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VSummary fipdmgs

Using data from the US Census Bureau, Hartman,
Wheeler, and Singh have developed comprehensive

“ estimates of polluticn abatement costs by industry sector

for several major air pollutants. Their results provide
conservarive benchmarks for benefit-cost analysis of
" pollution control strategies in developing countries. They
also provide striking evidence of inefficiency in U S.
command-and-control regulation.

The cost estimates reflect the experience of about
100,000 U.S. manufacturing facilities under actual
operating conditions. They are based on a complete
accounting of costs — including capital, labor, energy,
materials, and services. So, they should be more useful

- for benefit-cost analysis than idealized engincering
estimates. Bur they also reflect strict pollution contrcl

' regulation and inpur prices which are probably
somewhat higher, on average, than those in developing
countries. They should be interpreted as conservative
estimates for environmental planning in developing

countries. Regulatory options that are judged to have
high net benefits using these numbers would probably
look cven better if local abatement cost data were
available, : '
The estimates in this paper can pro'ndc uscful
information for pollution charges. They can also help
make targeted regulation more cost-cffective. With
scarce resources for monitoring and enforcement, new

- regulatory institations in developing countries will want
- to focus initially on industry sectors that are the main
“sources of locally-dangerous pollutants. After those

sectors are identified, targeted regulation should be
informed by sectoral differences in abatement cost. The
estimates suggest, for example, that cost-effective coatrol

of suspended patticulate emissions will focus on wood
. pulping rather than steelmaking when both are major

sources of suspended particulates. The reason: average. =
rarticulate abatement costs are four times higher in-
seelmaking.
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Abstract

Using data from the U.S. Census Bureau, we have developed

- comprehensive abatement cost estimates by industry sector for
several major air pollutants. Our results provide conservative
estimates for benefit/cost analysis of pollution control strategies
in developlng countries. They also reveal very high intersectoral
variances in marginal and average abatement costs: maximum/minimum
ratios are frequently near ten, and occasionally near one hundred.
They suggest that command-and-control regulation in the U.S. has
reduced air pollutlon at unnecessarily hlgh cost. '

"The authors are, respectively, Principal, Law and Economics .
Consulting Group; Principal Economist, Environment, Infrastructure
and Agriculture Division, Policy Research Dept., World Bank; and
Ph.D. Candidate, Boston University. The econometric research
reported in this paper was undertaken in collaboration with the
Center for Economic Studies, U.S. Bureau of the Census. The .
research was supported by World Bank Research Grant #67781. Our
thanks to David Shaman for invaluable assistance with preparatlon
of final text and tables. Thanks also to Ken Chomitz, Gunnar

" Eskeland and Shakeb Afsah for many valuable comments on ‘previous
drafts.. o : : : ,



C Exoeutzve Summary

Thls project began, and ends, on a pract1ca1 note. Using a
" massive U.S. database, we have developed comprehens;ve abatement '
‘cost estimates by industry sector for several major air '
pollutants. Our results are summarized in Table 1 (p. E-5),
-which can be employed for benefit-cost analysis of air pollution
regulation in client countries. For our colleagues in Operations
-and elsewhere who need only "the bottom line," we have designed-
the Executive Summary and Table 1 as. a detachable, flve-page
worklng document. -

Our paper provides a’ full explanatlon of the methodology and
results. Comprehensive abatement cost estimates were our. prlmary,'
goal, but our results also prov1de striking evidence of :
"inefficiency in U.S. command-and-control (CAC) regulatlon.l, We
therefore hope that they will serve two ends simultaneously: A
caution agalnst overreliance on CAC approaches, and a practical
aid to adoption of more efficient market—based regulatory
1nstruments.— :

: The econometric research reported in;this_paper,was
undertaken in collaboration with the Center for Economic Studies,
U.S. Bureau of the Census. At the Center, we had access to the
U.S. Department of Commerce’s annual 20,000-plant random survey
of pollution abatement costs -and expendltures (PACE) . All told,
the estimates reported in this paper reflect the experience of -
approximately 100,000 U.S. manufacturing facilities. 1In depth :
and coverage, they are by a con51derable margln the most complete,,,
- estimates available. : : : :

The paper_offers.U.S. estimates as a referenoe guide for B

beneflt-cost analysis in developing countries.  Their cred1b111ty¢'

depends on the answers to three ba51c questions:

(1) If ‘the pr1lary interest of our work 1108 in ass1stance to
' new requlatory institutioms 1n dsvulqp;ng countr:os, Ihy use
a U.B. datahaso at a11°

Unt11 recently, most developing countrles have had little
- formal regulation of air pollution. Data on pollution abatement -
costs is only generated by abatement, so we cannot reasonably ,
expect to assemble a large, comprehensive and reliable database

1 This approach to pollution control relies on enforcement of
fixed effluent standards or mandated installation of abatement
r.technology, with little or no regard for 1ntersectoral dlfferences
in ahatement costs. : : : : : '

b-J
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on abatement costs by pollutant from developing countries.
Second, the U.S. has the largest and most diverse manufacturing
sector of any OECD economy. For a variety of historical,

' geographical and political reasons, its manufacturlng sector is
characterized by enormous variation in equipment vintages,
processes, - operational efflclency, and degrees of pollutlon '
~control. U.S.-based estimates are therefore broadly

' representative at the sectoral level. Third, the PACE survey
seems to be the largest and most complete of its kind. Fourth,
‘the U.S. estimates are built up from a complete accounting of
‘costs, - lncludlng capital, labor, energy, materials and serv1ces.‘-

" The are not, therefore, idealized engineering estimates but :

numbers for thousands of plants under actual operatlng
' condltlons.r,: : , : , ,

{2) Can we reasonably apply U.B.-based est:mates to devaloplng
' countr;es w;thout mod1f1cat10n°' , o ,

our estlmates are based on hlgh mandated 1evels of pollutlon
control in the U.S. - They also reflect U.S. input costs. While
some 1nputs to abatement are traded at roughly constant prices in
international markets, the non-traded inputs will generally be
more costly in hlgher—lncome economles.2 U.S. abatement costs
should therefore be higher than those in developlng countries
unless protection or scarcity of engineering skills have very
strong countervailing effects. Taking the regulatory and cost
 factors into account, we think that the U.S.-based numbers
' prov1de conservative upper-bound estimates of pollution control
costs in developing countries.. Regulatory options which are
"estimated to have high net benefits using these numbers would
probably look even hetter if local abatement cost data were -
avallable.- : :

(3) . why, 1f dlrect survey GV1dence was ava;lable, dld we use
econometrlc analys1s° : ' :

Alr pollution abatement is an act1v1ty of the flrm,
characterized by multiple inputs and multiple outputs. The :
latter are abatement volumes for all pollutants controlled by the
firm. Separate abatement activities have joint and common costs,
like other productive activities. Although firms have their
accounting conventions, ‘the truth is that imputationrof these
- costs to separate activities is an exercise in inference from
observed experience. In such a case, there is no substitute for
: econometrlc cost function estlmatlon from large ‘samples.

Table 1 reports average abatement costs in $US {(1993) per
ton for 37 sectors defined by the International Standard
‘Industrial Classification (ISIC). All manufacturing act1v1t1es 7
~are subsumed in these 37 estimates. Seven air pollutant

2 For a useful dlscu551on and stat1st1cal ana1y51s of thls'
relatlonshlp, see Dollar (1992). ,



categories are included: Suspended particulate matter; sulfur
oxides; nitrogen oxides and carbon monox1de, hydrocarbons; lead;
" hazardous (toxic) emissions; and other emissions. The abatement
costs in Table 1 can be used in two ways.

1) Efficient Command-and—Control Regulatzon. Appllcatlon
of direct CAC regulation will be much more efficient if it is )
informed by information on relative abatement costs. For reasons -
- explained in the paper, the estimates in Table 1 should be read .
as the costs associated with attainment of a relatlvely uniform
(and strict) concentracion standard for air emissions across ,
sectors. Intersectoral variation in plant-level costs reflects
significant differences in the average scale of abatement,  number
'of'emissions,sources,:pre-treatment'concentrationﬁlevels in-the-,*
waste strean, and myriad technical factors. To attain near- -
‘niform emissions standards, plants in different sectors have to
incus very dlfferent average costs of abatement.r ' :

With scarce resources for mvnltorlng and enforcement, many
new regulatory institutions will want to focus on industry
sectors which are the largest emitters of locally—-dangerous o
- pollutants. Once the relevant sectors are identified, targeting
" should be informed by the relative cost of abatement. .Consider,
for example, the case of particulate emissions from pulping and
steelmaking facilities. If both are heavy local polluters, then
the cost estimates in Table 1 would imply focusing on pulping
" facilities because their abatement costs are only 25% of those in
steelmaklng. : : .

, 2) cOst-Effectlve Regulatory Btrategies' If complete
sectoral data on emissions are available, then a more : .

sophisticated approach 1s,warranted. We illustrate with a 51mp1e

- example. Suppose the area in question has five ‘sectors which are

significant emitters of suspended particulates. We order the

- sectoral emissions and cost data by ascendlng average abatement

cost as follows' ,

,Sectoral
S : Average
Particulate Cumulative Abatement
' : "Emissions Emissions - Cost i
_ISIC Sector o - ', (tons) (%) - {SUS/ton)
3690 Non—Metal Products 400 © 40 .20
3411 Pulp, Paper : 100 50 43
© 3230 Agricultural chemlcals 250 75 - 127
3710 Iron, Steel ) 200 - 95 . 182

3520 Other Chemicals .. so . 100 . 212

Total,' /1000

- These numbers prov1de a gulde for econom1ca11y sensible
strategy, whether it is command—and-control or market—based
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in nature. When sorted by ascendlng unlt cost, the numbers~
_trace out a rough, aggregate social marginal cost curve:
- cumulative abatement can be approxlmately related to the :
unit cost of abatement. Suppose, for example, that we want
to set quantitative targets for emissions reduction. The
cheapest abatement will be in Non-Metal products
(principally cement), where 400 tons of partlculate can be '
abated for about $20/ton. - Next cheapest is Pulp and Paper,
where 100 more tons can be eliminated at $43/ton. Abatement'_

],from'these two sectors will eliminate 50% of total

emissions. We can therefore state, with rough accuracy,
that the marglnal social cost at 50% abatement of
particulates is $43/ton. At 75% akutemeni, this rises
sharply to $127/ton; at 95% abatem=ut to $182/ton; Thus, a

'-_move from 40% to 95% abatement entails a ninefold 1ncrease

in the marginal cost of abatement. Such large step :

"~ increases should be enough to make pollcy makers think hard

" - about the optimal degree of abatement in partlcular
,c1rcumstances. : , _ ,

. We can,also reverse the'logic of the example and use it
as a guide for Settlng emissions charges. - Our numbers tell
. us that an emissions charge of $30/ton should give us
,approxlmately 40% abatement, since it will be generally -

cost-effective for polluters in Non-Metal Products to reduce"

- emissions substantially (at $20/ton) rather than pay the

charge. Doubling the charge (to $60) should buy another 10%
abatement. To effect 95% abatement the charge would have to
be trlpled agaln, to somethlng over $182]ton. y

. We hope ‘that these 51mple examples will suffice to
illustrate the potentlal utility of our cost estimates.
Complete 1nformatlon is 1nc1uded below, in Table 1. -



“TABLE 1

" AVERAGE ABATEMENT COZT BY SECTOR, 1979-1985 ($1993/ion)

|Particutates

Land

Haz. Emissions

P Sulfur Oxides | NO2, CO2 |Hydrocarbons Other
aro|Food - ‘86] - 521 229 162146612 55]- 55
31a0| Boverages- 156 271 11918] 11918 .76 76| 76
3140| Tobacco 268 167 167 12030F 128 - 128| 167]
3z210| Textiles 396 396 1379 1379} 1191 - 119111191
3211 Spinning 272 535] 1431 ~ 188] 781 188| 188
3220\ Apparel 445 61 - 61 -61]° 61 61}
s230| Leather 132 377 8430 -633| 132 324| 427|
azeo|Footwear 540 207] . 993 - 1558]22141 1197 901
30| Wood 47 38) . 38] 38} 38 - 3B] 38

- 33z0| Furniture 43 25| 25] 25|  24] -~ 13335] 25
as10| Paper Products 87{ - 364 472 4372 87 - 87] 87
ss11{Pulp. Paper 43| 185 20 201 35 - 35
3az0| Printing 424 117 309 -307] 117 5604 117|
3s11|Industrial Chemicals . 46 - 75] - -304]" --213] 1300 311] 206]
3s12| Agricultural Chemicals - 127 519]. 889 341] 532 - 1069| 320]
as13| Resins . 82 - 562 207] - 123] 435 63| 264|
- 3530 ChamrcaIProducts 212 681 - 48 - - 157 29 29 204
as22|Drugs 269 1045 451 173] 300 -300] 300
2530| Refineries : 328] 165 - 69 - 121} 2750 2750127501
ase| Petroleum, Coal . - -B9 1942 77 -7 42 - 42 42
asso| Rubber 219 1107 343 343| 1010 1010]1010
. asso| Plastics 219 2415 - 235 235] 1132 1132§1132
as1c| Pottery 185 106 3792 - 37921 4709| 470914709
aezc| Glass . : 186{ 550] 339 339] 186] 186] 186
seso| Non-Metal Praducts, n.e.c. 20 213 1647 - 1658 11 1) 11
z710| fron, Steel 182 528 115 1203| 779 253| - 18
z720|Non-Ferrous Metals 340 - 152 - 49 622) 1284 1153| 177]
asi10| Metal Products 343| - 1563 461| 399| 161 161| 427
3sz0| Other Machinery 254 - 855 515 515] 138 138{ 138
ss25| Office, Computing Machinery 245 245 - 864 -937| - 248 17458 245
aszo| Other Electrical Machinery 373 483 1559 215] 365 1664 166
zezz|Radio, TV ' : 384 1854 S04 1096) 738 1491{1138]
3zq0| Transport Equipment 635 - 12661 468 1006 468 . 2331] 468
3s¢1| Shipbuilding 125 832 2229 2229 84| 84| 84|
3saz|Motor Vehicles 350 1523 1155] -  ~ 2441}21483) 159| 159
‘asso| Professional Goods - 1208 3046 872 1376} 995 1634| 995] -
3s00| Dher Industries 38 26 110 110 26 26| 26].

The cost estimates in the Appandix Table 4.2 are in $1979. These have been inflated to
$7993 for this execubve summary, using an annual compound rate of inflation of 4.6%. The latter
: was computed using fixed-we:ght price indices for pollution abatement and control for 1979 anc

of Current Business, June 1992.

. 7989 and was obtained from "Poliution Abatement and Contro! Erpendntwes, 19;'2-90' Sunmy

81|
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r’l; Introductionp, | |
- In this paper;-we_develop estimates'of air pollutlon
:,7 abatement costs for u.s. manufacturing sectors'at'the four-digit'
Vlevel of Internatlonal standard Industr1a1 c1as51f1catlon (ISIC)
.'We utlllze a very large plant—level database for the perlod 1979mt~
';1985, a h1gh p01nt in 1ndustry response to the abatement
mrequrrements ofgthe u.s. Clean Air Act. Our,estlmates measurer,;
‘both marginal and average totalrabatementfcosts-for seven-
*:categorie of a1r pollutants.3 As far as we know, they prov1de'
the only con51stent summary of abatement costs across all '
manufacturlng sectors., ‘As such, they offer neW 1nformatlon to B
i pollcy makers who are concerned w1th evaluatlng the beneflts andf
costs of'pollutlon control. rThe cost estlmates also prov1de :
ev1dence on the relatlve econom1c efflclency of conmand—and—: .
control regulatlon, as practlced 1n the U S. The greater the
*'varlatlon in sectoral abatement costs for a glven pollutant ther
'Lgreater the 1neff1c1ency of the abatement efforts for soc1ety at
| large.rr | | |
In developlng our estlmates, we have used a model of jOlnt

pollutant abatement cost whlch is dlscussed in Sectlon 2.
- Section 3 descrlbes the data,,whlch have been created by merging
-plant—level 1nformat1on from two sources: The U.S. Department'of,:

COmmerce's-annual 20,000-p1ant,randomVSurVey,of pollution

3 These are particulates, sulfur oxides, nitrogen oxides and"
carbon monoxide, hydrocarbons, lead, hazardous alr pollutants and
ra re51dual "Other" category. :



l abatement costs and expendltures (BACE), and the u. s. Census |
Bureau's Annual Survey of Manufactures.4 The PACE data for 1979-
85 1nclude reported pollutant abatement and cost whlle the |
'Census prov;des detalled sectoral ldentlflers.-rln Sectlon 4, we
present our. econometrlc results and the 1mp11ed estlmates of '

pollutlon,abatement_costs. Secalonrs summarlzes therpaper.'

'72, The nbatement Cost runction | 7

| Unt1l recently, the scarc;ty of approprlate plant—level data
- has preVented detalled emp1r1ca1 studles of average and marglnal
abatement costs oyrpollutant. 7 Polxcy analyses have frequently |
developed abatement cost estlmates from englneerlng models.' '
.'However, fallure to rely on behav1cral data has 1ed to .
'cons1derable estlmatlon-errors in some cases.ﬁ, Thls paper

. attempts to advance the state of the art by analyzlng plant—level_

,data on. end-of—plpe abatement and related costs.

, 4 While random sampling reduces the scope for assembling a
- panel of firms from PACE, it does assure very broad representation:

" . over time. The- estlmates reported in this paper incorporate some

1nformatlon from approxlmately 100, 000 facilities.
E For a recent exceptlon see Mundle, et. al (1994)

- 6 A useful 111ustratlon is prov1deu by the tradlng price for
SO emissions permlts under the U.S. Clean Air Act (Hamilton,
1994)_, Using engineering models, the U.S. Government forecast a
price around $600/ton before the trading system was instituted. In-
fact, permits are currently trading around $150/ton.

2



z 1 Abatement Teohnology'and Bconomlcs

End-of-plpe abatement volume is the difference between
rlnfluent and’ effluent, where 1nfluent is the waste water or gas_;
': from productlon before treatment and effluent is the residual

'Vemltted after treatment. The presence of sonme pollutant in the

waste stream reglsters as a concentratlon, typlcally measured inr,'
_p.g/l3 for air em1551ons.' From an englneerlng perspectlve, 7
1'abatement' means 1nsta111ng and operatlng processes whlch reduce
'"1nfluent concentratlons from one or ‘more - sources to target 7

'effluentVconcentratlons. ‘Box 1 (p.,S)_1ncludes_1llustratlve.

,;V'descriptions for three pollution-intensive industryrsectors,:'

whlle Table 2.1 (p. 6) prov1des complementary average abatement
volume and cost estlmates from the Appendix tables. '

B The englneerlng llterature 1dent1f1es four major factors '
whlch determlne the cost of abatement* Pollutant type, dlver51ty -
of em1s51ons sources, scale of abatement and pollutant '
Econcentratlon in the waste stream.7 When a1r em1551ons from
1ndustr1al processes are concentrated at a few p01nts, most
abatement can be accompllshed us1ng three bas;c systems.

e "Dry systems use gravity, centrlfugal force or fabrlc

- filters to trap pollutants. Gravity/centrifugal
systems are low-cost, but appropriate only for removal -
of relatively heavy particulates. Filter systems trap

fine particulates; costs vary widely according to waste
stream characteristics and desired removal rates.

: 7 The dlscuss1on in this sectlon (1nclud1ng Box 1) relles,
heav1ly on Sell (1992) o : , , ,



e - Wet aorubbors use streams of water or other liquids to
- increase collection efficiency. Wet collectors can
cool and wash waste streams and remove gases.. High- :
efficiency systems have high operating costs. Scrubbers
‘come in a great variety of sizes, configurations and
" efficiency levels, depending on the problem. Their
- slurry can be a serious source of water pollution if it -
1is discharged because hazardous pollutants may be o
highly concentrated. Thus, additional treatment may be
'needed to complement the cleaning of air pollutants.r

. ,,Eleotrostatio preoipitators use the pr;ncxple of -
electrostatic attraction to trap pollutants by g
channeling the waste stream between two electrodes - a
‘high-voltage discharge electrode and a grounded =
collecting electrode. Plate precipitators allow for

- the dry collection of very fine particles and are ‘
‘highly efficient. Pipe precipitators work better for
. liguid aerosols or fumes. In general preclpltator
systems have low maintenance costs, although dry: ,
. systems ar.: subject to exp1051on dangers if they. are,-
- operated beyond rated capacity. : '

2.1.1 Pollutant-speoitierfaotorS';
7 51mpler, 1ess energy-lnten51ve colleotlon systems are less '
o efflclent and generally sultable only for large, dense '
‘partloulates.' Fine partlculates and other air. pollutants require -
more sophlstlcated costly collection dev1ces. Thlsrdlfference  '
can be seen, for example, 1n Table 2.1, where average abatement
_costs for sulphur oxide removal:are.at,least three timesrhlgherl

‘than t_hose'.forfparticulates.a

B In some sectors, removal of fine particulates from diverse
“sources may increase abatement costs substantially. As Table 1

- indicates, sulphur oxide abatement costs by sector are generally,
'rbut not always, higher than partlculate abatement costs. ,

4



BOX 1t nowcuou PROCESSES m ENISSIONS m
In mn roumzw-nlmsm m

In this box u- describe the basic processes and -nillion- ‘control probl.-ml 1n
three sectors: Iron and Steel, Pulp and Paper and Cement. All three sectors are -
extremely energy-intensive, and large installations frequently maintain their own
power—generation facilities. When the latter burn fossil fuels, they have common

- control problems which focus on particulate and sulphur oxide removal. Sectoral |

abatement costs therefore reflect a mix of common costs from power plant smissions
control and costs which reflect differences in sectoral production processes.

Pig Imrroduetion )

_ '.rhe production of pig iron :l.nvolves coking and blast furnacc opcrati.on. During.
-coking, there are many possible emissions sources. S02 and particulates are
emitted into the atmosphere during charging (£illing the oven), from door and lid
leaks, and from guenching the coke with wastewater. Coke oven gas is often burnod ,
- for fuel elsewhere in the plant and can. also’ produc. these emissions.

Diverse emigssions sources :oqui.—ro divnru loluti.on-:' _ Oven lid nnd doerx

maintenance; putting baffles in the quenching towers; using clean, not waste,
" water for the queaching process; stack gas cleaning of the S02; using negative
oven pressures during the charging; and hooding many of the steps to capture
rrelams. In goneral, coke oven emissions are very difficult to control.

. Blast furnace operation producon prinarily 'S02 and CO. Sulphur in the cokc
- oxidizes to fom $02, which oscapeu from the top of the furnace. ,

Steelmaking

Air pollution problems in this process come mostly fxom fume generation by the-
furnaces and from pouring operationa. Open hearth and basic .oxygen units use
electrostatic precipitators or venturi scrubbers to remove particulates; nower
electric furnaces use dry collection in bag houses (fabric filtoring

installations). , : o '

w

Specific envirommental effects depend on. the process used. Kraft (or sulfate)
pulping processes are dominant in the industry and produce most of the pollution.
Kraft pulping uses chemicals, heat and pressure to dissolve the wood material.
Sulphur-containing gases are released during this process; after concentration .
of waste ’liquor’ into solid residuals, burning of the latter for organic residue
removal also releases sulphurous waste gases. Most plants use wat scrubbers to
- remove sulphur gue- and partic:ulates from the- mte -tream.-

: The ma'jor' environmental ‘problem for this sector is handling the waste kiln dust,

particularly from plants employing wet procean-. Dust removal is generally done
-with electrostnt.i.c precipitatoru. , ) L :




, Tabie-2.1

Average Abatement Volume and Cost
- for PACE Facilities

Average Abatement Volume

(Tons)
.Total : )
, R . - Suspended Sulphur
Sector - "ISIC ~Particulates - Oxides
Cement - 3690 34,773 613
“Pulp and Paper 3411 28,029 _ 1,672

Iron and Steel = 3710 '712,336 , l,108

Average Cost of Abatement
($US 1993/Ton)

Total . S
o , ~ sSuspended Sulphur
Sector -~ - ISIC Particulates Oxides
" Cement : 3690 . .20 - 213
Pulp and Paper = 3411 ~ - 43 . 155
Iron and steel 3710 - -182'1 ' 528

Source' Tables 1 3.2 (Abatement volumes in Table 2. 1 are meansr
from non-m1551ng cells 1n Appendlx Table 3 2)

2.1.2 Diversity of enissionsseurces
' A:maior problem fdr'control eosﬁsrarises,whenfsignificaat )
emissions sourcee'aredispersed'andhighlfvaried; For e#ample,,:
Box 1 deseribes therdiverSity of iron and Steel'eﬁiSSiqns as |
compared'wifh,thoserofrpulp,'paper:anGVCement;  The censequehces'

are suggested in Table,z;l:*Average'abateﬁent costs for ifbn and



steel are much higber than those for the other sectors.
2.1.3 s<’:§15 of abatement | |
T, Scale econom1es may apply to some abatement processes,
yleldlng decllnes in marglnal and average cost as treatment
'volume 1ncreases.' The 1mpact of this factor seems clearly
_ apparent for Total Suspended Partlculates 1n Table 2.1: Average- '

abatement cost drops sharply as abatement volume 1ncreases.

2.2 Joint Production of Abatement

| Abatement is frequently a joint process, since bOth'
scrubblng and electrostatlc precxpltatlon systems can be used to
reduce 1nf1uent concentratlons for several pollutants at the same:
t1me. For example, as noted 1n Box 1, stack scrubbers can be
used’ ‘to remove both TSP and soz from air emlss1ons. Even where
separate equlpment is called for, there may be common use of |
skilled and unskllled labor, materlals and energy

Generally then, abatement can be characterlzed as a

muitlple-output process whose costs'are affectedrby,drmlnishincr
.'returns, pollutant-specific technologyrrequirements, scalej 1
,economles, and- dlseconomles assoc1ated w1th dlver51ty of

eIIl].SSlOIIS SO‘IJI'CES .

2.3 Model Specification

- our regression model is specified in equation (1) below.



,,We assume that the abatement cost functlon is separable from the

'—,,flrm s production cost functlon, reflectlng purely end-of-plpe

aotlvlty. In light of the precedlng dlscus51on, we estlmate.'
separate}regressions by'sector, using sectoral identification as
our control for the influence'Of:many.nnobservable factors:
Influent concentration, differential reductionrof influent' |
rabatement scale, -source dlver51ty, and more detailed englneerlng'
con51deratlons. The quadratlc specltlcatlon of the cost functlon

allows for testing po551ble pollutant—spec1flc scale economies.

- (1) €5 = Boy + ZiPudige * TiPindTige €15
where C;; = Total cost of abatement for end-of-pipe air
" pollution control by plant i1 in sector j :
A13k = Quantity of air pollutant k abated by plant i

€54 = A random dlsturbance term: ,

‘There are various techniques for allocating the fixediCost,
conponent (By) in (1) across pollutants to yield average cost
estimates. We opt for the simplest in this paper,'averaging the

-joint and common cost across the sum (in tons) of all pollutants

9 The PACE survey attempts to maintain this dlstlnctlon, and'

we think that our assumption is a reasonable approximation..

However, it will not hold true in all cases. For example, the

description of iron and steel production in Box 1 notes the
- importance of costly adjustments such as negative oven pressure for .
the reduction of emissions. In such cases, there is clearly some
interaction between proce551ng and abatement costs.

a -



abated.lo. Sectoral marg1na1 and average costs are therefore

computed as follows:

(2a)  MCy, - By + 2P 3115k | |
(2b) AFCyy = Poy /z,,Ale (Auk plant-level mean abatement of k)
S (2¢)  ACy, = MCyy + AFCyy = ka + :.>|3”k1.xuk + poj/zo,‘auk '
. - We estlmate Equatlon (1) for two sets of pollutant
, categorles, dependlng on data avallablllty. During the period,
1979-1982 PACE aggregated air pollutants into four categorleS'_
1) partlculates, 2) sulfur ox1des, 3) nltrogen ox1des carbon
monoxide and hydrocarbons, and 4) other pollutants, lncludlng
hlead and tox1c emissions. During 1983-1985, pollutants were
',surveyed in seven categorles.' 1) partlculates, 2) sulfur ox1des;
:3] nltrogen oxldes and carbon monox1de, 4) hydrocarbons, 5) 1ead-
6) hazardous emissions; 7) other., '7 7'
7 We also test whether we can pool the data over 1979-1985.,'

'Thls poollng 1nvolves aggregatlng the seven categorles to the
rj four categorles for the 1983-1985 perlod. We testrwhether we can
'ipool the pollutants in both llnear and quadratlc forms of
equation (1); For sectors in which we cannot reject poollng hy f"
pollutant category over 1983-1985 we galn eff1c1ency by

'estlmatlng the equatlon for the four categorles over the whole

10 An alternative method would be.to'allocate'joint and common

‘costs ' among pollutants abated in proportion to their variable

costs. This approach is called “axlomatlc cost analysis." See for
example Mirman, Samet and Tauman (1983). '



. period 1979-1985. | |

Becausepour focus isopinternatienal1y?comparab1e.
restimates,'we have resoded all U.s. piaﬁts to'ISIc (International
t Standard Industrlal c1a551f1catlon) categorles u51ng a |
- .concordance made avallable by the U.S. Census Bureau.' Our data
. set prov1des observatlons on c and A.Jk for a 1arge sample of
: plants within each ISIC,T¢We express all costs 1n,U.S; 1979 _'
ddllars; velumes are in tons.ll We estimaterthe regression
equations usingrots,Vbecauseicpmmand-and-sontrei'regulatioh has
fereed U.S. plants toward similar effluent concentrations wita
little regard'for relative'abatement costs. Several WLS

corrections have been tested and rejected.

3. Econometrzc Issues --— Data and Est1mat10n

| Slnce the 1970's, the United States Department of Commerce,
"has 1mp1emented an annual survey of pollutlon abatement costs and
expendltures (PACE).12 The survey summarlzes annual cap1ta1 and

'operatlng costs ofrabatement for»a"random sample ofrapproxlmately

11 Note that the reqressions reported in Tables 4.1 and 4.2
were run on data adjusted to constant $US 1979. These results. are
inflated to $US 1993 for presentatlon 1n the Executive Summary
(Table 1). o _ . , ,

12 The annual survey . contlnues, but 1ts scope and relevance_'
were seriously compromised in 1986 by the elimination of questions

- .on abatement volumes. We are therefore unable to exploit more

recent PACE data for the work reported in thls paper.

10



20, 000 establlshments jdentified at the four-dlglt sIC level.13
The PACE data also record annual abatement volumes for many alr,
water and solid wasterpollutants- “In this paper,'we focus on the
air pollutants. - 7 | | 7 o | |

We have used common 1dent1f1er numbers to merge the PACE
data with the Longltudlnal Research- Database (LRD) of the us
Bureau of the Census.15 ‘The LRD pools annual data at the
: establlshment level from the U. s. Census of Manufactures and the _
Annual Survey of Hanufactures. It 1nc1udes detalled 1nformat10n
on locatlon, ownershlp inputs (labor, energy, materlals, plant
and equlpment); and productlon of goods and serv1ces at a hlghly
dlsaggregated level. For this study, we have used the LRD only
,for sectoral 1dent1f1cat10n of the PACE fac111t1es.

We have translated the U.Ss. codlng of our sample
establlshments (4-dlglt SIC) 1nto 37 four—dlglt ISIC categorles.
The latter are 11sted in Appendlx Table 3. 1. For eachisector and
pollutant category, Appendix Table 3.2 dlsplays mean tons abated

during the periods'lQ79—1982”and'1983—1985. These estimates

13 Spec1flca11y, the annual operatlng expenses 1nc1ude the
cost of capital services in the form of depreciation; labor costs;
materials, supplies, fuel and electricity; and contracted services,
equipment, leasing and other. The survey also quantlfles annual -
capital expendltures for abatement equlpment. '

14 Regre551on-based estimates for the major regulated water
pollutants are also avallable from the authors on request.,

15 See McGuckin and,Pascoe,(1988).
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.reflect abatement by tne representatiVe establishment in eachr:
ISIc.e Volumes for the ‘chemical and resource proceSSLng | |

industries (ISIC 3411 - 3690) are partlcularly noteworthy for_

most air pollutants. The more dlsaggregated 1nformatlon for d
'1983 1985 makes it clear that 1ead and some hazardous air

pollutants have small average volumes at the plant 1eve1.

4. :Results: _

" Because the complete'results:for'all'37 iSIc,industries are
',quitellengthy; we dornut discuss them in detail here. Full_
results;are available from therauthors on request. In this -
sectlon, we present estlmates of marglnal andraverage total
abatement costs for cases where statlstlcally 51gn1f1cant
regre551on coefflclents,have been obta;ned. These cost estimates
rare'provided in Appendierables'4.1 and 4.2."Separate cost:
estimates are presented for 1979-1982,'198351985:and (where
pooling cannot be rejected) 1979-1985.':Cost estimates are alwaysr
presented for all seven pollutants (denoted Py —VPf).. In the
Vfour-po11utant cases; cost estimates-for'theVaggregate Categories
" are assumed constant across the'constituent pollutants.ls Tables
4.1 andr4.2 also identify whether the linear or_non—linear"

16 For example, the estimated costs for the third category of
pollutant will apply.to. both P; and P,, while the estlmated costs
-for the fourth category will apply to Py, Pg and P,. '

12



ver51on of the cost functlon is reported 1w o |
Several conclu51ons can be drawn from Table 4. l. lFirst,'
many-sectors have nonllnear abatement cost functlons. :Some
marglnal costs rise w1th abatement (due to the technologlcal
'dlfflculty of 1ncrea51ng abatement rates), whlle others fall
(due, presumably, to the scale effect once some threshold level
of abatement is achleved) 7 - |
7 Second, we accept the poollng hypothe51s (and assoc1ated
pooled cost estlmates) for approxlmately 30% of the 1ndustr1es
| (3130, 3210 3310 3410 3411, 3540, 3610 3620 - 3820, 3841 and
3900 ~- see Table 3.1).18 | | |
Third, marginal abatement costs'vary conslderablyrby

pollutant and sector. Notlce, for example, that marglnal costs

for ISIC 3610 range from $69 04 for part1cu1ates to $2484. 90 for o

1ead hazardous air pollutants and other pollutants. These costs
are substantlally less for ISICs 3410 and 3411.
Fourth, the separate estlmates for 1979-1982 and 1983-1985

reveal a very broad pattern of varlatlon.r For some sectors and

17 The choice of linear or non—llnear version is determlned by
the relative statistical performance of each. In a few cases, the
version that was selected on overall statistical merit (that is,
across all pollutants simultaneously) did not produce a usable cost
- estimate for a given pollutant. In such cases, we report the
pollutant—speclflc cost estimate from the relevant "next—best“
regress1on. S . '

7 18 where poollng cannot be rejected these estlmates are the :
most eff1c1ent. :

13



some pollutants, marg1na1 abatement costs decllne over tlme
(e ey partlculates in 3211 and 3520 and sulphur oxldes in 3512)
VFor,other sectors and pollutants, marglnal costs rlse with tlme,
rperhaps7ref1ectingVscale effects or (more likely) changes in
suhsectoral'composition of plants surveyed,(e.g;, 3511:'nitrogen
onides plus carbon,monoxide;'hydrocarbons).rfIn hoth'cases, the,-
o changes,are probably due to some comhination of,technical change, |
'VSCalereffects and'alterationiin'suhsectoral oompositiongr |
| Many estinates are nct statistically distinct.1? In some
'cases;'estimates seem affectedibyVSmallrsample'sizes or joint
ahatenent costs'which areifar largerithan abatement quantities
 for particular pollutants. For example, the marginal cost
.estlmates for- lead and hazardous a1r pollutants are quite large
for some sectors (e g., 3110 3320 3843, and 3900).

F1fth we should note that separate regre551ons for -
1nd1v1dua1 years (1979 through 1985) dida not yield generally
robust results and are not reported.-

Flnally, we report the results of a f1xed effects regre551on
of marg1na1 abatement costs for all establlshments whose sole
pollutant was partlculates. Poollng of these establlshments
o 1ncreases degrees of freedom and estimation efflclency

considerably. VOur fixed effects,model allows for slope'and.

19 We do not test statlstlcally whether the cost estlmates
‘differ across ‘the two- perlods. , :

14



'einterceptrdunmles for-establishments in each 1sIC. For'thisar |
simpler abatement functlon, our results suggest that the marglnalrs
rrhcost of abatement is faxrly constant at approxlmately $5 54/ton
for many sectors.. Some sectors do reveal dlstlnct abatement '
iproblems w1th mnch hlgher marglnal costs (e. 9., ISIC 3140 ér
'$61.l7,rISIC 3530 $98 75; and lSIC 3843 $81 24). The,
estimates of averagertotal abatement,cost in Table 4.2 ertend

these interpretations, but remain consistent with them.

5. -BummaryranQVCOnclusions 7 7
1In'this paper: we'have'estinated the costs'of'ahating'major'

-'a1r pollutants. our results reveal very high varlances in.
'abatement costs for 1nd1v1dual pollutants by sectar. maxlmum/
'mlnlmum ratlos arelfrequently near ten, and occa51ona11y nearrone,,
hundred. They also show 1arge dlfferences 1n the means and B
varlances of costs across pollutants._ |
| For env1ronmental pollcymakers, these results suggest an
1mportant lesson. COmmand-and-control (CAC) regulatlon in the

U S. seems to have reduced pollutlon at a very h1gh cost

Optimal regulatlon would attaln the de51red reduction 1n
pollutlon whlle equallzlng the marglnal cost of abatement across'
sectors. Where they are feas1b1e, market—based 1nstruments such
as em1551ons charges and tradable permlts are opt1ma1 in thls

sense, In prlnc1ple, regulators who were properly 1nformed aboute'

15



abatement costs could approach this optimum u51ng CAC-type
methods.. In practice, we can see that nothing like this has.
oCcurred. - For the sama pollutant, 1ntersectoral abatement costs'
- can differ by more than a factor of 100. | |

| While command-and-control regulation has certainly not been
- optimal for the,U.S., it has undeniably,been,useful forxthisr,

: exercise. By forcing roughly uniform em1551ons standards on

. sectors w1th very different pollution control problems, it has

",permitted us to,estimate'intersectoral differences in costs.

These are,so,large that environmental policy-makers would be
,unwisento'ignoreythemf 'Taple 1 provides'our current best |
estimétes of aﬁerage abatement costs by isector and,pollutant.zo
When'combined'mith information on the main sectoral'sourCes of !
"air pellution in a particular region, Table 1l can be used as a-

, guide to setting priorities for pollution control.r Since
regulatory resources are scarce, it undoubtedly makes sense to
focus 1n1t1a1 efforts on those . sectors characterized by
relatively large contributions to total emissions and relatively

low average costs of abatement.

20 These estimates come from Table 4 2 and are 1nf1ated to.
$1993, as discussed in the Executive Summary : :

16



‘Table 3.1

Industry Sectors ,

(Internat;onal Standard Industrlal c1a551f1catlon)'

ISIC

3110
3130
3140

3210
3211

3220
3230
3240

3310

3320
3410

3411

3420

3510

3511
3512

3513

3520

- 3522
- 3530

- 3540

3550
3560

3610

3620
3690
3710

3720
3810

3820
3825

3830
3832

- 3840
3841

3843
3850

3900

,SECTOR

Food Products
Beverages '

. Tobacco
"Other Textile Products

Spinning, Weaving

Wearing Apparel

Leather & Products
Footwear

Wood Products
Furniture, Fixtures

~ Other Paper Products

Pulp, Paper
Printing, Publlshlng

‘Other Industrial Chemicals
- “Basic Industrial Chemicals
Agricultural Chemicals

Synthetic Resins
Other Chemical Products

Drugs and Medicines

Petroleum Refineries . -
Petroleum & Coal Products
Rubber Products

- 'Plastic Products
_ Pottery, China, etc.

Glass & Products

'Non-Metal Products n.e.c.

Iron and Steel
Non-Ferrous Metals .
Metal Products

.~ Other Machinery n.e.c. '
~Office & Computing Machinery -
- Other Electrical Machlnery

Radio, Television, etc.
Transport Equipment
Shipbuilding, Repalr

- Motor Vehicles
‘Professional goods
rother'Iudustries '

17
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TABLE 3.2

MEAN TONS ABATED

ISIC

0.8]

19

3110 3130 3140 3210 3211 3220 32350 3240 . 33710
Food Bevejages Tobacco Textlle | Spinning Apparel Leather | Footwear Woad
PT - Pamculatas ‘ . Lo : ‘ ‘ i ‘ ‘
|Four Pollutants 1979-1982 1474.9 2770.8 1348.9 93.3 574.7 134.7 18.1] 2345.5
[Four Pollutants 1983-1986 _ 1170.0] ‘ _183.3 2333.5
'|Seven Pollutants 1983-1985 1429.3] - 1170.0 1968.0 163.3 658.6 252.4 13.4] 23335
P2 - Sulfur Oxides ‘ . ‘ .
‘\Four Pollutants 1979-7982 - 56.2 144.7 41.2 3.3 9.1 14.3 © 0.1 6.5
Four Pollutants 1983-1955 . 107.0 1.8 25
‘ Sevan Pollutants 1983-19856 40,8 107.0 34,8 1.8 28,2 1.4 - 25
P3 - N02 and CO ‘ I ‘
-~ |Four Pollutants 7979-1982 165.7) - 1.8 15.8] - 112.9 . 37.7 11.8 0.7 23.2
- |Four Pollutants 1983-1986 ‘ 9.4] , 142.1 N - 56.0
Sovon Pallulants 1983- 1.985 8.5 7.4 ‘4,8 4,1 8.3 2.4 C 2.2 13.3
P4 Hj racarbans _ L . . ‘ - ‘
Four Pollutants 1979-7982 13.7 26,0 16,0 20.9 13.3 - 0.4] 0.2 14.1
[Four Pollutants 1983-1985 0.3 18.1 | | 1T 1 71.8
Seven Pollutants 1983-1985 - 128] 2.0 7.0 “138.0] 24,1 47,6 . 2.3 42.8
P5 - l.oad L
| Four Polfutants 1979- 1982
|Four Pollutants 1983-1986 ‘ ‘ ‘
Saven Pollutants 1983-7985 C 0. R 0.01 0.008]  0.002]
 [P6 - Hazardous Emlsslons
- |Four Pollutants 71979-7982
'|Feur Pollutants 1983-1985 - ‘ .
Sevon Pollutants 1983-1985. 0.4 . 15.4 2.5 [ 0.2
P7 Other
Four Pollutants 7979-1982
- |Four Pollutants_1983-1986 . I B L -
|Seven Pollutants 1983-1986 18.7 0.3] 0.4 0.7 ' 13.7 5.01 21 708




| TABLE 3.2 R

MEAN TOIVS ABA TED

ISIC

3410

3411

3320 2420 3517 3512 3513 3520 3522 3530
- Furniture Paper Pulp Print, ind. Chem. Ag. Chem. Resins Chem. Prod. Drugs _ Petro.
. P1 Partrculates ‘ ‘ _ - ‘ ‘ o ‘ S - ‘
 |Four Pollutants 1979-1982 2768.6] 1a382.8] 28565.4 39.0 7353.6 1296.8|  4820,0 463.2| 977.8 1906.1
. |Four Pollutants 1983-1985 | _ a7.3] 28760.8] . 197.7] I ‘ ‘ ‘ ~447.1
Y Ssven Pollutants 1983-1985 ‘ 2047.8 -37.3] 287808 197.7 242784.4 1360.5 4783.7 .738.2 4471 1851.4
L Sulfur Oxldas ‘. ‘ g ‘ ‘ ‘ ‘ ‘
e f@r Pollutants 1979-1982 3,3 . 758 1837.3] 0.2 - 1879.8 311.8) 118.8] | 40.0| 265.8] 26687.8
| Four Pollutants 1983-1985 ~24.9] 1589.6 0.2] . ‘ . 1 ___s81.8
‘ Soven Pollutants 1983—1985 2.5 24.9 ‘1589.6 0.2 89102.0 654.4) 82.0 - 24.8] . 81.8] 33287.2
- {P3 - NOZ andco _ B . - ‘ L ‘ -
'|Four Pollutants 1975-1982 31.6 268.4] . 305.1 .696.4 3205.8 1237.0 2233.9 1792.6 318.2] 49095.3
Four Pollutants 1983-1985 6.5 379.8] 1518.0 . I ‘ 526.6]
Sovan Pollutants 1983—1985 77.8 0.1 318.7 397.2 1683.2 :270.0) 2177 112575 12.4] 38138.4
Hydrocarbons L .
. Four Pollutants 1979-1982 22.3 17.0 1002.5| 2.4 876.6 383.2 165.1 43.3 €8.9 1182.8
-+ V\Faur Pollutants 1983-1985 - 3,7 1044.7 19.1 ‘ 184.8] ‘
Saven Pollutants 1983-1985 B . 5.2 8.4] 0.8 1120.8 1656.0 . 824.5 1911.3 1003.4 514.2] 10044.6
: P5 l.ead
" . \Four Pollutants 1979-1982
- |Four Pollutants 1983-1985 ‘ ‘ ‘
Saven Pollutants 1983-1985 | 0.1 - 17,7 8.5 0.8 0.3 73.6
- E— Hazardous Emissions
. |Pour Polfutants 1979-71982 .
- |Four Pollutants 1983-1985 | ‘ - ‘ ‘
‘ Seven Pollutants 1983-1985 0.2 0,03 . 27.3 0,2 216.1 . 22.8 605.3 9.7 1.8 142.8
P7 Other S
|Four Pollutants 1979- 1982
Four Pollutants 1983-1985 ‘ ; . ‘
Saven Pollutants 1983-1985 11.5 3.7 1017.3]  18.9 1011.1 1285.3 €3.4 1142.9] 1825 79.6
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. TABLE 3.2

MEAIV TONS ABATED

3560

21

ISIC 3540 3560 | . 3610 3620 3690 3710 3720 3810
Caal Rubber - Plastie | Pottery Glass N-Meta/ - Iran N-Ferrous Metal Metal
P1 Partiaulatas ‘ : ; ‘ i ‘ _ o ‘
- \Faur Pollutants 1979-1982 3777.0 525.2] 280,0 408.0] ' 508.2 34936.0) 15205.6 4530.3] 225.0
' .. |Faur Pollutants 1983-1985 2623.8 581.5 508.4] -685.9 34690.6 ‘
Seven Pollutants 1983-1985 2623.8 581.5] 508.4| 685.9 34690.6 9466.1 2895.0] 201.5
P2 - Sultur Oxides _ ‘ | - | |
" |\Four Pollutants 1979-1982 42.7 .63.5 2.8 0.1] 292 267.0 796.2 5627.9 7.0
Four Pollutants 1983-1985 33.6 37.% 0.03 16.4 781.6 S ‘ ‘
Soven Pollutants 1983-1985 33.8 37.1 0,03] . - 15.4 ' 791.6 1418.7 4468.0 10.8] "
- [P3-NOZ and CO_ ‘ ‘ \ ‘
- |Four Pollutants 1979-7982 1919.9 .- 89.0 132.2] 8.3 27.8] 815 3209.3} - 154.5 123.0
. |Four Pollutants 1983-1986 1527.4 - 70.2] 5 12.4 81.7 ' 223.2 ‘ 1
Saven Pollutants 1983-1985 B40.1] 215 2.1 9,1 161.7 2040.5 16.4] 194
e Hydracarbons ‘ - ‘ K
‘ Four Pollutants 1979- 1982 3.3 40,7 - 35.3 0.2 7.3 353.8 800.8 724.5 '21.5
. [Four Pollutants 7983-7985 _ 0.3 3.6| 4.8| 10 102,85 ‘ ‘ ‘
|Seven Pallutants 1983-1985 987.3 48.7 10.3 2.6 61.5] 64.5 55.2] 122.5
-|P6 - Lead .
[Four Pallutants 19 79-7982
" |Four Polfutants 1983-1985 L ‘ ‘ ‘
' |Seven Pollutants 1983-1985 0.01 0.02 0.6 0.1 13.3 83.1 1.1]
P6 - Hazardous Emissians
_|Four Pollutants 1979-1982
. |Four Pollutants 1983-1985 ‘ : ‘
ce Sevan Pollutants 7983-1985 0.2 0.02 0.3 27.7 120.8 124.4 3.4
" |P7 - Other
. |Four Pollutants 1979-1982
‘ Faur Pollutants 7983-1985 ‘ ‘ ‘ ‘ -
Seven Pollutants 1983-1985 0.2 3.8 4.8 9.2 74.8 184.2| ' 776.9 8.5



TABLE 3.2

MEAN TONS ABATED

3825

. 3830

3841

3843

3900

ISIC -

22

3820 - 3832 3840 3850
. ' Machinery __Computing Elevtrical Radio Transport Ships Vehicles | P. Qoods Other
: P1 Particulalos ‘ ‘ - i ‘ o ‘
|Four Pollutants 19, 1.979-1982 404.0] - 109.9 §83.2{  186.2 159.9] 420.9 - 1022.1 23.8] 245.4
* |Four Pollutants 1983-7986 _ 203.5 1 1 204.0 L 1080.5
Sevan Pallutants 7983-1985 2038 72.3} - 399.6 101.5 178.8) - 204.0 '547.4 ' 28.7] 1080.8
‘ P2 Sulfur Oxidas ‘ ‘ ‘
Four Pollutants 1979-1982 62.6 5.2| 31.0 8.0 55.0]. 185.4 120.2 1.2 0.2
- [Four Pollutants 1983- 1985 . 48.7 ‘ 141.7 ‘ ‘ 0.3
. Savan Pallutants 1983-1985 48.7 4.5 46.8 5.0 20.1 141.7 142.0 0.8 0.3
P3 NOZ and CO . ‘
[Four Pollutants 1979-1982 - 37.0 ©211.3 168.8 148.7 27.6 .28.1 139.9 17.4 . 7.8
Four Pollutants 1983-7985 26.0 ‘ o © 28.8 444.7
Sevan Pollutants 7983-1985 7.8 0.8 ' 6.8 51.8 16.6 22.8 11.3 74] 1.2
P4 Hydrocarbans . ‘
Faur Pallutan!s 1979-1982 - 30.1 4.7 84.8 16,0 7.3 13.4 407.2 ‘2.8 10.1
- [Four Pollutants 1983-7985 . 7.1 ‘ ‘ ‘ 1.9 | 1376.4
Seven Pollutants 1983-1985 18.2 289,7 62.4 114.3 17.3 6.0 110.2 11.3] .443.5
| P5 - Lead
- |Four Pollutants 1979- 1.982
: Four Pollutants 7983-71985 ‘ ‘ ‘ ‘
" |Saven Pallutants 1.983- 7985 _ 0.5 87.2 0.2 0.004]  0.008 1.3 0.1] o.a19]"
. }FG‘- Hazardous Emlsslons -
Four Pollutants 1979-1982
|Four Pollutants 7983-71985 . ‘ ‘ ‘ .
Sevan Pollutants 71983-19856 0.8 .21 0.8 14.8 1.4 1.2 8.3 44| 89.9
. P7 P7 - Other
[Four Pollutants 1979-1 982
Four Pollutarits 1983-1985 ‘ Co
Savan Pollutants 1983-7985 5.8 1.8 12.5 13.6 78] - 06 11.4 8.9] 1286.4




TABLE 4.1

MARGINAL ABATEMENT COSTS ($1979)

3110

3230

3240

[7SIc

3130 3140 . 3210 3211 ' 3220 3310
S K ‘ Food Beverages Tobacco Textile Spinning Apparel Leather Footwear Wood
- \Marginal Cost (79-82) © NL ‘ L . NL . NL L L L
P17 - Particulates 14,77 107.90 405.62 49,38 204.95 261.87 72.11 5.47|
P2 - Sulfur Oxides 381.28 4777.57 370.80f 311.11 ‘
. |P3-NO2 and CO 2.99 187.24 92,62 311.1 555.38
‘|P4 - Hydrecarbons 2.99 187.24 92.52 ‘ . 555.38
|P6 - Lead - B I 490.00] 20,28
P6 - Hazardous Emissions 480.00 - 20.28
P7 - Other ‘ 490,00 20.28
Marginal Cost (83-85) : L NL L] NL L NL
|P1? - Particulates 17.82 39.69 14.38
. |P2 - Sultur Oxides 118.64 ‘ ‘ - ‘
|P3 - NO2 and CO 182.77 - 698,99 1327.18 B550.88 :
.| PE- Hydracarbans 111.01 12669.50] 712.09 453,33 223.47 603.73) .
" |PE - Lead = 49,723.02 ‘ 633.16 : 23,142.34
P6 - Hazardous Emisslans ‘  747.32] 191.08 773.40
- |P7 - Othar ' 300.10 457.51
. Margfnal Cost (79 85} NL NL| Rk
. |PT - Particulates 42,42 4.78
- |P2 - Sulfur Oxldes 103.91 - 3
. . |P3-NO2 and CO 6323.80 . 524.78
- |P4- Hydracarbons 8323.80 524.76
 |PE-Lead ‘ 424.44
. |P6 - Hazardaus Emlssians 424.44]
P7 Othar " 424.44
o Marglnal Cost (79-85] . ‘ ‘
“|PT - Pamculatas' ‘ 5.54 5.54 81.17 " B.B4] 35.82]  223.58 5.54 5.54 5.45

" "{Partl'culates onlyl
%% [ _lingar, NL -

- Non-Linear

23




MARGINAL ABATEMENT COSTS ($7979)

TABLE 4.1

3320

*IParﬂcuIatas only)

L3 l. Linear, NL - Non-Linear

24

|#SIC . 3410 34117 - 3420 3511 3512 - 3513 3520 3522 3530
‘ . Furniture Paper Pulj Printing | ind. Chem. Ag. Chem. - Resins Chem, Prad. Drugs Petro.
- |Marginal Cost (79-82) TS AR L NL ML NL N NN
P1 - Particulates 6.30] 26,68 . 18.74 327.23 7.83 45.24 17.34 166.69] 115.20] 336.43
‘ Pz - Sulfur Oxides _|_178.48] 67.79 B 42,36 _205.28]|  232.48] . | 3se.29]  64.72
3 -NO2 and CO 214.70 ‘ 113,21 72.22 158,56 40,26 12.93] 7298 16.99
Hydracarbans 214.70 ‘ 113.21 72.22 168.56 40,28 . 19,99 72,96 16.99
‘ P5 Lead ‘ 43.36] 31.69 ‘ 170.63 212.12 . 217.78| 2923.71
- |P6 - Hazardous Emissions 43.36| . 31.69 ' 170.63 212,12 217.78] 2923.71
"\P7 - Other "~ 43,38] 31.89 170.63 212,92 217.78] 2923.71
Marginal Cost (83-86] NL LN L NL NL NL N L L
P1. - Particulates 12,69 13.41 13.42 19.77] 29.09| 69.83 |
P2 - Sulfur Oxidaes 1620.60] . 178,14] 76,29 92.11 T 1012 168.22 317,20 686.35| 627.51 97.80
- |P3-NO2 and CO 417,86 89,62 225.30 700.05]  130.18} 306,33 32,91
‘" |P4 - Hydracarbons 417.86 e 127.40 114.79 40.19 117.34] = 8.95 98.07
P5 - Lead ‘ 8.57 §859.46 1189.70 - 413.83 ‘ ‘
P6 - Hazardous Empssmns 14,216.16 8,67 133,45 839.09 7.52
P7 - Other ‘ 8.57 20.58 38.44] 231.23 187.04
‘ Marginal Cast !79 85] NL NL
P1. - Particulates 28.85] 12.78
P2.- Sulfur Oxides . 176.83 72.12
P3 --NO2 and CO 234.39]
P4 = Hydracarbans 234.39 K
- \P5-Lead 28,79 8.08
PG - Hazardous Emissions 28.79 8.08
P7 ‘Other 28,79 g.o8|
ﬂ Marginal Cost (79-86) ‘ -
‘ P1-Partic¢:lates* ‘ 5.45 5.54 5.54 5.54 1.85 5.54 ‘5,54 5.54 5§54  98.75




TABLE 4.1

~ MARGINAL ABATEMENT COSTS ($1979)

fisre

- *{Particulates only)

** | . linear, NL - Non-Linear

. 25

3540 3550 3660 3610 . 3620 3690 3710 3720 3810
. ‘ . _Coal Rubber | Plastic | Pottery | Glass N-Metal fron N-Ferrous Metal Metal
‘(Marginal Cost (79-82) N NL NL NLL L NLl  NL N NL
P17 - Particulates 10.89 52.44| ~ 84.01] . 186.01 4.51 77.10 173.27] 101.46
|P2 - Sulfur Oxides 1914.63 312.98] 12868.78] 206.14]  138.36] 539.79 64.55] 940.68]
P3 - NO2 and CO 8.79 189,16 92,44 2134.84 128.48 911.98 89.34 ' 135.69
P4 - Hydrocarbons 8.79] . 169.15 92.44| 2134.64]  128.48 911.98 69.34 135.69| * .
P5 - Lead 343,64 571.43 ‘ : ‘ ‘ 136.91 '
|P6 - Hazardous Emissions 343,64| B71.43 . 136.91
P7 - Other ) 343.54| 571.43 136.91]
- |Marginal Cost (83-85) NL NL NL| ¢ NL NL NL NL NL
P17 - Particulates 7.21 133,72 ‘ 4.60 97.60 137.55| 93.48
. |P2 - Sulfur Oxidas 227.32 308.30 ‘ 77.08 ‘4,32 '45.14]  547.53
- |P3 -NO2 and CO 44,03 ‘ 5507.00| . 220.22|  835.38] . 33.34 184.63]
P4 - Hydrocarbons 18,91 2662,79| 196.34 847.33| 1195.59 612.08] 119.11
P5 - Lead | 22,836.78] : 811.80 1182.08] -
" |P6 - Hazardous Emissions 250.58 1029.47|
P7 - Other ‘ 1127.01 3867.96 284.14
Marginal Cost (79-85) NL NL NL L
P1 - Particulatas 9.25 ' 25.18 . 89.04 z
(P2 - Sulfur Oxides 1014.70 498.96 194.69] -
P3 - NO2 and CO 18.78] . 93.99 1994.90 81.81
P4 - Hydrocarbons 18.78 93,99 18984.90{  81.81
- |PE - Lead y 447.48|. . +2484,90
P6 - Hazardous Emissions 447.48| 2484.90
P7 - Other ' 447.48 2484,90
- |Marginal Cost (79-86) : : : : ‘ : .
P71 - Particulates® . 5,54 554]  5.54 . 5,64 5.54 3.25) . 84,54 554] 53.32




TABLE 4.1 .

" MARGINAL ABATEMENT COSTS ($1979)

3820

3825 - 3830 3832 3840 3847 . 3843 3850 - | 3900

. Machinery Computing . Elsctrical Radio “Transport - | Ships | Vehicles P. Goods | Other

~ |Marginal Cost (79-82) ‘ NL| NL I L NL NL N NL
P1 - Particulates §2.16 110,011  298.04 50.96] 126.89 264.90] 5.77
P2 - Sulfur Oxides 425,83 ‘ 408,46] 1718.28 427.70] 374.17] - 1354.92 2632.73 |
P3 - NO2 and CO 294.98 661.33 '81.64| 513.09 1618.58 1080.98 65.57| 134.69

- |P4 - Hydrocarbons 294,98 ' 661.33] 81.64] 513,09 1618.68]  1080.98 65.57] 134.89

'|PE - Lead ‘ ‘ ' ' 69.93] . 526.38 ‘ - 17.41 442,22
P6 - Hazardaus Emissions 69.93]  526.38 17.41 442,22
P7 - Other 69,93] 526,38 17.41 442.22
Marginal Cost (83-85) NL L NL] - AL NL NL NL NL L
P1 - Particulates 89,93 181.83] 117.81 127.41] 334.01 221.47 359.83] = 13.3z2|

" |P2 - Sulfur Oxides 288.53 ‘ 424.62] 63250 118.80 :

. |P3-NO2 and CO 122,32 ‘ -1478.22] 190.47] .0 520.62 ‘ 193,09 _

\P4 - Hydracarbons ' 198.34 . 78.24 40.48] ' 395,21 . 674.13 N 1393.42] 783.15]  33.66
P5 - Lead ‘ ‘ . 213,00] 0 22738.60 ' | 3855.22
P6 - Hazardous Emissions ©18384,10 ‘ 803,70 1989.31] o 682.11} 119.65

. |P7 - Other ‘ ‘ L ‘ i
Marginal Cost (79-85) NL L ‘ L
" {P1 - Particulates 62.,29 21.93 ' 6.22
VP2 - Sulfur Oxides . 383.00| 399,53
- |P3 - NO2 and CO 201.42] 1145.40 - 44,67
. |P4 - Hydrocarbons 201.42 1145.40 44.67
Pb-Llead . o ‘ e
- |P6 - Hazardous Emissions
. |P7 - Other
- |Marginal Cost (79-85) ‘ : . ‘ ‘ N
[ Viargine
. |PT - Particulates * 36.80 5.54 76.00 5.54 " 49.28] 5,64 81.24 5584] 554

*(Particulates only)

| - *% [ . linear, NL - Non-Linear
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 TABLE 4.2

| TOTAL AVERAGE ABATEMENT COSTS ($1979)

ISIC

3210

%% L - Linear, NL

- Non-Linear

3110 ‘2130 - 3140 3211 3220 3230 3240 3310
: ' Food Boverages - Tobacco Toxtlle Spinning Apparel | = Leather Footwear Wood
. |Average Cost (79-82) ‘ ‘ ‘ ‘ ‘ e
N NL N NL L L 1 t]
|P1 - Particulates 47.62 176.41 612.99 160,77 237.58 109.40 182.42] 26.84]
P2 - Sulfur Oxidas 414.13 68.61] 4084.94 482.19] - 32.63 371.07 110.31 20.37
P3 - NO2 and CO 35.84 68,51  304.61 111.39 32.63 420,51 . 665.69] 20.37
P4 - Hydracarbons 35.84 68.61]  394.81] - 111.38 32.83 420.51 665.69] - 20.37
P& -Tead 32.85 ~68.51] 687.37] _ 111.39 32.63 109.40 110.31]  20.37
|P6 - Hazardous Emissians 32.85} 68.81] 897.37 © 111,39 32.63 109.40 . 110,31 '20.37
" |P7 - Other - 32,86 '68.51 897.37 111.39 32.63 109.40]  110.31 20.37
Average Cost (63-85) (83-85} ‘ ‘ 1
| NL L NL L NL L L
PT - P Partlculatas 43,99 110.08]  177.46 129.36 31.95] 394.51] 23.44]
[P2 - Sulfur Oxides 142.66 110,06 177.46 89.87 31.95 20.32
P3 - NO2 and CO 208.88 110.08] 177.48] 1416.88 8582.83 . 394,51 20.32
P4 - Hydrocarbons 137.12 12,778.66] '889.66 . 89,67 266,42 998.51 20.32
PG - Lead o 49,749.13 _ 722.82 31.95] 23,536.85 20.32
b F’G Hazardous Emisslons . 28.11 177.46 89.67 237.10 1162.91 20.32
P7 - Other 26.11 110.08] 177.46 89.67 346.14 862.02] 20.32
Avaraga Cost (79-85) -
T T ‘ N T NL L
[PT - Particulates 83.08] 211.69 24.87
- \P2-Sulfur Oxides 144.57| 211,69 - 20.09
- |P3 - NO2 and GO . 6364.46 736,36 ' 20.09
' |P4 - Hydrocarbons 63684.46 - 738.36 20.09
P5 - Lead ' 40.85 . 838.03 20,09
‘ Pb‘ Hazardous Emissmns 40.66 636.03 20.09
. [P7 - Other 40,66 " 636.03 20.09
. [Average Cost (79-85) | ‘ ‘ - ‘
P71 - Particulatas® 5,56 5.79 61.84 7.08 35.76 226.54 7.58 20.22 5.56
“*(Particulates only) ‘ - ‘ ‘ ‘




TABLE

4.2

TOTAL AVERAGE ABA TEMENT G‘OSTS ¢ 1979)

- [ise

3420

“*(Particulates only)
*% L -Linear, NL

- Non-Linear

- 28

3320 3410 | 341171 3511 3512 . 3513 | - 3520 3522 3530
: ‘ Furniture Papar | Pulp | Printing Ind. Chem. Ag. Chem, " Resins . Chem. Prod. Drugs ' Petro.
{Average Cost (79-82) | i ‘ BE
'_Z . . NL NL " NL oL NL] - NL NL - NL NL " NL
|P1T - Particulates 19.02| 44.00] 26.41]  411.08] 3448 @ 1172.39 47.13 -192.90] 148.16] 347.91
|P2 - Suilur Oxides 12,72] 195.99] ' 76.46 83.84 68,99 . 367.43] . 282.25 26.21| 420.25 76.20
Ps-ﬁ 2 and CO 12.72]  232.21 8.67 197.05 ©8.85 230.71 70.08 .46.20]  106.92 28.47
P4 Hydrocarbons 12.72{ 232,21 - 8.67 197.05 98.86 230,71 70.05 46,20] 106.92 28.47]
P5 Lead = ‘ 12.72 60.87] 40.36 83.84 197.26 . 284,27]  29.79 26.21] 251.74] 2935.19
P6 - Hazardous Ei Emissions 12.72 60.87] 40,36 83.84 197.26 284,27 29.78 - 26.21] 251.74] 2935.19
P7 - orim‘ 12.72] e60.87] 40.36] 83.84 197.26 284.27] ' 28.79 26.21| 261.74] 2935.19
Avarage Cost 33-85) . ‘ .
NL L NL L NL NL NL NL L L
W Partlculates 26,60 73.01] 22.80 41,33 14.33 18.76 40.55 33.70] 138.20 2.14
~ |P2 - Sulfur Oxides 13.81] 261.11| 86.48 41,33 11.03 186.98] 337.98 - 700.98| 696.08]  99.94
o P3 NO2 and CO 13.81 73.01] ~9.19] . 133.44 226.21 718.81 150.98 4.61] 374.90 35.06
P4 - Hydrocarbons 13.81] * 490.81 2.19 130,86 128.31 133.565] = 60.94 121.98 77.52] 100.22
P5 - Load ‘ 17.76 . 41,33 1190.68 ‘ 434.81 4.61 68.57 2.14
[P6 - Hazardous Emissions 14,228.97]  73.01] 17.768] 5901,28 134,36 867.85]  37.16 4.61] 68.57 2,14] °
P7 Other - 13.81] 73.01] 17.76 41,33 22.24 67.20] 252.01 191.65|  68.57 2.4]
Avarago Cost (79-85) ‘
NL] - NL
P1 . Particulates . 46.37] 23.20
P2 - Sulfur Oxides 194.35| B2.84]
[P3-NO2 and CO 261.91] 10.62
P4 - Hydrocarhons 251.91] 10.62
PG - P5 - Load 46.31] 18.80
[P6 - Hazardous Emissions - - 48.31] 1B.80
P7 - Other 46.31] 18.80
'JAverage Cost [79-85) - ‘ ‘ —
[PT - Particulates * 6.61] B8.20] 6.57 9.79 1.74 8.70 "~ 5.61 5.74 8.941  99.09]




 TABLE 4.2

| TOTAL AVERAGE ABATEMENT COSTS ($1979)

;SIC

- 3640

. " (Particulates only)

% | - Linear, NL - Non-Linear

29

35650 3560 3610 3620 3690 3710 3720
S Coal Rubber Plastic Pottery . Glass N-Metal fron N-Ferrous Metal
|Average Cost (79-82) —_ : . '
I ‘ ‘ ‘ NL . NL 'NL NL L NL NL NL
P1 - Particulates 30.82 104.65] . 116.85 166.01] . 136.15 11.36 88.37 '195,10
P2 - Sulfur Oxides 1934.56 3e5.08] 1289.63 - 841.29| .~ 145.21| 651.07 _86.38
P3-NO2 and CO . 28,72 = 221.26] - 125.28] 2134.64 264,63 918.83 80,62 121,83
- |P4 - Hydrocarbons 28.72 221.26] 126.28] 2134.64 264.83 918.83] 80.62 21.83
P5 - Lead ‘ 19.93]  395.85 604.27 - 136,18 6.86 11.28] 158,74
o "
P6 - Hazardous Emissions 19.93|  395.66 604.27 '136.15] . © 8.85 11.28 158.74
P7 - Other ‘ . 19,93 395.85 604.27 136.16 6.85 11.28 158.74
Average Cost (83-85/ ‘
‘ NLT NL . NL NL " NL NL| NL
“\PT - Particulates 33.82 126.91 36.04] - .73.97 -9,52] 108.03 167.85
. |P2 - Sulfur OxIdes 253,93 401.49] - 36.04] - 73.97] 81,98 12.75 75.44
- |P3-NO2 and CO 70.64 93.19] 5943.04 294,19 840.28]  41.77 30.30
'|P4Z - Hydracarbans 45,62 93.19 2698.84| - 270.32 852,25| 1204.02 . 642.38
{Pb - Lead ‘ , 26.81 93,18 36.04| 22,610,75 4,921 820.23 1212.36
. |P6 - Hazardous Emissions 26.61 93.19 B 73.97 4,92| 259.01 1072.44
[P7 - Other 286,81 1246,42 3704 78,97 4,92 £.43 30.30
(Average Cast (79-85) : ‘
‘ B B ‘ NL NL NL NL
P17 - Particulates 31.78]  117.12] 98.88 99.21
P2 - Sulfur Oxides 1037.21] ©590.80 . 56.38 283.80
|P3 - NO2 and CO 41,29] 183,24 2024.74] ' 180.82
P4 - Hydrocarbans 41.29]  183.24 2024.74 180.82
PG -Lead ‘ 2251| 639,42 _2614.74 99.21]
P6 - Hazardous Emissions . 22.51 £39.42 .2514.74 88.21] -
P7 - Other 22,51 539.42 - 2614.74] - 99.21
Avarage Cost (79-86) ‘ N K
P17 - Particulates* 5.82 5.87] - 7.78 667;  .5.83 3.26 64.57




TABLE 4.2

' TOTAL AVERAGE ABATEMENT COSTS ($1979)

I

3810

3820

3825

‘3841

3843

3850

3900

‘ ‘" L- l.maar NL

30

3830 3832 3840
R ' Metal ' Machinery Computing Electrical. Radio Transport Ships Vehicles 'P. Goods " Other
Average Cost (79-82) . . i I ‘ 1 - ‘
‘ ‘ B ' NL . NL NL Nl - NL N NL NL NL L
- |P1_- Particulates . 184.94 112,92 132,23 166.45|  136.63 349.35| 168,57 79.19 606.53] 74.19
. |P2 - Sulfur Oxides - 1033.16 486.60 132,23 453,90| 1815.85 726.09] 413,85 . 1434.11 2974.36] ' 68.43
- |P3 -NO2 and CO 219.17 355,75 793.56 127.08] 610.68 . 298.39| 1858.26 1160.17 - 407.201 203.12
" |P4 - Hydrocarbans 219.17 355.75 793.58 127.08| &10.68 298.39| 1658.26 1160.17 . 407.20] 203.12{
|PE - Lead ‘ . 83.48 60.77 132.23 115.37 623.97) 288.39]  39.68 96.60 - 783.85| 68.43
"\P6 - Hazardous Em:ss:ans '83.48] . 80.77 132.23 115.37] 623.97 208.39]  39.68 98.80 783.85) 68.43
[P7 - Other 83.48 160.77 132.23 115.37] 623.97 298.39 '39.68 98.60 ' 783.85] 68.43
‘ Ave@ggCost {83-85) 1 .
[ o NL} NL L NL . NL NL NL]. - NL NL] | L
|P1 - Particulates 181.67 183.20 129.10 243.42| 284.02] 329.03] 412.34 294.89 683611 21.59
. |P2 - Sulfur Oxides 635.72 -381.80} 129.10 61.79] 164.51 626.24] 674.36 192.02 . 278.98 8.27
P3 - NO2 and CO 272.82 218.28 . 129,10} 1638.01] 354.68 201.62] 698.95 73.22 524.06]  8.27
P4 - Hydracarbans 207.30 291.61 207.34 102.28] 559.72 775.75 78.33 1446.64 1062.13] 41.93
, -P5 Lead 88.19 93.27 . g 274.79] 184.51 201.62 78.33]  22,847.82 - 278.98] 3863.50
~ '|P6 - Hazardous Em:ssmns 88.19 93.27 18,513.25 61.79] 968.21 2190.93 78.33 73.22 961.09| 126.34
P7 - athar 372.33 93.27| . 129.10 81.78] 591.88 201.62 '78.33 73.22} 278.98] = 6.69
: Ava@ggt.‘ost f79-85)
NL ‘ L N
PT - Parﬂculatas 136.82] ' 86.80 20.16
- |P2 - Sulfur Oxides 456.63 444.41 13.94
|P3 - NO2 and CO 274.95 ' 1190.30 58.61
P4 - Hydracarbans . 274.95 1190.30] ' 58.61
- |P6-Lead - - - 73.83 44.87 13.94
P6 - Hazardous Emlssmns 73.53 "44.87| . 13.94
|P7 - Other. 73.63 44.87 13.94
» Av‘aragafosr 179-85]_ N _ . | ‘
‘ P1 - Particulates*® 53.42 '36.91 234,06 76.17 -8.99 49.75 7.38 81.53 10.23] 6.24
* (Particulates only) ‘ ‘ Y E ‘ ‘ ‘
Nan-Lmaar
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