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'PREFACE

-The present study .was undertaken .to demonstrate the feas;billty' and cost effectiveness of
formulating market based incentives for poilution prevention. The: underl}rlng ‘purpose of the
study is to illustrate the mettiodelogy and its practical application for prevention of water
pollution from coal processing industries in the Dhanbad region of Bihar, India. The study
- is based on actual data on water quality in the region and the Iihpacts of major polluting units,
© Data on poliutiofi abatement costs however was lacking. To ovércome this problem, figures"
*.for estimated costs have been used whose accuracy has not beed verified. As such, the
numerical results need to be treated with caution and should not in any way be taken as
_ accurate prescriptions. This does not however detract from the major objective of the study -
© i,e, to illustrate the method . and its advantages. :
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1. INTRODUCTION:

The Dhanbad region of Bihar in India, with a population of approximately 20 million, has
historically been the premier coal mining region in India, It is also identified as one of the
most polluted industrial beits in.the country. Industrial activity in the region is concentrated =

~ around the Damodar river. There are at present a number of large and medium sized heavy -
industries in the area, ineluding steel plants, thermal power plants, coal mines and washeries, .
a cement and fertilizer plant, and an explosives factory. In addition a number of small and
medium sized industries including coke oven batteries and bnquettmg plants also operate in
the area leading to air, water and soil ‘poliution.

Air pollution in the form of suspcnded partl-::ulate matter, sulphur dioxide, nitrogen oxide,

hydrocarbons, carbon monoxide, is caused by the three thermal power plants in the region,

open Cast mining, coke oven batteries, soft coke and briquette manufacturing units, steet
plants, fertilizer and chemical industries. There is also extensive (mainly unauthorized)
burning of coal for domestic use witich contributes to extensively to the region's air pollution
prublems

Water pollution in the main river Damudar is hlgh due to effluent discharged by industries
located aleng its banks, Suspended sclids from fly ash and bottom ash are discharged into the
river by the three thermal power plants. Coal washeries which discharge large quantities of
coal fines, ash, shale and dirt also add to the suspended solid content of the river water. °
Chemical pellution in the river, in the form of ammoniacal nitrogen, phenolic waste, chemical
oxygen demand, cyanide etc., is mainly from the stegl plant, chemical and fertdizer vnits and
" coke oven plants, The waier puiluu-::-n problems are aggravated because the river water to
effluent ratio decreases critically in the dry season and even effluent conforming to the
prescrlhe:d standards causes severe water usage prt}blems

The mstltutmnal and legal t‘ramewurk for the formulation of taxes ami standards i3
- controlled by the central government authorities and the Central Pollution Control Board
operating out of New Delhi. The administration of these taxes, and the monitoring and.
enforcemcnt of the standards is however done by the State and District gnvemments

At present there are no enwrnnmenml taxes on pc-lluuun emissions. The coal pricing structure
is highly regulated and subsidised resulting in overutilisation of the resource. Indusiry wide
and general effluent and emission standards have been established. The problem however is
to monitor and enforce compliance with these standards since the existing institutional
mechanism is unable to effectively detect and deal with the violators. - '

Clearly the industrial pollution problems of the region are extremely complex and require the

adoption of an integrated approach 1nvuhr1ng policy reforms; 1n511tuhnnal changes as weH as
technological solutions. '

The pr&:sent stud:,r limits itself to addressing the water pollution problems of coal processing
industries in the region i.e coal washeries and medium sized coke oven plants operating in

. 'The authors are grate.ful to Marcella Pavan uf Fon-:lamnne ENI, and to Carlos Ycung and
Maryanne an:g-Gran of IIED. :
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the area, It wﬂl attempt 1 devise an innovative market based scheme thiat would provld-: an
incentive for producers to stay within the effluent standards set by the Pollution Controd

Board, and to adopt the remedial measures that have been suggested by {varmus) technical
studies,

- ﬁ demled survey of thr: status of air and- water quality in Ihe rﬂgmn has been undertaken and
the impact of major industrial polluting units on them has been estimated (PCRI, 1991). The -
same survey provides information on the raw material usage, product, water consumption, -
quantity of effluent discharged, and air and water quality status at the major coal washeries

and coke oven plants. The survey also recommends varions technical and simple housekeeping
remedies to-be adopted by the entrepreneurs. These however, have not beén implemented,

- maml},r due to the lack. of incentives and of a proper eufc-rce:ment mechamsm

The present study ut:nhses data from this survey together with e:stImates of abatement cost -
. structures for 11 coal washeries and 4 coké oven plants, to calculate effiuent charges and
: efﬂuemt standards necessary to achleve taxget levels of dlscharﬂc in the water

2. OBJECTIVES
. The objective of the_smdy is. to devise a strategy, or a set of policy'instrument.s that wmjld
i lead to a reduction in the effluent dlSﬂhaI‘g'E: c-f total suspended solids (TSS) frc-m the
coal washeries and coke oven plants. The discharge of 1ol dissolved solids (TDS)
- was found to be within the standards set by the government: and was merefure not

' cnnmde.red -a preblem for the cnncerned mdusmes

ii.'_ induce thesf: industries to ihnovate and adopt cleaner pmduchon ancl abatement
' technnlogles for treaunent nf total su5pended solids,

2 Data ‘contained In Tahles I-to 8 and Graphs (appendix 1) have been taken fmrn PCRI .
" (19%1), Report on Pollutiori from Cual ‘Washeries and other Industries in Dhanbad B1har
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3. METHODOLOGY
ﬁpprnaches

In orde:r to devise smtahle policy recnmmendatmns fnr anhievmg the nbjecuves mentioped
above, two approaches were examined; (1} abstraction charges and, (2)-effluent charges and
standards based on cost minimsation principles. In the final analysis the latter approach was

.adopted for reasons explmned below. A brief description of the abstraction charge approach
_is also given. : :

A. Abstraction charges

* The price of water drawn from the river was considered as an option for influencing the
firms' decision about their discharge of effluent in the river. The underlying rationale is that
at a certain level of treatment of effluent watér, the cost of recycling this water will be less
than the cost of pumping new water from the river. Given perfect competition, each firm
should then treat its efffuent to the level where the marginal cost of treatment will equal the
water charge set at a level yielding the desired aggregate pollution abatement. Recycled water
treated to a lesser degree than the desired quality usr:.d n the 1ndustr1al process cnuld therefore . -
be mixed with the water frnrn the river, '

A policy designe.d_ accnrding to this approach wnuld_ have the additional advantage of
' rationalising water usage, which would be especially desirable during the dry season.

" This policy would not be a novel concept for the industries in the area: they are.already
charged'a "cess" for the use of water, although this is pan:l to the central government rather
than to the State or District Government.

The approach was nnt adopted in the present study due to lack of information on the quality
of water required by the industridl processes concerned and- on the quantity of water
abstracted :

B. -Efﬂuent charges and standards

- Given our present state of knowledge about the economic costs of environmental damage, it -
is difficult to calculite an "optimal level” of pnllutlnn where marginal abatement costs {MAC)
" equal margmal benefits (MB) :

A practlcal enwrnnmantnl management system is likely to revolve around effluent standards -
" which reflect 2 social consensus -{or technocrats' judgement) on an acceptable level of
environmental quality. Even a system based on economic instruments would need to employ
effluent standards to be able to gauge the effectiveness of the chosen instruments in atta.lmng
30CLO-2CON0MmMIC gcals : :

Ideally it would be desirable to construct a marginal damage or marginal benefit curve that
would determine the optimal level of abatement, in conjunction with the abatement cost curve.

However since sufficient data on the health impacts of the effluenis discharged was not
available, the emtmg effluent standard for total suspended solids (TSS) has been used as a
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proxy for the desired level of abatement or effluent. An efﬂuent charge for TSS. was then
designed that would achieve this in the most cost effective way.

This approach is not an optimality approach in the tradltmnal sense 6f the term but can br:. _
used to achieve the policy objectives in a reasonably “efficient” manner. This is because
under conditions of perfect competition and profit maximisation?, the charges proce.dure is the

least cost method for the achi¢vement of speclﬁed abatement targets,

| Taking aggregate al:-ai_:ement level fo be fixed by the existing effluent standard for TSS, we

then ask the guestion; how to achieve this in the most cost effective manner? If we were to "
consider m':aly two factories with marginat abatement_ costs MAC! and MAC2, then the least

As.MUnit
Tl MACT
MALCZ
MACH
_ Al Az . Unily of polluion abated .
 faArsdT=AT
. Figure 1

cost methad would require allné:iting the aé gre_gafa abatement level Ee’tween ﬂ_‘lﬂ two factories
that equates their marginal abatement costs (MAC1=MAC2). The effluent charge is then set
at MAC*=MAC1=MAC2, which equates the MAC of ail firms but allows them to abata at

. -different levels. This is.represented. for the two firm case in Fig. 1,

.' The following pmnts shouid be noted and considered whﬂe dﬂmgnmg an appmpnatc e:fﬂuent

-::ha:ge scheme:

i Ifthe cha:ge is nc-t set at the leval MAC* the aggregate a.batement level would dlffer
from A™ It is therefore important that the charge is. set at the right level. This -
ofcourse depends on the assumption that the cost curves are accurately estimated. If -

? The asmmptmn of perfect cumpentmn 18 fmrl}; realistic. for cna.l washeries and cuke

aven plants in the, arga.
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the true MAC curve is above the estimated curve then, df;pen-::hng on the elasticity of

thé marginal benefits with respect to -the ‘efffuent, it may well be that a uniform
standard would ‘mintmize the net lnss in social surplus.

The approach. is us.eful only if the MAC across dlfferent SCUICes are ver},r dlfferent _
In the present study it is assumed that this arises from differences in the operating and
maintenance costs of treatment across firms as well as in the total quannty of waste

| ~ water dlscharged {W‘J

Evaluat:mn Cntgria

The following criteria are used to evaluate the rmommende.d'pﬂlicy'mechanisms:

Does the mechanism achieve the siated goals?

Is it cost effective?

Is it admlmstratwal}r feasiple to monitor and enfﬂrce‘?'

Dnes it prowde incentives for research and mnnvatmn for better pnilutmn control and
pollution prevention technologies?

Is it publicly transparent‘? _

The Mud_el

The model used'ir_'l the present study ma.kes the fﬂliﬂwing set of assumptigng: |

i.

iit.

Iv.

i,

" Total suspended solids is the ma]nr pnllutant and is assumed to be a uniformly mixed

flow pollutant,

There is full information regarding the abatement technology and costs of abatement,

- All coal washeries and coke oven plants are making use of flocculation and

sedimentation as end-of-pipe technologies for treatment of TSS and TDS, There is
however considerable underutilisation of capacity evidenced by the fact that standards
for TSS d:scha:ge are ot bemg met. . '

- All firms have invested in sedimentation tariks and therefore capital costs are sunk

costs and are not a declsmn vanable for any given firm.

The cost function for pc:llutiun abatement is an engineering cost function which could

‘have been derived from a well behaved production-function maximised subject to input

consiraints for profit maximising firms. It is also assumed that the production
functions for the firms differ on account of dtfferences in the vintage of pru-ducunn

tmhnﬂlegles

I}lfferences in the abatement costs of the firms are due to two factors: the quantify_r of

s




wasté water discharged, and, variable costs of treatment. The latter are different on

account of differences in size of particles, quantity of limestone: use::l in the'

: ﬂecculahﬂn pmcess and, the volime of wet sludge.

.vil, No efﬂuent'charg& for TDS is cﬂnsidered since ail firms are cui‘réntly dlscharglng
. well below the standard for TDS set by the Pollution Contrul ‘Board (21[)[: mgﬁhtre.}

. viil. The e:ustmg efﬂuant standa:d for TSS set by the chemment is lﬂﬂ mg/litre.

ix. - Lahnur costs are included in the respecuve ccmpnnents of unit- abatement costs as
descrlbeﬂ below.

X. The quantit:,r of waste water disﬁharged {.W,-} by each firm i is at a level where firms

. cannot reduce the use of water. W, is thus not 2 decision variable for the firm.
- Consequently the. firm's decision is restricted-to chot}smg the Gptlmal mix between
recycled water and fresh river water.

~ xi.,  ‘The quantify of coal for the firms a.nd muzlustr},»r as a whrale is cxogenenusly determmed
and is taken as given.

Description of pnllutmn- abatement costs

The total abatement cost is defined as a function of various parmneters that reflect mter
industry differences in abatement technology for treating TDS and TSS. Table 1-provides

summary data on the effluents for the 11 coal washeries and 4.coke oven plants in Dhanhad

The abatement of TSS and TDS requues thie sequential use of two main end of pIpE:
-techriological pmcesses : .

A, Flﬂc:_::ulatmn: .

If the size of the particulate matter is less. than 35 microns. then a flocculation treatmént is
- applied to increase the size of the particulate. This is done to facilitate the sedimentation

process in the second stage. The main operating cost of flocculation is the price and quantity. -

-of limestone (P, and Q) that is added to the effluent to absorb the small particles. Capital
- costs for flocculation are negligible since capital equ;pment fc-rms part of the sedimentation
Process, :

~ Although dissolved solids dﬂ not exceed the existing: standa:ds and tLE'lEref{:ure are not a

poilution problem,.a by-product of the floceulation process is that it treats these as well. -

These "flocculated” dissolved solids (FDS) in mg/litre are defined as:

* The cost functions presented in this analysis are basically enginegring type functions that

have been worked out by the authnrs and would need reﬂnmg and verification fc-r further
- work. :




- FD§;=TDS§, = Q,fl[F
© wherg 1“1 ....... 15 15 the number of ﬁrms

Note that no flocculation is a;:phed if the ong,mal size -:}f the ga.:tmula.te catter is greate: than |
or equal to 35 microns, .

In addltmn, the quannty of limestene used by a firm i is given by:

Q={35-5) if5<35 where 5 is the meﬁi'an'parﬂcuiate size. ..

=0 . if 5,> 35

P,=price of limestone = _E_ts:‘:? * lﬂiﬁfﬁg
. B. Sedimgj_;tatiun:
Once lhe flocculation process is complete, waste water is 5ubjected 10 a sedimentation process
to reduce its load of TSS. The speed at which the suspended solids settle is directly related
to the velocity of effluent flow which in turn depends on the size of the particle, Consequently

the size of the pond will depend on the volume of effluent and. the size uf the particle.

The main cost elements in the process therefore. are; a capital cost L.e. the cost of cnnstructmg
the sedimentation pond, and the operating cost of sludge removal.

P, = per unit price.nf s'lﬁdgé.reﬁmval = R.s. 5@’1:13
P, = 'cuns;‘:ru-f:tiun' price. per cu. metar of pundé c(W)"* where c=1.50 -
W, = quantity of ﬁraste_- water. di_schgrged in '000 cu.meters per 'year'
S, = volume of we.t sludgé in cu.meters of ﬁhich 5% is mlid;s.
We Fi.efine. _
= [EDS, + TSS, + QU/10° * 100/5 .
| TSS, = abated suspended solids (grams/cu. m)
In additios,

.Vi = T~;r'f.=1utm=,- of pond required to treat I cu.meter of effluent

" We define
A - 10’*ermfxf

. where T8S, = pre-treatment suspenﬂed solids (grams/cu.m)




And;

;=51 + Qf IGD'}' where x; = medmn pnst ﬂm:cuiauan SIIZ'E'- of parﬂculate -matter
 Note that if O _ns—x |

TS88a/TSSo is similar to an effici.e.ncy factor nf ahati.ng TSé

Ba.?.ed on the. descrlptmn of the above treatment costs, the mrai abaremenr €08t ﬁncnon in
present value® for ﬁrm 1 ma}r be defined as:

G =W, {(PQ; + P,Si)f_r + RV}

" wherer = dls.cnunt rate = 10%

Note that Pl{:}1 + P.§; are the cperating COStS whereas PV, is tha ﬁxed or capllal cOst |

component.

‘Marginal Cns_ts

‘Having defined the Total Abatement Cost function as above, we then derive the marginal cost - .
functions for all firms. ThlS is donie hy talcmg the denvauve of the cost functmn with respect'

to TSS
 Weget the mafginal é;ust functiun'fur.ﬁrm i as ft:-_]loﬁ_s:

C W, {[PLQ+ PS)ir + P ')

dC, deSS = "s’h’,P,h‘*lLl6 + WiPaix’* 10%133“”53‘* |

= Y + Z *_eTSS“'.T““_ _

where as expected, Y and Z aré positive constant terms for any given firm 1.
Theréfore | | |

MC, =Y + Z*Lfmm
and marginal cost per '00C cubic meter of waste water is:

MC/W, = (Y + Z * Mm%y w,

The marginal cost ;ier cubic meter wouid be the additional cost of reducing the conceniration -

of TSS by 1 mg/litre. The marginal cost function may be considered as & reaction function

of firm i to different policy instruments. (These functions are depicted graphically for all 15

7. The dperating life of the facility is assumed to be infinity. -
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firms in Appendix 1.

As mentmned above the ratio TSS JT8S, represents the efficiency of abatament and derwes
from wvariations in marginal abatement ccsts Yetween firms.

The foIlc:erg se:ctmn analyses the 1mpacts of different policy instruments on total writs of
effluent abate.d and the associated costs.

4. POLICY IMPLICATIONS
i Exnstmg Policy (Efﬂuent standard set at 100mg/litre -::-f TSSJ
The Pcllutmn Control Board has set an effluent standard at lﬂﬂmgfhtre of TSS. It has been

observed that this standard is not being met by the majority of ﬁrms Enforcement is weak
and viglators are not pmallsed :

The ana.lyms 1nd1cates that costs to the firms of keeping within the standard is high. As
‘indicated in Table 2, the total cost of abatement {TAC) varies among the firms from Rs.37
- million to Rs. 0.008 million, and the MAC varies from Rs. 1.03 to Rs, 5.02. This variztion

in costs is-due to dszerences in the nitial pollution lnad the volume of effluent d1scha:gad
and the size of particles. _ :

If this policy were to be effectively implemented, the total abatement would ideally have been
23 tonnes per year at a prasant value cost of Rs, 80 million. - .

E ation in term e set criteria

The pohcy dces not asmeve the target of reducmg the pollution load to 23 tonnes per
year since the firms do not cumply wlth the standard due to the: hlgh costs invelved..

The policy | 1s clearly not cost. effecuve duc to the high cost of abatement for firms.
“The costs of mhnimﬁng and enforcement are high®.
The policy deoes have potential for inducmg innovation of poilution control

technologies if implemented effectively. But since the costs of compliance are high this
"has not occurred, -

The advantage of the standard is that it makes the stated goal of Poﬂutmn reduction

- clear to the general public and the industry. However because of the high costs of
.abatement for the firms the policy has dlscuurawed compliance.

ii, Effluent Charge

S Precise estimates of these costs were not available.
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Tmplicit in the standard of 100mg/litre is a total abatement level of approximately 23 tonnes |
of TSS per year which the Indiar Government has adopted as a desirableé level of total
abaterent. In the following analysis this level of abatement has been retarned as the reference
point.

Taking the‘-_.MAC function as specified in Section 3 above, a series of iterations were
conducted to arrive at an effluent charge level for which total abatement would be equivalent
. t0.that corresponding to the existing standard (23 tennes per year). These results are shewn
in Tables 3 and 3. :

Aecerdmg to the anal.}rsrs effluent charges setat Rs.2 per mg/'000cu.m. would induce firms
to abate TSS upto levels at which the cost of the last unit abated is equal to Rs.2 for all firms,
If they were to abare an extra unit each, their costs would exeeed the levied charge.

The cost mrmmrsmg behavior of firms and the efficient alleeatren of costs amongst firms, -
results in alower total abatement cost of Rs.32.30 million as compared to Rs.30 million w1th
the existing standard of 100mg/liire.

~In addmen an amount of Rs.2 million per year weuld be collected as tax révenue, makrng '
I:he total cost to 1ndu3tr}' Rs 34.50 million.

Note that, as indicated in Table S, with a charge of Rs,2, Kathara and Grddl coal washerree
and Loyabad and Bararee coke oven plants do not abate at all. This is because they hdve very
‘low levels of TSS to start with. They als¢ have comparatively higher marginal costs of

" . abatement (see Table 6}. The low MAC firms i.e Jamadoba, Patherdih, Chasnala, Sudamdih,

Kargali, Swang, Barora coal washieries and Bhowra coke oven plant, treat fully whereds the
rest undertake partial treatment. In praeneal terms this would be impossible, The result could
however be interpreted as an indication of extremely high levels of treatment.

Firms that do not abate or that abate only partially are taxed and therefore provide the

revenue, These are the high control cost firms. This conforms to the economic rationale for
_ setting effluent charges as opposed to settmg standards. :

Evaluatrrm in terms of the set enteng

This policy has greater probability of aehlewng the target of pellutren redueuen of 23
_ tonnes than the standards approach. The reason for this is that although it requires the

same amount of monitoring and enforcement, it-could be self-financing to the extent -

_ that the revenue from the .tax could be ploughed back into strengthening the _'
monitoring and enforcement capabilities of' the local district autherlhes and the Bihar
State Pollution Control Board. :

The pei're}r is cost effective since the targeted level of abatement is achieved by all
firms operating at least cost. The overall abatement level 15 achiéved at & total costto
the industry of Rs.34.5 million as.compared to Rs.80 million with the standard.

- The effluent charge provides the firms with adequate incentives for adopting
innovative pollution control and prevention technologies, :

10




' The policy is net as visible as the standard but if the- Guvermhent were to advertise

the. policy prior to-its implementation, it would increase public awareness and
thareforﬂ give it 4 ccrimn amouni of public sanctlon

it. Charge cunt Standard

* The most effective environmental management system is likely to be one which judiciousiy

combines regulations with economic insiruments. In the present study the imposition of g
"pure" effluent charge emerges as a cost effective mechanism vis-a-vis a "pure"standard,
However the charges approach has an element of bias in that it collects a large part of the
revenue from firms which are already abating at satlsfactor}r ievels. It is therefore suggested
that a charge plus standard policy be adﬂpted that would impose a tax on those firms whaose

“pollution levels exceed the standard, This is achieved at 2 marginally lower level of total

abatement as well as a lower tutal cost of abatement for the indusiry as a whole.

A series of iterations was conducted and various a,ltemati\_fa combinations of standards and
effluent charge tevels were examined for their impact on total abatement, total abatement cost
and total revenue (see Table 8). According to the calculations, it appears that if a charge of
Rs.1,7 per mg/litre per "000 cu.m is levied on all firms discharging more than 150 mg/litre,
the total abatement would be 22.3 tonnes at a total dbatement cost of Rs.30,% million and a
total revenue of Rs.1.02 million. Firms poliuting less than the standard of 150mg/litre can
then be charged-a nominal rate of Rs.0.3 or less per mg/litre. This would further increase
total abatement and would also add to the tax revenues.

This combination of standards and effluent charges therefore achieves the targeted level of
abatemnent withgut the bias inherent in the pelicy with a uniform effiuent charge of Rs.2.0 per
mg/litre. Furthermore the revenue coilected is still sufficient to support the upgradation of the |

. monitoring and enfurcemmt capabilities of the State Pollution Control Board.

Evaluat' _in ferm the set criteria .

‘The policy would appr_c:nximﬁtel:,r achieve the fa:geted level of total abatement. The
lugher poHuting firms will reduce the total amount abated by 22.3 tonnes per year.
This is marginally. less {by 0.7 tonmes) than the ahatemem; under the pure cha:ges
scheme.

The-policy is cost effecnve since :he reductmn in abatement is ach;evecl in the least
costly manner for a sub-group of firms. 1t is a least cost solution whlch can also be
feasmly 1mpleme:1tﬁd :

The high costs of monitoring and enfnrcement can be offset by rmnvas’ung the tax
revenue towards improving the institutional capacities for monitoring and enforcement. -

The policy will provide approptiate incentives to industries o innovaie and adopt
poilution control and clean production. technologies. '

It is-publicly transparent.

11




This policy is tﬂdre attractive to industry. than the pure charge of Rs.2.0 per mgflitre '
per '000 cu, m,, since it 1rnpcnses a less stringent standard as well as Iev1es 4 lower

charge.

5 CUNCLUSIDNS

i. The major policy- recummendauon is to amend the emsung policy of a simple efﬂue:nt '

- standard by levying a charge of Rs.1.7 on all firms exceeding poliution discharges of 150
rngfl;ltre, and 3 nominal charge of Rs.(1.3 on- ﬁrms with dlscharges of less than lSDmgﬁlltre

The effluent charge is an attracnve feature for environment agencies on ﬂ'lf: following
grounds;

a i generates revenue that could be used as. an "environment fund" for 1mprcwmg the

institutional capacities of the local administration and the Pollution Control anrd for
-mﬂmtonng and enfarcmg !;he pollutien charges and standards

by it creates incentives for poilution control innovation and also fnr cleaner pruductlcm'
- methods, thereby inducing factories to increase abatement.

¢) The setting of charges reveals infarmation cm the abatement cost structure of firms and

. therefore makes it easier to adjust the tax (as compared to adjusting the standard) in the face
of changes in the ecunnmy (e.g. technﬁloglcal Lmprovements, gmwth ete. ).

ii. The cual pmcessmg mdusmes are not mdependem of the production chain mvulvmg
. industries using or producing coal. An analysis of the impact of different policy choices
. cannot be considered complete without 2 full assessment of the forward and baclkward

implications of these policies. It may however be safely stated that the smaller the costs borne -

by the coal processing industries for pollition abatement, the lesser these effects will be. The
external impact of the charges are therefore more hke.ly to be selfcontained within, the
mdustry when compared to that of the standa:r:i : :

i, It is recnmmanded that the. puhcj,r be enforced - through unannounced sp-rat checks by

inspectors from the Pollution Control Board. These inspectors should be well trained and

should be equipped with suitable monitoring equipment to facilitate their tasks, Moreover in

order to avoid the probability of partiality in enforcement and checking, it is recommended

that -the inspectors be periodically transferred. This in turn would réguire considerable

- upgradauon and enhancement of state and local authorities’ human resources. For this reason

itis racommended that the tax revenue be used to strengthen their institutional capabﬂmes

Iv. The present excercise has not taken into consideration inter mdustry impacts on other
poluting facilities in the region. Therefore it is imperative that any policy recommendation

for the group of industries considered in this study be integrated within a more cnmprehanswe_ :

- study on environmental quality in the. Dhanbad reglcm
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. TABLE 3 -TOTAL ABATEMEﬂT AND COSTS: S'fANDARDS

" STANDARD TA TAC .|
. {mgh) {Tonnes). | (Rs mn}|. -
75 24.037 | 109.46
50 " 23.776 | 9746
75 ~ 93514 | 87.794
100 23.261 | 80.769
150 22,87 | 75.142
200 22.605 | 74.356
250 | 22.35 | 73.866.
300 ~ 22.008 | 72.993
400 21584 | 717
600 20.567 | 69.302
1000 18.594 . | 65.244
4500 46.825 | 67.031
2000 15.104 | 58,977

'Note: all figures are annuat figures
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The Ethieal Foundations of Sustainable Economic Development
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Slawing Global Warming: Options for Greenhouse Gas Substitution
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. preliminary conelusions of relevance to development activities, References are provided to
important sources and background materials. The Swedish International Development
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‘and decision-makers of SIDA. and nthrsr develnpment ag&nmes All Gatekeapers are priced
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Joanne C Burgess:
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Edwa:d B Barbier
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Iashua Bishop, Bruce A A}rlward and Edward B Ea.rbter
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Bruce #. Aylward .
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David W Pearce -
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Joshua Bishop ;
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Edward B Barbier
The Hnture of Economic ‘lnstrumenxs A 'Br:ef Dvervi lew
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Douglas Southgare
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Edward B. Barb;er

- Economics, Natural-Resource Searelty and Development. Cenventmnal and Alternatlve :
Views, Eaxthsean, Loadon, 1989 (paperback £17.50)

The history of emrlmnmental and resource economics is rewewed then using mmghts from
environmentalism, ecology and thermodynamics, Barbier begins the construction of a new
economic approach to the use of natural resources, particularly to the probiem of
environmental degradation, With examples from the global gréenhouse effect, Amazonian
deforestation and vupland degradation on Java, Barbier develops a major theoretical advance
and shows how it can be applied. This book breaks new ground in the search for an
economics of sustmnable develepment

David W. Pearee, Anil Markandya and Edward B. Barbler :
Bluepcint for-a Green Ecenumy, Farthscan, London, 1989 (paperback £3 95]

. This-book was initially prepared as a repurt fo the Départment of Environment, as part of the
response by the government of the Umteli Kingdom to the Brundtland Report, Our Common
Furure, The government stated that: '...the UK fully mtends to centinue building on this
approach {environmental imprevement] _and further to develop policies consistent with the
concept of sustainable development.’ The book attempts to assist that process.

Edward B. Barbler. Joanne C. Burgess, Timothy M. Swanson and David W. Pearce
Elephants, Er.unnmms and Ivory, Earthscan, Lendnn 1993 (paperback £10.95)

The dramatic decline in elephant numbers in most of Africa has been largely attnbuted to the
illegal harvesting of ivory. The recent decision (o ban all trade in ivory is intended to save
the elephant. This book examines the ivory trade, its regulation and its 1mphcat1ens for

" elephant management from an economic perspective. The authors’ preferred option is fora . .
" _very limited trade in ivery, designed to maintain the incentive for sustainable management in
the southern African countries and to encourage other couniries to follow suit.



Gorden R, Conwa}' and Edward B. Barbier '
After the Green Revolution: Sustainable ﬁgr:culture for Develnpment Earthscan Pub.
Lud., London, 1990 (paperback £10.95)

The Green Revolution has sum::r:ssfull}f 1mpmvr::cl agricuitural productivity in man}r pa.rts of
the developing world. But these successes may be limited to specific favourable agro-
ecological and economic conditions. This book discusses how more sustainable and equitabie
forms of agriculimral development need ta be promated. The key is developing APPIoprisie
techniqués and participatory approaches at the local level, advocating complementary policy

_ reforms at the national level and wnrlung within the constraints 1mpﬂsed by the mtemancmai

economic system

Da"ﬂd W. Paa:c:e, Edward B, Barbler and Anﬂ Ma:kandya :
Sustainable Pevelopment: Economics and Environment i in the Tlm'd Warld London and

Earthscan Pub. Ltd London, 1990 (paperback £11. 95}

‘The autlmrs eIabﬂrate on the concept of susmnable development and illustrate how

environmental economics can be applied .to the developing world. Beginning with an
overview of the concept of sustainable development, the authors indicate its implications for
discounting and economic appraisal. Case studies on natural resource BCONOMICS and

~ management issues are drawn from Indonesia, Sudan, Botswana, Nepal and the Amazon.

| David W. Pearce, Edward B, Ba.rbier Anil Markandya, Scutt Barrett, R, Kerry Turner and

Timothy M. -Swanson

" Blueprint 2: Greéning the Wurld Ecnnumy, Earthscan Pub. Ltd Lnndon,' 1991_'

{paperhack 8, 95)

' Fnllnwmg the success of Blueprint for a Green Er:énamy, LEEC has turned its attention to
global environmental threats. The book reéviews the role of economics in analyzing global -

resources such as climate, ozone and biodiversity, and considers economic policy options to

.address such pmbiams as g‘m‘uai climate ::hange ozone depletion and tropical deforestation.

E.B. Earbler and. T. M Swansnn (eds.)
Economics for the Wilds: Wildlife Wildlands, Dwersmy and Develnpment Earths.can Pub.
Ltd., London, 1992 (paperback £12.95), -

This cplledtinn of essays addresses the key issﬁes of the economic role of natural habitat and

‘wildlife utilization in development. The book argues that this role is significant, and .

composes such benefits as wildlife and wildland products, ecotourism, community-based

- wildlife development, environmental services and the conservation of biodiversity,
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