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ABSTRACT

A sulfur emission tax has been discussed as the most likely candidate for
implementation from the general class of proposals characterized as pollution
taxation. This paper reports the results of an empirical analysis which uti-
lizes an econometric nodel of demand and fuel substitution and an engineering
model of production, The conclusions which follow from the analysis are that
emlsgions and damage would be significantly reduced, there would be little
effect on electricity demand growth and nuclear power growth, and that the
Sulfur Emission Tax assumes greater value if the Clean Alr Act ig not imple-
mented. Net benefits are positive in ell cases, and the highest calculated
net benefit to the Navlon is $32 billion.

The impact upon income groups is mixed. The reported inelastic income elag-
ticities imply a regressive effect from tax-induced rate increases. However,
other research has shown sulfvr pollution to be concentrated among low income
urban areas. This indicates that reduction of sulfur emissions would bere-
fit low income groups disproportionately and hence be progressive in this as-
pect,

The study is qualified empirical support for a proposition which has long

been preferred on theoretical grounds.
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A Sulfur Emission Tax and thé Tlectric Utility Industry

The question of interhéiizing sxternsl effects iﬁfo market decision prb;
cessés hés receiﬁéd growiﬁg aftenﬁion in recont yeafs; 'Thé label may bé ef-
fluent chﬁrgéé, ﬁollution prices (6r taxesj, 6& emissioﬁ taxes: appréximate—
ly the same meaniﬁg'ié inﬁendéd .A charge correspondlng to the marglnal
damage of the pollutant should be inmposed upon the economic enterprlse re~
5pons1ble for the dlscharge, In this Way, accard1nw to welfare theory; non= -
market Cdsfs will Becoms:internalized into market_decisions, and SOCial and
marketIOptima will more ciosaly aﬁproximate'each other, “hile the‘ﬁhéoreti— 
cal and general issues have been eXplored rather exten51ve1y,1/ few emplrl—
cal pollcy oriented anal;ses are attempted Thls paper reports tha results
of an 1nvest1gat10n of a sulfur emission tax in the context of the electrlc
utility industry in New York, Wlth 11m1tatmons, the concluszons are some-

what applicabls on a national basiS.

I. Problems in Ieonomic Theory and Analysis

The proposals for a sulfur emission tax are probably.the most widely
known speci ific pollcy in the gensral class of pollutsnt charge proposals,
having been advocated by the Pre51dent Senator illiam Proxmlre the Slerra
Club, and the Coun011 of Economlc Adv1sors. Nevertheless,.as noted above,
few emplrlcal studies ex1st */ I bmllave there is an explanatlon Tor this
seeming paradox.‘ The explanatlon lies in the exlstence of two types of proan
lers , one of whloh is 1ntra~disc1p11nary and the second 1nter—d1501p11nary.

Regard1ng the first type of problem, this sort of empirical study necassarily



relies upon the foundation of knowledge. If the foundation is weak, the
structure is suspect. Within economice, the analysis must depend upon as-
sumption§ abéut the nature of the demand for electricity, the choice of
fuel type:l and ﬁhe correct measure of publ1c beneflt ~ _

Probably the most w1dely known econometrlc study of electrlclty demand :
is the ploneering study by Franklin Fisher and Carl Kaysen in 1959 for)the‘
General Electric_cqrporation.H They concluded loﬁg_fpn residential demand '
is gsgeﬁﬁ%ally.insensifive to:electricity priceg,'but_induétrial demand is
possibly pficé elastic., This p01nt of view has rfurl.ded natlonal pollcy
- since, —/ waever recent studles by Paul MﬁacAvoyB John Wllson (1971)3 and
R§bext Halvorsen have found more pronounced long run price effects with ¥ep-
: g&sgnéaﬁive' long run elagticities between -1.14 and —1.33..

In §ur work as feﬁorted by Timothy Mbunt\gﬁ._g&. we have examinedtvarious
xunctlonal forms through ordinary least squares and 1nstrumental varlable
analy31s of pooled cross sectlon and tine series data (l9h7-1970) The rTe-
sults reinforce the MacAvoy4W1lson-Halvorsen flndlngs Takiqg a simple cone

stant elasticity form useful in subseguent discuesion,

B, B, B, B
RPN S 1.8 B By B
(1) Qi,t =48 t-:LN:L tYl i tG:_ @wlLJ.,t-:L

Q.

5t is electricity demand in state :'|.D year t; A is a reglonal constant; A
3

is the lag coefflclent Wis populatlonB Y is per caplta pcrsonal income; P
is average electrlclty price; G ls average gas prlces and L 38 the natlonal
appllance price 1ndex.~/ This form is recognlzable as the famlllar ﬂeomet-

ric lag structure reflectlng an adaustment through tlme to changes in the.

explanatory varlables. The subscrlpt for consumer class (resmdentlal com-



mercial, industrial) is omitted in Bg, 1, but separate parameters by class
are shown in Table 1,

From these resvlts (as well as the findingS“of Halvorsen,umacAvoy, and -
Wilson) it is reasonable to suppcse that sulfur tax costs will interact
with demend growth, and that a version of Eq., 1 and the deta in Table 1
provide a useful demand model to be‘desoribed below.é/

A Second problem in economic analysis is the existence of competltlon
between fuels as the energy source for electricity generation, The basic
methooology employed by vtility personnel is reasonably clear as discussed
by Paul Jeynes and others, It is less obvious how these choices can be
summarized at a state level., In 1960 lacAvoy reported this result:

(2) . loa(q /)= ~4,38+ 0,42 log 8 - 0.86 log(PNF/PFF) - 1.03 1og(Pa;</Pm<;).
Q, 18 new nuclear capaolty- f. is new capacity of 211 forms {coal, hydro,
0il, gas, muclear); S is plant size; PHF and TFF are nuclear and f0851l
fuel price indices; and PNK and PFK are nuclear and fossil fuel capital
cosls per uni£ capaciﬁygéf In.fhis equation, a one percent ihcfease:in
both fusl end cepital oosto for fossil ﬁiants would cause a 1,89 percent
increase in muclear market share, MacAvoy's study thus provides_some basis
for predicting the effect of a sulfur emission tax on nmuclear power plant
growth; mers-below,

A third problem is the correct measurement of the welfare loss caused
by retarded growth in electriecity demand. Figure 1 shows how r951dent1a1
consumers' surplus might be affected by a sulfur emission tax. Pt(Qt) ro-
présents a demand function in a state in year t, and (following g, 1),

P (O ) defines a demand functlon which has shifted becauss of the higher

rates caused by a sulfur Lax. In comparlson to the non-tax 51tuat10n



“Table l--Electricity Deimand Coefficients and Elasticities -

Consuner Class

Variable Residentiala Commercial  Indusirial
Population coefficient - U i R A2 12
.t statistic _ 17.0 10,6 8.5

long run elasticity L . Ol .98 1,09
‘Tneome coefficient ' e .03 o L0 S L, 08
{ statistic =~ : o b2 ‘ 5;9 ' - 3.3
 lons run elasticity - ' .30 80 72
Electricity price coefficient . -l -~ 20 ~+20
long run elasticity “.21 ~L60 -1,79
Gas price coefficient R ' S, 02 o 01 b
¢ statistic ' o - 6.7 : 1,0 o b
long run elastieity ' L1370 .05 .00
Lag coefficient 4 89 87 .89
t statistic 136| 5 ?50 7 _ ?9a 9
R | Cea99e 999 - 978

SOURCE: Tiount et. al,
aThe residential appliance price coefficient is -, 0L with a © statistic
of 2,4 and a lonz run elasticity of - 36, Inapplicable‘to other classes,

bDeleted because its sign was insicnificantly incorrect in first analysis.



, Fi(Qﬂ

Py

F’i*
i ]
' §
1 !
H t
1 i
i |
1 i
1 1
: i ‘ o
P . L
B 1 . ] - “
i i _ )
i : :
L L ‘ S
: | |
|
1
t :
Q¥ Q¢ -

FIGURE I. DEMAND FUNCTIONS WITH AND WITHOUT A SULFUR TAX
| - AND"ASSQCIATED CONSUMERS SURPLUSES .
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function, but of course calls forth lowered demand Qt' The loss in con-~

Pt’ Qt, the higher rate P. not only is assoclated with a shifted demand

sumers' surplus is presumebly represented by the shaded area, or
3#*

Q

t %, x * % e o
(3) 4acs = [ P (Q)eq, - B9, - [‘f r, (q,)dq, - 7,0,1.
0 o,

With the demand functions in (1) the appropriate integral to evaluate is

() Jr (), = B,/(B, + 1)IQ,/ (Qﬁ_fwl A(N_t/NO)Bl (Yt/YO)BE |
B, 5 (g V2,
(G.1/%0.2)  (ga/Tg.) 71

unless B3 = =1, when of course (4) is logarithmic,. (Bofh stéte end consumer
class subscripts are omitted in (4)). | |

Lrnold Harberger argues that consumers' surplué;is 2 powerful and widely
applicable concept, and should be employed in such applied welfare studies
as the one at hand, There are, however, obstacles to its use in the present
study and in the end I believe they proscribe the use of the concept, First
is the analytic problem., Eg, (1) nowhere intersects the price axis, nor do
Pt(Qt) and Pi(Qz) intersect, Therefore,'the integral terms and their dif-
ference in (3) aré infinitely large, A second problem is the clear general
equilibrium nature of the demand assumptions. Since the long run elas-
tiéities in Table 1 all exceed -1, a tax~induced rate increase must cause
an absolute decline in expenditures on electricity and consequently higher
Jsvels of consumptioh of other items.' There iz no method to calculate the
increased consumers® surplus from increassd consumpiion of other commo-
dities caused by a sulfur emission tax. Analegously, to employ consumers'
surplus accurately the demand functions for electric intensive products
(plastics, aluminum, chemicals, synthetic fabries, ete,) of industry and

the demand functions for services of commercial enterprises should be eval-



nated to determine these welfare losses from a sulfur emission tax, Such
an efforf‘is-ﬁéjond the scope ‘of fhis—papé?;

A third proﬁlem’is the argument of Myrick'Freeman and Devid Seckler that
consumers'“surplus may bies public decisions in the favor of upper income
groups. bs Herberger ndies; this may be equally true of e@oﬁoﬂicfdata in
general'in that it ﬁrésumeS'an existing income distribution, We can meke
somé obsgfvations'aboué a sulfur emission tax ‘and income distribution {see
‘.beiow, section V), but they are not relevant to the use of the consumers’
surplus concept,

Tn summary, the study assumes electricity demend is iﬁfluéhcedtin a pre~
'dictable‘waj by exoéénoﬁs factors as in Table 1, that the MacAVoy study is-
a useful basis for determining the impact of the tax on fuel'markeﬁ‘shafes,

and that the consumers’' surplus concept is ‘not practical here,

1T, Interdisciplinaryrfroﬁlems; 'Sulfur EmissionlDamégg and Controls
The second type of problem confronting empirical studies of sulfur emis-

sion taxes is the existence of baﬁic gaps ﬁn interdiscip}inary knowledge.

It must be_ackndwledge@ at the outset that there is no clear picture of the
demage caused by sulfur emissigns.meQWevar, the.physica; basis seemé clear,
Suvlfur is contained in coal and oil, end insiénificgntly in natural gas;
fthen the fusl is burned, the sulfur is oxidized into sulfur_dioxidé’or sul~
fur trioxide. In the aimosphere some of these chemicals interact with mois-
ture to form eitherksulfurip gcid (HZSOQ)_OT sulfﬁrous acid_(HQSOB),: Other
sulfur oxides may become associated with particvlates. Thefacids, the par-
ticulate sulfates, and the sulfur oxide gasses from the atmosphere fall into
" contact with human beings, vegetation, property, and various materdals. Al-
tﬁough the fallout may heve soﬁek§ccasignéi positive effe¢t (such as a fun-

gicide), it is generally deleterious, Tn this manner the bronchial passages



and air pace in the lung are*fungtionaliy_impaired. Respiratory.diseases
Bsuok as chronic bronchitis, emphysema, asthma, and lung cancer may be
~ daused or worsened by the inhalation ofﬂtheseﬁsﬁlfur emission products,

Thers is significant disagreement about physical“relationships beyond_._
this level of. generality, Richerd Wilson, for example, argues that deaths
are an exact linear function of sulfur oxide concentration, and that there
~ is no safe threshold, This is showm in Fig, 2., On the other hapd, R.A,
Horne proposed a variable relationship hypothesis wherein low lewvel concen—
trations nesr B are beneficial for most pollutants. Positive valye changes
to. injurious. effects at C. and then death. at D_as_concentrations incresass,
Further difficuliies arise from the problems of separating effects of chron-
ic vs, acute exposure, distinguighing the impact upon persons with pre- .
existing resplratory diseases, and determining the interactive effects of
particulates, Other sources are available for a better discussion of these
'problems, partlcularly Penrj wahlers, Cyrll Comar and John Thompson, and
Larry Barrett and Ihomas Waddell,

Berrett and faddell in their widely cited study estimated national sir bHol-
YTution darage ot $16 billion in 1068 with the major categories being 8,3
‘billion sulfur dam;gé ($2.8 billion to residences, $2.2 Billion to materials,
$3.3 to health) end $5.9 billion particwlate damage (particularly $2.4 bil-
lion to reéidéhoés,.$2.é.to health), anetary damage'fé vegetatidn énd |
natural ecosystems was thought to be minimal, as viere the éffects of car—
vbon'monGXide, hydrocarbons, and nitrogen oxides, As a‘ﬁétional'average,
ﬁhé 33,2 ‘tons of eﬁitted'éulfur'oxide define démagé of $250 per'ioﬁidf 5ﬁ1-
fur oxide. Assuming that almost 211 sulfur oxide is sulfur dioxide this
is $500 per ton of sulfur’ih 1968 dbllars, or $600 in 1972 dollars.Z!

‘There is substantial disagreement sbout the accuracy of this sort of
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accounting, Comer and Thompson, for example, believe that sulfur oxides do
not represent a significant health hazard at prevailing concentrations unless
particulates afe also present (pp, 44-45), It is beyond the scope of this
paper to attempt further summery of the states of the arts in biology, phy-
sical sciences, and public health economics as they bear upon the question
of sulfur emission damage.l T+ 4is sufficient to note that damage is probably
Significanﬁ, and its extent and the processes by which it occurs remain un-
settled questions.

The séurc@s of sulfur oxide emissions are showm in Table 2, It is clear
that the m2jor source is fossil fuel steam-slectric generating plants; they
account for one half of tlie total and have nearly twice the emissions of the
next largest catepgory, Tax impact ﬁould be most significant here, The em-
pirical analysis focuses upon the electric utility industry with some subse-
quent discussion of other'sﬁlfur emitting industries,

Until very recently it was believed that high smokestacks were a simple
and efficient method of damage reduction, For example, in Jamuary of 1971
J. Holden and T,R, longan reported that the use of tall stacks resulted in
electric utilities making only 14 percent of the sulfur dioxide population
exposure in Cook County in 1968, although the utilities caused 78 percent
of the emissions, Most of the utility emissions, in their view, tske the
form of " relatively uniform 'background' pollution over a wide area deter-
rined by ltopography and the prevailing atmosPEeric'conditions" (p. 382).
However, tall stacks seemed a less desirable answer when Likens and Noye
Johnson et, al, reported thaet precipitation in the Northeast now contains
sulfuric acid from fossil fuel combustion, Given prevailing weather patterns,
it is tempting to conclude that the tall stacks in Cook County favored by
Golden and Mongan provided the sulfuric acid in the rainfell measured by

Likens,
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Teble 2--Sources of Sulfur Rmissions, 1967

Nationwide Emissions,
Source . Million Tons of

Sulfur Oxides

Selid waéte disposal o | :O.l?
_Steamaelegfric power plants ) 15,40
Petrqieum refineries | _ _ | é;31
Copper_smeltinga i L 2,58
 Lead smelting” N | 0,19
_Zinc_msitinga | : 0,45
Sulfuric acid production 1 | - 0,60
Other industfial processes o 0,15

- Residential, commercial, and

industrial heating plants 8,48

sotel 30

SCURCE: . The Leconomics of Clean Alr

I | . '
“Primary metallurgical processes,
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Current emphasis in emission control developments is.placed upon either
.sulfur removal or fuel substiiution. As o substitute for high-sulfur coal
or oil, consideration-is.givén to natural gas, low=-suvlfur coal or oil, and
nuclear power; The removal procésses can be characterized according to wheth-
er (1) sulfur is removed from the stack gas only,'bf from the fuel prior to
or during combusﬁio#, (2) extracted sulfur is in waste form or capsble of
further processin#Iihto a saleable product, or (3) the‘process is designed
to be added to old plants, integrated into the constructlon of new plants,
or both, A review of current englneerlng llterature 1nd10ates that by 1976
processes with 90% reﬂoval efficiency are expected to cost betwaen «95 and
1.9 wills per K97H of electricity (or between $2 and $# per ton of coal).*/
These estimates of control costs may be compared to 1971 U.S. averages of
electricity price of 1? 8 mills per K7H and coal for vfilities costing $8 per
ton.gj Thus, sulfur removal might raise coal use costs between 254 and 50%
~and total electricity costs in coal plants from 5% to 309.

Thile the interaction effects between sulfur oxides and parﬁiculates in
bioclogical damege were observed above, é'similar”synergisﬁ exists in sulfur
removal processes, In air pollution control, the simultaneous removal of
certain percentages of‘particulates and sulfur oxide may bhe less costly than
separate removal systems; sulfur oxide is sometimes'injected'iﬁﬁo'stacks to
increase the efficiency of electrostatic precipitation of particulates,
These synergisms in damage and control are not §e£ clearly defined, and the

investigations here will proceed to examine sulfur emissions alomne,

ITE, Proposed Amission Taxes
The variocus proposals for a sulfur emission tax can be compared according
To their provisions for time phasing, geographic differentials, and average

rates, The Adwinistration's current proposal calls for initiztion of a tax
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in 1976 with three levels of tax rates corr95pondiﬁg'to'thréé current ame
bient air.quality standards.lgj These regions are defined by ﬁhe criterig
of the existing (lean Air Act, & "clean" region with respect to sulfur
oxide contént is &t present a region with less than an annusl average .02
parts of sulfur oxtides per million parés of air (ppm). This standard
(termed the “secondary" standard) is intended to protect residences, ma-
terials, and natural ecosystems, A “dirty" region has air with an average
annual suifur content exceeding .03 ppm, the primary standard, (This is
intended to protect public health,) A third itype of region. (grey?) has
average annual alr quality in between. the two standards. (i,e,, between
02 and .03 ppm), . The Administration's propbsal suggests a tax rate of
15 c@ntS'perlpound of emitted sulfur in dirty regions, 10 cents per pound °
in grey'reglons, and nothing in clean regions, u

The relationship of the Clean Air Act and the Administration’s sulfur
emission tax proposal is further confused by recent reports that the En-
virenmental Protection Agency (1973) is considering changing one or boﬁh
definitions to an acute exposure basis,

A second proposal by Sen. ”1111am Proxmlre would have a single rate ap-
pllcable throughout the country and would have been phased to grow at 5
conls per pound emltted over a four year perlod (1 Cu g 5 cents in 19?2 lOm
cents in 1973, 15 cents in 1974, and 20 cents 1n‘19?5 and thereafter).

Tach proposal would offer.differenﬁ inqentives; The_Adﬁinistration pro=
posal imposed increasin marginal costs on emltters in 2 region as emissions
rise, whils the Proxmire version has a2 constant marglnal cost to emltters.
This would seem to be related to assumptions about the nature'of the daniage
curve as discussed'ébﬁve; The Administration proposal would offer incen-

tive for emlLtlng industries to 1ocate in clean reglons and an extra incen-
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tive for a region to achieve cleen status (i,e., the tax rate f2lls from 10
cents per pound to nothing), while the Proxmire propesal ‘would not, =ither
proposal seemns to offer sone kind of exemption to the Clean Air Act; The
Act requires all regions to be out of the dirty category and into the grey
or clean categories by 1976, but proposing a tax on emissions in regions not
meeting the primary standards seens to leséen the strength of the require-
ment- to meet this standard,

There are arguments on each side of the phasing question, As a practical
matter it is unlikely that a tax would be iﬁposed before 1976, It also ap-
pears likely that control costs will be at least 20 cents per pound of sul-
fur removed and probably:higher. Therefore, thefﬁdministration'é'propdsél-
in its present form would not ééntain a financial incentive for sulfur re-
moval,

In the subsequent analysis we shall consider three tax rates: (1) $200
per ton sulfur emitted, the median rats in the Administration proposal; (2)
$400 per-ton, the ultimete level of the Proxmire proposal; and (3) $600 per

ton, the average damage in the Barretit-Waddell study,

a Iﬁ; fﬁe:Bésib Podei and Selected Hypotheées
Ve shall hypothesize these 31gn1f1cant effects of a.sulfur emlSSloﬁ tax
-on the electrlc utlllty 1ndustry
tl) Emissions and damage will be reduced
(2)..Demand growth will decline | |
(3) Muclear generétion (é sﬁbstitute for coal and.oil) wili ber.
acdeleréted. | - | | |
(ﬁ)' Soéial benefiﬁé Wiii exceed.social costs
(5) If the tax rate dlffers from the damage rate, 500131 optlmallty

will dlffe? from market 0pL1ma11ty
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(6) If the Clean Air Act is noL 1mplemented by 10?6 the tax will
have greater 5001a1 value

~These“assertion5'are'not ﬂVﬂotﬂeuEn in the sirlct sense- of statlstlcal in-
¥ference, but more generally, in that theJ are tentatlve assumptlons 1ntended
to draw out the emplrlcal consequenceu of the analv51s. As will become eve
!fldent below, the analy51s seems to generally dlsprove the second and thlrd
propositions, support the first, fourth, and sixth, and give wezk acceptance
jto, the fi:ﬁ'th. .
| A major methedological problem in this study is the definition of the ap-
ipropriate geographic area, The decision‘here has been to egamine the State
of New York, Primary reasons for thiglselection are (1) the‘previous engi-
neering~sconomic study by Olaf ﬁausgaér@;.(z) the states are basic decision
mwaking units with respect to air quality standards and electric utilities;
(3) problems of aggregating the lew York City area with Upstate New York
provide qualitative insights into.larger aggregation problems; .(4) plans for
valr qu311tj 1mplementatlon and for electr1c utllltles are relatlvely Uell
‘deflned and avamlable. Ardlsadyantage of thlsﬂapproach_ls the¢d;fflcplty
.lln generallzing results to the Nation.‘ | | o
“ Selected comparative data for New York and the rest_qf:thé‘ﬂétion,arén
shown in Table 3. MNew York would seem to be reasonably representatiye on
the basis of the proportion of sulfur emissions from electric utilities and
the proportion of generation by coal and oil plants, As does most of the
country, New York plans to meet primary air quality standards by the use of
low sulfur fuels=-~an important point we will discuss further,

Further discussion of the basic model will make continued reference to
Tablé L swhich shiows results in one of the 40 cases studied, Definitions

employed there should become clear by the end of this section,
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Table 3--New York end US Population, Generation and

Sulfur Emissions, 1970

" Ttem o Wewr York Us

Po?ulétibn, millionsl' ' ' 18,3 203,8

Tlectricity generation, billion KWH

Total g5, U 1,531.6
% by cosl S 29,7 SR YO
4 by oil C 3R.5% | 11,9%
4 by coal and oil | 60.2¢ - 58,0%

Sulfur oxide emissions, million tons

Total S 1.33% 33.9
',?!a from power plants o 1;3.8?’5 : 50.8%51" R
Erissions per capita, pounds 6 : 333

SOURCES : Statistical Abstfacf,'Environmental Ouality, the Economlcs of

Clean Air, and Vew York State Department of Ervironmental Conservation, - B

Fdison Blectric Institute,

1987
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A rGrowth in Demand and Generation
Utilization of Eq. (1) demand. functions required independent projections
of the explanatory‘variables. Tt is convenient to.use recent Bureau of Eco-
nomic Analysis predictions by Rebert Graham et, al, for population and in-
come growth in New York, They show population growing from 18,2 million
in 1970 to 23,8 millien in.l990, aﬁd’per_capita income growth of $5200 to
$8600 (19?2 dollars) in the same period,. (See columns 1 and 2 of Table X, )
Remaining explanatory variables in (1) are electricity and gas rates,
The_basig assumption_he#e iéithat the sulfur emission tax induced increases
in_ﬁaxgsrand control éosts_afe”passed‘along to consuners in the next year.
This follows from the rate of return pricing_policies,uﬁed by the Public
Service Comriission in Vew York and pbst other states._”The responsiveness
of the regulatory sgencies in inqérporatiﬁg average cost changes into rate
structures is suggested by the stability of the aggregate rate of return to;
7 investment by private:utilities. Notwithstanding minor definitional
chenges, it has been either 7.3 or 7.4 percent of investment-fxpm 1965:_
through l97l.ll/ Costs in the model consist of two components: anzin-
creasing average cost exogenpusly defined and internally defined taxere~ ”
lated costs, The National Power Survey (p., I-19-10) calcﬁléteéugverage_
pOWeTICOStS will increase 19,9% from,1968_tp 1990. This is used'on;a i
p]@ﬂlinear growth basis fqr exXogenous average cost increases (gbl. 18),.
aResidential, cormercial, and industrial electricity prices (cols, 19e21)“L,
increase at the same rate, and they furthef ineregase by the internally cal-
culated fraction of tax plus gontrol costs tq‘total_generating‘costs.in“the
preéeding year, ‘Gas prices gre'assumed.to_increasenﬁoﬁ over tha period,}g/
and hiousehiold appliance prices are maint;ined at their 1971 level,

Columns 3~7 show the variable demand and total generation estimates for
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the particular cost-price assumptions of this case, Other sales are.1l;5%
of totel sales and transmission losses are 8,4% of total generation,
Predictions of growth in generation by type of process involve many uncer-
tainties shout environmental protéctibn, fuel availability, and cost. Here-
in we shall merély note some educated guesses and’ offer our-éwn.
The Hational Power Survey'pfedicted actual declines in the Northeast in
. generation for coal and'oillthroughout the coming tﬁo debé&es. They be—
lieved muclear power to be the only major growth proéess;'with'modésf in-
-creasesrekpectéd for gas turbines, pumped storage; and internal combustion

for pesking power. Generation from natural gas and conventional hydropower

. were thought to be nearly constant,

. Hausgzard, focusing on New York, predicted that miclear plants sould ac—
count for 50% of new capacity in this decade, Oil'generation increases ra=-
pidly-in'the late 1970's. Coal generation declines slowly to a plateaﬁ in
the late 1970's, Netural gas generatioﬁ‘remains.consﬁant. Gas and diééel'
turbine cepacity trebles but remsins the smallest source,

The assumptions used here generélly follow Hausgéard‘s, Batural gas
(columm 8) stays at its 1970 level of 8,8 BKWH (billion Xilowatt hours),
Hydrogeneration (both conventional and pumped storage) accounts for 24, of
generation growth, and is shown in columm 9, Internal combustion gensration
(coluﬁn 10) provides ,3% of new pensration, Coal, 0il, ‘and muiclear genera-
tion arve defined as providing "base load growth"~-tlie remsining 9?;7% of ‘new
seneration not made through essentially peak losd processes, Through 1976
generation by“these'procéSées is unaffected by the clst of o sulfur emission
tax, Coal generation {column 12)'is unchanged, and oil (Co¥amm 13) and nu-
clear power (column 11) each account for one half of base 1oadﬁgrOthg De-

glnning in 1977 (the first year after imposition of a tax), each of these
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three processes changes its generation because of two factors. _First is an
autonomous component reflectlng other economic condltions, and second is
a taxﬁinduced effect, Autoncmcus nuclear growth 1ncreases from 60% of |
pase load. growth in 1976 to 100% in 1980. From 1980 to 1900, autcncmous
nuclear grouth is all of the base 1oad grcwth and a replacement cf 3 1/3%
of the precedlng year's coal generatlion, These relatxonshlps and similar
ones for oil and coal are shonn in the Appendlx.

The sulfur em1351on tay-lnduCed nuclear growth depends upon the treatv
. ment of the Meckvcy findin 'S reported 1n the precedlng section, If we de—
fine a market share elastlclty as the ratio of 2 percentare inerease in
miclear market share to a percentage increase in coal and oil generatlng
costs with ccﬁsfaﬁt nﬁcleef ﬁeneratincjcoets, ﬁhe'MecAvcy'eetimate_is 1.89,
Hcﬁever MacAvoy's study was ewperently underta‘eﬂ in 1966m55; & period
ihen nonmaxkot costs were less 1nportant than at nresent. That is; I S8
11eve that chclce of weneretlnr process was based almost completely upon
‘cost 60n51derat10no at thst the, but at present and in the foreseeable fuw
.uure ecvlronmentel protectlon and fuel evallabllzty Ulll be eignlflcant
_noemonctavv consxderetlons in process eelection. ueleculng between Op, lﬁ,
and 2% as the nuclear market shere elastﬂcluy, I conclude that 1f NacAvcy ]

89@ estlmwte was accurate &t that tine, l% is equally 11ke1y ncw. Both

values are emamlned in separaie sets of cases. ”hus, we arrlve at an im-

g portant essumrticn shout the sulfur emission tarulnduced substluumlon of

-nuc1eer pcwnr for coel and oil generaLlonk

(5) mzs Msm * [(mch 1/6C0, 1) [ (.5 * AGHTy_ l)].

TNMS is the tex induced nuclear market share increase as a fraction, and -
.MSEN“is the marketﬁshere'elasticity for niclear power taken at either 1,89

or 1,00, The term in brackets is tlie sulfur emission ‘tax-induced costs -
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for céﬁi.éﬁd 611 as a proportibn of tétél éenera%ing costs; TCC is tex pluél
controlléost iﬁumiliiﬁn dollars aﬁd GCO is géneration by‘coal and:oil ih bil-
1ion KWH. ACHT 1s avefaae cost wlthout the tax (deflned above) in ﬁllls/KWH'
since Lhe Natlonal Power Survey (p. —1Q—10) estlmates generatlng costs at
one hall of total costs in the Jortheast in Lhe next two decadeu, one half
ACWT is the approprlate generatlng cost estimate, Thus, (5) shous that tax
induced muclear growth resﬁits from an increased market share of nuclear
power in new veneratlon, and this 1ncreased market share is caussd by'the in~
creased tax and cont”ol costs for.coal and 011 generatlon relative to aversage
fenératlﬁo cost w1thout the tax.. | - |

B. The Clean Alr Act m1@51one, Taxes, and Control Costs

Sulfur enissions Ulll depend upon the amounts of coal and oil burned the
sulfur conbent of those fuels, and the proportlon of sulfur walch is em~tted
Follcnlnﬂ Hauswaard, coal use is M214 tons per 1000 KWH and oil use 1u
W 2725 tons por 1000 ’WH, Futu“e sulfur content Ulll depend upon mun1c1pal

Jtate and ﬁederal reguLatlons. The 1mp¢ct of_a sulfur emission tax must be
c0n51dered in this uncertaﬂn confext QauSgaard's'basé case calculated ewmis~
sions in uhe conte&t of 2 1% atatew1de.svlfur content averape, presumably a
mlxiure of lowr sulfur New York bltV fuels and high sulfur upstﬁte fLels.
Support for bhlS flaure is given by the Zconomics of Clsan Alr {p. —P)
noting new emission standards ere equlvs]ent to the use of 1p sulfur cowl and
1, ﬂ% sulfur 011 Taklng into account the strlcter New York City standardé
and the relative concentration there ofnoil éeneration; one set of anaiyses
will assume that by 1976 fhé average suifur content of both coal and oil is
19,

. However, we ﬁﬁ5£ take note of. the strong probability of the Clean Lir:

Act not being implemented by 1976, = The Invironmental Protection Agency stated
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(1572, p. 10843) ". . .there is stfong evidence that the complete imple-
mentation of the State plans s submitted may not be obtainable in the
time prescribed,” They believed lov sulfur fuel was insufficient in quen-
tity, and that the area most affected would be New York, the Midwest, and
the South Central region, Recent repbrts'(ndted sbove) indicate possible
modification of the standards, Therefore, snother set of analyses is con-
ducted with the assumpfion fhat thé Cléan Ar Act is not implemented by
1978, and the average statewide sulfur content is-z%.

If the fuel is untreated, sbout 007 of the sulfur is passed into the ate
mesphere, Thé control_éosts discussed abovelaré based upon 90% removal,
If control is implemented in one fourth of the éoal_and 0il plants in each
year from 19756 to 1979, the proportion of sulfur emitted is 90% until 1976;
705, 50%, and 30% in 1975, '77, end '78; and 10% thereafter. If control is
not implemerted, emissi&ns remain at 90% throughout the period, IEmissions

appear in column 14,

C. BSocial Rensfits and Markel Decisions

Illustraﬁive démagesmi;.the aﬁseﬁce of a ﬁax depend upon Ulsan Air Act
effecitiveness, Table 5 shows this case for quinguennial periods, Imple-
mentation of the Clean Air Act standards reduces damage by exactly 50% be-~
cause of the culfur content definitions: 1% with implementation and 2%
without,

Tf the tax is imposed and further control undertsken, damage reduction
follows emission reduction as in column 22 of Table ¥ and in Figure 3,

Social benefit is narrowly defined in each case with a tax, The only
clained benefit is from direct damage reduction relative to the no-tax base
case in Table 5, Major indirect benefits wight includs reduced strip mining.

lessened oil spillage, decreased death and injury in coal mining and petro-



. Table 5~~Possible Sulfur Emission Damage in
. New York Withoutl a Tax

(Million Dollars)

Clean Air Acﬁ'Impleménﬁéd

Yos

.
Year

1970 105,8 211, 5
1975 121,11 C2h2,2
1980 271 25,1
1965 117.8 235,5
1990 109,9 219,8




Damage, Million Dollars Per Year.

260 ¢+

210k Vo

DAMAGE WITH NO TAX OR CONTROL

. DAMAGE WITH HIGH TAX RATE,
\ | MEDIUM CONTROL COST, LOW NUGLEAR
160} | . . MARKET SHARE ELASTIGITY

8o

. . —— — e & o m s s
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FIGURE 3. SULFUR EMISSION DAMAGE WITHOUT CLEAN AIR AGT
IMPLEMENTATION WITH AND WITHOUT TAX
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leunm processing, and lower damage from lesser particulate emission levels,
These indirect bensfits of a2 sulfﬁr emission tax sre not counted here, “
Similarly, indirect and other social costs of a2 tax are not evaluated here.
These would consist of any net loss in consumer value from shifting consumer
‘purchases from electricity and electricity-intensive goods to other com-
modities (see discussion above), increased psychological and physical damage
from greater use of nuclear power, increased administrative costs, and ény
net inerease in unemployment or nonutilization of produétive capacity at~
tributable to the slightly higher rates caused by a tax, It is the author's
opihiom thé£ indiréct.benefits of a tax would exceed indirecit costs, butlthe
subject is beJond the extent of this analysis,

The taf revenue 1is con51dered to be an income transfer in these 5001a1

accounts, and social cost is simply the control cost, Therefore,

g‘O
SBIN, = (T B2
BEN, ZJ (Pl - Dm.List) / 1+ )
=6

(€)

20
v
acos . = - T
; }J cory /(L + )
t=6

where i denotes the case defined according to Clean Air Act assumption, con-
trol cost, nuclear market share, and tax rate (i = 1,36); SBEN and SCOS are
social benefits and costs in million dollars, present value 1972; t is.yéars
from 1970; DAV is the damage vector in the no tax, no control base case and
DAMi is a damage vector for case i; r is the social rate of discount; and
CON is control costs,

The question of appropriate values for social discount rates remains the
subject of much disputation, The vélﬁé used here is 10%, represéntétive of

13/

conclusions reached in recent studies in this ares,
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The merket decision to implement or not to provide control is indepen—
dent of net sociel benefits, Control will be implemented if taxes plus
control costs with fém&vai are less thén ta%ésjmithout reﬁoval.  The pred -
iz of choosing a minimmum tex rate which will stimmlate control can be
generally defined in this mannef:. | | |
(7a) TiFCN > FCC(1+ B)

(7b) FCN;= min FCNj
(7¢) FCC= min FOC 4
(72) TOHj= (PP, + % (1= RET) * SCOF. _

(7e) FCC, 4= (PFj + Comy o4 (1 - 277 ) * scj)F:j

where T is the tax rate which will make non-control more costly.than control,
$ per ton of sulfur emission: FCN and #CC are minimum fuel cost withoﬁt and
with control, mills/¥WH; % is proportional difference between FCN and FCC;

J is fuel type érrayedlby form (coal, oil, gas), sulfur content, heat con-
tent, ete,; 1 is type of control process; PF is price pf fuel, %$/tony RET

is proportion of sulfur retained in fuel. and not emitted without control;

SC is sulfur content of fuel by weight; F is fuel use, téns/lOOO ﬁHH; CCN

is control cost per unit fuel, $/ton; and EFF is sulfur removal efficiency.

These relationships can be modified for the present problem in this way:
(8) Ty 5= CON; / ((ZFF - RET) * Scj & Fj)

Applying (8) to the present data results in Teble 5, We shall note this
table apain in the conclusions, In the model it is assumed that developing
control equipment for coal slone would be infeasible, so it is required
that tptal control costs (and tax on remaining emissions) be less than the
tax without control before conlrol is instituted, Control cost is defined

both as social cost and market cost to the utilities. However, on the ben-

efit side, social benefits are equivalent to damsge reduction while market
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. Table 5--Tax Rete Making Tax Cost Without Control Equsl To
Tax Plus. Control Cost

($ Per Ton Sulfur Zmission)

Clean Air Act Implemented Yes T Neo

Fuel o1l Coal 011 " Coal

Control cost (mills/XWH) _ .
Low (0,950) = e $435,8  $281.8 $217.9  $140.9

~Medium (1,425) = : 553.6°  h22,7 326,80 - 211,3

High (1.900) 8705 563,60 4358 281.8

“NOTE: ‘Fuel use is 4214 tons coal per 1000 KWH ahd ,2725 tons oil per -

1000 ¥WH (1,677 BL/1000 KWE =2t 325 1b/BL).
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benefits are equal to reduced tax liability, As we shall see, whenever
the tax rate differs from tlie damage rate the socisal optimum may depart

from the market optimum.

V.. Results and Generalizations to Wational Folicy
In the 26 of the 36 tax cases examined‘ the market decision is to install

the additional control equlpment and remove the sulfur, In these 26 cases
emissions and damage rise through 19?5 and. decline thereafter, as in col-
umns 14 and 22 in Table 4, If we assume each of the tax rates, control
. cost levels, sulfur tex levels, and nuclear market share assumptions are
equally likely, then our first hypothesis given above 1s accepted: emis~
sions and damage will be sipnificantly reduced by a sulfur tax, The posei-
 %le demsge reduction is showm -in Figure 3.

~Demand growth seemed essentially unaffected by the tax, The high de-
mand in 1990 occurs in the no tax case, 166.8 billion KWH., The low démend
naturally occurs in the case with meximum tax—induced cost: 158,5 billion
KWH with the high tax rate, high control cost, and low nuclear market share
elasticity in the sbsence of Clean Air Act implementation, This is 2 small
difference—~=5%-—and the second hypothesis is probably false, It appears
likely that a sulfur emission tax would not significantly affect demand
growth, There are three reasons why there is no important demand reduc-
tion from the tax, First, regardless of a2 tax, the proportion of total
generation by coal and oil is expeC£ed to decline (see Table 7). Second,
althougl assumed control costs are a sipnificant fraction of fuel costs,
the tax plus control cost adds only about .65 mills (or 2,4%) to the 25
mills total average cost per kilowatt hour in 1990 (see cols, & and 17,
Table 4).1&/ Third, although electricity prices seem to be the most igy-

portant factor influencing demand, the lag in demand response further re-
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ufable 7*—Makimﬁm and Minimum Nucléar Generatiop_@evels;ip 1990

(Billion Kilowatt Hours and Percents)

e e T TR I e S T

. Generation .
_Total ‘Nuclear 03l | qual
i. No tax or control . 182,2 79,8(43;8%) ’47'7(2602%)~ 18.9(10-“%)

IT, High tax, high control cost, | ,
no Clean Air Act, high NMSE® = 173.8 90,9(52.3%)  33.7(19.4%) - 13.5(7.8%)
ITI. 1970 lLevels 95,5 - ,3(5.58)  30.9(3R.4%)  26.5(27.7%)

féNuclear market, share elasticlity. o
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duces the effect on demand (see Table 1 above),

The third hypothesis asserted that nuclear power generation growth would
be substantislly increased by a tax, Table 7 and Figure U display the cases
‘with maximom ané minimum generation lavels for muclear power, oil, coal,
and total generation for each nuclear:share assumption and for 1970. Thers
is little difference within each demand nmodel, . Suppose this generation
growth is expressed in terms of 1000 Mie units. In the maximum case (high
tax, high control éost, no Clean Air Act, high nuclear Share), 12 new units
: (or their equlvalent) are needed in Few York by 1990, 15/ In the minimum
- case 11 new units are needed without a tax, a difference of only one equiv-
" alent unit, The hypothesis is rejected. Hausgaard anticipated this result
(p.33), |

The fourth hypothesis stated thet the social benefits of 2 tax would ex-
céed its socisl cost, Table 8 displays gross soclal benefits and costs,

In Table 9 all cases have positive net benefits, Their present'value ranges
from a low of $11 million £o a high of $776 million, In the cases whére

the tax rate is high enﬁﬁgh for the merket decision to favor control, net
 benefits rangs from $70 to $776 million and benefit-cost ratios from 1,2

to 3.6, 1In the cases in which the market decision is to pay the tax on full
emissions rather then institute control, net benefits range from $11 to $92
million., 1In these latter cases there is no social cost since control is
not effected and benefit-cost ratios are undefined, Benefit arises from
demand reduction and from the slicht tax-induced shift from coal and o3l

to nuclear power, While the decisions mede within the model are indepen—
dent of the assumed démage rate, the benefit-cost ratios are directly pro-
portional to the damage rate, Thus, if actual damsge. is "$400. per ton sﬁlfur

rather than $600, all ratlos would be reduced by one third and one case
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Table &~-Soclal Benefits and Costs from Sulfur Emission Tax

on Electrlc Utllltles 1n New York

(Milllon Dollars Present Value in 19?2 Costs in Parentheses)

Control Cost

Muclear Share

Elasticity 1%

Lo Mediwn ' High

1,80% 14 1,899 1% 1.89%

I. Clean Air Act Implemented

Tax |
Lot 11.3 : 203 11,3 2003 11,3 20,3
© 0 (0 (0) (o)
Medium 530,k 5324 ':‘ 21.6:' 38.5 21,6 38,5
(312.3) (303.7) () (o) (0) (0)
High 530.8 533.2 . 53,5 53k 30,9 54,9
(310,6) (301,0) (161,2) (442,8) (0) (0)
II. Clean Air Act Not Implemented
Low 1060.8 '_1064.8 '. - 433 77.0 13,3 77,0
| (312.3) (303.7) © (O (0)  (0)
Meddm 1062,6 10677  1063.9 1070.1 .  1065.1 1072.3
(309.1) (298,4)  (458.9) (439.1) (606.2) (575.0)
Hish 10641 1070.2 1065, 1072.5 1066,5 1074.6

(306.2) (293.8)  (45h.8) (52.5)  (600.0) (566.6)
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Table 9--Net BRenefits and Beﬁéfit—Cost Ratios
FrOm'S'u'li‘ur. Emission Tax on Tlectric Utilities in New York

(Million Dollars Prssent. Valﬁe' in 1972 Ratﬁos in Parenthes?g')‘

Control Cost Low o Medium =~ High

Wuclear Shars Flas-

ticity 1% 1,89% 1% 1.89% 1% 1,89%

I. Clean Air Act TImplemented

Tax
Low | | 11,3 20,3 11.3 20,3 11.3 20,3
o Yy ) =y ™ (*) (%)
Medium ‘ 218,0‘ 228,6 21,6 - 38.5.. 21,6 38,5
| @y @s ) e ® )
High 02 2z 703 9L6 30,0 o
- CTRORINN I N CIES N IS BN CONMN (O
II. Clean Air Act Mot Implemented
Tax |
Lo | 78,4 761,0 43,3 77.0 43,3 77.6.
(B.8) (s ) =)y ) ()
Meditm 75345 769;3  60556." 631;0” 458,9 497,3
B X B € XS B (R R X0 B ¢ RO R € R
High | 58,0 796k 0.6 £40.0 'n65.6 507,9

3.5 (36 @3 (@5 (e 19

*5ince control is not implemented in these cases, there is no control
cost, 3Senefit is the reduced damage attributable to slight total generation

decrease and nuclear substitution., Benefit-cost ratios are undefined,
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wonld héve'negatiﬁe net'benefiisllé/ if”éétﬁéi &émage is squal fb‘of
greater then the Barrett-iaddell estimate, and the ihaifect'bénefits of 2
£ax-are at least as éreaﬁ’as the indirect costs as discussed above, the
'cohclusi'on.here is that the Social benefits of a tex would exceed its social
costﬁ. :

.'The fifth‘hypothesis suggests that if"fﬁe'tax'r;té differs'ffom'thé dame
age rate, soclal optimallty w111 differ in an 1mnortant way from market
d601810n5. Table 9 1nd10ates that this is only partlally correct, Wlthln
any trlad of assumptlons about the Clean Ar Act, nucléar market share
clasticity,and control cost, the maxismm net bonefits are always with the
casé with the'ﬁigheéfntak rate whiéh équalé the:daﬁége rate, If the tax
réteris so low fﬁét contfél is n6£ éffectéa 'éoéiéivﬁét benefits deparfr:'”
signiiiéahtly from.thé'méXimﬁm ﬁossiﬁlé. waeVér, oﬁcé theﬂiax,fatemex~'.“
coeds the necessary level to promote implementatibﬁ;"thére is little fur-
ther increase in net béﬁéfité,lz/ﬁ"

Finéliy;'ﬁhe preéuﬁgﬁibn'tﬁétza sulfur emissién‘iax hés'higher éociai '
value ifjﬁhe éiééﬁ Aif Aéﬁ has ﬁot Eeéﬁ impieﬁenteﬁ éeems éonfirméd‘ﬁyﬁTééh
ble Q, - N |

To what exient can these corcluqlons be venafallved to other industrles
an&:i %o the netion? The economic choices facing the electric utility ine
duétfy:in Hewr Yofk are réﬁrésenﬁétive Qf utilitj ecdhomicé thrbughoﬁt”the |
country With 395ﬁect tb a Sulfﬁr emiSsion-£ax,fénd veilities accounf for
50% of sulfur emissions {see Table 1), Sulfur is emitted in copper,'leaé
and 21nc prlmaxy smelt1ng Lbrough the separatlon of the metal from sulfur
in the ores, Szmllarly, sulfur is emitted in petroleum refining when suln:
fur is remcﬁed from'oil, Ané sulfur emiésions'afé.é'ﬁﬁ%pféduct bf'sulfuric

ecid production, Control costs in these industries mnay be the same or a
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little 1ow¢r than for the electric utility industry, Control costs for.
steam-heat boilers and hot air furnaces may be mueh higher than.for electric
utilities, As a possible lower 1limit of national benefit, thé analysis here
is taken as representative of the electric uti;ity.indﬁstry; 2ll net benefits
in Table 9 would be multiplied by 23,6, As an upper 1imit; the analysis is
representative of all sulfur emitting processes; all net benefits in Teble
2 would be multiplied by 51.9.}2/_ | |

_ In the case‘without implementation of the élean Aif het, medium control
costs, high tex rate, and low ﬁuclear market share elasticity (see Tables 4
and 9), the possible upper_limit national values are net 5eneiits of $32
bil}ion (present va;ue.IQ?Z), social cost of contrél implementation of $24
biilion, and_social bgnefitg;of damage ?eduction of $55 billiqn. The lower
limit values would be $1ﬁ-billion net benefits, $11hbiliiqn_socia1 cost, and
$25 billion soeial b§nefi£.. |
| As an ex post nole, we may consider the likely_Qonsequences of electri~
city.and gas prices.much higher than those postulated here.. Given the coef-
ficients in Table 1, it is likely that the impact of electricity price in-
creases will exceed that of gas prices, and demand growth would be reduced
in 213 éases._ Thus, the assumption of increased cosils for:all generation
processes means the proportional impact of a sulfur tax and its induced con-
trol costs must be lqwer. Tt is probable that none of the six conclusioné
stated here would be subsﬁantively affected,ﬁy an amalysis.with higher elec-
tricity and gas prices, | |

It is of some interest to speculate upon the differential impact upon in-

cone classes thaﬁ might follpw from a tax, Accor&ing to the less~than~unity
long run igcome elasticities in Table 1, electricity.use rises with income

but at a decreasing rate, Thus, the cost of a tax would be regressive in
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its common meaning: an upper income group would pay more for electricity
in dollars and leés asﬁa pefcehtagé of;i;éoﬁe;' on Ehé %enefit side, Free-
man has shown that iaﬁAiﬁcémé gféupé gfe.diéégoﬁérfi;nately exposed to sul-
fate and particulate pollution, In a study of three.metrépolitan arsas,
the rank correlation of sulfation concentretion égd'iﬁcome blass is near-
1y perfectly negative, It is probable that reductioh of sulfur emissions
brought about by a tax would benefit iéwef incoﬁé ETOUPS.

In swemary, the tentative conclusionéﬁﬁhich followr from this analysis
are thatfa'éulfur emission tax would cauée\significant reductions in emis-
sions and damage, have little effect on electricity demand growth and nu-
clear power'generation grcﬂfh,rresulﬁ in greater social benefits than costs,
and cause greater social benefits if the Clean Adr Act is not imélemented
than with implementation. If the Clean Adr Aect étandards should be met in
New York by 1976 with emissions being eQuivalent to the use of 1% sulfur
coal and oil, and if control costs ehould be in the medium to high rangs,
the tax levels currently being discussed~-3200 to $h00 per ton emitted sul-
fur-w avpear to be too low Lo motivate additional sulfur emission reduction,
However, if those standards are not met, 2 tax might provide incentive to
reach and go below the standards, o |

The inﬁrbductofy section noted obstacles in the péth of empivrical, pol-
icy oriented studies of environmental problems vis-a-vis the theoreticsl
route. The value to this exercise would seem to be quslified empirical
support for & proposition ﬁhieh has'long beaﬁ'preferrei on theoretical
grounds, Perhaps, as Freeman et. al. noted (p, 170), the resson it has

not been effectively tried is that it would work,
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Appendix--Generatlon Changes 1n Coal, 01l
And Nuclear Power New York State
I Nuélear Pcwer
A, 1976-80

| AGNt— A\th+ TNGt

\ £ L a*
Aw_t .1 J 977 AGt

TGy = ANG, * TS, .
TNIS, = NMSE * (TCC, . /_Gcgtpl)_/ gtjt# ACWTt_;)
B, 1981-90

ANG, =.,977 %A Gy {-5033 *_GCJD___1

I, 0il Generation
_ A, 1975-80

A GOt = AOG + TOG

_ AGG, =.1 (10 - J) * .9?? * AGy

| Toqt = ~THG, * (got 1 [ Goo ).

t-1
Be l°81~90
AOC = O

I1T, Coal Generation

A, 1975-80
_.AGCtzzlACGt-f 736,
AL T o |
. TCGJ:= ~THG, * (GCy 4 / GCC, j
- B 1001m90
! = e £
@CG .033 GCt 1

wherse AGN = nuclear generation growth, t = year, J = Years from 19?0 ANG =
autonomous muclear generation growth, TNG = tax induced nuelear generation

prowth, AG = growth in total generation, TNMS = tax induced nuclear market



share increase, NMSE = nmuclear market shafe elasticity, TCC = tax plus con-
trol cost, GCO = generatlon by coal and oil, ACWT = aVerage cost without tax,
GC = generation by coal CO peneratlon by 011 ACG = autonomous 011 gen—
eration growth, TOG = tax 1nduoed 011 generatlon change, GC generation

by coal, ACG = autonomous change 1n coel generation,‘and TCG tax 1nduoed

coal aenerat1on change.
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Footnotes

- William Baumol (1972), Allen Eneese, Jerome Stein, A, Myrickareeman

.. and Robert Haveman, Larry Ruffg“CQUnqil,of'qunpmic AQYiSOPS‘(1971'3nd

S

1972), ete,

Another study of a sulfur emission tax has been undertaken by James -

Griffin,

See for example The 1970 National Power Survey, p, I~1-14,

Units of measurement are million kilowatt hours, thousands of persons,

-thousand dollars per capita deflatéd, mills per kilowatt hour .deflated, -

dollars per thousand therms deflated, and the wholesale household ap-

‘pliance price index deflated,
It is.known that ordinary least squares {0IS5) app;ied_to_equations“ﬁith

lagped terms give biased estinates when the error terms. are interdepen-

dent, .as the lagged term is there correlatsd with the residuels, With

-pooled cross section and time series observations, no. available statig=
. tic affords a convenient method of testing .possible interdependency,

:One alternate appreoach is to obitsin instrumental varisble (IV) esti~

mates. for the data, If' these estimates differ ncticeably from OIS es-

- timates, neither mey be best_althoﬁgh the IV estimates are presumably

consistent, = An obvious instrumental variable is,Q_1_=.X. ®with X being

1
the matrix of .explanatory varisbles lagged one year and ¢ the vector

- of' OL3. estimates, The resulis of  this analysis (in comparison Lo Table

1) are smaller lag coefficients,_but"nearly.idpnticalllonghrun.elgsti-

- cities, Readers interested in this subject.and other current contro-
‘versies in electricily demand may wish to read Mount et. al, .

“The data covered nine regions in'three five~year periods, T statis~

tics were 0,88, -2,72, ~2,51 with fourtesn observations having no nu-
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clear shares,

Barrettéﬁaddell report 33.2 million tons 30, in 1968, Using 49.8% as the
proportion of*suifuf'in sulfur oxides, this is 16,55 million tons sulfur,
The average damage per ton is $501,2 ($8,295 million + 16,55 million tons
sulfur), Adjusting this 1968 estimate by the implicit Gross National
Product deflater defines a 1972 value of $597.4 damage psr ton sulfur
emission, For comparative purposes, the Barrett-Waddell estimate of

$6.1 billion health costs in 1968 from sulfur and particulate air pollu-

~ tion may be contrasted with the lave-Seskin calcuiation that a 50 percent

reduction in these air pollutants would have saved $2,1 billion in health

"costs in (apparently) 1963,

Recent discussions of engineering economics of sulfur removal include

Ketchum, Spaite, Slack and Falkenberry, National Economic Research As~

sociates, and The Economic Impact of Pollution Control (EIPC), Chemi-

cal engiheers tend toirepcrt'cost estimates in terms of fuel costs, while
other engineers may prefer construction and operating costs. They can
be compared on an sconomic basis through discounted costs per kilowatt |
hour., For example, Slack and Falkenberry reported in 1971 a low cost

ostimate of $2 per ton of coal treated. This is one mill per pound, TIn

1971 the EEI Yearbook reports a national average of ,918 1bs coal /KWH,

© The SlackuFalkenberry'figure is thus equivalent to LO46 mills/XWH in

1972 prices according to the GNP deflator, ‘The low estimate in the

1972 BEIPC study is $301per kilowatt capital cost and ,35 mills per XKWl

- operating cost, 'Assumiﬁg-that the facility operates 80% of the year for

30 years, that interest cost iz 8%, and other fixed snmual costs are 6%
of investment (see National Power Survey, p. 1-19~6), the anmual capital

charge is $4.2 per kilowatt, or .599 mills per KWH for each of 7012,8 -



by -

KWH per XKW _per year. .The .cl:omb_ined capital and operating cost estimate
is‘thﬁs-.949dmills per KWH. When compared in this manner on an econo-
mic basis the two types of estimates are seen to be quite similar,

9+ See 1971 REI Yearbook pp. 50, 54

10, See Secretary Connally’s txénsmittal letter and the Treasury Depart-
ment background statement.

1l.  See Statistics of Privately Owned Electric Utilities, 1969 .

1971, -
12, Thiéﬂﬁéj be compared to. National Petroleum Council. suggestions for
. wellhead gas price increases of 80 to 250 percent by 1985, . Wilson
(}9?3).wou1d.argue_that‘this level of inérease is essentially monopo-
.1istic. Aetunal averége gas prices will probably depend upon political
economics,

13. BSee Baumol (1968), U.S, Water Resources Council, and Joint Economic
Committee,

1%, In Table 4 the tax adds 1,8 mills/KWH to coal and oil costs in 1990
(cols, 12, 13, 17), but recall these scurces constitute only one-third
of total generation then,

15. A 1,000 Mde plant operated at 803 load factor would produce 7,013 bil-
lion “WH in a 365a25 day year,

16, TFrom Tables 8 and 9, a damage estimate of $400 per ton sulfur emission
would change the high tax, medium control cost c?ses with Clean Air Act
implementation to negative net benefits. Vet benefits would be -3107
million with low nuclear market share elasticity and ~$87 million with
the high elasticity, -

17. More precisely, whon the tax rate is less than or equal to the damage

rate, net benefits are positive, Uhen control cost exceeds the tax rate
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19.

L8

‘net benefits are positive but small. When the tax rate exceeds control
costs and these costs exceed the damege rate) control will be unnecessari-

-1y implemented and net benefits will be negative. Example: suppose the

damage rate is $300 per ton sulfur emission. Gross benefits in Table 8
and BCR's in Tsble 9 are'reducedzby oneé-half, and there are ten cases
with negative net benefits.

The discussion here is .derived from The Beonomics of Clean Ai¥, and, to

a lesser extent, from The Economic Impact of Pollution Control.

“Por the lower Limit ratio, divide natfonal power plant sulfur emissicns

bylﬁéw York pGWer plant emissions. For the upper‘liﬁit ratio,'divide

“total national sulfur emissiohs by New York power plant emissions; see

“Table 2.
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