APPENDIX: MODEL DESCRIPTION

As stated in the text, the acid deposition regulation model pre-
sented here is of the electric utility industry in the eastern 31 states
of the U.S. for 1981. The model is similar but somewhat simpler than
the variety of other models of the electric power and coal industries
that have been developed in recent years (e.g., ICF, 1976; Kolstad &
Wolak, 1983; Zimmerman, 1981).

In each of the thirty one states of concern in the model, two types
of electricity generation are considered. One type is coal-fired elec-
tricity generation without any sort of flue—-gas—desulfurization (FGD)
equipment. The other type is coal-fired generation capacity with some
sort of FGD equipment. All coal-fired capacity within a state is aggre-
gated into one of these two categories. One constraint on the model is
that total generation within a state from both types of capacity equals
1981 coal-fired generation. The model chooses how much to operate each
type of capacity, where to buy fuel from and the amount, if any, of FGD
retrofit.

Turning to a mathematical description of the model, Table A-I pre-
sents a summary of indices and variables used in the model. The objec-

tive function is to minimize total costs of generating electricity:
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The first term in braces above represents fuel costs. The second term
represents the one-year opportunity cost of FGD retrofit capital. The

function fjl will be discussed later in more detail.
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The minimization of eqn. (A-1) is subject to a number of constraints.

One is that electricity generated in each region be at least equal to

1981 coal-fired generation:

Iy, >v. , ¥.. (A-2)

Related to this is a set of production feasibility constraints that a)
generation in megawatt-hours be consistent with capacity in megawatts;
b) that fuel use be consistent with generation; c) that the identity
defining sulfur use be satisfied; and d) that existing FGD equipment,

if any, be fully utilized.
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A final set of constraints concerns environmental regulations. Of course

a regulation requiring the use of FGD would be identical to equation
(A-6) above with 3%2 replaced by one minus the legislated minimum SO2

removal rate. However, the typical legislated SO, regulation concerns

2
the sulfur dioxide emission rate per unit of fuel use. Current regula-
tions on old power plants ("SIP's™) are often of this form, regulations

for new plants are of this form and most acid rain legislation propose

limits of this form:
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In the model we include SIP and NSPS regulations of this form on
existing plants. A final set of environmental regulations are the
emission-oriented and receptor—oriented regulations for controlling
deposition. As Montgomery (1971) has shown, a marketable permit system
for implementing such regulations may be reflected by appending
constraints to the minimization problem. An ambient differentiated

permit system to achieve a deposition rate of § can be represented by

Ta,.r e, <26. (A-8)
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Two types of emission-oriented permits can be considered. One

would involve interstate and intersource trading. A permit issuance of

e could be represented by

I e. < e. (A-9)
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If only inter-source but not interstate trading is permitted then if

Ej permits are issued in each state, a permit system would operate

according to
Z e, < Aé.. (A—lO)

The scrubber cost function, f is taken directly from Atkinson

je’
(1983). Based on an econometric analysis of actual scrubbers, he

reports annual scrubbing costs (thousands of dollars) of

C = 430.629 + .32188 » PR « MW + .46474 « PRZ + 2.881 + PS « MW (A-11)

(573) (.017) . : (.015) (.261)
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where MW is the unit size in megawatts, PR is the percent sulfur removal,
PS is the percent sulfur in the fuel and numbers in parentheses are
standard errors associated with the estimated coefficients. We assumed
a unit size of 500 MW and fixed fuel sulfur control of 5%. An upper

limit of 100 was assumed for PR. Thus fjl becomes

e.
= —._.J_.l— -— __..;_g_._ 2
fig {15.266 + 32.188 (1 2.Sj!&) +9.295 (1 Z'sz) }kjl.

Because this function is fairly linear, controlcosts for high removal
rates are probably understated.

Data for the model are reported in Tables A-II and A-III and come
from a variety of sources. The atmospheric transport coefficients are
from the U.S.-Canada working group on acid deposition (Schiermeir and
Misra, 1982). The coefficients used here represent the mean values for
the eight atmospheric transport models examined by the working group
and refer to deposition at a receptor in the Adirondacks. Electricity
production from coal is from the Electric Power Annual (US DOE 1982b).
Heat rates (h), availabilities (o) and capacity levels (k) are from a
unitby-unit data base (Generating Unit Reference File-—-GURF) described
in Wolak et al (1981). Default availabilities and heat rates of .70 and
9.5, respectively were used for plants for which no data were available.
Existing emission control levels (ijl) are from US DOE (1982a) and SIP
control levels are as reported by Pechan Associates to the EPA (personal
communication, Willard Smith, USEPA, 1983). Coal prices and
characteristics are from US DOE (1982a,c). Coal transport rates are

from Kilkeary, Scott Assoc. (1983).



TABLE A-I: INDICES, VARIABLES, PARAMETERS, AND FUNCTIONS

INDICES

i=1, oo, 14 Coal Producing Regions

j=1, o0, 14 Coal Combustion Regions

L =1, 2 Electricity Generation Technology Types

ENDOGENOUS VARIABLES

zijl Coa}zfrom region 1 consumed in region j in technology &
(10 Btu)
yjz Electricity output in region j from technology 1% (109 Kwh)
ejl SO2 emissions from technology £ in region j (106 1b)
Sjl Sulfur burned in technology £ in region j (106 1b)
PARAMETERS
pi Sulfur content of coal from region i (lb./lO6 Btu)
Ty Transport cost for coal from region i to region j ($/106 Btu)
Py Price of coal in region i ($/106 Btu)
kjl 1981 capacity of type £ in region j (GW)
ojz Availability of capacity type & in region j (fraction)
;G 1981 coal-fired electricity generation in region j (lO9 Kwh)
251 SO2 emission limit for technology & in region j (1b./106 Btu)
3%1 One minus lower bound on sulfur removal efficiency for
technology £ in region j
hjl Heat rate for technology & in region j (103 Btu/Kwh)
aj Transfer coefficient from region j (gS/hectare/lO6 1b 802)
FUNCTIONS
f Cost of FGD contrél of technology % in region j (106 $)

j2
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