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ABSTRACT

This report examines the feasibility of replacing the low Btu
gas fired steam and power generating system in the Ralph M, Parsons 0i1/
Gas Compiex with a direct coal fired steam and power generating system.
The difference in capital cost between the coal fired alternate system
and the fuel gas fired system is 36.4 million dollars. For a savings in
coal of 586 TPD which is 1.6% of 36,000 TPD used by the 011/Gas Complex
or 6.1 million dollars annually, the rate of return on the additional

capital invaestment is 8.21%.

ACKNOWL EDGEMENTS

I would 1ike to thank Andrew Bela of the Ralph M., Parsons Company,
T. §8. Govindan of DuPont Co., George Gregorian of Westinghouse Company
and George Keenan of Babcock and Wilcox for their valuabie information

and assistance in preparing this report.

<1<



VIII-3

TABLE OF CONTENTS

PAGE

Introduction . . . & & & i a0 i s e e e e e e e e e VIII- &
Present System Description . . . . . . . . . .. e e e e e .. VIII- 5
Direct Coal Fired Alternate Description . . . . .. .. ... YIII- 7
Economic ANalysSis . . « . & v v v bt e e e e e e e e e e e VIII-10
Conclusions . . . . . . . & v v v @ v = v v e e e e e e e VIII-14
REFErEnCesS . v . 1 ¢ i e e e h e e e e e e e e e e e e e e e VIII-18
Appendix A Comparison of Overall Thermail Efficiencies

of the Fuel Gas Steam and Power Generation

System and the Direct Coal Fired Alternate

SYSEEIM . . L L . . s e e e e e e e e e e e e VIII-16
Appendix B 502 Scrubber Utility Requirements, Installed

and Operating Costs . . ., . . . . . v+ . 4 + v . . VIII-18
Appendix C Steam Turbine and Boiler Caiculations ., ., . . . . . VIili-z2
Appendix D Gasifier and Sulfur Removal System Costs . . . . . VIII-27

X18<



Figure 1.
Figure 2.

Table 1.

Table 2.

VIII-4

LIST OF FIGURES

Ralph M. Parsons Steam and Power Generation System

Direct Coal Fired Alternate Steam and Power
Generation System . . . . . . . . .. . ... .. ..

LIST OF TABLES

Equipment Descriptions and 1978 Installed Costs

Discounted Cash Flow for Coal Cost of $1.30/MMBtu

*i19<

PAGE

. VIII- &

VIII- 8

. VIIT-12
. YITI-13



VITI-5

INTRODUCTION

This study examines using a divect coal fired steam and efectric
power generation system to replace the existing low Bty gas fired steam
and power generation system in the Ralph M, Parsons 071/Gas Complex.
Elimination of the gasifier train which produces fﬁe] gas for the utility
boilers results in a 17% improvement in the overall thermal efficiency
of the system shown in Figure 1.

The present system is described and an alternate coal fired
system which meets plant requirements for electricity, steam and fuel gas
is develaped to replace the present system. An economic analysis shows
that a rate of return of 8.21% can be realized on the additional capital

investment of 36.4 miliion dollars.

PRESENT SYSTEM DESCRIPTION

The existing steam and power generating system in the Ralph M.
Parsons Qi1/Gas Complex is shown in Figurs 1, The gasifier is an air-
blown, two stage slagging type, and produces 33,030 MSCF/hr of 145 Btu/SCF
gas from 472,510 1b/hr of coal, 746,600 1b/hr of char-filter cake mixture
and 22,277 MSCF/hr air. 23,300 MSCF/hr of this gas is burned in four
utility boilers producing a total of 2,871,070 1b/hr of 1215 psi, 950°F
steam while 2596 MSCF/hr of the gas is used to superheat 785,555 1b/hr
of steam generated in heat recovery boilers to 950°F. The balance of
the fuel gas, 7134 MSCF/hr, is used in process superheaters, gas
sweetening, and sulfur tail gas processing. OFf the 3,656,625 1b/hr of
1215 psia, 950°F steam produced, 341,171 1b/hr is used for the 54,600 hp

gasifier air compressor, and 1,805,700 1b/hr is used for electric power

At §
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generation in turbines 32-0101 and 32-010Z which produce a total of 210
MWE for in plant use. The remaining 1,408,754 1b/hr of 1215, 950°F steam
is used for turbine process drivers throughout the plant. In addition

to the 1215 psia, 950°F steam used in other areas of the plant, 54,929
1b/hr of 615 psia, 768°F steam and 87,200 1b/hr of 40 psia, 267°F steam

are used in other areas of the plant.

DIRECT COAL FIRED ALTERNATE SYSTEM DESCRIPTION

The alternate direct coal fired steam and power generation
system is shown in Figure 2. This system produces the same amount of
steam and electric power, yet consumes 48,800 1b/yr or 586 short TPD
less of coal and 325,196 ?b)hr less of char-filter cake as a result of
the elimination of the low Btu gasifier train and ancillary equipment.

The overall thermal efficiency of the alternate steam and power generation
system is 17% greater than the existing configuration (see Appendix A).

A low Btu gasifier and related equipment has been included in
the alternate system to supply processes throughout the plant which re-
quire low Btu gas. This gasifier is similar to the existing gasifier
except that‘it produces only 21.6% of the low Btu gas as the original,
i.e., 7134 MSCF/hr. It has been assumed that the efficiency of the smaller
gasifier is the same as the larger unit, i.e., 72.9%, where the efficiency
is the Btu value of the products out divided by the total Btu value of
the feed into the gasifier. Steam generation from waste heat bolliers on
the gasifier off-gas stream was reduced directly as the reduction in gas
production, and the reduction in power required for the gasifier air com-

pressor was direct also, resulting in a 11,794 hp turbine driver. Additional

PSRN
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steam was required for the 502 scrubber system, and from Appendix B is
calculated as 90,297 1b/hr at 615 psia, 768°F. The amount of 615 psia,
489°F steam required hy the new redox sulfur removal system has been
decreased propertionally tu_12,543 1o/hr.

The electric power requirements for the aiternate power genera-

tion system are:

172.7 MU Process
5.2 MW New gasifier and redox
sulfur removal system
5.3 MW 502 scrubber system
14.7 MW Utilities, inciuding

coal fired boilers, coal
and ash handiing systems,
elactrostatic precipitators

TOTAL 197.9 MW

It was assumed that the coal fired boilers consumed 1 MW more than equi-
valent gas fired boilers of the same size. The power requirements for
the 502 scrubber system are calculated in Appendix B.

The amount of steam and electrical power required external to
the two power generation systems is equal.

The amount of steam and electric power used within the alternate
system is different, therefore, the steam extracted at various pressures
from the large turbines 32-0101, 32-0102 and also the new gasifier air
compressor turbine was adjusted to maintain the same output of steam and
power from the alternate power generation system "eontrol volume"., The

new coal fired boilers were sized to supply the required ameunt of 1215,

224
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950°F steam, or 3,498,025 1b/hr. Turbine steam requirements and boiler

calculations are given in Appendix C.

ECONOMIC ANALYSIS

The difference in the installed costs for the two power genera-
tion systems shown in Figures 1 and 2 is the installed cost of equipment
gddded to the present.system in the 0i1/Gas Complex, minus the installed
cost of equipment deleted, to arrive at the alternate system shown in
Figure 2.

Instailed costs of $25/1b-steam for coal fired boilers and $10/
1b-steam for gas fired boilers were given by Babcock and wi]cox(]). The
costs include feeders, conveyors, preheaters, blowers, burners, piping,
precipitators and controls. Ash removal equipment is not included in
the $25/1b-steam cost and has been calculated at $1,430,000 in Appendix B.
The installed cost and operating cost of the 502 scrubber were also cal-
culated in Appendix B and are $36,970,000 and $2,332,600 respectively.

It was assumed that the operating and maintenance costs for the original
power generation system and the alternate would be equal except for the

SO2 scrubber operating and maintenance cost, above. The installed costs
for the gasifier system, (unit 24), redox sulfur removal system, (unit 25),
and the process steam superheaters are from reference 14, and the new
gasifier system and redox system are calculated from these costs in Appen-
dix D, Table 1 Yists the equipment added or deleted, and éhe associated

costs,

TR v
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DISCOUNTED CASH FLOW ANALYSIS

The coal savings for the alternate steam and power generation
system is 48,800 1b/hr. At the 1978 price of $31.53 per ton(s), the
yearly gross savings for a 330 day year(14) is $6,095,600. The net yearly
savings is $6,095,600 - 2,332,600 or $3,763,000. For the additional
capital investment of $36,384,000, a 20 year project life, 100 per cent
equity, the rate of return using a discounted cash flow analysis is 8.21%.

The yearly cash flows are presented in Table 2.

LIFE CYCLE COST OF ALTERNATE SYSTEM

If the additional capital investment of $36,384,000 is bor-
rowed at 9% interest for a period of 20 years, the 1ife cycle cost is

given by:
Lcc = 20 (R - COM - CRF x &aC)

whare
R = the annual savings in coa] costs

c = the annual operating and maintenance cost

oM
CRF = the uniform capital recovery factor, for 20 years
at 9% interest '

AC = the additional capital investment required for the
atternate system.

Therefore:

Lee = 20 (6,095,600 - 2,332,600 - .1095 x 36,384,000} = - $4,421,000
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TABLE 2

Discounted Cash Flow for Coal Cost of $1.30/MMBtu

wode i P b o el alpag hoals s P T TR P R FERFTRITIN TRV PRV IR Lyt Ry Lv g wte ihe oo ala s o, Ry Al by b nhe s o] )
mA$$$$£ﬁ$m$*$£#KH¥*$$*M**$$#¢$4$$$$$$Mimm£m$%AmK$A$Mm$H$$$d$$$$$$m$$$

100 FERCENRT ZRULTY . O PERCENT Tex CRFDRIT ON
OPFRCENT THTEREST O FPERCENT OF ITHVESTMENT
THE CALCULATED RATE OF RETURN IS 0.210 FLEROENT

YL AR CROSE CAsH AHNLIAL AL NET Case OISENTI
FLW LEFRES TaX FLOW CagH FLau

ts trur e e e tid Y 4 D dok U YEY o S W P o Y e vy e e A bk bk = A 1 Il S ey (7 L S e e fe e e Ak N ey A S S M A b L Rt 1P I T S i b gen s e

AT03 428G AV Q 37463 42070
BIHI 4012.,.941 G I7HI 3109.,917
’Jr”c" 3 I74G 412 0 X743 227,198
43 SA7T 882 o 3763 2E7G.18
”Gd 3210.353 9] 3763 BI3LL DT
ST 2942 H04 ¢ 788 2124,1145
X783 DATNLAY Y Q 3763 1931.014
wlhE 2407 TG o) IVH3 1750247
AN 2140,23% ' 37463 LR a
21743 1872.704 A743 1450,.8
K 14G5.174 3743 1318.%0%
37ET 1337647 3743 11¢%.008
?Tﬁ3 10706.118 3743 1090.007
Y] RO, GHRO2 37463 FROLELEY
3763 33T, 05&8 37463 SO0, B304
RFLHT 267,029 3763 813, 9308

s BN R WS S ELY B

I e

GG S T T

S GO OO O OO0 G

1 ] 0 I783 ?}‘ft'?l.lrl.l
1 2783 O 3783 &7 G, B8R
19 AT 0 2753 AH18.,.2307
20 A7E3 O 3753 AP 0441
TOTAL. FLaF7 J21I0Z.03 O s1467 FANTLH.048

NET PREBENT VALWUE aT a RISCOUNT RaTE DF 10 FERCENT=A347, 4307

Note: Figures are in thousands of dollars.



VIII-14

ST,

CONCLUSIONS

The alternate coal fired power generation system saves 48,800
Ib/hr of coal or $6,095,600 annually, at an increase in capital cost of
36.4 million dollars., This yields a rate of return of 8.21% on the
capital investment.

The cost of the gasifier and redox sulfur removal system in
the alternate design to supply low Btu gas for process use throughout the
plant is 39 million doliars. For processes which would not require low
Btu gas, the economics of the coal fired alternate would be much more
attractive.

The removal of 502 from bofler stack gases is another major
consideration in the implementztion of the alternate power generation
system. State-of-the-art tect-ology in 502 removal from stack gases has
encountered probiems in meetir required emmission standards, because of
equipment reliabi1ity(6). However, given the estimated lead time of six
years for construction of the 0i1/Gas facility, there is a strong possi-
bility that problems associated with 502 removal will have been solved,

prior to start-up aof the proposed plant.

LEI<
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APPENDIX A

Compariscon of Overall Thermal Efficiencies

Fuel Gas Steam amd Power Generation System

and the Direct Coal Fired Alternate System

Cycle efficiency, n is defined as:

where,

w -

From Figures 1 and 2, it can be seen that

Therefore,

the net work ocut of the system

= the net heat input to the system.

Ynet 1 7 Ynet 2

™. n 2

Nz G4p 1

For the values of 1130.5 Btu/1hb for char-filter cake(14) and

12,125 Btu/tbh for the coal used(]a), the heat inputs for the two systems

ars:

in 1

Un 2

6.57 x 10

= 472,510 1b/hr x 12,125 Btu/1b + 746,600 16/hr x 1130.5

9 Btu/hr

= 423,690 x 12,125 + 421,404 x 1130.5
5.614 x 10

9 Beu/hr

<di<
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1 _5.614 x 10°

n
M 6.57 x 10°

= 854 or Ny = 1.17 ™
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APPENDIX B

SO2 Scrubber Utility Reguirements, Installed, and Operating Costs

An SO2 scrubber system for a 500 MW power plant consumes 129,440

1b/hr of 615 psia steam and 7.6 MW of electricity(3). To obtain an
equivalent power generation output for the alternate system shown in
Figure 2, it is assumed that the net heat out of the control volume is
utilized in a Rankine Cycle with a cycle efficiency of 35%. Assuming
isentropic expansion of steam through ideal turbines to a pressure of
2.5" Hg, the net total change in the enthalpy of the streams into and

out of the control volume is:

Awer = Bhoyr - EE:QhIN

where ah is the {sentropic change in enthalpy from the initial stream
temperature and pressure to 2.7 Hg.

From Figure 2:

thy = 263,300 Tb/hr  (1203.2 - 820) Btu/hr
sh, = -392,800  (1195.6 - 880)

Mhg = 1,409,754 (1470 - 920)

thy = 54,92 (1391 - 920)

Ah 87,200 {1189 - 950)

5

Ah = 592.88 MMBtu/hr

NET

R
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n X Ahyes
3413 Btu/hr-kw

_ .35 x 592.88 x 10°

3413

60.8 MW

Assuming the fuel gas is burned in a boiler with an 85% effi-

ciency, the work available from the fuel gas is:

= 7134 x 10° SCF/hr x 145 Btu/SCF x .85 x .35
3413 Btu/hr-ku

= 90.2 M

The total equivalent MW output for the alternate system is:

WroTAL 197.9 + 60.8 + 90.2

1n

348.8 MW

The 615 psia steam requirements for the 502 scrubber are:

_ [348.8
= [‘Eﬁﬁ_'] 129,440

80,297 1b/hr

and the electical requirements ara:

) 7.6 = 5.3 M

348.8
500

234<
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SU2 Scrubber Installed Cost and Qperating Cost

Reference 3 gives the 1978 total installed cost of a 500 MW SO2
scrubber as:

$45,885,000
Using a .6 power 1aw(13) the cost for a 348.8 MW scrubbe- is:

6
- 348.8 } -
¢ = $45,885,000 [W)

= $36,970,000

For comparison, an approximate installed SGP_scrubber cost of
§10/1b-steam was obtained from Babcock and Wilcox'!), which is $34,980,000
for the alternate power generation system. The two cost are within 6%
of each other,

From reference 3, the 1978 annual operating cc :s for a 500 My

scrubber system are:

$ 1,114,000 Limestone

2,229,700 Operating manpower and
maintenance cost

$ 3,343,700 Total annual oparating
and maintenanr2 cost

Assuming a direct ratio between operating and maintenance cost and scrubber

size, the cost for the alternate power system scrubber is:

{éggéé) 3,343,700 = $2,332,600/yr

3o

PN
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Ash Removal Equioment

From reference 4, a 1975 cost of $10.73/kw is given for coal
and ash handling equipment for coal fired boilers. It is assumed that
1/3 of this cost is for ash handling equipment which is not inciuded in
the installed cost of $25/1b-steam for coal fired boilers. Using the

(9,12)

Marshall and Stevens Electrical Power Industries Cost Index , the

1978 installed cost for the ash handling equipment is:

(T?SQT) §10.73 x 5 = $4.10/kw

The total cost for the equipment is:

3

$4.70/kw x 348.8 x 107kw = $1,430,000

3o
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APPENDIX C

Steam Turbine and Boiler Calculations

Mass flow rates of steam from the extraction points of the new
turbine are adjusted to maintain the original net steam output and power
output from the power generation “"contre! volume"” shown in Figure 2. Since
the original turbine and the alternate operate at nearly the same condi-
tions it is assumed that the turbine efficiencies are equal. it is first
necessary to determine the efficiency of the power generating turbine in

the original system. First the Rankine Cycle steam rate, described by:

Lb. 2545 Beu/hp-hr

Hp-hr (h] - hzs) Btu/ibm .

RCSR

is found by using a weighted average of the available energy described by
the isentropic enthalpy drop across each extraction point. For turbines
32-0101,0102 shown in Figure 1, the Rankine Cycle steam rate can be

written:

RCSR = ' 2545 Btu/hp-hr
(T870-13757).066 + {1470-1300).117 + (1470-1242).126 + [1470-500}.657

5.64 1bm/hp-hr

il

The actual steam rate, ASR is:

1,905,700 1bm/hr

ASR = 5107560 tw % T 340 o7k

= 6.77 Tbn/hp-hr

Therefore, the turbine efficiency is:

it e
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Nryrg T Aeg. X 100%
- %4%%— x 100%
- 83.3%

The new turbines have the same efficiency. From Figure 2, the
output must be 197.9 MW or 265,280 hp. In addition, the required mass
flows from each extraction point which yield the same steam output from

the system are:

270,947 1bm/hr @ 615 psia, 768°F
210,633 1bm/hr @ 315 psia, 619°F
330,071 Tbm/hr @ 165 psia, 492°F

It remains to solve for &, the amount of steam condensed at 2.5" Hg.

We can write:

2545 Btu/hp-hr

RCSR = n
05(-270,947 | , 170( 210,633 } , o[ 330,0M |, co0 .\
811,615+m 811,615+m 8n,m5m) BH,M&m}
The ASR is:
ASR = 811§s15 + m

Dividing the RCSR by ASR we have:
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or

m o= 1,187,004

Therefore, the total steam required for the new turbines is:

= -
1]

1,187,094 + 811,651

M

1,998,750 1bm/hr

A similar calculation was performed on the original 54,600 hp
gasifier air compressor turbine driver, yielding a steam flow of 89,521

1b/hr for the new, 11,794 hp gasifier air compressor turbine driver.

Boiler Ca]cu1ations

The amount of heat input to the boilers is:

o :
Un * 7 [Meuhay) * Mspyihp-ne)]

where:
g = boiler efficiency. assumad to be .8(7)
&SH = amount of steam entering the boiler at 1215 psia,
569°F to be superheated to 350°F
hy, = 1470 Btu/lom, {1215 psia B 950°F)
hy = 1183.2 Btu/Tb {1215 psia @ 569°F)
he = 468 Btu/1b (1215 psia @ 484°F)
From Figure Z. Mg, = 143, 755 1bm/hr, and mep = 3,268,717 Tbm/hr ~
Therefore: o
9. = 4.194 x 10° Btu/hr

mn

e3I<
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In the original system, 746,600 1b/hr of a char-filter cake mixture was
fed to the gasifier along with coal in a ratio of .633 coal to char-
filter cake. The char-filter cake mixture consists of 329,800 1b/hr of
filter-cake from the coal liquifaction process in unit 13 of the 0il/
Gus Complex, and 416,800 1b/hr of char which is recovered from the gasi-
fier off-gas and mixed with the filter-cake to aid in drying the mixture.
The gasifier in the alternate system produces .216 the amount
of product gas as the original, therefore, the amount of char recovered

from the product gas is:

416,800 x .276 = 90,028 1b/hr

The amount of char-filter cake mixture available for the alternate system

is:

329,800 + 90,028 = 419,828 1bH/hr.

The ratio of coal to char-filter cake, .633, is maintained for
the new gasifier, therefore, the amount of coal and char-filter cake

required is:

MeaaL > .216 x 472,510 Ybm/hr
= 102,062 1bm/hr

. _ 102,062,
CHAR © ~.633

I

161,235 1bm/hr

240<
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This leaves:

419,828 - 161,235 = 258,593 Tb/hr

of char-filter cake for the boiler. For'the char-filter cake heating

value of 1130.5 Btu/1b, the amount of coal required by the boiler can be

calculated.
oA = 258,593 ib/hr x 1130.5 Btu/1b
= 2.92 x 105 Btu/hr
- 2.194 x 107 Btu/hr - 2.92 x 105 Btushr
9coaL T ‘
= 3.9 x 107 Btu/hr.
Therafore,

3.9 x 107 Btu/hr
12,125 Bru/hr

= 321,649 1b/hr.

MeoAL

The total amount of coal required for tha gasifier and the

bofler is:

321,649 + 102,062 = 423,711 1b/hr

The savings in ¢oal is:

472,510 1b/hr - 423,771 1b/hr = 48,799 1b/hr
or 586 short TRD

v R
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APPENDIX D

Gasifier and Sulfur Removal System Costs

From reference 14, the 1975 installed cost for the gasifier
and associated equipment is $66,563,000. Using the Marshall and Stevens
Chemical Process Industries Equipment Index(g’]z), the 1978 installed

cost is:

530.5

w73 X $66,563,000 = 78,071,000

Using the same index, the 1978 installed cost for the redox sulfur remo-

val system is:

ggg;g x 16,760,000 = 19,658,000

Similarly, the 1978 cost for the superheaters in the original steam and

power generation system is:

%%gag x 1,700,000 = $1,994,000

The cost of the gasifier system for the alternate power genera-
tion system shown in Figure 2 is calculated by the .6 power 1aw(13),
which is:

H L}

-.B
Capacity A |*~ _ Cost A
Capacity B ) Cost B
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For the gasifier:

CG

V.5
i 7134 MSCF/hr
a7 ° 785071000 ( }

33,030 MSCF/hr

= $31,128,000

Similarly, for the redox sulfur removal process:

CSRy 7

$19.658.000 | 1134 MSCE/hr )'5
33,030 MSCF/hr

$7,838,000

<33=



