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Economic consideratiuns involved in fuel con-
version such as from 0il aud/or gas firing to coal
include investment costs for new facilities and
equipment {including air pollution control equip-
went), operacion and maintenance costs. and pur-
chased fuel costs. This paper preseats an analyii-
cal approach to assessing the cost effectiveness of
fuel conversion in terms of the annual met cost of
conversion, the cquivaient annual nuaber of barrels
of oil saved, and the intermal rate of return of
the conversion investment. 1llustrative sumerical
examples are presented for typical utility boilers
and industrial boiler facilities. A further con-
sideration addressed deals with the impacts of these
custs on the overall financial structure of the fim
and the Jbility of the firm to raise the necessary
investment capital.

I. OVERVIEH OF COAl COMVERSION ACTIVITIES

By cval conversion in this paper we mcan the
switching from either 0il and/or gas as the primary
fuel(s) to ceal as the primary fuel in a combustor
{boiler, burner, furnace or kiln). Historically,
fuel switrhing has generally tended to be in the
ather din tion, namely, ail/gas cwversicn. For
eaaple, during the Tate 1960°-. and varly 1970°s,
while coal-fired poverplants were being converted
0 oil, utilities were also bu.lding new plants to
burn gii. !~itially, utilities converted to oil
for economic reasons; nowever, more recently. the
principal reason for converting to oiti X2s been he
requirement to meet strict sulfur emi<<ion requla-
tions which the utilities were unable to do using
coal. [ost of these conversions took place on the
East Coast at plants with easy access to ocean and
river barge transport.

In 1979, it is estimated (Ref. 1) that only 40°
of new builer orders provided for coal-firing capa-
bility. In 1774, however, in resj-onse to the nat-
ural yas shortages and incressed price of oil, 97
u! new boiler orders p ovided for coal-firing capa-
bility. Consequently, we see a trend occurring
back to coel conversion. [t is noteworthy that,
according to Reference 2, about 80 of the boilers
which were converted from coal to oil can, in time,
be re-converted ta coal.

The current impetus for coal conversion is
causec by the legislative requircments of the Energy
Supply and Environmental Coordination Act (ESECA)
of 1974 (Public taw 93-319), as amended by the
Energy Poli., and lonservation Act {EPCA) of 1975
(Public Law 34-163). It is intended that ESECA, by
providing the Department of Enerqy (DOE) with the
authority to require the use of coal by existing
and future electric utility powerplants and other
major fuel burninn installations (i¥BI's), will
result in a Lignificant decrease in the use of
petroleum and natural gas .nd an increase in the
use of our nost abuyndarnt dorwstic enerqy resource.

Cullectively, ESECA and EPCA provide DOE with
the statutory authority to issve a Prohibition
thder to an existing facility for the purpose of
prohibiting the further use of oil and/or 9as as
the primary fuel(s). Before such an order can be
issued, DOE must determine that the powerplant or
I¥B! vossessed the necessaiy equipment and capabili-
ty to burn coal on June 22, 1974, or acquired it
thereafter. DOE must assess the existence ¢f cer-
tain nececsary coal handling facilities and appur-
tena wces suh as adequate facilities for the stor-
age of coal, and equipment such as a boiler,
unloaders, conveyors, crushers, rulverizers, scales,
burners, soot blowers, and special coal burning
instrument3tion and controls. In addition, DOE
mst also find that:

(1) the burning of coal at the facility is
nracticable and corsistent with the pur-
poses of ESECA;

(2) coal and coal transportation facilities

wmill be availavle for the period the order

is in effect: and

in the case of a pomerppiant, the order

will not impair the veliability of service

in the area served by the converting
powerplant.

(3)

Prohibition Orders were issued in 1975 affecting 74
powerplant umits and were issved in 1977 atfectinn
18 powerplant units and 23 'Fbl combustors.

DOE is also provided with the statutory author-
ity to require powerplants or !¥Bl's in the early
planning pDrocess to be desigred and consiructed so
as to be capable of using coal as the primary en-
ergy source. This is accompiished through the
issuance of a Construction Order. Mo such order
may be issued if DOE finds that (a) in the case of
a powerplant, such order is likely to impair the
reliability or adequacy ofi service, or (b) an ade-
quate and reliable supply of coal is not expecied
to be available. Furthermore. in considering th?
desirability of i<suing such an order. DO[ must
consider the existence and effects of any cortrac-
tual commitment for the construction of such facil-
ity, and the ability of the owner to recover any
capital i-vestment made as the result of a Jonstruc-
tion Order. Orders of this ty~e were issued in 1975
affecting 74 new powerplants and were issved in 1977
affecting 18 new powerplants and 27 new 'WB! com-
bustors.

I1. CONS:GIU:ATIONS AND FACTORS IN COAL
CONVERSION IRVEZTTENT

Major consideratians of significance in assess-
ing the willingness and/or overall acceptance of
coal conversion include the following:

{1} the difficulties industry will experience
with environmental and facility siting
requlatory ;roblems

(2) tne aversion induutry nas to using coal
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due to the difficulties of har1ling coal
at the plant, the extra personnel required,
etc.

the higher rate of return some fivms re-
quire on a discretionary inveatment
{assuming no DOE order is issuved) - es-
pecially one which may aeither enhance
output nor protect production.

the added risks associated with rel.abil-
ity of coal supply to the plant.

(3)

(a)

Of parti-ular importance are those factors
which have a direct effect on costs such as:

(1) combustor size affects costs since costs
of coal equipment as well as pollution
control equipment ave characterized by
economies of scale

ity stilization determines how quick-
Ey capital costs are recovered as the re-
sult of fuel price :avings
coal ility is a factor because, if
the unit was igned originally to fire
coal, the capital costs of conversion
will, most likely, be less than the cost
differential between a new ga3s/oil-firing
and a new coal-firing mit
remaining useful life of - ility deter-
aines- the period of time -ver which the
conversion investment can be amortized
and thus affects the rate of seturn on
the investment
regional location affects costs primarily
through delivered fuel prices
environmental controls imposed through
state regulations and Federal New Source
Pert. mance Standards affect the costs of
the pollution control equipwent necessary,
which in many cases is the most significant
capital cost
new_versus existing units for conversion
involves the tradeoff between new capital
equipment ard thus longer amortizaticn
period versus modification of used and
existing units with perhapc & shorter
amortization period
fuel t;pe as determined by sulfur conteat
required, pevcent ach required, etc. and
the weans transportation affects the
corresponding fuel price differeatial.

[11. BREAKEVEN FORHULATIONS FOR COAL
CONVERSION INWVESTHMENT

(2)

3)

{4)

(s)
(6)

(7)

(8)

In terms of analyzing on an annual basis the
investment by @ company in coal conversio.. there
are three basic quantities to be considered, name-
iy:

(1) annualizad investment cost, which is de-
Tine0 to be

. C*pital recovery
Coul investment (factor or fixed ) .

ost charge rate

(2) annual fuel cost differential, which is
defined to de
Fuel cost Heat rate Size
differential in BTY's/ in kw
in $/106 BTU's/ \kwhr

Average
8760 hrs) ity)
X ear capacity H

factor

annsal operatior- and maintenance cost
differential, which is defined to be

(3)

cost | fsize \ 78760 mes
(:.';I?{m:“'] \in h-) (ner year

Averag )
x fcapacity] .
factor
In the formulation of tne asmualized investment
cost, mitiplying the total investment cost by
either the capital recovery factor. defined to be

i(l*i). .
(l*i)li-l

wherve i is the anmual discount rate which reflects
the worth of capital and N is the aumber of vears
over which the investment is amortized, or by the
annual fixed {or levelized charge) vate has the
effect of amortizing the investmen® over a speci-
fied period of time (generally the remaining useful
life of the facility). Typically, *he choice of
the discount ratc is based on the weighted cost of
capital as determined according to ihe sources of

capital. For example, consider the tollowing Zrw-
putation:

Percent of

Total Capital Heighted
Capital Source Capitalization Cost (") Cost (%)
NMortgage Bonds 50 8.1 4.05
Preferred Stock 15 8.3 1.25
Common Equity 35 15 5.25

10,55

Therefore, the discount rate used would be 10.55
based on a weighted average cost of new capital.

Another approach would be to use a fixed (or
levelized) charge rate as is done by utility com-
panies to compute the ocnnualized investment cost.
This rate is chosen as a measure to describe the
rcvenue which must be raised annually to earn a
reasonable return on the capital used to purchase
ecuipment, to amortize the equipment over its pro-
ductive life and to pay requisite income taxes,
property ta:es and insurance. This ra’c desends
upon the comnsiveration of many factors including
the rollowing: the capital structure of the company;
the required return on debt, common and preferred
stock;: the useful life of the equipmeat and its
scrar age value, if any; the form.las used in com-
piating actual and tax depr-~ciatio); whether tax
>avings from depr >ciatior and the investment tax
credit are normaiized or flowed throuch; the effec-
tive tax sote (combined feder. and state): the
property axes. Typically, fixed charge rates
range from 20-40 , depending upon the relative im-
portance of tre abore factors.

Ir. order for ine investment in coal conversion
to breakeven the following must be true:

Annual ized) Annual | Annual

investment ] - | fuel cost ) - | 081 cost .

ost ] \differential differential
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The righthand side of this equation represents the
t gain due to fuel price savings.

As an itwstration, consider the conversion of
2 Boo-n?utt beilers requiring flue gas desulfur-
ization (FGD). This conversion is estim:ted to take
place in 1980 at a cost of $804/kw. Thes= boilers
are avumed to be operated at 707 capacity over
their rem:ining 20 years of useful lite, ant have
4 desiun heat rate when coal-firved of 9,700 BTU s/
kwhr. Assuming a 117 discount rate. this isplies a
capital recovery factor equal to

Caoan®
{(.11)

= 125572 .
or, equivalentiy, a fixed charge rate of approxi-
mately 12.67. Therefore,

Anqual i 7ea\
imes»snt) = (1,009,000 kw} (::m per)

x {.12557) = $12.557.564
Annuat Fuel cost
fue® co. \ = | differential ) :n’:w/m
diffevers 2t \in $7108 U< S/,
G 000 1.760 e
* \a (wr yr (.m:

Fuel cost
= (95,.1u...580) [differential
in $/7106 BTU's

Annual 03N cos*
081 cost ) differential) (Lm'm)
differential in S/kwhr

8.760 hrs

per hr (.7} = {9.811.,200)

differential

istration) utilizes a methodolony (see Refs. 788)
which considers such factors as: boiler size, re-
m2ining useful life ailesr conversion, operating
capacity both befare and cfter conversion, and de-
raling (i.e., loss of powe-~ because of pollution
control equipment), if any, estixated fuel prices
both before and after comersion; investsw ' t costs
for both air pollution control ¢quipment und non-
air pollution control equipment; OBM cost « ifferen-
tial for both air pollution control equipment and
non-air pollution control equipment: ann-al fixed
charge rate, or cost of capital if the capital rve-
covery factor is used to obtain the amortized in-
vestment ~ost; annual fuel cost differential;
annual fuel consuxption by tyoe of fuel both before
and after cocversion; heat content in BTU's for
each type of fuel consumed. These factors are used
to compute overall cvaluation measures such as:

(1) equivalent annual barrels of vil saved as
a result of conversion

12) annual cost per equivalent barrel of oil
saved

{3) change (annual cost differential) in cos:
per kilowatt-hour of electricity generated

(8) rate of return both before and after taxes
from the coal conversion investment.

Tables 1-3 provide an illustration of this
wethodology applied to the case of converting two
boilers with a tota! 158 IM capacity currently
using both natural gas and oil. Table 3 shows that
for this example conversion will save approximately
1.355 aillion barrels of oil per year at a cost to
the company of $1.95 per barrel saved {considerably
less than the price of a barrel of oil) and 3t an
increase of 3.472 mills per kilowatt-hour genera-
ted; however, the rate of return from th's particu-
lar investwm.nt is far from attractive by today's
standards as is seen by the 6~ before taxes and
3.2° afterwards (using straight line depreciation).

V. FINANCING CGXNSIDERATIONS

x (om cost }RI-I’RODUCIBII.!TY OF mssessinq the overall firancial impact of

in SIM|

For bredkeven we must then have

Fuel cost
12.557.564 = (95.168.640) |differential
in $7106 BW"'s

08!t cost
+ (9.311,200) { differential
in $/kwhr .

Figqure | grovides a plot ot tuel _ost differential
ver.ae Gt cot differential using this linear re-
lationship tor hreakeven., Assuming a 1.4 mill/kwhr
U8 _ost differential, this implies a fuel cost
differential of approximately $1.34 per 106 gru’s.
An estimated 1930 coal price (Source: Pacific Gas &
Electric Co.) is $1.49 per 10° BTU's. This implies
that in 1930 for breakeven the price of oil must be
at least $3.33 per 106 BTY's or, approximately
520.31 per barrel, which is comparable to DOE esti-
mates of the 1380 range of oil prices.

IV. OVERALL METHODOLUGY FOR EVALUATION OF
COAL CONVERSION ECONONICS

In the evaluation of the overall reasonableness
of coal conversion by utility cormpanies, the Depart-
ment of Energy {formerly the Federal Energy Admin-

i ORIGINAL PAGE IS miqn. consideration must be_qiveq to those

investment and annual coy-s whizh are in-
curred as the result of establishing a coal-burning
capability. The basic investment costs will con-
sist of those associated with the retrofit of
existing and/or acquisition of new air Zuiiution
control equipment., and those assc.iated with the
acquisition of coal handling equipmert and facili-
ties. The basic annual costs will consist of fuel
costs, fixed charges for such items as interest,
taxes. depreciation, etc.. operation and maintenance
costs associatea with non-air pollution control
equipment. Other factrrs nf importance would in-
clude the tine renuired to complete conve sion, the
resaining useful life of the boilers which are con-
verted, and the cost of borrowed capital.

These investment and annual cost ‘actors affect
the overall financial structure of a firm in a num-
ber of ways. This is best illustrated by 2xamining
the potential impacts on the standard financial
statements of a firm given by tne Balance Sheet and
Income Statement. For example, the tasic investment
costs would affect the investments, property, plant
and equipment, and long-term debt [and maybe even
the preferred stuck and common stock) categories.
The operation and maintenance cost items couid po-
tentially affect subsequent retained earnings. Tuel
costs enable the acquisition of a coal <upplv and
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thu. potentially vill impact the current assets,
current liabilities, and retained earmings cate-
gories. Fixed charges would potentially affect
both current liabilities and retained eamings.

Hith regard to the Income Statement, investment
costs would impact the income taxes paid based on
the amount of investment tax credit claimed and, as
a result, would affect the firm's net profit after
taxes. Both the operation and maintenance costs
and the fuel costs would impact the cost of goods
sold category and, as a result, the firm's gross
profit. Fixed charges would aftect the operating
expenses, other expenses and income taxes categories
and. as a result, would also have a direct effect on
the firm's net profit after taxes.

Other considerations which affact the capital
aspect of a firm's fimancial s*riclure are as
follows:

(1) growth rate of future sales

The futur grcwth rate of sales is a measure of
the extent °J wniih the earnings per share of &
firm are 1.ke'y to be magnified by leverage. In
some cases. financing by debt with limited fixed
charges should magnify the retu.ms to owmers of the
stock. On the other hand, the ~ow..on stock of a
firm whose sales and earmings are | “aing oi a fav-
orable rate comminds 3 high price in which case
equity financing is desirable. A firm must weigh
the benefits of using lev2rage against the oppor-
tunity of broadening its equity base when it choos~s
between future financing altermatives.

Sales stability and debt ratios are directly
related. With greater stability in sales and earn-
ings, @ firm can incur the fixed charges of debt
with less risk than it can when its sales and earn-
ings are subject to periodic declines;: in the latter
instance it will have difficulty in meeting its ob-
ligations.

Debt-<ervicing ability is dependent upon the
profitability as well as the volime of sales; hence,
the stability of profit wargins is as important as
the stability of sales. The ease with which new
firms may enter the industry and the ability of
cospeting firms to expand capacity will influence
profit margins. A growth industry promises higher
profit margins, but such margins are likely to nar-
row if the industry is one in which the number of
firms can be easily incre3sed through additional
entry.

Asset. structures influence the sources of tinan-
cing in scveral ways. Firms with long-lived fixed
ssets use lony-term mortgage debt extensively.
Fimms whose ¢.sets are mostly receivables and inven-
tory whose value is dependent on the continucd pro-
fitability Jf the individual! firm (for example,
those in wholesale and retail trade) rely less on
long-term debt financing and more on shorl-term.

(5) control position and attitudes toward risk
of owners and management

214

The management attitudes that most directly
influen-e the choice of financing are those con-
cerning (1) control of the enterprise and (2) risk.
Large corporations whose stock is widely owned may
choose additional sales of common stock because
they will have little influence on the control of
the company. In contrast, the owners of small
firms m3y prefer to avoid issuing cosmon stock in
order to be assured of continued control. Because
they generally have confidence in the prospects of
their companies. and because they can see the
large potential gains to thewselves resulting from
leverage, managers of such firer, are often willing
to incur high debt ratiro~.

{6] lender attitudes toward firm and industry

kegardless ¢t .anyemert's amnalysis of Lhe pro-
ner leverage factor fc: their firms, lenders' at-
tiwd. 5 are froquently the most important d=teiwmi-
nant of financial structurc. When management < -
to use leverage beyond norms tor the industry,
lenders may be unwilling 11 3-ce2nt <uch debt in-
creases. They will emphasize hat cxcessive debt
reduces the credit standing of the borrower and
the credit rating of the securities previously
issued.

Traditionallv, corporations have had three
sources of capital for investment in property, plant
and equipment :

{1) Reserves for depreciation, depletion and
amortization are essentially deductions
from operating income which can be used
for new investment.

(2) Utung-term and short-term debt may be in-
creased through the sale of debentr es and
other debt instruments.

(3) Equity capital may be raised through the
“ssuance of preferred or common stock.

Hith regard to reserves, they ave qenerally short-
term and, in many cases, not sufficient in amount.
Both long- and short-:ierm debt are constrained by
the lending institutions' desired capitalization
profile for a firm. For example, long-.erm debt
for utility companies is typically on the order of
45-55 and debt arveater than 55 could lead to «
lowering of bond ratings. In many cases there are
mortgage indenture coverage requirements in times-
interest-earned hefo ~ new debentures can be issuved.
For equity capital, preferred stock typically rep-
resents 10-15 of total capitalization and common
stock 30-40 for utility companies. There are in
many cases coverade requirements on both interest
and dividends before new equity capital can be
raised.

This discussion points out that, even though it
may be technically feasible for a company to con-
vert from using oil and/or qas to the use of (oval
as its primary fuel, the financial impact of the
firm must be considerea as well as the sources of
the needed capital. The abitity to attrat caprtal
is promoted by a demonstrated ability to provide in-
vestors with a fair and reasonable return on their
investment, to maintain a balanced capitalization
structure, and to qenerate a reasonable amount of
capital requirements internally.
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Fuel Cost Differential Versus O Cost Differential for Breakeven

SITE CHARACTERISTICS

Goiler thit Megawatt Capacity Remaining Life

Nuwber 1 51.0 20
Nuiber 107.0 20
FUEL PRICES (IN DOLLARS PER MILLION BTU'S)
Before After
Conversion Conversion
Coal 0.0000 Y.6000
0il 1.9130
Natural Gas 1.5500
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Table 1. [Illustrative Site Characteristics and Fuel Prices

Operating Capacity

Before After Derating Percent
.550 .550 0.000
.550 .550 0.000



Table 2. Illustrative Cost Data

InveSTHEAT CUOST DATA

—— e s secansm—a——n = - -

Pfide AkM PLLLUTION CileThiL EQUIPRENT INVESIMENT CUST 66068000,
ATk POLLUTLIGN CunTrUL EUUIPMENT INVESTMENT CUST 98%2000,
TOTAL LNy STRENT (UST 19520000,
AL IAvESTeENT CLuST PER alpuwatt 98,23

AT IZATIUN PERTUD DATA
Tt Tu CUPPLLIE CONVERSION N YEAKS 5
AVERALE NEMALININGL USEFUL LIiFE 18 VEARS 20
IGvESTRENT AMURTIZATIUN PERIOD IN YEARS 1%

AMKGAL LLST nata
NN ALk PLLLUTIONS CUNTRUL EOUIPRENT ANNUAL

UPLHAT JUK Anl R INIENANCE CUST DIFFEHENT AL 2356000,
Afy FELLUTION LONTHUL cUULPNENT ANNUAL

UPLHATIGA AN =AINTENANCE CUST ODIFFERENTIAL 76000,
AL T ELRED M1t LvEDTRENT COSY 8,
AnNUAL FARED Cran .t CuSt Q2az8/a,
AMAUAL FULL LUST OIFFERENT AL «2a16297,
T:TAL ANNUAL Co0ST DIFEENENTLAL 2e0aloly,
TCTaL UPERAT LN AND NAINTLUIANCE

CueST DIFFEFRTEIAL PER AnnH .0011

Table 3. [Illustrative Fuel Consumption Data and Values

FURL LUNSUNPI I DATA

of Coal Conversiorn Heasures

AVE HALE Annual ULL CONSUMPTIUN IN BARRELD BEFUNE CUNVERSIUN 12%a00%,
AVERA L ANNUAL NATUNAL LAS CINSUNPTIUN IN MCF BEFUKE CUNVEHRSIUN 62946%7,
AVERAGE ANKNUAL CHAL LUNSUNPTIUN IN TUnS BEFUNE CUNVENSIUN 0.
AVERAGE ANMNULAL BTUS NEFUHE CUNVEHSIUN (In MILLLIONeMILL IUNS) 8,9498
AVENAGEL ANNUAL RIUS AFTEK CONVERSIUN (I& MEL_JUNSMILLIUNS) 8,4098
AVEPALE annual Cial CunSumPTIUN 1IN TUNS AFTER CUNVERSIUN 55¢075,
LGUIVALENT ANNUAL BANRELS UF OJL SaVEU AS A RESULT OF LUNVERSIUN 1355005,

CUAL CONVERSION MEASUFRED
ARMLAL CUST Pen tQulvALENT BARKREL UF (HIL SAVED 1,9%
CHaNGLE I8 LUST PEN RILUMATToROUR UF ELECTRICITY GENENATED +005%a72
INTENNAL HaTt UF RETUNN UN COAL LUNVERSIUN JNVESTMENT(PENCENT) 6,061
ABTEH VAXES walE 1F MEFURN ON (AL TUNVERSIUN ENVESTMENT(PERCENT) 3,209

EPRODUCIBILITY OF THE
ORIGINAL PAGF. 18 PR
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