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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 
continaing and expandinr waste minimization 
activities after the project was over. There were five 
separate. but closely interrcla1ed. objectives: 

I. To show Indian SSis in three sectors that waste 
minimization is possible in the shon term and that it 
has financial and environmental ad·,·antages. The 
agro-residue-based !JUlp and paper industry. the 
pesticides formuiation industry and the textile 
dyeing and printing industry were selected as the 
industry sectors. 

2. To devise ano test the usefulness of a sys1ematic 
approach to waste minimization. The resulting audit 
methodology has been published in two forms: A 
generic guideline for waste minimization and three 
sector-specific ICChnical manuals. 

3. To identify obstacles to the introduction and 
maintenance of waste minimiiation options and to 
formulate stra1egies for overcoming them. A number 
of obs1acles were identified in the course of the 
DESIRE project and various approaches were applied 
Jvcrcomc them. 

4. To re1:ommend to various stakeholders. in both the 
Go-.1ernment and the induslrial and professional 
community. p<'licies that would promot-: waste 
minimization. 

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

The "ase-stud1es in companies constituted the core of 
the !)ESIRE pr<'ject. To prove the financial and 
environmental benefits of waste minimization in 
practice the technical study team joined w:th 
committed industries. In turn. those joint task forces 
were cndd1ed by a waste minimization consultant and 
received technical backup from intcmei1ional expcrrs 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 1cchnical 
manuals were prepared. 1bc results of the projecl were 
prescn1ed al sectoral workshops and a national 
seminar. 

Waste minimization 
The DESIRE project has developed and appli.ed the fol-
lowing definition: 

Waste minimization is a MW and crratiu way nf 
thinking about products and the prousscs thar 
make them. It is achieved by the comi11uous 
application of strategics to mi11imi:c the 
generation of wastes and emissions. 

Waste minimization comprises several techniques: 

• Good housckccpi11g: appropriate actions to pre·. ent 
leaks and spills (such as prcvcn1ive maintenance and 
frequent equipment inspections) and to enforce by 
means of supervision and training existing working 
instructions. 

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

• Better process co111rol: modification of the working 
procedures. machine instructions and proces::; record 
keeping in order to run the processes at higher 
efficiency and lower rates of waste and emission. 

• Equipmcm modificatio11: modification of the 
existing production equipment and utilities (for 
instance by including measuring and controlling 
devices) in order to run the processes at higher 
eff"icicncy and lower rates of waste and emission. 

• Technology cha11xc: replacement of 1he technology. 

Summary. rc:sulls ;ind r(cummrn:1~!1on\\ II 



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

• On-sir~ ncovuy and reu.u: reuse of the wasted 
materials in the same process or for another useful 
application within the company. 

• Prod11ction of llS~ful by-prod11cts: transformation of 
the wasted material into a material that can be reused 
or recycled for another application outside the 
company. 

• Prod11ct modifir.otion: modification of product 
characteristics in order to minimiu: the environmental 
impaas o( the pnxha..-i during or after its use (disposal) 
or to minimize the er.vironmcntal impa::ts 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 indusuy sectors arc summarized and evaluated in 

Figure 1. Implementation status of the 
waste minimization options 
(all sectors: 540 options) 
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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 lhc course of the DESIRE 
project Figure I shows the implementation starus of the 
540 waste minimization options. Thirty-eight per cent of 
the optior.s could be fully implemented within J 5 
monlhsof the start of the plant-bcl activities. Another 32 
per cent of the options c:rc feasible: their implementation 
either has aircady 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 o;,tions. the 
technology was either not yet anila~le or not yet 
available al an appropriate scale for small-scale industries 
or far too expensive in relation to the potential cost 
savings and/or cotal investments in plant equipment. 

Table I summarizes the financial impact of the first batch 
of feasible options. lhat is. of the 196 options 
implemented within the time-frame of the DESIRE 
project The inve~tments and the net annu3l savings arc 
by far the grc.-:01est in the agro-rcsidue-based pulp and 
p2pcr industry. The overall payback time of those 196 
oplivns was less than six months; the economic 
feasibility of waste mi.1imization in the textile dyeing 
and printing industrf was significantly greater than in the 
other two sectors; and in the pesiicides formulation 
industry it was significantly less. However. care is 
needed in the interpretation of these figures. since they 
indude only the options explicitly evaluated by the 
technical study team. not •he ad ~!1ional. highly cos1-
effective waste minimiz.ation options that some 
companies identified and implemented on their own 
(these were presented by the participating companies at 
the ~ector specific workshops). 

The imp!ementa1ion of these waste minimization opiions 
has comributed significantly to an improvement in areas 
such as di~charge of wastewater. emissions to lhe air. and 
generation of solid waste. as well a:; in the conservation 
of materials. energy and water and the reductcd use of 
toxic maierial!>. Since most of the options comribute to 
environmenral improvement in several areas. it is nOI 
feasible to describe the total environmental impact with 
one set of environmcmal indicators. 

With respe~• to the first objective of the DE~IRE 
project. the follo~ing can be concluded: 

• There arc many O?portunitics for waste 
minimization in the SSls of India. These can be 
detected by making a thorough integrated analysis 



Table 1: Financral impact of the options rmplemented in the course of the DESIRE project 
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of the company, including - but not limited to - its 
production proc:a.teS, input materials. waste 
streams and anmiom. 

• Many waste minimization opportunities can be 
implemented by small-scale industries in the short 
tenn (within l to 3 years). 

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

• The implementation of waste minimization 
"ill benefit the company. These benefits will take 
the fonn of monetary savi~ 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 minimization 
methodologies were mt-rged with the practical 
experiences of the companies participating in the 
DESIRE project.The hybrid methodology h~s in tum 
been elaborated in two forms: generic waste 
minimilation guidelines aimed at catching the interest 
of industrialists and getting their commitment to waste 
minimization and sectoral waste minimizauon manuals 

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

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

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

• Analysing process steps: evaluauon of relevant uni1 
operations in order to quantifythe waste being 
generated. its costs and its causes. 

• ldentificatio11: development and pre•· mmary 
selection of waste minimization opponuniues. 

• Choosing so/mio11s: evaluation of the technical and 
financial feasibility and the environmen1al 
desirability of the waste minimization options in 
order to select the most promising ones. 

• 'mp/emema1io11: putting the chosen solutions 10 
work and monitoring of the results achieved by 
them. 

• Sustaining irnste minimizario11: perpetuating the 
continuous search for waste minimizauon 
opport1.:nitie!>. 

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 w<1ste minimization op1ions. 

Summary, resuits and recommendat1onH • 



With respect to the second objtttift of the DESIKE 
proj~ 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 SSls 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 migh~ be able lo limit 
themselves to supervising the tasks specified in 
the methodology. 

Objective 3: Identify constraints and enabling 
measures for waste minimization 

The results ot the inventory and evaluation of 
constraints. catalysts and enabling measures are 
summarized m chapter 2 of this repon. They formed 
the basis for mid-course action. which allowed the 
successful completion of the case-studies in t!!e 
panic1paung companies. 

The constraint~ that can arise when introducing waste 
minimization m SSls were analysed to identify catalysts 
and enablmg measures to deal with 1hem. II was useful 
to divide these conslraints as follows: 

• Arriwdinal: the a11i1udes. skills and percep1ions of 
1he cnirepreneur and other key persons in the 
company. 

• Systemic: the immaturity of the informaiion and 
management systems in 1he company. 

• Orga111:::arw11a/: the d1v1sion and allocalion of tasks 
and respon::.ih11i1ic~ among persons and department:; 
in the company. 

• Teclr111cal: outmoded plant equ1pmen1. 

• Economic: the co~ls ,,f materials. energy. technology. 
laoour and u1ih1ic~ and lhc fir . .incial and fiscal 
incenll\CS for waste mm1mi1.ation. 

• Gm·emmrmal: lhc mccnt1vc.; and disincen1ives for 

• From 1/1.Jst~ to Profits 

waste minimization created by industrial and 
environmental policies. 

• Oth~rs: 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 appezrs 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 fin;.ncial and environmental 
benefits. This means that a great deal of attention must 
be devoted to these auitudinal constraints. Once <hey 
have been broken down and management has decided 
to stan a waste minimization assessment. 1t is systemic 
constraints that arc encountered sysrem1c constraints 
(especially the lack of mfonnation for conducting the 
assessment) and organiza1ional constraints \especially 
into respect to 1hc establishment of a properly 
functioning waste minimization team m 1he company). 
Later. when waste mimm1zatton opportunnies ha\'e 10 
be generated and evaluated. there n11ght be 1e1:hmcal 
constraints. In the las1 stage the ac1ual 
implementation of waste minimization solutions - the 
main constraints might be economic. 

The following can be concluded with respect to the 
third objectin 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 intensh·e on-site guidance 
and supernsaon by outside trainers·cum· 
consultants can eliminate a remarkable number 
or these potential constraints. 

Objective 4: Formulate recommendations for 
waste minimization policies 

The policy lessons from 1hc DESIRE project are 
elahoratcd in chapter 5 of 1his report. The 
disscminalion and promotion strategy should sui1 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 
·sec table 2). Generally speaking, government &gl!ncies 
should be able to create the external enabling 
measures. The internal enabling measures. while they 
cannot be created directly by government al.i;vity, 
might in the long rur. 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 wasrc minimization solutions to common 
environmental probl~ms. 

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

• Waste mm1m1:;ation demonstration pro1ects: 
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 arc crucial to ensure 
that waste minimiza_tion will be carried out by 
companies other than those panicr;:-ating in the 
demonstration project. 

Expected outcomes as well as necessary conditi'>ns for 
the fruitful development of these implemen. ation 
mechanisms arc elaborated in table 3. 

With respect to the fourth objectift of the DESIRE 
project, policies that roster 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 projecl. The 
present repon along with the DESIRE audit manual 
and the associated \"ideo. should serve to substantiate 

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

Type 

1. Attitudinal 

2. S~temic 

3. Organizational 

4. Technical 

S. Economic: 

6. Governmental 

External to the enterprise , 
. .. .... .. ~. . 
• Encourage experimentation. 
• Publicize early suc:cnses. 
• Dntlop simple management 

indicators. ~- · 

• Hold trainin9 SCS'siori tor.plant~IMI : • Disseminate success stories. · 
waste minimiziltion team. 

• Carry out top d01111n housekeeping drive. 

e organiic ·ca.,able waste 
minimization team. 

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

waste generation. 

• Allocate costs properly and 
plann invutments. 

• Disseminate waste minimization 
techniques and technologies. 

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

• Formulate long-term ind11strial policies 
• Offer financial incentives. 

• Form area-wide, voluntary waste 
minimization groups. 

• Enforce en·:ironmental legislation. 

Summarv. results and recommcndati:>nss • 



and sustain those initial dissemination effons. 

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 inlCITClated initiali"VCS. 

Rcc:ommendation 1 : 
the DESIRE project 

Disseminate the results of 

The preliminary results of e~ons to disscminaae project 
ach~m!Dts 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 nccjed to 
maximize the effect of the DESIRE project. The 

· Table 3: Key features of the was·e mi-ntrr :at1on implementation mechanisms 

llr.planentation mtthanism &pedal ~ ;_. · . . . . 
. _;. -.-.~ ··- . 

1. Waste minimization cird~ ... ~·· l,;;~~-;;!i~~~-~f':·:·. 
tompanicS in rqion and 
Stttoi starts with waste 
minimization. · · 

2. Obligatory waste 
minimization audits 

3. Waste minimi:ation 
demonstration projects 

• From Wastt to l'rofits 

• Dissemination and · · · : 
implementation of . 
comparatM:ly obvious, · 
low- and no-cost options 
via social mechanisms. . 

• Cooperation between , : 
mmpa!iics for;< , .:~~ 
environmcnt-clri"«ll 
technology dcvclopmcnt 

• Strong drM: for the 
implementation i>f both-: 
low-and high-cost waste 
minimiiation options; · : · 

• Prrlermtial allocation.of 
final'ICES for waste 
minimization as comFftd 
!o end-of-pipe control Ind 
t~t~nt 

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

• Inventory of practical . 
waste minimization .· ~ 
upportunitics for 
dissemination to other 
companies. 

• Training of cxpcm and . 
institutional capacity 
building for wa'..te 
minimization. 

. . Conditions 

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

• Appropriate technical and 
methodological bact up. 

• Establishment of a 
national ndWorlt for 
information exchange. 

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

• Strong drM: for the . 
implcmc1;tation of both 
low and high cost waste 
minimization options. 

• Establishment of 
provisions for independent 
quarrty evaluation for the 
approval of the waste 
minimization audits 
submitted by industty. . . 

• Agrumcnt with industrial 
authorities on financial 
schemes to be used to this 
encl. 

• Willingness of companies 
to act as demonstration 
units. 

• Interest of industry . 
associations. pr1Jfes.sional 
organizations and 
technical research 
institutes to become 
inwMd in the 
dissemination of iesults. 

• Funds for providing 
subsidized waste 
mi!limization consultancy 
to the demonstration 
companies. 

• Common dflucnt 
matmcnt plant (CETP) 
boards a~ probably not 
the best atganizations to 
start waste minimization 
cin:lcs. giftn the non
voluntaiy natu~ of the 
CETPs. 

• It is suggested to link the 
waste minimization ciidc 
to a local dcmolistiation 
project 

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

• Only effcc:tM for the 
organized sector. 
companies. 

• Demonstration projects 
can be used to catalyse 
the establishment of a 
waste minimization cin:le. 

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



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

• Use proYen options and indicators to get mrted 
The results achieved in the cast;-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 arc not necessarily 
the best solutions for all companies in the sector. 
Indicators should be devcioped 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 nccJ to be supplemented by outreach materials 
<flyers, adveniscmcnts etc.). 

• Use the audit methodology to persuade 
companies to participate 
1bc 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 existing 
equipment and technology. Cooperation between 
companies facing the same waste generation problems 
might motivate technical institutes and equipment 
suppliers to develop technical SCJlutions 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 demonstrauon projects. 
efforts should be made to impl.:mcnt 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 en\·ironmencal 

regulations 
- Development of financial incentives. 

• Creation of a supply of 
waste minimization ~nices. 

- Capacity building 
- Establishment of the t.:chnology cooperauon chain 
-Training policies. 

• Development and formalization of 
implementation mechanisms. including 
procedures. cnteria and the allocauon oi funds. 

The interrelatedness of these iniua11ves is 11lustrateJ m 
figure 2. 

The involvement and cooperation oi industrial. 
governmental. environmental and professional 
stakeholders is crucial for the success oi wast~ 
minimization. The Indian National Cleaner Producuon 
Centre could cake the lead in establishing an 
institutional network for chis purpose. 

Su,.., l'lary, rl!sults and 1'cornrr :ndationss • 



Figure 2: Recommended strategy fol" promotion and disseminatio.n of waste minimization 
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Chapter 1 

DESIRE project 

1.1 Background 
The incorrect notion that environmental protection 
makes th= production of goods and services more 
costly and therefore a luxny 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 emiorscd in Agenda 21 (sec chapters 20, 
30 and 34). Cleaner production can minimize the need 
to make trade-offs between economic grcwth and 
environment. between worker safety and productivity, 
and between consumer safci.y 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 ir:dustrial 
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 stan 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 indullllrializcd countries (UNEP, 1994). 

The above proposition attracted the interest of the Indian 
Government. especially the Ministry of Environment 
and Forests CMOEF). 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 (SSls). The 
initiation of the exercise especially emerged from the 

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 
L'iercforc 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 SSls in India. There arc 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 
cern. 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 Se\"ere 
threat to human health and the environment. 

The project was built upon the experiences from 
sur:cessful cleaner production projects in Nonh America 
and western Europe. Most notable was the PRISMA 
project in the Netherlands, that worked with !O firms 
over a I. 5 year period. It identified 164 prevention 
options, of which 45 were implemented during the life 
of the project (l>ielcman. 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 Nonhem 
Ireland, amongst others. under the umbrella of the 
PREPARE network (EU. 1994). 

The National Productivity Council CNPC) was entrusted 
with the main technical responsibility of conducting the 
project because of its earlier pollution prevention 
experience in companies like Mis Nirulas (ice cream 
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factory), Pala.-n Potteries and ;R Fabrics (textile Dyeing) 
(NPC. 1994 ). The Confederation of Indian Industries 
ccm 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 ln~u~tries for P..cducing 
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 ~ypical 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 environ'llent with 
subs!antial financial gains for industry and society. 
As such. cleaner production can be defined as ''the 
continuous use of industrial processes and products to 
pre\·ent the pollution of air. water and land. to reduce 
waste at the source and to minimize risks to human 
populauon and the environment" (UNEP. 1994 ). 
Essential features arc: 

• Clea11er productio11 is a problem-solving strategy 
rather rhan a solutio11; cleaner production puts the 
waste generating process (the root problem) in first 
place and employs a preventive mind-set to develop 
altemauve 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 consid~red as a fixed set of solutions and 
technologies. 
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• Clear.er production is 'built in' instead of 'added 
on' industrial activiry; 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 gi\'en to waste minimization is however 
essentially equal to the one given to cleaner production 
above. Within the DESIRE projec~. the following 
definition has been developed and applied CNPC. 
1994): 

\lastt mi11imi:a11on is a 11e": and crtati1·t way of 
thi11ki11g about products a11d the processes that 
make them. It is achieved by the co111im1011s 
application of strattgies to minimi:e the 
ge11erat1011 of wastes and emissions. 

Waste minimization is best practised by reducing the 
generation of waste at the source itself. After exhausting 
the source reducuon opponunities. in the second step. 
attempts should be made to recycle the waste within the 
unit. Finally. one might also think of modifying or 
reformulating rhe product itself so as to be able to 
manufacture it with minimal waste generation. The 
types of techniqut·s which are available in these areas are 
given in figure 1.1 . 



Figure_ 1.1: Overview <5f waste minimiz.ation techniques 

WASTE MINIMIZATION 

I. RESOURCE -It RECYCLING : HI. ~RODUCT 
···MODIACATION 

A.GOOD 
HOUSEKEEPING 

1. INPUT 
MATERIAL CHANGE 

B. PROCESS·· 
CHANGE 

2. BETIER 
PROCESS CONTROL 

Waste minimization thus includes the following eigt-1 
techniques (or approaches): 

l. Good houseke.·ping: appropriate provisions to 
prevent leaks and spills (such as prevenuve 
maintenance schedules and frequent equipment 
inspections) and to enforce ihe existing working 
instructions (through proper SU('crvision. training 
etc.). 

2. /11p111 material change: substitution of input 
materials by less toxic or renewable materials or by 
adjunct materials with a longer service lifetime. 

3. Beuer process comro/: modification of the working 
procedures. machine instruction; and process record 
keeping in order to run the processes al higher 
efficiency and lower waste and emission generation 
rates. 

.i. £q11ipme11T modification: modification of the cxis1ing 
productive equipment and utilities - for instance hy 
the addition of measuring and controlling devices - in 
order 10 run 1he processes al higher efficiency and 
lower was1e and emission generation rates. 

A. ON"..:SfTE 
RECOVERY 

3. EQUIPMENT 
MODIFICATION 

B.USEFUL 
BY-PRODUCTS 

4. TECHNOLOGY 
CHANGE 

5. Technology change: replacement of the technology. 
processing sequence and/or synthesis pathwa~ in 
order to minimize wa~te and emission generation 
during production 

6. On-site ruo~·ery and reuse: reuse oi the wasted 
materials in 1he same process or for another useful 
application within the company. 

7. Prod11ctio11 of 11seji1/ by-product: modi ti cation of 1he 
waste generation process in order to transform the 
wasted material in10 a material that can be reused or 
recycled for another application outside the 
company. 

8. Produrr modification: modification oi the product 
charactcris1ics in order to minimize the 
environmental impacts of the produc1 during or after 
its use <disposal) or to minimize the environmental 
impacts of its produc1ion . 

, 
Tahle I. I Contains illustrative: examples for each waste 
minimization technique:. 
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Table 1.1.: Examples of the waste minimization techniques (NPC, 1994) · 

~-
Wask minimiution technique 

: 

• ···· ·ncpa1r·•!i·~.::;.::.~~:~J·i~,: >~~~~: ··:~~f~T ·:>·' · ·: =:~.:::·:~~~-~x?rr.:·::~~:-:}. 
· 2. · · · Input material ~n9c • Oiangc from citric atjd to citric W in tcxh'"k dyeing. _ 

• Use alkaline water ba5'CI ckgrHSm inskad of 0191nic: solvmt for metal parts 
deaning, :._ .. ~ .· t. r .. :. _ ... ·' . '. .. T'-- -··-'::: •• • ., lo... ·•·•- • • ···-··· •.. 

• Adoption of bdtcr _firing prac:tic:Cs in down draught blns. · 3. Bctkr process control 
• Maintain process pai:amctcrs (mnperaturc. prmu" etc.) as dose as pos.5iblc to 

the desired lcvd witli basic mil!imum instrummts. . 
4. ~nt niOclmeatiOn • Install drip tiang~is tO ~]l~Oiitt.Ofti pliti~ o~tiofti· 

• Use of sto'3gc taritS of appfopiiltc capacity to ·Mid overflows.. 
5. TCchriology mange • Apply statiC ~-iristUcl ofeontmUouS rinSc in dcctroplating: .. 

• Use low dyt-fiqu0r jct dytfs i~ of tier dytrS. 
• Apply clcctrostatiC spraying techniques to minimm paint ?m"-spray. 
• ~rinse solVCliti ticMii"rOmiUtaiiDn .• iiiiftCiiflii ihC: matr.iip of ihc nc:xt 

batch of thc same prOcluCt. . • . . . 
6. 

• Reuse used moulding sand for the preparation of new moulds. 
7. UsC:ful by-products • Recover shOrt fibre m fiuliHnakinij to ma~ PaPcr boards. 

• Conw:rt ntt husk ash into white ash for tttth filling. 
8. Product reformulation or modification • Eliminate exttSsM sirOduct Pacbging. · 

• ManufactU" of liquid dyes instead of powder d.,~ for textile industries. 

1.3 Objectives 
The DESIRE project has been designed lo demonstrate 
to the Ministry of Environment and Forest. Slate and 
Central Polluuon Control Boards. selecled industrial 
sectors and research and professional organizalions. 
the financial and environmental benefils of lhe waste 
minimization approach to industrial environmental 
management. The sludy was designed to lesl a 
proactive approach lo wasle minimization lhal could he 
adopted by induslrial organizations a!ld facililalc: the 
implcmemalion of industrial and environmental 
pclicies in India. 

In order to persuade lhe above-mentioned panics of the 
advanlages of waste minimizalio'l and lo enable them 
to become aclive players in lhe di~seminalion of waste 
minimizalion upon completion of project. it had five 
separate. bu1 closely related objectives: 

I. To sho~· Indian S '\Is in three scclors tha1 waste 
minimization is possible in the shon teiTT\ and that it 
has fi11ancial a1uf ennronmemal ad~·amages; 

2. To devise and test 1hc usefulness of a systematic 
approach (audit methodology I to waste minimilation; 

3. To identify obstac/eJ lo the in1roduc1ion and 
sustainability of waste minimi;r.ation and lo 
formulate strategics for overcoming them; 
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4. To formulate policy recommendatw11s ior the 
promotion of waste minimization for \ arious 
stakeholders. both within the Government and 
within the industrial and profe;sional community: 

5. To diss~minare the results of the case-studies and 
proposed policy recommenda:ions by a \\ ritten 
repon and by seminars and workshops. 

The DESIRE projecl has been focused in three \\ays: 

• h I!> primarily targeted to small-scale md11srriu as 
they have been identified as having one or the largesl 
waste gcncralion ratios per unil of producme ou1put 
(Nyati. 1992). The large number of SSh <cs11ma1ed 
over 2.0 million) is thercfare responsihlc for a greater 
share of induslrial polbtion than large scale 
industric~; 

• h focuses on sectors of small-scale induslnes lo 
facilitate replication of lhe measures iden11 rie.i in 
the: demonstration unils; 

• The largeted area is limited lo a small geographical 
region to enable fas1er dissemination and ah~orp1ion 
of infonnation. 

The sector selection wa:; done by MOEF ba,ed on 
general criteria of seriousness of pollu110n rroblc:ms. 



expected potential for waste minimization and potential 
for dissemination. Agro-residue-based pulp and paper 
production. textile dyein~ and printing and pesticides 
fonnulation have been selected as the target industries 
because they cause significant environmental problems 
and arc predominantly made up of SSls. The st!ldy 
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 fonnulation industry. 
given its inability to innovate without suppon and 
assistance from large-scale multinational pesticides 
production companies. 

Agro-residue-based pulp and paper mills arc located 
throughout India. with concentration areas in the 
agricultural states. especially around the Ganges River. 
Therefore. Delhi and Uuar 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. Ho\A. ever. given the interest of a number of 
textile dyeing and pnnung houses in Surat (a second 
industrial city in Gujarat state). the DESIRE project 
finally included textile dying and printing units from 
both Surat and Ahmedabad. 

This final rcpon 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 audu meth,1dology .. ) explains how the 
systematic \\<orking method has been developed and 
tested in DESIRE ( obJi:ctive 3) and how it can be used 
with a view to the: dissemination of the results 
(objective 5 ). Chapter .J ( .. Financial and environmental 
dividends in c;.impanies .. l summarizes the financial and 

environmental advantages that could be achieved in the 
participating companies (objective I). Next is the 
discussion of the policy recommendations (objective 4) 
in chapter 5 ("Towa.r<!s 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 
minimi:!ation assessment. International methodology 
and industrial subscctor experts have provided guidance 
to these assessment activities during two visits to the 
plants and from a distance. The assessment activitie~ 
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 
arc disseminated al the level of the industry sector. 
targeted to SSls 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 lndu~·nes. 
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 summanLed 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. 

DESIRE project • 



Figure 1.2: Dissemination approaches in the DESIRE project (Van Berke! et al, 1994) 

Pest1c-t~es formu!Jt1on 

Demonstration plants · · . Demonstration plants Demonstration plants 

tttttttt:; ···:·· t t t 

Industrial 
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Table 1 2: Wo·,plan of the DESIRE project 

Projttt Phase lime 
1. ~paration P and P: 1-3/93 

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

2. xctoral P and P:3/93 
introduction PF: 7/93 
workshop TD and P: 7/93 

3. Company P and P: 4-8/93 
prc-asscssiMnt PF: 8-11/93 
worlt TD and P: 8-11/93 

4. xctoral Pand P:9/93 
mid-term rniew Pf: 12/93 
workshop TC and P: 12/93 

S. Company P and P: 9/93-4/94 
assessment Pf: 12/93-4/94 
wort TD anJ P: 4/94 

6. Implementation 5-11/94 
period 

7. Dissemination 12/94 
workshops 

8. Reporting 4-10/95 

:"'olc~ P and P Pulp and paper 1nduslr) 

ActiWffics . 
• AaiPiatiOii of i~tcmational manuais to Indian SSls. .. 
• EStabrlShi~ working ~lations with industry associations and professional instituta 
e PRliminaly data tclltttion and evaluation at one company per sector. 
• .. Obtaining inte~ from companies to participate.. 
~ .. iiitrodUctiOn to .r..ste minimization concept, working method and obvious options per 

• stttor. 
• COmpany visits by int~mational technical and methodology experts to boost 

commitment and involvement and to prov'.de initial on-site guidance. 
•:·Two 0r thicc viSits bY NPC team to organize waste minimization team. to collect 

· llaScrmc data and .to generate first batch of waste minimizatic;n options. 
~- Data. analysis and ~uation by NPC team to compile material and energy balan~ and 

mluate. fcasa"bility of first batch of options. 
•... -~ft of prcliminaiY waste minimization cxperienm by international industry sub-

sCc:tor and mcthodology experts. 
• Expert vi~ to generate additional waste minimization options and to contribute to 
- option evalua~n and implcmcntation. 
• -~paratior. of ~~ft waste minimization guide. . 
• Tw_ro to four visits by NPC team to generate and c taluate additional waste minimization 

options and to evaluate progress in implementation of these options. 
• Completion of the gmcric waste minimization guide.. 
• ~mpletion of the ba~rs and ina:ntivn surwy. 
• Final evaluation of the company achievements by NPC team. 
• Preparation of draft sectoral technical waste minimization manuals. 
• ()_ngoing implerricntation activities in the companies. 
• Sectoral workshops. 
• National seminar. . 
• Preparation of policy rccommer.dations. 
• "f>rtparation of final rep0i1. 
• Completion of the sectoral technical waste minimization manuals. 
• Preparation of video. 

PF Pc\11cicks formul;mon 1ndusuy 

TI) and P Tc•ulc dyeing and pnr.ung 1ndusuy 

V9J March 199J e<c 
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The general programme of the scct.Jral iotroduction 
workshops consisted of: 

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

• Introduction to waste minimization concep1 and 
wod:ing methods (by intcmalional wactc minimization 
expert); 

• Summary of environm~ntal profile of the industry 
sector (Dy industry association); 

• S1.&mmary of obvious waste minimization opportunities 
for the sector (by UNIDO); 

• Summary of the preliminary findings at one of the 
companies 1 oy l\'PC); 

• Establishing working relations with interested 
companies. 

This programme required two working days and was 
;mended b~ 5 to I 0 companies. The workshops facilitated 
ccam building among the participating companies iiS \11.'Cll 

as wi1h the study team. The worling relations with the 
interested companies have been formalized with a 
memorandum oi understanding between the companies 
and NPC. This formalized - on one hand - the 
commitment oi the company to supply tbe necessary 
company data to the study team. to implement the 
fca~iblc waste minimization opuons and to share the 
results and experiences of the DESIRE project with 
other companies and - on the other hand - the 
ohligation for NPC to treat the company data as 
confidential. In addition. it was agreed that the 
participating companies would pay a token fee 
I Rs IO.ooP CS330)) to participate in the project. 

The firsl visit by the international expens to the 
companies (after the sectoral inb'Oduction workshop) was 
aimed at creating addi1ional support for the execution of 
1he waste mini"lization assessment at each company. In 
order to dt• so. 1hc waste minimization concept ~ well as 
the general requirements for a successful company level 
a~scssmcnl t management commitment. workers· 
1molvcmen1 and an organized approach) were prcsenicd 
to the factory management and staff. Additionally. a plant 
wur was made in order to identify obvious ~as for waste 
m1nim1za11on. such as lapses in housekeeping. 
maintenance and process control practices. The experts· 
1mprcss1on!i of the silc were n:poncd as guidance to lhc 
fa..:tury management and the technical study team. 

The progracme of the sectoral mid-term revie~ 
workshops included: 

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

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

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

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

• General comments on methodological aspects of 
company assessments (by international waste 
minimization expen)_ 

The sectoral mid-term rc\·iew workshops were 
info:mal in character. wi1h ample opportunity for 
discussion and exchange oi ideas among the 
participating companies as well as between the 
participating companies and the nation::: and 
international experts. 

The second company \·isit by the international exp.!ns 
took place immediately aiter the sectoral mid-term 
review wor~·-hops. The objecuve was to generate 
additional tc..:hnical as well as managerial waste 
minimization options apd assist in their implementation. 
During these visits. the review remarks to the mid-1erm 
n:pons 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 successfally conducted with an active involvemen1 
of various institutions and stakeholders. The following 
organizations were activ.:ly involved in conducting the 
DESIRE project: 

• Governmental organizations: Ministry of Environmenl 
and Forest (MOEf); 

• Professional institutes: National Productivity Council 
CNPC. Delhi). Corporate Insight (Cl. Delhi) ~nd 
Indian Institute of Technology (IIT. Bombay); 

• Technical institutes; Central Pulp & Paper Research 
Ins111ute CCPPRJ. Sahanpur), Ahmedabad Textile 
lndus1ries Research Association (ATIRA. Ahmedabad) 
and Institute of Pesticides Formulation Technology 
CIPl-1. Delhi); 
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• Industry 1ssoc1auons; Confederation of Indian 
Industries (CII. Dc:hi}. Association of Small Scale 
Pulp and Paper Industry (ASSPPI. Delhi}. S»uth 
Gujarat Pesticides Formulators Association 
(SGPFA. Ahmedabad). Wasle Minimization Group 
(WMG. Surat) and Gujarat Textile Processors 
Association (GTPA. Ahmedabad)_ 

UNIOO took care of overall project management and 
pro\;dcd either in-house or international experts in four 
areas: a general waste mini;nization expert (to ~xaminc 
assessment methodologies. managemenl 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 !cchnical 
aspects of waste minimization 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 
pr;:iject were realised in joint consultation between 
UNIDO and MOEF. The Project Management Beard 
consisted of the UNIOO senior environmental adviser. 
a representative of the MOEF. the managers of the 
technical study team (from NPC). the meta review 
study team (from CU and the Indian lnstitue 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 li1e 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 llT. 
Finally. the meta review study team was in charge of 
the review of the company projects in order to identify 
barriers and enabling measures. h was organized 
within Corporate Insight and interacted extcn~ivcly 
with the technical team of NPC. Th1!> 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 crea~e 
successful examples oi the application vf the waste 
minimization a!>proach in small-scale industries in 
India and to acate the necessary starting con ~itions for 
dissemination and continuation of waste minimization 
activities upon completion of the pro1ect. The 
demonstration projects in companies constituted the 
core of the DESIRE project. To that end. the technical 
study team joined forces with committed indu!>tries to 
prove me financial and environmental benefits of waste 
rr.inimization in practice. Ir. tul"" these joint task forces 
were coached by a general waste minimization 
consultant and received technical back up by 
international industry subseccor experts. Dissemination 
of the results was from the very outset of the DESIRE 
project one of the main concerns and acti\"itics. To that 
end. a survey was made of constraints and mcentm~s 
for waste minimization in order 10 idenufy possible 
enabling policy measures. In addiuon. one general and 
1hrec sectoral technical waste minimizauon manuab 
were prepared. The results have been pre)ented at 
sectoral workshops and a nauonal )eminar. 

Given the complexity of the project and the need lt' \ isH 
all participating ccmpanies frequently. it ha) pm\cn \ci: 
valuable to concentrate the project in selcctcJ 
gcograpilical regions. In addition. in the DESIRE proJc.:t. 
the advantages of working with sector) or mdu~mc' 
instead of mixed industries. have OUt\\ctghccl the 
disadvamages_ The most obvious ad\·antagc:' l\f doing )o 
proved to be fewer resource reqmremem~ '''r gc11mg 
access to technical information and for fam1hansmg 1he 
technical team with the sector spcc1fo.: \\:OSie 
minimization opportunities. less \"ulnerat-ihty to drop out 
by participating industries (due to reasons oulSlde th.:: 
project), cross-fertilization opportunities amongst 
participating companies and case of disscmmauon of 
project results. 'The major disadvantage of com panic~ no1 
willing to share infonnation considered contidcnual \\ Hh 
competilors was eliminated in the DESIRE pro1cc1 h:· 
selecting industries willing 10 innovate and t-y signing 
confidentiality a.~recmcn1s wi1h the partu.:1patmg 
companies. 

The DESIRE project merged a waste m1nim11a110n 
demonstration project with a project to !ram 
consul1ams/trainers. As pan of DESIRE. the technical 
team received practical waste minimizalion trammg and 
implemented it in a number of selected indu,tnes. The 
coaching of the national experts was cruc;.1' for the 
succe:;s of the project. Coaching was pro\ 1dd hy 
imemational sector experts I at the hcginning am! at 1hc 
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mid-point of the company assessments). a general waste 
minimization consultant/trainer (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 stan of the project (supponing the establishmeut of 
company level teams and seuing the stage r.x the 
systematic identification. evaluation and implementation 
of waste minim1zatton opportunities) and co postpone 
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input from the industry subsector expert 10 the mid-tenn 
review (in order to pro\"1de tailor-made technical 
solutions to the problems idenutied in the companies). 
The ongoing involvement of the general waste 
minimization trainer then provides contmuity in the 
coaching of the national technical e'perts and serves as a 
liaison between the orgamzatwnal and technical 
opportunities for waste mmim1zauon. 
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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 cnvironmcnlal factors arc 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 arc integrated into 
the design and operation of industrial activity. 
thereby a\·oiding waste generation in the first place. 
International experiences. however. show th3t 
the development of such proactive approaches is 
hampered by a number of constraints and they might be 
fostered by various incentives. 1bcsc might be as diverse 
as attitudes (such as resistance to change). 
organizational factors (such as inappropriate job 
division). economic factors (such as low resource pn;::es) 
and technical factors (such as non-availability of 
technologies to solve waste-generating processes) 
COTA. 1986: Dieteman. 1991; Hirshorn. 1991; UNEP. 
1994 ). Some of these factors encourage a company 
to take a pre\·emive 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. 

n.e main constraints that need to be dealt with in effons 
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 mateaial 
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 managem!'nt commitment. the management 
systems. team building and technology in each company 
panicipating in the DESIRE project. The findings have 
hccn organized in seven major groups; 

l. Attitudinal constraints; 
2. Systemic constraints; 
3. Organizational constraints; 
4. Technical constraints; 
5. Economic constraints 
6. Govemmcnlal 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. 1bc above sequence 
reflects - to some extent - the sequence in which barriers 
arc often encountered in practice in the course of the 
implementation of waste minimization in a panicular 
company. This will be elaborated in section 2.9. after the 
discussion of each of the categories separately in sections 
2.2to1.8. 

In each of the subsequent sections. a division will be made 
between constraints. catalysts and enabling measures. The 
constrai111s arc 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 panicipating 
companies. which greatly helped in overcoming one (or 
even a set of interrelated) constraint(s). The ~nabling 
m~asur~s. finally. refer to generic approaches which can 
be adopted in general in indu.itry to facilitate the 
identification. evaluation and implcmcnlation of waste 
minimization options. 

2.2 Attitudinal constraints, catalysts 
and enabling measures 
Attitudes such as 'environment will always cost money'. 
·waste minim!zation is impossible in the shon tenn' 
etc. arc quite common in industrial society. Yet 
such views are seldom. if ever, based on practical 
cxperienC"es or real cost estimates and arc therefore 
perfect examples of anitudinal barriers, which inhibit the 
entrepreneur from undertaking waste minimization 
activity. Attitudinal constraints are often not recognised 
as such in the first place. Funher study most often shows 
that various obstacles, even though formulated in 

Constraints. catalysts ;ind enabling measures Ill 
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financial or recbnical renns. arc in fact attitudinal. In the 
preparation of the DESIRE project. thcn:fore. emphasis 
was gi"Ven to the introduction of the waste minimization 
concepl. 

The DESIRE project revealed that the auitudinal 
constraints in Indian SSls can best be dividOO as follows: 

I. lndijfermce rowards houseueping and environmental 
affairs: 

2. Resistance ro change. 

Each of these will be ciaborated and illustrated below_ 

1. Indifference towards housekeeping and 
~nvironmental 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 la;:k housekeeping 
culture. From workers to the chief executive. lapses 
in housekeeping arc taken as pan 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 
tum arc supported by a mix of gene.al unawareness of 
environmentally scnsifr•c issues and underrating of 
environmental affairs in the generally prevailing shon
term profit-making business strategics. 

2. Resistance to change 
Generally, the plant personne' 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 tum inhibits cxperi·.aentation with waste 
minimization practices. This is again fed by the lack of 
sucr:ss stories or demonstration projects which could 
instile confidence of the employees 10 try our 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 lO case these attitudinal conMraints. the study 
team decided to uy to activate the following ·:·ualysts 
as part of the wa.c;tc minimization project in each 
company: 

I. Early success with waste m1rum1z.a1ion: 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 IX>-- and low-<:ost options often consisted of me 
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. 1bcsc 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 i1wofremLnl in waste minimi:ario11: g1\·en 
the need to change operators' and supervisors· 
attitudes. full attention was given to in\·OI\ mg 
employees right from the stan of the \\ aste 
minimization option generation process. While doing 
so. it was found that in many cases employees \\en: 
w'.lling to accept and implement changes ii the 
benefits were properly explained and illustrated. 

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

I. £11courage uperimenration (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 stan with no- and lo\\ -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 1<t:asu mini. :ation successes: it 
is rccommc:nued to em:::1asize both the financial and 
the environmental benefits of the early waste 
minimization successes i11 order to create awareness 
for waste minimization among the entire workforce 
'lnd to sustain commitment and involvement from 
the key decision makers (or owners). 

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

2.3 Systemic constraints, catalysts 
and enabling measures · 

In the absence of production monitoring data and 
routi~ procedures for anaiysis and evaluation of such 
data. waste minimization audit:ng is deemed to end 
in subjective and tendentious di!cussions. 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. howev;:r. 
outweigh the ob,·ious advantages of appropriate 
data collection and enluation for the purpose of 
production process optimization. Althoi.;gh collection of 
baseline data is an imponanc staning conC.::tion for the 
development of waste m1mmization activities. it is most 
often not necessary to do so un1il obvious lapses in 
housekeeping and equ1pmen1 maintenance have been 
eliminated. Generally speaking. it makes far more sense 
10 repair. for instance, a leak than to monitvr the water or 
steam losses caused by the leak. Since it was anticipated 
that lack of documentauon and reliable records would 
be a major obstacle cowards waste minimization in the 
DESIRE project. provisions were made for on the spot 
monitoring of energy. water and materials consumption. 
productive outpuc. wastes and emissions. 

The DESIRE project revealed that the systemic 
constraints i!': Indian SSls can best be grouped as: 

I. IAck. of professional management skills; 

2. Lo....- quality production records; 

3. Jnadeq11a1e and ineffectfre management systems. 

Each of these will be elabonted and illustrated below. 

1. Lack of professional management skil!s 
Managerial attitudes are generally poorly developed 
in SS ls which in tum affects the at · 1ity of the company 
to systemati::a!ly identify, evaluate and implement any 
kind of improvement opportunities. including waste 
minimiation. The lack of professional management 
skills is especially evident in the following areas: 

• Leadership: SSls are generally run as family affairs. 
The owners and decision makC'rs are seldom 
qualified managers and fail to provide the required 
leadership and guidance for the funher developmenl 
of the business. This sustains the continuation of the 
business wilhout medium- or even long-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 busmess from a 
trader's background t.nd are therefore more sensitive 
to low resource prices and high produce prices than 
to reduction of che producuon costs. 

• Supervision: supervison m SSls are usually persons 
who have been promoted owing to their good 
performance as workers. They are not crained to 

Fig'ure 2.1: Summary of attitudinal constraints. catalysts and enabling mea~ures 
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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 arc accountable. 

• Job security: in SSis. job security is more dependent 
on the whims and fancies l'f the employer than on 
performance of the employee. The employees arc 
therefore more worried 1bout retaining their jobs by 
doing what ple~s 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 ~articipating un::s 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 e~·aluation. 
With no direcl resulls commg from data generalion. the 
interest of 1he project team and commitment of the 
entrepreneur usually dwindle fast. 

3. Inadequate and in-;ff ective management 
systems 

In the absence of a well-definea management system, 
the reporting lines. responsibilily and accountability 
are often assessed on a subjective basis. In response to 
these subjective performance criteria. the employees 
will te11d to avoid any non-routine work like waste 
minimization. The imperlection of the management 
systems is panicularly 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 pla11111ng: production schedules are mostly 
prepared on a day-to-day basis. This hampers any 
systematic work. such as baseline data collection or 
assessment of chc impact of ?mplemented 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: 

I. Proper documentation a1ul plamied layout: 
Historically the design, procurement and installation 
of productive equipment took place in a rather 
haphazard way. following the percei\"ed business 
opportunities and supplier preferences of the 
entrepreneur. with little - if any - comparative 
evaluation of different technical opponunities or 
planning of the equipment layout. The result was 
inefficient plant layout and suboptimal dimensioning 
of various pans of the productive equipment and 
utilities. It was encouraging. however. to notice 
that mos~ of the panicipating units, in particular in the 
textile indu<;try. had come to realize the shortcomings 
of such an approach and had improved the 
preparation and documentation of lheir latest 
revamp and capacity expansion projects. This 
documentation served a:.; excellent scaning material 
for collection and evalualion of the necessary data 
for the waste minimization assessments. 

2. Proper housekeeping and mai111ena11ce pro\·isio11s: 
Although generally imperfect or incomplete. some 
companies had made good progress in developing 
housekeeping controls and inspections 1 on incoming 
goods inspection. materials utilization Cle.). 
Generally. companies having in-house maintenance 
and basic fabrication facilities were ahead of 
companies which had to rely on outside contractors 
for C\1Uipment maintenance and revamping. 

Enabling measure~ 
\\tith a view to the dissemination of waste minimization 
practices. the following enabling measures arc proposed 
to deal with systemic constraints: 

I. Training of plam level waste minim1:ario11 ream: 
It is highly recommended to conduct a training 
session with the plant level waste minimization team 
at the stan of the waste minimization assessment. The 
training session should clarify the objective of waste 
minimization in the lirsc place. which i.> to reduce the 
environmental irnpaccs through improvement of rhe 
production efficiency. In addition. it should illustrate 
the importan:-c 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 
maintenancc).1bc best results arc 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 fonnulation 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 - assistanee from outside trainers. 

2. De\'elop 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 housekuping drive: As proven by the 
experience of some of the companies which had 
started with the ir.!roduction of housekeeping 
controls. housekeeping will only improve once key 
decision makers take the lead. They can do so by 
pinpointing. 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 
mar,: 1als and workshops can concribute 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 cnab~ing measures 

The organization of the company might also hamper lhe 
introduction of proactive environmental management 
practices. In this context. it is essential to assess how lhe 
tasks ar.d responsibilities with regard to production 
management and environmental issues arc divided in lhe 
company and to suggest changes which could favour 
waste minimization. The DESIRE project was not aimed 
specifically at achieving such major organizational 
changes in lhe participating uni1s. Instead. it was decided 
to set up a project team in each company to initiate and 
coordinate the waste mini:nization 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 wi1h the outside consultants. The level 
of involvement from the differem organizational pans 
and layers in the company differed however substantially 
from company to company. 

The experiences in the pamc1patmg companies. 
illustrate thal the organizational constraints can best 
be categorized under three separate. but strongly 
imerrelated. organizational features of SSis: 

I. Co11ce111rari01: of decision makmg powers; 
2. Emphasis 011 prod11crio11; 
3. Non i11vofreme111 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 comm1ued to. wasre minimization. This. in tum. 
is reinforced hy a general lack of recognition of the 
employees by the decision makers; typically employees 
in SSls arc 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 
a~signed jobs. The immense: impact of other forms of 
motivation su(h a' public recogniuon. awards etc. is not 
ye: realized. The employees. therefore. lack the initiative 
to take up new and challenging assignments (like waste 
minimization I. This lack of employee initiative:. in tum. 
sustains the concentrauon of the decision-making 
p.;·.vcri.. 
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2. Emphasis on production 
Owing to the overemphasis on production by owners. 
the time 3nd effons required for conducting the waste 
minimization assessment often get relegated to second 
priority. In some companies, emphasis on production 
was sustained by lhe fact that payment of employees was 
on a production basis; the higher the productive output. 
lhe higher the payment of the invo1'.-ed employees. 
w;thout taking into account that less care "'-'as taken {and 

thus more materials spoiled) in order to achieve this 
higher productive output. 

3. Nori-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 techmcal staff is 
then to be expected because the technical staff faces 
excessive workloads and poor remuneration. especially 
at the junior !~;icl. This. in tum. limits the ability oi the 
enterprise to work on waste minimization as the 
experience gained by one team disappears with the 
depanure of another team member. 

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

I. Famil~· sup~n·isio11: Huge difiercnces 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 ~ot more satisfaction from optimizing their 
production than the non-technically qualified 
owners who co-operate with chanercd engineers or 
consultants 10 run the production. 

1. Sharing of information ( 011 costs ere.): Information
sharing prov~d crucial in almost all company level 
assessments. Wi1hin the company, sharing of cost 
data between managers and operators encouraged 
operators 10 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 enable~ 
problem-solving approaches to eliminate waste 
generation causes. ln addition. it was found that to 
some extent information on cost--effectivc waste 
minimi£:ation opportunities can be shared among 
companies. Jn the textile dyeing and printing 
industry. the Surat-based Waste Minimization 
Group scn'Cd as a platform for ~ dissemination of 
waste minimization opponunitics among competing 
companies. In the pesticides formulation induslr}'. 
the large scale pesticides manufacturers arc 
supporting their commission formulators in 
implemerating process optimiu~ion and quality 
control. which in tum spurs waste minimization in 
small-scale peslicidc formulating companies. 

Enabling measures 
On the basis of the experiences in the DESIRE project. 
the following enabling measures ar- recommended in 
order to deal with the organizational constraints in 
SS ls: 

I. Orgmri:~ a capable projea t~am: A cap;.blc and well
organized waste minimization team is among the 
most powerful instruments to develop the waste 
minimizauon assessment as well as to eliminate 
numerous constraints for waste minimiza:ion. 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 
prcicrrcd situation with a properly functionir1g project 
team being able to develop and implement waste 

minimization on its own and the present situation 
which inhibits delegation of ar::- 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 wo:kers) in the 
waslC rninimiution team. 

2. R~cognition for wasu minimization effons: Once 
the team has started with the identification and 
evaluation of waste minimization opportunities. 
steps should be taken to encourage the team. To this 
~nd. various schemes might be put in practice. like 
public recognition. rewardi:. publicising the early 
successes etc. 

3 . • 6.ssigning costs to producrion and M.·asre gmera1io11: 
In order to expand the scope from the management 
from just production output to more comprehensive 
control over the efficiency of producti.::.n. it is 
necessary co assign costs to the different production 
factors and waste streams. Comparau~·ety simple 
calculations of the monetary value oi the raw 
materials. chemicals and products lost with a 
panicular waste stream normally incite managers to 
take action. as was illustrated in the DESIRE pro1ect 
with calculations on cost of fibre loss tpulp and paper 
sector) and print paste remnants (textile printing 
sector). 

The organizational constraints. catalysts and enabling 
measures have been summarized in figure 1.3 

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

Catalysts 

1. Family supervision 
2. Sharing of information 

(on costs etc.) 

Constraints 

1. Conttntration of decision-mating 
power) 

2. Emphasis on production 
3. Non-involvement of employees 

/"\... 
Enabling Measures 

1. Organize a capable project team 
2. Recognist waste minimization 

efforts 
3. Assign costs to production and 

waste generation 
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2.5 Technical c.>nstraints, catalysts 
and enabling measures 

Waste m:nimizalion is essentially equal to cnvironmcnt
drivcn optimization of lhc use of technology. 
Consequently. waste minimization requires technical 
changes to installations. tools, input materials, auxiliaries, 
processes and equipment. Given this imponant role of 
technology in lhc 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 lhc 
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 dcscructivc impact on lhc success 
of the DESIRE project. provisions wetc 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 subsc:ctor experts. 

The comp;uative evaluation of the waste minimization 
opuons in the DESIRE project (sec chapter 4) shows 
th3t technical ·improvements' and "optimizati\lns· were 
generally the most cost-cfiectivc. short-term waste 
minimization solutions and not the comparati11cly 
radic;il te~hmcal ·innovations· (based on new processes 
;ind equipment). This illustrates that the technical 
constraipts m SSls can best be organized as follows: 

/. Limired recl1mcal capabiliries: 
~- Lm1ired ac-au ro rechnical information; 
3. Tuh110/u~.' /111mario11s. 

E;i~h of the)e will be elaborated and illustrated below. 

1. limited technical capabilities 
for most of the SSls the ability to produce ;s based 
on expericn~c of workers rather than on technical 
capab11itie) to monitor. control and improve the 
producuon technology. The limitations in the technical 
capabilities and skills include: 

• L11nired or 11011-m·ai/abiliry of trained manpo~·er: In 
1hc absence of in-house or locally-available technical 
personnel rn undenake or guide 1hc waste 
minim1za11on as~cssmcnl, the individual companies 
.ire cons1rair.cd to take ii up on their own. To, ease this 
la.:k ol technical manpower. the participating 
.:ompame, slrongly relied upon the technical cxpcnisc 
of 1he !':PC. wh1d1in1um had to expand th<' envisaged 
le\"e( of 1c~hnrcal assistance 10 each of lhe companies. 
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• Lack of monirori11g facili1ies: Due to the lack of in
housc monitoring facilities required for conductir.g 
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 maime11a11ce facilities: The maintenance 
dcpanment in SSls 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. mo1or 
rewinding. boiler cleaning etc. have to be entrusted to 
external firms which arc expensive and time 
intensive. Since waste minimization often requires 
such maintenance acti\'itics. the dependence on. and 
costs of. external firms hinder undenak.ing waste 
minimization. 

2- limited access to technical information 
Generally SSls have limned access 10 information and 
success stories on IO\\ resource consuming and lO\\ 
waste techniques \\!Ihm the country as well a~ 

overseas. Funhermore. there 1s almost total absence ol 
technical literature The information a\·ailablc from 
abroad is neither d1re~tly rdc\·.in; nor t:ulor-madc to 

the technical status anu size of operations of SSls. 

3. Technology limitations 
The emergence of SS!s has been need-based. There has 
not been any spcc11ic 1cchn0logy de\'elopmcnt for this 
sector. Mostly the old discarded technology ha:; been 
modified. The problc:ms encountered during this 
modification proccs) are solved by mal and error 
without analysing the basic chemistry and cngincenng 
invol :cd in the pr~c~~ This has resulted in inefficient. 
suboptimal equipmen1 and consequently higher waste 
generation. In adduion 'ie\eral technological gaps sull 
exist. Chemical re.:O\Cry for agro-residue-bascd pulp 
and paper industry and low-cost automatic laminar bag 
filling and scaling for pe~t1cidcs formulation are 
examples of such technology gaps identified m the 
DESlRE project. 

Catalysts 
Some of the panicipating companies in the DESIRE 
project distinguished 1hcmselvcs from the majori1y of 
the SSls and had a comparauvcly skilled technical staff 



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

I. Ttchnically skilltd staff. Given the need to improve 
the operation and management of the production 
technology. the companies having tcchrucalty skilled 
staff members had less problems in getting started 
with waste minimiza!ion. Normally. these technically 
skilled staff members bad 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 ~bcmicals or raw 
materials. These staff members could easily abscib 
the waste minimization conccpl and had the ability to 
transfer the general working method to the specific 
circumstances in their own company. 

2. Ill-house fabrication facilitits: Given the tradition 
in SSis to develop and modify production equipment 
from old discarded equipment. experience and 
expcnise have been gained in finding sman. but 
simple. technical fixes for problems encountered in 
the operation of the previously discarded equipment. 
Especially those companies that cpcrated 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 dis.."Ussed above are not specific 
to waste minimization only. These inhibit any innovation 
in SSis being in favour of product quality improvement. 
produ~tion expansion. energy conservation etc .. 
Therefore. most general measures undertaken to improve 
the technical skills and capabilities for SSls will also 
favour waste minimization. These might include 
technology development. demonstration and diffusion 
projects. technic.ll training and building an infrastruc1ure 
for technical support to SSis. In addition to these generic 
enabling measures, the following can be recommended 
to specifically foster waste minimization: 

I. Disummarion of K·asrt minimization ttchniquts 
and rtchnologits: Given the prevalence of the Not 
Mc 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 minimiza1ion 
1cchnique!i and technologies could be a very powerful 

instrument to abate existing technical constraints. The 
publication of technical waste minimization manuals 
as well as the ~anizar!on uf workshops and seminars 
arc valuable starting points. However. il should be kept 
in mind that numc:ous SSls arc diffics.llt to reach since 
by lhcmselvcs they do not read technical literature 
nor consult technical service institutes. Therefore. 
intenncdiary organiza,ions 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 tcehnologies to the 
companies. 

2. Nud-bastd suppon for tnvironmtnt-drfrt11 R&.D: 
There arc obvious areas in which state of the a:t 
technology is not yet able to prevent environmental 
problems at typical production scales for SSls. In 
order to eliminate these tcchn1Jlogy and technique 
gaps. R&D support could be useful. This suppon 
however has to meet the needs of SS Is (to fit to 
the existing tcchni;:al status. size and in\"estment 
capabilities of SSls) and integrate minimization of the 
environmental b!.iiden as one of the dc\·clopment 
objectives m the technical research. 

Figure 2.4 contains a summary ol the technical 
constraims. 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 cons1raints can still hamper the de..-elopment 
and implementation of waste- minimization in 
companies. This is essentially so because resources 
(staff time. monitoring effons etc.) have to be invested 
up from m the waste minimization assessment. without 
knowing exa.:1ly \\hat financial benefns (input cost 
reduction. production expansion. product quality 
improvements etc.) can be gained from doing so. The 
DESIRE team ~ame across four types of economic 
constraints: 

/. Pre\·a/e11a nj production quamum over production 
CO.tfS; 

2. Resource pricmg and a\·ailabiltr·: 
3. Ad line rm·e.trmmr policy; 
4. Caplfaf a\·~1/ah1/rrv a11J cosrs. 



Figure 2.4: Summary of tfchn1cal constraints, catalysts and enabl:ng measures 

Constraints 

1. limited ttthnical capabilities 
2. limited actn5 to tcchnica! 

information 
3. Ttthnology limitations 

· Catalysts 

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

The economic constraints referred to m this secuon arc 
to be encountered in different stages of the introduction 
of waste minimization. The prevalence of production 
quantum over production costs and resource pricing 
and 3vailability carry great weight when trying lo 

obtain management commitment and invoh·e:nent in 
the cxecu•ion of a waste minimization assessment. 
Resource pricing and availability concinue to play a 
role in e\·aluating the generated waste minimi1ation 
opponunities. along with ad ho.: investment policies. 
In an e\·cn later stage. when decisions ha,·c to be made 
about investments in waste minimization soluuons. 
capnal anilability 3nj costs as well as ad hoc 
investment policies can act as economic constraints. 
Each of the economic constraints will he clahoratcd 
and illustrated below. 

1.Prcvalcncc of production quantum over 
production costs 

The prevailing fiscal incentives. ,-11. conccs:.mn~ in 
excise duty. sales tax etc .. arc mostly rdatcd to 
quamum of production with li11le or no relevance to 
cost of production. This coincides with the pc-rccption 
of fixed production costs arising out of the trader's 
anitudc of most of the owners of SSls (sec also section 
::?.::? ). The te:-ndency of entrepreneurs is therefore to 
concentrate on maximisation of production 10 derive 
maximum financial henefil. Cos! rcduclion exercises 
!>uch as waste m1mmi'Lation gel relegated to secondary 
and tertiary levels of importance. 

2.Resource pricing and availability 
The prevailing lnw pncc:s and ahundanl availah1l11y of 
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Enabling Me"asures 
1. Oisstminati.>n of waste 

minimization ttthniqucs and 
technologies 

2. Nttd ~ support for 
environment driven R& D 

natural resources such a~ agro-res1duc:s. water etc. m 
most areas dampen the impetus for identifying ar.d 
implementing waste m1mm1zation measures. II ~hould 
howc\·er be nouccd that m heavil~ industrialized 
zones. resource scarcu~ has bc.:omc: a ir.aJor concern 
for industrial entrepreneur ... In the DESIRE proJCCL 
this played a role m the texu!e dyeing and pnntmg 
industry in Surat. which 1s in urgent need of ·soff 
water. 

3.Ad hoc investment policy 
The inadequate and meficct:\·e man.igemen1 systems 
(see section 2.31 sustain aJ hoc in\CStment policies in 
SSls. This ad hoc nature of 1n\c:stments disfarnurs 
waste minimization in SC:\Cral interrelated ways: 

• L1mitmg eco11om1.- analuu to nh1.Jo11s d1recr cnsts 

and benefits: The c:conom1.:" of al! mvestments 
(including waste m1mmizauon measurcsi arc 
computed mainly on the basis o!" direct financial 
returns and shon term financial gams. Therefore. only 
increases m produc110n capacuy. reductions in tic 
consumpuon of ra" matcnal~ and fuels 
and obvious reduc11ons in production costs 
(such as reduction of workforce needed) are 
accounted for. The hc:ncfits accruing from rcdi.;ced 
pollution control costs and elccmci1y savings arc often 
no1 accounted for on a routine basis. hecausc in many 
ca~s no ~uch cosls arc currently incurred. As saving~ 
on these cm·ironmental cost~ arc oiten a maJor part of 
1he economic hcncfit of waste minimization measures. 
their exclusion disfavours acceptance of waste 
minimi1ation . 



• Ad lwc in1.·~sl1Mnt crit~ria: The small-scale 
enucpreneur is usually shon of capital. The mosl 
alttaaive measures requiring higher io\'CSlmcnl do 
not gel lhe priority. Instead. the measures lhal gel 
selected for implemcnlalion are lhc lcasl capital 
intensive. The impact of such implementation is DOl 

as anractivc as one would expect it 10 be. 

• /naJ~quat~ inv~SOMnt planning: lnvcsllDClllS. 
including lhosc for adopting waste minimization. arc 
often made without proper planning. which may result 
in panial implementation. 1bc expected results arc 
thus not achi~ bringing in dissatisfaction and loss 
of faith of decision makers. 

4. Capital availability and costs 
The financial institutions have not evinced inlcrcsl in 
financing cost-intensive waste minimization measures 
having longer pay back periods (over one year)_ Even 
if financing were available. lhe interest rates arc high 
(market 'ates vary from 15 lo 20 per ccnl). rendering 
major waste minimization investmcnlS unvi3blc. 

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 financm position of 
lhc company at the stan of the project and the ability of 
the waste minimization team to identify financially 
anractivc option). In the company sclcctien and in the 
assistance to the companies. attention has been given to 
exploit each of these economic catalysts: 

I. Company fina11cially-sound: Since it is evident thal 
financially sound companies arc kss vulnerable to 
the economic constrain1s, the perceived financial 
soundness of the companies has been used as one of 
the cri1eria for 1he company selection. Accordingly. 
in each sector at least two comr "Dies participated in 
which capi1al availability for implementation of 
waste minimization would not be a major problem 
given the proven economic feasibility of the 
proposed was1c minimization measures. 

2. Fi11a11cia/I_\ -attractive options: Sin.:e it had been 
recognised in the preparalion of the project that the 
implcmcn1a1ion of financially-auractive waste 
mm1miza1ion options could be a strong catalyst for. 
wast.: minimization. the assistance to the companies 
has been focu~ed O!l the identifica1ion or waste 
mmim1za11on opiion!i requiring low to medium 
invest'lenls and having obvious financial returns. 
The 1mr11emcnta1ion or such low- and no-cost. 

highly cost-effective waste minimization op1ioos is 
thought lo pave the way for lhe implemenmion of 
selected higher cost options in the near furure. 

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

I. ProfHr cost allocation and plann~d investments: 
A~-arcness of costs due to wastes seems 10 be a 
crucial starting point for any company level waste 
minimization effort. To be able to illustrate lhc 
potential for savings from waste minimization. 
one needs ro ~an cstimale of lhe costs of \-arious 
components in a waste stream (e.g. cncrn-. raw 
materials. water. product). Once different components 
and lhcir cost have been allocated, it becomes easier 
to assign cosc to a waste stream. Estimating lhe sa\ings 
arising out of minimising or eliminating the waste 
stream becomes simpler. Such an exercise also helps 
in making che entrepreneur realize how much he 
is losmg through the drain. In addition. it may be 
useful to merge waste minimization in the o\·crall 
investment plan. because chc additional costs for 
waste minimization might be much lower once waste 
minimization is included in an overhaul or capacity 
c>.pansion plan than when implemented on its own. 

2. Long term i11dus1rial policies: The Government 
should avoid making frequent changes in the 
industrial policies. because such changes sustain 
short-sighted investment planning in SSls. 
Declaration of long term industrial policies would 
help the industries in merging waste minimization 
into the invc .1ment planning and in taking suitable 
seeps to be more and more competitive without 
artificial fiscal protection. 

3. Fina11cial inu111ives: Special financial sc:1cmes 
might have a huge impact on the capital cost 
and availability or SSis for waste minimization 
investments. To faster the implemcntalion of h.igh-cost 
wa.~te minimiza1ion options. financial schemes could 
be developed by government or donor agencies 
which give priorit:; to waste minimization proposals 
over end-of-pipe proposals. To suit SSls. such 
schemes should be procedurally simple and easilv 
accessible. In addition, fiscal incentive~. can be 
created for was1e minimization. These might include 
automatic capaciiy enhancemcn1. preferential 
purchase in the government sector, a I 00 per cen1 
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depreciation allowance on investments in wasle 
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 eilhcr hamper or incite 
companies to adopt waste minimization. With a view 
to fostering waste minimization. industrial and 
environmental policies arc expected to be most 
effective. In each of these policy areas. legislative 
initiatives arc developed, which require training and 
institutional capacity building - both within the 
industrial community within various governmental 
organizations - in onkr 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 excemption from agro
rcsidue-based paper, which upset the economics of this 
sector completely. With such uncertainties. industries are 

not willing to implement long- or even mcdium-tcnn 
waste minimization measures. In addition, incentive 
schemes like conccssiooal corporalC tax. a 100 per cent 
dcprcci3tion allowance for pollution control measures 
CIC. m: DOl )'Ci available for waste minimization. 

2 .Environmental policies 
Regulatory authorities still emphasize exclusively 
achieving stipulared environmental discharge stand:uds. 
No weight is given to reduction of the g~neration of 
waste. The entrepreneurs. therefore. prefer using 
conventional end-of-pipe control practices which satisfy 
the regulatory authorities rather than adopting ~"3$te 
minimization practices which arc open to question by 
the authorities. Another area not yet covered by 
cnvironn.ental regulations is utilization of ground water, 
which is a major industrial resource for numerous 
industry sectors (SL -h as textile dyeing and printing and 
pulp and paper manufacturing). The price of ground 
water is based on the pumping cost and a nf'"'linal tax. 
nus is far loo 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 
loadingi., it was very promising to notice that a number 
of the panicipating companies had already taken sclf
rcsponsibility 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 panicil>ating 
textile dyeing and printing companies. the self
rcs~sibility was most profound and based on Cl..ncems 

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

Catalysts 

1. Companies financially sound 

Constraints 

1. Prevalence of production quantum 
over production cmts. 

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

/ ' · Enabling Measures 
1. Proper cost allocation and planned · 

invtstmcnts 
2. Financially attractive options 2. long-term industrial policies 

3. Financial inccntivts 

• From Waste to Profits 



for future supply of soft water for the sector and the 
growing concerns among foreign consumers about 
possihle residues of health-threatening chcmi<:als 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 indu~. the location of the industty p!aycd a 
major role, with the mills localed in residential areas 
showing more comrnibnCDt to environmental 
improvement than those Jocarcd outside rcsidcnlial areas. 

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

L Area-wide, vollllllary waste minimization 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 implcmcntatior. of selcctco waste 
minimization options, the costs of technical support, 
the cost of study tours etc. In order to avoid 
undenaking similar initiatives by different waste 
minimization groups in different pans of the country, 

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

2. &ifcrce~nr of mvi~ntal legislation: Since 
numerous SSis do DOl yet feel the need co undertake 
action to procect 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 f cit that 
cnforccmcnl 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. Nc7.t to these. a 
few other constraints occurred in the DESIRE project, 
which arc basically beyond the scope of influence of 
both industry and Government. These are: 

Figure 2.6: Summary of governmental constrainh, catalysts and enabling measures 
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l. St!asonal vana11ons: Some of the SSis arc 
susceptible to seasonal variations. For example. 
agro-rcsidue-bascd pulp and paper mills arc 
dcpcndcn1 on lhc crop for lhc supply of raw materials 
which varies from season lo season. The mills lhus 
lypically change lhc raw ma1erials upon seasonal 
availabili1y (rice slraw, wheal srraw. bagasse, 
elcphan1 grass), and consequently do DOI have 
lhc opponuniry lo optimize lhc processes and choice 
of equipmenl lo one of lhcsc agro-!'Csidues. 
Similarly, lhc pesticides formulation industry has lo 
regulalc ils production wi1h respect to the market 
demand which in lum lends lo be governed by 
monsoons. climale etc. 

2. Lack of public prrssurr: Pressure from non
governmental organizations and lhc public in general 
is ncccssary for proper environmental management by 
induSlry and for proper enforcemcnl of environmental 
legislation by governmental agencies. In lhc absence 
of such pressure. en1reprcncurs lend 10 adopl a 
lackadaisical approach. 

2.9 Concluding r~marlcs 
A series of cons1rain1s can arise when introducing 
waste minimization in SSls. In this chapter ~e have 
discussed such constraints and elaborated on catalysts 
and enabling measures 10 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 
po1cn1ial cons1rain1s. The experience of the DESIRE 
project shows tha1 intensive guidance and company
spccific supervision by outside trainers cum consultanlS 
can climina1c a number of these constraints and thus 
fos1cr wasie minimization. 

There appears to be a set sequence in which the five 
1opical groups of cons1raints normally appear when 
introducing was1e minimization in companies. The first 
consuaints facing both companies and external agencies 
arc normally aui1udinal. 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 implcmenlation of waste 
minimization. This means lhat when encouraging waste 
minimization in companies. a great deal of attention must 
be dc\'Oled co these attitudinal constraints. Once these arc 
broken down - at least lo some extent - and the 
management has decided lo start a waste minimization 
asscssmenl, it is common to encounter .;ystemic 
constraints (cspccially non-availability of information for 
conducting the assessment) and organizational 
constraints (especially towards the establishment of a 
properly functioning was1e minimization team in the 
company). In a subsequent stage. waste minimization 
opportunities. which might face technical constraints 
have lO be generated and e\-aluated. 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 impostible to disseminate waste 
minimization results on an option-by-option basis. 
as waste minimization options have to suit the processr.s, 
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 achicvcmcnlS 
and experiences. 

Waste minimization audilS arc often characterized as 
systcma}ic 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 eff on in achieving continuous environmental 
improvements in its operations (Van Berke!. 1995). 
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, 1991; USEPA. 1992; UNEP/UNIDO, 
1991; MOWM. 1991 ), revealed differences regarding 
the following (Van Berke!, 1994 ): 

• Organization of the audit process in the company: 
This is reflected in the short lists of audit tasks 
which in tum arc organized in diff ercnt phases for 
the audit process. 

• Di:velopmcnt of alternative, waste minimization 
options: This is reflected in different sets of 
standardized prevention techniques used i.O facilitate 
option generation. 

• External guidanu 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 1.2 already specifics 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 !he audit process in the 
DESIRE project. 

The development of the audit methodology tailored 
to the needs and i;apabilities of Indian SSis was a crucial 
pan of the DESIRE project (second aim as specified 
in section 1.3 ). At the stan 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 PRlSMA/ 
PREPARE "Manual for lhc Prevention of Waste and 
Emissions (De Hoo, 1991) and the UNEP/UNIDO 
"Audit and Reduction Manual for Industrial Waste and 
Emissions" (UNEP/UNIDO, 1991). The preliminary 
experiences with the application of this draft manual 
in the agro-rcsidue-bascd pulp and paper industry 
proved that the manual did not fit some predominant 
features of SSis. 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. 

ll was therefore decided to stan "from scrl\tch·· 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. CII and 
the international cxpens were gathered during a 
brainstorm and transfimed 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; Kuniappan, 1995; Penez. 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 arc evaluated in section 3.4. The chapter 
concludes with a discussion of the dissemination 
opponunities (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 shon 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 cnlrCprCnCW'S of SSls 
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 diff crcnt 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 l hour). The content is summarized in box 3.1. 

Box 3,. 1: Summary of the content of .the generic guidelines for waste min.imizatior:i (NPC, 1994) 

·FROM WASTE TO PROFITS: GUIDEU~~.~.~~~~~ ~l~l~.t~~~-~x~·;}·~h~\~.:~~-- E::':_;: _:-:_ - ·:_=:.~ ... : 
· ·o.a·pte;·1:· .. Money in your drain? . . · ~. -~·, .:: .-;v:.:.!~ . ." .. . !··-~~~~-~ ...... -~··· ··· ······· · ~-····~ ··· 

Attractivt introduction based on three industry case-studies, illu~tn.ting that thCic companies were not of awa~ how 
much money was lost with wastes and emissions and how these cou~ be convmcd in extra profits. 

Chapter 2: Or even morel . :· ... ·.·:-: : ·~ : .. ;;: =-~:- ·.:. . :~: ;x.: . . . . .._. .......... . 

. Chapter3: 

··Chapter 4: 

Chapter S: 

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. . .. . ' 

Waste.m!nimizatioiigctsit! .. ;·_.: .. · _.:·.·:··;.~ '.;-~,,:,;~;:J;:,.·· ·.::;~-;·· . .-.. ·: .. _.,; .· ··· .. ·.·~: ... ··:.:: 
Explanation of the waste m1n1m1zat1on concept' a~ the generally applicable appr~cs;. w~ industrial cxampla."·ln · · 
addition, the essential conditions for.waste minimization arc summa~d; management commitment, operator 

inv~l~~nt and an organize~ ap~r~ach. . . ,; . · .... ::.: • _: > .· :)::i~ _ · ....... ~~;:; • • .. · .,..... . ~- . :: . ·- .. 
Lctsdo1tl . ·· · ... · :~·.... , :·•· . .···.-..·r-;~···.-· ... ~·· ···.:- .. ·-:_ 
The step-by-step summary of the essentials of waste minimization. tjie· ~planation'"of the audit mcthodolo9v runs . · · 
parallel with a case history of its application .i~: ~~ .~!P .~nd. ~~:~~!~~s~~· : :.. -_.. :.: ; ~·,·~-: ,; . .: : "·'. >-:~ .... / ,~::::( ;!.:~·,_ .:r 
Just in case · ·· ·· · · · ···· ·· ··· · ··· ···· ···· ···· ··· ·· · · ·-· : ............ _.,~·v· - · ·:·: : · ; · ·· ·· ... : ··: ... ··:·:··-:-:········· .. ···-.. -· .. --
Listing of useful itocumentat~o~ a.~d _con~~!~~ ~d~~ional_~,~~!-:::: • ~ .F~ .. · ><".~~. ::~:.:.-:~0.~.:~ ~:. 
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DESIRE audit methodology 
The DESIRE audit methodology divides the waste 
minimization audit into six stages. The objective of 
each of these is as follows: 

I. Gcrring start~d: Planning and organization of the 
waste minimizalion audit. including the establishment 
of a project team and the selection of the audit focus. 

2. Analysing process steps: Evaluation of the unit 
operatioos relevant to the selected audit focus in order 
to quantify waste generation. its costs and its causes. 

3. G~nerating M:ast~ minimization opport11niti~s: 

Development and preliminary selection of waste 
minimization opponunitics. 

4. S~luting wast~ minimization sol11tions: Evaluation 
of the technical and financial feasibility and 
environmental desirability of wasu: minimization 
opponunitics in order to select feasible waste 
minimizalion solutions. 

5. Implementing ~·asu minimization solutions: Actual 
impl~mentation of the feasible waste minimization 
solutions and monitoring of the results achieved by 
their implementation. 

6. Sustaining ~·aste minimization: Pcrpcruating 
continuous search for waste minirniz.ation opportunities. 

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

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

internt in waste minimization 

Phase 1: GETIING STARTED 
last 1: Designate waste minimization team 
Tast 2: List proc:m steps [unit operations] 

.. last_~: l!!~~!fY. ~~ -~~ _wa~dul ~s ste_ps 
sd«tioll of waste minimization focus 

Phase 2: ANALYSING YOUR ROCESS STEPS.· 
Tast 4:.PRpan: process flo¥1 chart 

_ Tast 5: -~ matenal a_nd cncigy balance . 
last &:_~n costs to waste stn:ams · · · . - ·· 
Tast !~~ of~ to identify w~ste causes 

' listing of process waste sources and causn 

Phase 3: GENERATING WASTE MINIMIZATION OPPORTUNITIES 
last ~;,Develop waste minimization opportunities 
Ta~ 9~~ect worb~ opportunities 

f listing of waste: minimization opportunities 

Phase 4: SELECTING WASTE MINIMIZATION SOLUTIONS 
last 10~ Assess technical feasibility 
last .11! Assess financial viability 
Task 12_: Evaluate environmental aspects 
Task 13; Select solutions for implementation __ _. ......... I 

.:,-. 

listing of waste: minimization solutions 

last 14: Pn:parc for implementation 
last 15: Implement waste minimization solutions 
Task ~fMonitor and evaluate results 

' successfully implcmc:ntc:d wnte minimization solutions 

Phase 6: SUSTAINING WASTE MINIMIZATION 
Task 17: Sustain waste minimization solutions 
Tast 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: 

l. Designate waste minimii.ation team: 1bc 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 ro 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 ;mention should be paid to 
periodic activities e.g. washing and regeneration (of 
catalysts, absorbents etc.) as these arc often highly 
wasteful but still overlooked. 

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

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

4. Prepare process flowchart: A schematic representation 
of the selected process steps is made, with the purpose 
of iaentifying all process steps and the sources of 
wastes and emissions. The flow chan should list and -
to some ex1ent - characterize 1he input and output 
streams per process step. Given the historic 
clevelopment of the production processes. it is not 
always easy 10 es1ablish a correcl 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 
arc 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 
preliminLlr)' balance can be derived, given the lack 
of records and the Jack of data on composition of 
input and output material streams ~nd 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 cosrs 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 
losl with the waste stream (like fibre loss in the pulp 
and paper industry). A more detailed analysis might 
reveal additional costs, including the cosl of raw 
materials in waste. the manufacturing cost c f material 
in waste, cost of product in waste. cost of r·.eatment of 
waste, cost of waste disposal. waste tax etc. 

7. RevieM: of process to identif: 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 qualiiy, 
poor layout, bad technology. inadequately trained 
personnel and employee demotivation. 

3.Generating waste minimization 
opportunities 

Having identified and assigned cau3Cs to waste generation, 
the audit team can move on to determining waste 
minimization opponunities which eliminate these causes. 
The following tasks need to be undertaken to this end: 

8. Developing waste minimization opportunities: The 
team, ready with data, stans looking for possible 
mcthodi. for elimina1ing waste causes, which in tum 
minimize waste ~neration. Finding such options. 
depends on knowledge and creativity of the team 
members. much of which comes from their edu\°:ation 
and work experience. Techniques like brain-stonning, 
group discussions etc. might be applied to boost 
option generation. 



9. &leer worlr.obk oppo~s. The waste minimization 
opponunities arc 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 opponunitics 
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 undcnaken to this end: 

1 OA.>sess technical fea~ibility: The technical evaluation 
determines whether a proposed waste minimi1.ation 
opponunity will work for the specific application. To 
this end, impact of the proposed waste minimization on 
process. produc~. 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 opponunity. 

I I .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 evalualion 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 emissioni 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 arc identified (i.e. 
repairing of leaks and enforcement of working 
inslructions), while others would require a systematic 
plan of implementation. To this end, the following tasks 
should be undenaken: 

14.Prrpare for implemc.'ltation: This includes arranging 
finances, establishing task forces. detailed tcchnical 
preparation and planning of the implementation. Good 
liaison. awareness and infoonation dissemination should 
assist in obcaining the involvement of key depanmcnts 
and persons. 

15./mplement waste m1n1m1;:ation 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 e~·aluare 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 
I: 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 14.·aste minimi:.arion solutions: Especially for 
housekeeping and process optimization. employees 
tend to reium to the wasteful. old practices if nor 
continuously motivated to ~ustain 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./dmtify and select .,..·asreful process steps: Having 
improved the environmental performance of 
selected wasteful processe~. a new selection should 
be made as the focus for the next waste 
minimization audit. The newly selecteJ processes 
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should then be subjected to the audit procedure 
(stan 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 
opponunities and benefits of waste minimization. The 
guidelines contain only a brief and general inttoduction 
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 
scctor-s~fic technical manuals has been ~loped. 

Obj,ctivc 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 
lo 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 arc broadly 
evaluated and the audit methodology has been 
tailored to the industry sector. In addition. examples of 
company-level waste minimization audits arc 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 elaborared into a technical manual of about 
I 00 pages for the tt.c agro-«sidue-bascd pulp and paper 
industry. textile dyeing and printing industry and 
pesticides formulation industry. Each manual contains 
numerous examples and tcchr.ical details. 1bc 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 compailies 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 '11inimization' manuals . 

-~- -
FROM WASTE TO PROFITS: SECTOR-sPmAC MANlWs rORWAsrE .MINIMIZATION - ... . . . . .. -., .... ~- . - . . .· .. 

Chaptrr 1: inctuStrv.profiiC ·· · · · ~- ::_·:·~~ · :_ .'. :--":.·5,~::·::: ::'. ~-;<·~:;--~:~< _-. ~~:·· .... · ~ ~.-:~ ·· -· 
Short introduction 'to P'°'-"CS5CS. tcchniquCs, financial and environmental. problems in the 
industry sector. · .: · · · · · ·, - ;;:~ .: . • ~: _'..- · · !'·. <. .. . .. . 

Chapter 2: Waste minimization: pnnciplc; nttd and potCiitiat~::::·;~-: ;.. _:·· : • . ·: ~. -_ .. · .• - .• - - -· ·. - ... . .. - . ·-
Explanation of the aMrage_ of waste mini!'laatioft.(9encrally applicable techniques), with applications from the 
mpcct~ industrial sector. An estimate is giml fodhe financial and environmental benefits to be gained from 
adopting waste minimization in an aw:rage unit in the "5pCdM industry sector. · 

Chapter 3: Waste minimization opportunities · . - - .-·~-: .. ··,:. -- ·- · . -.. . .. . . . 
~hcnsM listing of suggested waste min}milation opportunities, MPnizcd ·.;c, pfocCSs ·aru (unit operation) 
in the mpcct~ industrial sector. Each oppo~nity is broadly assessed on financial, tcdinical aspcctS and . 
environmental be~t.. :. · ... _ .. .. .. _ _ .::'.. _. _ · 

Chapter 4: Let's do it _. . . .._ · . 
Description of the waste minimization audi_t ~thodology (sec figure 3.1 ), tailored to the opportunities and . 
constraints of the industrial sector. Some worbhccts haw.: been add!!d in order to strumliM data colltttion and 
evaluation for the industrial sector.. _ :i . _ - . 

Chapter S: Barrie~ to waste-minimization and enabling nipsU'rcs ·. · ~ · ·: · .. · .' _ · : .. · ~. 
A summary of the most important barriers tha't might be encountered in the industrial sector and tailor-made . 
enabling rncasu.n to thc:K inclust~ specific constraints. . 

case-studies _.;.. · "~-- .. ".;::.;~·:··:>• .~: :.~-~·-f.· ... · · · · _ .- , _ 
. The results and apcricricCi.o(.thc:wlSte minimizat~n audit in two comPanics participating in the DESIRE project a~ 

inducted as annexes to the manual> · · -· i ;. · • · :· · · . . . · .. ,, ... ,. . . . .... · . . . 
Sourctsofadditionalinformation _---: ·;:,:;..; ·,. -.~--: :,:....· .· . 

. l!sti'!9 of uKful doalmc_ntation _•nd contacts !o~ idditional assistance •. 
... . .. . .. ·.-..·: .... · .:~:..a..u.: .•. ; ... ~~··. : .. : .... :~.:li7r' ....... :. " 
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Table 3.1: C1'verage of the technical waste min1m1zat1on manuals at a glance 
(Chandak et al, 1995a, 1995b, 1995c) 

Waste minimwtiOn. .. 
·potential· 
(financial) 

• ~-r 

noce: 30 Rs = I S 

summarized in table 3.2 (sec pp. 32-33). This table lists 
the impediments encountered along with supervisory 
tasks and sugges1ed methodological improvements. 

From table 3.2 ii can be concluded that although 1he 
DESIRE audi1 methodology fits quite well the 
opportunities and capabilities of SSls. a number of 
impediments are to be expected if companies have to 
implement the ·.iudil methodology on their own. These 
impediments do no1. however. originale in the audit 
methodology itc;elf bur rather in the limited development of 
projec1 organiza1ion and management skills of the 
companies (as discussed in chapter 2). Ou1side experts 
(consultants and !raining or induslry service institutes) can 

. .. 
····--'····----

easily f acilitatc I.he proper development of I.he waste 
minimization audit in a particular company. To this end r.hc 
outside expert basically has to sec to the reasonable 
execution of each of the tasks specified in I.he audit 
methodology by the company audit team. Such a 
programma1ic role docs not require much technical 
expertise from the outside expert~ it requires rather the 
ability to motivaie and enable r.hc company level audit team 
10 execute the audit by itself (Van Berke!. 1994). In this 
role. the outside expen resists the temptation to ovcnake rhc 
audit tasks from the company audit team because a waste 
minimization audit. exccmed 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 

' .--:- -~.-1i~~ ~.,..--·. ··: : : . _, ·-·- -. . • .• , :-<eJl!f-' 1!.11 I ;c;;.;,1 .• ;;.--..,-.-,10:...• ... · .- ., . . - , .• ·- • • - - . - .:..,~- - :: :.L -~. ' _ _. ~.,,.t./~ ~ . .,..-. . - .-_- . ~ '- - .- . . '~. -.~·."' 

· "::ti0iI{]S~ 
... , :s .... - ... ••. -.-~-.-..... - -flowchart. 

. ---··· ~~~:i:~:~~-~::~-~t~:~- ··;.··:~ ·.~~ ·_ . 
· 5. .Malec material and ·.. '· 5.Non availability of 

: . : ~ . .bllanc£ .:.:!:; :-:.. · · _ sufficicntl; detailed data; 

. - ....... · .. _.,. 
waste Streams·. -

.. ·. ~. . .. . , -~".. 

a: oeYdop.wilstc' : 
minimization .• 
opportunities ~. · · .. .. . .... ·. 

· 9. Select llforkable ' 
opportunities 
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lack of monitoring 
equipment. 

environmental costs. 

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

9. None. 

.. .on the spot ftritiCatiOn of.· . , . .-. , ·, :. -
flow charts. ... ·'. :_ · -·. • 

. .... . 
5.Assist in data collection 

and evaluation; supply 
nettsYry equipment. 

6.Emphasize monetary IOSKS 

in the first pla~ (raw 
materials, product and 
~nufacturing cost). 

7 .Participate in prO«SS 
evaluation; question process 
details with operators and 
supervisors. · ' -

8.Participittc in option 
generation session; 
challenge workers and 
technicians to share 
experiences: systematic 
evaluation of all waste 
generation causes. 
... 

9.0m:k whether a~t1blc 
criteria and arguments 
arc used. 

~- .. : .. 

Improve explanation of 
logical option generation 
cycle; provide checklist 
with s)ossiblc waste 

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

Relate generally applicable 
waste minimization 
techniques to standardized 
waste generation causes 
(sec also step 2). 

"'c:onc 
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1B.No;~i~ncc ~i~i;t":;·;!:~; :·1a.Assi~~j~· se~ion of audit 
in the DESIRE project._ . • _ . ·.:.focus for second waste . 

· : • ·. · · minimization audit. 
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Table 3.2 suggests specific additional guidance that 
could be provided in the DESIRE audit manual in 
order to case its implementation. These arc in 
panicular: 

• ClrLcllist 10 i.tknti/J obl'ious lapses in houseluping. 
process control and maintenana and to generate 
obvious. no- and low-cost solutions to eliminate 
these lapses (step I gcning suned); 

• More dclailcd explanation of dte 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 opponunitics") is not yet explained. It 
is f ch that option generation could benefit from 
explicit aucntior. for this logical link; therefore 
waste generation causes and generally applicable 
waste minimization techniques (see figure LI) 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 i11dica1ors: 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 emplo')-·ee reward and/or recognition 
scheTMs in order to sustain cmploya: 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 I 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 effons. 

Sector specific workshops 
The sector spce;ific wnrkshops aimed at parucipation 
from SSls and had three separa!e but in1errelated 
objec!ives: 

• From Wa~I( to Profit~ 

• To create a-wanness of the waste minnruzation 
concept and its opportunities in the rc.spcctivc sector. 

• To inform about the waste minimization resul1s 
achieved in the demonstration ··nits and the barriers 
encountered while doing so; 

• To present a waste minimization audit ~rhodology 
by which other units mighl achieve similar results. 

The pulp and paper workshop was held in New Delhi 
on 28 November 1994 and attracted 3bout 30 
participants. 1bc textile dyeing and printing workshop 
was held in Surat on I December 1994 and 2uractcd 
about 140 panicipanrs. The pesticides formulalion 
workshop was held in Ahm~dabad on 3 December. 
1994 and attracted aboul 35 panicipants. 

The programme for the sector-specific workshops 
consisted of: 

• Opening ceremony (including welcome addresses 
by industrial authorities a!ld DESIRE study learn): 

• Presentation of the DESIRE project (by lechnical 
sludy team); 

• Presentation of lhe DESIRE audit methodology wilh 
applications from the rcspccu,·c indusu·y sector (by 
technical sludy team): 

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

• Prescnlation of company-level resuhs and 
experiences (by representafrvcs of the panicipa1ing 
companies); 

• Summary of constraints. catalysis and enabling 
measures (by meta review su.:dy team 1: 

• Summary of lessons learned (by i111emational 
ex pen); 

• Closing session (with panicipanis· feedback). 

The workshops generally served their threefold purpose 
of creating awarcnes~ for was!e mimmi1.ation. infonning 
abou1 results and presenting 1hc waste minimization 
audit methodology. The presen!ations of the results by 
the companies were mos! powerful in convincing other 
ui;its to gel s1ancd with waste minimization. Throughout 
the workshops. emphasis wa~ given to the practical 



solutions implemented by the companies. This might 
have had the drawback thal the panicipanlS expcricnccd 
the workshops as 2n endorsement to implemenl the SarnL 

solutions instead of as an endorsement to apply the SOllfL 

autlil nwtlwdology to identify solutions tailored to the 
specifications of their cw.-o units.. 

The sectoral workshops clearly underscored the success 
of the DESIRE project. particularly in the pulp and 
paper indusuy and. even more so. in the textile dyeing 
and printing industry. In the beginning. only three 
textile dyeing and printing units from Surat could 
panicipatc (Paradise Prints. Garden Express Printing 
and Bha"'in Textiles). In lhc early phases of the project 
implementation • .mother unit joined (Luthra Dyeing 
and Printing). Upon the finalization of DESIRE. several 
options developed as part of DESIRE (like dye bath 
n:usc. 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 (Cll). in cooperation with the Friedrich Erben 
Stiftung (FES). UNIDO and the NPC. The two day 
programme W-.tS de.signed :n order to: 

• Create a14·allness on the waste minimization 
opportunities. benefits and constraints among industrial 
and governmental leaders; -

• Contribute to the discussion on. and development of. 
appropriate poiicies for the dissemination of waste 
minimi1.ation among SSls 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; 

• lntroductionary session: presentation of background. 
genesis and activities of the DESIRE project (by NPC 
and UNIOO); 

• Summary session: sectoral overviews of the waste 
minimization achievements in the participating 
companie~ (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 
minimintion audits (by meta review srudy team and 
international expen); 

• Policy session: views on the project achievements 
from MOEF. Central Pollution Control Board and 
CU: 

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

• 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 panicipams and the seminar 
attracted a IOl of attention in the media (Indian economic 
newspapers etc.). However. it is fell that the seminar 
didn't contribute significantly to the second objecti\·e. 
for a numhcr of reasons: 

• Confusion about the waste minimization concept as 
practised in the DESIRE project. because the policy 
sessions shpped into other subsets of em·ironmental 
policies (like wasr? utilization. unleaded fuel etc. l 
and other target groups (intcrnational 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 presentin~ a visio'I of what a waste 
minimization fostering policy should look like (as in 
chapter 5 of this repon) and by using the seminar as a 
discussion platform for getting feed hack on the 
suategy and obtaining commitment to improving and 
implementing thi~ 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. lhc Netherlands. the United 
States of America etc.) shows that this will not 
automatically incite other companies to start a waste 
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minimiDlion audit for dlCir own opcralions. A properly 
planned and designed mmmunicalioo and dissemination 
strategy is needed in order to achieve a ~uimum 
multiplier effect from the DESIRE projccL The 
following general rccommeodalions can be given for the 
cbdopmeot of such a disscminalion straregy: 

L Us~ uampl~ op1ions aNl indicaton 10 g~I stanetl 
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 pra.."tical solutions for all companies in the 
respective industry sector. Options should therefore be 
presented as examples in order to boost option 
generation by plant rcprcscnwivcs in other units in the 
same industry sector. In addition. one might avoid the 
common reaction of other units ("lhey could do so, but 
I'm already more efficient then they are .. ) by 
developing indicators for the ranie 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 
suppon of the manuals. there could be a need for 
easily accessible, basic information in flyers, for 
instance. 

2. Employ a genual audit methodology 10 idmtify 
lailor-made solu1io1Lf 
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 
;;~c•or 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. Fosru coopua1ion for e11vironmen1-driven 
technological developmenr 
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 . 

• From Wa$1( lo Profits 

3.6 Concluding remarks 
The DESIRE project proved the need for a waste 
minimization audit ~ tailored to the needs anci 
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 al obtaining interest in. and 
commitment to, was~ minimiDlion 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 SSls to conduct waste 
minimization audits on their own is not yet known. Must 
likely, SSis will still need limited guidance and 
assistance from outside expens. given the lack of project 
organization and management skills. With the help of 
ilie DESIRE audit methodology. the mput of outside 
expens can be limited to a programmatic role. in which 
they supervise the completion of each of the tasks 
specifieG in the audit methodology. with little need of 
technical expenisc. 

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 tt-;,. end, a properly planned and designed 
communication and dissemination strategy is needed. 
Chapter S (particularly section S.3) contains more 
detailed thoughts on the funher dissemination of the 
waste minimi1.ation successes. 
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Chapter 4 

Financial and environmental 
dividends in companies 

4.1 Introduction 
This chapler contains the comparative analysis and 
evaluation of thc rcsults-thc concrcfC 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 
hypodlcscs put forward at the stan of the projecL These 
were: 

• There arc many opportunitiu for waste 
minimization 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 opponunitics can 
be implemented by SSls within the short term 
(within I to 3 years). 

• Waste mm1m1zation 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 
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: 

I. Waste m1mm1zation uchnique: following the 
subdivision discussed in section 1.2 (good 
housekeeping, input material change, better pr\,..CSS 
control. equipment modificatior •• technology change, 
on-site reuse. useful by-product and product 
modi ti cation); 

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

3. lnvesrment: measures are classified according to the 
required investment level. being low (less than Rs. 
30,000 (S 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. Fi11ancial feasibility: to this end the measures arc 
classified according lo the pay back period. being 
either low (less than I year). medium (between I and 
3 years) or high (over 3 years); 

5. Environmental impacr: 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 catego.-ization of the size of 
the environmental improvement is explained in table 
4.1. Actual measurements could be made of 
reductions in solid waste generatinn and waste water 
discharges; these environmental impact categories 
arc therefore given in weight. For air emissions. 
reductions had to be estimated and calculated; 
therefore the environmental impact categories are 
given as a percentage. 

1be results will he 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 dyei"g 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 conclude!> 
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Table 4.1: Classrficati.on scheme for environmental r_mpact of waste minimization measures 

with a general evaluation, consisting of the lessons 
learned regarding the features of the waste minimization 
po1ential 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 t":nvironment. Most visible arc 
the waste water discharges containing 'black liquor' 
(concentrated 1;quor 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 

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 illu~:rated in table 4.2. 

The following industries were s~lected for 
participation in the DESIRE project; 

1. Mis. Ashoka Pulp & Paper. Delhi; 
2. Mis. Bindlas Duplex Pvr. Ltd .. Muzzaffamagar. 

U.P.: 
3. Mis. Raval Paper Mills, Raibareilly. U.P.; 
4. Mis. Sangal Papers. Mawana. U.P.; 
S. Mis. Three Star Paper Mills. Dadri. U.P. 

Mis. 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 lhe project for almost 8 
months. Subsequently. they were attracted again. 
mainly because of the vi!':ible successes in other units; 
Three Star Paper Mills therefore became a late 
participant. The key findings at each of the 
participating units arc summarized in annexes I to IV 
to this report. 

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

______________________ __:_ _________ ..:_____~--~-~--



Table 4.2: Illustrative waste minimization measures for agro-residue-based pulp and paper 
production (Chandak ct al, 1.995a) . 

~ . ~ .. ·· .. .;;. ..; ... ~:.;;.. . - . . . . - . . 
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extremely effective in achieving both environment~ l 
improvement and financial benefits for 1he 
panicipatin~ agro-residue-based pulp and paper mills. 
Significanl differences are apparent when the 
achievements per unit arc 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 SI .000 
investment) is significant: between 30 and 58 per cent 
of all options for each company. In order to visualize 
1hc differences between the panicipating mills. table 
4.3 has been compiled. 

-------~------~----- -~0-

In the fol'r mills. a total of 197 waste minimization 
options has been identified and evaluaied. The nature 
and complexity of the options ranges from 
comparaiively simple improvements of housekeeping 
practices and repair of leaks to relatively radical 
1echnology changes (like two-stage vacuum washer, 
high velociiy hoods eic.). 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 proces:; control (20 per cent), good 
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Table 4.3: Summary of sectorial results in·agro-residue-based pulp and paper industry 
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· · 4. Three Star 
Paper Mills 

SECTOAAL:. 
SUMMARY. 

197 

.,· 
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housekeeping (20 per cent) and on-site recychng ( 17 
percent). 

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 imponant 
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 arc 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) 

• good housd:ccpmg 

input matcnal change 

9% • bcncr process control 

~ cqu1pmcn1 mod1fica11on 

0 technology change 

II on-site n:cychng 

~ useful by-products 

• product n:foanulauon 

9% 

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

10% 

33% 

• raw matcnal prrparauon 

pulp making sccuon 

• stock prcpar.iuon section 

~ paper making section 

0 u11hr1cs 
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The implementation status of all options is finally 
depicted in figure 4.4. A significant sha.re of the options 
(42 per cent) could be implemented within the 15-
month time-frame of the DESIRE project In addition. a 
stan 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 staned 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 ag~residue-bascd 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:l 97 options) 
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agro-rcsidue-bascd 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 
arc basically blending operations where the active 
ingredients arc mixed with inert materi.sis (fill'!rs 
(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 arc no process waste 
streams. Waste arises principaliy from spillage. fugitive 
emissions and equipment cleaning between the 
formulation of different types of products in the same 
equipment. Waste generation ratios arc 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 - especially those waste 
materials possibly contaminated with active pesticides -
efforts to minimize waste gen~ration 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 arc then coated with a solvent based 
coating before being weighed and packed. 

• Dust formulations: products include BHC (5-50 per 
cent). fcnvalerate (0.4 per cent), malathion (5 per 
cent). methyl parathion (2 per cent). quinalphos ( 1.5 
per cent) and thiram {75 per cent) and arc 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. 

• "'~rrable pott.·d~r fonnuiarions: products include 
BHC (50 per cent), butachior (5 per cent). 
carbcndazim (50 per cent) and isoproturon (50 per 
cent). and arc typically dispersed in water before 
being applied by the farmer. Raw materials as well 
as process steps arc essentially the same as in the 
production of dusts. 

• Liquid formulations (~mulsion conc~ntrar~sJ: 

products iocludc butat:hlor (50 per cent). cypermcthrin 
( I 0-25 per cent). chlorpyrophos (20 per cent), DDVP 
(76 per cent), <limcthoalc (30 per cent), dichlorophos 
(70 per cent). endosulfan ( 35 per cent). fcnvalcrare (20 
per cent). lindane. 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. lbc raw materials 
for the formulation of liquids arc active pesticide 
(hquid or solid). wlvcnts and adju\'lUlts. 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 I. I) some illustrative 
examples are given for the pesticides fonnulauon 
industry (sec table 4.4 ). Some of these arc normally easy 
to implement (like good housekeeping and better proces~ 
control). while implementation of others might go 
beyond the capabilities of a single ~mall-scale pesticide 
formulator (like changes to new types of formulations 
and new types of active pesticides). 

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

I. Mis. Baroda Minerals & Grinding Industries Ltd. 
Ahmedabad; 

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

Mis. lndichcm 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 pest1c:1des formulation 
. (Chandak et al, l 995b) 

The summaries of the company-level final results 
illustrate that the DESIRE project has enabled each 
panicipating 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 $1,000 investment) and results in significant, 
hut difficult to quantify. reductions of fugitive emissions 
of dust and toxic materials. The analysis of the 
achievements per unit show!> remarkable differences. The 
totai number of options ranges for instance from 47 10 64 
per unit. between 25 and 39 per cent of these options 

• From Wa~lr to Profits 

have been implemented within the course of the DESIRE 
project. In order to visualize the differences betwcc'l the 
panicipating industries. table 4.5 has been compiled. 

As had be.en 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 arc 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. 



Table 4.5: Summary of sectoral results in pesti~ides formulation industry 
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These waste minimization options apply to different 
pans of the participating pesticides formulating 
companies. Figure 4.6 shows the division of the 
feasible options among the mosi. important types of 
formulations in the pesticides formulation industry. 
Apparently more feasible options could be found for 
the formulation of granules and dust than for the 
formulation of liquids. It is felt. however. that these 
differences arc nnt 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 lhe 
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 throughoot the entire season. while 
other production lines only operated in periods of 

. Figure 4.5: Division of the waste minimization options accordipg to 
waste minimization technique(pesticides industry: 133 feasiple options) 
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Figure 4.7: Division of waste minimization options according to env1rnnmental im")iact 
(pest1c1des ind.ustry: 1 33 fess1ble opt1onsO) 

high markec demand for specific produces. 

Figure 4.6 however underscores che poim chac for each 
cypc of pcscicides formulacion plane. viable wasce 
minimizacion opcions can be idencified and 
implemented. 

In che pesticides formulacion sector. ic was diffo:ull lo 
assess che media wise pollucion load reduccion. Thus a 
qualicali\·e assessmenc of che o\·erall pollucion load 
reduccion was made. Figure 4.7 shows che resuhs. 
Since lhe quancum of pollucant discharge is small. most 
of the feasible waste minimization opcions have eilher 

49 .. 
• law pollulion load mluc1lon 

f;. mcdiam polllllioa load mlaction 

• high polluooa lead reduaioo 

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

Even in low amouncs. pescicides can have a significanc 
effecc on heallh and safely. Consequemly. even small 
improvements in shop floor environmem or comainmem 
of pollucants C<'uld ha\·e a salutary impact on reduction 
of safety and health hazards. A dct;i!lcd hazard analysis 
was beyond the scope and capability of the tcchni·:al 
study ceam. and chus only qualicacive escimaces were 
made. These arc shown in figure 4.8. Abouc 45 per cem 
of che feasible wasce minimization opcions were 
idencificd as ha\·ing a high im?act on reduction of health 

Figure 4.8: Division of waste minimization options according to perceived impact on 
reduction of safety and/or health hazard 
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Figure 4.9: Implementation status of the waste minimization· options 
· (pest1c1des industry: total 224 options) 

21qi, 

or safety hazards. which under5':ores the beneficial 
impact of the implementation of waste minimization in 
the pesticides forrnulauon SCCior. 

The implementation status of al: options in the pe!ticides 
formulation industry is finally depicted in figure 4.9. A 
significant share of the option!' (33 per cent) could be 
implemented within the 15 month ume-frame of the 
OF.SIRE project. In addition. a start has been made with 
the implementation oi another 6 per cent of the options. 
A rather big share of the options (21 per ceftt) has proved 
to be feasible. but implementation has not yet started due 
to \"ariou!; 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 auract the 
interest of the entrepreneur. However, in some cases. 
alternatives to options falling in this category could be 
de\"eloped 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 lo he able to 
solve th~ 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 S23.550 in the first batch of 73 feasible waste 
minimization options. These options generate net annual 
savings worth $20.850. This in tum means thJt the 
in\"estments generated by the DESIRE project in the 
pesticides formulauon industry had an overall pay back 
time of less than 14 months. 

It should however be kept in mind that '' aste 
minimization in the pesticides formulauon indum~ ha~ 
broader consequence_than just converting waste mto 
profits. Most of the chemicals used are toxic and. in this 
particular case. the pesticides formulating mdustr:• 
covered in India formulate h!ghly toxic and highl~ 
persistent pesticides. Therefore waste minimization and 
substitution of chemicals has a very high hendic1al 
effect on human health as well as the en\"1ronment. 

4.4 Textile dyeing and printing 
tndustry 

Textile dyeing and printing is historically known 
a.'i causing severe polluuon to the environment. Although 
coloured wa.c;te water d1~charges from dyeing and pn ming 
operations are the most visible evidence of the 
environmen~al hurden caused by this industry sector. 
several other environmental concerns play a role in textile 
dyeing and printing. ~uch as use of toxic suhstance:; .• high 
water- and energy-intensity of the production and air 
emissions of volatile organic compounds (V0Cs). 
Textile dyeing and printing consists of the following 
process areas: 



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

Utilitil!s: boiler house (steam generation. thermic 
fluid system). water softening plant. waste water 
treatment facility :md power generation facilities. 

• Dyl!ing Sl!ction: 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 uction: printing the fabric follcwcd 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 scn:cns; 

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

. . . . . ·: ::;. ... - .. :· .:-_;~: .. 

Waste: minimization t~~iq·~ .. ~- : --~·~~~~~ ~":~--~--:~~~- ~~-~---····· ....... _,4_;].~~{';:(;:~~~: .: •• :: •• ••• ······-······ 

1. Good houseltc:c:ping • -· Closing water taps not in use in order to conserve water,~ , ... ';~ . . · -~ ... : ;_ 

2. Input material change 

3. Better prottSs co~ir0{. · . : .. · . 

...... 
4. Equipment modification 

5. Technology change: 

6. Useful by-products 

7. On-site recycling 

8. Product reformulation 

• Proper mounting of printing screens and use of ccllotapc: to avoid printing besides the: 
: -.. fabric. •. ~ :-··. :. ~· '. 
• Proper inspection and maintenance: of steam pipes, traps and vaivo i~ order to 

m_ini!J!izC: steam losses and conserve: energy. · · 

• ··-~:~f-~lt~~t~; !~·Polluting a~iliary ch~mi~ls. lilte f~rmic acld.lnstead -~f a~tic. 
. :. ~~· diosyn detergent instead of hydrosulphite etc.. . . . · .. · -~ -

. : •:_.. . - .. : ~ ••• •• .•. 1 • 

·~· .··_-:'ol>ti~izati~ ~t~i~ ~s ·est~~ ·P~~~ iimC. ~h~"1i?i'd~;;g·~~-~-· · 
·; .... ·. ·times), in order to achieve the: highest possible dye bath exhaustion: . · · . _. · : · .. 

•. ·-- ·-; . -- . 

. ~- :_: iktt~r insuiati~~ ~ts~~~;,;· and ~nd~-~~t~ iinc:s. equip;;,;~~-t~~ ·a~"d~-~b-in o~~;to 
· reduce steam requirements. 

. • . .ll!SUllation of automatic valve for switching off blanket wash water· during rion 
:·:_operation hours of the: printing machine. · ·•· ·. ·. ·. . 
···,_~ ........ :... .. ...•. ...... . ....•.... ·······-·· .. . 

-: • • Use of low liquor jct dyeing equipment instead of high liquor dyeing equipment to 
i:iinservc water. cner~ and auxiliary chemicals. 

• . Installation of direct gas fired dryers and stenters [Instead of indirect heating with 
t~ermic fluid} to conserve energy. · 
....... .......... . . . . 

• · Ajiart from reuse oi 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 ord~r to -~li~ct print paste: from 
printing belt for reuse. . ;· ~ 

• Installation of an oVc:rhcad storage tank to store the dye: bath up0n completion !If the: 
dyeing cycle and to reuse the dye bath for the: next batch of fab~c. 

• .. ~g~-~h~ng~~ i~·th~ ~ppli~~tlon of d~s a~d printS in ~~~~:i~;~~~blc::t~ use of I~· 
119lluting auxiliaries (like metal free dyes). to elimiriate 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 
panicipation in the DESIRE project: 

l. Mis. Ashoka Fashions. Ahmedabad; 
2. Mis. Bhavin Textiles. Surat; 
3. Mis. Garden Speciality Prints. Surat; 
4. Mis. Mahendra Suitings. Ahmedabad; 
5. Mis. Paradise Prints. Surat; 

Midway through the project, the management at Ashoka 
Fashion changed hands and ~ entire management as 
well as the waste minimization team were changed. The 
new management completely disowned the waste 
minimization programme and refused to panicipate in 
the DESIRE project any further. This unit therefore had 
to be left out. The findings at the remaining four units 
arc 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 differen.;es 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 ii 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 arc: on
sitc 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 J 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 refonnulation (2 per cent)). The 
last waste minimization technique (viz. creation of a 
useful by-product) could not he 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 
4.1 l shows the division of the options over the most 
important sections m the textile mills. Most options 
apply to the dyeing section (43 per cent) and the 
printing section (70 per cent). The remaining options 
address em;ironmcntal 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 (sec figure 
4.12). Most of these options have related environmental 
benefits. such as better raw material. chem:cals. water 
and energy utilization. The second largest share belongs 
to the options aiming at minimization of air pollution ( 19 
per cent); generally speaking these rec!uctions 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 
beuer operating practices. 

The implementation status of all options is finally 
depicted m 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 plan! 
shut down in order 10 implement the option cic.). 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 de1ailed ~valuation. 

The four panicipating 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 arc expected to amount to $244.500. The 
average payback of the waste minimization investments 
in the te~tile dyeing and printing sector was therefore 
within 3 months. The environmental benefits have not 
been assessed at the company level. Option level 
environmental impact assessment.-;, however. indicate: 



· Table 4.7: Summary of sectorial results in textile dyeing H printing industry · 

ll.-·. 
~;: .· 

. :·. -. '·.· . _·$. .. ·~ 
; .. ____ ... - :...:. .. ~:: .. :.::.:· .. '"! ·. 
· 3. ea'*" · . ·:;7

· · 
SpCclality · •. 1:: 

. Prints 

··~ : 

... ~-

4. Paradise 32 
Prints : 

. -i• 

':-
, . 

SECTORAL 119 
SUMMARY.· 

.--=-
-~ .·.·.:-

• i<npkmcnlcd 
: started 

m planned 

rrj«ted 

··. 

... 
~· 

··~ -~: 
~· 

. ..l· . 
• r· 
-~ ... 

• low~-· - . - medium 
high.~: 

• IGw 

: Indium 
high 

irMsbiient: · · 
$3,700 
Savings:. 
$30.800 
Payback: 
<2~nths 

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

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

Investment: 
$50,G50 
Savings: 
$244,500 
Payback 
< 3 months 

1.000 kg/mo .. 
COD mluction 
lOl!b print 
paste . 
mluction 

· 220 cml/d"ay · 
waterusi 
reduction 

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

6,300 kg/mo. 
COO reduction 
2,600 kg/mo . 
print paste 
reduction 
1,700 cml/day 
water use 
reduction 

9,050 kg/mo. 
COO reduction 
more than 
7,100 kg/mo. 
print paste 
reduction 
1,920 cm3/day 
water use 
reduction 
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Figure 4. lO: Division of the waste minimization options acc:ofaing to , · 
waste minimization technique (textile industry: 119 options) 
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Figure 4.11: Section-wise division of waste minimization options 
(textile industry: 119 options) 

• Signilicani reductions in the use of chemicals. 
energy and water: 

• Remarkable reductions of the discharge of print 
pas•e remnants with waste water: 

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

Within the DESIRE project the textile dyeing and 
printing secior i~ characterized hy the most active 
panic1pa11on hy the industry In fact. at the stan of the 
DESIRE project. the textile industry m Surat had 
already taken the ini1iative to form an asf>ociation called 
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Waste Minimization Group Surat. As pan of the 
DESIRE prn1ect, 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 
Dyei-.1g and Printing), took initiative on their own to stan 
a waste mimmjzation 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 
. (t.extile 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~ 

• implcmcn1cd 

Sl.artcd 

• pbnncd 

§ ~JCCICd 

options, which to a large extent could be implemented 
over the course of the DESIRE project. Figure 4.14 
illustrates the d'.vision 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 stan of the plant-level waste 
minimization activities. Another 32 per cent of the 
options are also feasible; implementation of these options 
has already staned ( 16 per cent) or is planned for the near 
future f 16 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 SSls or far too er.pensive in 
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Figure 4.14. Implementation status of the waste minimization options 
., (all sectors: 540 options) . 

16~ 

\·iew of the possible cost sa\"ings and total in\"estments in 
plant equipment 

111ere are some differences among the sectors m tenns 
of implementation status of the optiom. This is 
illustrated in table 4.8. There are rather large d:fferences 
in the total number of options per sc.:cor; the pesticides 
iormulation industry has almost twice as many options 
as the textile dyeing and prinung 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 
diffcrem. The rejected options for the pesticides 
fonnulation industry are therefore excluded from the 
remaining part of this general evaluation. 

Gi\"en the huge differences in the complexity. nature and 
im;m:t of the various options. the number of options is 
not an indication of the financial and em ironmental 
imiJacts of the options. Tahle 4.9 summarizes the 
financial impact of the implementation of the first batch 
of fea.sihle options ( 196 options implemented within the 
time-frame of the DESIRE project). The investments as 
well as net annual sa,·mgs arc hy far the highest in the 
agro-residue-hased pulp and paper industry. The overall 
payback tirne 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 
pcsucides formulation mdu~try significantly lower than 
rhe average of the three sectors. However. care is needed 
m the imerpretauon of these figures. since these figures 

El From Wa~tc to Profil~ 

• 1mplcmcn1cd 

~l;lftcd 

• rlanncd - rcic..:1cJ ~ 

only mdudc the o;iuon~ explic1tl~ e\aluated t-y the 
technical stuJy team. whereas ~ome companies ha'.: 
already identified and implemented aJd1t1onal waste 
mimm1zatiun opliom on their own 1 a~ e\ 1denceJ m the 
presentation of the participating ~:ompamc~ at the 
indust~ specific worbhops ct.:. t. 

Th~ implementation of thc~e \\J~tc mm1m11Jllon 
measures has contributed sigmficantl~ :o envmmrnc:ital 
improvemen1 in ar::as such as the fol10\\mg: 

• l\1inimization of wastt ~ ater d1s.:harge~ 1 l"olllh 11. 

volume and pollution 1oad l: 

• Minimization of air em1ss1ons (from sleam gencrauon 
as well as !ugiti,·e cmis:;mns from matenal'.. handling 
and processing); 

• Minim1zat1on of solid was1c generation; 

• Conservation of materials. energy and water: 

• Reduciion of the u~e of toxics; 

• Minimization of health ands· fety hazards (hc:h at 
the shop floor level and in the d1rec1 .. ·icinity ot the 
plants). 

Most options contrihute to environmental improvement 
in several areas. such as mar~rial conservauor. and wac;tc 
minim1lar1on or water conservation and mm1m1lat1on of 
waste water discharges. It as therefore not feas1hle 10 



Table 4.8: Comparison of the implementation status per industry sector 
. ~t11ti09,status 

li~l~lii: 
: :: ~.~~·-~i:=~~-~~·} 
' • : Plaiincd :.~ .• :- .~ . : 

- - • _ _,e· -

--~bt~t:i.fuit~·~p~i~~ 
· _· • . _ R'jcdecf:~~ . · _ . · 
.. : ..... ::....:.~~=-;-.:.~~-:: ... ~---·---- -~ ····· 

Grand total,~:;:~ .... : 
~ -~---. ~-~~: .. _---~%.~-~~ <.. .. ~~ .. 
• Fi~ incl:lde Thrtt Star Paper Mills. 

Pulp and paper 
industry c·J 

82 
37 
22 

141 (71 ..,) 
56 

197 

Ptsticidcs •. Tutilc ~ing and ·: : · TobiL · .• ~ : . : · 
formulation~ . "printing industry' .... :i .: ·· 

·· industry ·'.;· :. ·; ·· ·; __ ... ,~, :_,;.:. · ·.:..· · · ·: ·_ - ··-~· :':.:-~;-_ · · ·: 
•:';.': ;.•-_ t .!.·.: .. .:. .. :_~--- ......... ·: ... . , . ::.: !: ... : ..... -;-t~-.: .. ~: 

1:. 
13 
47 

133 (59 ..,) . 
91 

51 
36 
17 

104 (87 l!b) 
15 

224 119 ...... . 
. -~- ....... ~-.. .:.~ ._;."" ~· . 

206 
86 
86 

378 (70 ..,) ~~: 
162 .• -

540 .... 

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

. ~n~I indicator .. : . -
- . ... - -~: :.._: ... -.. -

.. - --~ ::.?~:--:.f:~~-~: .. ~·:< .;_;~;_"· :· -. -:' .. .... "-.. -.. .. : 
~ : '---~.:. ..... 

• ••·••·····-···-•••u-~••·····•·•--· • •• 

Number: of o~~~~~- implemented 
········---::-------·---.. ·····-· -···· ...... . 

l~tmcnts ($1,000) · 
. - ,. 

N~t-an~uai. ~~gs. ($1,ooo) 

aveiaii paYbatk period (months) . . . ... _. ____ ,.:._ .. 

"Figures exclude Three Siar Paper Mill 

Pulp and paper 
industry• 

72 

347 

6 

FHticidcs 
formulation ·. 
industry ·. :~ · 

73 

Tutilc •ing and 
printing industry -. · · 

.:... . -

51 
-•"'C---·-· .. ··- ····· ..... . 

. 23.55 -...... , ~ .. So.65 ~ .. 

.... 

20.85 2445 

-. < 14 <3 

Total · .. ·-~- _. 

196. -
- .... -:.,,.. 

421.2; .; 

937.35 

<6 
· .... ,.-. .... 

""Fi;ures exclude: financial benefi1s from rcducnon of woisic w:11cr trcaimcnl cost. 

summaiizc 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 
imponancc for thP. dissemination of waste 
minimization. 

I. Waste minimization is diverse: waste minimization is 
essentially a problem solving strategy ratlier 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 (wo.1ste 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 nf solutions 
0r technologies. The DESIRE :.:._,JJts illustrate this 

diversity of solutions (sec 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 bener 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 em·ironment: the 
implementation of waste minimization options 
contributes lo 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 ioad. Since the impacts of different options 
add to each other at the company level, a consid1:rable 
environmental improvement can be achieved; the 
short- to medium-term pollutant load reduction 
typically ranges hr.tween 25 and 50 per cent. 
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Figure 4.15: Waste Minimization is diverse (all sectors: 449 options) 

3 'lb t 'lb 

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 minim1zauon options were. for instance: 

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

• Pesuc1des formulation: cleaning and maintenance 
of spray nozzles and reuse of rinse solvents. 

• Te:tltile industry: doctor blade for print paste 
recovery. press switches for lights and proper 
insulauon. 

4. Waste minimization is innoi·ative: the application of 

• good housckccptng 

mpu1 nwen31 change 

• bener process conirol 

~ equipman modific:it1on 

0 iechr;ology change 

II On-s11C m:ycling 

ij useful by-products 

• product rdormulallon 

the waste minimization 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 reu,;e. 

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 

II From Wastr to Profits 

· (all s~ctors: 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-rcsiducs 
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 tum 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 yrars) 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 workjng method (DESIRE 
manual; see chapter 3). which specifies how to analyse 

• payb3ck < I yr. 

payb3ck < 3 yr . 

• payb3ck > 3 yr. 

~ 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 SSls. These can be detected by ma.king an 
integral analysis of the company, incluaing - but not 
limited to - its production processes. input materials. 
waste streams a'ld emissions. 

• Many of these waste minimization opportunities can 
be implemented by small-scale iiidustries within the 
short tenn (within I to 3 years). 

• w~ minimization goes beyond technical modifications-, 
it can also be achieved by improvement of operating 
practices. changes of input materials and rccyclir.g 
practices. 

• The implementation of waste m1mm1zation 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 arc far-reaching. The concerted 
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Figure 4. 18: The "DESIRE" fe.atures of waste minimization 

[WASTE MINIMIZATION IS ... 

Oivtrse 

Environmental : 
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accion of the companies participating in che 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 
co 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 
er.courage and facilitate industrialists to do so. This 
brings us to the opportunities for waste minimization 
fostering policies (see 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. lhe Indian MOEF issued the Policy Statement 
for Pollution Abatement in Small-sc'lle Industries 
( 1992). The policy calls for assistance to SSls in adopting 
cleaner technologies and recognises pollution 
prevention/was~e 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 a;;sistance to SSis. the fount. 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. lllls 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 SSls 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 panicular 
industry (see chapter 3). Waste minimization fostering 
policies should thus in principle enable companies to 

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

lllirdly. it has become evident that companies face a 
huge arraJ· of constrainlS to applying this systematic 
audit methodology to their operations. I~ 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 conclnded that 
individualized support and guidance to comp:mies is 
an effective mechanism for achieving waste 
minimization in SSls. 

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 demonstrared. 

Although lessons can be learned from intemauonal 
experiences in for instance the United Sut~s ar.d Europe 
(WRITAR. 1994; Dieleman. 1991. EU. 1994. UNEP. 
1994), a localized dissemination and promotion strategy 
will have to be developed which 6ts the Indian industnal 
structure and the Indian set of constraints to. a;id 
enabling measures for. waste minimizarion. 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 able to 
develop policies that create the external enabling 
measures. The internal enabling measures cannot be 
creared 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 tc create 
these external enabling measures. lmplemenration 
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 1dentif1ed in the DESIRE project 

: ...... :_:~~--- - -
.. -~~~· :.~- ._ . -· .. 
. ~-.-. ... ... _ 

Internal to the enterprise Extcmal to the enterprise 
... 

• Encourage cxpcrimutiorl. 
-.- . • Publicize early SUCttSStS.. . - - • Dc-«lop simple ma~t . · .. -:- :... ... -.: ~ ~,. 

inc!icators.. -:._ 
..... 

~- -:, • Training session for plant-lcm 
waste: minimization team. 

• Oissc!ftination of success stcr'oes. 

• Top down housctttping drive. 
.. ···-· .. 

''"i'"·:·~~~~.t~it;-:: • Organize capable waste· 
. :..,; .--.· 

minimization team.· · 
• Recognise waste minimization efforts. 

-- -· -- - -.. ~ - ... _ ...... - ·.;· 

-
: 

• Assign costs to production and 
waste: gcnc:ation. 

4. Technical • Disstminaticift of ~c mwmaation 
tcchniquo arid tc:chnologles. 

• N~-bascd support for c:rrvifonmcnt
dri~n R& D. 

-·· - -· 
5. Ec:onomic • Proper cost allocation and 

plann~ investments.. 
• long-term industrial policic:s. 
• Finan..~I incentives.. 

6. Go¥cmmcntal . · 

Board and state pollution control boards) and which 
will likely be supported by industry. In sec1ion 
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 anJ how to meet this 
demand (or create supply of these implementation 
mechanisms). Fin1lly. 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 ex!emal enabling measares idemilicd in the course 
of the DESIRE proJeCt have been discussed in ..-arious 
settings with govemmen1al and industrial reprcsen1.11ives 
m order to develop implementation mechanisms which 
~.m be implemcmed by the environmental authorities 
and which will likely be supponed by indus1ry. Although 
consensus could be reached about the usefulness of three 
implememation mechani-;ms, a 101 of details s1ill need 
10 be discussed and worked out before these can 1ctually 
be implemented. The proposed implemen1a1ion 
mecham~ms arc; 

I. Waste minimi:arion circ/eJ: area-wide support for 

m From Wa~te lo Profit~ 

• area-wide:. voluntary mstc: -mi~mization 
groups.. 

• Enfom:mc:nt of c:nvironm,ntal 
legislation. 

industries co-~pcrating on a voluntary basis with a 
view to exchanging waste mmimizauon opponunitics 
for solving common environm~ntal problems in the 
panicipating industries; 

2. Oblixaror;.· tt.·asre mmim1:a1ion audits: the inclusion 
o! the requirement 10 submit a waste minimization 
audi1 in procedures for ob1aining financial benefits, 
like sales tax excemption. soft loan for investments 
etc. 

3. Waste mimmi:ation demonstration projurs: 
subsidi1.cd ex1emal assis1ance to sclecled industries in 
a panicular industrial secior or region in order to 
demons1ra1e 1he waste minimization potential. 
Diss~minalion of the results as well as llaining of 
was1e minimization expens are considered integral 
pans of such demons1ration projects in order to 
ensure that implementalion of waste minimliation 
will nol be restricted to !he companies directly 
participa1ing in the demons1ra1ion project. 

The impacc of lhe!ie implementation mechanisms on 
the es1ahli.,hmen1 of the exlemal enabling measures is 
depicled in tahlc 5.2. Generally speaking, waste 



Table 5.2: lmp<lct of 'implementation mechanisms' on the establishment of the 
'external enabling measures' 

• --_ ..... _:- -~-"' - . -- ... -
-· ----. -········· ---· - .. ~:. .. ~; -

--- .. ----····- . --- ... -- ···- ---- ... -------- ... . . - .. 
• • 

Nore: nambcr or aslcrists iacbcalCS lbe apcacd coambu11c:i or cxh 1111plcmcn1.111ou mcclwusm 

to lhe cs&ablishmcm of lbe ~~c cxtaml cn:ibhag mc:isim: 

• 
••• 
••••• 

only uuhrcct coalribunoa 

duu1 coambutioo 

WJC!Cd comribullon 

no conmbulloa 

minimizacion circles and demonscracion projeccs arc 
particularly effective for the disscminacion of wascc 
minimization experiences and might concributc to 
che initiacion of environment-driven R&D and 
improvement of chc overall level of enforcemenc of the 
existing cnvironmcncal rcguiacions. The impact of 
obligacory waste minimization audics is hard co 
evaluate because ic is noc ycc exactly known in which 
financial schemes che obligatory audics will be 
incroduccd. However. this implcmcncation mechanism 
could create 2. powerfol financial incentive for waste 
minimization and concributc to che development of 
medium- to long-cerm induscrial policies. 

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

1. Waste minimization circles 
111e concept of a waste minimization circle has been 
derived from the successful experiences of u.e Waste 

Minimization Group in the textile industry in Surat. 
Box 5.1 summarizes the history of this Waste 
Minimizatior. Group. MOEF has taken the lead to 
suppon 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 ir. the first place that an 
increasing number of companies in a panicular region -
and pos~ibly in a particular industry - become involved 
in waste minimization. The circle builds upon che 
commicmcnc of a number of environmentally conscious 
industrialists and their willingness to share information 
with other companies. probabl) even with competitors. 
Once the initiative has been taken, social mechanisms 
contribute to the funhcr expansion of the circle as well 
a'i to the dissemination ard continuation of waste 
minimization; tt.e initiators (early adopters) undenakc 
action to stay ahe2.d 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. ft is most likely that the 
circles concentrate on comparatively obvious, low- and 
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Box 5.1: Waste Miniinization Group Surat (WMG 1993-1994) 

: Waste~Minimization. Group Surat .: .. . . .. 
..: 

....-_ ... --~·:~..:-: .-· ... "'--- ·.·· - . -~-- - . . ..... _ ,.- ..... ., ___ '"':· .... 
In IRdiaf a significant portion.of textile process houSCS.:~ving an installed capacity.ofaround:lO~million meters -

· per·daj- arc located in and around Surat Waste Mini~ization Group Surat (WMG) is the r~lt of voluntary = 

cffortS.of a group of cnvi.ronmcnt-conscious technical experts from textile proctSSing, dyestuffs- and chemical.· 
industries situated in and around Surat The main objectives of this group arc:. -. -. 

_ ....... - . - -.... _... ~- r-._· -_= -

~ To cnatc awareness of pollution, its pR"Yention and C:ontrol; 
.. 

' - :...... . . . . 
. . :. - . .. = :. . - . . .. _. . .- , ..:...,;;- .. : .~: - . - . : .. . -· . . . 
ti· ··To autc awareness of source reduction of costs and of pollution by optimum utilization of.chemicals in -·~ 

·vari~us stages of application . .Jyc waste trcatmeni°'and reuse etc.; : - · -- · - · · 
. .• . .. --: -:..·= .•. :- : . • . ·_~:t, .... - . - .. _-_- -~'" ...... :-= ·_· .. 

• -To cnat~ awareness-of cost reduction that can be :a,chicvcd by efficient utilization o{ ~ater a~if energy (and_ 
circulate information.on resource inputs for selected commonly practised wet processing stci»s.to-selVC as · 
dean technology sta~dards); -./.~.-: · . _· ·· - ·- · - · 

.· . . . . . -:~- - . - - --.~~~--~=- .. , - -- . . -
• : T~ ~re ex~r:!~-n~ ~-nd circulate info"!lation·:~~~~_ronmcntal properties of dyes and chemicals used in _ 

the textile industry;_:-;, . · · .~ :';.- ~-- ~- · 
. ~ .......... :-:-.... .-. 

~ . . -:::.i ~:-.,_ ... 

• . To share experiences and circulate information onjihc ftnancial and environmental aspects of cc0-fricndly 
alternatives to the conventional dyes and auxiliarf~;: .. . . - . . . . 

. :·· -...... ... 
• To circulate environmental regulations imposed 9n~thc textile industry in different countries with a view to 

. comparing the local industry with the regulatory_meaSllres adopted internationally . 
.. > 

W~G started in 1993 with some 15 members. Informative meetings arc held in order to exchange waste 
minimization· cxpcrienc6 among the participants an(to· elaborate on common issues, such as dye bath reuse 
and rerovc,Y of print paste remnants. In 1994, a ncw5j_ettcr came into being. The first issues addressed special 
topics li;.c chemical substitutions, water conscrvatiofl'.:a-nd organization of a plant lcvel·wastc-minimlzation 
progr.imin~. ~f the end of 1994, membership. h~d ri~i~~.-ovcr 1 So persons. The DESIRE project. was covered 
extensively by WMG;_th.c y.JMG activities have conttjb_~cd to t~efact that by th~ end of 1994, s~me 20 process 
houscs" had.started .with the implementation of the rrii>st sliC:ccssful waste minimization options identified in the 
DESIRE project.:-'_·· . . . . _--_:-;~~·- : . : - . 

. . ..... ·-- ··- -·-·· - .. - ... ..._. . .....,,_ . . .. . . . -·- .. 

no-cost waste minimization opportunities for common 
environmental problems in the first place. which in tum 
ar~ excellent srartmg 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. il 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 tum could result in cooperation among 
companies for environment-driven R&D. 

Although waste minimization circles seem lo 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 thai have to be met for 
the fruitful development of was•e minimization circles. 
First of all. environmentally conscious industrialists 
have 10 be identified who migh1 be willing lo take the 
initiative for a waste minimization circle. Within the 
circle. participating industrialists will be requested lo 
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 late!;l 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 tht the suppon 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 stan-up phase, with 
comparatively few members. it is not likely that a waste 
minimization circle can be self :0ustaining. 

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 W3.Ste 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 tum is not the optimal breeding 
ground for undenaking proactive steps like waste 
minimization. The obvious advantages of building a 
wa$te 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 rum might set the stage for a non-competitive 
environment for dissemination of the experiences in the 
wa~te 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 
100 per cent depreciation allowances exist for selected 
industries in the SS Is segment in order to boost their 
development. In addition, funds and soft loans arc 
available for the construction of pollution <:ontrol 
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 invesuncnts. The inclusion of lhe 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 potcnual of these 
options. In additi :m, the audits might result in some 
high-cost waste minimization options, for which the 
companies require additional funds for implementation. 
Soft loans and a I 00 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 implcmeniation 
mechanism requires t~c creation of quality control 
procedures for the waste minimization audits submiued 
by companies. The independent quality control for the 
waste minimization audits should evaluate whether all 
waste minimization approaches arc seriously addressed 
and whether provisions arc taken to safeguard the 
ongoing implementation of the ncr and low-cost 
options, and they should verify the feasibility of the 
selected high-cost options. Separ • .:. criteria will have to 
be developed for audits submitteu for obtaming ongoing 
fiscal benefits (like sales tax exemptions I 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 prc!"ercntial loan tends to limit the focus of 
the companies to high cost was:e minimization 
opportunities. causing them to neglect short-term. ncr
and low-cost waste minimization opportunities (Van 
Berkel et al, 1994 ). 

Since the financial schemes arc only available in the 
fonnal 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 !.lnorganized, 
informal sector, the obligatory waste minimization 
audits will not likely impact major parts of SSis in the 
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shonterm. 

3. 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 rum. 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 shon-term result of a waste minimization 
demonstration project should be the acrual implementation 
of waste minimization measures in tile 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. tl>e organization of seminars and 
workshops and the training of experts should be 
considered integral pans of any waste minimization 
demonstration project. 

The most imponant staning 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 allocitte 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. ii was found in the 
Netherlands that such participation in the long term 
was appreciated hy both indus1ries and Govemmenl 
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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 implemenlation mechanisms have been 
conceptualized. one should assess how to create both 
the demand for. and supply of, these mccha"isms. 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 arc key items to start with. In more 
detail. the following can be undertaken to create the 
demand for waste minimization: 

I. Information exchange and awareness raising: The 
public promotion of waste minimization should aim 
at making industrialists aware of the financial and 
environmental ber.cfit' of waste minimization and 
encouraging them t.J 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 apprc.priatc 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 
1'> 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 indusuies 
(Luken. 1995). In the short term. the first goal seems 
most appropriate for Indian SSls. Given the numerous 
low- and no-cost, highly cost eff ectivc waste 
minimiza1ion options with significant reductions of 



Box 5.2: Involving local authorities in waste mrnimrzation demonstration projects in 
the Netherlands (Van Berke!, 1995) 

.! 

:; 
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Table 5.3: Summciry of key features of the waste minimization· 
implementation mechanisms. · 

wastes and emissions identified in the DESIRE project, 
this alone might result in major waste minimization 
achievements. Another important aspect in the 
planning of pubi.c promotion activities is to evaluate 
why companies have nOl 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 th.::se 
missing links, and, according to this information 
missing mod~/. generators will say "'Ah" and move 
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forward with the implementation of waste 
minimization. It might be, however, that motivation 
rather then information is missing; industtialists do not 

perceive the need to look holistically at their 
environmental practices. By doing so, they would 
realize that efficiencies arc to be gained, and thereby 
money is to be saved, and they would finally proceed 
with the implementation of waste minimization. This 
motivation missing modd 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 bu)ers reflecting environmental concerns 



from consumers in western Europe and the United 
Staies of AmcriC3 (van Bcrlccl. 1994 ). 

2. Enforcement and improvement of environmental 
ngulations: 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. enviror.mental 
agencies should familiarize themselves with waste 
minimization concepts and approaches in order to 
evaluate all environmental initiatives of i:ldustries 
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, opponunities 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 induslrie;! 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.); 

• Dc\dopment of requirements for company 
environmental management and reporting systems. 

3. Development of financial incentives: Apparently 
waste and emission generation and excessive resource 
consumption arc still too cheap to reaily bother the 
industrial entrepreneur. Prl>pcr resource pricing, 
especially for fuels, power (ciectricity) and natural 
ai..xiliaries (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 arc 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 (sec 
chapter 2), SSis strongly rely upon outside experts 
to get waste minimization implemented. Experts 
having basic waste minimization skills arc 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 arc needed. Industry associations 
and small-scale service institutes might have the 
most important role in fosterir.g information 
dissemination and should thus be trained in 
communication and outreaching skills in order 
to convince entrepreneurs to undenake waste 
minimization activity. Consultants and tcch!?!cal 
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 (sec 
section 2.5). Both evidence the malfunctioning of the 
cooperation between end-users of technology (SSls) 
and agencies involved in technical development 
(small industries service institutes and technical 
institutes). Mechanisms arc to be devised which fine
tune technical dcvell>pmcnt 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. 11\ese arc: 

I. 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 traditic!lal 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 s1;ggested opportunities for the promotion 
of waste minimization in the following policy fields of 
the European Union (Molier et al, 1995): 

• Financinl and industrial policit!s: In order to 
accelerate the industry's self interest in waste 
minimization, environmentally sensitive cost 
accounting and capital budgeting tools could be 
promoted, via for in::;tanee 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. 

• Employmnu and rraining policit!s-. 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 awarer:ess of 
production costs and quality at all levels within 
industry. 

• Environmt!ntal policit!s: 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 svstems. In addition, 
voluntary initiatives of industries could be supported, 
for instance vi" support of the -issuance of 
environmental hallmarks by industry associations. 

• Tt!chnology policit!S: Support could be provided for 
the development of "blue-prints" (specifications of 
the best possible environmental improvements in 
the sector) a~ 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 such 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. Environmentill lcgisliltion 2. Technology coo~ration 
3. Financial incentives 3. Trair:in'.; policies 

/ 
IMPLEMENTATION,,.MECHANlSMS 

1. Wast~ minimization cird~ . 
2. Obligatory WilSte minimization audits 
3. Wilste minimization :lemonstration 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. Gm·emment: industrial and environmental 
ministries which set the stage by adopting nauonal 
industrial and envi;-onmental policies. 

2. E11vironmental 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 ar i 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 in the 
implementation of waste minimization in industry. 

4. Industrial organi;:at;ons: including industry 
associations. the Confederation of InJian lndustnes 
e!c., focusing on general awareness raisirg on the 
bi;siness opportunities of waste minimization and on 
the dissemination of generally applicable waste 
minimization approaches. 

5. Consultants: including management as weil as 
technical consultants, assisring companies in the 
iden11fica1ion, evaluation and implementalion of 

waste minimization opportunities. 

6. Unii·ersities: includmg technical universities. the 
Indian Institute of T~r.hnology and professional 
schools. which should include waste minimization 
in the existing engineering and bt:siness management 
curricula in order to properly educate the future 
generation of industrialists. In addi1ion, universities 
car. play a critical role in interdisciplinary research 
on issues related 10 the introduction of waste 
minimiza1ion in SSls. 

The proposed network of these instilutie>ns is depicted 
in figure 5.3. 

h is evident thal a major effort is needed to establish 
such a network. Firs! of all. key organizations in each 
of !he listed categories will ha11e to be identified and 
molivated to be .;;me involve(: in the implementalion 
of wasle minimizalion. Nexl, 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 t:reated, mechanisms need to be developed for 
coordination among 1he 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 
coming years. 
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Figure S.3: Schemiltic presentation of the proposed network for promotion 
of waste minimization in SSls 

!'<oics T = Training R = Regulations 

E = Enfo1cc~n1 TA= Tcchmcal :iss1siancc 

ID = lnfomunon disscnunanon 
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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 w<sste 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 LI. 

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 cooperacion 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 

Taqle 1.1: Baseline wastewater sources at Ashoka Puip and Paper 

Parameters 

TS (kg/day) 

1113 

5621 

Annexes. 



the DESIRE project. Ashoka had implemented 24 
waste minimization options. In addition. 11 options 
were still under implementauon 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 arc in the range of 3:> 
to 40 per cent. This is partially due to the increase of the 
share of wac;tc paper pulp in the final product (increased 
from 25 per cent to 38 per cent). Additionaliy. 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 arc about 
S 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 S47 .000 in 
effluent treatment cost. 

Table 1.2: Most successful options at Ashoka Pulp and Paper 

I = lnvcs1menr 

Financial ~btTrty:. 
--~- . 

.. :.: .. 
I= $51,667 . 
s = $74.333 
P < 0.7year 

S =Ne! savings (after deducuon uf annualised operaung cost) 

P = Payback penod 
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· · ~-- • ·: Environmental impact 

-· -··------- ... --- --- ··-· ···--
.. "r . .-· ,· ·. :_ No major impact 
~-: .·· -. 
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Table 1.3: Assessment of overall impact of waste minimization at Ashoka Pulp and Paper 

Parameter Before After 

1. Pruduction capacity (ton 36-- •. 42 
paper/day) 

2. Waste water volum<: 153 92 
(ml/ton finished paper) 

3. cOO load (kg/ton finished "ioo 498 
paper) 

4. TS kiad {kg/ton finished 980 700 
paper) 

5. Effluent treatment cost (Rs 116 97 
la~ar) 

6. Chemical cost (Rs 155 1« 
lakh~ar) 

7. Energy (Rs faith/year) 430 393 

Chan~ 

+17Clb 

- 40 Ill> 

- 29 Ill> 

-40 C!b 

-17~ 

- 7 'lb 

- 8.6 C!b 

. -.... ~·~ ... ;..=.:.'"! :. • .I.~ .-~., ·.-

Most important mcas.&rcs 0:; : ':. ~- •• •• ~ 

-. ; .. : ... ~ ... .. ~.:¥. ~ .. :::::~;:~:·~.-:-~ 
Extra dryers on papcr.inachinc: · ··~ · , • -: · 
minimization of spill~~; optimi2a~ 
of cooking; additional wascc paper. · · .. ~ 
pulping. . :~ . . -

Several w~ter rccycii~ "!Casu~i. 
elimination of spiUs/laks; inCRascd . 
share of waste paper Pulp. : - · : .. : · 

r.- .... _-: 
· · optimizatici.iicitcooki..9·r~iit.~· 

press roll· double felting ·of Ptt5.Srot1:0_.-. •• 
water ~ing masiircs; I~·.··'.~ 
share of waste paper- pu_lp. · . · ·: . . . . · : 

•. ...... .. 
Fibre ~ry;-watctricVcllrt!{rii~~Sii~; 
incrtascd share of waste. paper pulp .. 

. _: - ·. . 

Reduction of daily COl:faiid TS !Oad:· 

. . 

Optimizatio~ ofi:oo~iig':p~_-_ _. : : 

I nsulaticiii;. iiOf stock ~"'firling:· pn,ttsS.. . . 
optimizations.. · • · · 

NIXT PAO!(S) 
lefi Anncxrs • 



-Annex II 

B i n d I a s D u p I ex ( M 1J z z a ff a r n a g a r) 

Bindlas Duplex is an agro-residue-based pulp and 
paper mill having an average productitn capacit~ of 28 
tons per day of unbleached raft paper. On completic>n 
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-rcsidue 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 
r~quirements of the pulp and paper mill. 

The in-house team consisted of the managing director. 
the works manager a.r:d the maintenance supervisor. This 
team was supponed 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 w35te miPimization options. 
In addition. IO options were still under implementation 
and for seven options implementation still had to take off. 
The remaining 16 waste minimization options had ~n 

• · Table 11.1: Most successful options at B!ndlas Duplex . 

Waste minimization measure: Financial viability environmental :.11pact 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: i11 -

emissio11s from boiler production capacity. · 
house). Installation required a 

major equipment shut 
down . 

.. ~: 
2. Optimization of pulp I= $11,666 

<-
Cl'lcrall pollution load Option required hardly any 

cooking prottSS (steam s = $73,333 reduced by 10 %.. investment; implemented 
pres.sure:, temperature:, P < 0.2 year in second phase of the 
chemical dosing etc.) project. 

Fibrc:-5.avc:r for recovery of 
'·· 

·~ 
....... 

3. I= $7.333 -
"!';;,,{_· 

Reduction in TSS and COD An additional high 
fibm from cc:ntri-clc:aner s = $8.333. load by2 ~- pressure pump was· ..:: 
reject P < 0.9year requ;red to ensure .. i 

constant pressure for 
effective fibre: rc:c0vc:ry . 

. ... 
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 'lf P < 1.4 year .. in turn minimizes air availability; measure 
paper 

-· . . emissions from boiler reduced paper breaks and ~ 
- . . ( house) . incre~scd production .. · -::~ ·. ·"':: .. 
·• -':: .J' •• ,• . . " . 

5. Fri51i water substit~tion 1 .. ss;J33 
·. -:··: . . 

Reduction of effluent This meawrc en1.blcd the.'. 
and installation of self s. $6,666 volume by 25 ~- mil: to· operate at'"" -- . -; 
closing noules on hoses P < 1.3 year. instead of 60 'lb capacity " 

in dry season. · 
" 

I = lnvc~•menr 
... 

S.:: Ncr sa' mgs rafter Jcducuon of ;umuah\cd opcraung cosl) 

P = Payback pcnod 

Annrxrs • 



rej~cted given their low financial and/or technical 
feasibility. 

The overall impact of the imflemenlation of waste 
minimiz.atio'I al Bindlas Duplex is given in table 11.2. 
Since additional agro-residue pulping capacity has been 
installed. the raw material mix has not changed 

significantly. 

Bindlas Duplex invested a total of $104.000 for the 
implementation of the first batch of 18 waste 
minimizar;on options. These will bring net financial 
benefits ...-orth $330.000. The overall payback of the 
implemented options is lhus less lb.in four months. The 
mrerall reduction of the-COD load per ton finished paper 
is about 28 per cent allowing for an additional reduction 
of S-B.000 on effluent treatment cost . 

Table 11.2: Assessment of the overall impact of ~asle minimization at Bindlas Duplex 

Paramder 

1.. Production capacity 
2.. Waste water volume 
3.. CODload 
4.. TSload 
5. 
6.. 
7. 

Effluent treatment cost 
Olemicals cost 
Enc:rgy cost 

• From Wastt to Profits 

Unit 

ton finished paper/day 
m3/ton finished paper 
kg/ton finished paper 
kg/ton finished paper 

Rs/year · 
Rs/year 
Rs/year 

(]gnge _. 

+221\b. 
-251\b -
- 281\b 
-401\b . 
- 351\b .': 
-61\b -~-
-5.51\b -: . 



Annex Ill 

Raval Paper Mills (Rae Bareilly) 

Raval Paper Mills is an agro-residue-based pulp and 
paper mill producing JO tons per day of unbleached 
semi-kraft paper and 15 tons per dJy of bleached 
and dyed writing and printing paper. The raw material 
mix varies according to seasonal availability and 
production requirement~ (paper quality specifications); 
raw materials include wheat straw. rice straw and waste 
paper. Both rice husk and coal fired boilers arc 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 l and to conserve 
water (thereby enabling continuation of production in 
summer rr.onths). 

Key environmental ba~eline 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 
clcph:mt grass. 660 tons of bagasse. 1.129 tons of 
unbleached waste paper. I. 923 tons of bleached 
waste paper and 825 tons of rags; 

• Annual energy consumption: 7.000 ~fWh and 13.000 
tons of rice husk: 

• Annual water consumption: ! .452.500 m3; 

• Waste water discharges: 4.258 m3/day. with 5.051 kg 
of BOD. 8.393 kg ofTSS, 24,764 kg of COD and 
30.270 kg of TS. 

A divi~ion of the wastewater discharges to the 
constituent wastewatP.r sources is given in table ill. 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 laboratory 
analyst and an operator. The technical study team 
as:>isced the team in identifying and evaluating a total 
of 65 waste minimiza11on 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 opcions proved to t-e feasible; out 

. Tabl 111.1: Baseline wastewater source~ at Raval Paper Mills. ·. 
.. . 

· Wastewater sources 

. ' . 
... . ·······-····-· 

Unbleached potchcr 
Beater wash . ·: 
Pulp mill ccntrii::eaner 
Pulp_ mill. Decker filtrate 

.~ Blea~~ potch'~- :· 
Hydro p~lpcr ~tcher 
.~· ... · .... :.,~~ ..... · ... . : .: ,.. , 

Total. pulp mill'. . 
. . .. ,~~:::.~~-~~# ;,· ~; ;";.~ .. <' ~- '-·· 
:~- .. ~·per machinc"&ntricleaner 
:_".-~in: pit water.:' .. : ; · · 
: : Couch decker filtrate 
:.:.::.·.:: .... ,,;· .. ''· .'". 

. '~ota!. p~pei mill 
:.,:: .. : ..... _··~.::. -~-- .: :. 
: . Total Mill··.:_· ; 

. :i·:: ~:: ..... ~~"·;°'..;·_::·· .. '_'._· 

flow (m::/day) 

1209 
320 
29 
316 
632 
214 

2720. 

132 
438 
'.)78 

1538 

4258 

·- : 
·~···· -:-·-:.-. ·~ . ·'""~· . 

. - .. BOD (kg/day)_ .. 
... 
371°2 
196 
23 
5~- ;., 

165· 
80 

........ ,.: ... 
4~27 . ....... " . ... , , .. ... . · .. ~ 
138 ..... 
222 
464 

824 

501\1 

.;.. 

Para meters~~ 
~ .. , •; . 

TS (kg/day) COD (kg/day) .. TS (kg/day) 

4938 20660 ·. 18090 
295 1125 4700 
58 73 100 

395 170 554 
654 414 1~3 
142 . 250 . 400 

6482 . '. .·;~~~92 . 25747 ... :•• .. .. - .. 
. .~. ~ .... ;.':.I: .. ·. . ..... • . . . ..... . • 

498 - . ' ~· :·:< 393 .• '750 
533. . '53;; 1273 
880 

... ,. .. : •. 1148 2500 

1911 2072 4523 

8393 24764 30270 
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of these. 12 w~re already under implementation. while 
for the other eight feasible options. implementation 
still had to take off. Finally. 15 waste minimi!ation 
options were rejected. given their limited technical 
and/or financial viability. 

The overall impact of waste minimization at Raval P .iper 
Mills is assessed in table 111-3. Tne environmental 
benefits per ton of paper produced arc in the range of 30 
to 40 per cent. TI1is is due to the combined impact of 
elimination of obvious waste sources (repairs. spills 
etc.). improvement of raw material dedusting. proper 

... "·. ·.··. 
Waste minimiZation measure: 
.. ······~·-·········· 
1. Mocf~tion of existing 

raw material dedusting 
~ 

'· .. 
-~-· 

2.. Insulation. 

.... 
·.•· 

3. Fi~~fulll!d dil~ti~n control 
at~npump. 

4. Provision of high . 
. roriSistenc:Yi>ump in couch 

; "p~~:··_ . 
".#I• ••·· 

·.':••··· "'· 
~~-·· .., __ . ,' _ .. 

··' ··"'"·'····· ... ·.·.... . 5. Water pre5.Sure control for 
. cdgfa,,_ :ng nouies. 

..... ,;., 

I = lnvesunen1 

Financial ¥".ability 

I= $1,667 
s = $8.333 
P = 0.2 year 

I= SB,333 
s = $12,667 
P < 0.7 year 

I= $333 
s = $2,667 
P < 0.2 yt.ar 

I= $5,000 
s = $27,667 
P < 0.2 year 

I= $4,000 
s = $6,667 
P = 0.6year 

S =Net s:ivangs (an~. ,. _Ju~11on of annualised opcrlllng cost) 

P = Payback penod 

m from Waste •u Profits 

-~-

. ~ 

·.: _,.,. 

.-

provi.;1ons 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 im·estment of 
$150.000 and generates net annual savings of $182.000. 
The overall payback period at Ra,·al Pulp was therefore 
less than IO months. The overall envirunmental impact 
consists of a 34 per cent COD reduction per ton finished 
paper; this in tum creates an additional saving of 
$55.000 on effluent treatment cost. 

Environmental impact 

Redu;;tion of COO 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 tum 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 anii COD reduction of 
respectively 0.3 and 0.4 
ton/day. 

Remarks 

Dedusting efficiency 
improvt:d from 40 to 70 lib 
for fines (bel-.w ..0 mesh 
size). Ocdusting improves 
utilization of chemicals 
and steam in pulping and 
reduces water 
consumption for pulp 
washing. 

Insulation installe<i on 
digestor, steam lines and 
condensate lines and tank. 

Simple and easy to 
implement; improvtd 
consrstency control on 
pulp feed to paper 
machine. 

Fibre loss after paper break 
(250 kg/break) fully 
recoverable; signi~cant 
reduction of volume of 
dilution water. 

In addition, this option 
eliminates on avtragc 5 
pap:r breaks per week. 



! 

• Table 111.3: Assessm.ent of overall impact of waste rnini'mization at R'av~I Paper Mills 

;~~'~1~~~·.,.:~~~if:~:: ······ ::: 
-- • -- ~· :. J-::..·· - .. • . 

: . . : 
Most important meaS&i~-. · 

.... ·--~·····"~·-············ 

Minimization of !>pills ·and lom · 

······--·-····-····-·-·-····· ••• • ... . •• • •••• \ •. :'."!> •· 

2. Vllastewatcn'olume · · 170' 12i> '· 
(m3fton finh.~ paper) 

; - -

3. roo·~··~~~ fi~i~cd ""::· 
= :~ ~~~-- _ .. /j;_:~: :.t.·· :~:-..~ - --~~;~·~~ .... :_. 

. "" ~ -~ ... ·~·::..~ .. :. ':'-···.•. ,-. .. :-:.;; r .• . . .. -~ -. <t;--- --~~-~-·~-- :_·:,.~ ~:~ ·_. 

990. 

:_: 

12i0 - .. 4." TS·I~ ~~ fini~~--~·-,~~:"·:" .. : 
pai;cr) .-· .. 

. -.:. --=~~ - . 

5. Effluent trcatm<.11t ro.t (Rs -. . . . 72 
lakh/ycarf: · · · ·· . . 

-- ...... 
6. chemica! cost (Rs 

lakh/y-:ar) · 
··--·· 

7. Energy (Rs. lakh/ycar) • 

148 

422 

. ~-

657 

714 

55 

138. 

401 

- 34 'lb 

-41 'lb 

- 25 'lb 

-6.5 'lb 

- 5 'lb 

Recycling of backwater; elimination of 
spills/leaks: provisions for proper 
collection of black liquor. 

Optimization of cooking; ·provisions to~·· 
proper collection of black liquor; water 
recycling measures; im~nt_of ra~t 
ma~erial dedusting.: . T' .. '. ·. < 

... . ... . . 

Fib~' ~-,y;·i;;;p~;;~! ~f ,;;·;,: .. -
material dcdusting; wat.er ~irig 
measures.. ·· · 

Reduction of daily COO and TS load. 

Improvement of raw material dcdusting; 
optimization of cooking process. 

Insulation; proccs.s optimizations.: 

NIXT PAQl!(SJ 
left BLANK Annexes. 



Annex IV 

Three Star Paper Mill (Dadri) 

Three Star Paper Mills was a I 00 per cent waste paper 
based mill at the beginning of the project. It changed its 
pulping mill in order to utilize agro-residues. in 
panicular bagasse and wheat straw. as the basic fibre 
source. Due to this transfonnation. the mill was unable 
to implement most of the waste minimization options 
suggested in the first phase of the project. since these 
penained 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 fluidiz..:d bed boiler. 

The in-house waste minimizaiion learn consis1ed of 
the managing director, lne 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 enl'rgy conservation options. 
A total of 31 options have been considered. The most 
successful options are summarized in table IV. I. In 
total. I 9 options are feasible; l 0 could be implemented 
over the course of the DESIRE project, while for four 
additional options implementation had staned and for 
the remaining five feasible options. implementation 
still had to take off. In view of the change of the raw 
material mix. I 2 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 and environmental impact of the waste 
minimization programme at Three Star Paper Mills . 

Table IV.1: Most successful options at Three\Star Paper Mill (Cha~dak, 1995) 

Waste minimization measure 

~ . 1. Timely replacement of 
:,:. ·. · upJKr press roll to reduce 
1~'- ,-~. ·~~picking.· : · 
t. ... . .. - ' . . ........... :• . . •: ... . 
. ~- ~- ·.: . · .. . 

fo,3ncial viability (estimated) · 

l = $6,667 
s = $16,667: 
P = 0.4 year 

·.·. 

. '\f -·~ .. ' 

.. ... ... ~ ·,. .. 
·····.:···· ·:.·-··· 

Environmental impact 
(anticipated) 

COD load reduction of 175 
kg/day~ redui:tion of steam .. · 
requirement:. (which in· 
turn minimizes air . . 
cmissio'ris tfom boiler 

. house): · . 
•.·· 

' . ..... . ,... . . 
. I • $6,SO<L . ,_.. ., Steam. con5crvation of . . . : . 
S = $8.333.. _>:: ;. ': > about 0.15 ton steam/ton ... • · 
P < 0.8 year ·<~.:;:·:. ·: # •• ••• • • paper: marginal reduction· · · 

of air pollution from boiler ·: 
house.·· 

Ren.arks 

. . . . 
This mc:asurc: requires close 
mof!itoring of press roll to 
replace it as soon as press 
picking shows a rising 
trend . 

Insulation installed on 
steam lines, digcstcir' and. 
condensate lines and tank: 

'. ';.: . .... .. :!.~·. . ~.· .... ..-:.:: ... .. ·. . ~ ·-·· ........... . 

.. 
· .. 

I ,. $50,000·, · 
s .. $16,667. 

· ~·:·' '· ·: . ···. Reduction of wash water .. -; · The irrip~oved washing -. 
· .. rc~~ire!"ent by abOut :«J. ,. :~ efficienc;, increases . 

P .. J ·year·· ..;<. r .. 
·-~>·: . . :,.,.. ....... \ .. ·. 

~·~~- ..... . 
'.> • . ·;. 

m 1ton paper. · . ;. · ·" • product quality." 
· • ., ··:· · ... · ·,. ·_ High.cos~ investment in. 

·• · · · · ·. ' · .. · · the frame of the · · 
conversirn to an agro
rcsiduc-bascd pulp mill. 

I= lnvestmr.nr S = Net saV1ngs (afler deducuon of a'lnuahsed opc:raung coso P = Payback penod 

Savmgs as well as enVlronmcntal 1mpacu an: e.mmatcd figures s1na: post-m1pleme.11a11on ~wes ::ould not be earned out dunng the: pm1ect pc:nod. 

NEXT PAOEISJ 
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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 
cypermethrin. fenvalerate, endosulfan. methyl parathion 
and monocromphos). 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 minimizauon opportunities. 

A waste minimization team has be..:n established with 
active participation of the occupier. a management 
trainee and lw~ 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 47. waste minimization opti,m!> 
h:ive been considered. At the end of the pro_i;;ct 18 
feasible options had been implemented. while two 
other feasible options 1.1.ere under implementaton and 
four olher 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 techni.:al 
and financial viability. The most successful options are 
summarized in table V. l. 

The implementation of the first bat.:h of 18 feasible 
waste minimization q>11ons required an investment of 
about $700. The expected annual savings are about 
S 1.500. The overall payback period is therefore within 
6 months. It proved to be impossible to arrive at a 
reliabl~ quanlificauon of the overall environmental 
impact of these wasle mmim1zation options. 

Table V.1: Most successful options at Baroda Miner'als and Grinding Industries 

Waste minimization measure 

1 .. Installation of rotary air .. 
lodt valve to avoid · · 
prcs.surisation of blender. 

2.' Recovery of left-over 
active pesticide by rinsing 

.. drums with suitable 
.· ". -_· 5olvent and reusing .. 

..... · solvent as part of rc:cipe in 
next batch of compatible. 

· formulation. - · 

I = Im estmcnt 

Financial viability 

I =$200 . 
:-5;,, not quantifiable 

· · ·.~· P =short 
1 .... 

I= nil 
s = $1,301.1 
P = immediate 

.. t.·· 

S = :"ct '..aving~ 1 after dcducuon of annualised opcraung cost) 

P = Pa~bad pcnod 

.. " · ..• 
•.;•• 

_: .. ·. -.. 

Environmental impact 

Reduction of fugitive: 
emissions of pulverized 
soapstone contaminated 
with activ: pesticide. 
Reduced health hazards. 

Reduction of generation of 
toxic fumes from storage 
and handling nf 'empty' 
drums.· 

Rrmarks 

Savings occur due to 
reduction of materials 
losses and reduction of 
compensation costs. 

Savings calculated with · · 
average proctUction figures 
and technical.material 
costs. •, 

., -··· .. , .. ........ 
·.• 
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Annex VI 

Northern Minerals (Gurgaon) 

Northern Minerals is one of the largest professionally 
managed pesticide fonnulation plants in Northern India. 
It fonnulates, packages. distributes and markets its own 
!Jrand o~ 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 minimizatio!l team took the lead in 
the identification. evaluation and implementation of 
waste mi!limization 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 implemen•.:d during the course of 

Table Vl.1: Most successful options at Northern Minerals 

Waste minimization measure: 

i. iriStaiiiiiii,'ii.oi fluid 
coupling assembly to avoid 
unloading of dust blc:ndc:r 
after power failure:. 

-~=! -

•····. . 
2- Use industrial vacuum 

. _ _., --~~:\·}.- ·:·';;~_;:.: 
:. . . . . . f ~:-~: :~·~::~:~ 

· ··i·:·Airtomaii~·voi~~ciric ·· 
• filling anc! packing 

. . . machine for small liquid · 
. pac:bgCs.; ~ >· . 

Financia! viability 

I =$1,333 
5=$1,100 
P = 1.2 year 

I= $833 
. . S .. not quantifiable: 

- · P =medium 

I = not yc:t quantified 
S = not yc:t quantified 

P =medium 

I• nil 
s. $1,500 

~ --.·_4:· R~~~~"of left-over _ 
: -. · ~.: ac:tM: pesticide by rinsing . 
... · £ drUms with suitable: .. P • irr.mediatc: 
:·.-::;.: sa!Vinfand reusing . ~ . 
_;.'.~·r~~~!.~s i>afqf.rc:ciiie in.·.~·.:.; 

· :~~ not ~tch of eompatiblc:-' · ; ··'.· -~ · 
. · formula.t!on .... . 

·: -·· .....,;i.. ..... . 

I = lnvestmenr 

S =Net savings (after deduc1ion of annualised oper:uing com 

P = Payback penod 

Environmental imp;ict 

Avoidance of waste: 
gc:nc:ration after power 
failure:. 
Rc:ducc:d workers exposure: 
to toxic fumc:s/hc:alth 
hazards 

Reduction of fugitive: 
emissions of sc.apstone 
(contaminated with active: 
pesticide:). 
Rc:ducc:d workers' exposure: 
to health hazards.. 

Reduction of spillage: and 
excc:~sive filling of bottlc:S: 

Reduction of gc:nc:ration of 
toxic fumc:s from storage 
··nd handling of 'c:mpty' 
drums. · 
~eduction of drum ,-.~ 

c'isposal costs.. 

Re: marks 

Savings calculated on 
average power failure: 
(1/wc:c:k) with most 
common dust product 
To ~ implemented.· 

Rc:placc:s manuai°swc:~ping 
of the: floor. . · 

......... 
-

· Rc:ductiori.of'fil!i;;(j time.,:· 
and filling los~·~ · .. 
Option to be impl~m_ente~-: 

-:-_: ..... 
Savings cal~l~ted ~ith. . 
average: produ~~!on figures• 
and technical material.;'-~ 
costs. · :.: _.. · · · · • ·. · ; 

. ~·,· .<.~>~-<~~:{1 
.. ...... , ... ·~ .. _,_..... ...... -

Annc:xc:s. 



~ DESIRE project. while implemcma~ion of anot~r 
oprjon had started. Twenty of these feasible options still 
b;ave to be implemented. The company rejected 22 
options. given their perceived low technical and/or 
financial viability. Thr salient features of the most 
suc~essful options have bttn su1nmarizcd in tabie VI. I. 
In addition to the implementation of was•c minimization 
opuons. p10~r:ss has been achieved i11 setting up 
:~·~tern.ttic date. recording syster:!s and tn~ining 

employees. It is envisioned that th~sc measures will 
el"able the continuation of waste mmimiz:uion ;.t 

Northern Mincrlils. 

• From Wa~tc to Profit!. 

Until now, the investment for the ;mplementation of 
the waste minimization options has been minimal. The 
implementalion of the remaining feasible options 
requires 2n ir.vestment of $4.150 and should give 
annua! savings worth :!bout $2.650. The overall 
paybt!ck period is therefore jusl within 19 months. The 
waste generation options reduce fugitive emissions and 
should minimize reprocessirg requirements: however 
both these enviro:tmental advantages could not be 
quantified rcliabiy 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 lndustrie~ started to set 
up a new granules plant. Major polluting areas in this 
company are wxic 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 tt..: DESIRE project, Super 
Industries showed a keen inter.:st and strong 
commitment to panicipate 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. 12 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 b;itch of 24 waste 

• . Table Vll.1: Most st.kcessfu1 options at Super Industries 

Waste minimization measure 

1. Improved material and 
product handling facilities 
a! nnw gram.lies plant. 

Financial viability 

I"' $12,000 .• 
S = $7.500 (expected) 
P < 2ycar 

Environ:nental impact · · 

Reduction of material· 
losses and overfilling of 
packages. 
Sigriificant reduction :or 
workers' expo~~~' to 
health hazards 

Remarks 
. :-:·-· .;:·· ·;; . .-~· ... -:.······ -···.-· . . . .. 
· · .. This measure actua1ly consists 

. cfa numbcrof options: .. 
· · • ··Semi-automatic· 

weighing and packing · 
line; 

• · Encl<™Jrc of charging 
and discharging hoppers; 

• Proper ~ntilation 
.... . .·· .. ::. - . . Syste:mS:. \• :: . 

• _ _. .• .,. ~!";~~·- .-~-. }~·- .• •. •. •. .. ... ~:·~~·-~·1~ .,, •···· .. , "'. . ... -.'. : · . . . •··•· . . _ 
4 

_ · . . -~ :;~ -~: ;. mpravtd layo~~Joi'. · .. 
~ ... ~·;: :}:f:.f.t::~:;.~~::~_'. .. ·:. :: ·.: ·~. · .~::f:-7:,f. ·-~:;: :.-.:;~:.:. :tc~~ni~I sp_ray~p~inps;: 
. 2.: Rett1¥tr; of icfi:OVCr ·.' ·.:. I• nil . .. '~ ·:···.-·:-.:::~~ Red~~tion. ~f g~-~~~ti~~ ~;~;~~---~~-rig~ ;i~i~tcd ;tth .. --::· 

·. : ~actM pcstici~~ by rinsing S • $2.000 . .;!. · .:( toxic fumes from st!lrage . .'· · ;. a..v~l'.!lge production figure$ · 
' :::_ dniiris_with suitable> . • p - immediate ·'.:~··:;.·;:. and handling of 'empty'_ ·. and technical r.iaterial costs. 

' isolmtt arid reusing : . . drums. . . . 
~~ solmtt 'as· pa.rt of recipe in Reduction af drum · · · 

· · · next batch of ccmpatible disposal cost~. 
· -:.- fonn_ulation .. -· ,, ..... .,,, ............ "'. 

I = lnvertmcnl S = Net s.ivings (after deducuon of annliahsell opera1in1 com r = Payback pe nod 

Annexes. 



mm1m1zation options required an investment of 
S 13,350. The annual savings arc expected to mount :ip 
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 cf 
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 almo~t negligible. 

Table Vll.2: Estimated overaU impact of waste minimization at Super Industries 

1. Ttthnical l'ft CMr in 'mpty drums 
2. Bknda dcansings 
3. Ttthnical ~lls and leaks 

• From Wast~ to Profits 

Before wast' m1n1mmtion Aftu wast' m1n1mmt1on Estimakd financial gein · 

175 t9""ar 
36 ltg/ycar 

45-65 1t9""ar 

10-12 kg/year 
N'gligibl' 
Ncglig™' 

$800/ycar _ 
$10/ycar 

$250/ycar 



Annex VIII 

Vimal Pesticides 

Vimal Pesticides is mainly a job formulator for big 
pesticides manufacturing and marketing companies. 
like Searle. Cynamide and Lupin. Vimal Pestic:des 
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 
carbcndazim (50 per cent)) and liquids (approximately 
400.000 litres/year. mainly dimethoate (30 per cent). 
cypcrmethrin ( l 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 
tum 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 restaning after power 
failure; and spillage during raw material handling. 
The plant level project team took the lead in the 
implementation of waste minimiz<1tion. 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 nave 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 staned 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 rem:tining 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 vm.1. 

Vimal Pesticides inves1ed S5.350 for the implementation 
of the first batch of 25 feasible waste minimization 
options. These options generate annual savings which 
illounc up to $8.350. The overall payback of these 
options is thus within 8 months. The environmental 
benefits arc 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 arc almost 
negligible. 

Annexes. 



Table Viti. l: Most successful options at Vimal Pesticides 

Wask ;;u..imization lllCaSUR 
.. . :_ .!.i~:.: .. : .. 
1. lnstination of fluid 

couP6ng assembly to m;id 
unloiding of dust bknckr 
after power failure. 

... ······. ·-. 
2. Dust unloading and 

wcigbing in trolky. which 
can then be: lifted and 
plattd !Mr the chargr. 
~r of the dust 
blcndcri.: . -· 

3. RctMry of lcft-ovu 
adi'« pcsticick by r:nsing 
drums wit.h suitable 
sohalt and raising 
sohmt as part of recipe in 
next batch of compatible 
fo:r.lUlation. 

I=l~-estmenl 

Financial viability 

I =Sl,333 
S= Sl,100 
P < 1.3 year 

I= $400 
s = $5,000 
P < 0.1 year 

1=0 
s = $2.000 

P = immcdia:C 

S = Net savings ( aflcr dcducoon of ann1131 iscd opcn!IDJ cost I 

p = P:ay back pmod 

Environmental impact· 
:. 

Avoidantt of waste·· 
gc~ration in case.of 
power failure. · 
Workers' exposure tO toxic 
.Just (and subsequently 
health hazards) reduced • 

Savings calculated on 
average power faillft 
(1/wcck) with most 
common product. 

Reduction of fugi!M dust Option succcssful!·1 tried, 
emissions from charging; • but will only be 
improvement of st-op floor . _. . implemented in next 
air quality. · · - · · ·. · scas0n. 

Reduction of generation of · 
toxic fuir.cs from storage 
and handling of 'empty' 
drums. 
Reduction of drum 
disposal costs. 

Savings calculated with 
average production figures 
and technical material 
costs. 

- · T~ble Vtll.2: Estimated overall impact of waste minimization at Vimal Pesticides 

1. Technical left ovtt in empty drums 
2. Tc?'nical spills and leaks 

• From Waste lo Profits 

Before waste minimization 

1250 tg/yar 
80-90 kg/year 

After waste minimization 

2s-JOtg~ar 
negligible 

Estimated financial gain 

$1,400~ar 
SJOO~ar 



Annex IX 

Bhavin Textiles (Surat) 

Bhavin Textiles is a job order textile dyeing and 
printin!; unit and belongs to Colou~tex 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. Sarces 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/dyein~. heat 
setting. printing. reduction clearance. drying and 
packaging. Wastewakr effluent is generated from 
almost all the processing steps except heat setting. 
drying and packing. 

The unit panicipated 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 
proch:ction mar.ager 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 f!lr ·vater. raw materials. 
chemicals and energy. the audit te 1 specifically looked 
into waste minimization opponunities for dyeing. 
printing and washing. Special emphasis was given to 
water conservation. due to water shonages 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 staned for 
anoiher 13 feasible options. The remaining six waste 
mi,imization options have been rejected by the 
company. given the low technical and/or financial 
viability. The salient features of the mosl su..:..:essful 
options have been summanzed 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 
payhack period of less than 2 momhs. 



Table IX.1: Most successful options at Bhavm Textiles "' 

::"[~ ~~tion lllCaSUR 

.. ----· ....... 
-:: 1: ~mt of . 

- MaUgcmcnt Information 
~to control batch 
silt in jc! dyeing. 

2. Chcmic:al substitutions. 

3. Dynath m:yck fo' white 
dyring. 

... ···- ......... . 
4. Condensate and cooling 

water m:ydc. 

········ ··- -- ... 
5. Standanfization of print 
· past~.~ preparation. 

I = lnveslmenl 

Financial viability 

1=0 
s = $21,600 
P: immediate 

1=0 
S= $4,800 

P: immediate 

I =$650 
S =St.JOO 
P = O.Sycoir 

I= $4,000 
S= $12.000 
P < 0.4 year 

1=0 
S= SB.70C 

P: immediate 

S = Net sa\"inp taller ded...:non of annu~hscd oper.uin' cosO 

p = Payback penod 

• From Waste to Profits 

.. Environmental impact Remarks 
. . . . 

The opticin would CriabiC . - Only minor environmental 
impact due to optimization to produtt lllOl'C with 
of dyeing proccu. s. .. rric infrastructuR and 

water rcquimncnl 

COD load rcduttd by 718 CbGalic ac:id Rpiattd by 
kg/month. oxalic + mineral acid: 

atttic acid by cata". st D: . 
hydros.ilphik by Diosyn Hf 
anci citric acid by citrlc W. -~ ... 
No impact on product_ . 
quality. 

Reduction of water and lrnplerncnta:ion i'cquircd · 
auxiliary chemicals installation of an insulated 
c:Onsumption. t;olding tanl 

Reduced water Rcdurof fouling of Int 
consumption. transfer surface in heat 

exchangers and boilers. 

Rcciucc:d solid waste The option required 
generation.· improvement of : 

prottdurcs 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. 
Th..: 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 ancl dress material 
are th•! final finished goods. 1be main processing steps 
are washing. scouri~g. desizing. drumming (only for 
chiffon). weight ::-eduction, 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 sco:1ring. 
weight reduction, dyeing. printing and washing were 
selected as audit focuses. The detailed assessment 
included the utility requirements. particularly steam 
gc:n~ration 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 10 
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 w2~!e 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, suet- <1S 

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 part :ular fabric varieties). 

Garden Speciality Prints invested. in the course of the 
DESIRE project, a total of $14,500 in implementing 
the feasible waste minimizatior options. The savings 
accrued were on the order of $110.000, giving an 
overall payback period of less than two months. 

Annut~. 



Table X.1: Most successful options at Garden Speciality Prints 

. ~' -...:~~~'- . ,,: - . 
._..:-..Waste minimization measure . 
~-: :·:. ~:~ 7i: :_:.. -- - ___ .. -

:::;:~·1rlkliiittiii0it"O-i 
_ ' --~·:continuous wattt Wash 

:--:·_ ··: llli'tti two-~ pre:-
- · • .sr ·ating fill and draw type 

batii in weight rcduction. 

. . . -· .. . . .. .. .. . -
2. Chemical substitutions. 

3. Installation of press light 
switches for viewing lamps 
in jd dyeing machiMS 

4. Replacement of costly 
leader doth with low 
grade (or-off specification} 
griy doth for initial 
printing table setting. 

5. ~ry of residual print 
paste from squeegee, 
scrttns and containers. 

I = lnvcs11ncn1 

Rnanci~J viability 

I =Sl.200 
s- $1,800 
P<0.7yar 

. 
1=0 

s"' $5.400 
P: inimcdiate 

I= $100 
s .. $19,300 
P: immediate 

1=0 
S=$45,000 
P: immediate 

1=0 
S=Sl0,000 
P: immediate 

S = NCI savings C after deducnon of annualised oper:llmg cosll 

P = Payback penod 

• From Wac.cc to Profits 

'I.:"_~-. . -~ 
-~-

__ Environmental impact R~rts 

Reduction of the alkali loss The option enablcS 
in wastewater. l'ttOVCry of lean alkali 

solution which can be 
recycled for $COUring. 
weight reduction bath 
m.i.e up or jct dyeing. 

Reduction of COD load. Oxalic acid rcplattd by 
oxalic + mineral acid; 
acetic acid by catalyst D; 
hydrosulphitc by Oiosyn Hf 
and citric acid by citric W. 
No impact on product 
quality. 

Reduction of the electrical The measure required 
energy consumption. iMtallation of IJRSS type 

switches to put on viewing 
light when rc:quircd. -

Low99radc (wastd doth The measure is a typical 
used to avoid wastage of ~u~ conservation 
high quality cloth. measure of using a low 

grade rcsou~ in order to 
conserve the high. grade 
~u~s for better use. 

COD reduction; rc-.idual The option required 
print paste was discharged-- improvement in systems 
with rinse water before. and procedures and skills 

of personnel. 

• 
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Annex XI 

Mahendra Suitings (Ahmedabad) 

Mahcndra 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. 
shinings and oth::r dress materials made from cotton. 
synthetic and blended fabrics arc processed. The main 
processing steps arc 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 che 
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 cn:rgy use for all processing areas. 
rhe project team focused on the waste minimization 
opponunities 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 starred for another two feasible options. 
Of the outstanding six options. two arc considered 
feasible and should be implemented shonly. whereas the 
other four have been rejected given their low financial 
and/or technical feasibility. The salient foatures 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 
minim1zat1on measures. The savings accrued were of the 
order of S30.800 giving a payback period of less than 
two months. 



Table Xl.1: Most successful options at Mahendra Suitings 

· Waste minimizatio~·~sli~ : . · · Fi~ncial viatKlity 
..... -~' ~·-·: . ~ .. - . 

1. RttYding of~ ·-··-:·~ ... · .· :,:·· ·, 4,~· 

disdlargc from ~ · : . S .. $11.000 
to meet caustic~ •·. ,... P < o. t year 
~rcmcnt of bleaching. 

2. Installation of pms 
switches for~ lamps 
in jct dyring machiMS. 

3. Use of steam condensate 
in jct dyeing machines for 
dye liquor preparation. 

4. Optim~ cxccsiair lntls 
in thmnic: fluid heaters. 

. . . 
5. eoncr.isate and flash 
stcam~ry. 

I = lnvcs1men1 

. 1,,; $1(J() 

S= $9,000 
P: immediate 

I= $1.000 
S .. not yd quantifid 

P = ~hort term 

1=$300 
S= $9.000 
P<0.1 ~r 

I= $1,300 
s :z $1,800 
P<0.8ycar 

S : Net sav1nrs (mer d~uct1on of :umu:ihscd opcra11ng COSI I 

P = P:iyback pcnod 

• From Waste to Profits 

Environmental impact .. ~ .. Remarks 

Reduction of COD load an.i The option eliminated the 
reduction of total caustic caustic lye requimncnt of 
consumption. the bleaching o~ration 

baving 60 kg/day caustic 
lye). 

Reduction of the electrical The~ required 
energy consumption. installation of pms type 

. . light switches to uut on 
the view light when 
required. 

~r dyeing quality; The meaSJre is under 
reduced soft water consideration for 
consumption; heat implementation in new 
recovery. machine. 

Energy conservation The measure required 
(reductio!I of lignite installation of ash door 
consumption) and and provision to kttp this 
reduction of air emissions. dosed when not in use. 

Reduction of soft water Rcduttd load on water 
requirement. softening plant find boiler. 

• 
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Ann'x XII 

Paradise Prints (Surat) 

Paradise Prints is a commission textile dyeing and 
printing unit_ The .:urrcnt cloth processing capacity is 
60.000 metres p:r day with a product mix of polyester 
(90 per cent) and nylon (10 per cent)_ Only synthetic 
fabri.:: is processed_ Sarccs and dress material arc the 
final fir.ishcd goods_ 

The main processing steps arc washing. scouring, 
weight reduction, whitening/dyeing. heat setting. 
printing. reduction clearance, drying and pack.ing. 
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 subsutucion 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 textiie processing houses. The unit participated in 
the project to improve upon its waste minimilation 
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 ar.d waste minimizauon options. The 
team consisted of the director. t~chnical 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 opponunities for 
desizing and scouring, weight reduction. dyeing. printing 
and washing. Over the cou~ of the DESIRE project. 32 
waste minimization oplions have been considered. 
Twelve options have been implemenled during the 
project. Implemenlation has already s1arted for another 
11 feasible options and is to slart for ye1 ano1her five 
oplions. The last four oplions have been rejec1ed. given 
their poor financial and/or lechnical perfonnance. Salienl 
fea1ures of 1he mosl success( ul waste minimizalion 

options have been summarized in table XII. I_ 

According to the technical study ream. Paradise Prints 
invested a total of $27 .800 in implementing the 
feasible waste minimization measures. The savings 
accrur.:d were of th.! order of $55.300 giving a payback 
period of six months_ 

Acc..ording 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 ttie dyebath 10-12 
times has become rcutine practice. Dyebath reuse has 
lead to 85 per cent COD reduccion from jet dyeing. 90 
per ce:tl wacer conservation in jet dyeing. 40 per cent 
energy conservation in je1 dyeing and 80 per cem 
reduction of chemical costs in jel dyeing. The 
investment of about S 30.000 in overhead tanks. 
piping and valves had a payback period of less than 
six mon1hs. 

~ Recovery of prinr paste rem11anrs: Edge carry-over 
has been reduced through the application of cellotape 
on the prinung screens. Four printing machines have 
been equipped with a doctor blade to recover about 
18 tons of print pasce remnants_ The remnants are 
soned in different shades and reused in the 
preparation of next batches of bulk print pa>te 
colours. Consequen1ly. COD d;scharge has been 
reduced by <JOO kg/day. In addition. this has enabled 
the reduction of the water consumption for prinl bell 
washing from 70,000-80.000 litres/machine per day 
to 10,000 litres/machine per day. The annual savings 
through prinl paste recovery and reuse mount up to 
$56.000. 

• Solvent recovery: An on-site distillation system will 
be installed 10 recycle the 5•>lvenl used for blanker 
wash. The reduction in soivcnt consumplion is 
e3timakd a1 3,500 kg/year. The net annual benefit 
will be in 1he range of $36.000. 

Annr1u~s • 



Paradise Prints has developed its own software to 
evaluate progress in reducing COD load (computed 
COD discharge on the basis of the monthly 
<.;onsumptiC1n of chemicals). In the first two years of 

waste minimization activities. COD discharge has been 
reduced from 150 kg/ton of fabric to 80 kgJton of 
fabric. in terms of concentration, COD came down 
from 252 mg/I to S l mg/I. 

. Table Xll.l: Mosf successful options a\ Paradise Prints · 

Waste minimization masu~ 
- .. . . ·:1·~··RcPiamiient iii" · · · · ···· 

. ·: · · continuous water wash 
· · ·with 2 stage· pre-soaking 

· fill &: draw type bath in 
. weight ~daction. 

·····-·-·· ······ .... 

· 2. Oiemical substitutions. 

3. Installation of individual 
piping for circulation of 
thcrmic fluid. 

4. Replacement of manual 
. Y1ashing with continuous 
. · washing range. 

-~~· ··l· •• 

- ... ····-······· ···-
-~· Recovery of ~sidual print 
. · paste from squeegee, 

· .. · screens and containers. 

I = lnves1men1 

· · Financial viability 

I =Sl.200 
:; = $1,800 
P < 0.7 year 

.. 
1=0 

5=$3,500 
P: immediate 

I= $1,600 
s = $4.000 
P = 0.4ycar 

I =$25,000 
S= $36,000 
P =0.7 year 

1=0 
s = $10,000 
P : immediate 

S =Net savings (after deduction of annualised opc:raung cosl) 

P = Pav!)ack period 

• From Waste to Profits 

. . 
.. 

Enviionmcntal impact 
{ ... 

.' fieii~n of ttiC attatfkisS~· 
· in W..stfWiitcr. · 

-c4'····· 

... 
Reduction of COD load by 
3070 kg/month and BOD 
by 1950 kg/month. 

. .;,.. -

t· ...... 
~. -·. 

. , .. ....... _..:.. .. . ... 
Reduction of the thermal 
energy consumption 
(natural gas requirement). 

sO cl, reduction in efft~ent 
,, .. volu~ along with· . · 

.. sigriificant n:ducticin of · . ; 
.·· energy and chemical 
· . requirement. 

' .. 
.... : .'. ··~: ·. ;·~·coo'"rcduc:tion; rcsiduai": 

.·' pnnt ~ste was discharged 
· · With rinse water before. 

. Remarks 
. -~.·-

TM optiC>ii.c:natiiCS.. ::·:::-:~; 

~ry of lean alkali· ·:' ~ 
solutil>n which can be:·.,~: 
MYClcd for scouring;~· · .:: 
weight ~uction bath:_- :; 
mate up or jd •ing~ ' 

NI ddergcnt ~placed bv<: 
Ginasol 6836, acdic acid·, . 
by ~ialyst D;· ;. . ; . : , 
hydrosulpt.ite bit lf~.llf: 
and citric acid by citric: W .. 
No impact on prociuct: ~ · .. • 
quality. · · . · : . . • ~ 

The measure ~iiimf : .. ·· 
installation nf individual 
pipiog systems for thcrmic 
fluid heater to each · 
stenter. 

The measu~ is a"iYPicat 
technology change option .. 

......... ~ ...... ;·..i 
' -

The option ~~i~ci: ·.: · : '. 
improvement in 'syste111s :· · 

· and procedures and skills-. 
of pcoonncl. 

• 




