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ABSTRACT

A study has been made on converting alternative sources of oxides
of carbon (CO and 002) to synthetic methanol with nuclear power generated
electrolytic hydrogen and oxygen. The sources of CO and CO2 include
(1) the oxygen blown blast furnace which produces CO as a by—pro&uct
from hot metal production, (2) the steam calcination of limestone which
produces coz as a by-product of the lime and cement industry, (3) fossil
fuel power plant stack gas as a source of CO2 and, (4) the atmosphere,
from which COZ is recovered in 2 novel carbonate electrolytic cell. The
recoverad CO or CO2 is catalytically combined with electrolytic H2 te
produce the svnthetic fuels. In these systems, the conservation, efficiency,
and environmental control of coal utilizaticn is significantly improved. Blast
furnace GO could supply up to 20% of the gasoline demand in the US at a
1985 cost of 56 to 60¢/gallon, breaking even with $19/Rbl imported oil.
The 602 from steam calcination <f limestone could supply about 9% of the
gasoline demand and the reaovered 002 from only 60Z of the coal fired
powered plants in the country could supply all of todays gasoline demand
in the country (v 100 billion gallons/yr). The 1985 cost estimates for
carbon dioxide based gasoline range from 68¢/galion for the highly con-

centrated calciner CO2 feedstream to 83¢/gallon for the very dilute



. a;mnspheric CO2 feed, breaking even with $21 to $28/barrel oil for
conventional gasoline. The dominating cost factor is the alectricai
power cost from the nuclear plant. The sharing of peaking and base
load costs between the power and synthetic fusls consumers offers

a cost and energy e=ffectlve system.
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INTRODUCTION

It is fairly well recognized by now that the principal energy
deficit in the US relates to inadequate supplies and production of fluid
hydrocarbon fuels, i.e., fuel oll, gasoline, and natural gas. The
government policy in the near future is first, to reduce demand by
conservation measures, i.e., lighter more efficient auzomobiles, better
home insulation, and more efficient industrial operations and second,
to foster the utilizztion of our indigenous coal reserves for power
production and for conversion to gaseous and liquid synthetic hydrocarbon
fuels,

There is increasing comncern about the problems of strip and deep
coal mining, envirommental factors, water requirements, transportation
facilities, and the increased cost associated with coal production
conversion and utilization. Indeed, the ultimate concern may be the effects
of disposal of increasing quantities of carbon dioxide to the atmosphere
by increased coal utilization (Ref. 1).

Nuclear energy seems to be relegated to electrical power production
only because it is thaought to be inflexible as far as synthetic fuels

are concerned. As has been shown in several recent studies (Ref. 2) this

is a popular misccaception since nuclear power can be utilized to zenerate



synthetic fuels through the thermal and electrolytic decomposition of
water in combination with the processing of carbonaceous raw matrerials.
Nuclear erergy can thus conserve fossil energy inm a two-fold way; not
oniy for production of electrical power but also for production of
carbonaceous fuels.

Alternative non—fo;sil sources of hydrocarbon fuel irclude biomass
and agricultural solid waste. These fundamentally rely on solar energy
which is limited to large terrestrial surface areas; and the vagaries of
climatic conditions, low efficiencies, and high costs. .

The greates: Impact on comservation of fossil fuel wquld be to use
puclear power to reduce oxidized forms of carbon with nuclear generated
hydrogen. The major sources of carbon dioxide and carbon monoxide are:

1. TFossil fueled steam and power plants.
2. Industrial chemical plants (lime, cement, ammoﬁia, etc.).
3. Metallurgical operations, blast furnace operations.
4. Nzatural gas wells.
5. Geothermal wells.,
6. Limestone calcinatiom.
/. Seawater
8. The atmosphere.

In this paper, we will concentrate on further development of
three sources of carbon oxides for conversion to synthetic fuels and
feedstocks, (1;~$las: furnace, (2) limesﬁone calcination and, (3) coal
fired power plants and, (4) a new system for fixation of.atmospheric

co,.



II. OXYGEN BLOWN BLAST FURNACE AS A SOURCE OF CO

The steel industry presently uses a hot air blast furnace to reduce
iron ore with coke. The CO produced for a total US iron capacity of 125 x 106
tons/yr roughly amounts to 125 x 106 tons/yr of CO. However, the top gas con~
centration is only 20% €O diluted with nitrogen and coz, and thus has a low BTIU
value (80 BTU/fts). If the hot air is replaced with an oxygen blast diluted
with recycled COZ’ the concentration of CO in the top gas increases to
80% producing an intermediate BTU gas (250 BTU/fta) (Ref. 4). This gas
can be readily used for convarsion to synthetic carbonaceous fuels. In
addition, by blowing with enriched oxygen, the hot metal capacity of the
blast furnace effectively doubles and the present regenerative air
preheat ovens are eliminated. With oxygen enrichment, the blast furnaces
runs at a higher temperature. In the conventional approach to the oxygen
blown blast furnmzce for synthetic fusl production, the oxygen is supplied
to the furnace from an air liquefaction plaat. I=n this coaventicnal
case, 2/3 of the top CO gas must be shifted to hydrogen zsnd the remaining
1/3 is catalytically converted wich the hydrogen to synthetic fuel. With
nuclear power a decided process improvement can be achieved. Exploying
nuclear power gemerated electrolytic decomposition of water, the oxygen
cen be used to blast the furnace and the hydrogen can be mixed with the
concentrated CO in the top gas to make up synthesis gas for the catalytic
conversion to methancl and by catalyvtic dehydration to synthetic gasoline
(Ref. 5). In this wzoner, utilization of the CO in the top gas is
inerzased three-fold. The flow sheet for this scheme is shown in Figure 1.

According tc the stoichiometry, the system is well balaaced and the



overall reactions.are essentially:

K = Ve’
yC + moz + :\Fezo3 =nC0 + zco2 + 2zFe

nHZO + nCo = (CHZ)n + nO2

where (CHZ)n represents the mixed aliphatic anq aromatic synthetic
gasoline distillate fuel ﬁroduced in the catalytic conversion processes.

It should be noted that in the two~step catalytic process either methanol,'
gasoline or a blend of the two can be produced on demand.

A preliminary ecqnomic analysis of the cost of production of methanol.’
and gasoline from the top gas of an oxygen blown blast furnace was made
comparing a conventional air liquefaction oxygen and shift conversion
process with a nuclearéelectrolytic oxygen and hydrogen system. The
blast furnace was assumed to have a nominal conventional capacity of 3000
T/D of hot metal which when blown witl oxygen tempered with CO, would
double the capacity to 6000 T/D and produce rcughly 6006 T/D of CO top
gas, Table I shows the production capacity of synthetic fuel and the
estimated capital cost. With air liquefaction and shift comversion the
blastlfurnace could supply CO te a plant producing 16;500 Bbl/D of
ﬁethanol or 7,500 Bbl/D of gasoline. The nuclear-electrolytic plant
would triple the capacity to 50,000 Bbl/D methanol which can produce
24,000 Bbl/D gasoline or a blend of the two. The 1985 equipment costs
wére assumed to escalate 807 over the 1975 costs. The production cost
estiﬁate is given in Table II. Power cost for the nuclear reactor is
assumed to be charged on an incremental off-peak basis as previously
estimated (Ref. 3). The economic analysis shows the fallowing:

1. Significart synthetic fuel capacity can be achieved with the combina-

tion of the blast furmace and nuclear-slectrolytilc systems,



2. The unit capital investment is significantly reduced from the
conventional blast furnmace svstem because, (a) the regeperative air
preheat ovens are eliminated, (b} air liquefaction is eliminated end,
(c) CO =hift conversion is eliminated. However, electrolyzers are
added.

3. The nuclear-electrolytic production cost is much lower than the
air liquefaction-shift plant because of the increased capacity
of the plant and the use of incremental power cost.

4, 1If indeed, incremental nuclear power cost can be obtained at
6 mills/kwh(e), synthetic gasoline could be produced for 60¢/gallon or
56¢/gallon if oxygen by-product credit can be realized. These costs
should brezk even with 8$19/Bbl foreign oil to produce conventional
gascline. 1If the ineremental cost of power would double from 6 to 12
mills, the cost of the gasoline would go up about 32% to 80¢/gallon
which broaks even with $26/Bbl o0il, a value which some believe will be
reached in 10 years.

5. As will be showm later in Table VIL if all the blast furmace
capacity could be converted to oxvrzen blown systems, there would be
enough CO for conversion to gasoline to suppiy zt least 207 of the auto-
ootive fuel market.

6. It chould also be notad that if the capital cost for the electro-

lytic cells were increased to 5200/kvh(e) as recently estimated (Ref. 13)

instead of the $90 kwh{e) assumed here, the costs would increase by only 12%

bringing the gasoline cost to 67¢/gallon.



III. STE&M CALCINATION OF LIMESTONE AS A SOURGE OF CD2

At least 25 milliog tons of limestone are calcined to lime a year
and over 80 million tons a year of cement is also produced. This amount of
1limestone decarbonation yields a potengial of approximately
60 x 106 tons/yr of CO2 available from the lime and cement industry in the
1S. Rotary kilns are fired by either nztural gas, oil or
coal with calcination temperatures usually réaching about 900°C. A
possible conservation measure is to introduce steam into the kiln to
lower the calcination temperature by as much as 200°¢ to 700°¢C (Ref. 6).
This would reduce the energy rgquirement in the kiln and produce a more
reacrive lime. The steam effect has been controversial, however,
in laboratory studies a 3 to 5 fold increase in rate of calcination has
been observed at elevated steam comcentrations (Ref. 7). With fossil
fuel, the équilibrium and rate of calcination is reduced by the partial
pressure of c02 from the combustion process. It is thus proposed to
replace fpssil fuel fifing of the kiln with hydrogen-oxygen—stéam firing,
with the hydrogen and oxygen being produced by the eleckrolytic
decomposition of water using nuclear power. The calcination rate should
be markedly inereased in a pure steam atﬁosphere where the partizl pressure
of €0, introduced is zero. Since the stoichiometric HZ/O2 flame has an
extremely high adiabatic temperature (v 2800°C), the flame must be tempered
with a quantity of steam obtained from thé power generation and the
heat recuperator at the back end of the kiln to reduce the ﬁemperature of the
flame to about 2000°C. A schematic process flow sheet of the system

is shown in Figure 2. The Ho from the cells are then combined with the



CO2 catalytically to form methanol, gasoline or blends. This system is
fundamentally different from that proposed previously (Ref. 8) in which

a high temperature gas cooled reactor (BIGR) is used to supply 900°c

steam to the kilns. This temperature is still z little beyond the
capability of present HIGR's which presently can reach about 600°C (1100°F).
At higher temperatures, the operation of the reactor may be materials
limited. A flame burning free in space, produced by burning Hz-Oz-steam is
not materials limited. The Hz and 02 generated electrolytically required
for firing the kiln can additionally be used for the synthesis of
distillate fuel.

It should be pointed out that if stack gas scrubbing with lime takes
hold in the US to control sulfur enissions {rom coal-burning power plants,
then a large amount of calcium sulfate will be formed which will reguire
regeneration to reduce limestone costs and to eliminate the limestone waste
disposal problem. The steam calcination of sulfated limestome driven
by the nuclear-electrolytic system could be applicable for production of

by-product synthetic fuels.

IV. FOSSIL FUEL POWER FLANT STACK GAS AS A SOURCE OF CO2

The largest source of man made 002 input to the atmosphere is from
the combustion of fossil fuel for heat and power purposes. Central
power plants where large quantities of CO2 are generated in stack
gases makes up about 1/3 of the total CO2 emissions due to fossil fuel
burning in the US. The concentration of CO, in stack gas varies frcm

2

about 3% to about 197 in the flue gas depending upon whether gas or



coal is burned, Thus both as a large centralized source of 002 and a
concentrated source of 602 it appears logical that if we are to continue
burning £ossil fuel and especially in view of our plane to rely heavily
on coal, for purposes of controlling the CO2 effluent in the atmosphere,
it would be most beneficial and economical to remove and recover

the CO2 from fossil fuel power plants for production of synthetic

carbonaceous fuel and feedstock.

A number of processes can be considered for separating the CO2 from
stack gases including, (a) absorption-stripping, (b) cryogenic separation,
(c) adsorption-stripping and, (d) diffusion barriers. Pelying on 2
previous study (Ref. 9), it éppears that absorption-stripping techniques
are the more economical means for recovering and concentrating the C02.

Tn view of the fact that environmental control processes are being applied
to fossil fuel plants because of particulate and sulfur emissions,

C02 scrubbing system can be appropriately integrated into the gas
scrubbing operation. Figure 3 indicates a schematic flow diagram of the
production of synthetic carbonaceous fuels and feedstocks, converting -

CO2 from stack gas with nuclear-electrolytic hydrogen. The sequence

of operation is electrostatic precipitation followed by lime-limestone

wet scrubbers to remove the 502 fo;ming a ;alcium sulfite/sulfatre waste
(which can be regemerated by desulfation), followed by CO, removai

using a potassium carbonate absorption-stripping operation (Ref. 12).

The concentrated CO2 can then be compressed to 350 to 100 atm,

or alternatively, the stripping towers may be operated at these highex



pressures and combined with hydrogen from the cells which also can
be operated under higher pressure, thereby eliminating the need for
ccmpression. The mixed comprassed gas is catalytically converted to
methanol and chen dekydrated to distillate fuel or it mzy be coaverted
from the synthesis gas directly to synthetic gasoline.

The conversion of CO2 from fossil fuel fired power plaents for distillate
fuel production in =ffect makes use of the carbon in the fossil fuel twice; one

time for producing electrical power and a second rime for making synthetic fuel.
V. ATMOSPHERIC co,, .

The ultimate repository for CO2 from fossil fuel combustion is the
atmosphere. A vast rescurce is alrezdy available (v lC‘l3 tons/vr). A
concern is to maintain the present CO2 balance between the biosphere and the
actmosphere. The only methods to hal:z the increase in CO2 content of the
atmosphere are to cease burning fossil fuel and to recduce the co, back
to carbon as fast as we barn it. By substuting nuclear pover for
fossil fuel we accomplish the first objective end by recovering and
reducing atnmospheric CO2 we accomplish the second. Two systems for
removal and recovery have been proposed previously (Refs. 2 and
9). One depended on z dilute aqﬁeous carbonate zbsorpticn~stripping
tachnique and the other on & chlor-alkali carbonate neutralization
svstem, The former proccess suffers frem a large heat exchange load and
the second from high power requirements. A new.system is proposed heare
which combines the best of both systems. The process depends on the
electrolvtic decomposition of water containing higher concentrations of

carbonate/bicarbonate ionr, which is essentially the electrolytic



| I

decomposition of sodfium carbonate/bicarbenate thus forming caustic,

dz, 02 and COZ'

Na,C0, + 4H,0 = ZNaOH + 34, + 3/2 0, + CO,

2 2

Obgervations at Brookhaven (Raf. 10) indicated that water can be electro-

lytically‘decompo§ed to H2 and 02 in a sodium carbonate/bicarbonate cell
releasing CD2 in additicn to 02 at the anode and H2 at the cathede. The
theoretical cell voltage is approximately 3.0 volts per wole. of Hz. This
compares to 2.4 velts for the decomposition of water. if a three compartment
cell is used, the CO2 can be separated in a center compartment. Referring
to flow sheet schematic Figure 4, the regenerated caustic is then used to
scrub che 002 from the atmosphere and the CO2 recovered from the cell
is combined with hydrogen catalytically to methanol and gasoline blends.
In this case, the oxygen is vented to the atmosphere. It may also be
possible tc operatz the carbonate cells under pressure to match
the operating conditions of the catalytic cenvertors so as to eliminate com-
pressien. The cell may operate at elevared temperature (100-1§o°c) to improve
efficiency. The systemn, nowever, is essentially an isothermal one for
renoval and recévery of CO2 compared to the abscrprion=-stripping process
whlzh vequires large heat exchange loads. FurtLermo;e, no additional
cell equipment, power requirement and corrosion problems are enQOuntered
as existed in the earlier nroposed chlor-alkali flow sheet (Ref. 3).

The nuclear-electrolytic carbonate system may be of value for

stack gas scrubbing of CU,, however, in this case where CO, gas composi-

ions up to 15% are available .compared to 0.035% in che atmosbhere,

~10-



adoption of a conventional absorption/stripping technique is probably
more economical.
VI. ECONOMIC ANALYSIS OF CO2 BASED FEEDSTREAMS FOR SCFF PRODUCTION
There is a certain ccmmonality among the three 002 based processes
for evaluating the economics of the production of syathetic fuels and
feedstocks. Using a CG2 feedstream the common process chemistry is as
follows:
1. WNuclsar-electrolytic hydrogen
3H20 = BHZ + 372 02
2. Catalytic methanol synthesis
002 + 3H2 = CH3OH + H20

3. Catalytic gasoline synthesis

(¥ =
n{H.,0H (CHZ)n + nH,0

3 2

It is noted in producing gasoline or light distillates from COZ’

for every mole of carbon reduced from the oxide to the distillate (CH,) |
3 woles of hydrogen must be utilized of which 2 moles are converted to
water and axe recycled, while only one mole appears in the final
product, Thus, a-priori, the system is inherently am emergy intensive
cne.

The basic process data used in performing the preliminary economic
evaluations are given in Table III. The capital invest;ent data for the
econonic analysis is shown in Table IV. All data are given in escalated
1985 dollars based on the references given in the footnotes of the table.

One notable difference is the unit cost of electrolytic cells which is

assumed to be $200/kw(e) (Ref. 12) or sbout double previous estimates.

This increased estimate was assumaed in the event cest reductions

~11-



due to large scale development of cells do not materialize. The production
cost of methanol and gasoline are showm in Tables V and VI. The main
differences ‘in the processes which affects the econoyics and the capaéity,
relate to the concentration of the source CO, and the volume < feedstream.
Since power supply and cosﬁ are controlli#g factors, the production
capacity of the synthatic plant is fixed by the nuclear power plant
capacity. This was assumed to be.an oprimized 1000 MW(e) base=-loaded
nuclear plant operating in an off-peak mode. Thus, about 725 ME(e)

of power can be available at an incremental cost of 6 mills/kwh(e)

(Ref. 3). Tables V and VI also include the production cost based

on the total cost of nuclear power from 2 dedicated plant which is
estimated to be at 30 mills/kwh(e).

The salient cenclusion of the cost estimates is that with a reasonable
off-peak power cost of & mills/kwh, synthetic distilléte fuels can be
produced at costs ranging from 68.2 to 82.9¢/gallon of gasoline depending
on the concentration of CO2 in the feedstreﬁm, going from a pure CO2 stream
to a CO2 centeat found in the atmosphere. These costs can brezk-even with.
distillate fuel from crude oil estimated at costs ranging from $21.00 to $27.50
per barrel. Thermal cost values in this range are equivalent to from $5;50 to
$6.50/MMBTU. It is interesting to note that current cost estimates for cozl
gasification and liquefaction plants for producing synthetic fuels are
estimated to brEEk-even‘with crude oil at costs ranging from $25 to as high as S40
per barrel (Ref. 13). In view of these costs, the above do not seem
uareasonable. The estimates also indicate that the cost of synthetic

frel would increase by two and a half times for a dedicated nuclear



plant at the full power cost recovery of 30 mills/lwh(e) which would
probably not be competitive in the near term future.

The general observation concerning the cost of reduction cf recovered
CO2 from various sources with nuclear-electrolytic hydrogen is that aven
at present high estimates of capital cost for electrolytic cells (™ $200/%wh),
the fraction of the total production cost due to depreciation of this
equipment is not necessarily a controlling factor for the production cest
(v 28%). As mentioned previously, this cost item might be readily reduced to
less than half of this value due to improved cell design and mass production
methods. The largest part of the cost, however, is attributed to the con-
sumption of elecirical power for the prodéction of electrolytic hydrogen (~ &07%)
and the cost of electrical power from the nuclear plant. As previously mentiomed,
it takes 3 moles of Bz to reduce one mole of CO2 to gasoline (CHZ)' Only 1 mole
appears in the preduct while 2 moles are recycled in the form of water. Thus,
any reduced form of zarbon, such as CO fxom a blast Furnace helps significantly
in the conversion of thar sarbon to syatheric fuels and feedstocks. Along these
lines, it might very well be valuable to apply nuclear electrolytic hydrogen and
orygen for underground gasification of coal and conversion to methanol and
gasoline. Methods of reducing costs includd improving the efficiency of electro-
lytic deconmposition of water by operating at higher temperatures. Another way,
as assumed above, is utilizing the power plant in an off-peak mode thus sharing
and reducing costs with the fuel producer. This is not necessarily unreasonable
because it improves the total enmergy utilization effieciency in the overall
production process, i.e., power and fuel can be coproduced in a base~loaded plant.

Finzlly in Table VII a surmary of the available CO, and CO resource



capacity from the various industries are given together with the

gasoline production capability and the number of 1000 MW(e) nuclear

reactors required to convert the carbon oxides to fuel;‘ It appears

that the lime and eement industry might be able to supply zbout §% of the
100 billion galloms of gasoiine consumed in the:ccuntry today. The steel
industry could supply 20% of the gasoline consumption and would require
about 125 one=thsusand megawatt reactors. 1f one assumes all the

CO2 recovered from tha stacks of coal buraing power plants éSOO million tons
coal per year), is converted to synthetic fuel, this supply would exceed

the rate of consumption by 65%. Thus iny 607 of the COé from coal

burning power plants would be needed to supply the total gasoline

demand in the countrv. This would raquire 1000 nuclear reactors of

1000 ¥W({e) size supplying peaking load to the electric power grid and
ciff-pedk power to fhe synthetic fuel plants. Depending on the rate of
growth in tﬁe next several decades,uthese numb;Ls can be escalated

accordingly.
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Table I
SYNTHETIC CARBONACEOUS FUEL FROM OXYGEM BLOWN BLAST FURNACE TOP GAS

Capital Investment Estimates .

Air Liquefaction Oxygen Nuclear~Electrolytic
and CO Shift Conversion Dizygen and Hydrogen

rocess i for Blast Furmace Supply for Blast Furnace
Furnace Capacity, Hot Metal T/D 6,000 6,000
CC Production T/D ) ‘ 6,000 . 6,000
0, Required T/D 3,000 3,000
Hy Required T/D -0- 857
”
Power Required, Md{e) : T 3L1.3 MW(e) & » 1,336 MH(e) 2
Excess 0O Produced, T/D -0- 3,860
Metaanol Production T/D 2,300 6,900
Bhl/Day . 16,500 - 50,000
Gasoline Production Bbl/Pay - 7,900 24,000
$ Millions $ Millions
Process Module: ' 1975 . 1985 1975 1285
1. Air Liquefier - 3,000x$12,000/Daily Toa 36 : 65 - _—
2. Shift Reactor - 16,500x890/Daily Bbl 15 27 - -
3, Methanol Convertor - 2,300x%$16,500/Daily Ton 38 68 115 209
&, Electrolyzers(s - - 67 121
5; Contingency 15 - 27 32 56
Total . 104 137 214 386
6. Add on for Methanol Conversion to
Casoline(4 _ 24 43 70 130
Total 128 230 286 516
$/Bbl/Day Gasoline 16,200 29,100 12,000 21,500

Notes: 1) Based on 2350 kwh(e)/ton of Oy for air liquefaction plant.
2) Based on 18.7 kwh(e)/lb Hz - 30 atm calls.
3) Based on $50/kwh{e) of elgstrolyzer capacity escalated to $90/kwhi{e) in 1985.
4) Derived from Ref. 5. ’
5) 1985 costs escalzted 80% over 10 years from 1975 f£igures.



Table II
SYNTHETIC CARBONACEQUS FUEL FROM OXYGEN BLOWN BLAST FURNACE TCP GAS

Production Cost Estimates

Nuclear-Electrolytic

Air Liquefaction Oxygen Oxygen and Hydrogen
Process Supply to Blast Furnace Supply to Blast Furnace
Furnace Capacity, Hot Meral T/D 6,000 6,000
Methanol Production, Bbl/Day 16,500 50,000
Gasoline Production, Bbl/Day 7,900 : 24,000
Oxygen Production, T/D -0- . 3,860
§/8b1 $/8bl
Production Cost 1975 1985 1973 1985
1. Top Gas Value c0® 3.17 5.70 1.06 1.90
2. Electricity? 1.40 2.30 0.20 3.85
3. Operating Labor 0.60 1.00 0.60 1.00
4. Fixed Charges® 3.25 5.85 2.20 4.00
5. TFor Equivalent Gasoline (4.00) {7.20) (2.94) (5.35)
Total Production Cost - Methanol 8.42 14.85 4.06 10.75
For Equivalent Gasoline (2.17) (16.20) (6.74) (12.10)
Total Gasoline Cost $/Bbl 19.10 33.75 9.85 25.20
¢/Gallon 45.5 86G.4 23.5 60.0
Oxygen By-Product ¢/Gallen(4 - - 2.9 4.9
Net Gasoline Cost ¢/Gallen 45.5 80.4 21.3 56.1
Net Gasoline Cost $/MMBTU 3.79 6.70 1.78 4.68
Break Even Cost of 0il for Gasoline, $/Bbl 14.30 26.50 6.50=7.20 17.80-19.00

1) €O top gas value at $1/MMBTU in 1975 and $1.80/MMBTU in 1985.

2) Based on incremental off-pesk power cost (from peak load nuclear reactor operating as
1,000 Mi(e) based load plant) of 0.3 mills/kwh(e) in 1675 and 6 mills/kwh{e) in 1985
(see Ref. 3). Power cost for air liquefaction was charged at a conventional rate of
30 mills/kwh(e) in 1975 and 50 mills/kwh({e) in 1985,

3) Fixed charge taken as 15% straight line on investment and 30% plant factor.

4) Oxygen by-product sold at $5/ton in 1975 escalated 807 o 55/ton.



Table III

PROCESS DATA FOR SYNTHETIC CARBONACEOUS FUELS USING A
C0, FEEDSTREAM AND NUCLEAR POWER

2
. Consumed per Bbl Consumed per
Ttem Methane1{li Bb1 Gasoline (>
COZ, Tons ’ : 0.15 0.40
H,, Lbs 51.9 108.1
Net HZO’ Bbls 0.8¢ . 0.93
Elestrical Power for H, kwh(e)(3 ~ 970 ‘ 2,020
Electrical Power for CC, Separation |
in Atmosphere Process, kih(e) . 100 : 200

Energy Conversion Efficiency, % 75.3» 65.8

(Electricity to Fuel)

0.79. BHV = 10,000 BTU/Lb = 66,000 BTIU/Gal.

1) Methanol — Density = 6.6 lbs/gals sp. gr.

2) Gasoline - Density = 6.0 lbs/gal; sp. gr. = 0.72, (C Octane), HEV = 20,000 BTU/Lb =

120,000 BTU/Gal. 1 BEbl CH30H produces 0.48 Bbl (CH,

3) High pressure cells (30 atm Lurgi), 807% efficiency requires 18.7 kwh(e)/lbbﬂz.

5.8



Table IV

CAPITAL INVESTMENT COST DATA FOR ECONOMIC ANALYSIS OF SYNTHETIC
CARBONACEOUS FUELS USING CO, FTETDSTREAM AND NUCLEAR POWER

2
1985
' Limestone Fossil Fuel Atmosphere
Calcination Powar Plant CO»
C0,, Conc. in Feedstream - %
By Volume N 100% 9-15% 0.035%
Capital Investment
- (3
€0, Recovery Unit G s200/131(e) 2 3,750 Bb1/Day ">
Electrolysis Cells $200/KW(e)(4 SZGO/KW(e)(q SZOO/RN(E)(4
3 3
Methanol Convertor $,500/Bb1/Day > §&,500/Bb1/Day > $4,500/Bb1/Day’
3
Gazoline -Convertor $l;,5!1)(')/B‘bl/Day(3 $4-,500/13b2l./Day(3 $4,500/Bb1/Day(

1

Assumes heat recovery benefit from condenser accrues to limestone calcination process

vhich is equipped to separate a relatively pure COj str2am made available to SCFF at
no charge,

€l recovery assumes installation cost equivalent to stack gzs S$Cz scrubbing, in
terns of dollars per KW of power plant escalated 80%Z to 1985.

Based on Refs. 2, 3, and 9.

Sased on recent estimates in Ref. 12 which is already assumed escalated because of
anticipated Improvements in cell design and construczion by 1985.



Tzble V
FRODUCTION COST OF METHANOL FROM VARIOUS CO,J FEEDSTREAMS AND NUCLEAR POWER
Basis: 1985 Escalated Cost in $/Bbl

1000 MW(e) Nuclear Power Plant
.725 Mi(e) Available Off-Peak Power

Limestone Fossil Fuel
Source of CO, Calcination Power Plant Atmospheric €O,
Source Plant Capacity 1.2x106 T/Yr 800 MW(e) 80x106 SCFM
Lime Plant Coal Power Plant Air Planmt
COz Conc. in Feedstock - Vol. % 100% 8-153% 0.035%
Production Capacity - Bbl/Day 16,300 16,300 16,300
Production Cost — $/Bbl

Depreciation on Capital Investment - 15%/Yr

co, : - 0.72 1.93

Electrolysis 4.15 4.15 415

Methanol Convertor 2.351 . 2,31 2.31
Subtotal - Depreciation 6.46 7.18 8.39
Labor and Maintenance : g. 36 0.54 0.81
Electrical Energy

@ 30 mills/kuh(e) 29.10 30.00 32.00

@ 6 mills/kwh(e) 3.82 6.00 6.40
Total Production Cost for Methanol

30 mills/kwh(e) = $/Bbl 35.52 37,72 41.20

6 mills/kwh(e) - $/Bbl 12.64 13.72 15.60

" " - ¢/Gallon 30.1 32.7 -37.1
" " - §$/MMBTU 4.56 4.95 5.62 .

1) Power and production cost for a dedicated pilant would produce $22,500 Bbl/Day methanol.



Table VI

PRODUCTION COST OF GASOLINE FUEL FROM VARIQUS 002
FEEDSTREAMS AND NUCLEAR POWER

Basis: 1985 Escalated Cost in $/Bbl
1000 MiW(e) Nuclear Power Plant
725 *W(e) Available Off-Peak Power

Limestone Fossil Fuel
g92 Faedstock Source Calcination Power Plant Atmospherie CO2
Source Plant Capacity 1.2x10% 7/7r 800 M(e) 8.0x10° scm
Lime Plant Coal Power Plant Air Plant
€O, Conec. ia Feedstream - % by Vol. 100% 8-15% 0.035%
Gasoline Production Capacity - Bbl/Day 8,000 8,000 8,000
Production Cost ~ $/Bbl
Depreciation oa Capitzl Investment - 13%/Yr
€02 Recovery -— 1.50 4.02
Electrolytic Hy 8.65 8.65 8.65
ethanol Convertor 4.81 4,81 4.81
Gasoline Convertor 2.31 2.31 2.31
Subtotal ~ Deprecizatiom 15.77 17.27 10,79
Labor and aintenance 0.75 1.13 1.69
Electricel Energy
8 30 aills/iwale) ¢ 60.60 €2.50 66.66
4 6 mills/kwh(e) (Ofi-Peak) 12.12 12.50 13,33
Totzl Production fZost
& 30 nills/kwh(e) (Dedicated)(l 77.12 ’ 80.490 88.14,
@ 6 mills/kwh(e) (0ff-Peak) 28.64 30.90 34.8%
@ & mills/kwh(e) ¢/Gallon 68.2 ‘ 73.6 82.9
Brezk even crude oil price for $21.00 $24.00 §$27.50

gasoline, S$/Bbl

1) Power cost znd production cost for a dedicated plant would produce 11,000 Bbi/day gasoline.



Table VII

.INDUSTRY RESOURCE CAPACITY TO PRODUCE SYNTHETIC CARBONACEOUS FUELS
AND FEEDSTOCKS FROM EFFLUENT CO AND CO2 FEEDSTREAMS AND NUCLEAR POWER

Based on 1975 Production Capacities

Gasoline No. of 1000
CG2 or CO production Mi(e) nuclear
Production capacity availability capability power plants
Industry Millions tons/yr Millions tons/vr Billicns gal/yr raquired
Lime and Cement 25 Lime o 86 CO2 9 90
85 Cement )
Steel 125 Steel 125 €O 20 125
Coal for Power 500 Coal 1,560 COq 1635 1,680
Gasoline, US Consumption (945 cop) ¢ 100 1,000y

1) Capacity requirement to meet 1975 US consumption of gasoline of approximately 100 billion
gal/yr. '
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