your team should familiarise itself with the manufacturing pro
cesses including utilities, was~c treatment and disposal facili
ties and list all the process steps. Preparation of sketches of 
process layout, drainage system, vents and other material-loss 
areas would be useful. This helps in establb 1·ing cause~ffect 
relationships and ensuring that important steps are not over
looked. Periodic, intermittent and continuous discharge 
streams should be appropriately labelled. 

The team should specifically highlight major and obvious 
waste generating areas and, if possible, identify the reasons for 
waste. Special attention should be paid to housekeeping, which 
can contribute 20-30 per cent of the total waste from the plant. 
You should implement the obvious Waste Minimisation 
opportunities immediately without waiting for the detailed 
feasibility analysis. 

Does your Waste Minimisation Team have the necessary tools? 

1.2 The paper manufacturing process can be sequentially 
classified into the following steps: 

Raw Material (RM) Preparation 
- Screening 

Pulping 
- Cooking 
- Washing 
- Screening 
- Bleaching 

Stock Preparation 
- Additives Blending 
- Screening 

Paper Making 
- Dewatering 
- Drying 

A process flow diagram indicating sources of wastes is 
shown below: 

,,,,,..tR-rco Proe»u Step 

Agro Residue Screening -

Water, NaOH DIJtlon 
and Slum ~ 

~ Unbleached -
Pulp Washing 

Additives 

~ 
Screening -

~ 
Bleaching &t -

Pulp Washing 

~ 
Stock -

Preparation 

~ 
Paper Making -

IP·~I 

Wata 

SolldWute 

Wastewater 

Solid Waste 

Wastewater 

Chemical 
Spillages 

Wastewater 
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1.3 Identify and Select Wasteful Process Steps 

In multiprocess type industries like textile processing and pulp 
and paper industries, it may be difficult to start detailed Waste 
Minimisation activities in the complete unit. If you have such 
an industry, it might be simpler, effective and more convincing 
to start with fewer, or may be only one process step. This 
step(s) could be the most wasteful and/ or should have high 
Waste Minimisation potential. 

This activity could also be considered a preliminary prioriti
sation activity. Without going into details, you should broadly 
assess the various wasteful steps identified in 1.2 in terms of 
quantum of waste, severity of impact on the environment, 
Waste· Minimisation opportunities, estimated benefits (spe
cially cost savings) of Waste Minimisation, cost of implementa
tion etc. Such assessment would help you in focussing on the 
process steps/ areas for detailed analysis. 

Have you focussed on where to concentrate? 

As It Has Been Done 

1.3 The wasteful process steps are: 

- RM preparation 
- Pulping 
- Stock preparation 
- Paper making 

Paper making was selected as the first focus area 
for identifying Waste Minimisation 
opportunities due to: 

- high overall raw material 
(fibre) Joss and hence offering 
the most attractive 
economic return. 

- high water intensity whk:h is 
becoming a constraint for 
expansion of production capadty 
due to limited availability of 
fresh water 

- high maintenance requirem"1ts 
causing frequent process interruptions 
and subsequent material loss 

- one of the major s<>Urces bf pollution 
thus attracting stricter enforcement of 
environmental regulations 

32 



STEP 2 ANALYSING PROCESS STEPS 

Taking up the detailed analysis of the selected process steps, 
generate the required data for Waste Minimisation option gen
eration and its feasibility analysis. 

2.1 Prepare Process Flow Charts 

This activity takes cue from the activity described at 12. Flow 
charts are diagrammatic/schematic representation of produc
tion, with the purpose of identifying process steps and the 
source of waste streams and emissions. A flow chart should list 
and, to an extent, characterise the input and. output streams, 
taking special care of the recycle streams. Particularly, highlight 
the free or less costly inputs like water, air, sand, etc. as these 
often end up in being the major cause of waste. Wherever 
required, you could supplement the process flow diagram with 
chemical equations to facilitate understanding of the process. 
You should also specify the materials which are used occasion
ally and/ or which do not appear in output streams (for exam
ple: catalysts, coolant oil). It is again emphasised that periodic/ 
batch/ continuous steps should be appropriately highlighted. 
Preparation of a detailed and correct process flow diagram is a 
key step in the entire analysis and forms the basis for compila
tion of material and energy bal~nce. 

Do you have a bird's eye view of your process? 

2.1 A detailed process flow chart of the selected section was 
prepared. 

Process Flow Chart 

Pulp"""' Slonige a..... 28.5 tpd 
t .. y •he! I (4.o "> 
-•w.ier (0.8 "> 

Vacuum 
s..J 

• 150111'/d 

PaperM/C 
Showen 

"9661113/d 

•11101113/d 
Couch pit 
Dilullon 

PAPl!R 
MAonNI!' 

Dried Paper Por 
Pdang. 25 tpd 
(7.5" MoillUN) 

TCC IWject& B 
toOrain A 

1221113/d 
TSS 4,()82 mg/I 
coo 3,221 mg/1 

WU.Pit 0 W..W.ter C 
438m3/d 
TSS 1,217111g/I 
COO 1,213 mg/ I 

Occasioniil fJ 
overflow ~ 
topulpmiU 
l50 Kg pulp/blUkdoWll 
COD - 2.6 Kg COD /l(g 
&bJe 

Couch Pit Pulp 
Por fibre Recovery 
(Side Trimmings It 
Bmok) 

Putfllterate ~ 
as Wastew•ttr D 
9'8m3/d 
TSS900mg/I 
COD 1.173 mg/I 

Piltente to OAP unit for filft ftCDwry- 740 m3 / d 

Hain: 
1. \Id- ill bncbt indicote conlillency 

2. • ~- 6elh water intake 
3. m'/d-eubic -per day 

4. TSS Nptnenb total ouspended llOlida w19ch ill thla <a• ill 6bN; 
M>out 60-«l per ""nt of TSS ill d,. to ftbN depending upon ........... 
5. TCC reprel01lll tertilory ~ric ... non 6.0 daiotn-•-
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2.2 Make Material and Energy Balances 

Material and Energy balances are important for any Waste Min
imisation programme-since they make it possible to identify 
and quantify, previously unknown losses or emissions. These 
balances are also useful for monitoring the advances made in a 
prevention programme and evaluating the costs and benefits. 
Typical components of a material balance, as well as, of an 
energy balance are given below: 

'fyplail Component. of a Material Balance 

Raw Materials 

Cata! 

Water/Air 
1 

Reuseable Waste In 
Another Operation 

PROCESSOR 
UNIT OPERATION 

Gaoeous EmiMions 

Product 

By·Products 
Including Wastes 
for Recovery 

Waste Water 

'-----+ Liquid Wastes for 
Storage and/ or 
Disposal 

Solid Wastes for 
'------... Storage and/or 

Disposal 

While it is not possible to lay down precise and complete 
guidelines for establishing the material balance envelopes, the 
following guidelines might be useful to you: 

1. In the case of an extensive and complex production system, 
it is better to first draw up the material balance for the whole 
system. 

2. While splitting up the total system, choose the most simple 
individual subsystems. These could be along the lines of the 
material flow. Your process flow diagram should come in 
handy here. 
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2.2 A material balance of various input and output streams 
across the paper machine section was made as follows: 

Material Balance 

WATER INPUT OUTPUT 5fREAMS 

Couch decker 
shower 60 m3 / d ----i 

Couch pit 
dilution 810 m3 / d I 

Wire shower ---tj 
516m3/d 

Paper mac.hine _.., 
headbox 50 m3 / d 

Vacuum seal -.j 
150 m3/d 

Couch shower I 
400m3/d 

Pulp at4" 
Consistency 
( d.s. 28.S tpd) 

Paper making 
eedion 

Water addition 
to the system 
due to change 
in pulp 
consistency 
=500m3/d 

Dried paper 2.5 tpd 

Moisture - 7.5 % 

A TCC rejects 122 m3 Id, 
TSS = 489 Kg/ d 

B Occasional Couch Pit overflow, 
TSS = 750 Kg/ d 

Output 
streams 

~ Ev~porated 
moisture 

I G 
r~ 

@] 

~ §] 



3. Choose the material balance envelope in such a way that the 
number of streams entering and leaving the process is the 
smallest possible. 

4. Always choose recycle streams within the envelope to start 
with. 

The measurement unit could vary from case to case but the 
following guidelines may be considered: 

1. While determining the time factor always choose a time 
span which includes production quantity: e.g. ton/year or 
Kg/hour. 

2. Take one full batch in the case of batch production. It is 
important to include the start up and cleaning operations. 

3. Calculate on the basis of volume at standard conditions in 
the case of gases. 

4. If losses are associated with shutdown averaging over long 
periods may be necessary. 

Remember.:. 

You should not get bogged down with making a perfect 
material balance. Try the best that you can, and you would rea
lise that even a preliminary. material balance throws open 
Waste Minimisation opportunities which can be profitably 
exploited. 

Avoiding Pitfalls When Preparing Material Balances 

You must take care of several factors when constructing mate
rial balances, in order to avoid errors that could overstate or 
understate waste streams. The precision of analytical data and 
flow measurements is important. Especially in production pro
cesses with large inlet and outlet streams, the absolute error in 
measurement of these quantities may be greater than the actual 
waste stream or emission. In this case, you cannot obtain a reli
able estimate of the waste stream by subtracting the materials 
in the product from those in the raw materials. Instead you 

C Wire Pit Wastewater 438 m3 Id, 
TSS = 533 Kg/ d 

D Couch Decker Filterate: 

Discharge 978 m3 Id, TSS = 880 Kg/ d 
Recycle to puJping 7 40 m3 Id, TSS = 666 Kg/ d 

Water Balance' (all values in m3 Id): 

Input = 60 + SlO + 516 + 50 + 150 + 400 + 500 
= 2486m1/d 

Output = 122 + 438 + 978 + 740 = 2278 m3 / d 

Therefore unaccounted = input - output 
= 2486-2278 = 208 m3/d 

Pulp balance (all values in tpd): 

Input 
Output 

= 28.5 tpd 
= Product + Losses 
= 25 + (0.498 + 0.75 + 0.533 + 0.88 + 0.666) 
= 28.327 tpd 

Therefore unaccounted= 0.173 tpd 

Note: tpd - Tons per day 
Unaccounted is due to monitoring/ and analytical errors as 
well as leakages/ spillages. 

Although evaluation of material balance was not carried out 
due to practical constraints, the discrepancy in water and pulp 
balance could have been reduced by more detailed and inten
sive monitoring. In this case it was felt that the efforts and cost 
of such intensive monitoring will not be justified as further 
accurate data at this stage is not required. 
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should conduct a direct monitoring and analysis of waste 
streams. Time span is also important when constructing a 
material balance. Material balances constructed over a shorter 
time span, require more accurate and more frequent stream 
monitoring in order to reasonably close the balance. Material 
balances performed over the duration of a complete production 
run are typically the easiest to construct and are reasonably 
accurate. 

Typical Components of an Energy Balance 

Cooling Water Radiation ! r+~ss 

Steam -

Energy in I PROCESS OR 
Raw Material - UNIT OPERATION 

Electricity --+ 

Energy in 
Vapours 

Energy in 
Hot Product 

Condensate 
....__ ____ Energy in Hot 

Residue 

.._ _____ ,.. Energy in Cooling 
Water 

Now! It wasn't all that difficult-was it? 

Steam 
Quantity? 
Pressure? 

As It Has Been Done 

Energy Balance 

Pulp 
Water 

vapour 

Paper'making 
section 

I 
Dried Paper 

25tpd 
Moisture - 7 .5 " 

Radiation r:l 
Loss l:J 
Condensate 
Flow? 

Note: Quantification of various energy streams was not possible. 

~ - denotes energy loss 
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2.3 Assign Costs To Waste Stream 

In order to assess the profit potential of waste streams, a basic 
requirement would be to assign costs to them. This cost essen
tially reflects the monetary loss due to waste. Apparently, a 
waste stream does not appear to have any quantifiabl_e cost 
attached to it, except where direct raw material/ product loss is 
associated with it, such as fibre content in wastewater of pulp 
and paper plant, unused dye loss in waste liquor for textile 
dyeing etc. However, a deeper analysis shows several direct 
and indirect cost components associated with waste streams 
such as: 

- cost of raw materials in waste 
- manufacturing cost of material in waste 
- cost of product in waste 
- cost of treatment of waste to comply with regulatory 

requirements 
- cost of waste disposal 
- cost of waste transportation 
- cost of maintaining required work environment 
- cost due to waste cess. 

You should work out the above (and others if present) for 
each waste stream/ emission and also the total cost per unit of 
waste {Rs/ Kl or Rs/ Kg). This figure would be of great help to 
you in working out the feasibility of the Waste Minimisation 
measures which will be discussed later. You could also use it 
for categorising the waste streams for priority action. 

Now you know what it costs to make waste. 

Making Waste - is costly. 

So why not Minimise Waste-profitably I 

2.3 The following table shows costs assignable to waste 
streams: 

Waste 
Stream 

1.A 

2.B 

3.C 

4.D 

Cost of Cost of Raw Environmental Total 
Product Matmall.Dss Cost Cost 

l.Dss 
(Rsld) (Rs/d) (Rs/d) (Rs/d) 

498 kg/ d )( 0.7 122 m3 Id >< 3.22 2,623 
Kg: useful Kg COD I m3 >< 
fibre/Kg solid @ Rsl.35/I<gCOD 
Rs6/I<g = Rs2092 = Rs531 

750 I<g/d 
@Rs6/I<g 
=Rs4,500 

533 Kg/ d 438 m 3 Id@ 
@Rs8/I<g Rs0.09/ m3 

Rs4,264 = Rs40/d 

880 Kg/ d 978 m 3 Id@ 
@Rs8/I<g Rs0.09/m3 

Rs7,040 = Rs88/ d 

@Rsl/I<g 5,250 
settling cost 
= Rs750 

30 KWh/ d )( 5,043 
Rs2.5/I<Wh 
=Rs75 
531 Kg COD per 
day>< Rsl.25/I<g 
COD =Rs664 
Total = Rs 75 + 664 
= Rs739/d 

66 KWh/ d )( 8,727 
Rs2.5/I<Wh = 
Rs165 
Rs 1,147 Kg COD 
Rst.25/I<g COD 
= Rsl,434 
Total= Rs165 + 
1,434 = Rs 1,599 
per day 

Note: Costs to energy related waste streams not assigned at this 
stage. 
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2.4 Review of Process to Identify Causes 

Through the material and energy balances developed in 22 you 
could carry out a 'cause analysis' to locate and pinpoint the 
causes of waste generation. These causes would subsequently 
become the tools for evolving Waste Minimisation measures .. 
There could be a wide variety of causes for waste generation 
ranging from simple lapses of housekeeping to complex tech
nological reasons as indicated below: 

TYPICAL CAUSES OF WASTE 

Technical Causes 

Poor housekeeping 

- leaking taps/ valves/ flanges 
- spillages 
- overflowing tanks 
- worn out material transfer belts 

Operational and maintenance negligence 

- unchecked water/air consumption 
- unnecessary running of equipment 
- suboptimal loading 
- lack of preventive maintenance 
- suboptimal maintenance of process condition 

ritualistic operation 

Poor raw material quality 

- use of substandard cheap raw material 
- lack of quality specification 
- shortages of supply 
- improper purchase management system 
- improper storage 

Poor process/equipment design 

- mismatched capacity of equipment 
- wrong material selection 
- maintenance prone design 
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2.4 A cause analysis was carried out to locate and pinpoint 
the reasons of wastes. 

Waste 

Waste A 

WasteB 

WasteC 

Causes 

Raw Material Quality 
- Impurities in additives 

Process Control & Operational Negligence 
- Pressure variation at inlet to centricleaner 
- Variation in level of feed tank 
- Variation in feed consistency 

Poor Equipment Design 
- Inadequate capacity of the Couch pit 
- Inadequate capacity of the Couch pit pump 

Process Control & Operational Negligence 
- Variation in pulp quality and presence of fines 

leading to paper breakage 

Maintenance Negligence 
- Poor maintenance of paper machine leading 
· to breakdown 

External Factors 
- Frequent power failure 

Poor Process/Equipment Design 
Inadequate capacity of the recirculation tank 

- Presence of fibre in white water making it 
unfit for reuse in showers 
No pipeline for recirculation 



- adoption of avoidable process steps 
- lack of information/ design capability 

Poor layout 

- unplanned/adhoc expansion 
- poor space utilisation plan 
- bad material movement plan 

Bad technology 

- continuation of same technology despite product/raw 
material change 

- high cost of better technology 
- lack of availability of trained manpower 
- small plant size 
- lack. of information 

Managerial Causes 

Inadequately trained personnel 

- increased dependence on casual/ contract labour 
- lack of formalised training system 
- lack of training facilities 
- job insecurity 
- fear of losing trade secrets 
- lack of availability of personnel 
- understaffing hence work overpressure 

Employee Demotivation 

- lack of recognition 
- absence of reward/punishment system 
- emphasis only on production, not on people 
- lack of commit011·nt and attention by top management 

Having identified and assigned causes to wa~te generation, 
the cake is now ready for baking i.e., determining opportuni
ties. 

WasteD 

- Non-availability of a separate water tank and 
pump for side cuttings causing paper break
ages due to water pressure fluctuation 

Poor Process/Equipment Design 
Inadequate capacity of the recirculation tank 

- Presence of fibre in white water making it 
unfit for reuse in showers 

- No pipeline for recirculation 

Other Obvious Waste Sources 

1. Open water hoses 
2. Improper cleaning of paper machine drain 
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STEP 3 GENERATING WASTE MINIMISATION 
OPPORTUNITIES 

3.1 Develop Waste Minimisation Opportunities 

Once the origin and causes of waste and emissions are known, 
the assessment process enters the creative phase. The team, 
ready with data, should now start looking for possible methods 
of reducing waste. Finding potential options depends on the 
knowledge and creativity of your team members, much of 
which comes from their education and work experience. Some 
other sources of help in finding Waste Minimisation opportuni
ties could be: 

- other personnel from the same or similar plant elsewhere 
- trade associations 
- specialist organisations 
- equipment suppliers 
- consultants 

The process of finding Waste Minimisation opportunities 
should take place in an environment which stimulates creativ
ity and independent thinking. You may even decide to move 
away from the routine working environment. You could think 
of using techniques like "brainstorming," "group discussions" 
etc. 
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3.1 The following Waste Minimisation opportunities were 
identified: 

EFFLUENT WASTE RELATED MEASURES 

1. Waste Stream A 

a) Prevention of fibre loss from centricleaners by installation 
of fibre saver nozzles 

b) Recovery of residual fibres in an aerated grit chamber 

2. Waste Sqeam B 

a) Prevention of fibre loss due to couch pit overflow 
b) Installation of double felting instead of single felting to 

prevent occasional paper breakages due to presence of 
fines 

3. Waste Stream C 

a) Installation of a separate water tank and pump for side 
cuttings to prevent paper breakages due to water pressure 
fluctuation 

b) Occasional overflow from fan pump pit to be recycled to 
couch pit instead of wire pit for fibre recovery 

c) Installation of wire showers from pulp side rather than 
from wire side for effective wire cleaning with reduced 
fresh water requirement 

4. Waste Stream D 

a) Recycle of white water for fibre recovery and water con
servation 

ENERGY WASTE RELATED MEASURES 

Waste Stream E 

a) Insulation of all condensate pipelines from paper machine 
b) Insulation of MG dryer and other dryer ends 

OTHER MEASURES 

a) Installation of High Velocity Hood for MG dryer 



3.2 Select Workab_le Opportunities 

You now need to screen the Waste Minimisation opportunities 
developed and weed out those which are impractical. 

This weeding-out process should bi;: simple, fast and straight 
forward and may often be only qualitative. There should be no 
ambiguity or bias. Avoid unnecessary effort of doing detailed 
feasibility a.nalysis of opportunities which are impractical or 
non-feasible (e.g. carbon dioxide which appears as a waste in 
flue gas from combustion of coal/ oil recovered by cryogenic 
cooling and sold as a by-product-dry ice but the cost of recov
ery is obviously impractical). The remaining Waste Minimisa
tion opportunities are then subjected to a more detailed 
feasibility analysis. 

II I ~).:Frl~~~i1~i~;Jion 1of a ~ower hp mo~or fir paper ma~hine 
Obvious; HoJsekeepmg Measures · ' 

I 

1. Redu~tion in water consumption by provision of spring 
actuated self closing valves on hose pipes 

2. Installation of sheet over the paper machine to prevent 
dust/ other impurities falling on to paper 

3. Prevention of fibre loss due to overflows from drains sur
rounding paper machine 

a) Residual Fibre recovery from TCC rejects was not consid
ered workable due to the management's view that the 
fibre loss through centricleaner rejects is quite low and it's 
recovery will involve the risk of recovering the impurities 
also. 

b) Installatio.n of wire showers from pulp side rather than 
from wire side was not considered due to lack of quantifi
cation of the possible water savings and extent of impact 
on wire cleaning. Before taking a decision, the experience 
of some other mills may have to be studied. 

c) Installation of high velocity hood was not considered due 
to high capital ,cost and major machinery modifications 
required. 

d) Though the installation of double felt could prevent waste 
stream B partly but it would require major equipment 
modification and then too would not ensure total preven
tion of waste and hence it is not being considered for tech
nical feasibility. It may be considered in future. 

e) Waste Minimisation opportunities a) and b) for waste 
stream C were merged for considerir\'g techno-economic 
feasibility. 
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STEP 4 SELECTING WASTE MINIMISATION 
SOLUTIONS 

The selection of a Waste Minimisation solution for implementa
tion requires that it should not only be techno-economically 
viable but also environmentally desirable. Study the shortlisted 
opportunities emerging at 32 from the following angles: 

4.1 Assess Technical Feasibility 

The technical evaluation determines whether a proposed Waste 
Minimisation option will work for the specific application. You 
can start the evaluation by examining the impact of the pro
posed measure on process, product, production rate, safety etc. 
In case of significant deviation from the present process prac
tices (e.g. ozone bleaching in place of hypo bleaching in pulp 
making) laboratory testing, trial runs might be required to 
assess the technical feasibility. A typical checklist for technical 
evaluation could be as follows: 

- availability of hardware 

- availability of operating skills 
- space availability 

- effect on production 

- effect on product quality 

- safety aspects 
- maintenance requirements 

effect on operational flexibility 

- shut down requirements for implementation. 
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4.1 Technical Feasibility Assessment 

Waste Stream A 

For prevention of fibre loss through centricleaners the follow
ing modification/ equipment is required: 

"Requirements 

- Installation of fibre savers 
- Installation of high pressure pump (at least 6 kg/ cm2) 

- Necessary pipeline netwo* 

Feasibility 

- High pressure pumps are indigenously available 
- No extra technical skill required 
- Installation of pump and fibre savers requires nominal 

space which is available 
Paper production and product quality remains 
unchanged 

- Safety requirements are nominal 
- Pump and fibre savers maintenance requirements are 

nominal 
- Operational flexibility remains unaltered 

Does not require long shutdown periods for implementa
tion 

Impacts 

- 70 per cent reduction of fibre loss from TCC 
Would require additional electrical energy for running 
high pressure pump 

- Load on settling tank of ETP will reduce 
- Maintenance cost will be increased 

Similarly, the technical feasibility assessment can be done on 
waste streams B, C, D & E. 



4.2 Assess Economic Viability 

Economic viability would often be the key parameter for you to 
promote or dissuade Waste Minimisation. For a smooth take
off, it is, therefore essential that the first few Waste Minimisa
tion measures should be economically very attractive. Such a 
strategy helps in creating more interest and sustains commit
ment. 

Options requiring little investment but involving more of 
procedural changes (housekeeping measures, operational 
improvements) do not need an intensive economic analysis and 
simple methods like 'pay back' period could be used. However, 
as Waste Minimisation measures tend to become more 
involved and capital intensive, you may use other profitability 
analysis methods viz. Return on Investment (IRR) or Net 
Present Value (NPV) to get a total picture. 

While doing the economic assessment the 'costs' may 
include fixed capital costs i.e., cost of hardware, working capi
tal cost, shut-down cost, O&M costs etc. The 'savings' could be, 
direct savings of input materials/ energy, increased production 
levels and hence lower specific input cost, lower O&M cost, 
value of by products, reduction in environmental cost i.e. waste 
treatment, transportation and disposal c<?st etc. 

4.3 Evaluate Environmental Aspects 

You should assess the options for Waste Minimisation with 
respect to their impact on the environment. In many cases the 
environmental advantage is obvious: there is a net reduction in 
the toxicity and/or quantity of waste. Other impacts could be, 
changes in treatability of the waste, changes in applicability of 
environmental regulations etc. In the initial stages, environ-

4.2 Economic viability for each of the Waste Minimisation 
opportunities was assessed 

Waste Stream A 

a) Capital Investments (Rs) 

Fibre savers 21,000 
High pressure pump cost 25,000 
Pipeline network 15,000 
Fresh water collection sump 25,000 

Tutal 86,000 

b) Annualised Operating Costs 

Annual operating cost 25,000 
Interest at 18 per cent 16,000 
Depreciation 9,000 
Maintenance 2,000 

Tutal 52,000 

c) Annual cost assigned to waste stream 
Rs 2,623/ d x 330 days/year= Rs865,000 

d) Environmental cost of the residual waste stream 
= 531x0.3 x 330 d/year = Rs52,500 
(based on 70 per cent load reduction due to fibre recovery) 

e) Net Savings= (c) - (b} - (d) 
= Rs (865,000 - 52,000 - 52,500) 
= Rs760,500/year 

Pb k "d 86,000 ay ac peno = x 12 
760,000 

Payback period less than two months 
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mental aspects may not appear to be as compelling as economic 
aspects. However, you should realise that in the days to come, 
and as is already happening in developed countries, environ
mental aspects would become the most important ones, irre
spective of the economic viability. 

4.4 Select Solutions For Implementation 

After technical, economic and environmental assessment you 
could now select the Waste Minimisation measures for imple
mentation. Understandably, the most attractive ones would be 
those having best financial benefits, provided technical feasibil
ity is favourable. However, in a growing number of cases-spe
cially when active pressure groups are present--environmental 
priority is taking over. 

At this stage you should document the work done so far. 
Apart from becoming a reference document for seeking 
approvals in implementation, the document would also be use
ful to you in obtaining finances from external institutions, 
reporting status to other agencies, and establishing base levels 
for performance evaluation and review. 

STEPS IMPLEMENTING WASTE MINIMISATION 
SOLUTIONS 

You now take up the selected solutions for implementation. It 
could happen that a large number of solutions get imple
mented as soon as they are identified (leakages sealed, taps 
closed, idle running stopped etc.). However, several others 
would require a systematic plan of implementation. 

5.1 Prepare for Implementation 

Prepare the Waste Minimisation team as well as other people in 
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Similarly, the economic analysis of other waste streams was 
carried out. The summarised results are as follows: 

Waste Stream B 

a) Capital Investments Rs. 175,000 

b) Annualised Operating Costs Rs. 

c) Annual cost assigned to waste stream 
Rs5250/d x 330 d/year = Rs.1,732,500 

72,000 

say Rsl,732,000/year 

d) Environmental cost of the residual waste steam =Nil 

e) Net Savings= Rs. 1,653,000/year· 

P b k . d 175, 000 
ay ac per10 = x 12 
' . 1,653,000 

Payback period less than two months 

Waste Stream C 

a) Capital Investments Rs. 280,000 

b) Annualised Operating Costs Rs. 286,000 

c) Annual cost assigned to waste stream 

RsS,043/d x 330 d/year = Rsl,664,000/year 

d) Environmental cost of the residual waste stream = Nil 

e) Net Savings= Rs. 1,378,000/year 

P b k . d 280,000 
ay ac peno = x 12 

1,378,000 

Payback period less than three months 



the industry, to take up the job of implementation. The prepara
tion would include, arranging finances, establishing linkages in 
case of multi-department solutions, technical preparations etc. 
The above tasks require (in addition to technical aspects) a care
ful handling of the concerned persons, to ensure their support 
and cooperation throughout implementation. Good liaison, 
awareness and information dissemination assist implementa
tion. Checklists of tasks involved, agencies/ departments to be 
approached, contacts needed, provide good help. 

5.2 Implement Solutions 

Implementing Waste Minimisation solutions is similar to any 
other industrial modification and does not require elaboration 
here. The task comprises layout and drawing preparation, 
equipment fabrication/ procurement, transportation to site, 
installation and commissioning. Whenever required, simulta
neous training of manpower should not be missed eut, as an 
excellent measure may fail miserably if not backed by ade
quately trai!'ed people. To the extent possible, the implementa
tion team should be aware of the job and its purpose, as several 
useful suggestions have often emerged from the implementa
tion crew. 

5.3 Monitor and Evaluate Results 

Finally, you must monitor the solutions implemented for per
formance evaluation. You could match the results obtained, 
with those estimated/worked out during technical evaluation, 
and establish causes for deviation, if any. The team should 
ensure that the concerned personnel are made aware of the 
results. The implementation job is considered to be over, only 
after successful commissioning and sustained stable perfor
mance over a reasonable length of time. 

Waste Stream D 

a) Capital Investments Rs. 

b) Annualised Operating Costs Rs. 

c) Annual cost assigned to waste stream 
Rs8,727 Id x 330 d/ year = Rs2,880,000 

120,000 

350,000 

d) Environmental cost of the residual waste steam = Nil 

e) Net Savings= Rs.2,530,000/year 

120,000 
Payback period = x 12 

2,530,000 

Payback period less than one month 
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STEP 6 SUSTAIN WASTE MINIMISATION 

The biggest challenge in Waste Minimisation, in small scale 
industry lies in sustaining Waste Minimisation. The euphoria of 
a Waste Minimisation programme dies out very soon and the 
situation returns to where it started from. The zeal and tempo 
of the Waste Minimisation team also wanes off. 

It is you who are responsible for such tragic ends. Backing 
out from commitment, predominance of production at any 
cost, absence of rewards and appreciation to performers, and 
shifting priorities are some of the commonly encountered rea
sons which you should check and avoid. 

You should present the monitoring and review of the imple
mented measures, in such a manner that it fans the desire for 
minimising waste. Involvement of as large a number of 
employees as possible, and rewarding the deserving ones, is a 
sure key to long term sustenance. 

Having implemented Waste Minimisation solutions in the 
area under study, t~e Waste Minimisation team should go back 
to Step 2-' Analysing Process Steps' and identify and select the 
next wasteful ste}"S. The cycle continues, till all the steps are 
exhausted. By then, in the step taken first, additional Waste 
Minimisation opportunities could be identifiable and the cycle 
would continue. 

In a nuts~ell, a philosophy of minimising waste must be 
developed witl:tin the.company. This implies that Waste Mini
misation should become an integrated part of your company's 
activities. All successful Waste Minimisation programmes to 
date, have been founded on this philosophy. 
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4.3 Evaluate Environmental Aspects 

Under existing conditions tire: 

Total waste flow from paper machine 
section. 
Total Kg COD/ d from paper machine 
section. 

Waste Flow 
Stream Reduction 

m3/d %nd 

A Nil -
B Nil -
c 438 28.5 
D 978 63.5 

Total 1,416 9'2.0 

= l,538m3/d 

= 4,021 Kg COD/ d 

COD Load 
Reduction 

KgCOD/d % red 

275 6.8 
1,950 48.5 

531 13.2 
1,147 28.5 

3,903 97.0 





5 Justin Case 

This guide is not intended to make you an expert on Waste 
Minimisation. We could consider that these guidelines have 
fulfilled their purpose if you have gone through them and are 
now keen to start a Waste Minimisation programme in your 
industry. In case you are feeling impatient but are not able to 
start, because you don't feel confident, probably a little bit 
more information or some more knowledge would do the trick. 
There is plenty of it and a few reputed publications on Waste 
Minimisation are given below-just in case you need them. 

5.1 WASTE MINIMISATION MANUALS 

1. Prepare Manual for the Prevention of Waste and Emissions, 
NOTA Publication 1991, ISBN 90 346 2565 6 

2. Waste Minimisation Opportunity Assessment Manual, 
USEPA Technology Transfer series 1992, EPA/625/7-88/003 

3. Facility Pollution Prevention Guide, 
USEPA 1992, EPA/600/R-92/088. 

4. Audit and Reduction Manual for Industrial Emissions and 
Wastes, UNEP - Industry and Environment Office 19~, and 
UNIDO. 

5. Minnesota Guide to Pollution Prevention Planning, Minne
sota Technical Assistance Program, Minneapolis, 1991. 

--

. . \N!~,.,J. t1 
~.:-..:.:. t;;e 
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5.2 ORGANISATIONS 

You may even approach the following organisations for expert 
advice and help: 

Secretary 
Ministry of Environment & Forests 
Paryavaran Bhawan 
CGO Complex 
Lodi Road 
New Delhi 110 003 
Telex: W - 66185 DOE IN 
Fax: 011 - 436078 

Director (Pollution Prevention & Control) 
National Productivity Council 
5-6 Institutional Area 
Lodi Road 
New Delhi 110 CXJ3 
Telephon~: 4611243 
Telex: 031 - 66059 NPC IN 
Fax: 99 - 11 -- 4615002 

Director 
National Environmental Engineering Research Institute 
Nehru Marg 
Nagpur 
Telephone: 0712 - 526071 
1Clex: 0751 -233 NERI IN 
Fax: 0712 - 531529 

Centre for Environmental Science & Engineering 
Indian Institute of Technology 
Puwai 
Bombay 
'frlq1hone: (91) 22579 25 45 
Telex: (91) 22578 34 80 
Fax: 011 - 72313 IITB IN 

Advisor (Environment) 
Confederation of Indian Industries 
Institutional Area 
Lodi Road 
New Delhi 110 003 
Telex: 031- 66655/65401 CII IN 
Fax: 011 - 4633168/ 4626149 

To further help you, we would be shortly bringing out 
industry sector specific manuals on Waste Minimisation. It is 
envisaged that in the first phase the following three sectoral 
manuals would be published: 

- Waste Minimisation in Small Agro Residue and Waste 
Paper based Pulp & Paper Mills. 

- Waste Minimisation in Textile Dyeing & Printing Indus
tries 

- Waste Minimisation in Pesticides Formulation Industry 

Even if y6ur industry does not fall into one of these three, do 
procure them; Waste Minimisation principles are the same 
everywhere. They may strike a chord and give you the requi
site confidence and input base--and tomorrow, you yourself, 
may come out with a manual in your sector. 

So don't wait! Let's start. Already in the last forty minutes 
while you were absorbed in this guide a lot of money has gone 
down the drain. Let's get it. Get it now, because-

"WASTE MINIMISATION IS THE SURER AND SUSTAIN
ABLE WAY TO PROFITS." 
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EXCERPfS 

" ...... for next to no investment, we saved 50 per cent on treat-
ment costs and gained the blessings of many disabled people as 
well... ... " says Managing Director of Nirula Industries. 

" ....... we could turn around and show DPCC and Delhi /\dmin
stration that we are meeting the prescribed norms and that they 
could no longer call us a polluting industry. In addition, our 
coal consumption was reduced by 16% ........ "says Mr. Joshi of 
Palam Potteries. 

D.N. Sharma of MC Engineering reels of " ......... the investment 
on the tub and steel frame was recouped in just 15 days, and 
the unit made an annual savings of Rs. 60,000 ....... an added 
bonus was the drop in the rejection rate from 2 per cent to 1 per 
cent.. .. " 

Mr. Chittranjan Desai of Paradise Prints comments ... " we saved 
1.1 million litres of water a month and Rs 79,000 annually 
through reduction in consumption of chemicals and energy .... " 


