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- APPENDIX F-1

ELECTRIC GENERATION PLANTS

William P. Rogerson

Two large utilities —- Southern California Edison Company
(Edison), a privately owned utility, and the Los Angeles Department
of Water and Power (DWP), a municipal utility -- supply nearly all of
the Los Angeles basin and vicinity with its electrical energy. Prior
to 1950, even if sulfur oxides air pollution had been perceived as a
problem, the utilities would not have been involved; almost all of
their energy was generated by pollution-free hydroelectric plants.
However, during the 50s and 60s, as prime hydro sites became rarer,
more and more steam plants designed to burnm gas or oil were constructed.
Of course, it was cheapest to build them beside the customers they were
to supply, and thus within the air basin. By 1967, 86.8 percent and
83.7 percent, respectively, of Edison's and DWP's capacity consisted
of these o0il and gas-fired plants. After 1967 the advent of nuclear
steam plant technology and construction of out-of-basin coal-fired
steam plants began to reduce the utilities' dependence on in-basin oil
and gas-fired steam plants in percentage terms. However, in absolute
magnitudes, this dependence continued to grow, spurred by the basin's
increasing demand for energy. In 1976 Edison possessed eleven oil
and gas-fired steam power plants totalling 8786 megawatts (MW), all
but 130 MW of it in the air basin. For its part, DWP owned four oil

and gas-fired steam plants totalling 3199 MW of power. This amounted
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to 65 percent and 54 percent, respectively, of Edison's and DWP's
total capacity in 1976 (Los Angeles Department of Water and Power,
1976; Southern California Edison Co., 1976).

In 1967 the sulfur oxides pollution problem from electric
utilities was still primarily a potential ome. The bulk of energy
produced in the in-basin plants originated from combustion of natural
gas which essentially results in no sulfur oxides emissions. This
policy was followed because of the pollution-minimizing character of
natural gas, its artificially low regulated price relative to oil, and
the fact that when gas is burned in plants less maintenance is
required. However, as available natural gas supplies dwindled, both
utilities were forced to substitute sulfur-bearing fuel oil to an
ever greater extent. This switch to oil combined with construction
of new oil-fired steam capacity resulted in hundreds of tons per day
of increased sulfur oxides emissions from electric utilities over the
decade from 1967 to 1977,

As early as 1958, regulatory authorities had recognized
this problem by requiring utilities to burn low sulfur (less than 0.5
percent by weight) fuel oil, dependent upon natural gas supply
conditions. By 1968 the rule had been changed to hold regardless of
natural gas supply conditions. But in Edison's case, for example,
electricity generation from oil rose 455 percent between 1968 and 1976.
Total allowable sulfur oxides emissions also rose by the same
proportion. This growth in sulfur oxides emissions was further
restrained during 1977 when local regulations were amended to prohibit

burning of fuel oil containing over 0.25 percent sulfur by weight.
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Provision of large quantities of low sulfur fuel oil is
costly compared to purchase of high sulfur oil. Thus the question
arises, "Have rules concerning the sulfur content of fuel been set at
an economically efficient level?" That question can be investigated
by comparison to the emissions control costs facing other industries
that might participate in a market for transferable licenses to emit
air pollutants. However, as a prelude to that study, the costs and
other relevant characteristics of various emission control strategies
for electric utilities need to be determined. Furthermore, there is
some question as to whether the current strategy of burning low sulfur
fuel is the best way to achieve existing air quality levels. This
chapter attempts to fill these needs by identifying the costs and
other relevant factors associated with two different methods of
achieving sulfur oxides emission levels from power plants equivalent
to those if rules permitting the maximum sulfur content of fuel to be
5 percent, 2.5 percent, 1 percent, 0.5 percent, 0.25 percent, 0.1
percent, and .025 percent were in effect. The two methods of emission
control are burning fuel oil of the desired sulfur content or
installing scrubbers on plant smokestacks to remove sulfur oxides

from exhaust gases while burning higher sulfur fuel, ™

*Purchase of natural gas is also a viable S0, control technique.
However, the availability of natural gas depends on federal natural
gas allocation policies which are beyond the control of the electric
utility industry. In this paper, the emissions and costs facing the
electric utility industry will be calculated for a special case, that
is for 100 percent fuel oil combustion. If natural gas supplies
become available at a price competitive with oil, then emissions and
hence potential demand for licenses to emit sulfur oxides air
pollutants are easily scaled downward.
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Given a choice between burning low sulfur oil and installing
scrubbers, it is shown here that burning low sulfur fuel oil is in fact
the cost-effective method of emission control (given 1977 prices for
fuels and emissions control equipment). The marginal cost per ton of
sulfur oxides from burning progressively lower sulfur fuels is calculated.
This allows calculation of the utilities' maximum demand for licenses
to emit sulfur oxides air pollutants if they were placed in a situation

where utilities have to pay some fee per tomn of SOx emitted.

FUEL COSTS

Fuel costs affect both the choice of strategy for emissions
control and the extent to which any strategy is pursued. Ceteris
paribus, as the price differenée between high and low sulfur fuel rises,
the option of burning low sulfur fuel becomes less attractive relative
to the other two options of burning high sulfur fuel oil and scrubbing
emissions or simply burning high sulfur fuel oil and not scrubbing.
In the simplest case, suppose there are only two grades of oil -- high
and low sulfur. Suppose the utility must pay $2 for every unit of
sulfur oxides emitted by it. High sulfur oil releases o units of
sulfur oxides per unit of o0il; low sulfur oil releases oy units. Let
the price of low and high sulfur oil be, respectively, Ph and Pz.
Suppose that scrubbing emissions costs $e per unit of oil burned and
that after scrubbing, low and high sulfur oil release, respectively,
62 and Bh units of sulfur oxides per unit of o1l burned.

The total costs of purchasing and burning one unit of oil

then depends on whether emissions are scrubbed and the purchase price.



TABLE 1

TOTAL COST OF BURNING ONE UNIT OF OIL

Low Sulfur 0il High Sulfur 0il
Emissions
are e+f_8£ + P, e+17,6h+ Ph
Scrubbed
Emissions
+
are not —Zaz + P, Zukl Ph

The utility will select the strategy associated with the smallest
total cost in Table 1. C(Clearly as (P’Q - Ph) rises, the option of
burning high sulfur fuel oil becomes more attractive.

Estimated prices for fuel oil as a function of sulfur content
that will be used in this study are given in Table 2 and Figure 1 (Cass
and Rogerson, 1980). Note that 1977 prices are used. These older
prices are used because current prices are extremely variable due to
continuing price rises and shortages, and it is difficult to determine
what current market prices are (Riess, 1979; Hyska, 1979; Felger, 1979).
Therefore, 1977 prices (which were fairly stable for two to three years)
may give a better picture of long-term relative prices, that is, the

premium commanded by lower sulfur fuel in a stable oil market.



TABLE 2

ESTIMATED 1977 PRICE OF RESIDUAL FUEL OIL

7 Sulfur Price
0.025 $16.90
0.10 15.80
0.25 14.50
0.50 13.75
1.0 13.00
2.5 11.00
2.5+ 10.00

BY SULFUR CONTENT

(extrapulated)
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CAPACITY FACTORS

Capacity factors reflect the percentage of a generating
station's potential electricity production that is actually used
during a given year. Since the capital cost of scrubber installation
is the same whether or not the plant is used continuously at full load,
capacity factors may affect the cost of emission control per barrel of
fuel o0il burned.

Capacity factors used in this study are those predicted for
1980 by Edison and DWP. Work was begun on this study using the
utilities' 1977 predictions for 1980. Current (1979) predictions
for 1980 subsequently were obtained and they differ insignificantly
from the earlier version. Hence calculations based on the 1977 forecast
for 1980 have been used herein.

Tables A-1 and A-2 at the end of this chapter give the
projected capacity factors of the various plants. Table A-3 presents
the heat rates. Based on these tables, Tables A-4 and A-5 give the

projected o0il use of the plants under conditions of low natural gas

supply.

SCRUBBER COSTS

Estimates of the cost of installing and operating flue gas
scrubbing units can be obtained from two sources: an SRI International
study (SRI International, 1978) done for Edison, and an Aerospace
Corporation study (Leo and Rossoff, 1978) done for the Califormia Air
Resources Board. The former uses 1978 dollars and the latter uses

1977 dollars. Both estimate costs for a system designed to remove
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90 to 95 percent of the SO2 formed during the combustion of a fuel
0il containing .5 percent sulfur. Therefore the cost estimates
should be comparable.

Tables A-6 and A-7 give the estimated capital cost of
scrubber installation in dollars per KW. Tables A-8 and A-9 present
operating costs. Neither study presented estimates for every plant.
In the cases where no scrubber cost estimates were given for a
particular generating unit, a cost estimate is taken equal to the
average overall generating units for which specific information is
available. TFor each plant the average of the SRI and Aerospace
figures is calculated, and this is the cost figure that is used in
this study.

Tables A-10 and A-11 present the annualized scrubbing costs
for the various units. An annual charge of 20 percent of the total
capital investment is levied to account for interest payments, taxes,
and insurance. The Aerospace study used 19 percent; the SRI study
used 21 percent. Edison apparently uses 20 percent for its own

planning purposes (McCrackin, 1977).

LEAST COST EMISSIONS CONTROL STRATEGIES
The scrubber cost estimates were for systems designed to

remove 90 to 95 percent of the SO, which results when burning 0.5

2
percent sulfur fuel oil.1 The costs of scrubbing emissions from
other grades of fuel would be comparable (Leo, 1979), so it will be

assumed that scrubbers could be used in conjunction with the combustion

of any grade of fuel oil and that 90 percent of the 802 could be
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removed. The only exception is that for use with 0.5 percent sulfur

fuel it will be assumed that 95 percent of the SO, is removed to give

2
the scrubbers full benefit of any doubt.

Table 3 shows the price differences which exist between

various grades of residual oil.

TABLE 3

PRICE DIFFERENCE BETIWEEN FUEL OIL GRADES
AS A FUNCTION OF SULFUR CONTENT

Grades of 0il Price Difference
2.5 % vs. .5% $3.75
2,5 % vs. .25% 2.50
1 Z vs. 1% 2.80
.5 % vs. .025% 3.15

In Tables A-10 and A-11 at the end of this discussion, it is
shown that the minimum cost of scrubbing emissions at any electric
generating unit is $3.59 per barrel of fuel o0il consumed. Therefore
by reference to Table 3 we see that the only situation in which it
might be marginally profitable to install scrubbers instead of to burn
low sulfur oil in any unit is to burn very high sulfur oil while

scrubbing to 0.5 percent sulfur oil. Aside from Haynes Unit 6 and
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Alamitos units 5 and 6 it is never even marginally profitable to
install scrubbers. In the next section it is therefore assumed that

the least cost control technology is to burn low sulfur oil.

DERIVED DEMAND FOR LICENSES TO EMIT SULFUR OXIDES AIR POLLUTANTS
Suppose that a license entitles the holder to emit one ton

of 502 into the atmosphere. (Variations such as perpetual licenses

can be easily handled. The algebraically simplest case is treated

here.) There are 6.384(x) pounds of sulfur oxides emitted from burning

a barrel of (x) percent sulfur oil. Let & be the price of a license.

Let P be the price per barrel of x percent sulfur oil. Then the

total cost, ¢, to the utility of burning one barrel of x percent sulfur

oil is

1bs. SO
x) 1 ton Y + P ( S

-0 S 8
¢ =L (). 6-384[x]( (3000 1bs. x ‘barrel

barrel 7°

)

This is the "full" price of a barrel of x percent sulfur oil when the
cost of emissions control is considered to be part of the price.

The utility obviously chooses to burn the grade of fuel such
that the full price is minimized. Table 4 presents the full price for

the grades of oil presented in this paper.
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TABLE 4

FULL PRICE PER BARREL OF OIL AS A
FUNCTION OF SULFUR CONTENT

% 6.384 x + P,

2000
% Sulfur by Weight (Dollars per Barrel)

-3

0.025 0.08x10 £ + 16.90
-3

0.10 0.32x10 % + 15.80
-3

0.25 0.80x10 & + 14.50
-3

0.50 1.60x10 £ + 13.75
-3

1.0 3.19x10 & + 13,00
-3

2.5 7.89x10 R + 11.00
-3

4.0 12.77x10 & + 10.00

Because price is a convex function of sulfur content, x, it is true
that the utility's choice of x is a decreasing function of 2. When
the price of a license, %, is zero, the highest sulfur oil is chosen
to minimize costs. As & rises the utility eventually chooses x = 2.5
percent, x = 1 percent, etc., until at some point it chooses x = .025
percent. Table 5 presents the fuel oil sulfur content specifications
which minimize the total cost of oil as a function of the price of a

license to emit sulfur oxides air pollutants.
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TABLE 5

CHOICE OF SULFUR CONTENT WHICH MINIMIZES

THE FULL PRICE OF OIL AS A FUNCTION
OF THE PRICE OF A LICENSE TO EMIT SULFUR OXIDES

Price £ of a license Sulfur content of fuel
to emit a ton of SOX, chosen (x),

in 1977 dollars

in % by weight

$ 0 to $ 210 4.0
210 to 420 2.5
420 to 470 1.0
470 to 940 )
940 to 2720 .25

2720 to 4590 . .10
4590 and up .025

Three points should be noted. First, a smoothed control

cost function can of course be obtained by blending oils of differing

sulfur content.

Second, the choice of whether to include the emdpoints

of the intervals in the left-hand column of Table 5 is arbitrary. Third,

the last open-ended interval is based on the assumption that 0.025

percent sulfur oil is the lowest sulfur oil likely to be obtained under

any circumstances.

If the utilities' choice of fuel sulfur content followed

Table 5, we can calculate the demand for licenses and amount of sulfur

released into the atmosphere, given the utilities' projected needs for
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fuel in the example case where fuel needs will be met by burning oil

rather than natural gas,2 as shown in Table 6 and Figure 2.

TABLE 6

DERIVED DEMAND FOR LICENSES TO EMIT SULFUR OXIDES AIR POLLUTANTS
AT EDISON AND DWP POWER PLANTS

Price of a license to

emit a ton of 80 Demand by Edison  Demand by DWP Total Demand

(dollars) {(tons per day) (tons per day) (tons per day)
$ 0 to § 210 2371 734 3105
210 to 420 1482 459 1941
420 to 470 593 184 ‘ 777
470 to 940 296 92 388
940 to 2720 148 L6 194
2720 to 4590 59 18 77

4590 and up 15 5 20
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Of course if we had considered intermediate sulfur contents the demand
function would decrease smoothly instead of being a step function. As
before, the value of demand at points of discontinuity can be the

upper or lower value. Since omne license represents one ton of sulfur
oxides emitted into the air, the derived demand curves also yield the
amount of sulfur emitted into the atmosphere annually by the utilities

as a function of license price.



PRICE OF A LICENSE (DOLLARS PER TON)
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FOOTNOTES

The Aerospace study suggested 90 percent of the 802 would be

removed. The SRI study suggested 95 percent would be removed.

In reality, some combination of gas and oil will probably be used
in the early 1980s. Use of any natural gas would lower utility

demand for licenses to emit sulfur oxides.
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TABLE A-1

MID-1977 PROJECTION OF 1980 ELECTRICAL GENERATION BY
EDISON OIL FIRED STEAM PLANTS IN THE SOUTH COAST AIR BASIN

Plant Unit Capacity Capacity Estimated Electrical
(Megawatts) Factor 6 Production
(b) (c) (10° kwh/365 day year)
Alanmitos 1 175 24.3 372.75
2 175 24.3 372.75
3 320 64.3 1,807.40
4 320 64.3 1,807.40
5 480 71.6 3,018.89
6 480 71.6 3,018.89
El1 Segundo 1 175 24.3 372.75
2 175 24.3 372.75
3 335 64.3 1,892,112
4 335 64.3 1,8%2.12
Etiwanda 1 132 8.5 98.56
2 132 8.5 98.56
3 320 64.3 1,807.40
4 320 64.3 1,807.40
Highgrove 1 32.5 8.5 24.27
2 32.5 8.5 24.27
3 44.5 8.5 33.23
4 44,5 8.5 33.23
Huntington
Beach 1 215 58.6 1,106.70
2 215 58.6 1,106.70
3 215 58.6 1,106.70
4 225 58.6 1,158.17
Long Beach (a) 100 8.5 74.5
Mandalay 1 215 58.6 1,106.70
2 215 58.6 1,106.70
Ormond Beach 1 750 69.2 4,558.90
2 750 69.2 4,558.90
Redondo Beach 1 74 8.5 55.25
: 2 74 8.5 55.25
3 70 8.5 55.25
4 74 8.5 55.25
5 175 24.3 372.75
6 175 24.3 372.75
7 480 71.6 3,018.89
8 480 71.6 3,018.89
San Bernardino 1 63 8.5 47.04
2 63 8.5

Notes:

(a) Cluster of old units _
(b) Reference: gouthern California Edison Company (1976)
(c) Reference: Southern California Edison Company (June 1977)



TABLE A-2

MID-1977 PROJECTION OF 1980-81 ELECTRICAL GENERATION BY
DWP OIL FIRED STEAM PLANTS IN THE SOUTH COAST AIR BASIN

F1-247

Estimated Electricity

Capacity Capacity Production
Plant Unit (Megawatts) Factor kwh/365 day year)
Haynes 1 222 50.22 977.6
2 232 67.37 1,370.3
3 220 66.41 1,279.8
4 227 70.43 1,398.5
5 344 69.91 2,109.6
6 344 77.90 2,350.5
Scattergood 1 179 31.01 485.9
2 179 33.7¢: 528.0
3 309 76.14 2,060.3
Harbor 1 78.5 0 0
2 78.5 0 0
3 92 0.92 7.4
4 92 2.14 17.3
5 94 1.61 13.3
Valley 1 101 4.73 41.9
2 101 3.27 28.9
3 171 9.41 141.0
b 160 29.43 412.5
Total 3,224 46.84 13,222.7

Reference: Los Angeles Department of Water and Power

(February 7, 1977 and August 9, 1977)
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Notes:

(a)

(b)

(BASE CASE:

Plant

Alamitos

El Segundo

Etiwanda

Highgrove

Huntington Beach

Long Beach
Mandalay

Ormond Beach

Redondo Beach

San Bernardino

Total

Heat rate for the older Long Beach conventional
generating units assumed to be 12,668 BTU/kwh
based upon data from small, old units at the LADWP

Harbor Plant.

SCE residual fuel oil energy content given as

TABLE A-4

EARLY 1980s PROJECTED RESIDUAL FUEL OIL USE
BY SOUTHERN CALIFORNIA EDISON CONVENTIONAL STEAM
GENERATING STATIONS IN THE SOUTH COAST AIR BASIN

ALL FUEL NEEDS MET BY OIL)

Unit

|

SWNKE PLUONM WV PWUNKE OB WRNRE

N oSN DWNRE N N R

6,121,080 BTU/bbl.

Residual Fuel
(281 Consumpti?g)
(Barrels/Year)

598,608
598,608
2,902,550
2,902,550
4,848,114
4,848,114

605,064
605,064
3,071,371
3,071,371

161,605
161,605
2,963,521
2,963,521

54,693
54,693
74,885
74,885

1,783,606
1,783,606
1,783,606
1,866,557

154,183%@)

1,759,921
1,759,921

7,259,437
7,259,437

91,859
91,859
91,859
91,859
619,740
619,740
5,019,252
5,019,252

77,410
77,410

67,771,336
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TABLE A-5

EARLY 1980s PROJECTED RESIDUAL FUEL OIL USE
BY LOS ANGELES DEPARTMENT OF WATER AND POWER CONVENTIONAL
STEAM GENERATING STATIONS IN THE SOUTH COAST AIR BASIN

Plant

Haynes

Scattergood

Harbor

Valley

Totél

Notes: (a)

(BASE CASE: ALL FUEL NEEDS MET BY OIL)

Unit Residual 0il

(Barrels/year)

|

Consumption

F1-250

PULWOWNMH UUPWNEFH WNRFRE OO WN

LADWP Residual Fuel 0il energy content
given as 6,118,849 BTU/bbl

1,524,192
2,136,458
1,995,358
2,180,425
3,289,113
3,664,548

787,671
855,918
3,339,863

0
0
15,320
35,817
27,535

76,119
52,502
256,152
749,381

20,986,372



Plant

Alamitos

El Segundo

Etiwanda

Highgrove

Huntington
Beach

Long Beach
Mandalay

Ormond Beach

Redondo Beach

San Bernardino

*
Cost estimates for these particular units not given in the
references cited; hence the average of the estimates for all

ESTIMATED CAPITAL COSTS OF SCRUBBER

TABLE A-6

INSTALLATION FOR EDISON ($/KW)

Unit

LU HE PLONKFE PONKMHE PLOUNEHE OOV WA

NMEHE NP WLWNDE N R

SRI

140%
140%
146.5
146.5
136.4
136.4

140%
140%*
145.4
145.4

140%
140%
143.5
143.5

140%*
140%
140%
140%*

148.5
148.5
146.4
146.4

140%

148.5
148.5

131.2
131.2

140%
140%
140%
140%
140%
140%
136.4
136.4

140%
140%

Aerospace

120.6
120.6
120.6
120.6
120.6
120.6

161.5
161.5
161.5
161.5

143.9
143.9
143.9
143.9

134.9%
134.9%
134.9%
134.9%

142.7
142.7
142.7
142.7

134,9%

134.9%
134.9%

121.8
121.8

150.4
150.4
150.4
150.4
150.4
150.4
150.4
150.4

134.9%
134.9%

plants (DWP and Edison) was used. For SRI this figure is
$140 and for Aerospace 1t 1s $134.9.

130.
130.
133.
133.
128.
128.

150.
150.
153.
153.

142.
142.
143,
143.

137.
137.
137.
137.

145.
145.
144,
144.

137.

141.
141.

126.
126.

145.
145.
145.
145,
145.
145,
143.
143.

137.
137.

Average

VO BN MNMNOMNNND U N B VOV OYy UL NN OO0O VTUTOoD LUV W W
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Plant

Harbor

Valley

Scattergood

Haynes

*Aerospace did not give estimates for these plants.

TABLE A-7

ESTIMATED CAPITAL COSTS OF SCRUBBER

Unit

INSTALLATION FOR DWP ($/KW)

SRI

S WNRF WNeR PFPLWNEHE R We

140
140
140
140
140

140
140
140
140

140
140
140

140
140
140
140
140
140

Aerospace

134.
134.
134.
134.
9%

154,
154.
154.
154.

134.
134.
134,

117.
117.
117.
117.
117.
117.

134

figure of $134.9 was therefore used.

9%
Q%
g*
Q%

Average

137.
137.
137.
137.
137.

147.
147.
147,
147.

137.
137.
137.

128.
128,
128.
128.
128.
128.

CO0OOOCOo LUl PPN LTt n

The average

*%*SRI did not break down its estimate for DWP by plant. It only gave
an overall average for DWP of $140/KW,
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TABLE A-8

ESTIMATED OPERATING COSTS OF SCRUBBERS
FOR EDISON (MILLS/KWH)

Redondo Beach

.

San Bermardino *

Plant Unit SRI** Aerospace Average
Alamitos 1 2.1 1.7 1.9
2 2.1 1.7 1.9
3 2.1 1.7 1.9
4 2.1 1.7 1.9
5 2.1 1.7 1.9
6 2.1 1.7 1.9
El Segundo 1 2.1 2.1 2.1
2 2.1 2.1 2.1
3 2.1 2.1 2.1
4 2.1 2.1 2.1
Etiwanda 1 2.1 1.8 2.0
2 2.1 1.8 2.0
3 2.1 1.8 2.0
4 2.1 1.8 2.0
Highgrove 1 2,1 2,.0% 2.1
2 2.1 2,0% 2.1
3 2.1 2.0% 2.1
4 2.1 2,0% 2.1
Huntington 1 2.1 2.0 2,1
Beach 2 2.1 2.0 2.1
3 2.1 2.0 2.1
4 2.1 2.0 2.1
Long Beach 2.1 2,0% 2.1
Mandalay 2.1 2.0% 2.1
2.1 2,0% 2,1
Ormond Beach 2.1 1.7 1.9
2.1 1.7 1.9
2.1 4.5 3.3
2.1 4,5 3.3
2.1 4.5 3.3
2.1 4.5 3.3
2.1 1.9 2.0
2,1 1.9 2.0
2.1 1.9 2.0
2.1 1.9 2.0
2.1 2.0 2.1
2.1 2,0 2.1

N H OO UMEsEWNE N N

*

*Aerospace did not provide an estimate for this unit. Therefore the
weighted average for all plants (except Redondo 1-4 and Valley)
was used.

**SRI provided only an average estimate for all Edison plants.
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TABLE A-9
STIMA ESTIMATED OPERATING COSTS OF SCRUBBERS FOR DWP (MILLS/KWH)
Plant Unit SRI** Aerospace Average
oS Harbor 1 2.1 2.0% 2.1
2 2.1 2.0% 2.1
3 2.1 2.0% 2.1
4 2.1 2.0% 2.1
5 2.1 2.0% 2.1
undo
Valley 1 2.1 4.7 3.4
2 2.1 4.7 3.4
ia 3 2.1 4.7 3.4
4 2.1 4.7 3.4
Scattergood 1 2.1 2.0% 2.1
2 2.1 2.0% 2.1
ove
3 2.1 2.0*% 2.1
Haynes 1 2.1 1.4 1.8
aton 2 2.1 1.4 1.8
3 2.1 1.4 1.8
4 2.1 1.4 1.8
5 2.1 1.4 1.8
each 6 2.1 1.4 1.8
ay
Beach
*Aerospace did not provide an estimate for this unit. Therefore the
o Beach

weighted average for all plants (except Redondo 1-4 and Valley)
was used.

**SRI provided only an average estimate for all Edison plants.
Therefore this figure is used.

rnardin
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TABLE A-10

ESTIMATED ANNUALIZED SCRUBBING COSTS FOR EDISON

Annualized Capital Total Annualized Total Annualized
Plant Unit Cost Cost Cost
(Mills/kwh) (Mills/kwh) ($ per bbl)

Alamitos 8.78
8.78
4,11
4,11
3.74

3.74

10.04
10.04
4.68
4.68

24,50
24,50
4.34
4.34

17.32
17.32
17.32
17.32

4.84
4,84
4.84
4.84

18.84

4.78
4.78

3.83
3.83

25.40
25.40
25.40
25.40
9.38
9.38
3.97
3.97

23.44
23.44
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TABLE A-11

ESTIMATED ANNUALIZED SCRUBBING COSTS FOR DWP

Annualized Capital Total Annualized Total Annualized
Plant Unit Cost Cost Cost
(Mills/kwh) (Mills/kwh) ($ per bbl)

Harbor 1 * * *

2 * * *

3 341.2 343.3 165.81

4 146.7 148.8 71.87

5 195.0 197.1 95.20
Valley 1 71.1 74.5 40.98

2 102.8 106.2 58.41

3 35.7 39.1 21.51

4 11.4 14.8 8.14
Scattergood 1 10.1 12.2 6.71

2 9.3 11.4 7.03

3 4.1 6.2 3.83
Haynes 1 5.9 7.7 3.94

2 4.4 6.2 3.97

3 4.4 6.2 3.97

4 4.2 6.0 3.85

5 4.2 6.0 3.85

6 3.8 5.6 3.59

*No electricity is produced from these units.
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APPENDIX F-2

PETROLEUM COKE CALCINERS

Robert Hahn

This paper examines the economics of the petroleum coke
calcining industry in the Los Angeles basin. The purpose is to assess
the viability of the coke calciners under a market in transferable
rights to emit sulfur oxides. A summary of the coke‘calcining process
is presented in Section I along with some background material on the
industry. Estimates of abatement costs, emissions and the demand for
sulfur oxides emission licenses are presented in Section II. The

issue of plant closure is discussed in Section III.

I. GENERAL BACKGROUND

Almost all calciners currently used for processing petroleum
coke are rotary kilms, of the type illustrated in Figure 1 (Hunter and
Helgeson, 1976). Green coke is fed continuously down the rotary kiln
while air and gas, injected from the bottom, pass over and through the
coke. In the process, moisture is removed and volatiles are released,
which are then burned to help meet the kiln“s energy requirements
(Foulkes and Harper, 1978). While the coke can also be used as fuel
for the process, this is not allowed in Los Angeles because of the
comparatively high sulfur content of the coke. Instead, either oil or

natural gas is usually used.
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The main source of sulfur oxides emissions (S04) Tesults from

the combustion of coke dust particles, which are entrained in the air
and gas passing through the system. The majority of these emissions
pass through the stack; however, a small amount (equal to
approximately 1 percent of the stack emissions) leave through the
cyclone dust collector (Hunter and Helgeson, 1976). 1In addition, SOX
emissions can result from the burning of sulfur-bearing fuels, but
again, such emissions are relatively small, usually comprising less
than 5 percent of total SO4 emissions.

The quality of calcined coke depends on the level of
impurities, such as sulfur and metals, the crystalline structure and
several physical properties such as conductivity and resistance (Reis,
1975b). Traditionally, cokes with low sulfur and metallic content
have been used in the production of aluminum anodes. The primary
aluminum industry has been the major demander of calcined coke in the
past and, according to projectiomns of two industry participants, will
remain so in the future, comprising about 75 percent of the market
(Buddenberg, 1979; Foulkes and Harper, 1978).

The structure of the industry reflects the close linkages to
the supplier of its inputs and its principal customer. Approximately
30 percent of United States calcining capacity is owned by divisions
or subsidiaries of o0il companies while 40 percent of the capacity is
accounted for by end users, primarily aluminum (Buddenberg, 1979).

The market shares of the four largest U.S. firms are given in Table 1.
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TABLE 1

MARKET SHARES

Great lLakes Carbon 35 %
Kaiser 15 %
Reynolds Aluminum 15 %
Union 0il Co. 10 %
4 firm concentration ratio 75 %

Source: Buddenberg (1979)

Several of the firms in the industry have established subsidiaries in
other countries. The general picture that emerges is one of a highly
concentrated industry with some vertical integration both backwards
and forwards.

There are two firms which have petroleum coke calcining plants
in the Los Angeles basin —- Great Lakes Carbon (GLC) operates a plant
with three kilns in Wilmington, California, and Martin Marietta Carbon
(MM) runs a plant with one kiln in Carson, California. The mnext
section develops estimates of the effects of different pollution
abatement schemes by focusing on the characteristics of the two

individual plants.
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II. ABATEMENT COSTS OF PETROLEUM COKE CALCINERS IN LOS ANGELES

Ideally, it would be useful to predict how the petroleum coke
calciners would fare under a decentralized market system such as an
effluent fee or tradable license scheme. This requires an estimate of
profits and abatement costs. Because figures on the profitability of
calcining operations are unavailable, the following remarks will focus
on the problem of obtaining abatement cost estimates for SOy
emissions.

There are three published studies which develop estimates for
the cost per ton of SOy or S0p removed. The estimates are summarized

in Table 2. The scrubber cost estimates are developed under very

TABLE 2

ESTIMATE OF SO, OR SO, REMOVAL COST USING

CURRENTLY AVAILABLE SCRUBBER TECHNOLOGY

Source GLC MM

Hunter and Helgeson (1976) $ 600/ton of SOXa $ 600/ton of SOXa

Leo and Rossoff (1978) $2447 [ton of 502b $1157/ton of SOZb

South Coast AQMD (1978) $1740/ton of 802c $ 80/ton of SOZc

a. Rough estimates presumably in 1976 dollars; these estimates do not
distinguish between the two plants

b. in late 1977 dollars

c. presumably in 1978 dollars
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different assumptions. The figure of $80 per tomn of 509 reduction for

MM is suspect and may be a typographical error. The most detailed
documentation of cost estimates is contained in Leo and Rossoff
(1978). These cost estimates are based on the objective of emitting
no more than 1.5 pounds of S0, Per ton of green coke charged into the
kiln, which is equivalent to about a 90% reduction in emissions using
their emissions projections. To meet this level of emissions
reductions, Leo and Rossoff assume that both companies will build
scrubbers. This explains their relatively high figure for the average
502 removal cost.

The abatement costs presented in the literature are of limited
use because they rarely consider how costs vary as a function of
emissions, Since such information is fundamental, I have developed
estimates of the abatement cost curves on the basis of data from Great
Lakes Carbon and Martin Marietta.

Table 3 gives the cost of reducing 50, emissions for GLC.
Currently, GLC has three baghouses in operation to remove
particulates. The technology on which the Great Lakes Carbon cost
estimates are based is sodium carbonate injection, which is a wet
scrubbing process. Cost estimates are provided for 70 and 80 percent
removal. This allows us to compute an incremental or marginal cost
for removing a ton of SOX in the 0-70 percent interval and the 70-80
percent interval. The basic approach is to divide the incremental
cost by the number of tons removed. An estimate of the incremental
cost is obtained by removing the items labeled "Plant Overhead" and

"Contingency," and adding the first two columns in Table 3. This



F2-263

yields a cost of $2,552,000 for 70 percent removal and an incremental

cost of $513,900 for removing the next 10 percent.

TABLE 3

ESTIMATED COST OF ABATEMENT -- SUBMITTED BY
GREAT LAKES CARBON AS PART OF TESTIMONY ON PROPOSED RULE 1119

SODIUM CARRONATE INJECTION
(Annual Cost)

Continuous controls Intermittent controls
70% 80% 36 days 18 days

Raw material, delivered 11,288,200 :1,682,400 : 138,020 ; 69,010 :
Utilities } 93,100 : 93,100 : 9,980 : 4,990 :
Manpower & benefits : 180,600 : 180,600 : 19,350 : 9,675 :
Repair & Maintenance } 222,100 : 222,100 : 23,800 : 11,900 :
Waste Disposal : 451,100 : 570,800 : 48,330 ; 24,165 {
Plant Overhead { 339,800 : 339,800 : 339,800 : 339,800 :
Taxes & Insurance : 50,000 : 50,000 : 50,000 : 50,000 :
Depreciation (5 years) : 200,000 : 200,000 : 200,000 : 200,000 ;
Supervision & benefits : 66,900 : 66,900 : 66,900 : 66,900 :
SUBTOTAL :2,891,800 }3,405,700 : 896,180 : 776 ,440 ;
Contingency (10%) : 289,200 } 341,000 { 89,620 : 77,640 :
TOTAL ;3,181,000 {3,7464700 : 985,800 : 854,080 :

$/ton calcined coke 5.26 6.19 1.63 1.41

Source: Great Lakes Carbon Corporation (1979).
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Total yearly emissions are computed by linking the rate of
input with daily emissions and then multiplying by the number of days
per year the plant is operating. GLC has three kilms with a capacity
to produce 600 short tons per day of calcined coke (Leo and Rossoff,
1978). I assume a charge rate of 36.9 tons per hour per kilm which
corresponds to a daily emissions rate of 15.24 tons of SOX for all
three kilns (Cass, 1979). Combining this emissions data with the cost
data yields a marginal cost per ton of $650 for the first 10.67 tons

and $920 for the next 1.52 tons. This information 1s summarized in

Table 4.
TABLE 4
MARGINAL ABATEMENT COST DATA
(1978 $s)
Percent reduction Quantity reduced Marginal cost
in emissions (tons 804/day) ($/ton S0,
| 0-70 | 0-10.67 I 650 |
l 70~ 80 [ 10.67-12.19 l 920 I
GLC ] 80-100 l 12,19-15,24 1 920 and up |
l 0- 33 l 0-2.50 | 0 l
I 33- 80 | 2.50-6 .06 | 1320 I
MM ] 80-100 | 6.06-7.58 | 1320 and up |
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The calculations for Martin Marietta require some further
assumptions. With current equipment, MM can remove approximately 33
percent of their total S0, emissioms (Young, 1980). To remove 80
percent of their total 50 emissions would require a capital outlay of
$5.5 million. This includes expenditure on a spray dryer scrubber
system, a baghouse, and significant modifications to existing
equipment (Young, 1980). Assuming a 20 percent capital recovery
factor yields an annualized capital cost of $1.1 million. Since mno
figures on operating costs were available, they were estimated on the
basis of the Great Lakes Carbon data in Table 3. Subtractiﬁg the
depreciation figure from the 80 percent removal cost estimate gives a
total of $2,865,900 or about $640/ton. This figure is assumed to be
MM"s operating cost per ton for removing anywhere from 33-80 percent
of the 50  emissions.

To obtain the annual capital cost per ton of SO removed, an
estimate of total emissions is meeded. MM has a single kiln with a
rated capacity of 750 tons per day (Leo and Rossoff, 1978). Assuming
a 37 ton per hour charge rate, this corresponds to an average daily
emissions rate of 7.58 tons of SOx (Cass, 1979). Dividing the cost of
removal by the corresponding reduction in tons results in an
annualized capital cost of $680/ton for reductions between 33 and 80
percent. Adding the operating cost yields a total incremental cost of
$1320/ton in this range. These calculations are summarized in Table 4.

It is possible to compute the derived demand for S04 emission
licenses from the marginal cost information contained in Table 4. At

any given license price, a firm chooses that level of licenses which
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minimizes the sum of abatement costs and license costs. The data for
GLC and MM are presented in Table 5. The choice of whether to include
the endpoints of the intervals in the left-hand column of the table is
arbitrary.

The derived demand curves shown in Figure 2 are drawn as step
functions to indicate that only a few discrete changes in abatement
levels are considered. According to the graph, GLC will reduce
emissions by 0, 70 or 80 percent, unless the price of a licemse is at
a switching point. Similarly MM will reduce emissioms by 33 or 80
percent. These emission reductions should not be interpreted as
precise point estimates, but rather as an indication of the likely
range of abatement which calciners would choose in respomse to a

market mechanism for controlling SOx emissions.

TABLE 5

THE DERIVED DEMAND FOR SOx EMISSION LICENSES

License Price Demand in
(1978 $s) tons SO, /day
I 0-650 | 15.24 [
| 650-920 | 4,57 |
GIC | 920 and up | . 3.05 I
| 0-1320 I 5.08 !

MM 1 1320 and up | 1.52 |
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ton SOX
itted
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1000 4
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I ] ] | 1 ! 1 ] ! j ! | ! ]
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Demand for Licenses
(tons SOX/day)
Fig. 2 Estimate of Derived Demand for SOX Emissions Licenses

DG — Derived demand for SOx emission licenses by GLC

M

D~ Derived demand for SOx emission licenses by MM
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I1I. THE POSSIBILITY OF PLANT CLOSURE

There is one important point which the analysis has left
unresolved. That is the effect a market in tradable licenses would
have on output decisions, and in the extreme, whether either or both
of the firms would be forced to close down. If the supply price of
raw coke were to remain unchanged, then the effect on output would
ultimately depend on the elasticity of demand for calcined coke and
the change in the supply function induced by the implementation of a
market in SO, emission licenses. Information on these parameters is
unavailable; nevertheless, it may be possible to develop some educated
guesses on the likelihood that these firms would be forced to close.

Plant closure would be likely to occur if the price of inputs
increased significantly relative to competitors. A market in S0y
emission licenses could affect local calciner costs in two ways:
first, by charging for the right to pollute and second, by affecting
the price of green coke. The first effect will probably increase
overall spending on SOy abatement for both GLC and MM, but this should
be compensated for by a decline in the price of green coke.

The reason for the expected drop in raw coke prices is that
local petroleum refiners who supply coke would have two alternatives
if local calciners shut down. The refiners could either sell the coke
as fuel or sell the coke to calcining operations outside the Los
Angeles basin. In the first case, losses on sales could be quite
significant. According to one oil industry executive, current prices
for raw coke sold to calciners range from $20 to $70 per ton while

prices on green coke sold as fuel range from $15 to $40 per ton., The
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coke sold for fuel is typically of lower quality than that sold to
calciners. Using the above numbers it would appear that selling all
green coke as fuel could result in losses on the order of $15 to $30
per ton of green coke, If, instead, the green coke were sold to
calciners, the cost of rail transportation could be expected to exceed
$20 per ton for shipping to San Francisco and at least twice that much
for shipping to calciners in the Pacific Northwest (Riske, 1980). It
appears, then, that local oil companies would be willing to absorb at
least a $10 reduction in the price of green coke (per ton) before
looking for other alternatives. If this is true, the likelihood that
calciners would have to close would seem to be small, provided the

equilibrium license price does not induce them to remove more than 80

percent of their current S0, €m1SS10nS.
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APPENDIX F-3
SULFUR ABATEMENT AT KAISER STEEL

by George Fox

Modern iron making is a complex chemical process involving the
reduction of iron ore — oxidized elemental iron and impurities — to
molten iron that is 94.15 percent pure. The two main inputs to the
process, coal and iron ore, contain large amounts of sulfur;
metallurgical coals typically contain from .4 to 1.2 percent sulfur by
weight, iron ores from .0l15 to .15 percent. Hot metal must contain
less than .03 percent sulfur to retain its strength and structural
properties; excess sulfur leads to cracking and tearing in rolling.1
In section I we will follow the flow of sulfur through a modern
ironmaking facility. In so doing we will estimate the total discharge
of sulfur from the Kaiser Steel plant, this being the first step in
assessing the demand for sulfur oxides emission licenses should a
market in licenses be implemented.

We will also discuss planned and in~place emission control
equipment, as well as promising, inexpensive newer techniques for the
reduction of sulfate pollution. Within this framework we will also
look at process control options as they currently exist and the
effects a spot market in emission licenses may have on input selection
and production alteration. The steelmaking section will not be looked
at in this study. Kaiser has shut down all open hearth furnaces, a

large source of so_ emissions, and is currently operating the basic
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oxygen plant no. 2, responsible for less than four tons SO2
equivalents per year (1978 inventory). The no. 1 oxygen shop, which
is currently unused due to slack steel demand, emits roughly 20 tomns
per year SO2 equivalents.2

Section II will attempt to pick up some loose ends: the
trigger price mechanism and its effect on West Coast steel markets,
inland transportaion as a competitive disadvantage and the very
important question of Kaiser”s future viability in facing an emission
license market in addition to worldwide steelmaking overcapacity.

Before examining these issues, a brief history and corporate
profile of Kaiser Steel will be undertaken as useful background for
the analysis to follow. Kaiser’s Fontana, California, iron and
steelmaking facility was comnstructed during World War II to supply
Henry J. Kaiser”s shipyards with steel. Kaiser wanted to locate on
the coast but the military insisted that the plant be protected from
possible Japanese shelling. The inland location without access to
inexpensive shipping, puts Kaiser at a distinct disadvantage.
However, due to the recent closings of other mills, Kaiser is now the
only fully integrated steel mill west of the Rockies., As the nation”s
ninth largest steel producer, Kaiser has capacity running to 3.4
million tons of finished steel.

The company owns its own iron ore mine and pelletizing plant,
Eagle Mountain in Riverside County, California, 160 miles from its
Fontana mill, which supplies about 2.6 million tons of ore. About 75
percent of the coal requirements are fulfilled by mines owned and

leased in Sunnyside, Utah, 800 miles away, and York Canyon, near
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Raton, New Mexico, 1100 miles away. All limestone requirements are
satisfied through ownership in mines at Cushenbury, California,
operated by Kaiser Cement and Gypsum. Proven reserves of both coal
and limestone are estimated at fifty years.

Seven coke oven batteries, each containing 45 individual oven
slots, with a combined capacity of nearly 1.7 million tons of coke per
year, supply four ironmaking blast furnace with raw iron output over
2.6 million toms per year. Two sinter lines with a combined capacity
of 3850 tons per day produce agglomerations of ore and coke fines,
recycled flue dust, mill scale, scrap and limestone for use in the
blast furnaces.,

Under the old steelmaking technology there were twelve open
hearth furnaces which are now shut down. In early October 1979, the
No. 1 Basic Oxygen Furnace (BOF) shop, originally comstructed in 1959,
was shut down until further strengthening in steel demand. The No. 2
BOF shop, a new, computerized facility opened in 1978 as part of a
$250 million modernization program, has a capacity for 2.3 million
tons of steel per year. In addition, the steel finishing section
includes rolling and finishing mills, ingot stripping and soaking
pits. Final good fabrication plants are operative in Napa, California
as well as the main Fontana facility. Kaiser also owns marine
assembly yards in Oakland and Vallejo, Califoria, a tubing maker,
formerly MSL Tube and Steel Company, in Vernon, California, and drum
and pail and metal stamping facilities in California, Oregon and

Arizona.



F3 - 275

The 1list of final products includes steel slabs, piate, ingot
molds, pig irom, coal chemicals, hot and cold rolled sheet and strip,
galvanized sheet, high quality pipe for oil and gas, as well as
electric resistance, submerged, high test tin mill products, large-
diameter water pipe, penstocks, pressure vessels, tunnel supports and
liners, and offshore exploration and drilling platforms. Kaiser
fabricates and erects bridges and buildings, designs and manufactures
equipment for the production of line pipe, manufactures railroad car
and automotive components and other stamped products. Kaiser also
owns Kaiser International Shipping Corporation, with five vessels
totalling 525,000 dwt. and shipping mostly coal, crude oil, iron ore
and bulk products.

Kaiser has a 32.5 percent interest in Kaiser Resources Ltd. a
Canadian coal, o0il and gas producer; sold in August 1979 was a 28.3
percent interest in Hamersley Holding Ltd., an Australian iron ore
producer.

In past years the estimated total annual return to investors
has been in the 15-30 percent rage with actual growth and dividends
accounting for 18 percent per year.3 Current debt stands at
approximately $335 million with most in low interest mortgage
obligations ($238 million), 7 to 7 1/4 percent Pollution Control
Obligations ($33 million), and 9 percent bank loans due from 1980 to
1985 ($40 million). Current net worth is estimated to be $512 million
for 1979. Kaiser”s debt to equity of 1 to 2 is higher than the usual
1 to 4 in the steel industry but much lower than the 4 to 1 ratio

found for West Coast subsidiaries of foreign firms.4
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I SULFUR FLOW AND BALANCE - CONTROL TECHNOLOGIES

There are three basic material inputs —-- coal, iron ore and
limestone —— that are used in the production of iron, along with an
energy input, the major share from the burning of the coke oven gas
(COG) arising from the conversion of coal to coke. COG provides
roughly two-thirds of all plant-wide energy requirements, the rest
being provided by fuel oil, natural gas and utility supplied
e1ectricity.5 When natural gas was under federal regulation during the
1970s, Kaiser burned a .5 percent sulfur fuel oil; with the lifting of
the regulations a switch has been made to natural gas. Into the
forseeable future supplies are expected to be plentiful. We won’t
consider any so, emissions due to fuel oil inputs at this time
although they can be included using the procedure developed by
Rogerson.6 (1980)

Sulfur content in metallurgical coal varies from .4 to 1.2
percent sulfur by weight. During the coking process, which involves
the heating of coal in a refractory brick-lined slot oven, light
weight hydrocarbons are driven off and collected for further
processing and use. The remaining material, elemental carbon with
contaminents is called coke. This product is pushed from the ovens in
an incandescent state onto rail cars and cooled in a "quenching" tower
to prevent the oxidation of the carbon. Roughly 1350 pounds per tom
of coal is produced as coke and breeze. The volatile material driven
off in the heating cycle is collected and processed for use as COG,

tar, ammonium sulfate, ammonia liquid and light oil. Later in this
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section we will discuss the 0, emission reduction equipment currently
installed on coke ovens at Kaiser,
A coke production cost model developed by PEDCo Envirommental,

7 seems to represent quite realistically the important aspects of

Inc.
coke oven operation. The variable that appears to be the most crucial
in determining emission and performance relationships is the gross
coking time. Information from interviews with Kaiser personnel
suggest gross coking times of from 13 to 20 hours. The choice of
coking time depends on a number of factors: grade, quality and price
of the coal, desired properties of the final product, production
level, etc. The total tonage of coal carbonized per year depends
inversely on the gross coking time; shorter gross coking times lead to
higher throughput of coal to coke. Similarly, the COG yield in £t3
per ton of coal depends on the gross coking time and the percentage of

volatile matter in a linear manner,
co¢ = (14,,000~-150T)(V/29)

where T is the gross coking time, V is the percentage of
volatile matter (29% is the baseline value. The coal used by
Kaiser has roughly 33 percent volatile matter.) The total coal

carbonized in tons per year is given by
TCC = (8760)(.92) (CHARGE/OVEN) (# of Ovens)/T

where an overall oven outage of 8 percent is assumed. An equation for
the ammonium sulfate produced in pounds per tom of coal under a COG

cleaning system is given by,
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Ammonium Sulfate Yield = (3.53+.741.1)(V/29)

Table 1 presents these figures for the Kaiser facility using gross
coking times of 13, 14 and 15 hours. A study done by KVB Research
Associates for the California Air Resources Board8 estimated a daily
COG production rate of 78 million cubic feet per day. At 78 percent

capacity utilization (1975), COG at full production is roughly 100 X

6 6

10 c¢f per day, in good agreement with the PEDCO value of 100.9 x 10
cf per day. As a further check on the consistency of the available
information we can estimate the underfiring heat requirements per ton
of coal from the KVB data. The KVB report finds a usage rate for the
underfiring of the coke ovens of 200,000 cf per hour per coke oven
battery. A 13 hour underfiring (with a one hour decarbonization time
for a gross coking time of 14 hours), 45 ovens per batteries, 15 tons
of coal per oven, and 325 BTU”s per cubic foot COG heating value
yields a 2 X 106 BTU per tom coal of underfiring requirement, in
agreement with the 1.92 X 106 BTU per ton of coal value used by PEDCo.
The undesulfurized COG HZS content can be estimated from the PEDCo
data using the total recovered ammonium sulfate, corrected for the
stoichiometric ratio of hydrogen sulfide to amﬁonium sulfate. The
resulting value of 211 grains HZS per 100cf is in good agreement with

the 220 grains HZS per 100 cf found by KVB from the sampling of the

flue gas stream on Kaiser”s coke ovens.



TABLE 1

GROSS COKING TIME 13

(hours)

TOTAL COAL CARBONIZED 2,93
(Million Tons per Year)

TOTAL COKE YIELD 1.81
(Million Tons per Year)

TOTAL6COG 110.1
(10° Cubic Feet per Day)

TOTAL AMMONIUM SULFATE 21.9
(Thousand Tons per Year)

COG H,S Content 197

(Grains per Hundred Cubic Feet)

F3

14

2.72

1.68

100.9

21.5

211

279

15

2.54

1.57

81.8

21.2

256
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There are currently six baghouses for particulate control on
the coke ovens at Kaiser; batteries F and G vent to a common stack.
This arrangement is not in compliance with the current standard;
bigger fans will probably be required. An earlier experiment with a
TRW wet ESP scrubber was a failure due to excessive corroding. Future
expenditures of roughly $20 million will be used to upgrade doors and
top seals, and emission controls for use during the pushing of the
incandescent coke from the ovens to the rail car. A COG
desulfurization plant of the Takahox—Hirahox9 type is currently coming
on line —— problems with napthalene sublimation currently prevent full
operation, but no other major problems are forseen., The cost of the
system was $34 million, which was financed by the Pollution Control
Obligation mentioned earlier.

In our calculations of emissions from the coke ovens we will
use a 95 percent efficiency for the desulfurization process. It
should be noted that even with the cleaning of the COG, there will
still be seepage through the refractory brick oven lining so the
baghouses will still be necessary for proper control. At the present
time there appears to be no satisfactory way to estimate these
emissions.10

After quenching, the coke is crushed and screened, the large
pieces being charged directly to the blast furnace. The smaller
pieces called coke breeze are combined with limestone, ore fines,
dust, etc. and sintered on a travelling grate. The mixture is ignited
under a hood, either with COG, blast furnace gas, or other fuel,

burning from top to bottom as it travels along the grate. The
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agglomerates obtained at the end are charged directly to the blast
furnace in mixtures with coke, iron ore, limestone and pellets. A
typical mixture designed to yield one ton of sinter contains roughly
2000 pounds iron ore, 135 pounds coke and from 100 to 350 pounds of
limestone.ll Return fines and losses which balance out are roughly
1000 pounds. The coke in the mixture provides 85 percent of the heat
requirements for the sinter; net ignition heat requirements vary from
.24 to .34 million BTUs per ton of output. Burning undesulfurized COG
results in .35 pounds S0, Per ton sinter; blast furnace gas or
desulfurized COG results in .017 pounds 50, per tom output. In
contrast the coke supplies 2.35 pounds §0, per ton sinter. By far the
largest source of sulfur results from high sulfur content irom ore,
over 6 pounds 802 per ton sinter, low sulfur ore being an order of
magnitude smaller. With the trend to higher sulfur ores (low sulfur
ores have been mined quite extensively and are at a premium price) it
can be expected that sinter plant so_ emissions will tend to increase.
In 1975, Kaiser”s sinter emissions were less than 5 tons 80, per day;
by 1978 they had risen to 8 tomns 50, per day (both periods had the
same capacity utilization.) The KVB report published in June 1976
recorded SO2 concentrations of 250 ppm in the exhausts while results
from the AQMD published in May, 1978 study showed concentrations of
400 ppm.

The limestone addition value is the other determining factor
in sinter plant 50, emissions. Low limestone mixtures result in
three—fourths of the 802 being driven off with the stack gases.12 As

the limestone content is increased more of the sulfur is bound up in
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the sintered product, usually half being emitted and half being
retained in the sinter.

Current controls on the sinter lines consist of two, 12 year
old baghouses for the control of particulate emissions. The AQMD

13

Sulfate study lists two techniques for SO2 emission reductions on

the sinter lines. The wet scrubbing method utilizes a chemical
reaction between the flue gas and an alkaline scrubbing solution which
results in the removal of 802 from the gas stream. Many units are
presently in use in the United States, Europe and Japan. Although the
method is well understood, the costs per ton of sulfur reduced are
high, in the neighborhood of $2000 per ton of SOZ' A method known as

dry caustic injection,l4

although still experimental, seems to blend
better into the system at Kaiser. A dry caustic powder, usually
sodium bicarbonate, is crushed and ground then used to coat the
baghouse bags. Further amounts are injected into the exhaust gas
stream to combine with SO2 to form sodium sulfate. This is collected
in the baghouse and then disposed of in the same manner as slag from
the blast furnace. Cost savings can be realized through the pre-
existence of the baghouse and slag disposal accommodations. Annual
capital costs for crushing, screening, and injection equipment run
about $600,000 per year, nahcolite ore —— which is mined nearby and 75
percent sodium bicarbonate — sells at $30 per ton, yielding costs of
$775,000 per year. A reduction of 3500 toms S50, per year results in a
cost of $400 per ton of 50, reduced.15

The final stage of iron production is nearly continuous. A

mixture of iron-bearing inputs —— ore, sinter and pellets —- is mixed
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with coke and limestone and charged into the top of the blast furmace.
Blasts of superheated air are blown into the bottom of the furnace.
The incomplete burning of the coke yields carbon monoxide which forms
with oxygen in the ore to reduce the iron in the charge. The hot
metal collects in the bottom to be drawn off to the steel furnaces.
The limestone combines with impurities in the charge and floats on top
of the metal as slag. Slag can also be drawn off and new raw
materials can be periodically charged to the furnace. The proper
composition of the charge is a very complicated problem: heat balance
to get the proper reduction of the iron ore, and sulfur accounting to
keep the hot metal sulfur content below .03 percent.16

Off gases from the blast furnace are well-controlled at
Kaiser. With current equipment the sulfur content is roughly 9 grains
per 100 cf, well within regulations. Emissions can however occur
during the slag flush. Indications are that usually 15 percent of the

sulfur in the slag is released to the air.l7

The final emissions can
depend on the amount of sulfur in the slag as well as the amount of
water in contact with the slag when flushed. Blast furnace emissions
have increased from a little over one ton per day in 1975 to over four
tons per day in 1978, primarily due to a move to higher sulfur ores.
These emissions are largely uncontrollable. Fortunately the Fontana
location is quite dry so that the expected emission are much less than
would be found in the same plant in a wetter location.

A hot metal desulfurization technique using a calcium carbide

process is also installed. The SCAQMD seems satisfied that there is

no excess release of sulfur. Its use is purely for metal quality and
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not for airborne emission reduction.18

A wide range of variability can be seen in total so_
emissions. Changes in sulfur contents in the inputs as well as
process control changes can have major effects on total airborne
Sozlsulfates released. The final section attempts to put these
effects together to come up with a realistic emissions picture. In
the next section we will discuss points relevant to S0, emission
licenses outside the generation and control technologies at the plant

level.
11 EXTERNAL FACTORS

An analysis of final product markets is important in
determining the impact of a system of emission license markets. If
the firm has a large degree of market control then emission costs can
be passed through to the consumers of the final goods. Steel demand
tends to be cyclical; as the business cycle swings up demand for steel
also rises, as recessionary phases are entered demand falls off.
Estimating a demand for emission licenses tends to be complicated when
final output rises and falls substantially. One smoothing effect on
final demands is the trigger price mechanism19 originally designed to
prevent the dumping of foreign steel. Under the mechanism, to the
unip cost of steel from Japan — the assumed lowest cost producer --
is added currency corrections and transportation costs to arrive at a
trigger price. If foreign concerns are selling at less than the
trigger price to U.S. customers, then an antidumping suit is filed.

The effect is that foreign firms selling in the U.S. will keep their
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prices above the trigger price in fear of an antidumping suit. In
times of high demand when all firms are raising prices there is no
effect; however in times of slack demand, foreign firms will not be
able to go below the trigger price, hence domestic firms will pick up
the demand. This may help to increase the market power of domestic
firms.

The effects on the fertilizer market in Southern California
from the added production of ammonium sulfate at the Kaiser facility
will also be important. Using information from the Annual Survey of
Manufactures published by the U.8. Department of CommerceZO a very
rough estimate of 60,000 tons per year of fertilizer consumed in the
Southern California Market can be made. The 20,000 tons per year from
Kaiser could make a sizeable penetration into the market. The PEDCo
study assumes a $65 per ton of ammonium sulfate credit. This figure
could conceivably be reduced substantially, perhaps as low as $30 per
ton due to market influences. Russell and Vaughan give a figure in
1968 dollars of S17 per ton. Under the previous coke oven cleaning
technology, Kaiser had losses of roughly $200 per ton of ammonium
sulfate at low production rates. With the new desulfurization
equipment at the same price per ton of ammonium sulfate it costs $600
per ton. The change in revenues from $65 to $35 per ton ammonium
sulfate is small compared to the total costs of $600 per ton.

The future viability of Kaiser steel is an important question.
With the current lack of demand and world-wide steel overcapacity the
outlook is not good. Labor costs at Kaiser have averaged 66 cents per

hour higher than the industry average.21 Iron ore and coal tramsport
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costs are $20 per ton higher than elsewhere. Add to that the already
high amount spent on current controls and it”s not hard to imagine
further hardship should an emissions license market be implemented.
On a brighter note these are all sunk costs so that should Kaiser go
under and be forced to sell the facility in all likelihood it would

continue to be operated.
III DEMAND FOR LICENSES

The demand for licenses is computed aé follows. Emissions
from the three major sources, coke ovens, sinter lines and blast
furnaces are estimated, then summed to yield total emissions at full
capacity. We then use a capacity utilization factor of 85 percent to

compute the average total emissions.2?

From the total ammonium sulfate yield of 20,500 tons per year
at 95 percent efficiency, we can compute net 50, emissions after
control of 1.4 tons per day. A calculation based on 1000 pounds of
coke (.9% sulfur) per ton hot metal produced, a 5 percent SO2 loss
from the slag, and a 7200 tons per day production rate yields SO2
emissions of 3.2 tons per day from the blast furnaces. The coke and
ignition fuels used in sintering yield 2.6 pounds SO2 per ton sinter,
mainly from sulfur in the coke, and six pounds 802 per ton sinter from
the use of high sulfur ore. Under the assumption of a 75 percent
airborne emissions factor and a 3850 tons per day production rate, we
compute 802 emissions of 12.4 tons per day. All totalled we have
17.0 tons per day §0, at full capacity or 14.45 tons 80, per day at

average capacity utilization. Ninety percent reduction of sinter
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emissions at $400 per ton yields reducible emissions of 9.5 toms per
day. Emissions of 4.95 tons per day of SO2 remain to be offset
through the purchase of emission licenses.

It needs to be stressed again that these are very rough
approximations. Any changes in average sulfur content of coal or iron
ore can change S0, emissions quite substantially. Fluctuations in the
demand for final steel goods can also have an appreciable effect on
total emissions. Once an emissions license market is implemented,
process control options may become attractive measures of reducing
emissions; 502 prices become factors in the linear programs used by
steel companies to optimize inputs and outputs. As an example,
changes in blast furnace burden limestone content drastically affects
airborne $0, emissions from the slag; a similar effect takes place in

the sintering process.
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FOOTNQOTES
Russell and Vaughan gives an excellent introductory discussion
of steel and iron-making processes. Any deeper incursion

can be made through the references. Input sulfur contents

are roughly the high and low concentration found in representative

samples. The upper limit on hot metal sulfur concentration
is discussed in McGannon p. 431. The McGannon reference is
the steelman”s bible--a detailed and complete presentation of
all equipment and processes in iron and steelmaking and

fabrication.

The 1978 Inventory of Emissions for Kaiser Steel Corporation,
the most recent available estimate of emissions from Kaiser,
was provided by the South Coast Air Quality Management District

in Colton, California.

The financial information was found in the investment survey’s

published by Moody, Value Line, and Standard and Poors.

U.S. Trade Commission Report, p. 27, 126,

McGannan gives average plant usage figures and discussions.

Rogerson paper in these reports to ARB.

The Pedco report uses a large sample of current U. S. steel
plant coke ovens and non-steel plant ovens to estimate

parameters in the production cost model., The Kaiser coke
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oven characteristics are included in the PedCo study data.

Hunter and Hel