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Introduction
“Whereas  conventional  economics  deals  with  the  flow  of  money  through  the

economic system, Industrial Ecology or the “economics of resources” deals with the
flow of resources through the economic system”1

This chapter deals with the relatively new field of Industrial Ecology. The principal
basis of Industrial Ecology is that, to develop sustainable societies, it is necessary to
perceive the system as a whole, understand the flows of resources through the system
and consider finding solutions at a systemic level. The economic planning processes
should involve an understanding of how resources flow through the system, with a
view to optimizing such flows. The word “resources” refers to material, energy, hu-
man and other identified resources and not just to monetary resources. 

The scope of Industrial Ecology could be depicted as in Figure 1 As can be seen
from this figure, the perspective encompasses, not just industry as it is normally un-
derstood, but other components of the socio-economic system as well.

What is Industrial Ecology?
Industrial Ecology explores the assumption that industrial system can be seen as a

certain kind of ecosystem. After all, the industrial system, just as natural ecosystems,
can be described as a particular  distribution  of  materials,  energy,  and information
flows. Further, the entire industrial system relies on resources and services provided
by the Biosphere, from which it cannot be dissociated

1 Ramaswamy, Ramesh, Relevance of Industrial Ecology in Developing Countries, Perspec-
tives on Industrial Ecology, Greenleaf Publishing, UK, 2003
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The key elements of an Industrial Ecology perspective are:
a) it is a systemic, comprehensive, integrated view of all the components of the in-

dustrial economy and their relations with the Biosphere.
b) it  emphasizes the biophysical  substratum of human activities,  i.  e.  the complex

patterns of material flows within and outside the industrial system, in contrast with
current  approaches  which  mostly  consider  the  economy  in  terms  of  abstract
monetary units, or alternatively on energy flows.

c) it considers technological dynamics, i.e. the long term evolution (technological tra-
jectories) of clusters of key technologies as a crucial (but not exclusive) element for
the transition from the actual unsustainable industrial system to a viable industrial
ecosystem.

Application of Industrial Ecology in Developing Countries
The concepts of Industrial Ecology can be effectively used in developing coun-

tries. Although some of these countries are considered to be rich in natural resources,
their availability to the local society is often extremely limited. Any effort to improve
the productivity of resources would greatly enhance their economies, quality of life,
and sustainability. Principles of Industrial Ecology, which aim to maximize resource
productivity, should be central to the economic and development planning process.

Four studies were carried out in India during the period 1995 to 1998 that high-
light the use of Material Flow Analysis, the core methodology in Industrial Ecology,
in developing a planning platform. In the context of developing countries, since the

Figure 1: The Scope of Industrial Ecology
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discussion  centers  around  resources,  it  has  been  referred  to  as  Resource  Flow
Analysis  or  RFA.  A fifth  case  on  a Corporate  Sugar  Complex  in India  has  been
included in this set of cases, that points to new approaches to corporate planning, in
the context of Industrial Ecology.

The base format that has been used in the analysis of resource flows in all the four
cases presented is shown in Figure 2.

This format would help to understand the flow of resources through the system
(material, energy, land and manpower). Such an understanding could help societies to
assess the opportunities available to them by maximization of the productivity of limi-
ted resources, and to more fully assess the threats from their use (or misuse). 

The case studies from India showcase the utility of this approach. Each of these
cases illustrates in a specific way the relevance and utility of the Industrial Ecology
perspective in planning.

Case Studies From India2

Although the data has not been updated (the data pertains to the early and mid
1990s), the core issues have remained unchanged over the years and are adequate for
the purpose for which they are presented here. Figure 3, shows the sites of the case
studies in India.

2 Erkman Suren & Ramaswamy Ramesh, Applied Industrial Ecology – A New Platform for
Planning Sustainable Societies, AICRA Publishing, India, 2003

Figure 2: Regional Resource Flow Diagram
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Case Study of the Textile Industry in Tirupur
Tirupur is a major center for the production of knitted cotton hosiery. The town is

located in the south of India and has a population of about 300,000. The 4,000 small
units in the town specialize in different aspects of the manufacturing process. 

The aggregate annual value of production in the town is around US $ 825 million.
Much of  the  produce is  exported bringing in  very  valuable foreign  exchange.  Till
about the 1980s, for decades, the center was only manufacturing white undershirts
called  “banians”,  which  are  commonly  worn  by  men in  India.  The industry  then
discovered  the  lucrative  international  market  for  colored  T-shirts,  which  led to  a
boom in exports. This enormous growth in the production of colored textiles, led to
an increase in the dyeing operations in the town.

Water is scarce in the area and the wet processing of textiles (particularly dyeing)
has rendered the groundwater unusable. A large quantity of salt is used in the dyeing
process and the process wastewater (90 million liters per day) is highly saline and is
contaminated with a variety of dyes and chemicals. As there is hardly any other source
of freshwater nearby, trucks bring in water from groundwater sources (which are yet
to be polluted) as far as 50 km away at an enormous cost. The industry has internali-
zed the cost of transporting water in its operations 

The shortages of clean water have been a source of great concern, as the people in
the area have no water for their domestic needs. The water pollution has also totally

Figure 3
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ruined the agricultural operations in the region. The pollution control authorities have
been striving hard to stop the industries from polluting the water

A massive US$ 30 million project is under way to treat the wastewater at Common
Effluent Treatment Facilities. After such expensive treatment, the water will still be
unusable, as the facility does not include any system for desalination of the wastewa-
ter.

A RFA (Figure 4) was carried out for the town. Only when the figures were aggre-
gated did the industrialists  realize that  they were collectively spending over US$ 7
million annually on buying water and in addition, the annual maintenance cost of the
effluent treatment plant would be an enormous burden.

Since water is used at so many different points and the industrialists had internali-
zed the cost of buying water in their operations, neither the total volume of water
used in the town nor the amount of money collectively spent by the industry in buy-
ing water, were immediately obvious. An RFA for the town opened the eyes of the in-
dustry to the magnitude of resources consumed. 

These aggregate figures also showed that water could be recycled profitably. On
the basis  of  the  study,  a private entrepreneur  developed a water recycling system,
which could be installed in each dyeing unit. The system used the waste heat from the
boilers already working in the dyeing units for the recycling process.  This is a relative-
ly low cost system, which is gaining popularity in the town.

Similarly, since the use of the firewood is distributed over nearly 1200 points, it
was not obvious that nearly 500,000 tonnes of firewood were being used annually in
the town. There is grave concern over rapid deforestation in India. The possibility of
setting up a central steam source, with the option of solar preheating, was suggested
as a way to reduce the consumption of firewood.

Another outcome of the study was that it highlighted the fact that the calorific va-
lue of the municipal solid waste (garbage) was high as it contained large quantities of
textile  and  paper  wastes.  This  could  be  used  effectively  to  partially  replace  the
firewood being consumed in the town.

The case illustrates the significance of the Industrial Ecology approach in the con-
text of a developing country. For many years a number of research and development
institutions have carried out “pollution control”  & “cleaner production” studies in
Tirupur to minimize water use, minimize use of dyes and to “improve” the quality of
the effluent. No references could be found to any study aimed at evaluating the possi-
bility of profitably recycling the wastewater in the town, which should have been the
first priority,  from the point of view of Industrial Ecology. Again, since ”pollution
control” was seen as the only issue, no attempt appeared to have been made either to
minimize the use of scarce firewood or to leverage the high calorific value of the solid
waste in the town.

The case clearly illustrates the use of an RFA to understand various materi-
al flows in an area and its use for planning.
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Case Study of the Foundries in Haora
There are nearly 500 cast iron foundries in Haora, a suburb of Kolkata (formerly

Calcutta), in Eastern India. The air pollution from the foundries has been a source of
concern. The pollution control authorities  have been insisting on the foundries in-
stalling pollution control systems to mitigate the emissions. The poor health of the
engineering  industry  in  the  eastern  region  has  affected  the  financial  health  of  the
foundries here, which now subsist on manufacturing very low value-added products
like manhole covers. Since pollution from the foundries was a major source of con-
cern for the state authorities and a matter of public debate, a number of agencies had
launched studies to develop and set up technologies and equipment for limiting air
pollution.

One of the governmental research agencies had developed a process to use natural
gas instead of coke (the major cause of pollution) that the foundries were presently
using. This process was in an advanced stage of development. It was considered likely
that  the  environment  protection  authorities  may insist  on the foundries  in Haora

Figure 4: RFA for the textile industry in Tirupur. Units: water: thousand liters
per day, electrical energy: thousand kWh per year, others: tonnes per year
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using this new technology to eliminate the pollution problem. Since natural gas is not
available in the region, the use of this new technology could substantially increase the
cost of production and the foundries would not be competitive any more.

An RFA of the region showed that the industry could adapt the new technology to
use coke oven gases instead of natural gas. As the eastern region is a major coal pro-
ducing area and as there are many independent coke ovens, coke oven gas is easily
available  locally  and  is  often  wasted.  Depending  on  the  economics,  either  the
foundries could be relocated near the coke ovens or the coke oven gases could be
transported to the foundries.

The study highlights the relevance of an RFA to an Industry planner, as it would
point to unused resources (by-products or “wastes”) in a region. The Industry (or a
group of industries) could consider how they might leverage the availability of any of
these unused resources to their advantage and for their sustained operations.  This
could be done by establishing new linkages between industries in different sectors
(like foundries and coke ovens).  This is far from obvious, unless an RFA facilitates
detecting such resources in a systematic way

. 

Case Study of the Leather Industry in Tamil Nadu
Tamil Nadu, a state in the south of India, is the premier center in India for the

processing of leather. Water is scarce in Tamil Nadu. India had traditionally been a
major center for the export of hides and skins. In the 1970s, the government of India
banned the export of raw hides and skins with a view to improving the value addition
of production, and thereby enhancing the inflow of scarce foreign exchange. Environ-
mental issues were not an important part of the agenda of in India those days.

This boosted the leather processing activity in India in general and in Tamil Nadu
in particular. The industry is a major foreign exchange earner and important to the
economy of the state and to the country. Meanwhile, compliance with strict environ-
ment regulations has rendered the processing very expensive in the developed world.

The leather industry (which is made up of thousands of small industries) is a major
user of water, as each tonne of hide/skin needs 30,000 to 50,000 liters of water for
processing. This is a large volume, as the average per capita water availability for ur-
ban settlements in India is estimated at around 30 liters per day. Table 1 gives details
of the number of large and small leather processing industries in different parts of
India.

Table 1:  Leather Industries in India. Source: Report on the Capacity Utilization  &
Scope for modernization in Indian Tanning Industry. CLRI, Adyar, Chennai, 1990

State Small Scale Large Scale Total Percentage
Share

1 Tamil Nadu 536 41 577 53.3
2 West Bengal 227 6 233 21.5
3 Uttar Pradesh 140 7 147 13.6
4 Andhra Pradesh 18 5 23 2.1
5 Maharashtra 27 3 30 2.8
6 Karnataka 15 1 16 1.5
7 Punjab 8 3 11 1.0
8 Other States 37 9 46 4.2

Total 1008 75 1083 100
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 The growth of the industry has resulted in extremely high water pollution in the
regions where the tanneries are concentrated.  The leather industry has been under
pressure from the pollution control authorities and many have subscribed to a Com-
mon Effluent Treatment Plant. The water after treatment continues to be unusable, as
it is very saline. The sludge from water treatment continues to be a serious problem.

A detailed study in the context of Industrial Ecology helped in redefining the pro-
blem, which till then had been only viewed as a “pollution control” issue, as the efflu-
ents did not meet the specifications, laid down by the law. Many academic studies
have been undertaken to ensure that the effluent quality “comes as close as possible”
to the standards using the “Best Available Technology”.

However, the problem is much more serious. The tanneries are using a resource;
water, which is extremely scarce in the region. It is also contaminating groundwater
resources of the local community, which is causing great hardship to the population,
as it is depriving them of desperately needed water. It will not be long before the soci-
al pressure and the law courts bring the leather industry to a halt. In the context of In-
dustrial Ecology, the first priority is to focus on the use of the local resource, water.
The  local  community  cannot  afford  to  spare  water  for  the  industry.  One  option
would be to relocate the tanneries along the coast, where they could draw seawater
instead of using valuable freshwater. If the industry is unable to develop processes
that can use seawater as it is, it will have to desalinate the seawater for its use. The
treated wastewater could be discharged into the sea, as long as all pollutants other
than salt are removed.

Figure 5 gives a perspective of a possible new scheme for the industry.

The study points to a new strategy option for sustainability of the leather industry
in the region, by re-definition of a problem with a focus on resources. The second
significance of the case study is to point to the need for industries or industry groups
to  carry  out  studies  on  resource  availability  in  the  region,  while  establishing  new
manufacturing centers or expanding the present centers. This could be critical to their
long-term survival and their peaceful co-existence with the local community.

Figure 5: A Perspective For The Development Of The Leather Industry
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Case Study of the Damodar Valley Region
The River Damodar basin, in the eastern part of India, covers a vast area. This

mineral-rich region (near Kolkata) is the source of much of the coal produced in In-
dia. Coal is a major energy source in the country. Many large power utilities and steel
plants are located here, in addition to industries  associated with coal,  such as coal
washeries and coke ovens. The region is considered very highly polluted. An industrial
metabolism study was undertaken in the region. The quantities of the “flow” of two
of the major local resources, the waters of the River Damodar and coal, were studied.
The results of the study gave a good overview of how the waters of the river and coal
are used in the system. 

Since agriculture consumes nearly 85% of the waters of the river, it was critical to
estimate the impact on the agricultural produce, of the thousands of tonnes of po-
tentially toxic wastes dumped into the river, resulting from the high levels of industrial
activity upstream. The study pointed (quantitatively) to the extent of dangers and the
need to monitor the flows of these toxins through the river and the groundwater, the
two sources of water for the population. The study also pointed to the need to moni-
tor the possible danger of the toxins moving up the food chain through the fish in the
river and the food crops cultivated in the region. No such evaluation had yet been
done.

All along, to reduce the high levels of air pollution, the policy of the regulatory
authorities had been to focus on the “major” polluters, which in their opinion were
the steel and power plants.  These plants have access to some of the best available
technologies for controlling their pollution. However, a study of the flow of coal gave
surprising results. Huge quantities of coal are consumed in millions of homes and in
the informal sector. In this sector, coal is used in very inefficient combustion systems,
obviously without any pollution control systems, which makes the whole area extre-
mely polluted. It was obvious that if the air had to be clean, a new fuel policy would
have to be evolved. Some new systems of transportation of coal also need to be evol-
ved to minimize the spillages during transportation, a major contributor to the dust
levels of the region.

This case highlight the importance of a quantitative study of the resource flows in
a region. Even a broad understanding of the “flow” of the resources serves as a guide
to the policy maker and gives a new perspective and a direction for policy planning.

The case also highlights another important issue. In developing countries, the con-
sumption of materials and the consequent dangers to health and environment from
the informal and domestic sectors could be very large as compared to those from the
formal industrial sector. It is just not enough to study the industrial sector. An Indus-
trial Ecology based system-level perspective is essential to identify the major flows of
materials  in a  region  for  planning  resource  optimization  and  for  solving  environ-
mental problems.

Case Study of a Corporate Paper–Sugar Complex
Industrial  Ecology  offers  the  possibility  of  an  alternative  corporate  planning

model. This is illustrated by the case of a paper company, Seshasayee Paper and Board
Ltd (SPB), in Tamil Nadu. SPB started a paper mill, which went into commercial pro-
duction in 1962. In order to ensure regular supply of raw material, a sugar mill was set
up. The waste from the sugar mill  (called bagasse)  was used as a raw material  for
papermaking. Another waste from the sugar mill, molasses, was used in a distillery
nearby for  the  production  of  ethyl  alcohol.  In  order  to  ensure  regular  supply  of
sugarcane for the sugar mill, the company took interest in the cultivation of sugarcane
by organizing the farmers in the region. The company struck long-term agreements
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with the farmers to buy back their produce and, in turn, took the responsibility of
supplying them with water. Much of the water supplied for cultivation was the treated
wastewater from the paper manufacturing operations. The company also used bagasse
pith (a waste after the paper making) and other combustible agricultural wastes in the
region, as an energy source in their captive power plant. The company had developed
an interesting complex of industries, which could be depicted as in Figure 6.

This case study is intended to highlight an alternative corporate planning model,
which is  compatible  with the  concepts  of  Industrial  Ecology.  Usually,  a  company
plans its growth within a product-market matrix. It tries to define its business as spe-
cifically as possible such that its energies in acquisition of capabilities and skills are
clearly focused. Many organizations would be reluctant to enter into areas unfamiliar
to them. Environmental issues are often seen as secondary to the main goals of the
company.

A model where a company sets up not one, but a complex of diverse industries,
where one industry uses the wastes of another, is a viable option for sustainable in-
dustrial growth in developing countries. The case of SPB also shows that there is a
high potential for Industrial Ecology in rural areas, where integrated agro-industrial
complexes can benefit the local community through efficient use of resources.

Conclusion
In addition to attempting better resource management, the relevance of Industrial

Ecology to governance in developing countries is important in two aspects.

• All along most policy making has often laid greater focus on the manufacturing
step, more specifically in the large organized industry. This is clearly not adequate.
A systemic approach such as Industrial Ecology takes into account the other sec-

Figure 6: The Paper-Sugar Complex Of Seshasayee Paper And Boards Limited, In-
dia
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tors of the socio economy, as well as consumption patterns and attempts a more
holistic solution

• In particular,  in developing countries,  where the “Large Formal Industry” con-
tributes to a very small part of the material flow through the system, it is impera-
tive to factor in the material flows in the massive “informal small sector”. The
RFA presented in this chapter provides one such format that could integrate such
material flows. 

The case studies presented illustrate this view.




