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4. ECONOMICS OF AMMONTA MANUFACTURE

Ammonia provides the largest single requirement for industrial
hydrogen.

In the U. S. essentially all ammonia currently produced (about
16 MST/yr) is made by catalytic steam reforming of natural gas or some

other light hydrocarbon feed stock. Future shortages of these feed
stocks and increases in their prices will provide the inceative for

seriously considering coal or residuum as alternative feed stocks for
agmonia manufacture.

In this study economics for ammonia manufacture in the 1980-2000
period have been calculated for steam reforming, resid partial oxidation,
K-T coal gasification, and new coal gasification. Production cost data

for these processes were developed by Chem Systems, Inc. and are presented
in Appendix A.

Ipvestments and operating cost data for ammonia plants of 2000
ST/SD capacity sre summarized in Table 4.0l acd are shown in greater

detail in Table 4.02. The production cost data are compared In the
diagrams shown in Figure 4.0l, These data are further summarized as
follows:

Investments and Operating Costs for Ammonis
Plants of 2000 ST/SD Capacity

1980 $
Investment Production Cost Including
$ Millions Return, $/ST Ammonia
1980 or 2000 1980 2000

Steam Reforming 180.6 210 248

Resid Partial Oxidation 280.6 248 283

K~T Coal Gasification 395.0 248 248

New Coal Gasification 362.0 227 227

In the year 1980 steam reforming will be the most attractive
ammonia producing process because of its substantially lower investment
and operating costs. However, by the year 2000 the price of patural
gas (or an alternative light hydrocarbon feed stock) will increase
substantially thus providing equivalent production costs for reforming
and K-T coal gasification. 1In the year 2000, costs for ammonia production
by new coal pasification will be $227/ST compared to $248/ST for both

reforming and X-T c¢oal gasification, thereby making it attractive to
consider new coal gasification.

It has been asgumed that the ammonia plants using new coal
gasification would be located in Illinodis and Illinois high sulfur coai
would be used as the feed stock. This Illinols location provides the

lowest cost ammonla manufacture using coal gasification and is in the
corn belt, the largest ammonia consuming area of the U, 5.
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Resid partial oxidation is not competitive In either 1980 or

2000 unless resid feed stock could be purchased at prices substantially
below those assumed in this study.

Table 4.03 presents data regarding the semsitivity of ammonia
manufacturing costs for the several economic effecta previoualy discussed.
These data are compared for reforming and new coal gasification in Table
4.04 for the years 1980 and 2000. In 1980 reforming has an advantage
over new coal gasification of $17 to 26/ST (8-12%). However, by the year
2000 the higher cost of reformer feed stock compared to coal provides an

advantage for new coal gasification over reforming of 55 to 38/ST (2 to
15%).

Plotting the ammonia manufacturing costs for reforming and new
coal gagification for the most likely feed stock prices against time
gshows that the cost with new coal gasification equals that with refoxming
in the year 1989. After the year 1989, new coal gasification provides
lower ammonia manufacturing costs than reforming. This relationship is

shown in Figure 4.02. The corresponding data for methanol (Sectica 5)
are also shown in this plot for comparison.

Table 4.05 presents estimates to show new U. S. ammonia manu-
facturing capacity added during the 1980-2000 period including capacity
{nstalled as reforming and new coal gasification. By the year 2000, the
U. S. aomonia capacity will be 41.8 M ST/yr; 21.4 M ST/yr will be with new
coal gasification and 20.4 M 5T/yr will be with reforming. The reformer
capacity will require matural gas or some other light hydrocarbon feed
stock equivalent to 352,000 B/D of crude. The new coal gasification
capacity will replace reformer capacity that would require 370,000 B/D

crude equivalent. Th.e saving of hydrocarbon feed stock is discussed
further in Section 7.

If the new cosl gasification process were avallable for
commercial use, ammopia plants installed with this process would have the
overall effect of releasing natural gas or light hydrocarbon feed stock
that would be required 1f the ammonie were produced by reforming. Table
4.06 shows the calculated cost of releasing reformer feed stock by using
the new coal gasification process for producing ammonia from Illinoils
high sulfur coal. When the coal is purchased at its most likely price,
the cost of releasing reformer feed is $3.66/MBtu or $20.35/bbl crude
equivalent. If the coal were purchased at its low price, the corresponding
values are 5$3.26/MBtu and $18.13/bbl crude equivalent. The high coal
price corresponds to $4.16/MBtu and $23.02/bbl crude equivalent. All
these values are in excess of the anticipated 1980 pzice of lmported

crude (about $15/bbl) thus confirmiag that reforming is the preferred
ammonia manufacturing process in 1280.
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5. ECONOMICS OF METHANOL MANUFACTURE

)

Essentially all methanol manufactured in the U. S. is produced
by catalytic steam reforming of natural gas or some other 1£ght hydrocarbon
feed stock. However, & large methanol plant was recently armotnced for
the Houston ship channel area will employ resid partial oxidation. / Future
shortages of natural gas and other light hydrocarbon feed stocks will
encourage the consideration of resid and coal as alternative feed /stocks.

|

As was done For ammonia manufacture, economics for methhnol
manufacture for the 1980-2000 period have been calculated for steam
resorming, resid partial oxidation, K-T coal gasification and nets coal
gasification. Production cost data for these processes were developed by
Chem Systems, Inc. and are presented in Appendix A. ;

Investments and operating cost data for methancl plants of
2000 ST/SD capacity are summarized in Table 5.0l and are showny in greater

detail in Table 5.02. The production cost data are compared in Figure
5.01. These data are further summarized as follows: /
Investments and Operating Costs for Mathannl f
Plants of 2000 ST/SD Capacity —
/
1980 $ ;
Investment Production Cost Including
$ Milidions Return,' ;IST Methanol
1930 ox 2000 198 2000
Steam Reforming 135.3 193 236
Resid Partial oxidation 231.1 22; 255
R-T coal gasification 350.4 226 226
New coal gasification 310.1 198 198

In the year 1980 steam reforming will be the most attractive
methanol process because of its low invegtment and low operating costs.
However, by the year 2000, productiocn costs for methanol manufacture by
the new coal process will be substantially below those for reforming or
resid partial oxidation. Predicted methanol manufacturing costs for the

vear 2000 will be $198/ST for the mew coal process compared to $236/ST for
reforming.

Methanol plants using the mew coal process will be located in
geographical areas where low cost high Btu coal is available and methancl
markets can be serviced with low transportaction costs. These requirements
would correspond to plants being located in the East Coast area or poggl-
bly the Midcontinent area. The economics shown above assume the coal

based plant 1s located im Illinois and would use Illinols high sulfur coal
as feed stock.
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Regid partial oxidation 1s not competitive in elther 1980 or

2000 unless resid feed stock could bte puxchased at prices substantially
below those assumed in this srudy.

Table 5.03 preaents data to show the sensitivity of methanol
manufacturing costs for the several economic effects previously described.
These data for reforming and new coal gasification are compared in Table
5.04 for the years 1980 and 2000. In 1980 reforming has a small advantage
over new coal gasification of $3 to 14/ST (2 to 7%). By the yeaxr 2000

new coal gasification has an advantage over reforming of §18 to 53/ST
{8 to 22%). \

Plotting the methanol manufacturing cost (most likely feed stock
prices) for reforming and new coal gasification against time shows the two
processes provide equal costs in the year 1982. After 1982, the cost with
new coal is less than for reforming. This relationship is shown in
Figure 5.02. The corresponding data for ammonia manufacture (Section 4}
are shown in this pleot for comparison.

Table 5.05 presents estimates to show the new U. S. methanol
capacity added during the 1980-2000 period including capacity installed
as reforming and as new coal gasification. By the year 2000 the U. S.
methanol capacity will be 15.3 million ST/yr; 13.2 millfon ST/yr will
employ new coal gasification and 2.1 will be with reforming. The reformer
capacity will require natural gas or amother light hydrocarbon feed stock
equivalent to 37,000 B/D of crude. The new coal gasification capacity will
replace reformer capacity that would require 230,000 B/D of crude equivalent.
This saving is discussed further in Section 7.

Table 5.06 shows the calculated cost of releasing reformer feed
stock by uslng the new coal gasification process for produclng methanol
using Illinois high sulfur coal. When the coal is purchzsed at its most
likely price the cost of releasing reformer feed is $3.22/MBtu oxr $17.90/
bbl crude equivalent. The corresponding data are $2.85/MBtu and $15.85/
bbl for the low coal price and $3.67/MBtu and $20.41/bbl for the high coal
price. These values are somewhat in excess of the anticipated price of

imported crude (about $15/bbl), thus confirming that reforming is the wore
attractive methanol manufacturing process in 198(.
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6. ECONOMICS FOR SMALY USER HYDROGEN

Requirements for hydrogen for the various small uses were

discussed previously im Section 1 .including Tables 1.11, 1.12, 1.13,
and Figure 1.01.

The consumer who requires a “small" quantity of hydrogen in the
range of 1000 to 1.0 million SCF/D has several choices for pracuring his
hydrogen supply. If his facility is near a large hydrogen producer he
may arrange to purchase hydrogen for over the fence pipe line delivery.
If this cannot be done, he would comsider the purchase of hydrogen frou
an Indusgrial gas producer with delivery by truck either as a gas in
pressurized cylinders or as liquid hydrogen. Since hydrogen purchased
by truck delivery is rather expensive, another choice would te to install
a steam reformer or water electrolyzer as a hydrogen wanufacturing
facility and use either natural gas, LPG, or eleectricity as the enexgy
source. It is beyond the scope of this report to show the economics for
these cholces for all geographical locations. However, the general range

of costs that apply to these choices are discussed so as to provide
general guldance.

Economles data for steam reforming in 100 MSCF/SD plants are
presented in Sectcion 3 (Table 3.02).

Economics data for small capacilty
reformers is discussed in Referemce 22.

Data from this reference have
been adjusted to 1980 operation and 1980 3 using the feed stock and other

values used previously for calculating the economics of large reformers.
These data for small reformers aye presented in Table 6.01. The unit

investment cost for these small reformers inecreases substantially as
plant size is decreased:

0.100 MSCF/SD - $68.81/MBtufyr
0.480 MSCF/SD ~ 24.81/MBtu/vr
2.400 MSCF/SD -  9.92/MBtu/yr
100 MSCF/$D -  5.55/MBtufyr

Labor costs for operating small reformer plants have a large
effect on total production costs. The data shown in Table 6.01 assume
each of these small reformers is operated essentially unattended (0.15 to

0.26 operator/shift). If one full time operator were required the toctal
cost for hydrogen would be as follows:

0.100 MSCF/SD ~ 5$37.94/MBtu
0.480 MSCF/SD - 20.77/MBtu
2.40 MSCF/sD - 10.12/MBtu

The investwent in SPE electrolysis plants should be essentlally
constant at $200/ikw.

Production cost data for small capacity SPE
electrolysis plants have been calculated as shown in Table 6.02.

It was
also assumed that these plants would operate essentially unattended.

If
one full time operator per shift were required, the electroiytic hydrogen
costs would be as follows:

3 - ;M e owegn v — At
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0.100 MSCF/SD ~ $44.38/MBtu
0.480 MSCF/SD ~ 19.68/MBtu
2.40 MSCFisSD - 14.37/MBtu

Currently available electrolysis plents cost about $500/kw
rather than $200/kw projected for the SPE process. Electrolytic hydrogen

from currently available electrolysls plants will cost about $6.00/MBtu
more than that from SPE electrolysis plants.

Current costs (late 1976) for hydrogen purchased for truck
delivery have been converted to 1980 $ using a 5%/yr escalation rate.
These costs are plotted in Figure 6.0l along with the costs including return
for manufacturing hydrogen by reforming and SPE electrolysis.

In the requirement range up to about 50,000 SCF/day it is probably
more attractive to purchase hydrogen for truck delivery than to manufacture
it on site, assuming the dealer does not have to truck it more than about
50 miles. Purchased hydrogen will cost about $100/MBtu at the rate of 100
SCF/day and will decrease to $25-40/MBtu for 100,000 SCF/day.

For requirements in the range of 50,000 to 500,000 SCF/day, SPE
electrolysis would provide the lowest cost assuming this process were
available. Costs with SPE electrolysis would be in the range of $15-20/MBtu.
Above 500,000 SCF/day reforming using-either natural gas or LPG feed stock
is probably the.most attractive system (§6 to 15/MBtu). However, the cost
and availability of natural gas and LPG feed stock varies considerably from
one geographical area to another. '

Many small hydrogen users consume hydrogen only a few hours per
day. Reforming is mot attractive under these circumstances since these
plants require several hours to achieve economic, steady operation.

This small user hydrogem market will be supplicd by either reforming,
new coal gasification through pipeline or tank truck delivery from an ammonia
or methanol plant, or electrolysis duving the 1980-2000 period. The quamntities
supplied by cach system have been predicted as shown in Table 6.03. These
data (also plotted in Figure 6.02) assume that the small user hydrogen market
will grow at 5Z/yr during the 1975-2000 period and that electrolysis would
gradually increase its percentage of the total from the curreat 17% to 25Z
by the year 2000. It was also assumed that coal gasification would start
supplying hydrogen to the small usex maxket in 1990 and would provide 30% of
the total by the year 2000. In the year 2000, supplies for the small user
hydrogen market are predicted to ba:

MBtu/yr x 106 MSCF/day
By reforming 37 310
By new coal gauification 25 210
By electrolysis 21 180
Total 83 700
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7. POTENTIAL SAVINGS OF NATURAL GAS

As has been expleined in Sections 4, 5, and 6, some of the
ammopia, methanol and small user hydrogen will likely be produced by the
new coal gasification process starting about 1985. After 1985, hydro-

carbon feed stocks will become more expensive than coal and the use of
coal gasification will increase.

The economles data presented in Section 3 indicate that new coal

gasification is likely mot to ba attractive for refinery hydrogen production
during the 1980~2000 pericd. )

Economlss data for ammonia, methanol and small user hydrogen
were used in Sections 4, 5, avd 6 to estimate the new capacity that is
1ikely to be built using the new coal process. From these estimates of
new coal capacity, the quantities of natural zas feed stock saved by the
new coal process have been calculated as is discussed in the following
paragraphs. These data are summarized in Table 7.0l and are further
summarized as follows:

Natursl Gas Feed Stock Saved by New Coal
Gasification Process, 1990-2000

Year 1990 2000
Natural gas required 1f all production
were by reforming, kB/D crude equiv.

Refinery hydrogen 273 395

Armonia 527 722

Methanol 166 267

Small user hydrogen 36 59
Total

1002 1443
Natural gas saved by new coal
gasification, kB/D crude equiv.
Refinery hydrogen

Armonia 28 370
Methanol 70 23¢
Small user hydrogen - 15

Total 98 615

Saving, % of total 10 43

By 1990 tﬁq new coal process will likely save natural gas equivalent to
98,000 B/D trude equivalent or about 10% of the natural gas feed stock

required for all the industrial hydrsgen production. Afterward the use
of new coal gasification will increase uvntil in the year 2000 it will

save natural gas equivalent to 615,000 B/D of crude or 43% of the total
natural gas feed stock requirement.
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Table 7.02 shows the annual production of refinery hydrogen,
ammonia, methanol and small user hydrogen during the 1980-2000 period and
the corresponding requirements for matural gas feed stock assuming
reforming were used to provide 100% of the industrial hydrogen productionm.

Table 7.03 shows the quantities of ammonia, methsnol, and small
vser hydrogen that is likely to be prriuced by new coal gasification. '
Also shoun in this table are the quantities of natural gas saved each
year by the mew coal process. These data are also cshown in Figure 7.0l.

The coal required to manufacture these annual quantities of
ammonia, methanol, and small user hydrogen are shown in Table 7.04.

In 1990 the coal required is 9.1 MST/yr. In the year 2000 this require-
ment is 58 MST/yr.

The electricity regquired to produce the swmall user hydrogen
manufactured by electrolysie is shown in Table 7.05. In 1980 the
electricity is estimated to be 1.6 billion kwhr/yr. By 1990 this require-
ment is estimated to be 3.5 billion kwhr/yr and in the year 2000 the
estimate is 7.9 billion kwhx/yr. These estimates assume the total U. S.
small user hydrogen market will grow ar 5%/yr during the 1975-2000 period
and that alectrolysis will supply 16% of this production in 1975 increasing
to 252 in the year 2000. Electricity required to produce this hydrogen
was estimated using 77.6% thermal efficiency throughout the entire
period. IXf this efficilency were 90X, the electricity required in the

vear 2000 would be 6.8 billion kwhr instead of 7.9 billion kwhr shown in
the table.

The investment required to iustall the reformer and new coal
gasification capacity during the 1980-2000 period is shown in Table 7.06.
Substantially more capital will be required to build the new coal gasifi-
cation capacity than would be required if all the mew capacity were
installed as reformer plants. If only reforming were used, the new capacity
during this 20 year period would require an investment of $20.7 bdillicn.
Hovever, the reformer and new coal capacity shown by these estimates will
require an investment of $30.4 billion. The new coal capacity requires
$9.7 billion more capital than would be required if only reforming were
used. These investment data are expressed as 1980 §.
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8. ERDA INCENTIVES

An objective of several ERDA programs is to reduce the T.S.
consumption of natural gas and liquid hydrocarbons through the development
of systems using coal or nuclear fuels. Reducing hydrocarbon consumption
by such procedures would waintaian the productivity of the U.S. industrial
system and would reduce the requirements for imported petroleum. The
praduction of industrial hydrogen provides an opportunity to reduce the
consumption of hydrocarbon fuels through the substitution of coal
and/or nuclear fuels. Two specific opporzunities for accomplishing
this change are (1) to produce ammonia and methanol by coal gasification
rather than by steam reforming, and (2) to produce hydrogen for the
small user market by electrolysis rather than by steam reforming.

The economics data developed Iin this study and discussed in
the preceding sections provide a means of estimating the economic savings
that would occur in converting from a reforming oriented hydrogen economy
to one based on coal and/or nuclear fuel. The present (1977) value of
future earpings for plants using the new coal process for manufactuting
ammonia and methacol have been calculated. These savings discounted to
1977 are those Tealized during the first 20 years of cperation of all
new coal gasification plants installed in the 1985-2000 period, when
these future earnings are discounted to 1977 using a discount factor of
10%/year. Details of this calculation for methanol plants are shown in
Table 8.02 for (1) the base case situation (most likely fuel price); (2)
the high fuel price case; and (3) the low fuel price case,

The 1977 savings represented by these future plants are summarized
in Table 8.01L. For the base case (first line) the 1977 value of these
future earnings are $647M for methanol and $561M for ammoniz making a
total of $120BM. TFor the several sensitivities (next 8 lines), the total
is $1280M maximum and $597M minimum. It is likely that the commercial

use of the new coal process should provide future earnings corresponding
to a 1977 value of $500-1200M.

ERDA should, therefore, determine what is needed to accelerate
the commercial use of the new ¢oal gasificaticn process. It i1s beyoméd the
scope of this study to identify the program needed to accelerate the new
coal program. It is likely that the developers cf this improved gasifica-
tion process are doing all thatc can be done to speed up the development.
However, if the development of the improved gasification process could be
assisted by an early demonstration plant, ERDA should consider sponsoring

. with industry on a cost sharing basis a demonstration of the process.

The development of an improved electrolyzer such as the SPE
system would lower the investment and decrease the electricity requirements
compared to electrolysis systems currently available. The data showm in
Table 3.12 indicate that the cost including 20%/yr before tax return for
hydrogen produced with the improved process might be about $8.00/Btu
less than that for the curreat eiectrolysis system. To be comservative,
the present value of future savings for the improved electrolysis system
were calculated assuming a saving of.$5.00/MBtu. This saving of $5.00/MBtu
has been used for the electrelysis plants projected for the small user
hydrogen mzarket as is shown by Table 6.02.
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Table 8.03 shows the detalla of calculating the present (1977)
value of Ffuture savings for SPE electrolysis capacity installed according
to the schedule shown in Table 6.03. The savings were calculated for SPE
plants installed during the 1988-2000 period over their entire 20 year

life. The annual savings were discounted to 1977 by using discount factors
for 10%Z/year.

Y

\ The 1977 valve of these future savings is %152 million. This
figurq does not include any savings that may accrue in using the SPE
procesg for new uses mot considered in this study:such as for conversion
of offi-peak muclear or hydxo electricity to hydrosen, or utilization of
remotelhydro power, or ocean thermal energy for hydrogen manufacture.

f It is beyond the =cope of this study to determine what work
should be conducted to accelerate the development of an improved electroly-
sis process. It is clear that an improved process capable of reducing

the investment in electrolysis plants by say 50X and increase the thexmal
efficiency to say 907 would provide a substantial incentive for using
electrolysis rather than steam reforming as the source of small user
hydrogen. Such an improved electrolysis system would also be useful for
hydrogen generation for new uses not considered in this study.
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TABLE 8.02 (Page 3 of 2) ';
N Discounted Value of Future Savings for Mechanol Production ! ’
+ Using Neu Coal Gasificacion Proceas
1580 § Diccounted to 1976 i
Nev Conl Installed Bane Cage = Mosr Likely Fusl Pricacs ! 4
Capacity, MST/yr '
Reforming Hew Coal )
DLacount Added ar K«TA  Gasificatiem Saving Savings, SM/yx it
Year Pactor{i) During Yr. Cunulative 551 $/ST $/ST_  Current Discounted b
1985 04424 1.0 1.0 205.2 193.0 7.2 7.2 3.05 g
- a6 0.388& 0.6 1.6 207,3 9.3 1.4.9 3.74 L
87 0.350 0.6 2.2 211.4 13.4 29.5 10.32 HE
38 0.319 0.6 2.8 213.4 15.4 43.1 13.76
89 0.290 0.6 3.4 215.5 17.5 59.5 17.26 !
a0 0,252 0.6 4.0 217.6 19.6 78.4 20.62 HES
. 91 0.23% 0.8 4.8 219.6 21.6 103.7 24.78 L
' 92 0.218 0.8 5.6 221.6 23.6 132.1 28.81 i .
B 23 0.198 0.8 6.4 223.7 25.7 164,35 32.57 C ol
] 25 0.180 0.8 7.2 225.8 27.8 200.2 35.03 . ¥
H 95 0.164 0.8 8.0 226.0% 28.0 224.0 36.74 .
- 9 0.249 1.0 9.2 252.0 37.55 p
4 97 0.135 2.1 iG.1 282.8 28.18 o
. 98 0.123 1.0 1.1 310.8 38.23 3
5 99 0.122 1.3 12.2 341.6 38,26 '
i 2000 0.102 1.0 13.2 369.6 37.70 !
o 2001 0.092 - 13.2 369.6 34.00
: 2 0.084 - 13.2 369.6 31.05 .
: 3 0.075 - 13.2 369.6 28,09 :
. § 0.069 - 13.2 369.6 25.50 .
iy 5 0.063 -1.0 12.2 341.6 21,52 .
% 6 0.057 ~0.6 11.6 324.8 18.51 1
- 7 0.052 -Q.6 12.0 308.0 16.02 v
: 8 0.047 =0.6 10.4 251.2 13.69 3
¢ 9 0.043 -0.6 9.8 2744 11.80 :
N 10 0.039 =0.6 9.2 257.6 10,05 -
1 11 0.036 -0.8 8.4 235.2 8.47 i
: 12 0.032 -3.8 7.6 212.8 6.81 .
. 13 0.029 0.8 6.8 190.4 5.52 p
4 14 0.027 -0.8 8.0 168.0 4.53 {
: 15 0.024 ~0.8 5.2 145.6 3.49 :
i 16 0.022 =1.0 4,2 117.6 2.59 )
5 1? 0.020 -1.1 3.1 86.3 1.74 !
Y N 15 0.018 -1-0 2-1 53.8 1‘06 .'.
. 19 0.017 =11 1.0 v v v 28.0 0.48 Dy
] . 2020 0.015 =1.0 0 ()] 4
' Tozal - - - - - - 7233.1 664.52 ‘ :
. *valus for E-T e
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TABLE 8.03

Discounted Valua of Future Savings for SPE Electrolysis
Technology Over Current Electrelysis Technology '

1986 S Discounted to 1977

SPE Electrolysis
Capacity., MSCF/CD

Savings, $§[yr(2)

Discount
Year Factor 1) Added Cunulative
1985 0.467 - -
86 00424 - -
87 0.386 - -
838 0.350 8 8
89 0.319 8 16
30 0.290 9 25
9l 0.263 10 35
92 0.239 9 44
93 ¢.218 10 54
94 0.198 £ 63
95 0.180 10 73
96 0.164 13 86
97 0.149 13 99
9B 0.135 14 113
99 0.123 13 + 126
2000 0.112 13 139
2001 0.102 - 139
2 0.092 - 139
3 0.084 - 139
4 0.076 - 139
3 0.069 - 139
6 0.063 - 139
7 0.057 - 139
8 0.052 -8 131
9 0.047 -8 123
10 0.043 -9 114
11 0.03% =10 104
12 | 0.036 -9 95
13 0.032 =10 85
14 C.029 -9 76
15 0.027 =10 66
16 0.024 -13 53
17 0.022 =13 40
18 0.020 =14 26
12 0.0138 =13 13
2020 0.017 ~13 (4]
Total
(1) At 10%/yr to 1977.

(2)

Assumes SPE electrolysis saves $5.00/MBtu over curreng
electrolysis technology or 1.0 MSCF/CD = $0.592 x 10

saving.

Current Discounted
4.74 "1.66
9.47 3.02

14.80 4.29
20.72 5.45
26.05 6.23
31.97 6.97
37.30 7.38
43.22 7.78
50.91 8.35
58.61 8.73
66.90 9.03
74.59 9.17
82.29 9.22
82.29 8.39
82.29 7.57
82.29 6.91
82.29 6.25
82.29 5.68
82.29 5.18
82.29 4.69
77.55 4.03
72.82 3.42
67.49 2.90
61.57 2.40
56.24 2.02
50.32 1.6
44,99 1.30
39.07 1.05
31.38 v 0.75
23.68 0.52
15.39 0.31
7.70 0.14
0 0
1646 152
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APPENDIX A

Cost of Production Estimates
For
Hydrogen, Ammonia and Methanol

& Study for Exxon Research
and Engineering Company

CHEM SYSTEMS INC.

CHEM SYSTEMS INC.
747 Third Avenue
New York, New York 10017

October 21, 1976
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CHEM SYSTEMS INC.

-

BASIS FOR ECONOMIC CALCULATIONS

For this study all investment costs are presented in mid-1980 (July,
1980) dollars in consideration of the following factors:

No commercial-sized coal based plant now presently planned
. could be built and ready for operation much before 1980.

Expressing 1980 economics on a 1976 basis could result in ap-
parent future costs lower than 1976 costs which could, in our

view, be a misTeading comparison.

General Rate of Inflation

Based on the slow recaovery the United States is making from the recent
recession and the slowdown in inflationary rates of the past two years,
we have assumed that inflation will still continue at a moderate to
high rate through 1980 (7.0% per year).

LCapital Cost Escalati

During the past two to three years, the Unfted States has experienced

a phenomenon in engineering and construction costs that has never
been encountered previously.

Fquipment and material costs escalated
rapidly.

Fabricators and vendors of these bulk materials were, for
a long period of time, refusing to offer firm price gquotations. ' Final
costs were geared to date of delivery rather than date of purchase.

It was not uncommon for prices ta increase from 1 to 2% per month
between date of purchase order and date of equipment delivery.

In addition, materfal shortages also plagued the construction industry.
In many instances, availability and assuredness of supply became morexz
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CHEM SYSTEMS INC.

jmportant than price. This situation radically changed the engineer-
ing construction business for refinery, chemical, and petrochemical
plants. Engineering contractors no longer bid on a Tump sum basis.
Even on a cost plus basis, clients were told to include Targe contin-

gencies in their budget figures because of continuaily escalating
material costs.

T rarkh as

In the past few months, this situation has eased somewhat but certainly
conditions have not returned to what they were several years ago. !
In view of this situation, we have assumed that process plant invest-
ments will escalate at 2 percentage points greater than the general
inflation rate, i.e., 9% per year. Historically the gap has been

1.7 percentage points.
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Location Factors

In any economic analyses the geographic location of the plant may

cause variations in capital costs. Based on Chem Systems' estimates

of construction cost factors, taking into account weather conditions,
labor rates, labor productivity, transportation costs, etc., invest-
ment Tocation factors have been estimated for the following areas:

U.S. Gulf Coast 1.00
U.S. Mid-Continent 1.10
Chicago 1.15
Philadelphia 1.20
Western Cozl Mine 1.15 - 1.20
West Coast 1.710 - 1.15

Battery Limits Capital Cost (BLCC)

Tnvestment costs have been based on several sources of information

available to Chem Systems. These in¢lude capital estimates developed

for other internal studies, plus cost data gbtained from contractors

for hydrogen, ammonia, and methanol plants. This has provided us with

a wide source of capital cost data, and we have used our judgment in
soliciting what we feel represents the most reasonable estimates to

work up battery limits capital costs for the various plants being con-
sidered.

The battery limits capital cost represents an “instantaneous" cost
for a plant starting up in 1980 with an “"overnight" construction period.
Therefore, estimation of project costs during construction, interest

on borrowad monies during construction, and inflationary effects
during construction are eliminated from our analysis.
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"". . FIGURE 1
{ -
A

OXYGEN PLANT INVESTMENT COST

. Vs.

i

£ CAPACITY

{99.5% 0p @ 500 PSIG)

. 1980 COSTS IN 1980 DOLLARS
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CHeM SYSIEMS INC.

For this study it has been assumed that any air separation plant re-
quired would be part of the battery 1imits capital cost. The 1980
investment for oxygen plants as a function of capacity is shown in

Figure 1. The following utility requirements have been estimated per
ton of oxygen required. \

89.5% Oy 99.5% 0,
@ 500 psig @ 50 psig
Power, KWH 435 325
Coaling Water MGal 35.5 36.5
Process Water MGal 1.2 1.2

In the partial oxidation and coal-based plants larger power users have

been put on turbine drive with the net required high pressure steam
generated in o0il (for partial oxidation plants) or coal-fired (for N
coal-based plants) boilers. Similarly, large power users in the natural
gas~based plants have been put on turbine drive, but since these plants

are net exporters of high pressure steam, there is no need for steam
bailers. traction turbings are used to provide any medium pressure

steam required. The heat rate used to convert HP steam to electrical

power is 10,300 BTU/KWH, and the boiler efficiency is 85% on HHV for
the Targe boilers required.

Instead of converting large power users from motor to turbine-drive, the
HP steam raised could be used to produce electricity in an inside-battery
Timits (ISBL) power plant, but the small size of the power generating
facilities make this approach uneconomical. Thus, the HP steam drives
these large users directly without intervening and mere costly electri-
cal generation. It should be noted that a small amount of electrical
power 1§ still required for users which cannot be placed on turbine-drive.

The electrolysis process for the production of hydrogen requires no steam.
Dffsites Costs

Sufficient data were available to directiy estimate the offsites costs

for the plants based on steam-methane reforming. Since these plants

are net exporters of steam, ao ieclusion of a steam system capital cost

is made. Also, cooiing water is charged as a direct operating cost under
utilities and is not capitalized for the steam-methane plants,
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.  CHEMSYSTEMS INC.

For the partial oxidation and coal-based plants, we have estimated
offsites costs as the sum of the following:

(1) 30% of battery limits cost -~ This allows for storage, waste
disposal facilities, general and administrative facilities, etc

{2} Steam system'cadita1 cost - This cost includes stack gas scrubbing
fquiment plus ash and dust collection equipment for the coal-

3§sed plants. The production cost analysis sheets show the amount
steam generated with the note “internal.®

‘ ‘

(3) Cooling water system capital cost - This provides a complete system
including cooling ?Fwer, circulataory pumps, additive injectian,
N, etc. The quantities of cooling water circulated have been estim-

ated and noted on thi production cost analysis sheets with the
note "internal."
Working Capital '

The amount of working capital usually depends upon arrangements for

payments on feedstock purchas'es and product sales, and on storage volumes
maintained for both.

]
)

In our 1980 production cost analysis, we have
used one month storage of major feedstocks at cost, (excluding gaseous

feadstocks) and one month's accounts receivables to estimate working

capital. Working capital is considered as borrowed capital and only

intgrest charges, at 10%, are included in the overall production cost

Utility Costs

Utility costs have been estimated in 1980 for three different areas
in the United States and are summarized in Table I.
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: :
; TABLE I i
; UTILITY COSTS AT SELECTED LOCATIONS !
kA - r
i I1linois Area Unit 1989¢/Unit :
i I17inois Coal (11,390 BTU/1b) M BTU 92
‘ Power (Coal Based) KWH 2.7 ;
; Cooling Water o KGal 5.3 .
;, Steam (600 pstg, 750°F, .
H ex coa])o Klbs 250
: Steam (1500 psig, 900°F,
. ex coal) Kibs 260 .
i BFW Kgal 85 ;
d Process Water Xgal §5 3
\; Montana/Wyoming Area :
¢ Mont./My. Coal (8500 BTU/1b) M BTY 47
Power (Coal-based) KWH 2.0
H Cooling Water o Kgal 4.6 :
' Steam (600 psig 750°F, 3
3 ex coal) o Kibs 115 3
: Steam {1500 psig, S0Q°F,
% ex coal) Kibs 120
: BFW Kgal 80 .
Process Water Kgal 50 !
Gulf Coast Area ‘
Mont./Wy Coal (delivered) ¥ BTU 98
- Fuel Gil M BTU 317 -
+ Gas, New M BTU 315 '
i Gas, Average M BTU 150
& Power (From mix of Tuels) KWH 2.7
L Cooling Water o Kgal 5.
Steam (600 psig, 750°F,
¢ ex 0il) K1bs 500
_— Steam {1500 psig, 900°F,
: ex 0il) Klbs 525
1 8FHW Kgal BS
Process Water Kgal - 55
4
3
.é '
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CHEM SYSTEMS INC.

Labar gnd Related Costs

Operating labor costs have been projected to escalate at 8.0% per
year through 1980.

The follawing annual salaries have heen estimated for 1980:

Shift Operators / $21,500
Shift Foremen 24,200
Supervisors 28,800

The total number of laborers has been estimated by multiplying the
men per shift by 4.6 and rounding to the next higher whole number.
This assumes a 40 hour average work week and 48 work weeks per year.

Our production cost analysis has been divided into labor related and
capital related categories to allow for easy comparison among alternate
technologies. Labor related costs, in addition to direct labor charges,

fnclude a part of maintenance and general plant overhead. These costs
have been assumed at 100% of direct labor costs. '

CAPITAL RELATED EXPENSES

This includes ail items related to the plant investment.

The following
percentages have been assumed:

Maintenance 4,0% of battery limits capital
cost

General Plant Overhead 2.6% of battery limits capital
cost

Insurance and Property Taxes 1.5% of Total Fixed Investment

(BLCC + Off-sites)

Depreciation 10.0% battery limits capital
cost plus 5% aff-site cost
Interest 10% of Working Capital
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? ' 5é
5 - K
H
i Contingency ?
: :
; Based upon suggestions from Exxon, the following contingency factors f
’ have been applied to the capital cost estimates: 3
% Steam-Methane Reforming 1.10

; Partial Oxidation of Residual Fuel 011 1.10

B Coal Gasification (Koppers-Totzek) 1.15 .

: Coal Gasification (New Process) _ 1.20 -

: Electrolysis {Solid Polymer Electrolyte) 1.30

¢ -7

[ Return on_Investment

4

f In order to estimate sales or transfer price, we include a gross return

{ befora taxes of 20% on the Total Fixed investment. This assumes full

. equity finanging of all projects. '
K
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CHEM SYSTEMS INC.
Hydrogen

The Koppers-Totzek process was chosen as being typical of existing:
coal gasification processes which could be utilized to manufacture
hydrogen. The low methane yield from the gasifier makes the gasifier
effluent suitable for hyﬂrogen production by adding process equipment

for shift conversion, C02 rgmoval. and final carbon oxides removal
{methanation). '

Figure 2 is a Block flow diagram depicting the major steps in the
production of hydrogen, ammonia, or methanol from coal.

Table 2 is a production cost analysis for manufacturing 102 NSCFD
hydrogen via a totally integrated K-T gasification process. The bat-

tery limits capital cost for this project (including 15% contingency)
can be delineated as folilows:

SM  (Mid 1980) Percent

K~T Synthesis Gas Production
(Incl. 02 Plant)

106.4 72.5

Shift Conversion and Methanation _ 16.7 11.4
CO2 Removal 23.6 16.1
Total 146.7 100.0

The hydrogen cost plus return on these bases is about 311¢/KSCF with
coal priced at $21/ton.

The K-T gasifiers, as well as the compression cost of the synthesis

gas produced to 450 psig, represent a considerable porticn of the averall

jnvestment requirements. Therefore, a "new" or “second generation"

gasification process should offer significant cost advantages, if
it possesses the following characteristics:
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TABLE 2
CHEM 3YSTEMS
#FRODUGTION CO3T ANALYSIS

HYDROGEN VIA KOPPERS-TOTZEX COAL GASIFICATION WITH

INTEGRATED OXYGEN PLANT

*Incluues 15% Contingency

- ——— e — = e ——e

$ M
Plant Hydrogen Via Koppers-Totzek *Battery Limits Capital Cost 146.7
ga'l cg;asificatigg *0Offsites Capital Cost _93.7
Location y.S. Mid Cont. Mid-1990 Total Ffxed Investment 246.4
Capacity 100 MSCF Da Working Capital 11.0
Production Rate zou M SCF/Year Total Fixed & Working Capital 257.4
RAYW MATERIALS QUANTITY UNIT PRICE,§ ANNUAL cOsT UNIT cOoaT
1114nots Coal 786,000  Ton 21.00 16,500,000 ¢/KSCF
{HHV=11,350 Btu/Lb.)
TOTAL RAW MATERIAL3 COST 16,500,000 50.00
UTILITIES
Power 11,428,000  KHH 0.027 309,000
Cooling Water 35, 357 pop  KGal. Internal
Process Water 2514, 2000 Kigal. 0.55 1,383,000
Fuel MBtu
SStealTGa ; 2,357,000 KLbs. Ingeggal 25 000
tac s Clean-U " . 8
TOTAL U'rn.l'rlpss coar 517,000 7.63
LABOR A& RELATED
Hen/Shift Tatal Men
Labor @ $21,500 30 645,000
Supervision @ -- Foreman $28, 800/24 200 1 1/5 150,000
Direct & General Plant Overhead @ 100% L + $ 796,000
TOTAL LABOR & RELATED ¢OsT $1,591,000 4.82
CAPITAL RELATED
Maintenance 4.0% BLCC 5,868,000
General Plant Overhead 2.6 % BLCC 3,814,000
Insurance, Property Taxes 1.5% Total Fixed Invesitment 3,596,000
Depreciation 10.02 BLCC + 5% Offsites 19,655,000
Interest 10.0% on Working Capital 1,100,000
TOTAL CAPITAL—RELATED EXPENSES 34,133,000 103.43
BY-PRODUCT CREDIT
Sulfur 26,400 Ton 50 1,320,000
TOUOTAL BY-PRODUCT CREDIT 5520 ,000 (4.02)
TOTAL CO3T OF PRODUCTION ST, 000 161.88
RETURN ON TOTAL FIXED INVESTMERT @ 20 ¢4 49,230,000 149.33
TOTAL COST PLUS RETURN $102,701, a2l

- ———r

, - . apnal vt e e s e s
. B L N S e

-y

S A T
r

- g

o emeeiN

dw e

P e

Cats, s W

- anp



e, T W |AaTEe T

-t

e

e e e eyiceime 8w
vy PR e B T o

-y_ .

L.

Melecd s

By L DF aeit Ty

e

[YTP L O

- 142 -

CHEM SYSTEMS INC.

®» Pressure operatfon: in the range of 300 to 500 psi.

e High producf1v1ty: capable of handling 2500 tons per day of
coal feed and producing 100 to 150 MSCFD per gasifier.

8 High temperature operation, ca. 2000°F to minimize methane content.

e High carbon utiljzation.

Koppers 1s engaged in a joint effort with Shell Development ta design

the K-T gasifier to operate at approximately 450 psig and achieve the
above objectives.

Table 3 is a production cost analysis for manufacturing 100 WSCFD

of hydrogen via a totally integrated “"new" coal gasification process.
'The battery limits capital costs (‘ncluding 20% contingency) can be
delineated as folliows:

$11 (Mid-1980) Percent
New Synthesis Gas Production (Incl. 02 Plant) 82.1 67.1
Shift Conversion and Methana®tion 16.7 13.6
CO2 Removal 23.5 19.3
TOTAL 122.4 100.0

The hydrogen transfer price on these bases is about 260¢/KSCF or a

potential savings of about 16% over hydrogen via existing K-T tech-
nology.
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CHEM

TABLE 3
BYSTEMA

PRODUCTION CO3T ANALYSJIS

HYDROGEN VIA “"NEW" COAL GASIFICATION PROCESS WITH

ED OXYGEN

Plant Hydrogen Via New Coal
Gasification Process

*Includes 20% Contingency

M
*Battery Limits Capital Cost 'iZE 4
*0ffsites Capital Cost

77.7
Location U.S. Mid Cont. Mid-'lQBO Total Fixed Investment 200.1
Capacity 100 MSCF/Day Working Capital 10.0
Production Rate 33, DOO M5CF/Year Total Fixed & Working Capital 2101
AAW MATERIALS QUANTITY UNIT PRICE,§ ANNUAL COST .S UNIT COST
T111inois Coal 729,000 Ton 21.00 15,399,000 ¢/KSCF
(HHV = 71,390 Btu/Lb)
TOTAL RAW MATERIALS COST 15,309,000 46.39
UTILITIES
Pawer 11,428,000 gy  0.027 309,000
Cooling Water 32,000,000 KGal. Internal
Process Water 2,243,000 KgGal. 0.55 1,234,000
Fuel MBtu
ggeag: Gas C1 u 1,429,000 KlLbs. Igtgls-na'l 500.000
ack Gas Clean-Up " .
TOTAL UTILITIES COST ~7,043,000 6.19
LABOR & RELATED Hen/Shi § Total M
en4 ife ¢ en
Labor @ 321,500 3C 645,000
Supervision 8 Foreman $28,800/24,200 1 1/5 150,000
Direct & General Plant Overhead @ 100% L + 796,000
TOTAL LABOR & RELATED COST 1,551,000 3.82
CAPITAL RELATED
Maintenance 4.0% BLCC. 4,896,000
General Plant Overhead 2.6 % BLCC 3.182,000
insurance, Property Taxes 1.5% Total Fixed Investment3 002,000
Depreciation 10.0% 3LCC + 5% Offsites 16,125,000
Interest 10.0% on Working Capital  _1.000,000
TOTAL CAPITAL—RELATED EXPENAES 28,205,000 85.47
BY-PRODUCT CREDIT
Sulfur 24,300 Ton 50 1,215,000
TOTAL BY-PRODUCT CLREMT TT.215,.0007 {(3.58)
TOTAL c<€O0AaT oOF PRODUCTION m -IW
RETURN ONM TOTAL FIXED INVESTMENT @ 20 9 40,020,000 121,27
TOTAL ¢COST PLUS RETURN $85.953.000 260.8F
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CHEM SYSTEMS INC.

Hydrogen praduction based upon coal gasification can be compared against
production via:

e Partial Oxidation of Residual Fuel Qi1
o Steam Reforming of Methane
o Electrolysis of Water

Figure 3 is a block flow diagram showing the various process options

available in partial oxidation. Certain basic processing steps must
be accomplished and can be c¢lassified as:

Gasification
CooTing

Carbon Removal
Sulfur Removal

1f hydrogen is the desired product, then additional processing steps
are required:

® Shift Conversion
e Carbon Dioxide Removal
s Final farbon 0Oxides Removal

——

Table 4 is a prpduction cost analysis for a 100 M SCFD plant. With
residual fuel oil valued at a 1980 price of $15 per barrel, the hydro-
gen transfer price is estimated at about 283¢/KSCF.

Figure 4 is a block flow diagram depicting the major steps in producing
H2 via conventional steam-methane reforming, and Table 5 is a production
cost analysis for a 100 M SCFD plant. With natural gas valued at

a 1980 price of $3.15/M Btu, the hydrogen transfer price is estimated
at zbout 200¢/KSCF.
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- 146 ~  TABLE 4
CHEM SY3ITEMS
PRODUCTION CO3T ANALTYIIS

HYDROGEN YIA PARTIAL OXIDATION WITH
INTEGRATED OXYGEN PRODUCTION

*Includes 10% Contingency

S M
Plant Hydrogen Via Partial Oxidation *Battery Limits Capital Cost .
*Offsites Capital Cost 65.4
Location U.S. Gulf Cpast Mid 1980 Total Fixed Investment 1593
Capacity 100 M SCFD Working Capital 10.0
Production Rate 33,000 MSCF/Yr Total Fixed & Working Capital 169.3
RAW MATERIALS QUANTITY UNIT PRICE,§ ANNUAL COST,$ UNIT COST
Residual Fuel 011 2,013,000  Bbl 15.00 $ 30,195,000 ¢/KSCF
TOTAL RAW MATERIALS COST 30,195,000 91.50
UTILITIES
Power 11,285,000 KNH 0.27 367,000
Cooting Water 28,694,000 KGal. Internal
Process Water 964,000 KGal. .55 530,000
Fuel MBtu
Steam 1.06:5.000 KLbs. Intergg‘l 373.000
Stack Gas Clean-u ! " .
TOTAL UTILIF‘,PIES cosrT 1,210,00 3.67
LABOR & RELATED
Men/Shift Total Men
Labor @ 521,500 [ 26 559,000
Supervision B $24,200/28,800 2 9N 247,000
Direct & General Plant Overhead 6 100X L + § 806,000
TOTAL LABOR & RELATED COST 1,612,000 4.88
CAPITAL RELATED
Maintenance 4.0% BLCC 3,756,000
General Plant Overhead 2.6 % BLCC 2,441,000
Insurance, Property Taxes 1.5% Total Fixed Investment 2 390,000
Depreciation 10.0%Z BLCC + 5% Offsites 12,660,000
Interest 10.0% on Working Capital 1.000.000
TOTAL CAPITAL—RELATED EXPENSES 22,247,000 67.42
BY-PRODUCT CREDIT
Sulfur 10,000 Tans 50 500,000
TOTAL BY-PRODUCT CREDIT ~ (500,000} (1.52)
TOTAL COST OF PRODUCTION 54,754,000 165.95
RETURN ON TOTAL FIXED INVESTMENT (@ 20 % 31,860,000 96.55
TOTAL COST PLUS RETURN $86,624,000 262.50
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TABLE

5

CHEM 3Y3TEMI
PRODUCTION COST ANALYSIS

HYDROGEN VIA CONVENTIONAL

STEAM-METHANE REFORMING

Plant Hydrogen Via Conventional
Steam-Methane Reforming

Battery Limits Capital Cost

* Includes 10% SCo"nt'lngency
41.3

Offsites Capital Cost 2.3
Location gylf Coast, Mid-~1980 Total Fixed Investment 62.6
Capacity 100 MSCF/Day Working Capital 6.0
Production Rate 33, ouo M 5CF/Yr Tatal Fixed & Warking Capital 68.6

QAW HATERIALD QUANTITY UNIT

PRICE,$ ANNUAL CO3T .§ UNIT £0aT

Natural Gas 15,142,000 MBtu 3.15 47,699,000 ' ¢JKSCF
TOTAL HAW MATERIALS COST 47,699,000 144.54
UTILITIES f
Power 34,428,000 RWH 0.027 930,000
Cooling Water 4,429,000 ksal. 0.053 234,000
Process Hater 315,000 KGal. 0.55 173,000
Fuel MBtu.
Steam (1,122,000} Klbs. 5.00 {5,510,000)
TOTAL UTILITIES C€08T (4,273,500) (12.95)
LABOR A RELATED
Men/Shift Total Men
Labor @ 10 men @ $21,5

215,000
Supervision @ Fgreman 1/4 Men 528,800/524 200 125:000
Direct & General Plant Overhead @ 100% L 341,000
TOTAL LABOR & ARELATED COST 682,000 2.07
CAPITAL RELATED
Maintenance 4.0% BLCC 1,652,000
General Plant Overhead 2.6 % BLCC 1,074,000
Insurance, Property Taxes 1.5% Total Fixed Investment g39,000
Depreciation 10.0% BLGC + 5% Offsites 5,195,000
Interest 10.0% on Working Capital 600.000
TOTAL CAPITAL—RELATED EXPENAES 9,460,000 28.67
BY-PRODUCT CREDIT
TOTAL BY-PRODUCT CREDIT
TOTAL COST OF PRODUCTION 53,568,000 1€2.33
RETURN ON TOTAL FIXED (NVESTMENT @ 20 % 12,520.000 37.94
TOTAL C€AS8T PLUS RETURN 66,088,000 200.27
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v

Production cost estimates for hydrogen manufacture via electrolysis

have been developed foc/?hew“ developing technology as represented
by General Electric's Solid Polymer Electrolyte Process (see Figure §).

Table 6 summarizes the production cost for 100 M SCFD of H2 using

BGE's SPE system. Battery limits capital cost is based upon a recent
GE estimate for a 58 MW unit to start up in 1980. Since the unit we
are considering is roughly six times as large as the estimate module,
the supply voltage for our unit will probably range up to 1000 volts,

ijf available, rather than the 500 volt electrical source used in the
estimate.

/
The battery limits capital for this plant (including 30% contingency)
can be delineated as follows:

sM  (Mid-1980) Percent

Electrolysis Module 7.1 10.5
Power Conversion and Switch Gear 37.4 55.4
Ancillary Equipment (See Figure 5) 15.8 23.4
Installation _7.2 10.7
TOTAL 67.5 100.0

Offsites facilities have been estimated at only 20% since this is not

a conventional petrochemical plant and nejther feed nor product storage
are required.

The cost of electrical power is the key item in determining the overall
cost of hydrogen via electrolysis. At a value of 2.7¢/KWH {(an average
1980 value based on a mix of nuclear, fossil fuel and hydroelectric
plants), the estimated hydrogen transfer price is about 374¢/KSCF.

CHEM SYSTEMS INC.
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- 151 - TABLE 6 \

CHEM 3BYJITEMD
PRODUCTION CO3T ANALYSIS

HYDROGEN AT 450 PSIG VIA MEW ELECTROLYTIC PROCESS
(SOLID POLYMER ELECTROLYTE ELECTROLYTIC GELL)
* Includes 30% Contingency
S M

Plant Hydrogen Via New *Battery Limits Capital Cost 67.5
Eiectrolytic Process *0ffsites Capital Cost 13.5
Location U.S. Gulf Coast Mid-1980 Total Fixed Investment 81.0
Capacity 100 M SCFD Working Capital 11.0
Production Rate 33,000 MSCF/Yr Total Fixed & Working Capital uz.0
RAW MATERIALS QUANTITY UNIT PRICE,S ANNUAL CO3T,$ UNIT coaT
Process Water 190,000 KGat .55 105,000 ¢/KSCF
TOTAL RAW MATERIALS ¢OST 105,000 0.32
UTILITIES
Power 4,008,228,000 KWH 027 108,222,000
Cooling Water 12,000,000 KGal..053 636,000
Process Water K Gal.
Fuel MBTU
Steam . KkLlbs.
TOTAL UTILITIES COST 108,858,000 329.87
LABOR & RELATED Hen/Shi ¢ ]
en/Shift Total Men
Labor @ $21,500 10 215,000
Supervision @ 23,800 3 86,000
Direct & General Plant Overhead B 100% L + S 301.000
TOTAL LABOR & RELATED ¢OST ~ - 602,000 1.82
CAPITAL RELATED
Maintenance 4.0% BLCC
General Plant Overhead 2.6 % BLCC %';gg:ggg
Insurance, Property Taxes 1.5% Total Fixed Investment; ’515°0gg
Depreciation 10.03 BLCC + 5% Offsites 77426 000
Interest 10.0% on Working Capital  § 100 000
TOTAL CAPITAL ~RELATED E XPENSES q, N 43.02
BY=-PRODUECT CREDIT
Oxygen 695,000 Ton 24 (16,704,000)
TOTAL COST OF PRODUCTION 107,056,000 324.4
RETURN ON TOTAL FIXED INVESTMENT @ an % 16,200,000 49.09
TOTAL COST PLUS RETURN 123,256,000 373.50
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CHEM SYSTEMS INC.

Table 7 shows that the use of low sulfur, lTower priced Western coals

does not reduce the cost of hydrogen via the gasification route but

actually increases it by 3 to 4%. Although there are savings in raw

material costs based upon the price differential between Western and
Eastern coals and also capital -savings in sulfur recovery equipment,
these savings are more than offset by increased costs for coal handling
and drying of the lower Héating value, higher moisture Western coal.

Note that the four plants are assumed to be mine-mouth and equipped
with stack gas scrubbing equipment.

TABLE 7

Hydrogen Via Coal Gasification - Coal Sensitivity Analysis

I11inois Coal

Montana/Wyoming Coal
d y»2l/ton ¥ S5/ton

Total Fixed Transfer Total Fixed Transfer

Investment Price Investment Price
T s ¢7MSCE — M ¢/MSCF
K-T Coal Gasification 246.4 311.21 269.0 320.47
“New" Coal Basification 200.1 260.46 223.5 270.16
Al "J.
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CHEM SYSTEMS INC.

Ammonia

The same processing steps described previously under hydrogen product-
tion via coal gasification are required in ammonia production. In
addition, an ammonia synthesis loop is-included, preceded by a nitro-
gen wash or methanation step to remave residual carbon oxides (see

Figure 2). We have assumed that conventional ammonia synthesis tech-
nology (ca. 2500 psig) is utilized.

Table 8 shows a cost of production analysis for a 2000 short ton per
day amronia plant for synthesis gas generated in K-T gasifiers. Table
9 shows the same production cost analysis for a 2000 short ton per day
plant using a "new" coal gasification process. At this capacity

level, the "new" technology offers a potential savings of about 9%.
on the ammonia cost plus return.

Ammonia production based on coal gasification can be compared against
production via:

e Partial Oxidation of Residual Fuel 01l
e Steam Reforming of Methane

If ammonia is the desired product from a partial oxidation unit then

additional processing steps must be added to the partial oxidation
based hydrogen plant {See Figure 3).

e Nitrogen Addition
e Compression to Desired Gas Pressure
e Ammonia Synthesis and Purification

-

Table 10 shows the production cost analysis for"5‘2000 tor per day
ammonia plant using partial oxidation of a high sulfur

residual oil.
The estimated transfer price §s about 249%/ton.
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TABLE 8 - 154 «
CHEM SYSTENS
PRODUCTION QOST ANALYSIS

AMMONIA FROM A K-T COAL
“GASTEICATION PROCESS

*Includes 15% Contingency

N
Plant Ammonia Vi —Tot xBattery Limits Capital Cost 2351
COQ-!"G:sgf?c:g?g:rs Totzek =0ffsites Capital Cost J59.9
Location |j.5. Mid Cont. - 1980 Total Fixed Investment 395.0
Copacity 2.000 Short Tons/Day Working Capitel —-15.0
Production Rate 660,000 ST/Yr Total Fixed & Working Capitai 410.0

RAW MATERIALS

QUANTITY UNIT PRICE,§ ANHUAL CO3T < UNIT COST

I1linois Coal 1,170,000 Tons 21.00 $ 24,570,000 T
(HHV=11,530 Btu/Lb)

Catalyst and Chemicals

et n

i 3 o s g e M RSt WM L8 3

-

Py
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peeey

.

-

700,000

TOTAL RAW MATERIALS COST $'25,270,000 38.29
UTILITIES

Power 24,500,000 KWH 0.027 662,000

Cooling Water 64,840,000 KGil. Internal -

Process Water 4,840,000 K3al. 0.55 2,497,000

Fuel MBTU

ss'tteakmea ¢l 4,310,000 KLbs. Integgal 1,519,000

ac s Clean-up " " - 2215,

TOTAL UTILITIES C€OST 7,678,000 7.09

LABOR @ RELATED
Men/Shift Tatal Men

Labor @ $21,500 8 37 796,000

Supervision @ $£28,800/24,2C0 2 179 247,000

Direct & General Plant Overhead @ 100% L + § 1,043,000

TOTAL LASOR B RELATED COST $ 2,086,000 3.16
CAPITAL RELATED

Maintenance 4.0% BLCC 9,404,000

Gereral Plant Overhead 2.6% BLCC 6,113,000

Insurance, Property Taxes 1.5% Total Fixed Investment 5,925.000

Depreciation 10.0% BLCC + 5% Offsites 31,505,000

Interest 10.0% on Werking Capital 1,500,000

TOTAL CAPITAL—RELATED EXPENSES 54,347,000 82.49
BY-PRGOUCT CREDIT
Sulfuyr 38,800 Tons 50 1,940,000

TOTAL BY-PRODUCT CREDIT {§ 1,540,000 (2.94)
TOTAL COST OF PROCUCTION 84,541,000 128,00
RETURN ON TOTAL FIXED INYESTMENT @ 20 % 79 100,000 11989
TOTAL COST PLUS RETURN $163,541,000 5247 .78

i
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STEMS

PRODUCTION CO3ST ANALYSID

AMMONIA FROM A “NEW" COAL
" GASTFICATION PROCESS

*Includes 20% Contingency

s M
Plant Ammonia Via “New" Coal ~Battery Limits Capital Cost 209.2
Basification Process »Offsites Capital Cost 152,9
Location U.S. Mid Cont. 1980 Total Fixed Investment 362.1
Capacity 2,000 Short Tons/Day Working Capital . ~14.0
Production Rate 660,000 5T/Yr Total Fixed & Working Capital "76.1
RAW MATERIALAS QUANTITY UNIT PRICE,S ANNUAL COST § INIT CDST
IT11inois Coal 1,024,000 Tons 21.00 £ 22,974,000 SIT
(HHV=11,390 Btu/Lb)
Catalyst and Chemicals 700,000
TOTAL. RAW MATERIALS COST $ 23,674,000 45.87
UTILITIES
Power 24,500,000 KWH 0.027 662,000
Conling Water 60,200,000 k€al. Internal -
Process Water 4,220,000 KGal. 0.55 2,321,000
Fuel MBTU
Steam 3,280,000 kLbs. Internal -
Stack Gas Clean-up " " . 1,148,000
TOTAL UTILITIES COST 4,131,000 5.26
LABOR & RELATED
Men/Shift Total Men
Labor @ $21,500 8 37 796,000
Supervision @ $24,200/28,800 2 247,000
Direct & General Plant Qverhead @ 100% L + S 1,043,000
: TOTAL LABOR & RELATED COST $'72,086,000 3.18
i CAPITAL RELATED
: Maintenance 4.0% BLCC 8,363,000
. General Plant Overherd 2.6% BLCC 5,433,000
. Insurance, Property (axes 1.5% Total Fixed Investment 5,432,000
. ?epreciation }g.gé BLCC + 53 0ffsite§ 28,533,000
. nterest .0% on Working Capita 1,400,000
E TOTAL CAPITAL—RELATED ExPEHSESg P 29,204,000 74.55
: BY=-PRODUCT CREDIT
1
% Su’ fur 38,300 Tons 50 1,915,000
5
; TOTAL BY=~PRODUCT GCREDIT {s "1,915,000) (2.90)
TOTAL COST OF PRODUCTION 77 -T50.000 TTe 85
" RETURN ON TOTAL FIXED INVESTMENT @  20% 92,420,000 109.73
: TOTAL GOST PLUS RETURN 149,600,000 226.67
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TABLE 10 - 156 =
CHEM 3Y3TEMS
PRODUCTION COGT ANALYS3IS

AMMONIA VIA PARTIAL OXIDATION WITH
INTEGRATED OXYGEN_PRODUCTION

*Includes 10% Contingency

SM

Plant Ammonia Via Partial Oxidatfon *Battery Limits Capital’ Cost 170.6
*0ffsites Capital Cost 110.0

Location U.5. Gulf Coast, Mid-198D Total Fixed Investment 280.6
Capacity 2000 Short Tons/Day Working Capital Ja.0.,
Production Rate 660,000 Tons/Yr Total Fixed & Working Capital 298.6
RAW MATERIALS QUANTITY UNIT PRICE,$ ANNUAL COST,.§ UNIT coST
Residual Fuel 011 4,100,000 Bb1 15.00 61,500,000 $/Ton
Catalyst and Chemicals 800,000

TOTAL RAW

MATERIALY CoO3T

62,300,000 94.139
UTILITIES

Power 13,200,000 KWH 0,027 356,000

Cooling Water 72,451,000 K6al- Internal

:m;:ess Water 6,780,000 KG:_II- 0.55 3,731,000

ue i

Steam 2,730,006 KLDBS. Internal

o

WL YRS cosr

0.35

LABOR & RELATED

959,000
5,046,000 7.65

Labor € $27,500

Hen/Shift Total Men

7 30 645,000
Supervision
Diﬁc’c & Generaﬁzhza?&,%%kﬂ%ad @ 10%! L+S 1472 ]'gg?:ggg
TOTAL LABGR 8 RELATED £&OST $2,062,000 3.16
CAPITAL RELATED .
Maintenance 4.0% BLCC 6,824,000
General Plant Overhead 2.6 % BLCC 4,436,000
Insurance, Property Taxes 1.5% Total Fixed Investment 4,209,000
Depraciation 10.0% BLCC + 5% Offsites 22,560,000
Interest

TOTAL CAPITAL —RELATED EXPENSES

10.0% on Working Capital 1,800,000

39,823,000 60.34

BY=PRODUCT CREDIT

Sulfur

TOTAL 8Y-PRODUCT CREDIT

20,000 Tons 50 (1,000,000)

$1,000,000}  _(1.52)

TOTAL COST OF PRODUCTION 108,257 ,000 164.02
RETURH ON TOTAL FIXED INVESTMENT @ 20 % £6,120,000 85.03
TOTAL COST PLUS RETURN 164,377,000 249.05
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CHEM SYSTEMS INC.

The production cost analysis for the production of ammonia (2000 STPD)

via steam methane reforming is presented in Table 11. The estimated
transfer price is about 210 $/ton.

Table 12 shows that the use of low suifur, lower priced Western coals
does not reduce the cost of ammonia via the gasification route, but
increases it by 1 to 2%. Again, the four plants are assumed to be
mine mouth and equipped with stack gas scrubbing equipment. Similar
to the hydrogen-coal sensitivity analysis, this increase in ammonia
cost is the result of increased costs for coal handling and drying

of the lower heating value, higher moisture Western coal.

TABLE 12

Ammonia viz Coal, Gasification - Coal Sensitivity Analysis

[11inois Coal

Montana/Wyoming Caal
@ s2i/ton ""'E‘S@/ta!nEL ===

Total Fixed Transfer Total Fixed Transfer

Investment Price Invesiment Price

M s7ion $M 3/ 0n

K~T Coal Gasification 395.0 247.78 422 2 280.97
"ew" Coal Gasificawion 362.1 226.67 390.4 231.36
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TABLE 11
HEM

SYSTEMS

PRODUCTION CO3T ANALY3IA

AMMONIA BY STEAM-METHANE REFORMING

plant Ammonia by Steam-Methane

Reforming

tocation U.S. Gulf Coast - 1980

Capacity 2000 ST/SD

Production Rate 660,000 ST/Yr

RAYW HMATERIALS

e v .

*Includes 10% Contingency

* Battery Limits Capfital Cost
* Offsites Capital Cost
Total Fixed Investment
Working Capital
Total Fixed & Working Capital

$M

64.1
Iau's
11.0
“TIT %

PRICE.§ ANNUAL COST,$ UNIT COST

QUANTITY UNIT
Natural Gas 23,130,000 ABTU  3.15
Catalyst end Chemicals
TOTAL RAW MATERIALS COST

UTILITIES
Power 60,600,000 XwH 027
Cooling Water 63,171,000 Kaal. .053
Process Water 140,000 Ka&al, 0.55
Fuel MBTU
Steam (857,000) KiLbs. 5.00

TOTAL UMTILITIES COST
LABOR & RELATED

Men/Shift
Labor @ $21,500
Superyision @ 328,800 7
Direct & General Plant Overhead B 100 L + S

TOTAL LABOR 8 RELATED COST

CAPITAL RELATED
Maintenance 4.0% BLCC
General Plant Qverhead 2.6 % BLCC

Insurance, Property Taxes

Total Men
2%

72,860,000
800,000

73,660,000

1,622,000
3,349,000
77,000

(4,337,000)

$ 711,000

538,000
202,000
740,000

1,480,000

4,660,000
3,029,000

1.5% Total Fixed Investment 2,709,000

Depreciation 10.0% BLCE + 5% Offsites 14,855,000
Interest 10.0% on Working Capital 1,100,000
TOTAL CAPITAL=~RELATED EXPENSES 26,353,000
BY-PRODUET CREDIT
TOTAL B8Y-PRODUET CREDIT
TOTAL COST OF PRODUCTION 102,204,000
RETURN ON TOTAL FIXED IMVESTMENT @ 20 % 36,120,000
TOTAL GOST #LUS RETURN $138,324,000

T

111.60

1.08

2.23

39.93

154.84
54.73
209.57
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Mathanol

Methanal production via coal gasification is similar to that for am-
monia except that the synthesis gas, following c¢lean-up and sulfur
removal, ic adjusted to the proper hydrogen to carbon monoxide ratio
by sending only part of the stream to a shift conversion step (See
Figure 2). Some carbon dioxide is removed and the total synthesis
gas stream is compressed to the methanol synthesis pressure. ICI
(100 ATM) methanol technology is assumed for this step.

Table 13 shows a production cost analysis for a 2000 short ton per
day methanal plant using Koppers-Totzek technology. Table 14 shows
a proauction cost analysis for a 2000 short ton per day plant using
a "new" coal gasification process. The "new" coal gasification tech-

nology offers potential savings of about 12% on the methanol cost plus
return.

-~

As in the case of ammonia production, partial oxidation of heavy
residual oil and steam methane reforming are considered as alterna-
tive processes for methanol production in the U.5. Table 15 shaws
the production cost amalysis for a 2000 ton per day methanoi plant

using partial oxidation of a high sulfur residual oil. The estimated
transfer price is about 74¢/gal.

The production cost analysis for the production of methanol (2000 STPD)
via steam methane reforming is preserted in Table 16.

The estimated
transfer price is about 64¢/qal.
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TABLE 13 - 160 -

CHEM 3YSTEMY
PRODUCTION COST ANALYSIS

METHANOL VIA KG-PERS-TOTZEK COAL

GASTFICATION
*Includes 152 Contingency
$M

Plant Methanol Via Koppers-Totzek =Battery Limits Capftal Cest 206.1
Coal Gasification #»Offsites Capital Cost 144.3
Location YU.S. Mid Continent-1980 Total Fixed Investment 350.4
Capacity 2,000 Short Tons/Day Working Capital 14.0
Production Rate 66G,000 Tons/Yr Total Fixed & Working Capital 364.4

RAW BMATERIALS

QUANTITY UNIT PRICE S

I11inois Coal

ANNUAL COST ¢ UNIT cosT

1,134,000 Tons 21.00 23,814,000 S/T ¢ Gal
{HHV = 11,390 Btu/Lb.)
Catalyst and Chemicals

TOTAL RAYW MATERIALS coOST

450,000

UTILITIES

Pawer
Cooling Water
Process Water
Fual

Steam

ﬁ"%a'?k LGasUcT]I?.all"f-'lJE 83 cosT

24,264,000 36.76 12.25

23,000,000 KWH 0.027 621,000
59,200,000 KkGal. Internal
4,140,000 kGal. 0.5% 2,277 ,000
MBtu
3 .829.000 Kitbs. Internal

" 0.35 1,337,000

LABOR & RELATED

“§,235,000 6.42 2.14

Labor @ 521,500

Men/Shift Total Men

; 7 37 796,000

Supervision @ $24,200/28,800 2 9/1 247,000

Direct % General Plant Overhead @ 100% L + S 1,043,000

YOTAL LABOR & RELATED coST 2,086,000 3.16 1.05
CAPITAL RELATED

Maintenance 4.0% BLCC 8,244,600

General Plant Overhead 2.6 2 BLCC 5:359:030

Insurance, Property Taxes 1.5% Total Fixed Investment 5,256,000

Oepreciation 10.0% BLCC + 5% Offsites 27,825,000

Interest 10.0% on Working Capital 1.,400.000

TOTAL CAPITAL—RELATED EXPENSES »084 ,000 72.85 24.29

BY-PRODUGCT CREDIT

Sulfur

TOTAL BY-PRO

38,000 Tons 50 1,900,000

DUCT CREDIT

TOTAL COST oOF

(1,900,000) (2.88) (.96)
PRODUCT ION

RETURN ON TOTAL FIXED INVESTMENT @

76,765,000 116.31 38.75

TOTAL COST eLuS RETURN

20 % 70,080,000 106.18 35.39

$146,849,000 222.49 74.16
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CHEM 3Y3JTENMS
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PRODUCTION GOST ANALYS!S

METHANOL VIA "NEW" COAL GASIFICATION

*Iincludes 20% Contingency

$
Plant Mathanol Via "New" Coal *Battery Limits Capital Cost 175.2
. Gasification *0ffsites Capital Cost 134.9
Location U,S. Mid Cont. - 1980 Total Fixed Investment 310.1
Capacity 2,000 Short Tons/Day Working Capital 13.0
Production Rate 660,000 Tons/Yr Total Fixed & Working Capital FZ30
RAW HATERIALS QUANTITY UNIT PRICE,S ANNUAL COST.$ OUNIT COST
[111inois Coal 1,060,000 Tons 21.00 $ 22,260,000 $/T ¢ Gai.
(HHVY=11,390 Btu/Lb.)
Catalyst and Chemicals 450,000
/
TOTAL RAW MATERIALS COST $ 22,710,000 34.41 11.47
UTILITIES '
Power 23,000,000 KWH 0.27 $ 621,000
Cooling Water 55,800,000 KBal. Internal -
Process Water 3,900,000 KGal. .55 2,148,000
Fuel MBTU
Steem 2,750,000 KLbs. Internal -
Stack Gas Clean-up " " 0. 966,000
TOTAL UTILITIES COST 3,732,000 5.65 1.89
LABOR 8 RELATED
Men/Shift Total Men -
Labor @ 521,500 7 37 $ 796,000
Supervision @ $24,200/28,800 2 91 247,000 -
Direct & General Plant Over_'ge.ad ‘1005 L +S 1,043,000
-
TOTAL LABOR A&_RELATED COST $ 7,086,000 3.16 1.05
CAPITAL RELATED
Maintenance 4.0% BLCC $ 7,008,000
General Plant Qverhead 2.6% BLCC 4,555,000
Insurance, Property Taxes 1.54 Votal Fixed Investment 4,652,000
Depreciation }g.ﬂ% BLC& +k5% ngsite§ 24,265,000
Interest .02 on Working Capita 1,300,0C0
TOTAL CAPITAL—RELATED EXPENSES 40,480,000 51.33 20.44

BY=-PRODUCT CREDIT

Sulfur 35,600 Tons 50
TOTAL BY-PRODUCT CREDIT

TOTAL COST OF PRODUCTION

RETURKM ON TOTAL FIXED INVESTMENT @

TQTAL COST PLUS

20%!

RETURN

$ 1,780,000

{$ 1,780,000)
$ 67,228,000

62,020,000

(2.70) (0.90)
TOT.85 3395

83.97 31.32

$129,248.000

185.82 65.27
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TABLE 15 ~ 162 -

CHEM 3Y3TEMS
PRODUCTION CGOST ANALYSIS

METHANOL VIA PARTIAL OXIDATION WITH
INTEGRATED OXYGEN PRODUCTION

*Includes 10% Contingency

S M
plant Methanol Yia Partial Oxidation wBattery Limits Capital Cost R
*0ffsites Capital Cost KIS
Location U.5. Gulf Coast Mid-1980 '&otﬂ‘l Fiaéed1ln\{esment 231.1
Capacity 2000 Short Tons/D orking Capita Jr0-
Production Rate g60,000 -{-ng. Total Fixed & Working Capital 248.1
RAW MATERIALS QUANTITY UNIT PRICE § ANNUAL CO3T s UNIT COST
Residual Fuel Qil 4,100,000 Bb1 61,500,000 T ¢/cal
Catalyst and Chemicals 800,000
TOTAL RAW MATERIAL3 COST 62,300,000 94.39 31.46
UTILITIES
Power 6,666,000 KWH ,027 179,000
Cooling Water £4,300,000 k 6Gal. Internal
Process Hater 5,080,000 KGal. G.55 2,795,000
Fuel MBTU
itt.e:l?: Cleantt 2,740,000 K Lbs. Igtema'l 500
¢ s n- " " .35 2000
TDTALGa UTIE?TI 8 COST 2 3'333'000 5.96 1.99
LABOR & RELATED
Men/Shift Tatal Men
Labor @ $21,500 6 30 645,000
Supervision @ 324,200/28,800 14/2 396,000
Direct & General Plant Overhead @ TODR L + S 1,041,000
TOTAL LAAOR & RELATED <&03T 2,082,000 3.15 1.06
CAPITAL RELATED
Maintenance 4.0% BLCC 5,512,000
General Plant Overhead 2.6 % BLCC 3,583,000
Insurance, Property Taxes 1.5% Total Fixed Investment3 467,000
Depreciation 10.0% BLCC + 5% Offsites 18,445,000
Interest 10.0% on Working Capital 1,700,000
BY~-PRODUCT CREDIT
Sulfur 20,000 Tons 5.00 1,000,000
TOTAL BY-PRODUCT CREMT {1,000,000) (1.52) (0.51)
TOTAL C€OST OF PRODUCTION 100,022.000 151.54 50.51
RETURN ON_TOTAL FIXED INVESTMENT ® _ 20% 46,220,000 70.03 23,30
TOTAL €OST PLUS RETURN 146,242,000 221.57 71.85
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TABLE 16
CHEM 3YSTEM3
PROOUCTION COST ANALYSIS

KETHANOL BY STEAM~METHANE REFORMING

*Includes 10% Contingency

Plant Methanol by Steam-Mathane *Battery Limits Capital’ Cost
Reforming

*Offsites Capital Cost
Location U.S. Gulf Coast - 1980 Total Fixed Investment
Capacity 2000 ST/SD

Working Capital
Praduction Rate 660,000 ST/Yr Total Fixed & Working Capital

M
86. 1
47.4
|33.g
10.0
143.%

RAW MATERIALS QUANTITY UMIT PRICE,$ ANNUAL COSTS  UNIT COST
Natural Gas 23,400,000 MBTU 3.15 73,710,000 S/T  ¢/Gal
c0, 4,150,000 KSCF Hil N
Catalyst and Chemicals 7,400,000
TOTAL RAYW MATERIAL3 <€OST 75,110,000 113.80 37.93
UTILITIES
Power 51,027,000 ¥XMH 027 1,378,000
Copling Water 40,411,000 KGal. .053 »142,000
Process Water 140,000 KGal. 0.55 77,000
Fuel MBTU
Steam KLbs.
TOTAL UTILITIES COST 3,597,000 5.45 1.82
LABOR & RELATED
Men/Shift Total Men
Labor @ $21,500 25 538,000
Supervision @ $28.800 7 202,000
Direct & General Plant Overhead @ 100X L + § 740,000
TOTAL LABOR 8 RELATED CO3T 1,480,000 2.23 0.74
CAPITAL RELATED
Maintenance 4.0% BLCC 3,444,000
General Plant Overhead 2.6 ¥ BLCC 2,239,000
Insurance, Property Taxes 1.5% Total Fixed Investment 2_003,00C
Depreciation 10.0% BLCC + 5% Offsites 10,980,000
Interest 10.0% on Working Capital 1.000,000
TOTAL CAPITAL—RELATED EXPGNSES ~19.866,000 29.80 9,92

BY-PRODUCT CREDIT

None

TOTAL BY-PROOUCT CREDIT
TOTAL COAT OF PRODUCTION

RETURN ON TOTAL FIXED INVESTMENT ® 20 %
TOTAL COST PLUS RETURN

99,853,000
26,700,000

151.28 50.41
40.45 13.48

126,553,000

181,73 63.89
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CHEM SYSTEMS INC.

Synthesis gas produced from steam methane reforming s typically a

mixture of carbon monoxide, carbon dioxide, and hydrogen, with the
conversion to methanal follawing the equations:

o + auz-—--»- CHgOH
co, + 3H2——+CH30H + Hy0

Since methane is richer in hydrogen than is jdeal, cu2 is normally
added to the feed to baiance the excess hydrogen. Thus, methano?
producers have traditionally located their plants not only close
to cheap natural gas sources but also adjacent to ammonia plants
where coz would be available cost-free.

Thus, Table 16 shows no charge for the CO, raw material. How-
ever, it is possible that a methanol plant could be built in an
area where cost-free co2 is not available. Table 17 presents a
production cost analysis for such a case.

The estimated transfer
price is about 65¢/gal.

S ciemarme -

s & A

[



PRIt

- L TN

o ot emlieard O et

R

1y ¥om

- 165 = TABLE 17

SYSTEMS

PRODUCTIDN €O3T ANALYSIS

METHANOL BY STEAM-METHANE REFORMING

o Captive Cl 2
*Includes 102 contingency
S M
Plant Mathanel by Steam-Mathane whattery Limits Capital Cost a7.9
Reforming »0ffsites Capital Cost 473
Lacation U.5. Gulf Coast - 1980 Total Fixed Investment 135.3
Capacity 2000 ST/SD Working Capital J0.0_
Production Rate 650,000 ST/Yr Total Fixed & Working Capital 145.3
RAW MATERIALS QUANTITY UNIT PRICE,$ ANNUAL COIT 4§ UNIT CO3T
Natuyral Gas 23,400,000 MBTU 3.15 73,710,000 Lya) ¢/Gal
coz 4,150,000 KSCF 0.18 747,000
Catalyst and Chemicals 1,400,000
TATAL RAW MATERIALS COST 75,857,000 114.93 38.31
UTILITIES
Cooling Water 40,411,000 Kgail. -053 2,142,000
Process Hater 140,000 Kgal. 0.58 77,000
Fuel MBTU
Stean KLbs.
TOTAL UTILITIES CO3ST 4,090,000 6.20 2.07
LABOR B RELATED Total
Men/Shift otal Men
|§abor$ $21 .@500 ~ 25 538,000
upervision 8 202,000
Direct & Gener3d Blont Overhead @ 100% L + 740,000
TOTAL LABOR & RELATED COST 1,480,000 2.23 0.74
CAPITAL RELATED ’
Maintenance 4.0% BLCC 3,516,000
General Plant Overhead 2.6 % BLCC

Insurance, Property Taxes
Depreciation
Interest

2,285,000

1.5¢ Total Fixed Investment 2,030,000
10.0% BLCC + 5% Offsites
10.0% on Working Capital
TOTAL CAPITAL —RELATED EXPENSES

11,160,000

1,000,000

8Y-PRODUECT CREDIT
None

TOTAL BY-PRODUCT CREDIT
TOTAL COST OF PRODUCTION
KRETURN ON TOTAL FIXED INVESTMENT

$19,991,000 30.29 10.08

101,418,000 153.65 $1.20

® 20 % 27,060,000 _41.00 13.56
TOTAL €OST PLUS RETURN $128.478,000 194.65 63.86
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Table 18 shows that the use of low sulfur, lower priced, Western coals o
; does not reduce the cost of methanol via the gasification route, but b
: increases it by 1 to 3%. Again, the four plants are assumed to be .
b mine mouth and equipped with stack gas scrubbing equipment. Similar :
' to the hydrogen and ammonia-coal sensitivity analyses, this increase

i in methanol cost is the result of increased costs for coal handling Lo
: and drying of the lower heating value, higher moisture Western coal. o
h :
o
§ i
" TABLE 18 *
£ Methanol Via Coal Gasification - Coal Sensitivity Analysis

Illinois Coal Montana/Wyoming Coal

- T8 ) on @ s3/ton

i Total Fixed Iransfer Total Fixed  Transfer

i} Investment Price  Investment Price

- ™ T/Gal K10 g/Gal

a K-T Coal Gasification 350.4 74.16 377.2 75.33

&

“New"Coal Gasification 310.1 65.27 338.3 67.47
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