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COVPARI SONS OF ESTI MATED AND
ACTUAL PCLLUTI ON conTror; CAPI TAL EXPENDI TURES

FOR SELECTED | NDUSTRI ES

SUMVARY AND OVERVI EW

I ntroduction

Federal . environnental regul ations have experi enced
significant growh in the 1970 s. The costs of these regul a-
tions are an issue of intense interest and controversy to both
industry andt he government. The Environnental Protection

Agency (EPA) has routinely developed estimtes of pollution
control costs and their econom c inpact for every nmjor regul a-

tion. 1t often has been suggested that =pa compare its cost
forecasts with actual expenditure data . The purpose of this

report is to conpare estimates of pollution abatenent costs
prepared by EPA, by EPA contractors, by industry, and by
i ndependent  groups with reported expenditures . 1 Pol I ution
abatement capital cost estimates for specific regulations are
conpared with reported capital expenditures for the followng
six industries.

. Steam Electric Uilities -- Water Pollution Control

. Electric Wility Flue Gas Desul furization Systens
-- Scrubbers

° Pul p and Paper -- wWater Pollution Control

. Petrol eum Refining -- Water Pollution Control

o[ Iron and Steel -- water Pollution Control

. Automobiles -- Light Duty Vehicle Air Pollution
Control s.

‘Expenditure forecasts designated as an “industry estimate”

refer to studies prepared or sponsored by individual firnms,
i ndustry trade associations, or by a group of firms such as the
Utility Water Act G oup.




Methodology and Limtations of Analysis

For each industry and regulation several estimtes are pro-
vided including an EPA and industry estimate devel oped at about
the tine that the regulations were pronmul gated. In several
cases a nunber of other estimates are given from other sources
such as the National Acadeny of Science, the National Conmi s-
sion on ‘Water Quality, the =pa Cost of Oean Air and wWater!
report to Congress, and so forth. Actual expenditure data are
taken froma variety of sources including surveys from ths
Departnment of Commerce, Bureau of the Census; the Department 5z
Comer ce, Bureau of Economc Analysis; MG aw-Hi || Publica-
tions, Inc. ;' the Departnment of Labor, Bureau of Labor
Statistics; and, industry trade associations.

In a study conparing cost forecasts with actual expendi-
tures severalL limtations may arise. First, the accuracy of
the survey data on actual capital expenditures is difficult *=o
assess ‘oecause the effort applied by industry personnel in com-
pleting the survey forms is wunknown and can vary from one

conpany to anot her. Si nce reported expenditures are the bench-
mark oy which cost forecasts are nmeasured, errors in this area
could lead to nisleading conclusions . ‘Whenever possible a

number of surveys of actual expenditures are reported.?

lthe Cost of dean Air and Water report had an advantage over
other cost forecasts in that It estimated expenditures from a

retrospective point of view rather than projecting future
expendi t ures.

‘In cases where three or nore sources of actual expenditura
data are available, usually one source was siagnificantly dif-
ferent fromt’'ne others. For exanple, the McGraw-Hill  ‘survey
reported substantially higher figures in the iron and steel
industry and pulp and paper industry than the other sources.
In the petroleum refining industry, t’'ne Bureau of =conomiz
Anal ysis survey was considerably higher than the other surveys.
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Anot her prob lem inherent in a study of this nature is
that surveys of actual expenditures and cast forecasts may ncc
measure or estimate the sane quantity. The industry and =pPa
cost forecasts examned in this study usually estimated the
i ncrement al cost associated wth federal regulation. The
surveys on the other hand, report actual expenditures for total
water or air pollution abatenent. Therefore, When conparing
EPA and industry cost forecasts with reported expenditures,
pol lution control costs associated with non-federal regulations
had =0 ‘o0e added to the cost forecasts. Several other adjust-
ments were al SO required. First, the cost forecasts sonetines
used a different accounting procedure than the surveys of
actual expenditures,. and this necessitated the addition of the
cost of construction work in progress to the cost forecasts.
Second, all figures. were converted to comon dollars using in
most cases the Bureau of the Census’ new plant and equi pnent
price deflator. Finally, when conparing the predicted expendi-
tures with reported expenditures, the EPA and industry fore-
casts were scal ed by the actual industry conpliance rate.!

It should ve kept in mnd that this study only conpares
predicted capital expenditures with reported capital expendi-
tures . Analysis of the operating and maintenance cost com
ponents should be conducted to verify and extend the analysis
of capital expenditures.

lin the case of autonobile pollution controls and electric
utility scruovers, the adjustnent <for industry conpliance rate
was hot necessary because actual expenditures were reported on
aunit basis (e.g., dollars per car or dollars per xilawatt).



Summaryv of Results

Table 1 conpares EPA and industry capita 1 cost estimates
with actual expenditures for five industries. (Pl ease refer to
the industry sections of this report for a detailed di scussion
of the expenditure forecasts, actual expenditure data, xey
assunptions, and so forth.) The figures in Table L represent
the ratio of forecasted expenditures to actual expenditures.
For =ach industry, several forecasts (EPA, industry, and in
sonme cases tnhe Cost of dean Air and Water forecast) are used
and thus several ratios are calculated. In addition, a range
of ratios is shown in cases where several surveys of actual
expendi tures were avail able.

Tavle 1l illustrates several facts. First, for four of the
five industries examned the EPA estinmates are |ower than the
industry estimates.! EPA forecasts have been closer to the
actual figures for the iron and steel industry, the refining
industry, and for electric wutility water pollution control
costs . Industry estimates have been closer to the actual
figures for the pulp and paper industry and for eiectric util-
ity scrubbers. Second, both EPA and industry forecasts tend to
overestimate conpliance costs more often than they underesti -
mate t’ nese costs. For exanple, EPA forecasts (excluding tnhe
Cost of Clean Air and Water forecasts) range from 25 percent
beLow to 156 percent above reported expenditures, Wile indus-
try forecasts range from 25 percent below to 162 percent acove
reported expenditures. If this apparent bias to overestinmate
conpliance costs were further substantiated by |ooking a=.

luowever, for petroleum refineries and the iron and steel
industry, it is only the npst recent EPA Cost of Clean Air and

Water report whit’n is |lower than the industry estimate.




larger sample of industries and including operating and ma.nte -
nance costs as well as capital costs, it cou ld have implica -
tions for EPA  deci sion-making, particularly for decisions
requiring a nmalancing of tenefits and costs.

Table 2 conpares estimates of autonotive price increases
due t0 pollution control with actual sticker price increases.
These data indicate that EPA estimates have been closer to the
reported price increases +than the industry estimtes . ™ e
manufacturs rs ' estimates show a |arge degree of variance. One
wou 14 expect that the larger nmanufacturers would, because of
economes of scale, ‘0¢ able to produce pollution control
systems for their cars at a |ower cost than smaller manufactur-
ers. However, since individual manufacturer estimtes were not
available for these emission standards, it is inpossible to
determine if they overestimate or underestimate control costs
wi thout xnowing which estimates are from the |arger manu-
facturers.

In comparing EPA and industry cost forecasts, it is
inmportant to bear in mind that differences in these forecasts
result from a variety of assunptions regarding unit control
costs , the amount of capacity affected ‘by regulation, <zhe
industrial growth rate, and the assunmed rate of inplenentation
of the program A nore in-depth review of the cost studies is
needed to identify the key assunptions responsible for <the
di sparate EPA and industry estinmates.



TABLE 1

RATIO OF CAP ITAL EXPENDI TURE FORECASTS
TO REPORTED CAP| TAL EXPENDITURESL:?2

TI ME PERI CD
. - - T972-1977
Expendi ture Forecasts A974-1977  1975-1977 2902 2977
Utilities (Water Pollution
EPA ( ) .89-.91
| ndustry 1.36-1.40
Tlectric Wility Scrubbers 74
£ PA :
| ndustry .91
pulp and Paper (water Pollution)
1.27-1.49
EPA 114
Cost of Clean3 75
| ndustry ‘
Qeférﬁries (Water Pollution) 1.87-2.5
' 3 1.R2-1.84
Cost of Clean 1.91-2. 62
| ndustry c I
Iron & Steel (wWater Pollution) 1.32-1.79
EPA 3 55,95
Cost of Clean 1.29-1. 96°
I ndustry Skt

lrhese ratios 2r2 forecasted expenditures divided Dby actual
expendi t ures.

2tme range of values reflects conparisons with several expenditure
surveys.

3The Cost of Clean Air and Wt er. Report to Congress, August 1279.

4these ratios are fOr the 1973-1977 tinme period.
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TABLE 2

RATIO OF ESTIMATED TO REPORTED
ACTUAL STI CKER PRICE | NCREASES

SOURCE OF
ACTUAL PRI CE INCREASES®
?RICE TNCREASE FCRECASTS BLS Dat a Manuf acturers’™ Data
Model year 1973-1974
EPA Esti mat e 1.32-1.45 1.54-1.69
Industry Estimate “.72-1.74 . 85-2.03
Model Year 1975-1976
EPA Estinate .93-1.02 .95-1 .08
I ndustry Estinate . 51-2.31 .53=-2.,37

Model Year 1980
EPA Esti mat e . 82

1These price increases are that portion of the reported price

increases which are attributable to addition or improvement
of pollution control equipnent.




EFFLUENT QU DELINES FOR STEAM
ELECTRI C PONER PLANTS

I ntroducti on

The effluent guidelines for steam electric powerplants
promul gated on COctober 8, 1974 included three categories
t her nal gui del i nes, chemi cal gui de- I i nes, and  entrai nnent
regul ations . The thermal guidelines require: (1) all new
units to install closed cycle cooling when placed in service,
and (2) all units greater than 500 Mw and placed in service
“’between L January 1970 and 1 January 1974 to retrofit from open
cycle to closed cycle cooling by 1 July 1981. The chem cal

guidelines |imt oH Levels, suspended solids, oil and grease,
metals, chlorine and certain other pollutants in waste streans.
Initial limtations went into effect in 1977 and nore stringent

requirenents are to go in effect in 1983. The entrainnent
regul ations require t’'he location, design and construction of
cooling water intake structures to reflect the best available

technol ogy for mnimzing environnental inpact. Since capital
expenditures due to the entrainment regul ations are not
expected until after 1980, they ars not included in this
anal ysi s.

Met hodol ogy and Data Sources

In this analysis EPA and industry estinmates were conpared
with two expenditure surveys. The =PA estimates were prepared
by Tenple, Barker & Sloane, TInc.;! the National =conomic

lpconomic Analysis of Effluent Quidelines: Steam Electric
Powerplants, lenple, Barket & Sl oane, TInc., December 1374.

-




Research AssoOCi ates prepared estimates for industry (Uility
Water Act Group), and actual expenditure data were provided in
the “cGraw-Hill survey?2 and the Bureau of &conomic Analysis
survey. 3 To make these sources conpatible, certain adjustnents
were made to the EPA and industry expenditure forecasts. These

studies projected the increnental costs due to federal
regul ation and they did not account for: (1) costs voluntarily
incurred: .(2) costs of construction work in progress -- these

costs were included in the year when the unit was expected to
ce placed in service instead of as incurred: and, (3) costs
associated wit'n state and | ocal requirenents. As the McGraw-
4i1l and Bureau of =conomic Analysis data report total
pol lution abatenment expenditures, these types of expenditures
had to e added back into the EPA and industry forecasts.

A second adjustnent was to scale the expenditure estimates
by the 68% conpliance rate reported by the zpA Ofice of
Enf or cenent . Further, the industry study forecasted capital
expenditures only for the 1974-1983 peri od. Estimates for tne
1974-1977 period were developed fromthis study by Putnam
Hayes & Bartlett, Inc. Dby assum ng the distribution of costs in
time would be the sane as that assumed by the EPA study. This
assunption is reasonable when similar jndustrial growth rates
and capacity installation rates are used. The industry study
assuned a different industrial growh rate than the F®PA cost

lytility Water Act Group Economic Analysis submitted as com-
ments to the proposed effluent guidelines for steam electricz
powerplants, June 1974,

2yjstorical pollution Control Expenditures and Rel ated Data,
MGawH ||, Novenber 1979.

3vcapital Expenditures by 3usiness for Pollution Apatement”,
Us. Department of Commerce, survev of Current Business, Jui¥
1975, June 1977, June 1979.
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forecast. However, the =pPA study included a conparison of the
industry’ s capital cost forecasts with jts own forecasts
assuming simlar industrial growth rates. The industry cost
forecasts used herein are taken from the EPA study. Finally,
all figures were adjusted to 1974 dollars using the Bureau of
the Census’ new plant and equi pment price deflator for water
pol | uti on abatement equipnent.

Cost Conpari sons

Table 3 conpares EPA and industry (u WAG capital expendi-
ture estimates for water pollution abatenent equipnent wth
actual expenditures reported for t’'ne years 1974-1977. The EPa
estimates are slightly | ower than actual expenditures while the
industry estimates are considerably higher. The chart bel ow
provides the ratio of estinmated expenditures to actual expendi -
tures for t’'ne various forecasts and actual expenditure surveys.

RATI O OF ESTI MATED CAPI TAL
EXPENDI TURES TO REPORTED
CAPI TAL EXPENDITURES

Reported Expenditures

Esti mat ed Expenditures MG aw Hi || DOC/BEA
EPA .91 .- 89
UWAG 1.40 1. 36

Differences in =pA and UWAG projected capital expenditures
result fromdifferences in a key assunption in their analysis.
UWAG and EPA used different capital cost factors. Table 4
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conpares EPA and UWAG unit capital cost estimates on a dollars
per xilowatt basis. EPA's estimates are only slightly lower
than industry’'s estimates for the thermal guidelines. However,
for the chemcal guidelines, EPA's non-nuclear estimate is |ess
than one third of the corresponding industry estinmate while the
nucl ear estimates arz avbout the sane.

In addition, as previously nentioned, UWAG does not agree
with the future industry growth rates assuned in t’ he EPA study.
The =pa assunptions were developed by the National Power
Survey’s Technical Advisory Committee on Fi nance. UWAG pro-
jected higher industry growtnh rates than did EPA.l The uwac
estimates in Table 4 reflect just the higher capital cost
factors and not the ‘nigher growth rate in electrical generation
capacity. Using the UWAG assuned growh rate and capital cost
factors, +the expenditures are projected to be $2.9 billion for
the 1974-1977 period as conpared to the $2.6 billion using the
| ower assuned growth rate. The ratio of forecasted to actual
capital expenditures would then range from 1.52-1.56 as com-
pared with 1.36-1.40.

la later EPA study in May 1976 revised downward the total
capital expenditure estimates given in this study because even

| ower growth rates were predicted which neant fewer new plants
woul d e built than had previously been expected.
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TABLE 3

CAPI TAL EXPENDI TURES FOR WATER POLLUTI ON

ABATEMENT EQUIPMENT:
ELECTRI C UTI LI TI ES
(Billions of 1974 Doll ars)

EXPENDI TURE FORECASTS 1974-1977

EPA - Decenber 1974 1.7-
(Econom ¢ Analysis of Effluent
Cui del i nes Steam El ectric
Power pl ant s

UMG = - June 1974 2.6
(CWAG Economi ¢ Anal ysis was pre-

pared by National Econom c
Research Associates, Inc.)

ACTUAL FORECASTS

McGraw-Hill - Novenber 1979 1.86

(Historical Pollution Control
Expenditures and Rel ated Data)

DOC - Bureau of Econom c Anal ysis 1.91

(Capital Expenditures by Business
for Pollution Abatenent)

LThi s expendi ture estimate assunmes only the higher

1974-1983
6.6

8.9

UWAG capital

cost factors shown in the previous table, and not the higher

growh rate in electrical capacity.
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TABLE 4

COWPARI SON OF EPA AND
UTILITY WATER ACT GROUP CAPI TAL COST FACTCORS

(Expressed in 1972 Dol lars/Kilowatt)

EPA Estimate UWAG Esti mat e
Ther mal Cui del i nes
For Retrofitted Units
Non- Nucl ear $20. 43 $22. 44
Nucl ear $24. 58 S27.01
For New Units
Non- Nucl ear S4. 89 $6. 40
Nucl ear S3. 84 S4. 27
Chem cal Cuidelines
Capacity prior to 1974
Non- Nucl ear $1.70 $5.78
Nucl ear $0. 58 $0. 53
Capacity 1974-1978
Non- Nucl ear S1. 29 $4.58
Nucl ear $0. 58 $0.53

lThe estimates are the projected costs to meet tnhe 1377 3pT
chem cal guidelines.



Il.  ELECTRIC UTILITY FLUE GAS
DESULFURIZATION SYSTEMS
(" SCRUBBERS)

| ntroduction

The 1970 C ean air Act anendments required EPA to devel op
Nati onal Ambient Ar Quality Standards. The states were
required to inplement neasures to assure the standards woul d »e

att ai ned. As fossil fuel electric powerplants are anobng the
| argest sources of air pollution, much effort was directed at
controlling these sources. Rat her than focus on the total cost
of this program this analysis exam nes the cost of scrubbing
sul fur dioxide emssions -- one of the nobst “controversial

-elenents of EPA's program

Met hodol ogy and Data Sources

In the analysis below, all cost estinmates and reported
expenditures are conpared on a unit (dollars/xilowatt) basis
rat’ ner than on an aggregate basis. Actual costs for the period
1970- 1978 are reported in a recent EPA studyl! which sunmmarized
capital expenditures from 21 plants that have installed flue
gas desulfurization (FGD). The expenditures reported include
only the sulfur dioxide portion of the em ssion control system
and were adjusted to 1977 dollars. The EPA cost estinmates wers
taken froma report prepared by Tenple, Barker & Sl oane, Inc.,
in May 1976. *Industry estimates were prepared ‘oy the National

lytility FGD Costs: Reported and Actual Costs for Qperating
FG Systens. PEDCO Environnental, Inc., January 1979.

2gconomic  and Fi nanci al Impacts of Air and Water Pollution
Controls on the Electric Utility Industry. Tenpl e, Barker &
Sl oane, Inc., 1976.

- 14 -
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Economic Research AssoOci ates. ! The National Public Hearings on
Powerclant Conpliance with Sulfur Oxide Air Pollution !3egula-
tions provided a third source of cost estimtes. 2 All cost
estimates and expenditures shown in Table 5 were adjusted +o

1977 dollars using the Chenm cal Engi neering index, 3

Cost Conpari sons

Table 5 conpares EPA and industry cost estinmates with
reported capital expenditures for sulfur dioxide (305) scrub-
bers . The reported capital expenditures are averages from the
21 plant sanple. The observed spectrum of control costs ranged
fromse7-s118/kw for new units and from $56-$233/xw for retro-
fitting existing units. EPA estimates are |lower than industry
estimates and both are |lower than average reported expendi-
tures . The chart bel ow provides the ratios ‘oetween scrubbing
cost estimtes and the reported average expenditures . Th €
industry’ s estimate of the retrofit cost agrees quite closely
with t’'ne actual reported expenditures, while EPA's estimate was
77 percent of actual reported expenditures. I ndustry underesti-
mated t' ne costs of scrubbers on new plants by 16 percent, while
EPA underestimated the costs by 30 percent.

lthe Cost of Reducing Sulfur Dioxide Emissions from El ectric

Uilirty Plants. Nat | onal =conomic Research Assoclates, June
1975.
2report of the Hearing Panel, National Public Hearings on

powerplant Conpliance wth Sulfur oOxide Air Pollution Regul a-
tions, COctober 18, 1973 to Novenber 2, 1973.

‘The survey on actual expenditures used this index to convert
reported expenditures to 1977 dollars. The EPA study suggested
an alternative inflation index; however, t’ne Chemical Engineer-
ing index was wused to con form with the survey of actual
expendi t ures.



RATIO OF SCRUBBI NG COST
ESTI MATES TO REPORTED EXPENDI TURES

New Unit Cost ‘Retrofit Cost
EPA 70 77
Nat i onal Public Hearings o .59-.89
[ ndustry . 84 : 96

Using its own cost factors, EPA would have estinmated the
capital expenditures for the PEDCO 21 plant sanple to be 28
percent (or $234 mllion) less than the actual figure. Using
industry unit cost estimates would have resulted in estimated
capital expenditures 9 percent (or S81 nillion) less- than the
actual figure .1 The ratios of estimated capital expenditures
to reported capital expenditures, provided in Table 1 of the
S ummary and Overview section of this study, are derived from
the estimated capital expenditures and reported capital expendi-
ture’s for the 21 plant sanple discussed above.

lrotal capital expenditures for the 21 plants were $1,152
mllion during the 1970-1978 peri od.
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TABLE 5
COST OF S02 SCRUBBERS ($/KwW)
(1977 pollars)

Expendi ture Forecasts New Unit Cost Retrofit Cost
EPA - May 1976 62"

791

Economic and Fi nanci al Impacts
of Air & Water Pol |l ution Con-

trols on the Electric Uility

[ ndustry

Public Hearings - October 1973 - 71-92

Nati onal Public Hearings on
Power Plant Conpliance wth
Sul fur Oxide Air Pollution
Regul ati ons

[ ndustry - June 1975 74 99

The Cost of Reducing SO»5

Em ssions from Electric Utility
Pl ant s

Actual Expenditures

EPA/PEDCO - Septenber 1978 88 103

Utility FG Costs: Reported
and Adjusted Costs for Operat-
I ng FE@ Systens

lusing the inflation rate sug?ested in the EPA report, the esti-
mat ed scrubber costs are $65 for a new plant and $82 to retrofit
an existing plant.



1], PULP AND PAPER | NDUSTRY

| ntroducti on

Best practical control technology (BpT) effluent guidelines
for the pulp and paper industry were devel oped for each of 17
subindustrial categories. The guidelines required |inmitations
on pH |levels, biological oxygen demand, suspended solids, and
zinc in wastewater streans. The mmjor industrial subcategories
examned in this analysis are the bleat’ ned xraft, groundwood,
sulfite, soda, de-inked and non-integrated paper segnents of
the industry,

Estimated costs of conpliance with BpPT regulations were
calculated by both the =pa and the pulp and paper industry.
These estimates are conpared with the actual water n»ollution
abatenent expenditures pmade by t-he industry. ai1 of the cost
figures in this section are adjusted to 1975 dollars, using the
Bureau of the Census’ new plant and equi pnent price deflator
for water pollution abatement equipnent.

While there are a nunber of studies which calculate the
cost of conpliance with BPT in the pulp and paper industry,
only three of these are used in this analysis. The reason for
this lies in the fact that nost of the studies report the
estimated expenditures in dollars ver ton by subindustry (e.g.,
bl eached xraft; market pulp; papergrade sulfite; soda, de-

inked; and so forth) . In order to conmpare t’ nese cost figures
with actual expenditures data, a conversion from dollars per
ton to total dollars would have to be nade. To make such a

conversion, an estimate for the nunber of treated tons of

- 18 -
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oroduction in  each of these gsupindustriss is  needed.
Unfortunately, this tonnage £figure isS not readily available
Therefore, those estimates which are stated only on a dollar
oer ton ‘oasis have been excluded.

Two EPA studies! and the one industry study’provide esti-
mates of the industry-wide capital expenditures necessary to
meet 3PT guidelines on a total dollar basis. These estinates
have ‘seen adjusted to reflect an 83 percent conpliance rate for
the industry.3 |t was assuned that the EPA and industry
capital cost forecasts to neet the BPT effluent guidelines
renresent  total capi t al expenditures €for water pol I ution
abatenent . ‘Furt her, the industry study predicted capital
expenditures only for existing facilities. To makxe this
forecast conparable to the surveys of actual expenditures, the
estimated expenditure for new facilities developed in the EPA
study was added to the industry forecast.

lEconomic Analysis of Proposed and Interim Final Effluent Guide-
lines for the Bleached Kraft, Groundwood, Sulfite, Soda, De-
Inked and Non-Integrated Paver Sectors of the Pulp and Paper
Industry, January 1976, Arthur D. Little, Inc.: and The Cost of
Clean Air and Water Report to Congress, August 1279.

2potential National Econonic |Inpact of Federal Water Effl uent
Standards and Goals for the U'S. Paper Industry, Arthur 2.
Little, Inc. , Decenber 1973, prepared for the American Paper
Institute.

*This conpliance rate was developed from conpliance data
obtained from the EPA O fice of Enforcenent on paper products,
paper mlls, and pulp mills.

4This assunption is valid because the original industry study
prepared by Arthur D. Little, I nc. pr oj ect ed capital
expenditures due to BPT as those expenditures in excess of a
prior years’ baseline expenditure level ‘which was provided >y

an industry survey of capital expenditures for water polluticn
control .
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There 3re four sources which provide information on antual
water pollut ion abatement capital expend itures in the pulp zad
paper industry. These include the Bureau of t’'ne Census, ' the
Bureau of [Econonic Analysis,? McGraw-Hi113 publications in
addition to a National Council of the Paper |ndustry for air
and Stream | nprovenment (NCASI) publication on environmental
expendi t ures. These sources were all conparable and nro
#1justments were necessary.

Cost Comparisons

Table & provides <the estimated capital costs for watar
pollution a’ oatement and the reported actual capital expendi-
tures. As the table indicates, =pa Projected expenditures ;s
| arger than t’'ne actual expenditures, while industry forecasts
were |ower.

The chart Ybelow provides the ratio of estimted capital
expenditures to actual expenditures for the various forecasts
and actual expenditure surveys . The range of ratios reflects
conparisons with different expenditure surveys.

lpollution Abatenment Cost and Expenditures, U.S. Bureau of the
Census, 1973-1977.

“gurvey of CQurrent Business, US. Departnment of Commerce,
Bureau of Economc Analysis, July 1975, June 1977, Februarv
1979, and June 1979.

3uistorical Pollution Control Expenditures and Related Da-=z,
November 1979, McGraw-Hil 1 Publications Co., Departnent o<
Econonmi cs .

4n survey of Pulp and Paper Industrv Environnental Protection
Expenditures - 1978, National Council of the Paper Industry Zor
Air and Stream Inprovenent, Special Report No. 79-03, Septembar
1979.
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RATI O OF ESTI MATED CAPI TAL EXPENDI TURES
TO REPORTED CAPI TAL EXPENDI TURES
FOR WATER PCLLUTI ON ABATEMENT

1974- 1977 1972- 1977
EPA Esti mates
EPA/ADL 1.36-1.60 --
Cost of O ean - 1.14
| ndustry Estinmate
APl /ADL T .92

The industry estimate is approximately 18 percent below th,
actual 1972-1977 capital expenditures as they are reported by
NCASI and McGraw-Hill.l Both of the EpA estimtes are slightly

hig'ner than the actual expenditures . The forecasted costs
reported in the January 1976 study by ADL averaged 48 percent
‘ni gher than the actual expenditures. The estimate taken from

the 1979 Cost of Clean Air and Water report averaged 14 percent
hi gher than the actual expenditures.

11+ should be noted, however, that the actual data are only
available for t'ne entire “Paper and Al lied” Products” industry,
and therefore may overstate slightly the actual expenditures
for the pulp and paper segnment of the industry.
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TABLE 6

CAPI TAL EXPENDI TURES FOR WATER POLLUTI ON
ABATEMENT EQUI PMENT:
PULP AND paPrER | NDUSTRY
(mllions of 1975 dollars)

1974- 1977 1972- 1977
Actual Expenditures S876. 0- $1, 028, 6° $1,411.2-%1,411.9°
EPA Estimates
ADL - January 1976 1397.4 _—
Cost of Clean - Aug. 1979 -- 1608. 2
I ndustry Estinmates
ADL - Decenber 1973 -- 1,156.4

“The | ower and upper bounds reflect the actual water pollution ex-
penditure data from BEA and McGrawH || respectively. The inter-
medi ate values are: Census: $972.2 mllion and . NCASI: $916. 3

mllion.

2The upper and | ower bounds of this range reflect NCASI and McGraw-
Hi || expenditures data, respectively.




V.  PETROLEUM REFI NI NG

I ntroducti on

The BpPT effluent guidelines pronulgated in Cctober 1974
for the petroleum refining industry require the control of

wast ewater pollutants for five refinery categories: t oppi ng,
cracking, petrochem cal, lube, and integrated. The effluent
guidelines require limtations on pH levels, biological and
chem cal oxygen demand, suspended solids, oil and grease,
.phenclic  compounds, anmoni a, sul fide, and chromium in

wastewater Streans.

Met hodol ogy and Data Sources

The estinmates of the cost of conpliance with water pollu-
tion control regul ations include ®PA estimates, ! industry
estimtes , 2 and an estimate taken from a study contracted oy
the National Conmission on Water Quality.3 all of the cost
data in this section have been converted to 1974 dollars using
t he Bureau of the Census’ new plant and equi pnent price defla-
tor for water pollution abatenent equipnent.

lgconomic | npact of EPA's Regul ati ons on the Petrol eum Refinery
| ndustry, Sobotka & Co., Inc. , April 1976; and The Cost of
ean Air and Water Report to Congress, August 1979.

*The Econoni c | npact of Environmental Regul ati ons on the Petro-
| eum Industry Phase 11 Study, Battelle Col unbus Laboratories,
June 11, 1976.°

‘Water Pollution Control Act of 1972. Econom ¢ Impact Pil ot
Studies, Five Industries, The Conference RBoard, June 1975.

-~
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The capital expenditure estimates 2 the petroleu,
rafining industry are conparable wthout adjustnent. Each
estimate includes anticipated expenditures for both existing
and new refineries. However, in order to make these estimated
capital expenditures consistent with the actual expenditures
reported for the petroleum refining industry, all of the
estinmates were adjusted to reflect an industry conpliance |evel
with t'he spT guidelines of 33 percent.!l

‘There are four sources of actual water pollution abatenent
expenditures for the petroleumindustry as a whol e. These data
sources ars published by the Bureau of the Census, *the Depart-
ment of Commerce Bureau of Econom ¢ Analysis,3 McGraw-Hill,4
and the Anerican Petroleum Institute3 (AP). Unfortunately,
only the Census data are broken out for the petroleum refining
sector of the petrol eumindustry.

The API data, while not disaggregated to the |evel of
i ndi vi dual sectors of t’he petroleumindustry, allocate water

‘This level of conpliance was obtained from the EPA Office of
Enf or cenent .

2pollution Abaterment Cost and Expenditures, U S. Bureau of &the
Census, 1973-1977.

Survey of Current Business, U.S. Departnent of Comerce ,
Bureau of ®=conomic Analysis, July 1975, June 1977, February
1979, and June 1979.

44istorical Pollution Control Expenditures and Related Data,
MG awH Il Publications Co., Departnent of =conomics, Novenber
1979.

“Environnmental Expenditures of the United States Petrol eum

I ndustry 1969-19/8, American Petroleum Institute, 19/9.
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pol lution abatement capital expenditures to four industrial

activities : expl oration and producti on; transportation;

mar keting; and manufacturing. For the purposes of this study,

t he manufacturing segnent has %veen chosen as the best approx-
imation for the petroleumrefining, industry, and. it is this
portion of the APl data which is reported herein. I n order to
utilize the remaining two sources of actual data, the ratio of
the manufacturing segnent expenditures to the total |ndustry
expenditures, as reported by AP, has been applied to the
capital expenditures reported in the Bureau of Economc
Anal ysis and the McGawHi Il publications.

The Bureau of the Census, 2arl, and MGawH Il expendi-
tures data are very similar, while t'ne Bureau of Econonic
Analysis shows slightly larger capital expenditures for water
pol lution abatenent. These data are shown in Table 7.

Cost Conpari sons

As is depicted in Table 7, both of the EPA estimtes and
the industry estimate show substantially greater anticipated
expenditures than those that actually occurred. The Nati onal
Conmission estimate is much closer to the reported actual
expenditure data. This is largely due to the fact that the
Nat i onal Conmi ssion incorporated anticipated technol ogical
changes into its analysis in order to arrive at the mninmm
estimated cost of conpliance wth water pollution control
requirements

The chart below provides the ratio of estinmated expendi-
tures to actual expenditures for the various forecasts and
actual expenditure surveys. The range of ratios reflects
conparisons of t'ne cost forecasts with different expenditure
surveys.
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RATI O OF ESTI MATED CAPI TAL EXPENDITURES
TO REPORTED CAPI TAL EXPENDI TURES FOR
WATER POLLUTI ON ABATEMENT

1974- 1977 1972-1977

EPA Estimates
Sobot ka 1.87-2.56 -
Cost of Cean - 1.82-1.84
I ndustry Estinmates
API/Battelle 1.91-2.62

Nat i onal Comm ssion on
Water Quality

Conf erence Board -- .89-.90

The EPA studies overestimated capital expenditures by
82- 156 percent. The industry forecast overestimted capita
expenditures by 91-162 percent. The National Conm ssion on
Water Quality underestimated capital expenditures oy about 19
percent .
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TABLE 7

CAPITAL EXPENDI TURES FOR WATER POLLUTI ON
ABATEMENT EQUI PMENT:
PETROLEUM REFI NI NG | NDUSTRY
(mllions of 1974 doll ars)

1974- 1977 1972- 1977

Actual Expenditures $545. 5-$747.8 *  $786. 8- $791. 6
EPA Estimates

Sobotxa - April 1976 1,397.5 -

Cost of Clean - Aug. 1979 o 1,444. 4
I ndustry Estinmates

API/Battelle - June 1976 1,426.7 -
Nat i onal Conmi ssion on \Water
Quality

Conference Board - June 1975 -- 707. 3

LThe | ower and upper bounds of the range depict the MGawHill
and the BEA figures respectively. The internedi ate expenditure
values are: Census - $585.8 nillion and APl - $574.9 million.

2The | ower and upper bounds of the range depict the APl and thre
McGawH |l figures respectively”.



V. | RON & STEEL | NDUSTRY

I ntroduction

The BPT effluent guidelines for the integrated iron and
st eel industry established linitations for each individual
manufacturing process (e.g., sintering, basic oxygen furnace,
etc.). Tne guidelines require limtations on pH |evels,

suspended solids, oil and grease, heavy netals, and other
pollutants in wastewater streans.

“Met hodol ogy and Data Sources

The capital expenditure estimates for water pollution
abatenment in the iron and steel industry consist of tw EPA
estimates , ! one industry estimate, £ and one estimate from the
National Conmission on ‘Water Quality. *al1 of the cost figures
presented in this section have been converted to 1975 dollars
using the Bureau of the Census’ new plant and equi pnment price
deflator for water pollution abatenment equipment.

lEconomic Analysis of Proposed and Interim Final Effluent
Cnidedragsed Tron and Steel [ ndustry, Templ e, Bar ker
&% S loane, Inc. , March 1976; and _Cost of dean Air and Water
Report to Congress, August 1979.

2steel and the Environment: A Cost |npact Analysis, Arthur D.
LittlTe, Tnc., May 1975, prepared Tor the Anerican Iron & Steel
I nstitute.

‘Water Pollution Control Act of 1972 Econonmic |npacts Pil ot
Studies, Five Tndustries, The Conference Board, 1975.
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In order to conpare the cost estinmates with actual expen-
diture data, all the estimtes nust bve adjusted to a consistenc

basis . In t’'ne case of the iron and steel industry studies, a
number of adjustnents to t’ he original estimtes were necessary
to achieve such coONSistency. The nethodol ogy used to nake

t’ nese adjustments is described bel ow

The EPA study prepared by Tenple, Barker & Sloane, Inc.
(TBS) estimates capital expenditures to nmeet 3PT guidelines.
However, TBS did not believe that <conpliance w th the 3PT
guidelines could ve net in 1977 and they provided snot’ner
capital expenditure estimate for the 1975-1977 tinme period.
The estinmate to neet BPT guidelines, weighted by an appropriate
conpliance factor, was used in this analysis because it was
more conparable to the other cost forecasts and surveys on
actual expenditures. It is assuned t'nat the expenditures to
meet BPT guidelines represent total water pollution cent rol
expenditures during the tine period of interest.

Put nam Hayes & Bartlett, Inc derived t’'he industry cost
forecasts from the industry study sponsored by the American
Iron and Steel Institute. The total capital costs were fore-
casted by estimating the cost to existing facilities to meet
the 8pT effluent guidelines and by estimating the costs of
wat er pollution abatenent for new facilities built after 1974.
The capital requirenents for existing facilities to conply with
BPT are provided specifically in the industry study.l! The cost
of pollution control for. new facilities is also provided, but
it is not divided into costs for air and water pollution
control. The portion of costs for water pollution control for

lsee Fiqure 1-1 and Table 1-2 of the Arthur . Little, TIac.
report “for estimates of capital requirements for existing
facilities.
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new facilities during 1975-1977 was estinmated by prorating the
total pollution control costs for new facilities during the
1975- 1977 period by the ratio of water pollution control costs
to total pollution control costs for new facilities during the
1975- 1983 periodﬁl Finally, all projected expenditures were
wei ghted by a conpliance rate of 54 percent.2

There are four sources which report capital expenditures
fo water pollution abatenent in the iron and steel industry.
These are: the Bureau of the C‘ensus,3 t he Bureau of Economc
Analysis4 (BEA), the American lIron and Steel Institute’ (AISI)
and McGraw-Hill.6

The iron and steel industry capital expenditures are re-
ported separately in each of these sources except for the BEA
publ i cati on. The related industries for which expenditures
are reported by the BEA are “primary netal s”, “blast furnaces

lsee Table WI-23 of the Arthur D Little report for the
estimates of total pollution control costs for new facilities,
and Table VI-3 for the ratio of water pollution control costs
to total pollution control costs for new facilities.

2This is the conpliance rate for the Iron and Steel Industry as
reported by the EPA O fice of Enforcenent.

3pollution Abatenent Cost and Expenditures, U.S. Bureau of the
Census, 1973-1977.

‘Survey of Current Business, U.S. Department of Commerce,
Bureau of Economc Analysis, July 1975,  June 1977, February
1979, and June 1979.

Sa181 Statistical Highlights Us. Iron and Stesel |[ndustry
1969- 197a.

®uistorical Pollution Control Expenditures and Rel ated Data,
MG aw H || Publications Co., Departnent of Econom cs, Novenber
1979.
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and steel products” , and “non-ferrous nmetals’ . In order o
capture the amount expended by steel and jron foundries, as wall
as that expended by “blast furnaces and steel products, " txe

expenditures by the non-ferrous metals industry were removed

from total “primary netal s” expenditures . The resulting
figures are the BEA capital expenditures included in this
anal ysi s. The data from the Census Bureau for 1373 were not

divided into air and water pollution control expenditures. To
obtain the 1973 total expenditure figure for water pollution
control, the total 1973 figure was adjusted by the 1974 ratio
of water pollution control expenditures to total expenditures.
The data fromthe four sources differ sonewhat and the range of
actual capital expenditures is depicted in Table 8.

Cost Compmarisons

As is shown in Table 8, all of the earlier estimtes of
capital expendi tures for wat er pol l'ution control were
significantly higher than <he actual capital expendi tures
reported by the four sources of actual pollution control costs,
The chart below lists the ratios of estimated to reported
capital expenditures for various forecasts and surveys of

actual expenditures. The range of ratios reflects conparisons
with various expenditure surveys.
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RATI O OF ESTI MATED CAPI TAL EXPENDI TURES
TO REPORTED capPITAL EXPENDI TURES FOR
WATER POLLUTI ON ABATEMENT

1975-1977  1973-1977 1972- 1977

EPA Esti mat es

TBS 1.32-1.79
Cost of C ean -- -- . 55-.85

I ndustry Estinmate

AISI/ADL - 1.29-1.96

National Conmission on
Wat er Quality

The Conference Board - 1.23-1.88

The EPA forecast prepared by TBS overestimted capital
expenditures by 32-79 percent. The industry forecast overesti-
mated capital expenditures by 29-96 percent. “When conparing
estimates with the AISI actual expenditure figure, the nost
accurate forecast of the capital cost of water pollution
abatement was made ‘by EPA in the 1979 Cost of Oean Air and
Water report’. This "~stimate of $S93 . 7 mllion for the years

1972-1977 is 15.2 percent lower than the AISTI. actual
expendi ture figure.
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TABLE 8
CAPI TAL EXPENDI TURES FOR WATER POLLUTION
ABATEMENT EQUI PMENT

THE | RON AND STEEL | NDUSTRY
(mllions of 1978ollars)

1975- 1977 1973- 1977 1972- 1977
Actual expenditures 465.1-630.0°  624.3-952.62 699, 9- 1070. 6°

EPA Estimates
T3S - March 1976 831.6 - -

Cost of Clean
Aug. 79 -- -- 593.7

I ndustry Estimates
AISI/ADL - May 1975 -- 1225.5 -

Nati onal Council on ‘Water
Quality

Conf erence Board
June 1975 - 1173.6 -

lmhis range is bounded on the | ower end by the AISI expenditures

figure and by the MGawH Il cost figure on the upper end. ™ e

intermedi ate Census and BEA figures are $513.4 and $479.7 mllion
respectively.

2The | ower bound of the range reflects the AISI cost figure and the
upper bound reflects the MGawH || cost figure. The internediate
Census and ReAa figures are714.8 and 645.0 respectively.

‘The | ower bound of the range is the AIST cost Eiguregand t he upver
bound is the MG awH || cost figure.




VI. AUTOVOBI LES

| ntroduction

The 1970 Amendnents to the Clean Air Act called for EPA to
establish emssion standards for 1975 and later nodel year
light duty passenger cars that would require a 90 percent
reduction in hydrocarbon (HC) and carbon nonoxide (co emis-
sions from 1970 levels, and to proscrive standards for 1276 and
later nodel years that would require a 90 percent reduction in

nitrogen oxide (¥No,) em ssions from 1971 levels. A nunber of
controversial suspension hearings, judicial reviews and | egisla-
tive changes have altered the original emssion standards and
extended their conpliance dates. Consequently; many of the

earlier cost studies were for emssion standards that were
never placed in effect or were del ayed several years fromtheir
original tinetable.

Met hodol ogy and Data Sources

The et hodol ogy for this anal ysis was straightforward. It
consisted of collecting the data and adjusting the sticker
porice increases to constant dollars. Estimates of sticxer
price increases are provided by £pa,l the National academy of
Sciences , £ autonobile manufacturers as reported in  gpj

lAutomobile Emi ssion Control - The Technical Status and Qutl ook
as of Decenper 1974, U S. EPA, 1975, The Economcs of ( ean
Arr, Annual Report to Congress, U S EPA March 1972: EPA Fact
Sheet #1, U S. EPA 1978:; Autompbile Fnission Contral - The
Technical Status and Qutlook, U S. EPA April 1976.

25emiannual Report by the Committee on Mbtor Vehicle Enissions,
the National Academy of Sciences, 1972, 19/4.

- 24 -
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control status reports, ! and by the Council on Environnental
Quality.2 Actual price increases are taken from two sources:
the Bureau of Labor Statistics and manufacturers’ reported

actual price increases submtted in letters to Senators E.S.
Muskie and P.V. Domenici.?

Cost Conpari sons

Table 9 conpares actual and estinmated sticker price
increases due to emssion controls. The chart bvelow lists the
ratio of estimated price increases *to actual price increases
for nodel years 1973-1974, 1975-1976, and 1980. All ratios are
based on cunul ative estimtes of projected price increases and
reported sticker price increases. The range of ratios reflects
comparisons of various estimates of sticker price increases and
reported price increases.

For the 1973-1974 nodel year the Era and CEQ estinates aras
t he nost accurate, however, both estimates are substantially
hi gher than reported price increases. For the 1975-1976 node
year the EPA and NAS estimates .are closest to the reported
figures. In conparing the EPA cost estinmates for the 1930

lautomobile Emission Control - The Techni cal Status and
Qutl ook, U S EPA 1975, April 19/, 6.

25conomic | npact of Pollution Control, Council on Environnental
Quality, March 19/72.

‘

3preliminary Report on Prices of New Passenger Cars, U.S.
Bureau of Labor Statistics, news releases 19/1-19/9.

4y.s. Senate Hearings, May 13," 1975, May 19, 1975, and My 21,

1975.
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RATI O OF ESTI MATED TO ACTUAL
STI CKER PRICE | NCREASES

Actual Price |ncreases

Em ssion Standards
(HC/CO/NOy) BLS Data Manuf acturers’ Data

MY 1973-1974
(3.0/28/3.1) *

EPA Estinmate 1.32-1.45 1.54-1.69
NAS Estinate 1.59 1.86
Manuf act urer Esti nmates .72-1.74 .85-2.03
CEQ Estinmate 1.29 1.51

MY 1975-1976
(1.5/15/3. 1)

EPA Estimate .93-1.20 .95-1.05

NaAS Estimate .95 .97

Manuf act urer Estinates .51-2.31 . 53-2.37

CEQ Estinmate 1.42 1.47
MY 1980

(.41/7.0/2.0)
EPA Esti mate .82

nodel year with the BLS data we find that =PA has underesti -
mat ed the control cost by 138 percent. This is in contrast to
the 1973-1974 nodel y=ar where =PA overestimated the cost by
32-69 percent.

From anal yzing this data, it appears that the EPA esti-
mates are closer to the actual ©price increases than the
manuf acturer estimates. The manufacturers’ estimates indicate
a large degree of variance. One woul d expect |arger manu-
facturers to produce pollution control systens for their cars
at a lower cost than smaller manufacturers because of econom es
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of scale.  However, s ince individual nanufacturer estimates
were not available for these enmission standards, it is
impossible to determine if the nanufacturers consistently
overestimate or underestimate control costs without know ng
which estimates are from the |arger manufacturers.




tuisston
Standards
(uc/co/Noy)

‘wo70-71
(3. 1/35/--)

My 72
(3.0/28/--)

MY 23-74
(3.0/28/3.1)

MY 75-76
(1.5/15/3.1)

‘W 71-79
(1.5715/2,0)

‘W do
(.31/77.0/2.0)

VA1
(.4173.4/1.0)

TABLE 9

COMPARTSONS OF EST IMATED anDp AcTUuAL sTicker PRICE INCREASES DUE To EMI 55 10N CONTROLS
(1977 Bullars)

Burvau of Labor
Stactstics Actual

Price Yucrcasest,?

Tncre~ Cumula -
mental tive
33 33
8 41
35 76
(L] 215
35 250
99 349

1 .
Thes ¢ figures are from the Bureau o f

'
TIncremental prices are the prfces over the previous model yeuar.

Manufacturers
Reported Actual
Price Increases

EPA Estlmatesd

NAS Eullmu[unﬁ

Manufacturer
Est dmuces/

CEQ Eut tmates?

Incre - Cumu lu- Incre- Cuomula- Incre-
mentul Clve acutal tive wentul
27 27
39.00 28
19 4 39.00
24 65 61.00  100-110° 93
144 209 100-110  200-220 ff2
- - 15 215
- - 70 th
- -- 150 435

labor Sta tist fce reporta on price changes o f

néw passenpger cury.,

Cumula- Incre- Cumula-
_live meng gt 1ive
28 T --
121 55-132 55-132
204 55-364 110-496
0-1828
1543748

(over NY 75-76)

Tucre-
mental

35

61

209

Camu -

37

PL]

307

Price tncreases were adjusted to 1977 dollars.

Cumulative prices are the prices over pre-1970 cors,

JThcsc prices are sales wefghted averuges of CM, Ford, and Chrysler uveruge price Increases duc to emlssion controls ase reported by Mc., E, M. Eates,
Prestdent, General Motors, to Senator E. 5. Muskle, May 19, 1975; Mr. L., A, Tocacca, President, Ford Motor Co., to Scnator P.V. Domentel, May §3, 19795;
and Mr. J. J, Ricardo, Presldent, Chrysler Corp., to Scnator PV, Domenicl, May 21, 1975.

TFor the 1970-1974 model years the EPA flgures reflect estimates (n The Economicu of Clean Alr, Annual Report to Congress, March 1972 and the Cost of

Clear Alr and Water Report Lo Congress, August 1979,

Fmission Control

511m upper bound cumulative cost reflect EPA escimates taken from the December 1974 atatus report.

model years,

%I st tmites for model years 1970-1972 were tuken from the NAS 1972 report (Semfannual Report by the Committec on Motor Vehicle Emlusfons).

NAS report provided the estimates for the 1974 and 1975 wodel yeara.

Oclicr estimates are from the EPA Fact Shect #1, 1978 and an EPA report entitled Automobtle
- The Technleal Status and Outlook as of lDecumber 1974,

It did not glve Increments) coste for previous

The 1974

e manufacturing cstlmates are reported tn the December 1974 EPA stalus report on sutomobile emlssion controla cited above sad In a similur stutus

tepart Jatad aprdl

19l

lhe cuata were vnly capreascd as an lacrement over the prior wodel year fa the April 1976 EPA Stutus Report,

T fheae eat ludtos are frow the Feonomice Twpact of Pollutton Control, March 1972,

82



