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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 crcate the conditions for
continving and expanding waste minimization
activities after the project was over. There were five
separate, but closely interrelated, objectives:

1. To show Indian SSIs in three sectors that waste
minimization is possible in the short term and that it
has financial and environmental advantages. The
agro-residue-based nulp 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 systematic
approach to waste minimization. The resulting audit
methodology has been published in two forms: A
genenc guideline for waste minimization and three
sector-specific technical manuals. -

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

4. To recommend to various stakeholders. in both the
Government and the indusirial and professional
community. pclicies that would promot: waste
mimmization.

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

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

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

Waste minimization
The DESIRE project has developed and applizd the fol-

lowing definition:
Waste minimization is a new and creative way of
thinking about products and the processes that
make them. It is achieved by the continuous
application of strategies 1o minimize the
generation of wastes and emissions.

Waste minimization comprises several techniques:

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

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

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

* Equipment modification: modification of the
existing production equipment and utilities (for
instance by including measuring and controlling
devices) in order 1o run the processes at higher
cfficiency and lower rates of waste and emission.

¢ Technology change: replacement of the technology,

Summary, results and recommendationss “




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

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

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

company.

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

production.

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

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

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

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

16%

started

§ rejected

B mplemented
W rlanned
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chapter 4 of this report. Participation in the DESIRE
project enabled all of the companics to identify a large
number of waste minimization options. most of which
could be implemented over the course of the DESIRE
project. Figure 1 shows the implementation status of the
540 waste minimization options. Thirty-eight per cent of
the opuiots could be fully implemented within 15
monthsof the stant of the plant-level activities. Another 32
per cent of the options zre feasible: their implementation
cither has aiready started (16 per cemt) 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 thc companies. For these ondons. the
technology was cither not yet available or not yet
available at an appropniate scale for small-scale industries
or far too expensive in relation to the potential cost
savings and/or total investments in plant equipment.

Table 1 summarizes the financial impact of the first baich
of feasible options, that is, of the 196 options
implemented within the time-frame of the DESIRE
project. The investments and the net annual savings are
by far the gre~test ia the agro-residue-based pulp and
pépes industry. The overall payback time of those 196
opuons was less than six months; the economic
feasibility of waste miaimization in the textile dveing
and printing industry was significantly greater than in the
other two sectors; and in the pesticides formulaticn
industry it was significantly less. However. care 1s
needed in the interpretation of these figures. since they
include only the options explicitiv evaluated by the
technical study team, not the ad‘itional, highly cost-
cffective waste minimization options that some
companies identified and implemented on their own
(these were presented by the participating companies at
the sector specific workshops).

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

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

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




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

Pesticides Total
" formulation
. industry
" Investments ($1.000)° - 347 2355 a2
Net annual savings (§1.000) .~ 672~ 2085 93735
Overall pay back period imonthe) & T T TR T g g

*figures exclude Three Stas Paper Mill

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

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

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

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

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

Objective 2: Develop and test an audit methodology

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

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

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

* Getting siarted: 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 unit
operations in order to quantifythe waste being
generated, its costs and its causes.

* Identification: development and pre' minary
selection of waste minimization opportuniues.

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

* Implementarion: putting the chosen solutions to
work and monitoring of the results achieved by
them.

* Sustaining waste minimization. perpetuating the
continuous search for waste minimization
opportnities.

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

Summary, resuits and recommendationss




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

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

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

Objective 3:  Identify constraints and enabling
measures for waste minimization

The results of the inventory and evaluation of
constraints. catalysts and enabling measures are
summarized 1n chapter 2 of this report. They formed
the basis for mid-course action, which aliowed the
successtul completion of the case-studies in the
participating compaiiies.

The constraints that can arise when introducing waste
minimization in SSIs were analysed 10 identify catalysts
and enabling measures to deal with them. It was useful
to divide thesc constraints as follows:

* Aritudinal: the atutudes, skills and perceptions of
the entrepreneur and other key persons in the

company.

* Svsremic: the immaturity of the information and
management systems in the company.

* Organizanonal: the division and allocation of tasks
and responsibilitics among persons and departments
in the company.

¢ Technical: outmoded plant equipment.

» Economic: the costs of matenals, energy. technology.
labour and utilities and the financial and fiscal

incentives for waste minimization.

o Governmenital: the incentives and disincentives for

n From Wiaste to Profits

waste minimization created by industnal and
environmental policies.

* Others: basically the factors beyond control, such as
scasonal vanations.

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

There appears to be a set sequence in which the five
types of constraints normally appear when waste
minimization is being intrcduced. The first constraints
facing both companies and external agencies are
attitudinal. These bccome evident in  various
misunderstandings over opportunities for waste
minimization and the financial and environmental
benefits. This means that a great deal of attention must
be devoted to these attitudinal constraints. Once ihey
have been broken down and management has decided
1o start a wasle minimization assessment. 1t is systemic
constraints that are encountered systemic constraints
(especially the lack of information for conducting the
assessment) and organizauonal constraints (especiatly
into respect to the establishment of a properly
functioning waste minimization team in the company).
Later. when waste minimization opportunities have o
be generated and evaluated. there might be technical
constraints. In the last stage - the actual
implementation of waste minimization solutions - the
main constraints might be economic.

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

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

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

6.bjcctive 4: Formulate recommendations for
waste minimization policies

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




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

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

» Waste minimization circles: area-wide voluntary
cooperation among industries with a view (0
exchanging waste minimization solutions to common
environmental problems.

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

* Waste minimization demonstration projects:
external assistance to selected industries in a sector

Type : Internal to the mi’upffsé

e U T
® Encourage experimentation.

-

. Attitudinal

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

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

Expected outcomes as well as necessary conditions for
the fruitful development of these implemen. ation
mechanisms are eiaborated in table 3.

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

Objective S:
DESIRE project

Disseminate the results of the

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

External to the enterprise

® Publicize carly successes.
¢ Develop simple management

indicators. =

‘@ Hold training session for plant-level

* Disseminate success stories.

2. Systemic
waste minimization team,
® Carry out top down housekeeping drive.
3. Organizational '® Organize capable waste
minimization team. -
* Recognize waste minimization efforts.
® Assign costs to production and
waste generation.
4. Technical I
5. Economic o Allocate costs jwopedy and

6. Governmental

plann investments.

»

* Disseminate waste minimization
techniques and technologies.

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

* Formulate long-term industrial policies
» Offer financial incentives.

® Form area-wide, voluntary waste
minimization groups,
* Enforce environmental legislation.

Summary. results and recommendatianss m




and sustain those initial dissemination cfforts.

Recommendations

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

1. Disseminate the results and experiences from it;

2. Develop policies that foster waste minimization.

Each of these calls for a series of interrelated initiatives.

1. Waste minimization circles e :
companics in region and
sector starts with waste
minimization, -

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

* Cooperation between  .:
companies for;: .
envircnment-driven -
technology development.

2. Obligatory waste » o Strong dnv:forthe o

minimization audits implementation of both..
low-and high-cost waste
minimization options. "

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

3. Waste minimization . Convuu:mg companyoltvel
demonstration projects examples of the
implementation of waste
minimization. _

¢ nventory of practical .
waste minimization -
upportunitics for
dissemination to other
companies.

o Training of experts and _
institutional capacity -
building for waste
minimization.

"IITR From Waste to Profits

Recommendation 1: Disseminate the results of

the DESIRE project

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

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

Table 3: Key features of the was’e minimr.zation implementation mechanisms

subsidized waste
minimization consultancy
to the demonstration
companies.

-Environmentally conscious Common effluent
industrialists will have to treatment piant (CETP)
take the lead. boards are probably not
Appropriate technical and the best organizations to
methodological back up. start waste minimization
Establishment of 2 . circles, given the non-
- national network for voluntary nature of the

information exchange. CETPs.

Funds for support to, and It is suggested to link the
activities of, waste waste minimization circle
minimization circles to a local demonstration
Strong drive for the - project.

implemesitation of both

low and high cost waste

minimization options.

Establishment of ) Impact depends heavily on
provisions for independent the selection of the
quality evaluation for the financial schemes that will
approval of the waste be subjected to obligatory
minimization audits audits.

submitted by industry, . - Only effective for the
Agreement with industrial organized sector.
authoritics on financial companies.

schemes to be used to this

end.

Willingness of companies Demonstration projects

to act as demonstration can be used to catalyse
units. the establishment of 2
Interest of industry _ waste minimization circle.
associations, professional Opportunities for
organizations and participation of local
technical research environmental authoritics
institutes to become in the demonstration
involvedinthe  ~ projects should be
dissemination of resuits. explored.

Funds for providing




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

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

* Use the audit methodology to persuade
companies to participate
The achievements of some companies in a sector can
be presented as evidence that a waste minimization
audit will bning 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 ecliminated by existing
equipment and technology. Cooperation between
companies facing the same waste generation problems
might motivate technical institutes and equipment
suppliers to develop technical solutions for a particular
sector. This approach, referred 1o above as a waste
minimization circle is a promising one.

Recommendation 2: Develop policies that foster
waste minimization

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

Initiauves will be needed in three areas:

* Generation of demand for waste minimization
services by
- Information exchange and awareness raising
- Enforcement and improvement of environmental
regulations
- Development of financial incentives.

* Creation of a supply of
waste minimization services,
- Capacity building
- Establishment of the technology cooperanion chain
- Training policies.

* Development and formalization of
implementation mechanisms. including
procedures, cnitena and the allocation of funds.

The interrelatedness of these intuatives is illustrated in
figure 2,

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

Sum. nary, results and recomm :ndationss n




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

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

DESIRE

1.1 Background

The incorrect notion that environmental protection
makes the production of goods and services more
costly and therefore a luxvry 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 Ric de Janeiro in
June 1992, established new goals for the world
community which involve environmentally benign
forms of development. Cleaner production can
contribute to the sustainable forms of economic
development endorsed in Agenda 21 (sce 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 safeiy and competition in
intermational 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 irdustrial
efficiency, profitability and competitiveness. Cleaner
production is especially attractive to developing
countries because it provides industries for the first
time an opportunity to ‘leap frog’ over older, more
established industries. Thus countries that start to
adopt cleaner production might be able to take full
advantage of a rare window of opportunity which for
once favours developments in poorer countries over
those in the industrialized countries (UNEP, 1994).

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

project

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

There appeared to be considerable scope to demonstrate
the financial and environmental benefits of cleaner
production to SSIs in India. There are between 2.0 and 2.2
million SSIs in India. They account for approximately
half of the industnal output of India and an even larger
share of industrial poliution. in the range of 60 10 635 per
ceni, given their poor utilization of raw matenals.
Although pollution from SSIs individually may not
create significant cnvironmental damage. their
collective discharge in industrial estates poses a severe
threat to human health and the environment.

The project was built upon the experiences from
surcessful cleaner production projects in North America
and western Europe. Most notable was the PRISMA
project in the Netherlands, that worked with 10 firms
over a 1.5 year period. It identified 164 prevention
options, of which 45 were implemented during the life
of the project (Dieleman, 1991). A majority of these
preventive solutions were cost-effective and had
payback penods 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 applicd 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, ltaly, Norway, Portugal and
the United Kingdom of Great Britain and Northemn
Ireland, amongst othcrs, under the umbrella of the
PREPARE network (EU, 1994).

The National Productivity Council (NPC) was entrusted
with the main technical responsibility of conducting the
project because of its earlier pollution prevention
experience in companies like M/s Nirulas (ice cream

DESIRE project




factory), Palam Potteries and JR Fabrics (textile Dyeing)
(NPC. 1934). The Confederation of Indian Industres
(CII) was also drawn in because of its close relationship
with industry and the experience of its Head of
Environment Division in the field of poliution
prevention. The project was giver. the name DESIRE
(DEmonstrations in Small Inductries for Peducing
wastE). Within the framework of the DESIRE project,
12 demonstrations were carried out at companies in
three industrial sectots. In addition, a barriers and
incentives study was conducted by Corporate Insight.

1.2 Waste minimization

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

* Cleaner production is a problem-solving strategy
rather than a solution; cleaner production puts the
waste generating process (the root problem) in first
place and employs a preventive mind-set to develop
altemanve solutions (options). A variety of
technical. operational, educational and managerial
practices can be used to this end, but not exclusively
to this end. which illustrates that cleaner production
cannot be considered as a fixed set of solutions and
technologies.

From Waste to Profits

¢ Clearer production is ‘built in’ instead of ‘added
on’ industrial activity; cleaner production requires
integration of environmental concerns into the
design and operation of industrial activity, being
cither 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 preduct. For processes, cleaner
productior 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 1o facilitating the acceptance of the cleaner
production concept and methodologies by Indian
entrepreneurs. the term waste minimization {WM) was
adopted rather than cleaner production. The
interpretation given to waste minimization is however
essenuially equal to the one given to cleaner production
above. Within the DESIRE project, the following
definition has been developed and applied (NPC.
1994):

Wasre minimization is a new and creative way of
thinking abour products and the processes that
make them. It is achieved by the conrinuous
applicarion of strategies to minimize the
generanon of wasies and emissions.

Waste minimization is best practised by reducing the
generation of waste at the source ttself. After exhaustng
the source reduction opportunities, in the second step.
allempts should be made to recycle the waste within the
unit. Finallv. one might also think of modifying or
reformulating the product itself so as to be able to
manufacture it with minimal waste generation. The
types of techniques which are available in these areas are
given in figure 1.1,
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Overview 6f waste minimization technigues
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Waste minimization thus includes the following eight
techniques (or approaches):

1
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. Good houseke_ ping: appropriate provisions o

prevent leaks and spills (such as prevenuve
maintenance schedules and frequent equipment
inspections) and to enforce the existing working
instructions (through proper supervision, training
etc.).

. Input material change: substitution of input

matenials by less toxic or renewable matenals or by
adjunct materials with a longer service lifetime.

. Better process control: modification of the working

procedures. machine instruction; and process record
keeping in order to run the processes at higher
efficiency and lower waste and emission generation
rates.

. Equipmenr modification: modification of the existing

productive equipment and utilities — for instance by
the addition of measuring and controlling devices ~ in
order to run the processes at higher efficiency and
lower waste and emission generation rates.

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

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

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

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

Table 1.1 Comtains illustrative examples for each waste
minimization technique.
s
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Waste m;iinintion technique
‘2 Input matenal change’

3. Better process control

4. Equipment modification

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

Awvoid spillage.” - '
G\angefmmcrtmaodtomnthtextikdmng

Use alkaline water bascd dcgmascts mstcad of organic solvent for metal parts
cleaning.

Adoption of better ﬁnng ptacbccs in dolm draught kilns. .

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

install drip hangcrs to rtcovcr drag out fmm platlng operations.

Use of storage t tanb of appmpnatc czpauty to md overflows.

Apply static rinse instead of continuous rinse in electroplating.

5. Technology change

6.  On-site reuse

Use low dye-fiquor jet dyers instead of kier dyers. -
Apply clectrostatic spraying techniques to minimize paint aver-spray. A
R:uscnm:solvmtsﬁomfomlahon tqmpm:ntmthc make up of the next

batch of the same product. .

1. Useful by-products

8 Froduct reformulation or modification

1.3 Objectives

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

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

1. To show Indian SSIs in three sectors that waste
minimization is possible in the short term and that it
has financial and environmenial advantages.

"W

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

3. To identify obstacles to the introduction and

sustainability of waste minimization and to
formulate strategics for overcoming them;
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Reuse used moulding sand for the pltpaunon of new moulds.

Recover short fibre in pulp-making to make paper boards.

Convert rice husk ash into white ash for teeth filling.

Eliminate excessive product packaging.

Manufacture of liquid dyes instead of powder dy=s for textile industries.

4. To formulate policy recommendations tor the
promotion of waste mimimization for ‘arious
stakeholders, both within the Govemmment and
within the industrial and professional communiry:

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

The DESIRE project has been focused in three ways:

e Itis primanly targeted to small-scale industries as
they have been identified as having one of the largest
wasle generation ratios per unit of productive output
(Nyati. 1992). The large number of SSIs (esumated
over 2.0 million) is therefore responsible for a greater
share of industrial pollution than large scale
industrics;

* It focuses on secrors of smail-scalc industries to
facilitate replication of the measures idenufied in
the demonstration unils:

* The targeted area is limited to a small geographical
region 1o enable faster dissemination and absorption
of information.

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




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

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

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

environmental advantages that could be achieved in the
participating companics (objective I). Next is the
discussion of the policy recommendations (objective 4)
in chapter S (*“Towards an action plan™).

1.4 Workplan

The practucal demonstrations in selected plants
constitute the core of the DESIRE project. In each
industrial sector four to six plants have been motivated
1o act as demonstration units in which consultants of the
National Productivity Council (NPC) conducted a waste
minimization assessment. International methodology
and industnal subsector experts have provided guidance
to these assessment activities during two visits to the
plants and from a distance. The assessment activities
have also been monitored by Human Resource
Development experts from Corporate Insight in order to
identify the key bamrers and incentives for waste
minimization. For the dissemination of the results, two
different approaches have been chosen. First the results
are disseminated at the level of the industry sector.
targeted to SSIs in the respective sector, in close
cooperation with the respective industry associations.
This took place via specific workshops in the immediate
vicinity of the demonstration plants and the preparation
of sectoral waste minimization manuals. Next.
dissemination took place at the general level, targeted at
industnal and environmental stakeholders, in close
cooperation with the Contederation of Indian Indu.‘nes.
A nationa! 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 undentaken in the DESIRE project and
their planning have been summari.ed in table 1.2
Details of the company assessment will be covered in
chapter 3; details of the barmers and incentives review
will be covered in chapter 2. At the project level. the
organization of the sectoral introduction and review
workshops as well as the expert reviews have been
crucial conditions for the successful implementation of
the DESIRE project.
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Figure 1.2: Dissemination approaches in the DESIRE project (Van Berkel et al, 1394)
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Table 1.2: Worspian of the DESIRE project

Project Phase Time Ac@mtls .
1. Preparation PandP:1-3/93 o Adaptatlon of mtcrmbonal manuals to Indian SSIs. -
PF:3-6/93 o §_tablishupg working relations with industry associations and professional institutes.
TDandP:3-6/93 o Preliminary data collection and evaluation at one company per sector.
o ©_.Obtaining interest from companics to participate. )
. Sectoral PandP:3/93 e Introduction to mste mummlutuon concept, working method and obvious options per
introduction PF:7/93 stctor
workshop TDandP:7/93  © Company visits by international technical and methodology experts to boost
commitment and involvement and to provide initial on-site guidance.
. Company Pand P:4-8/93 . Two or three visits by NPC team to organize waste minimization team, to collect
pre-assessment PF. 8-11/93 basd‘me data and to generate first batch of waste minimizaticn options.
work TD and P: 8-11/93 . Data analysis and evaluatlon by NPC team to compile material and energy balances and
_ L cvaluate feas«'bclltv of first batch of options.
. Sectoral P and P: 9/93 . Rcvnew of preliminary waste minimization experiences by international industry sub-
mid-term review PF: 12/93 sector and methodology experts.
workshop TDand P: 12/93 e Expert visits to generate additional waste minimization options and to contribute to
- option evaluation and implementation.
‘ ) ‘ ¢ ‘Preparatior. of dnft waste minimization guide.
. Company P and P: 9/93-4/94 D Two to four visits by NPC team to generate and ¢ naluate additional waste minimization
assessment PF: 12/93-4/34 options and to evaluate progress in implementation of these options.
work TDand P: 4/94 ¢ Completion of the generic waste minimization guide.
¢ Completion of the barriers and incentives survey.
. Implementation 5-11/94 * Final evaluation of the company achievements by NPC team.
period ® Preparation of draft sectoral technical waste minimization manuals.
¢ Ongoing implementation activities in the companies.
. Dissemination 12/94 e Sectoral workshops.
workshops e National seminar.
® Preparation of policy recommerdations.
. Reporting 4-10/95 e Preparation of final report.
o Completion of the sectoral technical waste minimization manuals.
e Preparation of video.
Notes Pand P Pulp and paper industry
PF Pesticides formulation industry

TDand P Texule dyeing and pnnung industsy

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

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

* Introduction to waste minimization concept and
worl:ing methods (by international waste minimization
expert),

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

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

* Summary of the preliminary findings at one of the
companies {py NPC);

» Establishing working relations with interested
comparies.

This programme required two working days and was
attended by 5 to 10 companies. The workshops facilitated
team building among the participating companies as well
as with the study team. The working relations with the
interested companies have been formalized with a
memorandum of understanding between the companies
and NPC. This formalized — on one hand - the
commitment of the company to supply the necessary
company data to the study team, to implement the
feasible waste minimization opuions and to share the
results and experiences of the DESIRE project with
other companies and ~ on the other hand - the
obligation for NPC to treat the company data as
confidential. In addition, it was agreed that the
pariicipating companies would pay a token fee
(Rs10.000 (S330)) to participate in the project.

The first visit by the international experts to the
companies (after the sectoral introduction workshop) was
aimed at creating additional supgort for the execution of
the waste mini~uzation assessment at each company. In
order to do so. the waste minimization concept ac well as
the general requirements for a successful company level
assessment  (management  commitment. workers’
imvolvement and an organized approach) were presented
1o the factory management and staff. Additionally, a plant
tour was made in order to identify obvious areas for waste
mimimizatuon., such as lapses in  housckeeping.
maintenance and process control practices. The experts’
impressions of the site were reported as guidance to the
faciory management and the technical study team.

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

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

* Summary of sector-level achievements (by NPC):

* General comments on organization of waste
minimization activity in companies (by HRD expen);

* General comments on technical content of company
achievements (by UNIDO):

* General comments on methodological aspects of
company assessments (bv intermational waste
minimization expert).

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

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

1.5 Project organization

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

* Govemmental organizations: Ministry of Environment
and Forest (MOEF),

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

* Technical institutes; Central Pulp & Paper Rescarch
Instiute (CPPRI, Sahanpur), Ahmedabad Textile
Industries Research Associaiion (ATIRA, Ahmedabad)
and Institute of Pesticides Formulation Technology
(IPFT. Delhi);
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* Industry associations; Confederation of Indian
Industries (CIL, Deihi). Association of Smali Scale
Pulp and Paper Industry (ASSPPI, Delhi), South

Gujarat Pesticides Formulators  Association
(SGPFA, Ahmedabad), Wasic Minimization Group
(WMG, Surat) and Gujarat Textile Processors
Association (GTPA, Ahmedabad).

UNIDO took care of overall project management and
provided cither in-house or international experts in four
areas: a general waste minimization expert (10 examine
assessment  methodologies,  management  of
demonstration projects and design of national
programmes). a pulp and paper expert (to examine
technical aspects of waste minimization in the pulp and
paper industry); a textile expert (1o examine tcchnical
aspects of waste minimization in the
textile dyeing and printing industry) and a pesticides
expert (1o examine technical aspects of waste
minimization in pesticides formulation). Over the course
of the project. the functions of textile and pesticides
experts were fulfilled by two different persons, while the
general and paper experts were involved from beginning
to end.

The planning. organization and implementation of the
project were realised in joint consuliation between
UNIDO and MOEF. The Project Management Beard
consisted of the UNIDO senior environmental adviser,
a representative of the MOEF. the managers of the
technical study team (from NPC), the meta review
study team (from CII and the Indian Institue of
Technology [IIT]) and the international waste
minimization expert. The technical study team was
organized within NPC and consisted of the project
manager of the technical study team, the senior experts
in charge of =ach industry sector and the energy expert.
The three industry sector technical tcams 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 CIl and IIT.
Finally, the meta review study team was in charge of
the review of the company projects in order to idenufy
barriers and enabling measures. It was organized
within Corporate Insight and interacted extensively
with the technical team of NPC. This project
organization structure is depicted in figure 1.3.
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1.6 Concluding remarks

The DESIRE project was desigred in order to creats
successful examples oi the application of the waste
minimization approach in small-scale industries in
India and to create the necessary starting con Zitions for
dissemination and continuation of waste minimization
activities upon completion of the project. The
demonstration projects in companies constituted the
core of the DESIRE project. To that end, the technical
study team joined forces with commited industnies to
prove the financial and environmental benefits of waste
minimization in practice. Ie turm these joint task forces
were coached by a general waste minimizatuon
consultant and received technmical back up by
intemational industry subsector experts. Dissemination
of the results was from the very outset of the DESIRE
project one of the main concemns and activities. To that
end. a survey was made of constraints and incenuves
for waste minimization in order 10 idenuty possible
enabling policy measures. In addituon. one general and
three sectoral technical waste minimization manuals
were prepared. The results have been presented at
sectoral workshops and a national seminar.

Given the complexity of the project and the reed to visit
all participaung companics frequently. it has proven ven
valuable 10 concentrate the project in selected
geograpnical regions. In addition. in the DESIRE project.
the advantages of working with sectors of industres
instead of mixed industries. have outweighed the
disadvantages. The most obvious advantages of doing »o
proved to be fewer resource requirements fur getting
access 1o technical information and for familiansing the
technical team with the sector specific waste
minimization opportunities, less vulnerahihity 1o drop out
by participating industries (due to reasons outside the
project), cross-fertilization opportunities amongst
participating companies and ease of dissemination of
project results. The major disadvantage of companies not
willing to share information considered contidential with
competitors was climinated in the DESIRE projeci b+
selecting industries willing 10 innovate and by signing
confidentiality azrecments with the parucpaung
companies.

The DESIRE project merged a waste mimimizauon
demonstration project with 3 project o tfrain
consultants/trainers. As part of DESIRE. the technical
team received practical wasie minimization training and
implemented it in a number of selected industrics. The
coaching of the national experts was crucial for the
success of the project. Coaching was provided by
international sector experts (at the beginning and at the
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mid-point of the company assessments). a generai waste
munimization 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 (supporting the establishment of
company level teams and setting the stage ior the
systematic identification, evaluauon and implementation
of waste minimization opportunities) and to postpone

input from the industry subsector expert to the mid-term
review (in order to provide tator-made technical
solutions to the problems idenutied in the companies).
The ongoing involvement of the general waste
minimization trainer then provides continuity in the
coaching of the national technica! experts and serves as a
liaison between the organizational and technical
opportunities for waste minimizaton.
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Chapter 2
Constraints, catalysts and
enabling measures

2.1 Introduction

The implementation of waste minimization requires
a shift in the way environmental factors are dealt
with at the company level. Instead of dealing with
environmental problems once wastes and emissions
are gencrated. a proactive approach should be developed
in which environmental concems are integrated into
the design and operation of industrial activity.
thereby avoiding waste generation in the first place.
Intermational experiences, however, show that
the development of such proactive approaches is
hampered by 2 number of constraints and they might be
fostered by various incentives. These might be as diverse
as attitudes (such as resistance to change).
organizauonal factors (such as inappropriate job
division). economic factors (such as low resource pnces)
and technical factors (such as non-availability of
technologies to solve waste-generating processes)
(OTA. 1986: Dicleman, 1991; Hirshorn, 1991; UNEP.
1994). Some of these factors encourage a company
to take a preventive approach, while others inhibit or
even obstruct 2 company from doing so. One of the
goals of the DESIRE project was therefore 10 map out
this field of influences in order to be able to formulate
recommendations for waste minimization fostering
policies.

The main constraints that need to be dealt with in efforts
to foster the implementation of waste minimization
in SSIs are discussed systematically here. We also
show how these constraints were tackled within the
framework of the DESIRE project. The base matet:al
has been generated by the meta review study team,
which idenufied bamiers in the course of the
demonstration projects, assisted in taking corrective
mid-course actions and evaluated the implementation
results (Sethi. 1994; Chandak, 1994). To that end, an
assessment was made of the management organization.
the management commitment, the management
systems, team building and technology in each company
participating 1n the DESIRE project. The findings have
been organized in seven major groups;

1. Attitudinal constraints;

2. Systemic constraints;

3. Organizational constraints;
4. Technical constraints;

5. Economic constraints

6. Governmental constraints;
7. Others.

This categonization is. however, not always uncquivocal;
barriers encountered in a2 company might be the result of
a number of coinciding constraints. The above sequence
reflects ~ to some extent — the sequence in which bamiers
are often encountered in practice in the course of the
implementation of waste minimization in a particular
company. This will be elaborated in section 2.9, after the
discussion of cach of the categories separately in sections
221028

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

2.2 Attitudinal constraints, catalysts
and enabling measures

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

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

1. Indifference towards housekeeping and environmental
affairs;

2. Resistance o change.
Each of these will be eiaborated and illustrated below.

1. Indifference towards housekeeping and
environmental affairs

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

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 1o control the processes in order to safeguard
productive output. Such deviation is therefore resisted.
which in turn inhibits expericuentation with waste
minimization practices. This is again fed by the lack of
succzss stories or demonstration projects which could
instile confidence of the employees to try out waste
minimization. Such resistance to change is the breeding
ground for the NMF (Not Me First) syndrome. wherein
people would be willing 1o be the second person 1o try
out an idea provided it has been successfully
implemented elsewhere.
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Catalysts

In order to ease these attitudinal constraints, the study
team decided to try to activate the following catalysts
as part of the waste minimization project in each
company:

1. Early success with waste minimization: since
early successes might encourage management as
well as operators and supervisors (o 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 opiions in the first place.
Such no- and low—cost options often consisted of the
climination of lapses in housckeeping, maintenance
and process control, which could easily be identified
during the first joint visit of the national and
international experts to the company and which had
obvious financial pay-offs. These positive experiences
then paved the way for more detailed data gathering
and analysis and the development of more compiex.
and often higher cost, waste minirization options.

(]

. Employee involvement in waste minimization: given
the need 10 change operators’ and supervisors’
autitudes, full attention was given to involving
employees right from the start of the waste
minimization option generation process. While doing
s0. it was found that in many cases emplovees were
willing to accept and implement changes if the
benefits were properly explained and illustrated.

Enabling measures

With a view to the dissemination of waste minimization

practices, the following enabling measures have been

proposed in order to deal on an ongoing basis with the
attitudinal constraints in Indian SSIs:

1. Encourage experimeniation (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.
expenmentation should start with no- and low -cost
waste minimization practices such as improved
housekeeping and process optimization. and
gradually be extended on the basis of the lessons
learned and experience gained.




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

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

2.3 Systemic constraints, catalysts
ana enabling measures -

In the absence of production monitoring data and
routine procedures for analysis and evaluation of such
data, waste minimization auditing is deemed to end
in subjective and tendentious discussions. Data
collection and the deveiopment of informatton systems
within the company are the obvious remedial aciions.
The financial benefits for the entreprencur of not
keeping such production records might. howevar,
outweigh the obvious advantages of appropriate
data collection and evaluation for the purpose of
production process optimization. Although collection of
baseline data is an important starting cond:tion for the
development of waste mimimization activities. it 1S most
often not necessary to do so until obvious lapses in
housckeeping and equipment maintenance have been
climinated. Generally speaking. it makes far more sense
to repair, for instance, a leak than to monitor the water or
steamn losses caused by the leak. Since it was anticipated
that Jack of documentation and reliable records would
be a major obstacle towards waste minimization in the
DESIRE project. provisions were made for on the spot
monitoring of energy. water and materials consumption,
productive output. wastes and emissions.

Fig'ure 2.1: Summary of attitudinal constraints, catalysts and enabling teasures

The DESIRE project revealed that the systemic
constraints ir. Indian SSIs can best be grouped as:

1. Lack of professional management skills;

2. Low quality production records:

3. Inadegquate and ineffective management systems.
Each of these will be elaborated and illustrated below.

1. Lack of professional management skil's
Managerial attitudes are generally poorly developed
in SSIs which in tum affects the at lity of the company
to systematcally identify, evaluate and implement any
kind of improvement opportunities. including waste
minimization. The lack of professional management
skills is especially evident in the following areas:

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

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

1. Indifference towards housekeeping
2. Resistance to change

. Catalysts

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

" Enabling Measures

1. Encourage experimentation
2. Publicize early successes

Constraints, catalysts and enabling measures




perform as supervisors and in tum to instruct, control
and guide other workers. The supervision aspect thus
suffers from the operators view of the supervisor as
being one of their senior colleagues instead of a ‘shop
floor manager’ to whom they are accountable.

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

2. Low-quality production records

Most of the narticipating 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 sull simple in comparison to the
development of skills for daa analysis and evaluation.
With no direct results coming from data generation, the
interest of the project team and commitment of the
entrepreneur usually dwindle fast. -

3.Inadequate and in=ffective management
systems

In the absence of a2 well-defined management system,
the reporting lines, responsibility and accountability
are often assessed on a subjective basis. In response to
these subjective performance criteria, the employees
will tend to avoid any non-routine work like waste
minimization. The impertection of the management
systems is particularly evident in areas like:

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

* Production planning: production schedules are mostly
prepared on a day-to-day basis. This hampers any

systematic work, such as baseline data collection or
assessment of the impact of implemented measures.
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Catalysts

In the course of the company level waste minimization
audits, the study team found that some companies had
distinct features which greatly helped them in getting
started with waste minimization. These systemic
catalysts encompassed:

1. Proper documentation and planned layout:
Historically the design, procurement and installation
of productive equipment took place in a rather
haphazard way, following the perceived business
opportunities and supplier preferences of the
entreprencur, with little — if any - comparative
evaluation of different technical opportunities or
planning of the equipment layout. The result was
inefficient plant layout and suboptimal dimensioning
of various parts of the productive equipment and
utilities. It was encouraging, however. 1o notice
that mos! of the participating units, in parucular in the
textile industry, had come to realize the shortcomings
of such an approach and had improved the
preparation and documentation of their latest
revamp and capacity expansion projects. This
documentation served as excellent starting material
for collection and evaluation of the necessary data
for the waste minimization assessments.

(8]

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

Enabling measures

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

1. Training of plant level waste minimization team:
It is highly recommended 10 conduct a training
session with the plant level waste minimization team
at the start of the waste minimization assessment. The
training session should clarify the objective of waste
minimization in the first place, which is to reduce the
environmental irapacts through im‘provcmem of the
production efficiency. In addition. it should illustrate
the importance and benefits of planned production




[

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

. Develop simple management indicators: In the

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

Figure 2.2; Summary of systemic constraints, catalysts and enabling measures

3. Top-down housekeeping drive: As proven by the

experience of some of the companies which had
started with the irtroduction of housekecping
controls, housckeeping 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
exampie’: they should not spoil matenials 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).

. Dissemination of success stories: Waste minimization

success stories might help in creating general
awareness for waste minimizauon. 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 genenc
maraals and workshops can contribute to the
dissemination of such success stonies.

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

1. Lack of professional management

skills

2. Low quality production records
3. inadequate and ineffective
management systems

Catalysts

1. Proper documentation and pianned
layout

2. Proper housekeeping and
maintenance provisions

Enabling Measures

1. Training of plant-level waste
minimization team
2. Development of simple
management indicators
. Top-down housekeeping drive
. Dissemination of success stories
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2.4 Organizational constraints,

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

The experiences in the participating companies.
illustrate that the organizauonal constraints can best
be categorized under three separate. but strongly
interrelated. organizational features of SSls:

1. Concemratior: of decision making powers;
2. Emphasis on production,
. Non involvement of emplovees.

(oW

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
wasle minimization team therefore does not feel involved
in, nor committed to. wasre minimization. This, in tm,
is reinforced by a general lack of recognition of the
employees by the decision makers; typically employees
in SSIs 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
assigned jobs. The immense impact of other forms of
motivation such as public recognition. awards etc. is not
ye: realized. The employces, therefore. lack the imtiative
10 take up new and challenging assignments (like waste
minimization). This lack of employee initiative, in tum,
sustains the concentration of the decision-making
faivers.

2.Emphasis on production

Owing to the overemphasis on production by owners,
the time and efforts required for conducting the waste
minimization assessment often get relegated to second
prionity. In some companics, emphasis on production
was sustained by the fact that payment of employees was
on a production basis; the higher the productive output.
the higher the payment of the involved employees,
without taking into account that less care was taken (and
thus more matenials spoiled) in order to achieve this

higher productive output.

3.Non-involvement of employees

Production personnel do not participate in waste
minimization activities until and unless ordered by
the chief executive (or owner). Once started. waste
minimization team members again face the general
lack of recognition. High tumover of techmecal staff is
then to be expected because the technical staft faces
excessive workloads and poor remuneration. especially
at the junior !=vel. This. in tumn. limits the abihuy of the
enterprise to work on waste minimization as the
experience gained by one team disappears with the
departure of another tcam member.

Catalysts

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

1. Family supervision: Huge difterences 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 1o be easier
to organize the waste minimizaton efforts
cffectively. Apparently, the technically qualified
owners got more satisfaction from optimizing their
production than the non-technically qualified
owners who co-operate with chartered engineers or
consultants to run the production.
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. Sharing of information (on costs etc.): Information-
sharing provgd crucial in almost all company level
assessments. Within the company, sharing of cost
data between managers and operators encouraged
operators to work more carefully with high-cost
materials. On the other hand, sharing of information
on perceived causes of equipment failure or off-




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

Enabling measures

On the basis of the experiences in the DESIRE project,
the following enabling measures arz rccommended in
order to deal with the organizational constraints in
SSls:

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

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

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 mintmization measures.
In addition, efforts should be undertaken to involve
one or preferably a few of the most concerned
supervisors and operators (shop floor workers) in the
waste minimization team.

. Recognition for waste minimization efforts: Once

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

3. Assigning costs 10 production and waste generation:

In order to expand the scope from the management
from just production output to more comprehensive
control over the efficiency of production. 1t is
necessary to assign costs to the different production
factors and waste streams. Comparauvely simple
calculations of the monetary value of the raw
materials. chemicals and products lost with a
particular waste stream normally incite managers to
take action, as was illustrated in the DESIRE prozect
with calculations on cost of fibre loss (pulp and paper
sector) and pnnt paste remnants (textile printing
sector).

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

1. Concentration of decision-making

powers

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

Y N\

Catalysts

1. Family supervision
2. Sharing of information
(on costs etc)

. Enabling Measures

1. Organize a capable project team

2. Recognise waste minimization
cfforts

3. Assign costs to production and
waste generation

Constraints, catalysts and enabling measures




2.5 Technical constraints, catalysts
and enabling measures

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

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

. Limited techiical capabilities;
. Limited access ro technical information:
. Technology limitations.
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Each of these will be elaborated and illustrated below.

1. Limited technical capabilities

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

¢ Lunired or non-availabiliry of trained manpower: In
the absence of in-house or locally-available technical
personnel to  undertake or guide the waste
minimization assessment, the individual companies
are consiraired to take it up on their own. To case this
lack of technical manpower. the participating
companies strongly relied upon the technical expertise
of the NPC. which in tum had to expand the envisaged
level of techmical assistance to each of the compantes.

m From Waste to Profits

» Lack of monitoring facilities: Due 1o the lack of in-
house monitoring facilities required for conducting
the waste minimization assessment. the industnies
have 1o depend on extemnal agencies (NPC in case of
the DESIRE project). Such agencies are few,
expensive and located far off. Basic data collection
therefore becomes a major limitation in conducting
waste minimization.

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

2. Limited access to technical information
Generally SSIs have hmited access to informauon and
success stories on low resource consuming and low
waste techmques wuthin the country as well as
overseas. Furthermore. there 1s almost total absence of
technical literature. The information available from
abroad is neirther directly relevan: nor tailor-made to
the technical status and si1ze of operations of SSIs.

3. Technology limitations

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

Cataiysts

Some of the participating companics in the DESIRE
project distinguished themselves from the majonity of
the SSIs and had 2 comparauvely skilled technical staff




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

1. Technically skilled staff- Given the need to improve
the operation and management of the production
technology. the companies having technically skilled
staff members had less problems in getting started
with waste minimiza‘ion. Normally, these techmcally
skilled staff members had already taken the lcad
in their company to develop quality assurance
policies and tools and/or started to experiment with,
for instance, the use of alternative chemicals or raw
materials. These staff members could easily abscib
the waste minimization concept and had the ability to
transfer the general working method to the specific
circumstances in their own company.
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. In-house fabrication facilities: Given the tradition
in SSIs to develop and modify production equipment
from old discarded equipment, expericnce and
expertise have been gained in finding smart. but
simple, technical fixes for problems encountered in
the operation of the previously discarded equipment.
Especially those companies that cperated in-house
fabrication facilities (mechanical, electrical or civil
workshops) had such experience and expentise, and
could employ this in order to identify appropriate
wasle minimizaton solutions (or to modify suggested
improvements from the outside experts into such
solutions).

Enabling measures

The technical constraints discussed above are not specific
1o waste minimization only. These inhibit any innovation
in SSIs being in favour of product quality improvement,
production expansion, energy conservation elc..
Therefore. most general measures undertaken to improve
the technical skills and capabilities for SSIs will also
favour waste minimization. These might include
technology development, demonstration and diffusion
projects. technical training and building an infrastructure
for technical support to SSIs. In addition to these genenc
enabling measures, the following can be recommended
to specifically foster waste minimization:

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

techniques and technologies could be a very powerful

instrument to abate existing technical constraints. The
publication of technical waste minimization manuals
as well as the organizarion of workshops and seminars
are valuable starting points. However, it shouid be kept
in mind that nume-ous SSIs are difficult to reach since
by themselves they do not read technical literature
nor consult technical service institutes. Therefore,
intermediary organizadons like small industries
service institutes. professional organizations, industry
associations and probably even equipment suppliers
should become involved in delivening the successful
waste rinimization techniques and technologies to the
companies.
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. Need-based support for environment-driven R&D:
There are obvious areas in which state of the a1t
technology is not vet able to prevent environmental
problems at typical production scales for SSIs. In
order to eliminate these technology and technique
gaps. R&D support could be useful. This suppon
however has to meet the needs of SSIs (1o fit 10
the exisung technical status, size and investment
capabilities of SSIs) and integrate minimization of the
environmental burden as onc of the development
objectives 1n the technical research.

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

2.6 Economic constraints, catalysts
and enabling measures

Although the DESIRE project proves the validity of
the waste minimization adage *from waste to profits’,
economic constraints can still hamper the development
and implementation of waste- minimization in
companies. This is essentially so because resources
(statf ume. monitoring efforts etc.) have to be invested
up front 1n the waste minimization assessment. without
knowing exactly what financia! benefits (input cost
reduction. production expansion., product quality
improvements etc.) can be gained from doing so. The
DESIRE team came across four types of economic
constraints:

1. Prevalence of production quantum over production
cosIs;

2. Resource pricing and availabilir;

3. Ad hoc investment policy;

4. Capual avaulabiliry and costs.

Constraints, catalysts and enabling measures




Figure 2.4: Summary of technical constraints, catalysts and enabling measures

1. Limited technical capabilities
2. Limited access to technica!

information

3. Technology limitations

/N

' Catalysts

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

The economic constraints referred to in this secuon are
to be encountered in different stages of the introduction
of waste minimization. The prevalence of production
quantum over production costs and resource pricing
and availability carryv great weight when trving to
obtain management commitment and involvement in
the execution of a waste minimization assessment.
Resource pricing and availability continue to plav a
role in evaluating the generated waste minimization
opportunitics. along with ad hoc investment policies.
In an even later stage. when decisions have te be made
about 1nvestments in waste minimization solutions,
capital availability and costs as well as ad hoc
investment policies can act as economic constraints.
Each of the economic constraints will be elaborated
and illustrated below.

1.Prevalence of production quantum over
production costs

The prevailing fiscal incentives. viZ. concessions in
excise duty. sales tax etc., arc mostly related 10
quantum of production with little or no relevance 1o
cost of production. This coincides with the perception
of fixed production costs arising out of the trader’s
attitude of most of the owners of SSIs (see alse section
2.2). The tendency of entrepreneurs is therefore to
concentrate on maximisation of production to derive
maximum financial benefit. Cost reduction exercises
such as waste mimimization get relegated to secondary
and tertiary levels of importance.

2.Resource pricing and availability
The prevailing low prices and abundant availabiluy of
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Enabling Measures

1. Dissemination of waste
minimization techniques and
technologies

2. Need based support for
ennironment driven R& D

natural resources such a» agro-residues. water ete. in
most areas dampen the impetus tor :dentifving and
implementing waste minimization measures. It should
however be nouced that in heavilv industriahized
zones. resource scarcity has become 2 major concemn
for industnal entreprencurs. In the DESIRE project.
this played a role 1n the texu!e dveing and prinung
industry in Surat. which 1s in urgent need of “soft”
water.

3.Ad hoc investment policy

The inadequate and incffect:ve management systems
(see section 2.3) sustain ad hoc investment policies in
SSIs. This ad hoc nature of investments disfavours
waste minimization in several interrelated ways:

* Liminng economic analvsis to obvous direct costs
and benefits: The economics of all investments
(ncluding waste mimimization measures) are
computed mainly on the basis of direct financial
retums and short term financial gains. Therefore. only
increases 10 produchon capacity. reducuions in the
consumption of raw  matenals and fuels
and obvious reductions n  production costs
{such as reduction of workforce nceded) are
accounted for. The benefits accruing from reduced
pollution control costs and clecincity savings are often
not accounted for on a routine basis, because in many
cases no such costs are currently incurred. As savings
on these environmental costs are often a major part of
the economic benefit of waste minimization measures.,
their exclusion disfavours acceptance of wasic
minimization.




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

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

4. Capital availability and costs

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

Catalysts

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

1. Company financially-sound: Since it is evident that
financially sound companies are icss vulnerable to
the economic constraints, the perceived financial
soundness of the companies has been used as one of
the critena for the company selection. Accordingly,
in cach sector ai least two comy ~*nies participated in
which capital availability for implementation of
waste minimization would not be a major problem
given the proven economic feasibility of the
proposed waste minimization measures.
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. Financially-attractive oprions: Since it had been
recognised in the preparation of the project that the
implementation of financially-attractive wasle
minimization options could be a strong catalyst for,
waste minimization, the assistance to the companies
has been focused on the identification of waste
minimization options requiring low to medium
investmients and having obvious financial returns.
The impiementation of such low- and no-cost,

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

Enabling measures

The experiences in the DESIRE project lead 1o the
identification of the following measures to enable
companies to deal with the ecoromic constraints for
wasle minimization:

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

2. Long 1erm industrial 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 policics would
help the industries in merging waste minimization
intc the inve tment planning and in taking suitable
steps to be more and more competitive without
artificial fiscal protection.

3. Financial incentives: Special financial schemes
might have a huge impact on the capital cost
and availability of SSIs for waste minimization
investments. To foster the implementation of high-cost
waste minimization options, financial schemes could
be developed by government or donor agencies
which give prionty to waste minimization proposals
over end-of-pipe proposals. To suit SSlIs. such
schemes should be procedurally simple and easilv
accessible. In addition, fiscal incentives can be
created for waste minimization. These might include
automatic capacity enhancement. preferential
purchase in the government sector, a 100 per cent
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depreciation allowance on investments in waste
minimization etc.

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

2.7 Governmental constraints,
catalysts and enabling measures

Governmental policies affect company decision-
making. and might thus cither hamper or incite
companies to adopt waste minimization. With a view
to fostering waste minimization. industrial and
environmental policics are expected to be most
cffective. In each of these policy areas, legislative
initiatives are developed, which require training and
institutional capacity building — both within the
industrial community within various governmental
organizations — in order to be effectively implemented
and enforced. Although neither industrial nor
environmental policies have been assessed in full detail
as pant of the DESIRE project, a preliminary inventory
of govemnmental constraints and incentives has been
made on the basis of the experiences within
the companies. The following summanzes 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 industnial policy is not conducive
to waste minimization cfforts. In the course of the
DESIRE project, for example, a reduction was
announced of the excise duty excemption from agro-
residue-based paper, which upset the economics of this
sector completely. With such uncenainties, industries are

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

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

2 _Environmental policies

Regulatory authonties still emphasize exclusively
achieving stipulated environmental discharge standards.
No weight is given to reduction of the generation of
waste. The entrepreneurs, therefore, prefer using
conventional end-of-pipe control practices which satisfy
the regulatory authonities rather thar: adopiing waste
minimization practices which are open to question by
the authonties. Another area not yet covered by
environmental regulations is utilization of ground water,
which is a2 major industnal resource for numerous
industry sectors (st ~h as textile dveing and printing and
pulp and paper manufacturing). The pnice of ground
water is based on the pumping cost and a nominal tax.
This is far too low to justify financial retums even from
low-cost water conservation measures.

Catalysts

Given the limited pressure from governmenial
authontics on industries to reduce their environmental
loadings. it was very promising to notice that a number
of the participating companies had already taken self-
responsibility and showed senous commitment
to improve the environmental performance of their
operations. The reasons for such self-responsibility
differed from company to company. In the participating
textile dyeing and prnting companies. the self-
responsibility was most profound and based on cuncemns

1. Prevalence of production quantum
over production cnsts.

2. Resource pricing and availability

3. Ad hoc investment policy

4. Capital availability and costs

4

: Catalysts '

1. Companies financially sound
2. Financially attractive options

N

- Enabling Measures

1. Proper cost allocation and planned
investments

2. Long-term industrial policies

3. Financial incentives




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

Enabling measures

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

1. Area-wide, voluniary 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
10 the costs of trial implementation of selectea waste
minimization options, the costs of technical support,
the cost of study tours etc. In order to avoid
undertaking similar initiatives by different waste
minimization groups in different parts of the country,

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

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

2. Enfercement of environmental legislation: Since
numerous SSIs do not yet feel the need to undenake
action (0 protect the environment or bear any pollution
control cost, there is a serious need to improve the
enforcement of environmental legislation. Although
numerous suggestions can be made o improve
environmental legisiation in order to make it more
waste minimization oriented, it is felt that
enforcement of existing environmental legislation will
be more effective in fostering waste minimization on
the short term. Unless enforcement is taken seriously,
entrepreneurs will not perceive the need 1o include
environmental concems in their business activities.

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

2.8 Other factors

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

(< 2
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2 Envmmmental policies
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- Enabling Measures

1. Area-wide voluntary waste
minimization groups .

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

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

2.9 Concluding remarks

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

Attitudinal:
Systemic;
Organizational;
Technical:
Economic;
Governmental;
Others.

Nownes LN -

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

There appears to be a set sequence in which the five
topical groups of constraints normally appear when
introducing waste minimization in companies. The first
constraints facing both companies and extemal agencies
are normally attitudinal. These become evident in vanious

VLI From Waste to Profits

misunderstandings as to the opportunities for waste
minimization and the financial as well as environmental
benefits to be gained by the implementation of waste
minimization. This means that when encouraging waste
minimization in companies, a great deal of anenton must
be devoted to these attitudinal constraints. Once these are
broken down — at least to some extent — and the
management has decided to start a waste minimjzation
assessment, it is common (o encounter systemic
constraints (especially non-availability of information for
conducting the assessment) and organizational
constraints (especially towards the establishment of a
properly functioning waste minimization team in the
company). In a subsequent stage, waste minimization
opportunities, which might face technical constraints
have to be generated and evaluated. In the last stage - the
actual implementation of waste minimization solutions —
cconomic constraints mzght be most profound.
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Chapter 3

Audit methodology

3.1 Intrnduction

It is almost impossible to disseminate waste
minimization results on an option-by-option basis,
as waste minimization options have to suit the processes,
technologies and materials used, product specifications
to be met and development stage of the management
system. A waste minimization “solution” for one
company may thercfore not be the best waste
minimization “opportunity” for another, highly
comparzble company in the same sector.
The dissemination activities thus have to focus on the
audit methodology that enabled the companies to
identify the 1ailor-made waste minimization solutions,
instead of on the solutions found. By doing so, the audit
methodology is used as the wehicle for
the dissemination of waste minimization achievements
and experiences.

Waste minimization audits are often characterized as
systematic planned procedures with the objective of
identifying ways to eliminate — or at least reduce - the
generation of waste and emissions. Furthermore,
an audit should contribute to the initiation of on-
going waste minimization activities, catalysing the
corporate effort in achieving continuous environmental
improvements in its operations (Van Berkel, 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 Berkel, 1994):

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

* Development of alternative, waste minimization
options: This is reflected in different sets of
standardized prevention techniques used io facilitate
option generation.

* Extemal guidance to companies: Some audit

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

The explanation of the waste minimization concept in
section 1.2 already specifies the general prevention
techniques to be considered in the DESIRE audit
methodology. The external guidance provided in the
frame of the DESIRE project is already described in
the workplan (section 1.4). This chapter therefore
focuses on the organization of the audit process in the
DESIRE project.

The development of the audit methodology tailored
to the needs and capabilities of Indian SSIs was 2 crucial
part of the DESIRE project (second aim as specified
in section 1.3). At the stant of the DESIRE project,
an audit manual was drafted by the technical study team.
This draft was almost completely derived from
international examples, in particular the PRISMA/
PREPARE “Manual for ihe 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-residuc-based 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;

e Lack of professional project organization and
management skills.

It was therefore decided to start “from scratch” and
develop a new audit methodology tailored 1o the needs
and capabilities of SSIs. To this end, inputs from the
technical teams, the meta review study team. CII and
the international experts were gathered during a
brainstorm and transferred into a DESIRE audit
methodology. The experiences in the three sectors were
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then used to further develop and test a general waste
minimization guide (NPC, 1994) and three sector
specific technical waste minimization manuals (Gupta,
1995; Kuttiappan, 1995; Pervez, 19935).

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

3.2 General guide

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

FROM WASTE T0 PROFH'S GUIDEUNFS FOR WAST E MINIMIZATION i
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Box 3.1: Summary of the content of the generic quidelines for waste mrn'imizatior) (NPC, 1994)

Objective and outline

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

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

1. Attract attention for waste minimization;

2. Establish the need for waste minimization;

3. Suggest waste minimization as the solution;

4. Provide a framework for the implementation of
waste minimization;

5. Identify additional assistance.

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

Attractive introduction based on three mdustry asc-studlc.s, rllustratmg that thesc compames wcre not of aware bow
much money was lost with wastcs and emissions and how :hcsc oould be conv:ned in extra proﬁts. .

" Chapter 2: * O even more!

Explanation and illustration of the other bencﬁts obtainable mth wastc rmmmlzatron Tike lmprovement of th' work
environment, quality improvement, image, compliance and new market opportunities.

_Chapter 3:  Waste minimization gets it!

.. 'Explanation of the waste minimization concept and thc generally appliablc approachcs, mth mdustnal mples ln
addition, the essential conditions for waste minimization are summarlzed mauagemcnt commnmcm. opemor

involvement and an orgamzed approach

“Chapter 4: Letsdoit!

‘ChapterS: Justincase - -

Listing of useful documcntatuon and contacts for addmonal assostance
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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:

1. Genting siarted: Planning and organization of the
waste minimization audit, including the establishment
of a project team and the selection of the avdit focus.

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

3. Generating waste minimization opportunities:
Development and preliminary selection of waste
nunimization opportunities.

4. Selecting waste minimization solutions: Evaluation
of the technical and financial feasibility and
environmental desirability of waste minimization
opportunities in order to select feasible waste
minimization solutions.

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

6. Sustaining waste minimization: Perpeating
continuous search for waste minimization opportunities.

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

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

interest in waste minimization
" Phase 1: GETTING STARTED

Task 1: Designate waste minimization team
Task 2: List process steps [unit operations]
. Task 3: dentity and select wasteful process steps

P selection of waste minimization focus
Phase 2: ANALYSING YOUR ROCESS STEPS i

Task 4: Prepare process flow chart .

. Task 5: Make material and energy balance
Task 6: Assign costs to waste streams -~ .-
Task 7: Review of process to identify waste causes

-— . aa. - . m-a

. ¥ listing of process waste sources and causes
Phase 3: GENERATING WASTE MININMIZATION OPPORTUNITIES
Task 8: Develop waste minimization opportunities o
Task 95clect workable opportunities . :
' listing of waste minimization opportunities
Phase 4: SELECTING WASTE MINIMIZATION SOLUTIONS
Task 10; Assess technical feasibility Do
Task 11: Assess financial viability
! Task 12: Evaluate environmental aspects
Task 13: Select solutions for implementation i
I listing of waste minimization solutions
Phase 5: IMPLEMENTING WASTE MINIMIZATION SOLUTIONS

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

' successfully implemented waste minimization solutions

"~ Phase 6: SUSTAINING WASTE MINIMIZATION

Task 17: Sustain waste minimization solutions ) :
Task 18; identify and select wasteful process steps S S
] 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:

1. Designate waste minimization team: The team should
be made up of representatives from the groups in the
company that will have a major interest in waste
minimization. Size and composition of the team
should fir 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 bc needed.

2. List process steps (unit operations): All process steps
shouid be specified, including utilities, siorage and
waste treatment and disposal facilities, in order 0 get
a proper overview of all manufacturing processes.
The team should specifically highlight major and
obvious waste generating areas and, if possible,
identify the reasons for waste generation. In addition,
housekeeping and process control practices should be
broadly assessed. Special attention should be paid to
peniodic activities e.g. washing and regeneration (of
catalysts, absorbents etc.) as these are often highly
wasteful but still overlooked.

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

2.Analysing process steps

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

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

diagram. This is however crucial for the smooth
development of the waste minimization audit.

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

6. Assign costs 10 waste streams: In order to assess the
profit potential of waste streams, the monetary loss
incurred by a waste stream should be evaluated. A
preliminary estimate can be made with a calculation
of the cost of raw material and intermediate product
lost with the waste stream (like fibre loss in the pulp
and paper indusiry). A more detailed analysis might
reveal additional costs, including the cost of raw
matenals in waste, the manufacturing cost ¢ f matenal
in waste, cost of product in waste. cost of r.eatment of
waste, cost of waste disposal, waste tax etc.

1. Review of process 1o identifs waste causes: A review
of the processes should locate and highlight the causes
of waste generation (cause analysis). A wide vanety
of possible causes should be considered, including
for instance poor housekeeping. operational and
maintenance negligence, poor raw material quality,
poor layout, bad technology, inadequately trained
personnel and employee demotivation.

3.Generating waste minimization
opportunities

Having identified and assigned causes to waste generation,

the audit team can move on to determining waste

minimization opportunities which eliminate these causes.

The following tasks necd to be undertaken to this end:

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




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

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

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

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

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

13.Select solutions for implementation: The results of
the technical, financial and environmental evaluation
have to be combined in order 10 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.Impiementing waste minimization
solutions

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

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

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

16 Monitor and evaluate results: A performance
evaluation 1s 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 activiues:

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

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

steps™).

3.3 Technical manuals

The generic guidelines for waste minimization focus on
industrial entrepreneurs in order 10 convince them of the
opportunities and benefits of waste minimization. The
guidelines contain only a brief and general introduction
10 the techniques of waste minimization auditing. It is
envisioned that these entreprencurs will then pass on the
job of implementation of waste minimization to their
technical staff. In order to serve this technical staff in the
execution of the waste minimization audit, a series of
sector-specific technical manuals has been developed.

Objective and outline

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

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

1. Establish the potential for waste minimization;

2. Suggest waste minimization as the solution;

3. Provide a set of practical approaches.

4. Provide a framework for the implementation of
waste minimization;

5. Identify additional assistance.

This has been elaborated into a technical manuai of about
100 pages for the the agro-residue-based pulp and paper
industry, textile dyeing and printing industry and
pesticides formulation industry. Each manual contains
numerous examples and technical details. The content is
summarized in Box 3.2. Table 3.1 has been compiled to
summanze 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 pracucal experiences in
the participating companies to the proposed audit
methodology. The results of doing so have been

Box 3.2: Summary of the content of the sector-specific technical
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Chapter 1:  industry profile T '.*"i*"" peg P
. Short introduction to proccsscs, techmqucs, ﬁmml and envnronmultal pmblems in thc
industry sector. - : L R ) . o

Chapter 2: Waste minimization: principle, necd and potcntul 3 '; e ’ )
Explanation of the coverage of waste minimization (generaliy applu:able tcchmqucs) mth appllcatwns from thc
respective industrial sector. An estimate is given for the financial and environmental benefits to Ix gamcd from
adopting waste minimization in an average umt in the rcsptctlvt mdustry sector.

Chapter 3: Wastc minimization opportunities - . - - - e o ' o
Comprehcm listing of suggested waste mmlmzzanon oppoftumues. ofgamzed pcr proccss Iea {unit openuon)
in the respective industrial sector. Each opponumty is broadly assessed on financial, techmal aspectsand
environmental benefit. - - ;1 - _ _

Chapter 4: Let'sdoit . >
Description of the waste minimization audit u;gthodologv {sec figure 3.1), tailored to the opponumtucs and
constraints of the industrial sector. Some worbhects have been add=d in order to streamline data collection and
evaluation for the industrial sector. e )

Chapter §:  Barriers to waste minimization and enabling measires - Conn T Lo
A summary of the most important barriers that might be encountcred in the industrial sector and taulov-mde .
enablmg mcasurts to th& mdustry spcaﬁc consmmts. . .

case-studies .- B *' -

The results and apencm o[ the wastc mmumutwn audlt in two companies panmpatmg in the DESIRE pmject are
included as annexes to the manual = s- " d ) o

Sources of additional information ' ;7"

VR ]
bstmg of useful documentauon and contacts for tddmonal asscstance

or.l.!;,u enls -_....‘" e e - : ° - i . Lot

— - . . .*.'.\-'
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Tabte 3.1:

Coverage of the technical waste minimization manuals at a glance
(Chandak et al,1995a, 1995b, 1995¢)

potential, ~-papes pmduchgn e
(environmental) .- fibrez] = 40-100 kg
% o -causticz - 10-15 kg
. - additives: - " 1-2° - kg
- steam: . 05-15  ton
- . clectricity 60-120° kWh
- ’ " water consumption: .
T, - - : 60-120 m3
Waste minimization”  Savings on materials, energy
‘potential* and water; > - -
(financial) Rs 700-1 800 Iton papcr :
- R e Savmg' on efﬂucnt tr:atmcnt ‘
’ : Rs 500 Iton paper production -
 Capacity expansion generally - -
- possible but rot well
quantified
note: 30Rs=1$

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

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

o e Potznual mductlons p:rton '

* 60 % rcductlon of losses
- - formulation compounds;

: . solvtnts)

‘e Rssomo-somolyr savmgs,

(soapstone. granuks. ;

'sav...g‘sa:.ﬁ.'.amn

- on raw materials pcr 39— : energy and i water:

* formulation unit ‘Rs 700000t0 ~ -
“® Capacity cxpanswn gcncrally #-,+1,500,000fyear -

possablcbutnot T R

quantlf cd'

casily facilitate the proper development of the waste
minimization audit in a particular company. To this end, the
outside expert basically has to see to the reasonable
execution of each of the tasks specified in the audit
methodology by the company audit team. Such a
programmatic role does not require much technical
expertise from the outside expert; it requires rather the
ability to motivate and enable the company level audit team
10 execute the audit by itself (Van Berkel, 1994). In this
role, the outside expert resists the temptation to overtake the
audit tasks from the company audit team because a waste
minimization audit execuwed 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 expenences with the DESIRE audit methodology

d"‘“‘ PRO CESS """‘

4.0nﬂnspotvmﬁutlonof
ﬂowd\arts.

= facilities hampers
ko prepantlonofmmct Do i
- -flow chart. . : o o

L o~

% 5.Non ava?lability of 5.Assist in data collection Improve explanation of
" _sufficientiy detailed data; and evaluation; supply logical option generation
lack of monitoring necessary equipment. cycle; provide checklist
" equipment. » with possible waste
6.Resistance to include 6.Emphasize monetary losses generation causes
. (task No.7)
. environmental costs. in the first place (raw that fits to the available
NSRRI materials, product and set »f generally applicable
ST e manufacturing eost) . waste minimization
i e T . . techniques (fig. 1.1 and
. Review of process to' - 7.hck of skill and uptnences 7. Plrtncupate in procus . task No.8).
ndc'mfy waste uuss - to evaluate processes. evaluation; question process ;

T e detalls with operators and

e et y-

8. Develop waste - 8.0ifficult to create enabling B.Pamclpate in qption Relate generally applicable
minimization .* environment for workers generation session; - waste minimization
opportunities*. ~ ...  and technicians to challenge workers and techniques to standardized

ST U eontribute to creative technicians to share _ waste generation causes
e oo . problem solving. experiences; systematic (see also step 2).

evaluation of all waste
generation causes.

hi ..

9. Select workable - . 9. None. 9.Check whether acceptable
opportunities criteria and arguments
’ are used.

or cont
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' Incude suggestions for
<. performance indicators for
monitoring waste .

_g minimization progress.

. -simple but effective
- employee reward and
recognition opportunities.

¢ -wldmnfymdselect ls.Noexpeuence :gainé'd - : l"B.A".ssist in seléctfon-of aﬁdit' -
- wasteful steps - . .. " -_focus for second waste
ca S o ) ** -7 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 ease its implementation. These are in

panticular:

s Checklist to identify obvious lapses in housekeeping,
process control and maintenance and to generate
obvious, no— and low-cost solutions to climinate
these lapses (step | getting started);

« More detailed explanation of the logic behind option
generation: at present the logical link between cause
evaluation (task No. 7: “Review processes in order
1o identify the waste generation causes”™) and option
generation (task No. 8: "Development of waste
minimization opportunities™) is not yet explained. It
is felt that option generation could benefit from
explicit auentior for this logical link: therefore
waste generation causes and generally applicable
waste minimization techniques {see fignre 1.1) have
to be classified in logical groups of problems (waste
generation causes, for task No. 7) and solutions
(waste minimization techniques, for task No. 8);

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

* Suggestions for emplovee reward and/or recognition
schemes in order 1o sustain employee involvement for
the ongoing implementation of waste minimization
solutions (step 6 “Sustaining waste munimization™).

3.5 Dissemination experiences

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

Sector specific workshops

The sector specific workshops aimed at participation
from SSIs and had three separate but interrelated
objectives:

+ To create awareness of the waste minimization
concept and its opportunities in the respective sector;

* To inform about the waste minimization results
achieved in the demonstration *nits and the barriers
encountered while Joing so:

* To present a waste mimmization auwdir methodology
by which other units might achieve similar results.

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

The programme for the sector-specific workshops
consisted of:

* Opening ceremony (including welcome addresses
by industrial authorities and DESIRE study team):

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

* Presentation of the DESIRE audit methodology with
applications {rom the respective induswry sector (by
technical study team);

* Overview of sectoral results (by techmical study
team);

* Presenmation of company-level results  and
experiences (by representatives of the participating
companies);

* Summary of constraints. catalysts and enabling
measures (by meta review sticdy team).

* Summary of lessons learned (by international
expert);

* Closing session (with participants’ feedback).

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




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

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

National seminar

A national seminar was held from on 6 to 7 December
1994 in New Delhi by the Confederation of Indian
Industries (CII). in cooperation with the Fnednch Erbent
Stiftung (FES), UNIDO and the NPC. The two day
programme was designed :n order (0:

¢ Create awareness on the waste mimmization
oppostunities, benefits and constraints among industnial
and governmental leaders;

 Contribute to the discussion on, and development of.
appropriate poiicies for the dissemination of waste
minimization among SSIs in India.

Around 80 persons attended the programme.
The programme consisted of:

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

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

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

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

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

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

* International session: presentation of wasie
minimization imtatives in China, the Netherlands,
Pakistan. and Sn Lanka (by international experts):

* Valediction: summary of the seminar topics.

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

» Confusion about the waste minimization concepr as
practised in the DESIRE project. because the policy
sessions shipped 1nto other subsets of environmental
policies (like wasr® uulization, unleaded fuel etc.)
and other target groups (intermauonal waste
management corporations, power plants etc.);

» Lack of a policy proposal for a waste minimization
fostening strategy.

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

Recommendation

Although the DESIRE project has highlighted a number
of examples of companies that have benefited from the
application of waste minimization concepts, approaches
and methods, intemational experience (from, for
nstance, Austria, Denmark, the Netherlands. the United
States of America cic.) shows that this will not
automatically incite other companies to slart a waste
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minimization audit for their own operations. A properly
planned and designed communication and dissemination
strategy is needed in order to achieve 2 maximum
multiplier effect from the DESIRE project. The
following general recommendations can be given for the
development of such a dissemination strategy:

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

2. Employ a general audit methodology to identify
tailor-made solutions
The general audit methodology (as outlined in the
DESIRE guidelines and technical manuals) should
be used as the vehicle for the dissemination of
results. The company-level achievements in each
secior might be presented as evidence that the
systematic  implementation of the waste
minimization audit will bring benefits to each
company willing to invest some human resources in
the implementation of the waste minimization audit.
3. Foster cooperation for environmeni-driven
technological developmens
It cannot be expected that all waste generation
causes can be eliminated by existing equipment
and technology. Therefore, cooperation between
companies facing the same waste generation
problems might incite technical institutes as well
as equipment suppliers to develop appropriate
technical provisions for waste minimization in the
respective industry sector. The development of waste
minimization circles is therefore a promising
approach.
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3.6 Concluding remarks

The DESIRE project proved the need for 2 waste
minimization audit procedure tailored to the needs and
capabilities of small-scale industries. To this end,
intemational waste minimization methodologies have
been merged with the practical experiences of the
companics participating in the DESIRE project in order
to armive at a new audit methodology. This in tumn has
been elaborated into both generic waste minimization
guidelines, aimed at obtaining interest in, and
commitment 10, waste minimization from industrialists
and sectoral technical waste minimization manuals
aimed at assisting technical staff in SSls to identify,
evaluate and implement waste minimization. The
practical experiences in the participating companies
show that this general audit methodology enables
companies to tdentify and implement tailor-made waste
minimization soluticns. Whether or not the audit
methodology will enable SSIs to conduct waste
minimization audits on their own is not yet known. Must
likely. SSIs will still need limited guidance and
assistance from outside experts. given the lack of project
organization and management skills. With the help of
the DESIRE audit methodology. the input of outside
experts can be limited to a programmatic role. in which
they supervise the compleuon of each of the tasks
specified in the audit methodology. with little need of
technical expertise.

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

The DESIRE audit methodology can be used as the
vehicle for the dissemination of waste minimization.
To this end, a properly planned and designed
communication and dissemination strategy is needed.
Chapter 5 (particularly section 5.3) contains more
detailed thoughts on the further dissemination of the
wasle minimization successes.
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Chapter 4

Financial and environmental
dividends in companies

4.1 Introduction

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

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

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

* Waste minimization goes beyond rechnical
modificarions; 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:

1. Waste minimization technique:
subdivision discussed in section

following the
1.2 (good

housekeeping, input material change, better pro.ess
control, equipment modificatior, technology change,
on-site reuse, useful by-product and product
modification),

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

3. Investment: measures are classified according to the
required investment level, being low (less than Rs.
30.000 ($1.000)).medium (Rs. 30,000 - Rs. 90,000
($1.000 - $3,000)) or high (more than Rs. 90,000
(more than $3,000 )):

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

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

The results will be evaluated on a sectoral basis, starting
with the agro-residue-based pulp and paper industry
(section 4.2), pesticides formulation industry (section
4.3) and textile dyeing and printing industry (section
4.4). For each industnal sector a short description of
typical waste minimization approaches in the sector, a
summary of the company-level achievements for each
participating company and a summary of the sector-
level achievement will be given. The chapter concludes
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with a general evaluation, consisting of the lessons
learned regarding the features of the waste minimization
potential in SSIs.

4.2 Pulp and paper industry

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

Pulp and paper manufacturing consists of the following
process areas:

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

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

e Utilities: boiler house, power generation and waste
walter treatment.

Waste minimization can be applied to each of these
process areas, as illuctrated in table 4.2.
The following industries were s-lected for
participation in the DESIRE project;

1. M/s. Ashoka Pulp & Paper, Delhi;

2. M/s. Bindlas Duplex Pvi. Ltd., Muzzaffarnagar,
U.P;

3. MJs. Raval Paper Mills, Raibareilly. U.P.;

4. M/s. Sangal Papers, Mawana, U.P.;

5. MJs. Three Star Paper Mills, Dadri, U.P.

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

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




Table 4.2: IHustrative waste minimization measures for agro-residue-based pulp and paper
productlon (Chandak et al IEEEE)
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s earen -

extremely effective in achieving both environmente!
improvement and financial benefits for the
participating agro-residue-based pulp and paper mills.
Significant differences are apparent when the
achievements per unit are compared. The total number
of options ranges from 31 to 65 per mill, between 32
and 48 per cent of these options has been implemented
within the course of the DESIRE project. The share of
low cost options {requiring less than 31,000
investment) is significant: between 30 and 58 per cent
of all options for each company. In order to visualize
the differences between the participating mills, table
4.3 has been compiled.
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T .and recovering fillers and other chemicals. Invcstmcnt of Rs. 500,000 1,000,000 -
mlght be paud pack in two to four years. .

In the four mills, a total of 197 waste minimization
options has been identified and evaluated. The nature
and complexity of the options ranges from
comparatively simple improvements of housekeeping
practices and repair of leaks to relatively radical
technology changes (like two-stage vacuum washer,
high velocity hoods etc.). Figure 4.1 reveals some of
these differences, since it contains the subdivision of
all options according to the waste minimization
technique employed. Four waste minimization
techniques have about an equal share in the total
number of options, respectively technology changes
(21 per cent), better process control (20 per cent), good
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housekeeping (20 per cent) and on-site recyching (17
per cent).

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

The waste minimization efforts in the agro-based pulp

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

Figure 4.1: Division of the waste minimization options according to waste minimization

,+  technique (paper industry: 197 options)

good housckeeping
nput matenal change
better process control
equipment modification
technology change
on-site recycling

useful by-products

NMIBECODR =

product refoonulauon

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

3%

raw matenal preparation
pulp making secuon
stock prepasation section
paper making section

Olm |

utilines
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The implementation status of all options is finally
depicted in figure 4.4. A significant share of the options
{42 per cent) could be implemented within the 15-
month time-frame of the DESIRE project. In addition, a
start has been made with the implementation of another
19 per cent of the options. A comparatively small share
of the options (11 per cent), was proved to be feasible,
but implementation was not yet started for vanous
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 identificd proved to be feasible upon
detailed evaluation.

The overall financial impact could not be evaluated
properly at one of the mills, due to change from waste
paper based to agro-residue-based paper production (at
Three Star Paper Mill). The other three mills investad
$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 turn 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:197 options)

W 2 poliution
water polluuon
 solid wasee

Figure 4.4. Implementation status of the waste minimization options
(paper industry: 1&37 options)
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started
planned
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agro-residue-based pulp and paper industry had an
overall pay backtime of six months.

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

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

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

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

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

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

» Liquid formulations (emulsion concentrates):
products include butachior (50 per cent), cypermethrin
(10-25 per cent). chlorpyrophos (20 per cent), DDVP
(76 per cent), dimethoate (30 per cent), dichlorophos
(70 per cent), endosulfan (35 per cent). fenvalerate (20
per cent), 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. The raw materials
for the formulation of liquids are active pesticide
(hquid or solid), sclvents and adjuvants. The process
consists of mixing and dispersing active pesticide and
adjuvants in solvents. Before being filled. the product
is normally filtered.

Waste minimizaton can be applied to each of these types
of formulation plants. For each waste minim:zation
technique (as disunguished in table 1.1) some illustrauve
examples are given for the pesticides formulation
industry (sec table 4.4). Some of these are normaliy easy
to implement (like good housckeeping and betier process
control), while implementation of others might go
beyond the capabilities of a single small-scale pesucide
formulator (like changes to new types of formulations
and new types of active pesticides).
The following industries were selecited for
participation in the DESIRE project:

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

2. MJs. Indichem, Ahmedabad;

3. M/s. Northem Minerals Ltd. Gurgaon;

4. M/s. Super Industries, Ahmedabad:

5. Vimal Pesticides Ltd., Ahmedabad.

M/s. Indichem had severe financial problems and,
therefore, did not join the project initially. However,
after seeing the success of the other units. the unit
started taking initiative towards the end of the project.
Although some assistance was provided to this
company, it has been kept out of the sectoral summary.
The most important findings for each of the companies
are given in annexes V to VIIL

Financial and environmental dividends in companies



Table 4.4: lllustrative waste minimization measures for pestmdes formulation
(Chandak et al, 1995b)

lnstallatlonnf automatlc volum:mc ﬁllmg and pachng‘machme for small Volume pachges
s uducesvmkus exposurttotoxacﬁlm rtduczscxcusﬁlling and mcrtasesprodudioﬁ )

7. Onsite rééycing

B e

8. Product reformulation * - <,

-.'.

Rmsmg tcchmcal packags witha su:table solv:nt rmse solvcnt mnght be stored and n:uscd »
SN aspart ofthcnupc in thenextbatch ofthcsame product i . S

A

Introductaon of new types of formulat;ons which minimize uscrs cxposur: and ccologlcal

_ _' - risks during application (like dlspcmon concentrates (water based) water dispersible

granules and controlled release applications).

FooT e T e introduction of formulatlous bascd on Ics toxic aﬁd more spcclﬁc active ingredients (iike

e o growth mhlbltorsetc.)

The summaries of the company-level final results
illustrate that the DESIRE project has enabled each
participating pesticide formulating industry to implement
several waste minimization options. In the four plants, a
total of 224 wasic 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 shows remarkable differences. The
totai number of options ranges for instance from 47 to 64
per unit. between 25 and 39 per cent of these options

LESIR From Waste to Profits

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

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




-

cgAveE W we

(*) covers only the options considered ‘feasible”
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These waste minimization options apply to different
parts of the participating pesticides formulating
companies. Figure 4.6 shows the division of the
feasible options among the most important types of
formulations in the pesticides formulation industry.
Apparently more feasibie options could be found for
the formulation of granules and dust than for the
formulation of liquids. It is felt, however, that these
differences are nnt significant, especially taking the
following into account:

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

inciuded 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
vanied significantly; the vanety of batch size for the
liquid plants ranged for instance from 1,000 to 5.000
litres;

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

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

Il £ood housekeeping

D input matenal change
[ berer process contol
= equpment modification
{J tectnology change

B on-site recycling

useful by-products

[:] product reformulanon

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

9%

. granules plant
dusUwettable powder plant

. hiquid plant
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Fxgdre 4.7: Division of waste minimization options according to énvironmental impact

(pesticides industry: 133 fessible options0)

49 %

I 0w pollution ioad reducnon
f= medium pollution load reduction
] high polivnon Icad reduction

high market demand for specific products.

Figure 4.6 however underscores the point that for each
type of pesticides formulation plant. viable waste
minimization options can be identfied and
'mplemented.

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

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

Even in low amounts, pesticides can have a significant
effect on health and safety. Consequenily. even small
improvemerits in shop floor environment or containment
of pollutants could have a salutary impact on reduction
of safety and health hazards. A detailed hazard analysis
was bevond the scope and capability of the techni:al
study team. and thus only qualitaive esimates were
made. Thesc are shown in figure 4.8. About 43 per cent
of the feasible waste minimization options were
identified as having a high impact on reduction of health

Figure 4.8: Division of waste minimization options according to perceived impact on
reduction of safety and/or health hazard
- (pesticides industry: 133 feasible options)

45%

. low impact
. medium impact

. hugh impact
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Figure 4.9: Implementation status of the waste minimization options
' (pesticides industry: total 224 options)

1%

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

The implementation status of al. options in the pesticides
formulation industry is finally depicted in figure 49 . A
significant share of the options (33 per cent) could be
implemented within the {5 month time-frame of thie
DESIRE project. In addiuon. a start has been made with
the implementation of another 6 per cent of the opuons.
A rather big share of the options (21 per cent) has proved
10 be feasible. but implementation has not yet started due
to various reasons (like non-availability of capital, the
need to plan for plant shut down in order to implement
the option etc.). Finally. 40 per cent of the options have
been rejected; in most cases the perceived cost reduction
potential of these options was too small to attract the
interest of the entrepreneur. However, in some cases.
alternatives to options falling in this category could be
developed which were less technically sound but had
acceptable payback umes. 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 (o be able to
solve the same waste generation causc. 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.

SIOM From Waste to Profits

The four parucipating pestcides formulation units
invested $23.550 in the first batch of 73 feasible waste
minimization options. These options generate net annual
savings worth $20.850. This in turn means that the
investments generated by the DESIRE project in the
pesticides formulanion industry had an overall pay back
ume of less than 14 months.

It should however be kept in mind that waste
minimization in the pesucides formulauon industry has
broader consequence_than just converting waste tnto
profits. Most of the chemicals used are toxic and. in this
particular case. the pesticides formulating industry
covered tn India Yormulate highly toxic and highiy
persistent pesticides. Therefore waste minimizaton and
substitution of chemicals has a very high beneficial
effect on human health 2s well as the environment.

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




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

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

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

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

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 ali operations
in textile dying and printing. Table 4.6 contains some
illustrative examples of waste minimization practices
for the textile dyeing and pnnting industry.

Table 4.6: lltustrative waste minimization measures for fextile dyeing

and printing mdustry (Kuttiappan, 1995)

Waste minimization tednt;iqﬁe o~ IIlustntwe mmples vnth assocuated benefits

Closmg water taps not inuse in ordcr to conserve watcr

i, Good housekeeping LY :
i . Proper mounting of printing screens and use of ccllotape to avoud pnntmg bcsxdcs the

[
-* " fabric. -
§ . per inspection and maintenance of steam pipes, traps and valv5 m ordcr to
mlmmuzc steam Iosscs and conserve energy. . .
2 Input matenial change . Usc ‘of altcmatlvc. Icss pollutmg auxshary chemxcals fike forrmc acnd mstead of acetic

acid, d:osyn detergcnt instead of hydrosulphiteetc. ;- . .-

3. Better proCtss control - ' p -.proccsscs (stcam pressures tlmc. chcm ml dosmg aud cyck
B _'.-tlmcs) in ordcr to achlcv: the highest possible dye bath exhaustlon

4. Equipment modification . LI Bcttcr msulatlon of steam and condcnsatc lmcs cquupment. tnps and tanls in order to
: *  reduce steam requirements.
.. . . -% :Installation of automatic vaive for swntchmg off blanket wash watcr dunng non
co opemmn hours of the prmtmg machine. - e .' .
S. Technology change .- . -re Usc of low quuor jct dvemg cquupment mstead of hngh llquor dyemg cquupmcnt to
"7 7 . conserve water, energy and auxiliary chemicals.
o .. Installation of direct gas fired dryers and stcntcrs (instead of mdm:ct bcatmg with
: thcrmnc fluid) to conserve energy. .

'-'Apan from reuse o chcmlcal contalnér;, packaging materials and a‘fp'pluc;atmn of off

6 Usetul W-prodddS e
= - specification fabric in for instance furniture industry, there seems to be !lttle scope for
waste minimization through application of useful by-products
7. On-site réqcliné T . Installabon of doctor blade on pnntmg machnc in order to collect prmt paste from

printing belt for reuse.
-« |nstallation of an overhead storage tank to store the dye bath upon completion of the
dyeing cycle and to reuse the dye bath for the next batch of fabnc.

.Desagn changcs in the appllcatuon of dyes and pnnts in order to cnablé the use of less

polluting auxiliaries (like metal free dyes), to eliminate need for comparatively-

polluting processes (like discharge printing) and to ellmma(c comparatlvcly polluting
- dye-chemistries (like sulphur dyes).

8. Proddct reformul'atiovn' e

L el
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The following industrics were selected for

participation in the DESIRE project:

1. M/s. Ashoka Fashions. Ahmedabad;
2. M/s. Bhavin Textiles, Surat;

3. MJs. Garden Speciality Prints, Surat;
4. M/s. Mahendra Suitings, Ahmedabad;
S. MJs. Paradise Prints, Surat;

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

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
miils. Significant differences are apparent when the
achievements per unit are compared. The total number
of options ranges from 22 to 38 per mill; between 29
and 64 per cent of these options have been
implemented within the course of the DESIRE project.
The share of the low cost options (requiring less than
$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 housckeeping practices and
repair of leaks to relatively radical technology changes
(hike gas fired stenters exc.). Figure 4.10 reveals some of
these differences, since it contains the subdivision of all
options according to the waste minimization technique
employed. Two waste minimization techniques account
for half of the waste minimization options; these are: on-
site recycling {26 per cent) and better process control (24
per cent). Two other waste minimization oplions account
for another third of the options, respectively good
housekeeping (17 per cent) and input matenal change
(16 per,cent). Three other waste minimization techniques
have a limited share of the options (respectively
equipment moditication (7 per cent), technology change
(8 per cent) and product reformulation (2 per cent)). The
last waste minimization technique (viz. creation of a
useful by-product) could not he transferred into practical

YA From Waste to Profits

waslte minimization solutions in the textile dveing and
pnnung industry.

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

The waste minimization efforts in the textile dyeing
and printing sector concentrated on water-related
environmental concerns; 81 per cent of the options aimed
at minimization of the waste water discharges (see figure
4.12). Most of these options have related environmental
benefits, such as better raw matenal, chem:cals, water
and energy uulization. The second largest share belongs
1o the options aiming at minimization of air pollution (19
per cemt); generally speaking these reductions of air
emissions are achieved through minimization of the
steam requirements throughout the mull, via for instance
insulauon, improved equipment design and lay out and
better operating practices.

The implementation status of all options is finally
depicted in figure 4.13. A signuficant share of the options
(43 per cent) could be implemented within the 15-month
ume-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 vanous reasons
(like non-availability of capital, need 1o plan for plant
shut down in order to implement the option etc.). Finally,
only 13 per cent of the options have been rejected owing
to the limited technical or financial feasibility of the
options. It can thus be concluded that most options were
very practical; as many as 87 per cent of all options
identified proved to be feasible upon detailed valuation.

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




SECTORAL
SUMMARY -
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| implemented

= suned
e planned
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Investment:

$14,500
Savings:
$110,000
Pay Back:

< 2 months

Investment:

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

Investment:
$ 50,650
Savings:
$244,500
Payback

< 3 months

B L

- 220 em3/day-

—

water use
reduction -

750 kg/mo.

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

6,300 kg/mo.
COD reduction
2,600 kg/mo.
print paste
reduction
1,700 cm3/day
water use
reduction
9,050 kg/mo.
COD reduction
more than
7,100 kg/mo.
print paste
reduction
1,920 em3/day
water use
reduction
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Figure 4.10: Division of the waste minimization options’acc'ok‘ding to
waste minimization technique (textile industry: 119 options)

good housckeeping
input matenal change
betier process coatrol
equipment modification
wechnology change
On-site recycling

useful by-products
product reformulation

NRSOme:

Figure 4.11: Section-wise division of waste minimization options

(textile industry: 119 options)
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prepanation section
pnnting section
dyeing secton
utiliies

(1] |

¢ Significant reductions in the use of chemicals,
encrgy and water;

« Remarkable reductions of the discharge of print
pasic remnants with waste water;

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

Within the DESIRE project the textile dyeing and
printing seclor is characterized by the most active
participauon by the industry. In fact, at the start of the
DESIRE project. the textile industry in Surat had
already taken the initiative to form an association called
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Waste Minimization Group Surat. As part of the
DESIRE project, a waste minimization assessment has
been conducted at some of the leading mills within this
group (Paradise Prints, Bhavin Textiles and Garden
Speciality Pnints). 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
Dyeiag and Pnnting), took initiative on their own to stan
a wastec mimimzation programme. The awareness is now
so widesprecad 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
matcrial conservation. In addition, the participating




Figure 4.12: Division of waste minimization options according to environmental impact

(textile industry: 119 options)

. ar pollution
water pollution
. solid waste

Figure 4.13: Implementation status of the waste minimization options
- (textile industry: 119 options)
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mills themselves took the imtiative 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

options, which to a large extent could be implemented
over the course of the DESIRE project. Figure 4.14
illustrates the division of the 540 waste minimization
options according to thetr implementation status. A large
share of the options (38 per cent) could be implemented
within 15 months of the start of the plant-level waste
minimization activities. Another 32 per cent of the
options are also feasible; implementation of these options
has already started (16 per cent) or is planned for the near
future 716 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 appropniate scale for SSIs or far oo expensive in
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anure 4. 14 Implementation status of the waste minimization options

(all secfors: 540 options)

16 %

implemented
stanted
planned

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

There are some differences among the sectors in terms
of implementation status of the opuions. This s
ilustrated in wable 4.8. There are rather large d:fferences
in the total number of options per sector; the pesticides
tormulation mdustry has almost twice as many options
as the texule dyeing and pnnung industry. The
pesticides industry has however the largest share of
rejected opuions; therefore the differences-in numbers of
teasible options per industry sector are not significantly
ditfterent. The rejected options for the pesticides
tormulauon industry are therefore excluded from the
remaining part of this general evaluation.

Given the huge differences in the complexity, nature and
impact of the vanous options. the number of options is
not an indication of the financial and environmental
impacts of the options. Tahle 4.9 summarizes the
financial impact of the implementation of the first batch
of feasible options (196 options implemented within the
time-frame of the DESIRE project). The investments as
well as net annual savings arc by far the highest in the
agro-residue-based pulp and paper industry. The overall
payback time of the 196 waste minimization options
implemented in the DESIRE project is less than 6
months; the financial feasibility of wasie minimization in
1extile dyeing and printing industry seemed significantly
higher than the average of the three sectors and in the
pesticides formulation industry significantly lower than
the average of the three sectors. However, care is needed
in the interpretation of these figures. since these figures
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only include the onuons exphicitly evaluated by the
technical study team. whereas some compantes have
already identified and mimplemented addiional waste
mimmizaton options on their own (as evtdenced in the
presentation of the participating compames at the
industry specitic workshops ete. ).

The implementation of these waste mumimizstion

measures has contnbuted sigmificantly 0 environmental

improvement in arcas such as the following:

e Minimization of waste ~ater discharges (both
volume and pollution i0ad):

» Minimization of air emissions (from stcam generation
as well as fugitive emissions from matenals handling
and processing);

* Mimmization of solid waste generation;

* Conscrvaton of matenals, energy and water:

* Reduction of the u:e of toxics;

* Minimization of health and s-fety hazards (beth at
the shop floor level and in the direct vicinity ot the
plants).

Most options contnibute to environmental improvement

in several areas, such as mat=nal conservation, and waste

minimization ur water conservation and minimization of
waste water discharges. It 1s therctore not feasible to
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* Figures include Three Star Paper Mills.

Table 4.8: Comparison of the implementation status per industry sector
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Table 4.9: Financial impact of the options implemented in the course

of the DESIRE project

Pesticides
- fotmulat:or_n
mdustry e

. Finandial indicator .. . . Pulp and paper
ol TR industry *

'- Numbcrof ontvons lmplcmcntcd - ) 7

Net, annual savmgs (Sl 000 672

. Overal payback period (months) 6

*Figures exclude Three Star Paper Mill

088 T sus

Textile dyeing and Total - -
printing industry - - - o

et

<M - <3 <6 T

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

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

Waste minimization features

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

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

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

. Waste minimization protects the environment: the

implementation of waste minimization options
contributes 1o 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 considcrable
environmental improvement can be achieved; the
short- to medium-term pollutant load reduction
typically ranges between 25 and 50 per cent.

Financial and environmental dividends in companies




Figure 4.15: Waste Minimization is diverse (all sectors: 449 options)
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3. Waste minimization is simple: waste minimization is the waste minimization concept might boost
to a large extent based on the application of common innovations in processes. products and technologies
know how and entrepreneurship. Simple but effective (equipment). Examples are:

waste minimization options were, for instance:
* Paper industry: hot stock pulp refining and

» Paper industry: repainng of leaks, optimization of anthraquinone-assisted pulping.
the cooking process and segregation of initial * Pesticides formulation: new types of formulations
black hquor. and installation of fluid coupling assembly.

+ Pesucides formulation: cleaning and maintenance * Textule industry: use of low liquor jet dyeing
of spray nozzles and reuse of rinse solvents. equipment and direct dve bath reuse.

+ Textile industry: doctor blade for print paste
recovery, press switches for lights and proper 5. Waste munimization is rarional: in numerous cases,

insulaton. waste minimization 1s achieved by rationalization
of production. In each sector, several rationalization
4. Waste mimimization is innovative: the application of proposals lead to a serious reduction of waste

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

payback < I yr.
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unquantifiable

generation and waste water discharges. Examples
include:

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

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

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

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

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 stant of
the DESIRE project have all been confirmed:

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

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

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

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

The above conclusions are far-reaching. The concerted

Financial and environmental dividends in companies



Figure 4.18: The "DESIRE" features of waste minimization
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action of the companies participating in the project
and the technical study team assisted by the project
consultants has resulted in preventive measures being
implemented and the start of ongoing wasle minimization
activities in the companies. These results can, according
to the DESIRE team, also be achieved in numerous other
small-scale industries. Company decision makers do,
however, need to create favourable conditions and
allocate resources to the systematic identification,
evaluation and implementation of waste minimization
options. Government decision makers should in twm
encourage and facilitate industnalists to do so. This
bnrings us to the opportunities for waste minimization
fostering policies (see chapter S).
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Chapter 5
Towards an action programme

5.1 Introduction

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

The results and expeniences 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
demonstraied that wastre minimization can result in
significant financial and environmenial benefits for
SSis (sec chapter 4). Waste minimization proved to
be a viable, short-term strategy for achieving the
dual objective of industrial development and
environmental protection. It is therefore desirable to
ensure that a significant number of SSIs in India
start to understand waste minimization and develop
activities to implement the waste minimization
potential in their operations.

» Secondly, the DESIRE project has shown the need to
use a systematic audit methodology 1o identify and
implement waste minimization solutions tailored to
the specific conditions and capabilities of a particular
industry (see chapter 3). Waste minimization fostering
policies should thus in pnnciple enable companies to

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

« Thirdly, it has become evident that companies face a
huge array of constraints to applying this systematic
audit methodology to their operations. Ir the
DESIRE project, intensive individual support by
outside experts has enabled the participating
companies successfully to apply the audit
methodology. While doing so. a2 number of catalysts
have been used and enabling measures have been
idenufied. It can thus be conclided that
individualized support and guidance to companies is
an effecuve 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 demonstrated.

Although lessons can be leamed from internauonal
expenences in for instance the United States ard Europe
(WRITAR. 1994; Dicleman. 1991, EU, 1994, UNEP.
1994), a localized dissemination and promotion strategy
will have to be developed which fits the Indian industnal
structure and the Indian set of constraints 10, and
enabling measures for, waste minimization. To this end
the enabling measures identified in the DESIRE project
(see sections 2.2 — 2.7), have been classified as those
intenal 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
crealed directly by Government activity; however
training and social policies might in the long run add to
the development of these intemal enabling measures.

This chapter concentrates on opportunities tc create
these external enabling measures. Implementation
mechanisms are to be developed which can be
implemented by the environmental authorities (in
particular the MOEF, the Central Pollution Control
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planned investments.

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

5.2 Implementation mechanisms

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

1. Waste munimization circles: arca-wide suppon for
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Table 5.1: Claésification,of en3bling measures identified in the DESIRE project

2 L
*  Encourage experimentation.
Publicize carly successes.
Develop simple management

¢ Training session for plant-ievel .
waste minimization team.

* Top down housckeeping drive.

¢ Organize capable waste
minimization team.-

* Recognise waste minimization efforts.

&  Assign costs to production and

Proper cost allocation and ]
[

External to the enterprise

Dissemnination of success stories.

. Dusscrmna'non of waste minimization
techniques and technologies.
® Need-based support for environment-
driven R& D

Long-term industrial policies.

Financial incentives.

*  area-wide, voluntary waste minimization
groups.

e Enforcement of emnmnmcntal

legistation.

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

[ 3]

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

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

The 1impact of these implementation mechanisms on
the establishment of the extenal enabling measures is
depicted in table 5.2. Generally speaking, waste




Table 5.2: Impact of ‘implementation mechanisms' on the establishment of the
‘external enabling measures’
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Note: number of astenisks indicates the expected contnbutica of cach implementation mechanism

to the establishment of the respective external enabling measure

- only indirect contribution
e % direct contnbution
e 2] targeted contribution

— no contnbution

minimization circles and demonstration projects are
particularly cffective for the dissemination of waste
minimization experiences and might contribute to
the initation of environment-dnven R&D and
improvement of the overall level of enforcement of the
existing environmental reguiations. The impact of
obligatory waste minimization audits is hard to
evaluate because 1t is not yet exactly known in which
financial schemes the obligatory audits will be
introduced. However, this implementation mechanism
could create &z powerful financial incentive for waste
minimization and contribute to the development of
medium- to long-term industrial policies.

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

1. Waste minimization circles
The concept of a wastc minimization circle has been
derived from the successful expericnces of t.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 1o
support 25 groups of companies operating a common
cffluent treatment plant (CETP) to develop trial waste
minimization circles.

The expected cutcome of the establishment of waste
minimization circles is in the first place that an
increasing number of companies in a particular region —
and possibly in a particular industry — become involved
in wastc mmimization. The circle builds upon the
commitment of a2 number of environmentally conscious
industnalisis and their willingness to share information
with other companies, probably even with competitors.
Once the initiative has been taken, social mechanisms
contribute to the further expansion of the circle as well
as to the dissemination ard continuation of waste
minimization; the initators (early adopters) undertake
action to stay ahead of the others and thus sustain the
perceived recognition from being among the first, while
the late adopters wish to undertake action 1o come up to
the level of the early adopters. [t is most likely that the
circles concentrate on comparatively obvious, low- and
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Box 5.1: Waste Minimjzation Group Surat (WMG 1993-1994)

© eems

Waste Mlnlmlzatlon Group Surat

z.i«w
]

’ -ln lndla- a srgmﬁcant portron of textile process houses havmg an mstalled capacrty of around 10 m’llron meters -
- perday are located in and around Surat. Waste Minimization Group Surat (WMG) is the result of voluntary -
efforts of a group of environment-conscious technical experts from textile processing, dyestuffs and chemical .-

lndustns srtuated in and around Surat. The main objectnves of this group are:.

-

° To create awareness of poliution, its prevention and control

. "To ereate awareness of source reductron of costs and of pollution by optrmum utlllzatron of chemrcals in -
-vanous stagc of apphcatlon uye waste treatment and reuse ete; - ST
& -To create awarencs of cost reduction that can be aehreved by efficient utllrzatlon of water and energy (and
. circulate information.on resource inputs for selected commonly practrsed wet processung steps to-serve as.-
A clean technology standa rds) . . .

‘

the textrle industry, T -

LI To share expenences and circulate lnformatlon on.the ﬁnancral and envrronmental aspects of eco-fnendly
alternatives to the conventronal dyes and auxlllanes' - ’

o _ To circulate environmental regulations :mposed on the textile industry in different countries wuth a view to
. companng the local mdustry wrth the regulatory measures adopted mtematlonally

WMG started in 1993 with some 15 members. lnformatrve meetings are held in order to exchange waste
minimization experiences among the participants and to claborate on common issues, such as dye bath reuse
and recovery of print paste remnants. In 1994, a newsletter came into being. The first issues addressed special
topics lixe chemrcal substitutions, water conservatloryand organrzatlon of a plant level waste mlmmlzatron
programme. At the end of 1994, membership had nsen to over 150 persons. The DESIRE pro;ect was covered
_extensively by WMG; the WMG activities have. contnbuted to the fact that by the end of 1994, some 20 process
houses hadstarted wrth the |mplementatlon of the most successful waste mlnlmlzatlon options |dentlf' ed in the
DESIRE pro;ect. o B

.- .
L R L S YL AU S i e B . P e - -

no-cost waste minimization opportunities for common powerful tool for the dissemination of waste

environmental problems in the first place, which in tum
ar~ excellent starung points for experimentation by
industries not yet active in waste minimization. Given
the low cost, the general applicability and the obvious
benefits of these options, it is very likely that these late
adopting companies will be enthusiastic about their
carly 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 0
explore technical constraints to waste minimization,
which in turn could result in cooperation among
companies for environment-dnven R&D.

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




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

Given the need to encourage environmentally-conscious
industrialists to take the lead in a waste minimization
circle, it might be useful to link a waste minimization
circle with an existing board for 2 CETP or to initiate a
demonstration project in the first place. The obvious
advantage of linking a waste minimization circle with a
CETP board is that an existing institutional framework
can be used to spread the waste minimization message.
The drawback is however that CETP is based on non-
voluntary cooperation (forced by environmental
legislation), which in tum is not the optimal breeding
ground for undertaking proactive steps like waste
minimization. The obvious advantages of building a
waste minimization circle on a demonstration project
seem to be that appropriate methodological and
technical back up can be provided in the nitial phase. In
the course of the demonstration project, the pasticipating
companies can expenience the benefits of cooperation,
which in tum might set the stage for a non-competitive
environment for dissemination of the experiences in the
waste minimization circle. The obvious drawback from
this approach is however that a new institution has to be
founded for the waste minimization circle.

2. Obligatory waste minimization audits

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

measures.

The obligatory waste minimization audits will incite
companies to conduct waste minimization audits. Most
probably these waste minimization audits will reveal
numerous low-, or even r:o-cost, waste minimization
options (like good housekeeping, proper process control
and maintenance), which should be implemented by the
companies, given the cost-saving potential of these
options. In addition, the audits might result in some
high-cost waste minimization options, for which the
companies require additional funds for implementation.
Soft loans and a 100 per cent depreciation allowance
could be mads 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 preferenual allocation of the available
environmental investment funds for implementation of
high-cost waste minimization options in industnes
having implemented their available low cost options.

The proper deployment of this implementation
mechanism requires the creation of quality control
procedures for the waste minimization audits submitted
by companies. The independent quality control for the
waste minimization audits should evaluate whether all
waste minimization approaches are senously addressed
and whether provisions are taken to safeguard the
ongoing implementation of the no— and low-cost
options, and they should verify the feasibility of the
selected high-cost options. Separ .c critena will have 10
be developed for audits submitteu for obtaining ongoing
fiscal benefits (like sales tax exemptions) and audits
submitied 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 1s actually a
strong drive for companies willing to set up new or to
expand existing facilities. However, the possibility to
apply for a prelerential loan tends to limit the focus of
the companies to high cost waste minimization
opportunities, causing them to neglect short-term, no—
and low-cost waste minimization opportunities (Van
Berkel et al, 1994).

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

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 tum, should incite related industries to start
with waste minimization on their own. The DESIRE
project was the first systematic Indian waste
minimization demonstration project. Although future
demonstration projects can be conceptualized according
to the main features of the DESIRE project, these future
projects can be less complex and resource intensive if
proper use is made of the results of the DESIRE project
(in particular of the waste minimization guide and the
results of the barriers and incentives study).

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

The most imponant starting condition for a waste
minimization demonstration project seems to be the
willingness of selected companies in a particular area -
and possibly in a particular sector - to act as
demonstration companies; this includes the commitment
to allocate resources (staff time and a token fee) to the
identification and evaluation of waste minimization
measures, to allocate funds to the implementation of
feasible waste minimization measures and to share
waste minimization results and experiences. With a
view 10 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
rescarch 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 panticipation might be resisted by
industry in the first place, it was found in the
Netherlands that such participation in the long term
was appreciated by both industries and Government
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officials (see box 5.2)

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

5.3 Starting conditions

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

Creating the demand

The objective of these starting conditions is to
encourage companies to start waste minimization
with the use of one of the implementation mechanisms;
that is, to join a waste minimization circle, to apply for
financial bencfits 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:

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

Generally speaking, two goals can be distinguished in
the public promotion of waste minimization. The first is
tv 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 wasle
minimization in all functions and activities of industries
(Luken, 1995). In the short term, the first goal seems
most appropniate for Indian SSIs. Given the numerous
low- and no-cost, highly cost effective waste
minimization options with significant reductions of




Box 5.2: Involving local authorities in waste minimization demonstration projects in
the Netherlands (Van Berkel 1995)
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Table 5.3: Summary of key features of the waste minimization

implementation mechanisms.

" sector start with waste -
. lmrmzatlon. '
Dlscmlnatlon and.
‘pkm:ntatlon of

_+~*"low- and no- cost options -
" < via social mechanisms. -
.. Cooperation between = -

o ~compame.sfor environment-

* driven tcchnology
f_ J dcvclonmcnt.

B

Stmng dnv: for the

lmp!amentatlon of both \- N

> low and high cost waste .
3 mlmmlzauon ‘options. . -
> Ptcfcrtntlal allocation of -
i inances for waste” '

 minimization ascompared T

* to end-of-pipe control -
- and treatment.

or-.‘

dcmolstmlon pm]ects

~ for dlssemmanon to ;
“other compamcs 2 e
_Tnmmg -of. experts and

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 not yet started waste minimization
(WRITAR, 1994). It is most likely that information is
missing; industrialists either do not understand the
consequences of their actions (especially in regard to
total waste costs) or do not fully understand the
availability or applicability of waste minimization to
their current methods of production. Supply thase
missing links, and, according to this information
missing model, generators will say “Ah™ and move
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Willingness of companies .

"to act as demonstration - -

units. . -
Interest of mdustry
associations, . <= . . -
professional orgamzatlons -

: - andfor technical research’.3* 357 re

institutes to bccomc
mvolvcd in the .

Demonstration pm;ccts

forward with the implementation of waste
minimization. It might be, however, that motivation
rather then inforration is missing; industrialists do not
perceive the need to iook holistically at their
environmental practices. By doing so, they would
realize that efficiencics are 1o be gained, and thereby
money is to be saved, and they would finally proceed
with the implementation of waste minimization. This
motivation missing model actually calls for
improvement of environmental legislation and its
enforcement and public pressure. For export-oriented
industries, much is to be expected of pressure from
overseas buyers reflecting environmental concerns




from consumers in westemn Europe and the United
States of America (van Berkel, 1994).

. Enforcement and improvement of environmental
regulations: Apparently industries don’t yet feel the
need to seriously address environinental 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, envirornmental
agencies should familiarize themselves with waste
minimization concepts and approaches in order to
evaluate all environmental initiatives of industries
properly in addition tc 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 (sec also box 5.2). In addition
to the proper enforcement of existing environmental
regulations, opportunities for improvement of the
environmental regulations should be analysed. Waste
minimization could benefit from:

* Change from concentration to load-based
environmental standards;

* Development of regulations for solid, non-
hazardous waste and industriz! use of ground water;

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

* Devclopment of requirements for company
environmental management and reporting systems.

. Development of financial incentives: Apparently
wasle and emission generation and excessive resource
consumption are still too cheap to reaily bother the
industrial entrepreneur. Proper resource pricing,
especially for fuels, power (eiectricity) and natural
auxilianies (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.

minimization. Practical training of waste minimization
experts and linking technology development to the needs
and capabilities of SSIs are key items 10 stant with. In
more detail, the following can be undertaken to create the
supply of waste minimization expertise:

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

2. Establishment of a technology cooperation chain: The
limited access to technical information as well as
limitations in technology employed by SSIs were
among the most prominent technical constraints (see
section 2.5). Both evidence the malfunctioning of the
cooperation between end-users of technology (SSIs)
and agencies involved in technical development
(small industries service institutes and technical
institutes). Mechanisms are to be devised which fine-
tune technical develupment 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

Creating the supply measures (see table 5.1) have a comparatively
The objective of these starting conditions is to create the general nature and aim at improving industrial
institutional capacity to support companies in waste management in SSIs and enhancing entrepreneurship

Towards an action programme




among SSIs owners. To this end, training policies
could be developed, which will not only foster waste
minimization but contribute to improvement of
the managenial capacities of SSIs in general.
Attention should be given to training of the ‘new
generation’ (inclusion of business administration and
industrial management in engineenng education and
professional cumcula), and on-the-job training. The
latter should be very pracucally 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 stupulates the recommended promotion and
dissemination strategy based upon the experiences
from the DESIRE project.

5.4 Concluding remarks

This chapter assessed the policy lessons from the
DESIRE project, starting with the enabling measures
identified in the course of the company-level waste
minimization assessments. The primary focus has been
on the establishment of implementation mechanisms
that support these external enabling measures. Three
such mechanisms have been identified and seem to be
implementable by environmental authorities and
acceptable for industry. These are:

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
claboration, to which companies as well as industnal
and environmental authorities should contribute.

The development of waste minimization fostering
polices goes much beyond the traditicnal environmental
policy domain. In figure 5.2 the development of training
policies to improve managerial skills and the
deployment of fiscal incentives are examples of such
unconventional environmental policies. A recent
qualitative survey of policy options to exploit the
competitiveness-enhancing  potential of cleaner
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production suggested opportunities for the promotion
of waste minimization in the following policy fields of
the Evropean Union (Molier et al, 1995):

» Financial and industrial policies: In order 1o
accelerate the industry’s self interest in waste
minimization, environmentally sensitive cost
accounting and capital budgeting tools could be
promoted, via for instance information dissemination
and demonstration projects, subsidies for
consultancy services in this respect and tax benefits.
Without any doubt, environmental levies (on the use
of virgin resources) and environmental tax advantages
(depreciation allowances for environmental
investments) will contribute to the implementation of
waste minimization.

» Employmen: and training policies: Waste minimization
often brings along new tasks and activities which
require altered attitudes, new management and
supervisory skills and extra environmental know-
how. Virtually all existing continuous education
programmes can be used to boost the development
of such *care taking™ and “improved housekeeping”™
attitudes as well as to create the awareress of
production costs and quality at all levels within
industry.

* Environmental policies: Waste minimization teams
established in the local or regional governments can
assist small- and medium-sized enterpnses in
developing waste minimization acuivities. Waste
minimization can be integrated in the environmental
permits, for instance via inclusion of research
obligations, behavioural prescripts and specifications
for environmental management svsiems. In addition,
voluntary initiatives of industries could be supported,
for instance via support of the -issuance of
environmental hallmarks by industry associations.

» Technology policies: Support could be provided for
the development of “blue-prints” (specifications of
the best possible environmental improvements in
the sector) ar 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,




CREATING DEMAND

" 1. Information :xch'angc: ’
2. Environmental legislation
3. Financial incentives

Figure 5.2; Recommended strategy for promotion and dissemination of waste minimization

‘ CREATING SUPPLY

1. Capacity building
2. Technology coopzration
3. Trairing policies

IMPLEMENTATION-MECHANISMS

1. Waste minimization circles

2. Obligatory waste minimization audits
3. Waste minimization demonstration projects

it will be extremely important for the various
stakeholders to cooperate and exchange information
and experiences. The following entities should play a
role in this network:

1. Government: industrial and environmental
ministnes which set the stage by adopting national
industnal and environmental policies.

|38

. Environmental agencies: central and state pollution
control boards along with their regional branches
play a critical role in the dissemination of general
information on waste minimization ari 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 organizations: including industry
associations, the Confederation of Indian Industnes
etc., focusing on general awareness raising on the
business opportunities of waste minimization and on
the dissemination of generally applicable waste
minimization approaches.

5. Consultants: including management as weil as
technical consultants, assisting companies in the
identification, evaluation and implementation of

waste minimization opportunities.

6. Universities: including technical universities, the
Indian Insutute of Technology and professional
schools, which should include 'vaste minimization
in the existing engineenng and business management
curricula in order to properly educate the future
generation of industrialists. In addition, universitics
car. play a critical role in interdisciplinary research
on issues related to the introduction of waste
minimization in SSis.

The proposed nctwork of these institutions is depicted
in figure 5.3.

It is evident that a major effort is needed to establish
such a network. First of all, key organizations in each
of the listed categories will have to be identified and
motivated to be .cme involved in the implementation
of waste minimization. Next, training should be
provided to experts from the selected organizations
in order to create centres of waste minimization
expertise. Once such basic skills and expertise have
been created, mechanisms necd to be developed for
coordination among the participants in the network.
The newly cstablished Indian National Cleaner
Production Centre could play an important role in
establishing and devcloping such a network over the
coming years.

Towards an action programme




Figure 5.3: Schematic presentation of the proposed network for promotion

of waste minimization in SSis

Notes' T = Traiming
E = Enforcement

ID = Informanon dissemunanon
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Annex |

Ashoka Pulp and Paper (Delhi)

Ashoka Pulp & Paper is an agro-residue-based pulp
and paper mill producing unbleached semi-kraft paper
having an average production capacity of 36 tons per
day. At the start of DESIRE, the unit used a raw
material mix of 75 per cent agro-residue (wheat straw)
and 25 per cent waste paper. Bagasse is fired in
conventional boilers in order to produce steam for the
operation of the pulp and paper mill. Key
environmental baseline data for Ashoka Pulp & Paper
were:

¢ Annual raw material consumption: 16,335 tons of
wheat straw and 5,346 tons of waste paper;

* Annual energy consumption: 10,450 MWh and
18.150 tons of bagasse;

« Annual water consumption: 1,864,500 m3;

» Wastewater discharges: 5,551 m3/day, with 5,117 kg

of BOD, 5.621 kg of TSS, 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 L.1.

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 mimmizaton. The in-house team
consisted of the director, the works managers and an
operator. In cooperation with the technical study team,
50 waste minimization options have been generated and
evaluated. The most successful options are summarized
in table 1.2. At the end of the 15 months cooperation in

Parameters

| Tahle I.1: Baseline wastewater sources at Ashoka Pulp and Paper ’

fS (kg/day)
s

1451
07




the DESIRE project, Ashoka had implemented 24
waste minimization options. In addition. 11 options
were still under implementation and for two other
options, implementation still had to take off. Finally, 13
waste minimization options were rejected given their
limited technical and/or financial viability.

The overall impact of waste minimization at Ashoka
Pulp & Paper is assessed in table 1.3. The environmental
benefits per ton of paper produced are in the range of 3J
to 40 per cent. This is partially due to the increase of the
share of waste paper pulp in the final product (increased
from 25 per cent to 38 per cent). Additionaliy, Ashoka

Te s

Wasttmummmtlon : Financial vuability
measurt - . B
lnstallahon of additional 1= 551'.637"". T
dvytfs on paper machine S =$74333 T
P <0.7 year T T
2 -lnstallatmn ofbrokc . l‘.-.'$10,066“ .
- pulpcr at paper machmc. S=%$8000 -
- n Peadyar o
- T

I = Investment

S = Net savings (after deducuon of annualised operaung cost)
P = Payback penod
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=TS and COD load reduced by -

= 'lgldav

* Water requirement reduced: %

Pulp & Paper reaped the combined benefits of
elimination of obvious waste sources and causes and
improvement of the overall process efficiencies.

A total of $95.000 was invested in the 24 options
implemented by now and net annual savings are about

$160.000. Thus the overall payback of the
implemented options is less than seven months. The

overall reduction in terms of COD load per ton of

paper produced is about 30 per cent allowing for an :
additiona! annual saving of approximately $47,000 in

effluent treatment cost.

Table 1.2: Most successful optnons at Ashoka Pulp and Paper

Envnronmcntal |mpact B Rcrnarb lT
' Nomajor impact. .. - - 'E‘;E{c’.f} increase of
- . *°~ tons/day, with same. <=
- infrastructure and water ; 7
- rcquutmcnt. AT

Réducs r:proccssmg and -« f '

120 and 90 kglday - - washing of broke pulp. and
resp:ctw:lv o .. thus conserves. ﬁbrs and

= TR fillers

Thc mcasurc rtqu;rcs dosc
'_ monitoring of press. rol! to -
: rtplacc itas soon a5 press

COD load reduced by 300 -'

_‘;"Thc inca’sur?irp‘;r.ov;c’-t‘iw '
£ mechanical de-watcn

- Simple, optaon |dent|f' cd and X
- 'implemented after evaluation
. of the potential of fresh>™. ;< §
watcr substltutlon and fi brr P

_16and 1.2 ton/day. °

by600m3lday PR




Parameter

1. Production capacity (ton

~ paperjday)

2. Waste water volume
(m3fton finished paper)

3. 00D load (kg/ton finished

paper)

4_ TS load (kg/ton finished
paper)

5. Effiuent treatment cost (Rs

lakhfyear)

6. Chemical cost (Rs
lakhjyear)

7. Encﬁy (Rs lakh/year)

Before -

360

153

980
16

155

430

After

42

92

498

700

97

144

393

Table 1.3: Assessment of overall impact of waste minimization at Ashoka Pulp and Paper ‘

Change

+17%

~29%

-17%

-7%

-36%
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Annex Hl

Bindlas Duplex (Muvzzaffarnagar)

Bindlas Duplex is an agro-residue-based pulp and
paper mill having an average productic-i capacity of 28
tons per day of unbleached raft paper. On completion
of the ongoing expansion, the capacity of the mill is
expected to be about 40 tons per day. The raw matenal
mix consists of 87 per cent agro-residue. 10 per cent
rags and 3 per cent waste paper; the 2gro-residue mix
vanes upon seasonal availability of sarkanda. wheat
straw and bagasse. Bindlas Duplex operates a rice-
husk fired fluidized bed boiler to meet the steam
rzquirements of the pulp and paper mill.

Waste minimization measure Financial viability
1. Installation of high I = $56,666
velocity hood on steam S =$53333
dryer P<1.1year
2. Opifﬁniution of pulp I= 311,666 '
cooking process (steam S =1$73333 .
pressure, temperature, P <02 year Sy
chemical dosing etc) )
3. Fibre saver for recovery of 1=$7333- ‘
fibres from centri-cieaner $=%$8333" o
reject P < 0.9 year '
4 lh.s'fé.ll”ation of additional I= 516,666
press set te increase S =$12,666
mechanical dewatering of P <14 vyear
paper
S. Fresh water substitution 1=$8333
and installation of self S = $6,666 B
closing nozzles on hoses P < 1.3 year.

. . L bee

I = Invesrment
$ = Net savings (after deduction of annuahised operating cost)
P = Payback period

The in-house team consisted of the managing director,
the works manager and the maintenance supervisor. This
team was supported by the technical study team. In the
course of the DESIRE project. 51 waste minimization
options have been identified and evaluated. The most
successful options are summarized in table I1.1. Upon
completion of the project (after 15 months), Bindlas
Duplex had implemented 18 waste minimization options.
In addition. 10 options were still under implementation
and for seven options implementation siill had to take off.
The remaining 16 waste minimization options had been

Table 11.1: Most successful options at Bindlas'Duplex

cnvironmental ; npact

Marginal reduction in
steam requirement (which
in turn minimizes air
emissions from boiler
house).

Overall pollution load
reduced by 10 %.

Reduction in TSS and COD
ioad by 2 %.

Marginal reduction of
steam requirement (which
in turn minimizes air

.. emissions from boiler
house). s

~ Reduction of effluent .

volume by 25 %b.

Remarks

Cost intensive, but
economically feasible
option due to increase in -
production capacity,
Installation required a
major equipment shut
down.

Option required hardly any
investment; implemented
in sccond phase of the
project. - -
An additional high T
pressure pump was- e
required to ensure -
constant pressure for . -
cffective fibre recovery. -
Press roll could be v
installed given space -
availability; measure
reduced paper breaks and :
increased production. - -

This measure enabled the ..
mil. to operate at full -~ . -
instead of €0 % capacity
in dry season. o

BT
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rejecied given their low financial and/or technical
feasibihity.

The overall impact of the imglementation of waste
minimization at 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.

Table 11.2; Assessment

of the overall impact of waste minimization at Bindlas Duplex

Bindlas Duplex invested 2 total of $104.000 for the
implementation of the first batch of 18 waste
minimizat'on options. These will bring net financial
benefits worth $330,000. The overall payback of the
implemented options is thus less than four months. The
overall reduction of the COD load per ton finished paper
is about 28 per cent. allowing for an additional reduction
of $43.000 on effluent treatment cost .

Parameter Change - el
1. Production capacity ton finished paper/day +22% =

2. Waste water volume m3/ton finished paper -25% _

3. CODload kg/ton finished paper -28% .

4. TSload kg/ton finished paper -40% -

5. Effluent treatment cost Rsfyear -35% : -

6. Chemicals cost Rslyear -6%

7. Energy cost Rslyear -55%

Vi From Waste to Profits
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Raval Paper Mills (Rae Bareilly)

Raval Paper Mills is an agro-residue-based pulp and
paper mill producing 10 tons per day of unbleached
semi-kraft paper and 15 tons per duoy of bleached
and dyed writing and printing paper. The raw matenal
mix varies according to seasonal availability and
production requirements ( paper quality specifications).
raw matenals include wheat straw, rice straw and waste
paper. Both rice husk and coal fired boilers are in
operation to meet steam requirements. Raval Paper
Mills was keen to parucipate in the DESIRE project.
given the potential 1o reduce effluent treatment cost,
increase productivity (and profits) and to conserve
water (thereby enabling continuation of production in
summer months).

Key environmental baseline data for Raval Paper Mills
were:

* Annual raw material consumption: 7,920 tons of
wheat straw, 2.640 tons of rice straw, 990 tons of
clephant grass, 660 tons of bagasse, 1,129 tons of
unbleached waste paper. 1,923 tons of bleached
waste paper and 825 tons of rags;

* Annual energy consumption: 7,000 MWh and 13,000
tons of rice husk:

= Annual water consumption: {.452,500 m3;

* Waste water discharges: 4,258 m3lday. with 5,051 kg
of BOD. 8.393 kg of TSS, 24,764 kg of COD and
30,270 kg of TS.

A division of the wastewater discharges to the
constituen! wastewatar sources is given in table I 1.

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
assisted the team in identifying and evaluating a total
of 65 waste minimization options. The most successful
options are summanzed in table I11.2. In the course of
the DESIRE project (within 15 menths), Raval Paper
Mills succeeded in the implementation of 30 feasible
options. Another 20 options proved to be feasible; out

" Wastewater so.urcs

flow (m3lday) v -

T _ BOD (kglday)
" Unbleached potcher | 1209 .
" Beaterwash . . 320 196 ..
- Pulp mill centrizicaner 29 23
"< Pulp mill Decker filtrate 316 51- .
" Bleach potchcr 632 165-
Hydro pulpcr potcher 214 80
‘rotal pulp mlll ) " 2720 a221
Bl U g <
" .Paper machmc ccntnclcancr ) 132 2138
~:-Wire pit water? - . 438 222
5 ':.Couch deck:r filtrate 78 464
1538 824
4258 5051

R - . eyt

S " Parameters®. - L

TS (kg/day) cob (kglday) TS (kg/day)

4938 ' 20660"- . " 18090

- 295 NS 4700

o 58 .73 100

5 395 . 170 554
- 654 414 1003

: 142 . 250 ' 400
o 6482 22692 _,.25747

. 498 - - 133 R 7
533 . ., 830 1273

880 . . .. 1148 2500

1911 2072 " 4523

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

The overall impact of waste minimization at Raval Paper
Mills is assessed in table 1II.3. The environmental
benefits per ton of paper produced are in the range of 30
10 40 per cent. This is due to the combined impact of
elimination of obvious waste sources (repairs, spills
etc.), improvement of raw material dedusting. proper

provisions for black liquor collection and comparatively
small, but significant, improvements of process
efficiencies.

The implementation of the first batch of 30 feasible
waslte minimization options required an investment of
$150.000 and generates net annual savings of $182.000.
The overall payback peniod at Raval Pulp was therefore
less than !0 months. The overall environmental impact
consists of a 34 per cent COD reduction per :on finished
paper. this in tumn creates an additional saving of

$55.000 on effluent treatment cost.

Table 111.2: Most successful options at Raval Paper' M|

-

Wastc‘ minﬁnﬁaiion measure Financial v:ability
1. Modification of existing I = $1.667
raw material dedusting $=$8333
system. P =0.2 year
2. Insulation. 1=$8333 '
M S =$12667
P < 0.7 year
s
3. Finé tuned dilution control I=$333
at fan pump. S =$2,667 e
T P<02yrar :
4. Provision of high 1=$5000 - -
. consistency pump in couch S = $27,667 S D
Copitgf P < 0.2 year .
St
5. Water pressure control for I = $4,000 :
" edg€ cu..'ng nozzies . S = $6.667 =
AL : P = 0.6 year :

N tes -

I = Investment
S = Net savings (afte. < _duction of annualised operating cost)
P = Payback penod
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Environmental impact

Redu:tion of COD and TS
discharges from pulp
washing and centri-
cleaning, by respectively
1.6 and 2.2 ton/day.

Steam conservation of 0.2
ton steam/ton paper
{which in turn minimizes
air emissions from boiler
house).

Only marginal indirect
environmental benefits
due to better machine
operation.

- Rcdﬁ&{on of TS load by

1.0 ton/day.

Tg and COD redu'ét-fon of
respectively 0.3 and 0.4
ton/day.

Remarks

Dedusting efficiency
improved from 40 to 70 %
for fines (below 40 mesh
size). Dedusting improves
utilization of chemicals
and steam in pulping and
reduces water
consumption for pulp
washing.

Insulation installed on
digestor, steam lines and
condensate lines and tank.

Simple and easy to
implernent; improved
consistency control on

pulp feed to paper
machine.

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

In additi‘on, this option
climinates on average 5
papzr breaks per week.




Table 111.3: Assessment of overail lmpact of waste minimization at Raval Paper Mills

1 Pmductlol‘l.;:a;)amy(ton-
lkrcrldav)

”2. Wast:watermlum: LT A 120 ~ 30% Kecycling of backwater; elimination of
{m Iton ﬁms..cd papcr) ; T L spillsfieaks; provisions for proper
s N st . collection of black liquor.

Change Most important mcasur‘t_s~b R

" 48%  Minimization of spills and losses.

.

\..-

T3 COD load (kglton ﬁmshed ) 990 - 657 -34% Optimization of cooking; provisions for
b : R S proper collection of biack liquor; water

SR : recycling measures; mpmv:mcnt of raw.

RO material dcdustmg' =0 I e

2

e 41 % Fibre rtcovtrv. lmpmv:mcn‘ cf raw

4.7 load {kgfton finished

papc_r]_ P ST T s S material dcdustmg,watcrrecydmg o

L . measures. .

' 5. Efﬁucnt tltatmr ntcc t(Rs o 72 T 55 h -25% Rcd'uction of daiN CODandTS lda&. .
Iakhlytar) SRR ' oo

6. Chemica! cost(Rs SR a0 1380 65% Improvement of raw material dedusting:
takhfy=ar). . o optimization of cooking process.

7. Encrgy (Rslakhfyear) ~ < : 422 401 -5% Insulation; process optimizations.
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Annex IV

Three Star Paper Mill (Dadri)

Three Star Paper Milis was a 100 per cent waste paper
based mill at the beginning of the project. It changed its
pulping mill in order to utilizc agro-residues, in
particular bagasse and wheat straw, as the basic fibre
source. Due to this transformation. the mill was unable
to implement most of the waste minimization options
suggested in the first phase of the project, since these
pertained to waste paper based paper production only.
However, during the transformation, the mill became
aware of the cost savings achieved in other agro-residue-
based pulp and paper mills. Some of the generic waste
minimization options for agro-residue-based paper
production could therefore be implemented in the
construction of the new pulp mill. In additicn. Three Star
Paper Mills operates a coal-fired fluidized bed boiler.

The in-house waste minimization team consisted of
the managing director, tne works manager and the
maintenance supervisor. The technical study team

Waste minimization measure

; 1 ‘I"mely replacemcnt of ! = $6,667 s
X upper press roll to reduce S=$16667 - - -
prus plckmg P =04 year
1=$6500.
$=%$8333"
P < 0.8 year
..'.3.»lnstéllatlon of two-stagc ; = 550000
,.‘.Zf vacuum pulp washers. o S=$16667,
[ 2% » el

U 3vcar

-y ?.

I = Investment

Table IV.1: Most successful options at Three\Star Péper Mill (Chagdak. 1995)

Financial viability (¢stimated) -

;. house. : st AT

S = Net savings (after deduction of annualised operating cost)

worked with the plant-level team to monitor baseline
performance of the waste paper mill and to generate
waste minirnization and encrgy conservation options.
A 1otal of 31 options have been considered. The most
successful options are summarized in table IV.1. In
total, 19 options are feasible; 10 could be implemented
over the course of the DESIRE project, while for four
additional options implementation had started and for
the remaining five feasible options, implementation
still had to take off. In view of the change of the raw
material mix, 12 waste minimization options initially
generzated 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 .

Environmental impact Ren.arks

(anticipated)

COD load reduction of 175
kg/day: reduction of steam -
requirement: (whichin- - - - replace it as soon as press
turn minimizes air ... ... .. . picking shows a nsmg
emissions from boiler trend.. o
- house).”

This measure requires close
monitoring of press roll to

Insulation mstalled ;6n -
steam lines, digestorand . .
condensate lines and tank-

. Stcam,con‘s'crvation of . o
_ about 0.15 ton steamfton -..*
- paper; marginal reduction’ - -
of air poliution from boifer

s Reduction of wash water - AR The :mproved washmg
Y _rcgunrcmcnt by about 40 <% efficiency increases -
jton paper. <70 % < product quality.”
© 7 7 High cost investment in
the frame of the -
‘ conversicn to an agro-
t . residue-based pulp mill.

5

,'w.'f--. o

P = Payback penod

Savings as well as environmental impacts are estimated figures since post-implemeantation measures zould not be camied out dunng the project penod.

I NEXT PAGE(S)
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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. Scarle and Cynamide). It produces dust powder
(methvi parathion and BHC) and liquids (such as
cypermethrin, fenvalerate, endosulfan. methyl parathion
and monocroiophos). 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 quahity 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 10 share its own experiences and to explore
outstanding waste minimization opportunities.

A waste minimization team has becn established with
active participation of the occupier. 2 management
trainee and two plant supervisors. The technical study
teams assisted the plant level tcam in the identification

Waste minimization mecasure Financial viability

.. 1. Installationof rotaryar _1=$200 . |
lockvalvetoavoid - -~ - S=not quantifiable
pressurisation of blender. .- P = short

2. Recovery of left-over 1= nil
active pesticide by rinsing S =%$1300
. drums with suitable P = immediate

", Tsolventandreusing ... ¢
,-... " solvent as part of recipe in
next batch of compatible. v

" formulation.- - * ol

I = Imestment
S = Net zavings (after deduction of annualised operating cost)
P = Pavback penod

Table V.1: Most successful options at Baroda Minerals and Grinding Industries

and evaluation of waste minimization options. In the
course of the project 47, waste minimization options
have been considered. At the end of the proiect 18
feasible opnions had been implemented, while two
other feasible options were under implementat.on and
four other feasible options had been accepted for
implemeniation. The remaining 23 options had been
rejected by the company. given the perceived low
relevance for the company and/or the limited techmcal
and financial viability. The most successful options are
summarized 1n table V. 1.

The implementation of the first batch of 18 feasible
waste minimization ¢.ptions required an investment of
about $700. The expected annual savings are about
$1.500. The overall pavback period is therefore within
6 months. It proved to be impossible to arrive at a
reliable quantification of the overall environmental
impact of these waste minimization options.

Environmental impact Remarks
Reduction of fugitive
emissions of pulverized
soapstone contaminated

with activz pesticide.
Reduced heaith hazards. -

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

Reduction of generation of Savings calctlated with -
toxic fumes from storage average production figures
and handling of ‘empty’ and technical material.

_Grums. ’ costs.

Annexes




Annex VI
Northern Minerals (Gurgaon)

Northern Minerals is one of the largest professionally
managed pesticide formulation plants in Northern India.
It formulates, packages. distributes and markets its own
Srand of pesticides, including granules (approximately
1250 tons/year phorate production), dust powder
(approximately 800 ton/year. mainly fenvalerate (0.4
per cent) and malathion (S 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 dunng raw matenal charging and

Waste minimization measure Financia! viability

1. instaliation of fluid -

1=$1333
coupling assembly to avoid S=%1,100
unloading of dust blender P=12year
© after power failure.
2 Use mdustnal vacuum I =$833
_-. 5= not quantifiable
- . . P =medium

I=not yﬂ quantified
S = not yet quantified

3. Automatic volumetric
- filling and packing

- machine for small liquid - P = medium
) packagcs.
. 4 Recovery of lcft-over . . 1 = nil
.; active pesticide by rinsing . S =$1,500

: dmrns with suitable

P = immediate
solvent and rcusmg . ‘ :

. nmb.tch of compatlblc
- fonnulqt;on . .

S T
I = Investment
S = Net savings (after deduction of annualised operating cost)
P = Payback penod

Table VI.1: Most successful options at Narthern Minerals

blending. reprocessing of expired and off-specification
products. waste generation due to unloading of dust
blender for restarting after power failure and spillage
duning raw matenal handling.

A plant-level waste minimization team took the lead in
the identification, evaluation and implementation of
waste minimization options. This team consisted of the
general manager. the deputy general manager, manager
of the quality control laboratory and two production
supervisors. With the guidance of the technical study
team, 57 waste minimization options could be
generated. A total of 35 options proved to be feasible;
out of these 14 were implemen'2d during the course of

Environmental impact Remarks

Avoidance of waste Savings calculated on
generation after power average power failure
failure. (1/week) with most .
Reduced workers exposure common dust product.
to toxic fumes/health To be implemented.*
hazards )

Reduction of fugitive Replaces manual sweeping
emissions of scapstone of the floor. . - -

(contaminated with actlvc . R
pesticide). g cor A
Reduced workers’ exposure T s
to health hazards. .

‘Reduction of filling time .
and filling losses™- .. -
Option to be lmplemented

Reduction of spillage a'nd,
excessive filling of bottles.

s

Reduction of generation of
toxic fumes from storage
~nd handling of ‘empty’
drums.
Reduction of drum °3
cisposal costs. ’

Savings calculated with - -
average production fi gurcs'
and technical matcnal N
costs. - -
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the DESIRE project, while implementation of anoth=r
oprion had started. Twenty of these feasible options suli
have to be implemented. The company rejecied 22
options, given their perceived low technical and/or
financial viability. The salient features of the most
suc essful options have been summarized in tabie VI.1.
In addition to the implementation of wasie minimization
optitons, piograss has been achieved ia setting up
cvstematic  datz  recording  systeras  and  tralning
emplovees. It is envisioned that these measures will
enable the contmuation of wasie munimization &
Northern Minerals.

1: 8 From Waste o Profits

Until now, the investmerit for the .mplementation of
the waste minimization options has been minimal. The
implementation of the remaining feasible options
requires a5 investment of $4,150 and should give
annua! savings worth zbout $2,650. The overali
payback period is therefore just within 19 months. The
waste generation options reduce fugitive emissions and
should minimize reprocessirg requirements. however
both these environmental advantages could not be
quantified reliabiy within the DESIRE project.




Annex Vi

Super Industries (Ahmedabad)

Super Industries formulates, packages. distributes and
markets its own brand of pesticides. The production
includes granules (phorate; approximately 1,000
tons/year). dusts (about 2,800 tons/year, mainly
fenvalerate (0.4 per cent), methyl parathion (2 per cent),
BHC (5-10 per cent) and malathion (5 per cent)),
wettable powders (about 15 tons/year; mainly BHC (50
per cent)) and liquids (approximately 85.000 litres/year;
mainly dichlorophos (76 per cent), fenvalerate (20 per
cent) and methyl parathion (50 per cent)). In the course
of the DESIRE project, Super Industries started to set
up a new granules plant. Major polluting areas in this
company are toxic fumes (active pesticides and
solvents) from the blenders during charging, blending
and discharging. reprocessing of expired and off
specification product, fugitive soapstone powder
emission trom dust handling operations, and spills and
leaks from pumps and charging lines.

At the announcement of the DESIRE project, Super
Industries showed a keen intesest and strong
commitment to participate and learn waste minimization

practices. The in-house team consisted of the occupier,
the production manager, the production in charge, the
laboratory in charge and the maintenance in charge. As
pant 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
VILIL.

The implementation of the first batch of 24 waste

Table VIl.1: Most successful optians at Super Industries -

Waste minimization measure ﬁnancial viability

1. improved material and

Environmental impact - Remark's SN o

I = 512 000 . Reduction of material- Thls measurc actually consists
product handling facilities S = $7,500 (cxpectcd) losses and overfiliing of of a number of options: -
at new granules plant. " P<2year packages. ‘ T - e -Semi-automatic- .
BEERREE Significant reduction of " weighing and packmg
workers’ expos<.:z to . line; - <
health hazards " ®  Enclosure of charging
and discharging hoppers;
®  Proper ventilation
. R _systems. vl
" Improved fayout’ for
P v . o ;techmcal spray, pumps:
(2 cmvery of Icft-ovcr o lanil : Reduction of gencratnon of. Savmgs calculated with ', S
 ‘active pesticide by rinsing S=3%$2000 . . toxic fumes from storage -".*. average production figures
. dmms  with suitable, - - P = immediate ;7. and handling of emptv’ = and technical material costs.
so!ventand reusing - o " drums. T
Yo sol\mlt as part of recipe in - Reduction of drum
" next batch of cr,mpatlble . disposal costs.
formula'lon . -
I = Invertment S = Net savings (after deduction of annualised operating cost) P = Payback penod
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minimization options required an investment of
$13,350. The annual savings are expected to mount up
to $8.350 upon completion of the new granuies plant
(carly 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

Table VII.2: Estimated overall impact of waste minimization at Super Industries

quantify the environmental impact equivocally. Table
VIL.2 summarizes the estimatcd overall impact. It may
be concluded that although remarkable reductions have
been achieved in waste generation, the financial gains
are almost negligible.

.

Item Before waste minimization  After waste minimization Estimated financial gein -
"1 Technical left over in empty drums 175 kglyear 10-12 kgyear $800fyear.

2. Blender cleansings . 36 kglyear Negligible . $10fyear

3. Technical spills and leaks 45-65 kgfyear Negligible $250/year

NIOW From Wast. to Profits




Annex VIl
Vimal Pesticides

Vimal Pesticides is mainly a job formulator for big
pesticides manufacturing and marketing companies,
like Secarle. Cynamide and Lupin. Vimal Pesticides
produces granules (approximately 2,000 tons/year,
mainly phorate (10 per cent) and butachlor (5 per cent)).
dust (about 2,500 tons/year, mainly methyl parathion (2
per cent) and fenvalerate (0.4 per cent)), wettable dust
powder (approximately 150 tons/year. mainly
carbendazim (50 per cent)) and liquids (approximnately
400.000 litres/year, mainly dimethoate (30 per cent),
cypermethrin (10 — 25 per cent) and monocrotophos (30
per cent)). In order to qualify for the job work. Vimal
Pesticides has to meet the quality, safety and
environmental standards of the big companies, which in
turn has been an incentive to implement waste
minimization. Major polluting areas at Vimal Pesticides
are toxic fumes emission from raw material charging
and blending, reprocessing of expired and off-
specification products, waste generation due to
unloading of dust blenders for restarting after power
failure and spillage duning raw matenal handling.

The plant level project team took the lead in the
implementation of waste minimization. The team
consisted of the occupier. the production manager, the
laboratory in charge. the maintenance in charge and a
production supervisor. The technical study team
assisted this plant level team; in the course of the
DESIRE project a lot of ideas nave been generated.

Several of these could be transferred by the plant level
team into practical waste mimmization solutions. A total
of 64 waste minimization options has been considered
dunng the project period. Within the first 15 months, 25
waste minimization options could be implemented,
while implementation had started for another two
feasible options. In addition, the feasibility of another 11
waste minimization options has heen proved; the
company plans to implement these in the near future.
The remaining 26 options have been rejected by the
company, given the low technical and/or financial
feasibility. The salient features of the most successful
options have been summanzed in table VIILL.

Vimal Pesticides invested $5.350 for the implementation
of the first batch of 25 feasible waste minimization
options. These options generate annual savings which
mount up to $8.350. The overall payback of these
options is thus within 8 months. The environmenial
benefits are visible in the plant, in terms of reduction
of waste generation and minimization of workers’
exposure to toxic fumes. However, quantification of
these improvements proved to be impossible within the
frame of this project. Table VIIL.2 contains preliminary
estimates of the overall impact. It may be concluded that
although remarkable reductions have been achieved in
waste generation, the financial gains are almost
negligible.

Annexcs ERSH




o DAXTIL L L
1. instaliation of fluid
coupling assembly to avcid
unioading of dust blender
after power failure.

2. Dust unloading and

weighing in trolicy, which

can then be lifted and
placed over the charge
hopper of the dust
blenders. -

3. Recovery of left-over
active pesticide by rinsing
drums with suitable
solvent and reusing

solvent as part of recipe in

next batch of compatibie
formulation.

I = Investment

S = Net savings (after deducuon of annuaiised operating cost)
P = Pay back penod

Financial viability

1=$1333
S=9%1,100
P<13year

1=$400
S = $5,000
P < 0.1 year

1=0

S = $2,000
P = immediate

Environmental im;:bac!* :

Awvoidance of waste-
generation in case of

power failure. - .
Workers' exposure to toxic
dust (and subsequently
health hazards) reduced.

"Reduction of fugiﬁvr dust

emissions from charging;
improvement of shop floor
air quality.

Reduction of gencration of -
toxic fum.es from storage
and handling of ‘empty’
drums.

Reduction of drum

disposal costs.

Remarks -

* Savings calculated on

average power failure
(1/week) with most
common product.

. Option successfully tried,
, but will only be
- implemented in next

.7 season.

 Savings calculated with

average production figures
and technical material
costs.

’ Tqb'le VI1.2: Estimated overall impact of waste minimization at Vimal Pesticides

ftem -
=

1. Technical left over in empty drums.
2. Technical spills and leaks

Before waste minimﬁon After waste minimization

1250 kglyear
80-90 kglyear

25-30 kglyear
negligible

Estimated financial gain

$1 .400/year
$300/year




Annex IX

Bhavin Textiles (Surat)

Bhavin Textiles is a job order textile dyeing and
pnnting 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. Sarees and dress matenals 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/dyeine. heat
setting, printing, reduction clearance, drying and
packaging. Wastewat.'r effluent is generated from
almost all the processing steps except heat setting,
drying and packing.

The unit participated in the project 1o 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 1o tackle the problem of waste in the long run.
The project team took the lead in the implementation of

waste minimization. It consisted of the director, the
production manager and the technical manager. The
technical study team assisted this plant-level project
team. After the field study conducted by the team and
evaluation of the data collected for -vater, raw matenals,
chemicals and energy. the auditte 1 specifically looked
into waste minumization opportunitics for dyeing,
printing and washing. Special emphasis was given to
water conservation. due to water shortages in the region.
A total of 27 waste minimization options has been
considered during the project period. Within the first 15
months, eight waste minimization options could be
implemented. while implementation had stanied for
another 13 feasible options. The remaining six waste
miuimization options have been rejected by the
company. given the low technical and/or financial
viability. The salient features of the mosi successful
options have been summanzed in table IX.1.

Bhavin Textiles invested a total of $4.650 in these
feasible waste minimization options. The savings
accrued were on the order of $48.400 giving an overall
payback period of less than 2 months.
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~-en v
D e n

1. Development of
Management Information
System to control batch
size in je? dycing.

2. Chemical substitutions.

N

3. Dyebath recycle for white

4. Condensate and cooling

water recycle.

' S.Shndatdintlon of print

paste stock preparation.

I = Investment

S = Net savings (after deduction of annualised operating cost)

P = Payback penod

KL From Waste to Profits

Financial viability

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

1=0
S = $4.800
P: immediate

1=9$630
S =$1,300
P =05 year

| = $4,000
S=$12000
P < 0.4 year

1=0
S = $8,70C
P: immediate

Table 1X.1: Most successful options at Bhavin Textiles
: - Environmental impact

" Only minor environmental

impact due to optimization

" of dycing process.

" COD load reduced by 718

kg/month.

' ﬁé&bction 6f mttr' and B

auxiliary chemicals
consumption.

" Reduced water

consumption.

Reduced solid waste
gencration. -

Remarks

* The option would enable

to produce more with
seme infrastructure and
water requirement.

Oxalic acid repiaced by
oxalic + mineral acid;
acetic acid by catab st D; -
hydrosulphite by Diosyn HF
and citric acid by citic W._
No impact on product. .
quality. - .

Implementaion required
installation of an insulated-
kolding tank.

Reduccd fouling of heat
transfer surface in heat
exchangers and boilers. -

The option required
improvement of
procedures and skills of
personnel.




Annex X:

Garden Speciality Prints (Surat)

Garden Speciality Prints is a textile dyeing and printing
unit and belongs to the Garden Group of cornpanies, a
leading tabric and dress material manufacturer in India.
The current cloth processing capacity is 80,000 metres
per day with a process mix of printed goods (45 per
cent) and dyed and finished goods (55 per cent). Only
svnthetic fabric is processed. Sarees and dress matenal
are th= final fimshed goods. The main processing steps
are washing, scouring, desizing, drumming (only for
chiffon). weight reduction, whitening/dyeing, heat
setting. pninting, 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
supeniority 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 wastc minimization audit
methodology. Upon completion of the preliminary
assessment of the consumption of water, energy and
chemicals in all processes, desizing and scoaring,
weight reduction, dyeing. printing and washing were
selected as audit focuses. The detailed assessment
included the utility requirements. particularly steam
generation and distribution. In the course of the
project. 38 options have been generated and evaluated.
Seventeen waste minimization options had been

implemented at the end of the project. For another 10
feasible options, implementation had started, while for
yet arother four feasible options, implementation still
had to take off. The remaining seven options proved to
be not feasible, and were subsequently rejecied by the
plant management. The salient features of the most
successful options have been summarized in table X.1.

Being an integrated mill specialized in production of
small baiches of speciality fabrics offered both
advantages and disadvantages for the implementation
of wa:te minimization. Several options commonly
applicable in small-scale commission dye houses, for
instance, could not be implemented by Garden
Speciality Pnints. These included dyebath recovery and
reusc (hampered by differences in quality
specifications to be autained 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 Frints could implement options which are
normally not feasible in commission dyeing, suck as
extending the length of the cloth pieces (their own
weaving looms have been modified in order to increase
the cloth length from 100 to 300 metres). increasing
the minimum design length (through changes in
marketing policies that would reduce start-up losses
per printing job) and reducing processing steps
(through integration of scouring and dyeing processes
for 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,
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27 with two-stage pre-
- = 3-aking fill and draw type
. bath in weight reduction.

" 2. Chemical substitutions.

3. installation of przss ligﬁt
switches for viewing lamps
in jet dyeing machines

4. Replacement of costly
. leader cloth with low
grade {or off specification}
grey cloth for initial
printing table setting.

. 5. Ré(ov:ry of residual print
paste from squeegee,
screens and containers.

I = Investiment

S = Net savings (after deduction of annualised operating cost)

P = Payback penod

ST From Wa<ce to Profits

Table X.1:

Most successful options at Garden Speciality Prints

1=$1,200
S = $1,800
P <07 year

1=0
S = $5.400
P: immediate

1=$100
S = $19,300
P: immediate

=0
S = 345,000
P: immediate

=0
S = $10,000
P: immediate

Financial viability ¥

~

" Environmental impact

" Reduction of the alkali loss

in wastewater.

" Reduction of COD load,

Reduction of the electrical
energy consumption.

Low-grade (waste) cioth

used to avoid wastage of
high quality cioth.

COD reduction; residual

print paste was discharged”

with rinse water before.

Remarks

The option enables
recovery of lean alkali
solution which can be
recycied for scouring,
weight reduction bath
maske up or jet dyeing.

Oxalic acid replaced by
oxalic + mineral acid;
acetic acid by catalyst D;
hydrosulphite by Diosyn HF
and citric acid by citric W.
No impact on product
quality.

The measure required
instaliation of press type
switches to put on viewing
light when required. -

The measure is a typical
resource conservation
measure of using a low
grade resource in order to
conserve the high grade
resources for better use.

The option required
improvement in systems
and procedures and skills
of personnel.




Annex Xi

Mahendra Suitings (Ahmedabad)

Mahendra Suitings is a textile dyeing and printing unit
for its own brand products as well as on commission
basis for other textile companies. The current grey cloth
processing capacity is 90.000 metres per day. Suitings.
shirtings and other dress materials made from cotton,
synthetic and blended fabrics are processed. The main
processing steps are washing, whitening/dyeing. heat
setting, prnting, reduction clearance drying and
packing. Wastewater discharges are caused by almost all
the processing steps except heat seuing, drying and
packing. The unit participated in the DESIRE project
with a view to reduce the operating costs.

The plant level project team took the lead in the
identification, evaluation and implementation of waste
minimization options. The team consisted of the
managing director, technical manager and printing
supervisor and was assisted by members of the
technical study team.

Upon completion of the preliminary assessment of
chemicals, water and enzrgy use for all processing areas,
the project team focused on the waste minimization
opportunitics for bleaching, dyeing, printing and
utilities. In the course of the DESIRE project, a total
of 22 wasle minimization options were generated and
evaluated. Within the 15 months duration of the project,
14 feasible options were implemented, and
implementation started for another two feasible options.
Of the outstanding six options, two are considered
feastble and should be implemented shortly. whereas the
other four have been rejected given their low financial
and/or technical feasibility. The salient fzatures of the
most successiul options have been summarized in table
XL1.

Mahendra Suitings invested a total of $3.700 in
implementing the above-mentioned five waste
minimization measures. The savings accrued were of the
order of $30.800 giving a payback period of less than
two months.
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Table X1.1

" * Waste minimization measure . - Financial viablity

1. Recydling of washing - -
discharge from mercerising -

to meet caustic <

requirement of bleaching.

switches for viewing lamps

in jet dycing machines.

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

"4, Optimize excess air levels

in thermic fluid heaters.

5. Condeasate and flash
steam recovery.

1 = lnvestment

7T =$1.000
.. - S=$11,000

T P<O year

" 1=$100
S = $9,000
P: immediate

I = $1,000
S = not yet quantified
P = <hort term

S = $9,000
P < 0.1 year

I= s‘ﬂm
S =$1,800
P <08 year

S = Net savings (after deduction of annuahised operating cost)

P = Payback penod

. Environmental impact

Reduction of COD load and
reduction of total caustic

* consumption.

Reduction of the electrical
energy consumption.

Better dyeing quality;
teduced soft water
consumption; heat
recovery.

Energy conservation
(reduction of lignite
consumption) and
reduction of air emissions.

Reduction of soft water
requirement.

: Most successful options at Mahendra Suitings.

T
>
0

" Remarks

" The option eliminated the

caustic lye requirement of
the bieaching operation

- (saving 60 kg/day caustic

ye).

" The measure required

installation of press type

__ fight switches to out on

the view light when

- required.

The measure is under
consideration for
impiementation in new

. machine.

The measure required
installation of ash door
and prowvision to keep this
closed when not in use.

Reduced load on water
softening plant and boiler.




Annex XI|

Paradise Prints {(Surat)

Paradise Prints is a commission textile dyeing and
printing unit. The current cloth processing capacity 1s
60,000 metres per day with a product mix of polyester
(90 per cent) and nylon (10 per cent). Only synthetic
fabric is processed. Sarees and dress material are the
final fir.ished goods.

The main processing steps are washing. scouring,
weight reduction, whitening/dyeing, heat setting,
pnnting, reduction clearance, dryving and packing.
Wastewater cffluent 1s generated from almost all the
processing steps except heat setting. drying and packing.

The company had started its own waste minimization
activities long before the start of the DESIRE project
It had concentrated on the substitution of chemicals
(in order to reduce COD/BOD load per ton processed
fabric and to reduce toxicity of effluents) and
conservation of water and energy (Desai. 1994).
Paradise Prints is a forerunner in the entire Surat belt
of textiie processing houses. The unit parucipated in
the project to improve upon its waste minimization
strategy and identify additiona} process-oriented waste
minimization measures. Being a market leader, Paradise
Prints wanted to maintain its supenority even on the
environment front.

A plant leve! audit team was made up for the evaluation
of the processes and waste minimizaton options. The
team consisted of the director, technical manager, dyeing
master, dyeing assistant master and two assistants. Upon
completion of the preliminary assessment of the
chemical, water and energy consumption and waste
water discharges from all processing areas, the team
focused on waste minimization opportunities for
desizing and scouring, weight reduction, dyeing, printing
and washing. Over the course of the DESIRE project, 32
waste minimization options have been considered.
Twelve options have been implemented during the
project. Implementation has already started for another
11 feasible options and is to start for yet another five
options. The last four options have been rejected, given
their poor financial and/or technical performance. Salient
features of the most successful waste minimization

options have been summanzed in table XIIL.1.

According to the technical study team, Paradise Prints
invested a total of $27.800 in implementing the
feasible waste minimization measures. The savings
accrued were of the order of $55,300 giving a payback
period of six months.

According to the perceptions of the management of
Paradise Prints, participation in the DESIRE project
was particularly successful in the following areas:

* Dve bath reuse: Four jet dyeing units have been
equipped with overhead tanks to reuse spent dye bath
from disperse dyeing. Reusing the dyebath 10-12
times has become rcutine practice. Dyebath reuse has
lead to 85 per cent COD reduction from jet dyeing. 90
per cent water conservation in jet dyeing. 40 per cent
energy conservation in jet dyveing and 80 per cent
reduction of chemical costs in jet dyeing. The
investment of about $ 30,000 in overhead tanks,
piping and valves had a pavback period of less than
six months.

+ Recovery of print pasie remnanis: Edge carry-over
has been reduced through the application of cellotape
on the pnnung screens. Four printing machines have
been equipped with a doctor blade 1o recover about
18 tons of print paste remnants. The remnants are
sorted in different shades and reused in the
preparation of next baiches of bulk print paste
colours. Consequently, COD discharge has been
reduced by 900 kg/day. In addition, this has enabled
the reduction of the water consumption for print belt
washing from 70,000-80.000 litres/machine per day
to 10,000 litres/machine per day. The annual savings
through print paste recovery and reuse mount up to
$56.000.

* Solvent recovery: An on-site distillation system will
be installed to recycle the solvent used for blanket
wash. The reduction in soivent consumption is
estimated at 3,500 kg/year. The net annual benefit
will be in he range of $36,000.
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waste minimization activities, COD discharge has been
reduced from 150 kg/ton of fabric to 80 kg/ton of
fabric. ir terms of concentration, COD came down
from 252 mg/l to 51 mg/l.

Paradise Prints has developed its own software to
evaluate progress in reducing COD load (computed
COD discharge on the basis of the monthly
consumption of chemicals). In the first two years of

Table XII.1: Most successful dpfions ast Paradise Prints

. Remarks

Wastt mmnmzatlon measure - Financial viability _Enmonmcntal impact .
e B Replaccment of 1=$1,200 . Reduchon of tbc alkali Ioss The option enables
- continuous water wash 5 =$1,800 R 1 ] wastt water. . recuvery of lean atkali -~ -
" with 2 stage pre-soaking P < 0.7 year - - solution which canbe ™ %!
- fill & draw type bathin é recycled for scouring, . -
" weight reduction. weight reduction bath*- 5
: : ) . make up or jet dyeing. .
" 2. Chemical substitutions. 1=0 Reduction of COD load by NI detergent replaced bv
- S =$3,500 3070 kg/month and BOD Ginasol 6836, acehc acid -
P: immediate by 1950 kg/month. by catalyst D,
v - hydrosulphite by dioqn HF
i and citric acid by ditric W -
- et No impact on product s
quality. -~
3. Installation of individual 1=$1,600 Reduction of the thermal  The measure rcqmred
piping for circulation of S = $4,000 energy consumption installation of mdmdual
thermic fluid. P = 0.4 year (natural gas requirement). piping systems for thermic
‘ . - fiuid heater to cach e
stenter.
4. Replacement of manual | = $25,000 50 % reduction in effluent The measure is a typical
. washing with continuous S = $36,000 .- volume along with- technology change option.
_* washing range. P =0.7 year iy sxgmﬁcant reduction of - . g . .
A ) - energy and chemica!
-~ ) *_ requirement. -
.5. Recovery of residual print I=0 .. .. C0D reduction; residual The option rcqum:d
. * paste from squeegee, S = $10,000 -+ print paste was discharged improvement in systems
- ° screens and containers. P :immediate - with rinse water before. and procedures and slulls‘
Tl ' g of pcrsonncl

1 = Investment

S = Net savings (after deduction of annualised operating cost)

P = Pavhack period

K068 From Waste to Profits
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