





Future requirements for pollution control measures during super power generation technology

1.0 Introduction:

Supercritical coal fired power plants are being advocated for benefits like (i) reduced fuel costs due to
improved plant efficiency (i) reduction in CO2 emissions (iii) costs comparable with sub-critical technology and
less than other clean coal technologies and (iv) reduced NOx, SOx and particulate emissions. It is claimed that
such units reduce CO; emissions and other pollutants because they use less fuel per unit of electricity
generated. Supercritical coal-fired power plants have efficiencies above 45 per cent of lower heating value as
against 40 per cent efficiencies of modern sub-critical units. It has been stated that one per cent increase in
plant efficiency can reduce emissions of oxides of carbon, sulphur and nitrogen and of particulates by two per

cent.

Major natural resources inputs for coal based thermal power generation are coal and water besides land and

air requiremehts. Both coal and water have to be processed before they are used.

Coal (washed or unwashed) from mines defivered at a thermal plant has 1o undergo pny '

it is useful for combustion in boiler.

Similarly a substantial quantity of intake water has to be pre-treated by conventional methods viz. coagulation
& flocculation and fitration. A part of pre-treated water is disinfected for domestic use and balance is
separately treated for uses for boiler make-up and cooling .Water used for ash or coal handling or for fire-

fighting does not need treatment. Alteration in quality of air, water and fuel inputs themselves after they are

used in a thermal power plant is inevitable.

percritical unit. They
aim to minimize of alteration of quality of receptors of releases/ emissions of from a power plant. Receptors of
emissioné (solid, liquid or gaseous) from a thermal power plant are air, a water body or land. Uncontrolled
discharge or release of emissions into these environmental segments can alter their quality. Degree of

alteration depends on ‘environmental setting’ of a unit.
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Pollution control systems for a power plant are usually included in the project report for a given plant e.g. a
supercritical unit's flow diagramme given in Figure 1 indicates inclusion of electrostatic precipitator for

particulate matter emission control, a sulphur dioxide scrubber and catalytic reduction of NOx.

2.0 Requirement of poliution control strategy:

Prevailing guidelines of Central or State pollution control boards or electricity authority or of Ministry of

Environment will decide the requirements for pollution control e.g. i) authorities demand that particulate matter
emission through stacks should not exceed 50 mg/Nm3, sulphur dioxide and nitrous oxides should not exceed
150 mg/Nm3 éach, iy FGD be installed, iii) noise levels be controlled, zero effluent discharge etc.. In this
context please see Annexure 1 for a typical environmental clearance letter for a super critical unit in India.
implied objectives of environment-related conditions by reguiatory authorities are for preservation of
environment and reduction in consumption of natural resources.



There are as many as 36 conditions in a few recent environmental ciearances of a few supercritical coal based
power plants. These conditions are sacrosanct and a project is likely to suffer if they are not agreed or
complied. It is proposed to discuss a few pollution control requirements expected by regulatory agencies for
super critical units located in arid /semi arid part of India, their sanctity and practicability. A few conditions need
to be criically studied with respect to topography, micrometeorology, availability of a technology, its cost

implications vis-a-vis alteration in environment quality around the plant.
3.0 Pollution control measures.

A review of a few project reports for supercritical power plants shows that elaborate details of pollution control

systems are included. Control systems are identical for both sub and supercritical units. They are as under

i) Air - Pollution control systems at the boiler include adequate stack height, electrostatic precipitators,

flue gas velocity and temperature

i) Water- Reports include conservation and pollution control measures €.g. cycles of concentration,

cooling water system, effluent treatment plants for sewage, de-mineralization and softening plants. Re-
cycle and reuse of treated effluents particularly of cooling tower pond blow down is included in a few

reports.

i) Coal handling plants - Coal handling plant details include methods for effective handling.and to

ensure dust control. Management of coal rejects and run offs from CHP are not included.

iv) Ash handling - mechanical or pneumatic. Pneumatic type ash handling is included for most plants. It

suggests a dense phase, enclosed conveying system to avoid any leakage. Ash moves through a

pipeline as a slug at low velocity to avoid wear and tear.

iv)  Noise- Plantation, shock absorbers, personal protective equipment, safety measures, storage of

hazardous chemicals and materials etc. are included in the report.
4.0 Thrust areas

In future, thrust areas for effective pollution control for a super critical plant will be i) air quality

management ii) ash & coal handiing iii) water conservation & wastewater management.
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Emphasis will be on
Flue gas de-sulphurization (FGD) which is being insisted upon
On-line continuous monitoring of SOx, NOx & PM.
High efficiency ESP to restrict particulate matter to 50mg/Nm3 .

Monitoring ground level concentrations of sulphur dioxide, nitrous oxides & PMio & PM 25 and
mercury.

Ash & coal handling

Cyclones/bag filters, water sprays systems in CHP & AHP at transfer points

Fly ash collection in dry form, storage in silos, maximum utilization;

Excess fly ash to be disposed as siurry to ash bund lined high density poly ethylene (HDPL),
monitoring of for mefcury & other toxic metals.

Annual review of hydro geological monitoring for adverse impact if any.

Assuring proper flow in channel/ river from which water is supplied to power plant in lean season 'to
maintain natural drainage. |
Closed cycle cooling system with natural draft cooling towers.

No discharge of wastewater beyond plant premises except in monsoon.

Use of STP effluent for green belt

Rain water harvesting

Air quality:

Fiue gas desulphurization (FGD): It is felt that insistence on FGD at this point of time is not justified,
particularly if plants are located in arid or semi-arid zones. Provision for FGD may be kept in case itis
fouhd that sulphur dioxide levels in ambient air are on increase. Air quality surveillance by thermal
power plant authorities, regulatory agencies has unequivocally shown that sulphur dioxide
concentrations within core and buffer zones of most thermal poWer plants in Maharashtra have seldom
exceeded 12-15pg/m3.



512 Study of air quality around a thermal power plant in Vidarbha consuming coal @ 30,000 - 33,000 TPD
for the past decade has been carried out with exclusive purpose of finding out the fate of SO2 released
during combustion. It was found that they were below 20 pg/m3 . Ambient air quality in terms of
particulate matter, sulphur dioxide and nitrous oxides around the plant had remained unchanged
during complete shut- down of the plant. Reasons for reduced concentrations could be adsorption
and entrapment of gases on ash; neutralization of sulphuric acid by lime and magnesium oxide in ash.
High lime content in Indian coal can scrub sulphur dioxide in flue gas. Plants in plant premises were
not affected. Same has been noted recently for another plant after its old units were withdrawn. Micro
meteorology, stack height, flue gas velocities facilitate rapid dispersion particularly in semi arid

conditions.

There is a need to further investigate these observations. Generally, some ad-hoc factor for
adsorption of sulphur dioxide is being presumed by regulatory. This is important because it will
substantially reduce cost of a project.

513 Technologies for desulphurization: There are two technologies for desulphurization viz. the wet and
the dry methods depending on the phase in which the reactions occur. |

) In wet scrubbers, fine pulverized limestone is mixed with water in slurry form and is sprayed
into flue gases. Sulphur dioxide is absorbed by slurry. Calcium sulphite or calcium sulphate is
precipitated. This is the sludge from a scrubber.

o Lime (Ca0) also can be used and is efficient up to 95 per cent. Lime is costlier than Iiméstone.

e — ' s is scrubbed by a solution of sodium hydroxide.
Sodium sulphite and bisulphate are formed. This solution is interacted with lime. Calcium
sulphate sludge is formed and sodium hydroxide is regained.



Scrubbing with a basic solid or solution
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Constraints of a wet scrubber system are given below:

. Regular supply of lime / fimestone. Sources may not be close to a plant

. Auxiliary power consumption is almost 2 — 5 per cent of power generation capacity of a plant.
. Scrubbers are subject to corrosion, scaling and plugging.

o Large quantity of water is required. Make up water requirement @ 2.8-3.8 L/minute

° Sludge volume is high and has toothpaste- like consistency.

. Market for calcium sulphate (gypsum) has fo be developed.

o For wet scrubbers larger than 400 MW, the cost is $200 to $500 per ton. For wet scrubbers
smaller than 400 MW, the cost is $500 to $5,000 per ton.For spray dry scrubbers larger than
- 200 MW, the cost is $150 to $300 per ton. For spray dry scrubbers smaller than 200 MW,

the cost is $500 to $4,000 per ton.
e M’s. Du Pont has suggested a LABSORB process to remove suiphur dioxide from a gas ﬂow
The scrubbing agent called ‘buffer' can be regenerated for reuse. It recovers a high

concentration stream of sulphur dioxide (90 +percent) as a byproduct for use elsewhere.

. An alternative to removing sulfur from the flue gases after burning is to remove sulfur from fuel

before or during combustion. Hydro desulfurization of fuel has been used for treating fuel

oils before use.

o Fluidized bed combustion adds lime to the fuel during combustion. The lime reacts with the

SO to form sulfates which become part of the ash.

5.2 Online continuous monitoring of SOx, NOx & PM.

._OnJ;nejuagaSJmmmmlgjqummenLammmmemmllLamlable It has to be ensured that

procedures for calibration and standardization of equipment are handed over to the power
plant authorities to ensure regular calibration.

o Voluminous data generated during continuous monitoring should be used for validation of
dispersion modeling exercise. This data should be tallied with measured ground level
concentrations of sulphur dioxide, nitrous oxides & PM 10 & PM 25 and mercury.



High efficiency ESP to restrict particulate matter to 50mg/Nm?.

Efficiency of ESP will have to be exceptionally high in order to achieve emission standard of

particulate matter for protracted periods at 50 mg/Nm?. Indian coal has higher ash content. Ash has

low conductivity. ESPs are very sensitive to resistivity and particle size distribution. Determination of

these properties will have to be insisted by project proponent before approval or finalization of ESP

d_esigh submitted by the contractor. Resistivity will have to be determined as a function of temperature

of in an air environment with specific moisture content with a known ash- layer electric field. This will

give maximum ash resistivity at relatively low applied electric field in absence of sulphur

dioxide /sulphuric acid vapour.

ESP designs with more residence time for flue gases are available and can be tried. Similarly, aerosol

coagulation by introduction of a suitable electrolyte/coagulant in ESP is possible.

5.3 Coal & ash handling

Coal

Coal handling piant is meant for transfer tonnes of coal everyday to the boiler plant. Processes in
a coal handiing plant are receipt of coal, unloading, feeding, screening, crushing, bunkering,
stacking, reclaiming etc. After unloading at the wagon tippler it is transported by conveyors to
crushing and screening plants via transfer house and remaining coal is stored .Coal is taken from
bunker to coal mills and then to boiler furnace. Main objective of a coal handling plant is to
maintain a level in bunkers for smooth supply of coal to boiler. Quality management system ’
proposed by ShriJoshi (email- makarandj@hotmail.com) is advisable for coal handling plant of a

power station.

Operations in coal handling plant constitute fugitive sources of air emissions. Special efforts are
required to mitigate particulate emissions. Similarly run-offs from coal handling plants can be
acidic with high concentrations of iron due to pyritic oxidation. Properly designed effluent treatment

plant has to be designed

Maintenance of spray nozzles at wagon tipplers, paved roads and their maintenance will be

essential.



o Plantation of species recommended by Prof. Chaphekar et al in his paper ‘Thermal power plants
and environmental management’ J.IAEMvol26, 48-53 has been successful in a thermal power

plant in arresting dust from fugitive sources in its coal handling plant.

Ash handling:

e Condition to dispose excess fly ash to be disposed as slurry to ash bund lined high density poly
ethylene (HDPL) has to be viewed with respect to its practicability. This is recommended to restrict
ground water contamination. But ash slurry delivered at bunds of all plants in Maharashtra has been
found to be alkaline with pH above 8.5. Solubility of hydroxides of calcium, .magnesium, iron,
aluminium and other metal is less at higher pH. Hydroxides are likely to be adsorbed on black cotton
soil as ash water finds its level. Further ash has cementing properties and hence bottom of the ash

bund should is likely approach impermeability in course of time.

e Ash gets accumulated in cooling towers since they act as scrubbers. Blow down becomes difficult.

SLURRY PUMP



6.0  Water management

6.1 Ran water harvesting

Rain water harvesting has become a necessity in case of a power plant because bulk rainfall - hours in India
are only 100 out of 8760 hours of a year. Spatial distribution also of rainfall is changing due to various
environmental factors.

Hence water availability is decreasing and uncertain. Rainwater harvesting is possible over any power plant
premises because it occupies substantial area. Benefits will be i) restriction of runoffs ii) augment ground
water storage iii) reduce ground water pollution and improve its quality and v) minimize soil erosion.

A power station occupying about 1500 ha was surveyed to look in to feasibility of rain water harvesting.
Findings were '
¢ Slope of the area more than 3% making it suitable.
o Geological and hydrblogical conditions were conducive to water harvesting structures.

o Soils were deep and erodible.

+ Alrpremises except buitttupareawas—suitable—for raimwater-harvesting:
e Total rainfall potential was = Area in m2 x annual rainfall in m x evaporation loss. Potential was 12.8
Mm3/y in this case.
¢ An action plan has been drawn as follows.
1. Micro water shed demarcation (for open lands); preparation of base map; preparation of
drainage map, soil map, land use plan, contour-plan, efc.
2. . Field, transit, reconnaissance , geo-physical surveys for
- Identification of recharge, transit & discharge zones
. Probable size for water harvesting structures.
3. | Site preparation for harvesting structures would include diversion drains; cement bag dam and
nallah bunding towards ponds 2 & 3. Fly ash will be used for construction work.
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Environmental Economics-A Tool for Sustainable Development in Indian Power Sector

V.K. Sinha, Director, NPTI (WR) and Dr. N. S. Raman

Abstract: Today, the threat to the environment is high on industrial agenda in many countries and there is
every reason to believe that it will stay there for a long time to come, aithough local issues may still temporarily
overshadow the long term impact on the environment as a result of human activity. The World Commission on
Environment and Development (WECD) foresaw the possibility for new areas of economic growth, based on
policies that sustain the environmental resource base. A central finding of all country studies confirm that
economic policies and environmental trends are closely linked but often in the ways that have not been widely
recognised. Since economic policies must be designed increasingly in terms of their sustainability.
Environmental economics has been a considerable success in the sense of sustainability of natural resources that
is probably the most important sense. So, it can be used as advanced technology to understanding our
environmental problem: the way they arise, and the sorts of policies that can lead to desirable improvement.

Introduction:

Our environment includes all elements, factors, and conditions that have some impact on growth and
development of certain organism. It includes biotic and abiotic factors that act on an organism, population, or
ecological community and influence its survival and development. Human have begun to degrade all kinds of
natural resources because of increasing demands of the growing population, use of advance technology for
resource use as well as increase in per capita resource consumption. According to the State of the World 2004,
the global consumer class (user of television, telephone and the internet, along with the cultural and ideals these
product transmit) constitute more than the quarter of the world (some 1.7 billion people). Almost 50% of this
class now lives in developing countries, which also have greatest potential to expand the rank of consumers.
Forest, wetlands and other natural places are shrinking to make way for the people and their homes, farms and
factories. More than 90% of paper stills come from trees, which accounts for consumption of about one fifth of
the total wood harvest worldwide. Cars and other forms of transportation account for nearly 30% of the world
energy use and 95% of global oil consumption. Therefore, it becomes important to prevent the degradation of
natural resources and carefully manage them to ensure their sustainable utilization. Resource conservation
'.'"l' --::-lll':'lll' O d CY dIcC Ol WdSLCU, UCPICIEU O i':-i'iilii'
available on sustainable basis for present and future generation (Singh J.S,Singh S.P,Gupta S.R.Ecology,
Environment and Resource Conservation, Anamaya Publishers New Delhi, p-599-613)

In this paper Environmental economics is concerned as the tool for showing the impact of economic
activities on the environment, the significance of ecosystem to the economy, and suggests the appropriate ways
of regulating economic activity, so that cosmic balance is achieved in the society. There are three main principal
dimensions of sustainable development: Economics, Social and Environment (Ecology). In entire environment
our ecology deals with numerous and varied component of nature, which can be categorised variously (climate,
soil, litter lying over soil, plant, animal, production, decomposition, diversity, dominance etc.) and the linkages
existence between them while the term economics comes from the Ancient Greek “"OTOOID0OCC

(oikonomia, "management of a household, administration") from 25000 (oikos, "house”) + TUOTG
(nomos, "custom” or "law"), hence "rules of the house(hold)" and it is a part of social science that analyzes the
production, distribution, and consumption of goods and services. Alfred Marshall defined economics as: “a
study of mankind in the ordinary business of life; it examines that part of individual and social action which is
most closely connected with the attainment and with the use of the material requisites of wellbeing. Thus it is on
one side a study of wealth; and on the other, and more important side, a part of the study of man." Alternatively,



economics could also be defined as the study of scarcity. Environmental economics is generally viewed as a
form of progressive economics. trying to account for various forms of market failures to better model markets in
the future and lead to more widespread gains among people. So. there are three important “organizational”
issues have to be considered at the outset of any application of environmental economics:

O definition of the main problem and choice of the appropriate economic assessment approach;

O definition of the scope and limits of the analysis and the information required for the chosen assessment
approach; and

O definition of the data collection method and valuation techniques.

For enhancing the environmental impact of production and consumption of developmental activities,
Environmental Economics is one of the appropriate ways for formulating environmental policies and
implementing it for developmental activities with the help of sustainable development. So, it can be defined as a
part of economics which deals with the inter relationship between the environment and economic development.
It also concerned with the impact of the economy on the environment, and analyses the allocation problem
posed by the use of environmental resources. According to (National Bureau of Economic Research
Environmental Economics)

“Environmental Economics undertakes theoretical or empirical studies of the economic effects of national or.
local environmental policies around the world. Particular issues include the costs and benefits of alternative
environmental policies to deal with air poliution, water quality, toxic substances, solid waste, and global

warming.”

In industrial sector environmental management and recovery of natural resource become quite necessary in
term of sustainable development because of heavy poltution load so if, we concern about the sustainable
development then it can be emphasizes that the- rate of consumption and use of natural resources must
approximate the rate at which these resources can be substituted or replaced. At the same “time, it requires
that society. is able to satisfy social, economical and other needs without affecting the interest of future
generation. Sustainable development has been defined as:

(a) Living on the planet’s income without depleting nature’s capital;

{(b) Meeting the need of today’s population without compromising the ability of future generation to
meet theirs;

(c) Managing natural, human and financial assets so as to increase long-term wealth and wellbeing.

To address the issues of environmental problem, we have an elaborate legal and organisational framework
for environmental management. There are some aims of those organisational framework are:

- Ensuring the industrial activities which are compatible with sustainable development without
* destruction
- Industrial activity does not disrupt the ecological system through overexploitation of natural
resource.
- Incorporate the cost of rectifying any expected detrimental environmental effect.

- Identify the specific pollution causing sector and amendments needed in the existing corresponding
environmental legislation for pollution control in industrial sectors.
- Identify new and innovative approaches for environmental management and pollution control.

- Address the unforeseen environmental problems and to develop effective legal solution for



restraining them.
- Inadequate monitoring of industries and enforcement of regulation.

So, each State government and the Central Government should declare their environmental policies from
time to time so that the level and extent of environmental destruction can be minimized through laws-

List of environmental legislation in India
1974 . The Water (Prevention and Control of Pollution) Act
1975 The Water (Prevention and Control of Pollution) Rule
1977 The Water (Prevention and Control of Pollution) Cess Act
ll978 - The Water (Prevention and Control of Pollution) Cess Rules
1981 The Air (Prevention and Control of Pollution) Act
1982/83 The Air (Prevention and Control of Pollution) Rules
1986 The Environmental (Protection) Act
1986 Thé Environmental (Protection) Rules
1989 The Hazardous Waste (Management and Handling) Rules

1989 Manufacture, Storage and Import of Hazardous Chemical Rules/ Amendment Rules, 1994

1991 The Public Liability Insurance Act

1991 *  The Public Liability Insurance Rules

1992/93 Environmental (Protection) Rules —“Environmental Statement”
1993 Environmental (Protection) Rules —“Environmental Standards”
1994 Environmental (Protection) Rules -“Environmental Clearance”
1995 National Environmental Tribunal Act

1996 The Environmental (Protection) Rules —“Environmental Standards”

1997 Prohibition on the Handling on Azodyes

1997 AMMMMOM@MW@WW***** R

So, the specific purpose of the environmental Economics is to enable the user to analyze and value the
economic costs of land degradation, and the benefits of sustainable land management. The Toolkit comprises
five complementary tools: (i) Selection of the appropriate assessment approach; (ii) Identification of ecosystem
functions and services; (iif) Bio-physical assessment of ecosystem services;(iv) Economic valuation of
ecosystem services; and (v) Ecological-economic modelling.

In the subfield of Environmental Economics some macroeconomic policy also has to be formulated for
managing the environmental problems-

o Pricing of natural resources (water, forest, land, energy)
~®  Pricing and subsidization of agricultural input and outputs

¢ Exchange rate and trade control

¢ Government taxes

*  Government expenditure between urban and rural areas



Status of Environmental Economics in Indian Industries In India, environmental protection and
condervation of natural resources emerged as key national priorities in the wake of the 1972 Stockholm
Conference on Human Environment. Between 1972 and 1992 India has been able to develop a stable
organisational structure for environmental protection in country. At the same time an on-going process of
economic reform and trade liberalisation is bound to accelerate the process of industrialisation and trade. This
fact, coupled with the significance accorded to export in India’s economic reform, will have a significance
impact on environment in various ways. The evolving macro-economic framework will be mixed insofar as our
environmental priorities are concerned. It is required that the potential adverse environmental effects of the new
economic policies regime are minimised if not eliminated. It has been demonstrated that there is a positive
relationship between trade liberalisation, growth in per capita income and environmental quality. But studies by
the OECD and World Bank show that a positive correlation between trade liberalisation and environmental
protection is not an automatic process. In India looking at a broad macroeconomic scenario, during the last three
years or so, the GDP is growing at an average annual rate of nearly 7%. This is a significant improvement over
the average of 5.5% annual GDP growth during the last decade. Inflammation rate is low at around 4.0%.The
fiscal deficit ratio is expected to be 4.5% during 1997-98. The increase in export has been from US$26.3 billion
(1994-95) to US$31.8 billion (1995-96). Industrial production shows 6.7% rise from 1995-96 in 1996-97. The
per capita income in 1994 was US$320. Thus the present status definitely shows an encouraging picture from
the point of view of economic development. The liberalised, growing economy will certainly have a substantial
impact on the environment. These impacts include pol]uﬁon load on air, water and land and the dwindling of
forest reserves. But over the last few years there has been a shift towards a “greening” market specially in the
developed country. India, a developing economy, is one of the most populous countries in the world. It is
imperative that the environmental issues be addressed urgently as statistic show that environmental protection,

specially at a national plate form, needs to be addressed urgently (Mookherjea.aloke (et. al.) 1998 International
Environmental Agreements: Challenges and Opportunities, Challenges for Economic and Environmental
Policies in Developing Countries: Case of India). Industrial ecology has been guided by the quest for production
and consumption processes that minimize waste generation and, thus, environmental impact (Matthias Ruth
2004). Comparatively little research is carried out within industrial ecology on consumption processes, yet it is
here where many decisions on total systems impact are made—if consumption expands faster than efficiency
improvements, then total environmental impacts will rise (Waggoner and Ausubel, 2002).

‘Major Challenges of Environmental Economics in Indian Industry: India is a signatory to

several Multilateral Environmental Agreements (MEAs) which use various trade measures as a means (o help
and achieve the environmental objective, some of the important ones are the Basel Convention, Montreal
Protocol and the Framework Convention on Climate Change. These agreements contain various tools, import
and eprrt restrictions, quotas, notification and consent procedures, provisions banning trade with non-parties
etc. The Protocol was framed in1989 and India becomes-a signatory-in—1992: Being a-party-to-it;-ou
industry has a commitment to phase out ozone depleting substances (chlorofluorocarbons (CFCs) and halos) by
the year 2010. The involved areas are air-conditioning, refrigeration, fire extinguisher aerosols, pesticides,
solvent using industry etc. There are several barriers in the path of implementation which can be broadly
classified as follows:

s Unavailability of adequate finance

¢ Identification process is proving to be a marathon task as most of these industry units are of small scale

e  Scarce availability of alternative substance like aerosol

India, with its growing economy, will have to address the issue of a fast deteriorating environment quality
urgently in the coming years. The exiting legislation should be aimed as responsible industrial behaviour the
present law need to be reoriented to accommodate the fast increasing pollution load in the country. It has been

‘shown that there are three major problems due to heavy pollution load —

I.  Depletion of resources.
[I.  Dependence on outside subsidies.
1.  Disruption of natural cycle.



With the globalisation of the Indian economy, trade and environment have become two sides of the same coin.
Increasingly, there is a tendency to entwine the environment issues with trade. Because, our economy is an open

Global Ecosystem

subsystem of the larger closed environmental system, so the
economic process is sustained by the irreversible, unidirectional
flow of low entropy energy and materials from the environment,
through the economic system, and back to the environment in
the form of high entropy, unavailable energy and materials
(modified from Hall et al., 1986 and Goodland et al., 1991).
Historically, manufactured capital and natural capital have been
developed as complements, not substitutes (Daly, 1991). The
stock of manufactured capital such as tractors, oil rigs, and
fishing vessels has been increased with the express intent of
increasing the use of natural capital such as fertile soil, oil
deposits and fish populations. As Costanza and Daly (1992)
observe, if manufactured and natural capital were perfect
substitutes, there would be no need to develop and accumulate
manufactured capital since an equivalent form already exists! A
substantial amount of empirical work needs to be done to
appropriately measure and represent human and natural capital

Solar Energy

Thermal Energy

in quantitative models of economic production, and to measure the potential for substitution between them.

There is a conspicuous gap in our knowledge of the role played by

ecosystem services in production. (Cutler J.

Cleveland, Matthias Ruth 1996). This is expected to further the pressure especially on the developing countries.

The pi'egsure has already been felt in certain secior like textie

important challenges facing developing countries like India urgently (Mookherjea.aloke (et.al) 1998

International Environmental Agreements: Challenges and Opportunities,

Environmental Policies in Developing Countries: Case of India).

Environmental Economical —Sustainable Developmental plans for Indian Industry

Challenges for Economic and

Sustainable development is a global concept and the preconditions for sustainable development are equity and

social justice, economic efficiency and ecological harmony. Sustainability (from the Brundtia

nd Commission

Report-Our common Future) is....a process of change in which the exploitation of resource, the direction of
investment the orientation of technological development, and all in harmony and enhance both current and

future potential to meet human needs and aspirations.”

The main Agenda for sustainable development has a focus on carrying capacity

structural changes in economic SeCtor amd pre

-developrhent is needed to protect the structure and function as well as diversity of natural ecosystem with a

focus on following aspect:

e  Conservation of life support-system and ecological processes
e  Conservation of biological diversity in terrestrial, freshwater and marine system

e« Sustainable use of resources
¢ Minimising depletion of natural resources
e Stability of the earth’s carrying capacity

e Improvement of the quality of life including social and economical concern.

based sustai

e Develop a national framework code to integrate development and conservation.

In order to move towards sustainable development path, India has developed an ECO-

nable development;

MARK scheme.‘ This

scheme confined to consumer product which includes soap, detergent, paper, architecture paints, plastic,

lubricant oil, aerosols, food items, packaging material, wood substitute, textile, cosmetics,
electronic goods, food additives, batteries and so on. In the contex

electrical and
t of development of the International



Organisation for Standardisation, 1SO 14020 series, there is need to review the schemes requirement as well as
review of requirement of the schemes which is inhibited it’s take off with the Indian Industry. Sustainability
recognizes an integrated view of the world through the use of multidimensional indicators that shows the link
among a community’s economy, environment and society (For example, the gross domestic product(GDP), a
measure of the country’s economic well being, measures the amount of money being spent in a country.
Generally, the more money spent, the higher the GDP and betters the overall economic well-being. However,
because GDP reflect only the amount of economic activity, regardless of the effect of that activity on the
community’s social and environmental health, GDP can go up when overall community health goes down. So,
environmental sustainability has a main focus on maintenance of biological diversity, atmospheric stability and
ecosystem function and services.

ENVIRONMENT

SOCILTY

(A) Overlapping view of three system (B)
‘Included view of three system of sustainability of
sustainability

Economic Capital
Financial Assets

Cutturat Capitat

Shared Norms and
Values

Human Capital
Knowledge, Skill and
Competencies

Natural Capital, The
renewable and Non-
rencwable Resources

Fig: The global capitals comprising natural system and the built system are interdependent and
interrelated and form basic measurement sustainability (Source from —Ecology Environment and Resource
conservation)



In the 1980s however, the concept of sustainable development challenged the idea that environmental protection
and economic development were incompatible. This concept holds that economic development and
environmental protection can go hand in hand (UN, 1987). It is being increasingly recognized now that there is
a scope for market based approaches to environmental regulation, largely because of the worldwide adoption of
market philosophy and development of suitable market mechanism (Garrod and Willis 1999). So, the
contribution of environmental economics is to “value” environmental resources necessary for reaching
sustainable development by establishing the following parameters:

O Valuing resources helps to identify damages or improvements caused by alternative natural resource uses,

0 Estimating environmental value in economic terms creates market incentives for protecting that
value against over-use of natural resources.

O Valuation also increases national and local level environmental awareness strengthening the commitment
towards the implementation of environmental initiatives. '

[J Valuation reaches the attention and vision of Economic and Finance Ministries to increase
protection investment and undertake more effective measures and policy reforms. Each environmental function
has economical value attached to various attribute as shown in fig:
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So, managing the environmental economical balance it will be needed to equip with the ability to adapt to
economical policies as well as environmentally- related product standards and technical regulations, such as the
ISO 14000, packaging, labelling, recycling, and intellectual property rights requirements, in order to maintain
and improve competitiveness. The private sector will also be encouraged to develop niches in environmental
technologies and product in view of the expected increase in the demand for these technologies and product tike
in India, there are several environmental laws passed by both States and Union Governments. It means that to
solve environmental issues, and also to avert the local or regional environmental threats that are likely to take
place, a suitable environmental policy is essential. If we take the example of fly ash in India, major areas for fly
ash utilization are construction and biomass -production. Construction includes cement production, brick
manufacturing, and road embankment while biomass production covers agricultural, forestry and floriculture.
But forestry attracts more Fly ash utilization for growing few economically important trees such as Eucalyptus
Bamboo etc., biodiesel crops, fire wood and plywood trees. So, using fly ash for biomass production is one of
the important strategies to protect environmental degradation as well as economical importance. A mix of
commarid-and-control and market based instruments is best to stimulate changes in attitude and behaviour of
industry towards more sustainable production patterns. A good network should be in place for dissemination and
access to information to enable citizen to be aware of their responsibilities, available technologies, financial
scheme etc.

Conclusion

It can be concluded that a frame-work and methodology suitable for India needs to be
developed to conduct Environmental Economic evaluation for natural resources ,which
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