@
O
o o NTIS

— ) One Source. One Search. One Solution.

COAL LIQUEFACTION

KERNFORSCHUNGSANLAGE JUELICH G.M.B.H.
(GERMANY, F.R.)

1978

U.S. Department of Commerce
National Technical Information Service




One Source. One Search. One Solution.

NTIS

Providing Permanent, Easy Access
to U.S. Government Information

National Technical Information Service is the nation’s
largest repository and disseminator of government-
initiated scientific, technical, engineering, and related
business information. The NTIS collection includes

almost 3,000,000 information products in a variety of
formats: electronic download, online access, CD-
ROM, magnetic tape, diskette, multimedia, microfiche

and paper.

Search the NTIS Database from 1990 forward
NTIS has upgraded its bibliographic database system and has made all entries since
1990 searchable on www.ntis.gov. You now have access to information on more than
600,000 government research information products from this web site.

Link to Full Text Documents at Government Web Sites
Because many Government agencies have their most recent reports available on their
own web site, we have added links directly to these reports. When available, you will
see a link on the right side of the bibliographic screen.

Download Publications (1997 - Present)
NTIS can now provides the full text of reports as downloadable PDF files. This means
that when an agency stops maintaining a report on the web, NTIS will offer a
downloadable version. There is a nominal fee for each download for most publications.

For more information visit our website:

www.ntis.gov

o
ﬂ;{ U.S. DEPARTMENT OF COMMERCE

s %o . Technology Administration
r% ¢ & National Technical Information Service
Mo Springfield, VA 22161




KEFRFCRSCHEUNGSANLAGE JOLICH GmeH

WCRKSHOP

"CoaL LIQUEFACTION"

18.719. SerTEMBER 1978

VERANSTALTET VON DER
PROJEKTLEITUNG ENERGIEFORSCHUNG

CONF7809162
GO



Yozkshop "Cozl Liguefaction"

Frohning
Schnur
Hubert
Schramﬁ

Dr.
Dr.
Dr.
Dr. Klusmann
Prof. Dr.

Herr Heger
Dr. Kihn

He-r Keim

Holowski

Imhausen

Diest
Wirfel
Kronig
Dr.

Dr. Schulze

Rat Ci

Herr wv.
Dr.
Dr.
Prof.
Prof.

Hin.

nolling

Tkel

Dr. Ziegler
Dr.
Dr.

herxr

Jessenberger

Simo
Gaensslen
Beddope

Knudsen

Mcs.
Dr.
Dr.
Dr.
Mr.

McNeese
Hill
Baker

KFA-Ancgeh@riae,

18./19.

September 1978

Ruhrchemie AG

Ruhrchemie AG

Schering AG

Schering AG

Ruhrkohle AG

Ruhrkohle AG

Imhausen Chemie GmbH

Imhausen Chemie GmbH

Union Kraftstoff AG Wesseling
Union Kraftstoff AG Wesseling
Steag AG

Sasrbergwerke AG

Bergbau-forschung GmbH
TU Berlin

Min. f. Wirtschaft,
und Verkehr/NRE
BMFT

BMFT

Lurgi GmbH

Ffittelstand

'Lurgi GmbH

DDE/USA

ORNL/USA

Escoe/USA
IEA/GroBbritannien

die 2n der Konferenz teilnahmen:

Dr. Stdcker
Dr. Hzlighaus
Herr Bertram
Dr. Manthey

Dr. Eickhoff

KFA/PLE
KFA/PLE
KFA/PLE
KFA/STE
KFA/STE




WORKSEOP COAL LIQUEFACTION

K.F.&., 18 - 19 September, 1:78

MINTUTES

HOLIGHAQS:*During our first session, I will chair the workshop.
I would like to intrcduce Dr. Engelmann, who is a member of the
board at K.F.A., Jilich.

ENGELMANN: I would like to welcome you to the K.F.2A. I hope that
your workshop on coal ligquefaction will result in a good assessment
of this techneclogy. Cozal liguefaction is increasing in importance:
this will be discussed in greater detail by Dr. Ziegler. We are

now eyperiencing a "coal renaissance®, cozl being 2 primary sourcs
of energy which is readily available in large cuantities. 2 potential
use of coal is to replace, to some extent, natural gas.

We as a nuclear research centre hope that nuclear energy will also
have its share, and we see that cozl liguefaction and coal gasi-
fication can make use of nuclear power. 2t Jiilich, we are very

much encaged in developing the high -~ temperature gas - cooled
reactor as the source of both electric power and nuclear process
heat for the purpose of cozl gasification and perhaps., later on,
also for coal liquefaction.

I hépe the meeting will be suczessful:; I will now call upon Dr.
Ziegler.

HOLIGHAUS: Our next speaker is Dr. Ziegler, from the Federal
Ministry of Research and Technology, where he is director of the
office responsible for the non-nuclear energy R+D. programme.

ZIEGLER: Ladies and Gentlemen, I am glad to welcome you at the
Kernforschungsanlage Jiilich, too. This is the first time that we
execute a workshop under the IE2 Agreement on national planning
cooperation in the field of coal hydrogenation technology.

Coal liquefaction is probably one of the most important technologies
for the conversion of coal in the future besides carbonization. Both



technigues lead to products which cannot be revlaced by other
products using today's technologies. There is no resl alternative
to using casoline in cers or airgplanes. Coke hase to be used in
the blast furnace for the nesr future.

The projects for the Iuture sundply of mineral oil show & broad
spectrum of possibilities. Some tell us that within the next
decads we shall £fall short of o0il. others promise, that oil will
be available beyond the year 2000 in sufficient guantities. These
uncertainties are called risks in normal life. The response of
most people to such risks is to go to an insurance_company. But
where can the natiors go and insure themselves against risks of
damage to their conditions of 1life? Well, they carn only teke their
fertune in their own hands. They can look for alternmative ways

of life. To zllow cars and airplanes to diszppear from the surface
of the earth is surely not a possible alternative. Therifore we

have to look for an alternative supply of fuel. Co2l ligquefacrtion
is the way to do this.

-
If one considers cozl licuefaction as arn insurance-like tocl, one
has to look carefully at the economics of that tecol. During the
last five years, the funds spent on or committed for coal lique-
faction research tasks in the Federal Republic ¢of Germany amounted
to more than DM 300 million. This is nearly 1 % of the prcduction
value of gcasoline. In terms of insurance mathematics, this means

a mean life for time of more than 100 vears. This is surely not
the period of life for our cresent supply paths Zor gasoline. It
will be much shorter.

This insurance aspect is, of course, not the main reason for consi-
dering the economics of coal liguefaction. Economic consileration
are an important part of technology assessment. They show the
ecornomic perspective of the technolocy to be developed. In the

case of coz2l liquefacticn I have the impression that during the
last five years the following situation has not changeé much:

.

The costs of the conversion of coal to liquid products are just

2s high 2s the world market prices for crude oil, but the energy
price of the feed coal éivided by the conversion efficiency has

to be added to the production costs.




This role will not change as long a2s the oil-producing countries
adjust the price for crude oil to the index of industrial good.
Thus, the prospects for the market for coal liguefaction techno-
locy are not very good. But it might be that my somewhat pessi-
mistic view concerning the commercialization of coal liguefaction
is the result of toc conservative cost estimates. I am, therifore,
cglad that this workshop offers an opportunity for exchanging opinions
ané views on preconditions arnd prospective results of the economic
of coal ligquefaction. I am sure that we 21l will learn from each
other how tc approach the target of a realistic assessment of coal
ligquefaction economics.

In that sense I wish the workshop 2 good success.

EOLIGEAUS: I would like to welcome our guests from the U.S. andé
the U.K., whose Mr. Baker is concerned with the economic aspects
of coal conversion technology at an international level. Dr.
Rnucsen will deliver the £irst paper. .
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ASSTRACT

A large number of fossil energy processes ere now in verious stages
of research and developmant arcund the world o produce substitute
fuels Tor conventicnzl 2i1 and gas. Precess dasign and cost astimation
of new processes is 2n irvaluable part of the development trocess 0
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estimation. '

Cost evaluaticns ere cascribed for cozl gasitication processas
iaken from the recent C.F. Braun & Co. report which compares new process
developments with cemmerciel Lurgi coal gasificetion.  Costs of
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on the basis of near-term new and rstrofitied plants as weli as

the Tonger range potential of combined cvcle technology.

INTRODUCTION .

Preliminary design and cost estimating of fossil erergy processes
is the principal means of determining the practical advantages and
disadvanteges that & given process nas comnzred with cthers which -
produce similar products. The results of such comparisons are cf .
particular importance o research and development. They not only
indicate those processes which offer promise of technical.and econosiic
Teesibility in é juture merket,. but also those secticns of a process
flow scheme which should reczive the greatest attention during
further development. It becomes quickly apparent that certain unit
operations creats the heaviest econcmic burdens con plant investment
and product selling price. These areas then beceme prime targets
for innovative engineering.

Successful process-reizted companies rely greatly on such
process analysis to guice their development efforis and t6 point to
new research projects. Inventors.pay close attention as well since
the royalty they will receive on a new patent will be negotiated as
2 portion of the savings qreated relative <o the nex:t best alternative.

U.S. Government ressarch and development activities in fossil
energy have grown beyond 5500=ﬁi11ion annuaily znd decisions about
program and project direciion zre strongly influenced by process

analyses.



PROCESS DZVIL2PMINT 28D ANALYSIS

New heavy-industry oracass cevelepment is an expansive and
risky enterprise usualiy conducted by large companies and govern-
ments, sometimes ih joint venture. The 15 to 20 year cevelopment
time to first commercialization which has been estimated for new
coal copvgrsion processes, for example, practically mandates
coverament-indusiry cost sharing. | ' - -

£n éxémpTe of liberal government cost shariﬁg witﬁ.industry
to induce steacy development of new cozl conversion processes is

illustrated by Ficure 1. It represents a locical daveicpmental

sequence for a hypothetical case. Althouch no specific case would
nacessarily Tollow this exarple ciosely, perhaps the composite of
2 number of cases would be reasonably close.

The zxample indjcetes that aTter conceptuzl work, exploratory
research follows to test scientific feasibility in a unit cepadble
of abcut one ton of daily coal throughput. OQOver a period of one to
four years Tor this phase, £10 rillion or more mey be consumed.
Next, a process cevelcnoment urit (FDU) is shown to gather the
‘necessary physicel, chemical and engingering data. About five years
and $20 to 530 million is requireé for this phase. A large pilot
plant is typically the next phase of cevelopment and reguires about
seven years to complete. Project cost for a 100 ton per day plant

may approach S100 miliion. Fimally, the last two stages shown by
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rigure 1 represent successively larger commercial prototype plants

fld

n final preparation for a full-sized 50,000 barrel per day plant
{or its thermal equivadent if the product is other than oil}. This
devéTopment scheme 1is admittéd]y'éonservat{Jé and perhaps for some
1cases the-éxplora.ony research éﬁd PDU phasss could be combined.
Likewise the pilot plant 2nd demonstration plant phases might be
accoﬁb]ished jointly by a plant size of several hundred tons per day
capacity. Neverthe]ess,‘the time to reach ccmmercial%zation wcuid
still be almost 1S years.

Guiding process devaiopment by design 2nd cost enginearing
analysis is very important, but complicated by the neged to compare
estimates taken from various sources. Engineering design and cost
estimating procedures and data will differ.somewéat when different
process groups have been involved. . Any significant difierences
usually can 5z resolved when the material is w21l documented.
However, two other factors must be considered wheﬁ two or more

estimates are to be compared. .The Tirst concerns the degree of
engineering effort expended in the design and costing of each
estimate. Greater engineering effort generally produces more
accurate estimates; The second concerns the guality or reliability
of the data being used for the design. Data from the demonstration
or commerciai development phase is obviously more accurate then

that taken from smaller units such as PDU-sized equipment.



These twc sourzes of inconsistencies in estimates can be
resolved by ms&ns o7 project end procass contingencies. These
are 21lowznces to account Tor differences in the level of
éngineering effort and in data reliability, respectively. Appli-
cation of these confingencies adjusts an estimate to 2 value
equivaient to tha completion of deve1cpment when Tull deta is
available for ali sections of the plant and an accuratz cetailed
estimate can be made. |

Project and process contingencies which are being used to

compare and resolve process estimates in the Fessil Znercy Pregram,

U.S. Depertment of Energy, are shown in Figure 2. The process
contingency is calculated &s & nercentage of the onsite partion of
the plant and represents tiie 2dditionzl investment necessary to
improve or expand prccess equipment to reach desicn conditions,

since cata tzken while develcring 2 process tend to be optimistic.
Project contingehcy is calculated as a percentace of the total

onsite (including process céntiﬁgenCy) and offsite investmant and

is. then addzd to obtain the Tinal investment. It allows for errors
in cost.estimating due to design assumptions, labor productivity

and rate assumptions, late delivery of construction ma2terials, and
the 1ike. Therefore, it reflects only the uncertainiy of constiructing
2 given p]ént for 2 given cost and coes not depend on the uncertainty

of the technical dazz. It does depend on the type of estimate mede
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as shown in the figure. Typicé? engineering costs of prcducing these
estimates for e 50,000 barrel per da2y coal cenversion plant ere given
in parentheses. .

The contingency figures shown in Figure Z'resulted from‘discussions
with large U.S. processing firms over‘the Tast two years and are based
on their process development and plant construc%iqn experience.

Major contr1bu;1on was received from Exxon Corporat1on.'

A better unders;andwrg of various ievels of cost estimates and
the accuracy which can be expected from them can be gained by
considering Figures 3, 4 and 5. Together these figures describe the
basic differences between preliminary, definitive and detailed
estimates. _ M

"The first step in developing an estimate is setting the
design basis. Al7 thres estimate types require the same type
design basis invormation, with the exception that the site specifi-
cation for zh'. thres differs. For example, a detailed design
inzluding det2iled mechanical drawings reduires specitication of
ah actuzl site and core driliings may be necessary to determine
foundation design.

The next step in process estimating is the process design itsel?
{Figure £). Differences in estimate accuracy are most obvious from
consideration of the varying efforts expended in this step. In a
preliminary design the effort ghds with ar equipment 1ist, while in

a2 definitive design detailed specifications are precared, including
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pining and instrumsntzticn specifications. This additionzl
inforration recuires a great deal more engineering efiort to
develop, but it is important to accuracy since process plants
contain piping and instrumentation thet may represent up to

40 percent of the plant cepital investment. A detailed design
includes the latter elements plus detailed engimeering drawings
and plans which may require hundreds of thousands of man-hours
to produce. OFf ccurse, this effort is aporopriate only when
actuzl constructien is p];nned.

The last step is the cost estimating process itself. For
preliminary estimztes, cost curves, experience Tectors, and rules
ef thumb are used, whereas Tor a definitive estimate, 2 more
deta®led estimzting procedure is required. Vender quotes, specific
cost indexes’. and projected Tinancial conditions zre apprepriate.
For a detailed study, one seszks vendor Eids, Tinances under actual
conditions, and studies actual labor rates and procuctivity Tor
the arse in question. Actual labor cests and productivity are
extemzly important factors which are generally overlooked. The
availabiiity of skilled crafismen and tne specifics of union rules
vary in different parts of the United States and can have 2 large
effect on the Tinal plent cost.

Reconsidering Ficure 2, it is clezr that a final investment
est1natn varies a great cdeal g5 a result of the contingencies appliea

to it. Consider, for example, a coicl licuefzction plant producing
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50,000 barrels of product 011 daily. Onsite investment might be
roughly $730 miilion znd offsite investment about $250 million.

If these investments had been calculated using datz of PDU quality
by a preliminary type of estimate, process and project contingencies
wouid ba taken as 25 and 20 percent,. respectively. Applying these
contingencies results in a total investment estimate of $1,425
miilion or an incregse oi about 43 percent above the investment

base of $1,000 mi1iion without contingencies.

COAL GASIFICATION ESTIMATES

Consistent cost estimates for coal gasification processas which
are now under development have been made by C.F. Braun & Co. using
western U.S. subbituminous ccal with 250 miilion standard cubic feet
per dzy of substitute natural gas production assumed as the standard
plant size. Thg study examines the investments. operating costs,
and the resulting prices of the HYGAS, BI-GAS, CGp Acceptor and
Synthane processes compared .with similar figures Tor the presentiy-
commercial Lurgi gasification technology. Another phase of the
same Study which will soon be published examines the same processes
using eastern U.S. cecals. '

Figure 6 is 2 plot of product costs for the varicus processes
calculated by Braun for western coal, assuming 100 percent equity -

financing, 12 percent discounted cash flow (OCF) rate of return,
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and 1976 constant dollars. Braun used a 15 percent project

conti..gency for &1l oF thesa cases, but included no process
contingencies in the ondite invastmerts. Note that product costs
can be plotied as strzight Tines when annual operating costs are
plotted against total capital requirement.

From the figure one sees that the HYGAS case with the residual
char gasified usihg a steam-oxycen gasifier appears to be thg
most atiractive process at cnproximately S4.2% per miilien.B7U of
product cost. The Lurgi process is about $5.5C per millicn BTU as
is the cese for Synthene where excess char is sold outside the pleant
and slurry coal feeding to the gesifiers is used. BI-GAS and COp
Acceptor approach the low-cost HYGAS case. However, the HYGAS case
with residual char gasified using a steam-ircn gasifier is less
attractive than Lurgi, 2s are two Synthane ceses which export
electrical power Tor s2ie outside the plant. .

The type of cecst estimate performed by the Braun study is
equivalent to & preliminary study and the 15 percent project con-
tingency used is reasonable. However, no process-contingencies
were useé to reflect the differ?ng data quality available for the
individual estimates. &iven the PDU and pilot data quelity of 211
of the data except Lurgi, process contingencies o7 15 to 25 percent
are indicated. A value of f{ve percant is suitable for the Lurgi

-

estimate. Application of these additional factors %o Lurgi and
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the three estimztes on the figure which are lower cost than Lurgi
narrows their cost advantage over Lurgi by about 50 cents per
mitlion BTU. This has the result that Bnly the HYGAS process

retains an apparent acvantage over Lurgi technology. Other processes

appear nargingl or higher cost comparsd with Lurgi technclogy.

COAL LIOUEFACTION ESTIMATES

At present sevaral coal liquefaction procssses are under
development. These include such processes 2s Exxon Denor Solvent
(EDS), H-Coal, and Solvent Refined Coal (SRC). Each of these
processes makes liguid fuels with different physical propertiss.
However, each of the processes has some flgxibiTity to operate
over a range betﬁeen'a heavier boiler fuel type of primary product
and a lighter synthetic crude primary product, depending on
1iquefa5tion reactor space velocity.

A recent paper by Gulf (2) concerning the SRC process oparated
to produce a synthetic crude {although they view its best use as Tuel
to a boi]er).inéicates a price of $2.21 per mi]iign BTY assuming
100 percent equity financing, 12 percent DCF and 1976 constant
dollars. A 20 percent project cdntinéency is included, but no
process contingency was applied. Including & 20 percent process
contingeh:y increases the cost to about $3.60 per miliion BTU.

This is equivalent to about $22 per barrel.

[y
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Preliminary estimates of other liguefaction processes wWithin
Fossil Energy indiczzte prices of S30 per barrel and grezter when
using this same econcmig basis to produce a synthetic crude.
However, since the various designs and cost estimates have been
mede by different concerns, it is not clear whether these cost
differences are due to true process differences or merely to design
ﬁhi]osophy differences among the verious firms involved. This

metter is currently under study.

POAER GENEZRATICN ESTIMATES

,JNew electric generation facilities can be based on aAnumber of
1iquid and solid alternative fpssil fuels. Figures 7 and 8 conirast
various base load alternatives, showing thé‘capita1, operation and
maintenance (0&4), and fueT'components of total cost expressed as
mills par kilowatt-hour of power ganéra;ed. These power costs were
derived from recent work done by Gilbert Associates (3) which
determined cepital and 08¢ costs for varicus alternatives. The fuel
component was' edded to thesé by bhocsing recent cost ranges fcr the
basic fusls used {Table I). An 800 msgawatt electric plant size
operating ai 70 percent capacity factor is assumed and the basis is
utility economics equivzlent to 2 10 percent DCF rate of return in
1975 constant dellars. A 15 percent prejectcontingency was used in
all cases with ro prc:ess-contingency.

In Figqure 7, tne Ho. & fué1 0il cese shows a variation in power

cost of 28 to 33 mills oer kilowzti-hour (the variaticn in the fuel
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compeneﬁt of this and all other casss represents the range shown
in Table I}. The natural gas case is less, but thig fuel is now-
in scarce supply in the'United States. SRC hot 1iquid refers *o
the Solvent Refined Coal liguefaction process operated so as tq
make & heavy liquid prodpct which would solidify if cocled. Thiszﬂ
- . case ag§"3h§t.forfhggyfi;ygghg:iﬁ coal 1iquid both indicate a sign%
ifiéantigos§_i§:rease cecmpared to No. 6 fuel oil. The dashed area
is added to emphasize the relative unceriainty of these estimates.
Finally, medium BTU gas made off site and bought by the power plant
at the rang2 shown by Table I is é]so relatively expensive. Néte
that the capital and 024 components for ali of these liguid cases
are éubstantia]ly the same and oniy the fuel components vary.

The solid fuel cases shown in Figure 8 show some interesting
variations. Low sulfur coal without flue gas desulfurization (FGD)
is very attractive and compares favorably with the use of natural
gas on the previous ficure. The high sulfur coal case with FED
%llustrates the Tact that the additional capital and 0&M componentis
due to the FCD equipment are not offset by the lower fuel cost of
high sulfur coal. Simf1ar]y, installation and operation of an
on site low BTU gas plant using high sulfur coal is not offset by
the cheaper fuel.

The solid SRC case without FGD has the same Tow capital and

0&M components &s the low sulfur coal case but the expensive fuel-
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prices this alternative well above the others. Xext, cleared high
sulfur coal without FGD eppears competitive with low sulfur coal.
Finally, the two high sulfur coal cases using fluidized bed com-
.busticn and a low BTU gas, combined cycle systém both ook very
competitive. |

Retrofit of base load electric utilities is iTlustrated by
Figure 9 using the same economic basis as be%ore. Here the incre-
mental cosf of modi'F_y'ing solid and Tiquid fuel plants i.s shown by
the three cost ccmponents. FGD adds only about 10 mills per
kiquatt-hour but solid SRC adds over 22 mills. Among alternatives
for retrofitting solid fuel 61ants, cleaned high sulfur coaT adds
the least or about five mills. For liquid plants, the heavy
synthetic coal 1iquid anc the medium 8TU cas off site cases add
about 10 mills per kilowatt-hour or more. The low BTU gas on site
case adds ncthing because the savings in {uel cost by using high
sulfur coal to generzte the gas cffsets the capitai and O&M
components. - The coal 0il slurry case indicate§ a reduction, since
fhe needed capital and D&Y are not Targe and the savings in No. 6
“fuel oif substituted by less expensive low sulfur coal more than
offsets them.

The economics of steam gereration by Tluidized bed combustion
{FBC) have recently been studied (4). Figure 10 contrasts FBC with

conventiornal firing (CF) for both high and low sulfur coal;




conventional firing with low sulfur fuel oil is shown for comparison.
These costs show capital, 04 and Tuel components {see Table I)
t2leutated in 1975 constant dollars 2t a 10 percent DCF rate of
return Tor 2 1CC,00C pound per hour boiler. No process

cbntingeacy was assumed, but a 20 percent project contingency was
used. . iy :

For high sulfur coal, the FBC case is definitely lower cost
than conventionai Tiring w%th FGD. There is no ralative improvenent
when using low sulfur coal, however. Note that the capital and 0&M

. costs for 2 boiler based on low sulfur fuel oil is much less than
-huéﬁe other cases. 0f course, this is fully offset by the relatively

higher cost of the fuel oil. -

Coﬁsistent procass design and cﬁﬁt,estimating procedures play
an important role in guiding research and develepment. Application
of proper process and project contingencies is a key element in -
obtaining realistic and comparable estimates.

Preliminary estimates have been maaz for man} of the cogl
conversion and power generation alternatives now under development
in the United States. Coal gasification and powsr generation economics

are presently the most fully developad, but 2 number of studies are

planned to better define the prospects for coal 1iquefaction.
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TABLE 1

FUEL COST TC POWER GENERATION

Liquid Fuels
No. 6 Fuel 011
Naturail Sas
SRC Hot Liquid
Heavy Synthetic Coel Liquid .
. Medium BTU Gas
Solid Fuels
Low Sulfur Coal
High Sulfur Cog?
Solid SRC

Dollars per Million BRTU

- 2.12 - 2.86
0.52 - 2.00
3.00 - 5.00
3.00 - 5.00
3,00 - 4.00
1.00 - 1.25
0.75 - 1.00
3.00 - 5.00
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Resolve
Putpose: Discovery Sclentific Tochaical Economle ~ Commerclal Investment
Feasibility - Feasibility Foasibility Fansibility Uncertaintios
Validote Process .| Copital and Other
Physlcal, Engineering Econamics, and | Rusource
Information: Theory Concopt Proof Chemical, Parameters of Cnwvironmental/ Requitemaoents,
Enginoering Datn Scole-up Socloeconoimic Marketability of
Impacts Pioducts
Typica! Slzo: y 010 0.1 1.0 10 100 1.000 10,000
(Tons/Day) : to 0.1 : ' .
)»v— co——
. 1 B .
Capital Cost: W} '
(1076 Million $) N.A. $3 to $5 $10 to $15 $20 to $30 $100 to 5209 $400 to $800
Annual Operating _._
Cost, ! N.A. $310 45 $5 10 $10 .$10 to $15 $25 to $50 $80 to $16Q
{1976 Million $) : : )
Governmaont g to 50%
Share: N.A, 100% 100% - 66% 50% {Cost if Ventura
{(Percent) Fails)

y Typical Values; each procoss Is difforent & must bo Individuallly ostimated.

T 34nbig




PROJECT AND PROCESS CONTINGENCIES™

TYPE OF COST ESTIMATE
PROJECT STUDY PRELIMINARY | DEFINITIVE DETAILED
PROCESS % | ($2—5x10° | ($2—5x10°) | ($2—5x10%) | ($2—5 x 107)
25 20 - _
PDU
3‘; 50 25 g
- 25 20 15 3
O. PILOT N
L | 25 15 10
&u - - T
& . 25 | 20 15 10
91 DEMONSTRATION | ' '
2 15 10 5 5
> .
= 25 20 i5 10
COMMERCIAL | _ .
5 5 5 5

¥PROCESS CONTINGENCY IS APPLIED TO ONSITES; OFFSITES ARE THEN ADDED AND
PROJECT CONTINGENCY 1S APPLIED TO THE TOTAL




PRELIMINARY ($0.2-0.5 X 10¢)

DESIGN BASIS

DETAILED ($20-50 X 109)

DEFINITIVE ($2-56 X 10°)

o PRODUCT SPECS
o FEED SPECS
o DESIGN. ASSUMPTIONS
» PROCESS DESCRIPTION
o UTILITY SPECS

e GENERAL SITE

DO

DO

DO

DO

DO

- o HYPOTHETICAL SITE

DO
DO
DO
DO
DO

ACTUAL SITE

£ 34nbiy




PROCEDSS DESIGH

PRELIMINARY [$0.2-055 10%)  DEFINITIVE ($2-5 X 10%) DETAILED {$20-50 X 10%)
e FLOW DIAGRAM e DO e DO
e MATERIAL BALANCE 0 DO . DO
e ENERGY BALANCE ° . DO , ® DO
o OPERATING CONDITIONS . DO - e DO
e PLOT PLAN . DO Co . DO
: - m
o ENVIRONMENTAL ASSESSMENT . oo o ENVIRONMENTAL IMPACT té'
' STATEMENT o
o MAJOR EQUIPMENT SIZED o ALL EQUIPMENT SIZED . 00 = \
e EQUIPMENT LIST ' o EQUIPMENT LIST AND . DO - i
DETAILED SPECS |
o P AND | DIAGRAMS *» DO
o PIPING. SPECS e DO
¢ PROCESS RELATED .~ COMPLETE STRUCTURAL
STRUCTURAL SPECS ODRAWINGS
e DETAILED ENGINEERING
DRAWINGS
o PLANT ELEVATION
DRAWINGS

o PROCUREMENT AND
CONSTRUCTION PLAN




PROCESS ECONOMICS

DETAILED {$20-50 X 10%)

PRELIMINARY ($0.2-0.5 X 10¢)

o COST CURVES
o EXPERIENCE FACTORS

o RULES OF THUMB

o GENERAL COST INDEXES

o ASSUMED FINANCIAL
CONDITIONS

DEFINITIVE ($2-5x 10°)

o DO

o VENDOR QUOTES
ON MAJOR ITEMS

o EXPERIENCE FACTORS
BASED ON MORE
DETAILED DRAWINGS

o SPECIFIC COST
INDEXES

o PROJECTED FINANCIAL

CONDITIONS

o VENDOR BIDS
o ACTUAL LABOR COSTS
AND PRODUCTIVITY

o DETAILED ENGINEERING
EVALUATION v

o FINANCING UNDER
ACTUAL CONDITIONS




ANNUAL OPERATING COSTS, MILLION 3/YR
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EX PWR
DRY FD

HYGAS STEAM/IROM

LURGH
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O -SYNTHANE
. SYNTHANE gx PWR

BI1.GAS EX CHAR g\ RRY FD

SLRRY FD

PRODUCT COST_$¢/MM BTU

g 3unbLy

STEAM/OXYGEN

C.F. BRAUN ESTIMATES .
MARCH 1, 1976 "
100% EQUITY, 12% DCF
WESTERN SUB-BITUMINOUS COAL

250:10° BTU/DAY PL/—\NT \
1 \\L \l \

X

0 200 400 600 800 1000 1200 1400 1600 1800
TOTAL CAPITAL REQUIREMENT, MILLION $ .
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LECTURE - KNUDSEXN

HZOLIGEAUS: Thank you for your excellent vaper civing 2 verv good

sx
impressicn of how vou work, your considerations arné aims. The
discussion is now opsn.

ZIZGLER: The first craoh showed that when substituting any other
fuel by 2 liguid product Zrom cosl., (particularly in the elec-
tricity sector) the costs were much hicher than wher other
metheds of supplyin¢ the power planis with fuel were used. Does
vour acency conclude from these results that one shoulé not pro-

duce liguid products for the electricity sector?

KXUDSEXN: No. but this metter is now under consideration. There zre
i

n
'g
[
8]
Fh

ic cases: CGulf has recently performed a marketing study
which shows that the process can be verv attractive in specific
locations, which can project a market venetration for the next
20 vears by the specific locetions that make the process look
guite attractive tc¢ them. The problem with these types of com-
parisons is that theyv are so broad and over-simplify the matter
in that they indicate that on thing shoulé surpass 211 others.
In this socific case, an estimate has been cdeveloped for the
substitution of S.R.C. Gulf is interested in the so-called
5.R.C.2 material: they present a very reasonzble case for its
introduction in specific situations to retrofit. One can easily
be misled by the retrofitting slide into +thinkingc thst anyv zlant
might be retrcfitted in & simple manner by some other soliéd or
liquié - this is not zlways the case.

In the specifics, a2 healthy vortion of the market sufficient to

attract an interest has been defined, and we &re in general agree

ment at the ageacy with that 2né are very interestec in proceedinc
with the process. It is generally recognised by snyvcne experienceéd
in this business that it is extremely &ifficult to builé these
enormous refineries and pump coal througn them with all the
attendant problems azd to be able to be on a par in the general
case with some bacsis that kas a low - sulpnur ccal and fines it

directly with a minimum of other handling.

EOLIGHAUS: A1l vour considerations aplly only if one examines the
base - load case. If one looks at the middle - load, the situation
would chance:r the liguids from coal would have a better chance.




KXUDSEN: That is a very c¢ocd corment. 2ll these comparisons were
for the base-lozd case ané assume z 800 MW plant with 70 % capacity
factor. 21l three comparisons were based on this very large plant
on high-capacity factor, which is a2 hich base~load zate for a cozl
plant.

HOLIGEAUS: This consideration concerns the contingency which indi-
cates that one must expect much higher costs than those estimated
tocay based on pilot or P.L.U. plants. This is rather pessimistic
in so far as the results of the developments are concerned. Is
there any case where the results of the development of future
steps indicate a decrease in costs compared with earlier assess-
ments?

KNUDSEN: Unfortunately, all available information showed a bias
towards ¢ estimating. Years ago, someone may have made a pre-

0St=
liminary estimate of a cozl liguefaction process ané assuned that

o3

it would be z simple matter to mix it in an oil cresote slurry

and pase it through a heated tube and raise its temperature.

Slurry pre-heating tends to be a very difficult probler, running
into considerable design sophistication and expense:; therefiore

we do not advocate it strongly.

This is =z statistical and generzl picture; there are a few processes,
however, which might offer new leads and éirections ané be respon-
sible for constant progress across & wide field of technology.

The indications, on averags, are positive.

WURFEL: The last slide showed electricity generation using several
fuels; why should the use of a heavy fuel oil like ECOzl be cheaper
for electricity generation than SRCI?

KNUDSEN: The new plant was shown in the slide. We are dealing
with a delta-changa in cost. The question is: which additional
costs are above or below the base situation, in this case a high-
sulphur conventionally fired coal plant? But this is a low-sulphur
fuel oil firedé plant. Whatﬁchange in the mls. per kW hr. would result
from these applications? This is so much higher than this one be-
cause we are substituting this for a very cheap fuel - the high -
sulphur coal, which creates 2 differential. We obtain a credit

for coal not used and then pay (75 cents - I dollar for the cheaper

~cozl) in BTUs. We pay 3-5 dollars for this, and for the heavy




synthetic coalliguicd., This is "chaineé oZf" against a lcw-sulphur
fuel oil, obteining z credit of 2 dollars (in this case, 2 édollars
12 cents - 2 dollars 28 cents). Low numders are sudtracted from
low numbers., and hich numbers frcm high nunbers: this is & credit
ané debit svstem.

STOCKER: You showed thet the prices were egual.
KNUDSEXN: Yes, theyv ere the same.

iTIL: The rezson Dr. Knudsen 1is looking at & refitting situvation
in & coal fired plant with SRCI is that new U.S. enviromental
standarsds must pbe met. The.e state that some coal fired plants
must use 2 cleaner fuel or employv s*tack ges scrubbers. EZxaminztion
of the conversion of this solid-fired plant is undertaken because

0of ths new regulations.

ZOLIGHATUS: I woulé now like +to clese the discussion ané ask Mr.

seensslen f£reom Lurci to present his pEp

(0]
H




Theroal elificiency ang zrcodection econenics

chemical 2lants

Bans Gaensslen

September 1678




During optimizazion calculatizcns for the G2 man Ministry for
Research &nd Technology (BMFT) the Investment costs ol &2 lazge

nuzber cf ccmplex cvganic plant hedé to be ceter=ined. Doing this

in the classic way BY estimation Proved extredely time-consumin

Therelore, it was cesirzktle to Zind a calculaticn zethcd Tt

wouls wielc cquickly the investment cost of such a plast requiring

&t the same time & minimum o Zdata.

For this purpcse a2 number o chexral plants, all using crganic

substances as raw material, were sublected o & statistical

analysis in oxder tec finc 2 suitakle correlaticn betwsen in-

vestment cost 20€ certain characteristic parzmeters < the

[—>9

'
)oe

=

Zter many failures it was found that iavestzment sost ¢ such

cnemical plants Iis related to enercy transisrxazion ia €

process, the result beinmg independant of the internmzl sTructurse

- ———

£

of the plant. As a matter c©f Zact, it is sessible <o estizacte

by the method Sescrimes in this tzper the iavestment ccst of

a chemical plant withcut even the slig?

plant is cCesigned; it suffices tc kncw the insut an

£
ft
-
1]
[$)
[
1
1

Sut of saii plant.




Investoent cost estimation. Fixst aprroxinmaticn

The relaticnship between investment cest and enerxcy is very
sizple: in a2 large and complex plant investment cost fexms 2 .
linear correlaticn with the anergy genszrzted by the system DeX

wis of time. Tor sracticzl purposes we mav say that the in-

vestment cost of a plant is directly proportional to the &issi-~
mated enercy per yeay. The dissipzted energy is the differsnce

between zll vearly inputs and the products output, doth expressed

in consistent energy uwaits.

This means that

~
¥y
-~

I = D

neXre 1 ic vhe investment, £ is a propsrrionality Zactor, and

1-2

D is the dissipated enercy per wnit of tizme. The value of § wil
depené on the currency, the lccation. a&s well as on the anezgy¥

unit used, and will have tc be escalated in zccordance with

~]
[+ 3}
™
el
u
h
1
1
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[o]
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inslagion. In West-Garmany, in =id-19
values .
£ = 1CO DM/ (Gezl/2)
= 23,9 DM/(GI/a)
= 0.688 DM/W

= 25.2 DM/ (¥ Btu/a).




In Tables

1, 2, and 3 the vazlues of I Zfor 2 number of plants

based ¢oon orcanic raw materials are Zound, as well as the inpat

ané outpu

T

informatisn that led to the results.

Diviéing exgpression (1) kv the yearly cape-ity of the dant we

arxive a2t t<he speciiic investment, I _:

)
e
L

N

Vnere D reoresents the cdissipatec energy Ter weon of producs,

s

m
Joe

thermal e

The suesessful epplicatien =of ec. (1) or (Z2) Zezexnds o=

Sollcwing

s the LEV of the zrcluct or gprsducts, aad 1 is

TTTCeCts,

Zisiency, Taszc uwpon LEV.

o The

concitiens:

chemical orocesses based cn crganic raw materizls
ané invelving sutstantial enezgy
cepnlex sroduction process

large cagacity; scale-up exponant ciose o one
averace =ix in the plant ¢l ecuipzment, materials

anc catelysts

the bulk ¢ the &issipated energy to ls2ve Thie systex

thzough ecuirment walls.

TZ these cavezts axe considered the method vizlds investzent

costs ¢ the drocess Dlent withia dDattery lizits wWith 3 zeximem

arrxecr o=

dependant

administrative Huildings, workshors, 2nce ané flag pole, and

+ 20 %. “The value chrzines correspends tc the Troless-~

iavestzent andé éoes noT inclue the ccst 2% tank ferms,

onher items not &irectly relevant o production.
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Investment cost estimetion. First aprroximaticn

The relatizcnship between investment cost and enexgy is vexy

simple: in a2 large and complex plant investment cost Zcras & .
linear coxrelaticn with the anergy gensrxated by the svystex »ser
wit of time. Tor practical purposes we mav say thaet the in-

vestoent cos of plant is éirectliy oroporticnal to the dissi-

™

pates en2xgy per year. The dissizzted enexgy Is the &

b
"
th
1)
"
in
23
Q
Q

between 2ll wvearly inputs ané the products output, doth expressed

in consistent enexgy waits.

This mesns that

I = &0 i1
I ig the investment, § is a propcrtionality factoxr, and
5 is the dissipated energy ser uwnit ol tizme. The vaiue of
éepend on the currency, *he location, &s well as on the enercy
uni:t used, and will have o be escalatef in accordance with
inflation. In Wesz-Germany, in midé~i276, § had the following
values .

g = 100 DM/ (Geal/2)
= 23.¢2 DM/{(GJ/a)

= 0.688 DM/W

25.2 DM/ (M4 Btu/2).




In Tables 1, 2, and 3 the values of £ for a2 nuzter of slants
based upon organic raw zmaterials are found, as well 23 the inpus

and output informeticn that lad to the results.

Dividing exzressicn (1) Dy the veerly casecity of the Jant we
.

arrive at the specific¢ investuoent, I :

1 -7

-
O

=

14
\

L
u
Jne

Vhere DS represents the dissipated energy Der uan ¢of product

¥ is the L=V oI the zroduct or sroducss, and o s the cverzll
thermal efficiency, Zased upen LEV.

The successiul applicaticn of e

W
»
0
X
N

Zollgwing condéiticns:

~ chemical zrocasses tasel ¢ organic

[oReiRe}

~ @averace =Ix in the zTlzat o ecuirment, meéterials

~ ©Tlant with ctodav's fegrze of thermzi cogptimizactis

throuvgh ecuicrent walls.

If these caveats ar2 considered the rmecthod v

)
w
-
[
[

investsent

= Taxioum

costs cI the srocess slanmt within battery

(9]

errer of %

O %. "The velue cttained ccrressonds to the trocess-

depencent investaent and <oes not include the cost of tank farwms,

aéministrative buiidings, worksheps, 2nce and flag pole, a2z

e

other items not dirsctly relevan:t teo producticn.




For the practical epplicaticn ¢

values are used:
- input raw mererials
- input Zuel gases
- input steam

- input elecixicity

£ eg.(l) or (2} the Zcllcwing

LEV
£00,000 keal/c

860 kcz2l/kWa

- output 2roducts, dy-procucts

ané Zuel gases

- output excess steam




The Drofucticn of 2 zillien merric tens per vear of a certain

orgenic product reguiras the following inpust:
2,300,000 t/a cza2l, LEV = 7,500 kcal/ke
8 .., \ .
1610 kxWn/z electrical enercy
1,000,00C =/2 steam.

I& e=a LEV 0f the organic product is §,000 keal/kxg, what Is

the investment cost 2f the ccrrespending plant?

Inout
zzmbe
Czel, as energy 21,000,880 CGeall/e

Zlectricel energy, .6,002,00C kWh
& 260 kcali/xWn

re
~
1
~J
[+ 3
(

)
O
(2]
0
o
}os
~
[{]

Steam, 1,000,000 ¢/2 & 300,000 keal/t 300,

Q
3
[A]
Q
Y
HA
S~
w

Tctal 22,876,000 Geel/a
Outout

Product, 2,000,000 t/2 & £,000,00C
kcal/= 16,000,000 Gecal/e

Dissiceated energy per vyear 6,676,000 Gealla

dence, investment cost, West-Gerzany, lE76
I = 6,876,000 x 100 = &37,6 million DM
and the szecific iavestzent is

- -

P, . A2 -
I, = B8B7.ExIC /2x:i0° = 343,8 DM/(z/a)}
Rs the utilities are imperted Izca outside sattery ilimits

the investient coss o not include the eguirment or iastallzticens

for the procucticn of these utilities.




Example 2

& licuid fuel with a LEV of 10 Geal/t is prcduced Zrom coal

igure in-

with an overall thermal efficienecy of 42 %. This

ciudes the generaticn of utilities reguired Sor producticn

Wnat is the investment cost of a plant capable of producing

3 millicn £ of fuel per anaum?

AnSwer:
Specific energy input: 10/.42 = 23.81 Geal/t ‘of product

Annual total energy input,
3,000,CC0 % 23.81 71,420,000 Gezl/a

6

Annual output, 3xi0 x10 30,000,000 Geal/a
Dissipated energyv per anaum 41,430,000 Geal/a

The investment cocst (West-Germany, 1876) smounts Lo
I =41,430,000100 = 4.143 billicn DM,
&s the utilitiss required Zor produchion are cenerated insid

pattery limits the investment cost will include the equizment

or installations Zor the producticn of these util

l .
p.
[
0




Justificaticn of the Zirst aoorexiz=ation

Although & thecreticel deducticn of the value of is nes

ALl

possikle at present, a stacistical justilication can Le given

foge e

The results mentioneé ez the beginning of chapter i indicate
that chemical slants behave like larce neat exchangers &s Zar
as investzent is concernec. These huge R2at exchange systens
are needed to transport the anergy Zroe the system ©o the
surrouncéings. Sach & heat excrhange SYSTen IeCULIes ne2t Trans-

fer surfzces wnhich again ZJetermine the investTent.

It woulé be sufficisnt zc calculate e cost cf e heat exchenge
suzfzce capable of dissizating i1 Geal/ a, because this woull

coxrespond to the valive of I . The &iffizulty lies in the Zast
that the variznies involved in =he calzsulaticn are nct fixed

but can vary within 2 certain range. These vazlelles are:

- =he temperature g¢racdient across one heat exchance
surZace
- the hezt transier cceiiiciant

- the numner of heat exchange surIaces the anergy n

m
[

to pass
- the speciiic cost ¢ & heat exchanger

- ratio o carbon s+teel Tc (s2y) stainless steel

'l
W

plant

- the modified Lanc facicr (i.e. basec only cn the heat

exchanger cost insteald o cn cost of 2ll ecuvipzent.

- the cvexgesicn Zfactor.




The values of the variables and theixr correspcnding range
used in the célculations.are shewn in Table 4. In the cco~
Dutations a lazrge number cf vaiuves of E wers calculated
by the Monte-Carxle methoé using statistically randcmized

sets ¢ variables within the rznge of varieticn. The zverace

9]

£ Zound this way was 85

aent with the empirical valuve of .100 DM/ (Gezl/a), both basgsed

M/ (Gecal/2) which is in gocd agree-

on West~Garman cconditicns Iin 1876,




Production cost calculations kased upon the Jirst apdroxim=aticn

If the capital cost charge per annum is z, and Eu represents the

the lowexr heating value of the product, the sroduction costs K
can ke decucted. from eg. (2), vielding

K = zEHn(I - n)/n + Bur/n

o~
(V8]
~

where X stands for the raw material cost per energyv unit.

If Twd raw materiales are avzilable at different costs the condition

for identicel prciuction cost will follow Ifrom eg. (32) leading to

x, = zE(nl/n2 - 1) +n_x /n (&)

where the subindices refer to the respective raw meterials. zZg¢. |

and (4) are iatended for the actual Drocess units only. I
cf a coxmplete integrated plant ('grass roots" Dasis) the Iiret
terms of the expressiones would have to be xultizlied by &

sites factor, which normally ranges betweez 1.1 and !.5.

The numerical resul+ts obtained Zfrom ec. {2), (3}, and (4) ere

verv satisfactory ané cecmsare well with actual Zigures

by the more cumkerscme classical estimeting methcds. Tize needed

to cbtain a resvlt by the described methos is agsroximateiv 1 § of

the time recuired by the classical zmethod.

(‘ ..




Production of gasoline by coal hydrogenation leads to the

following thermal efficiencies:

For brown coz2l wtih LEV 1.6 Geal/t n1 = 53 %
For hard coal_ with LEV 7.5 Geal/t n, = 60 %.

¥hat will be the cost of hard coal(subindex 2) that will

lead to identical production with brown cozl (subindex 117

The follcocwing parameters are used:

z = 0,2a!
£ = 111 DM/(Gcal/a)
£f = 1.3 (cf£f-sites factor).
Using ecg. (1) we obtain ’ :
k5, = 0.2-111-(60/53 - 1) + 60-k,/53

3.812 + 1.132 Ky

This expression can be represented grapnicelly or in form eof

a teble:
brown coal ’ hard coal ({ecuivalent cost)
4 ' Xy
DM/Geal DM/t (§) DM/Geal DM/t (§8)
1 1.60 4.9 37
2 3.20 6.1 - 46
3 4.80 7.2 54
4 6.40 8.3 €3
5 8.00 . 9.5 71
7 10.20° 11.7 88
10 16.00 15.1 113
(§) at 1.6 Geal/t {§8) at 7.5 scal/t

The figures in columns 3 and 4 represent *=e hard coal costs
for which production costs are identical with the corresponéinc

brown coal. If brown coal cost SDM/Geal c¢r 8.- DM/t, haré coal




Seconé approximation

As incdicated the empirzical results lea

4 to a practically

constant proportionality factor £ between anex flow and
3 >4 3

»
investment cost. Tais azazingly siznle
vielés good practical results is ur

5

i< 2 certain process is impzcved v be

of enexgy 2 constant & would lead to a

relationship which
tisfactory in orne respect:
Tter internal re-use

recuced investTTent.

This does nct necessarily alwavs harpen, ané i: was cznclused

L _icticn .
that this contxad was related tc the

analvzed telonged o the same censra
the same cecree ci technical matuzicy

thoughit necesserv to refine the methsd

fcr changes inm the internzl efficiency

reticel eificiency "_ and e zractical

as

The theoretical efliciency is civen by
oZ the preccess unce* icezl ceonditiens.

indicates tc what'extent this ideal is

If eg. (2) is expresseé for ! Geal of

H

m
]
[#]

and if we assume £ to e a Sunction of the practizal elficienw ‘

but incdependent o©of the thecretical ef#s

1

fac% that all Dlants

ticn, having assroximatalvw

Therefore, it was

in order =t account

cI orccesses.

For this the cvezall efficiency 1 was stlit into 2 thee-

efficiency N such

-

t
fy
1]
(!
s
[¢]
(30
J
f
;
0
n

+)
D

- -

ne practical elficiencwy

&scroached in practice.

anc profuct we cktaia

iciency, then

- a.n

I (M,Aa) = §MN) ——=a

nn
t>2



The functizn E(no) must fulfil the condition

b4
because ideal ¢condéiticns woulé regquire, inter aliz,
infinitely large heat txransfer surfaces. In acdition

the cendéition .

lam £ - ccnst. > O
n_ =1
4
must e Iulfilled hecause even an extxemely Door design

cf & plant should not lsad to zere investment.. Finall

l‘:

E(nn) should be continuous in the intezrval O < n, < 1i.

Prca the possible functions fuifilling these conditicas

the expressicn

A]
£i
0
¢t
5
a
k4
i
£

was selected because of is similaxity in st

zed investeent

l_
I

eg. (2). Combining eg. (3) and (4) the cenexa

cost function .

A, 1-ﬂﬂb
I & a(e—————te & B (—————)
" - nn
su 1 nP th

Investment cost information on 2 number c¢f chemical plants
Zex whichxwt and n, was kncwn leé to the following wvalues

of the perameters 2 and b civing the best fit (basis : Wast

Germany, 1977)<

a 39 DM/ {Gecal/e)

b = 0.15

-

The value of a obviously will be affected by the currency used

and by the historical time {(inflation).




for preducticn cost caliculatiens it is convenieat to
refer evervtning to ! Gecal of finzl product. Thus

n., i- n.n <

whexe ?u represents the Iixed costs per i Geal ené preoéuc

.V the variable costs, .z is the capitzal load factor, and X«
[ 93

the cost of tne s-genic tew zeterial zer Geal.

In Figure ! the investment ccst and the producticn ¢ost corres-

- Cel

sonding ts ! Geal =f ené oreduct for a process having a
ttel versus

thecretical thermel eificiency ¢f 7C s have.been cZic

the gractical eIficiency. Investment and producticn costs show
L ]

zinima which €2 nct coincide. The sesition ¢f the produgcticn
cost minipun chances with rising raw caterial costs towards

higher sractical eificiencles, recuiring corressoniingly higher

investment cost.

In Figure 2 the n_=-values cf the zminizz Sor investoent an

(4]

precduction costs have been pictied as 2 Staction of n

ot

hi

arapeters are the raw meteriel e¢zst3 (K = 10 ané 20 M/Geal
respectively), wherety the investment ccst curve ccrrespends

t5 raw material cests zero.

It can »ne seen that a% ccostant n_ tTii2 Desiticn

moves towzxEs higher values of n_.

This effect is marked Zor

low raw matzerial costs, ané dipinishes onc

once na—values cf about .
75% have been reachas.




3y the method tresented we fzel

<hat & geod Cescriotion

is possible cof what econcmic effects an inprovement of
the intermal, practical eZficiency, na, can have on 2

system. Eeat
clear limits,
the position

¥ , once this sicvaticn is reached, either

procucticon costs is practically lmpossible
cuctisn can only be achieved by Increasing
egcuivalent T 2 chance in the Zendamentals

recovery anc efficiency in genexzl

of the cost minimum changes only little with

have a

teyené which the costs increase again. As

reduction oI

or such 2 ¥e-

., Waich
-

is

cf the systerm.
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dissipatesd energy, Geal

dissipated energy per uvnit of <ine, Geal/z
fixed costs

LEV of product, Geal/:t

costs cf preduct

variabie costs
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suhindex; specific value
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capital cost Iacter, a-1

overall thermal eZficiencwy, based on LEV
theoretical thermal eificiency

practical efficieacy

investment factoy, currency/(Gcal/al

cost of waw material; currency/Gezl.




Tahle ) Dotermimation vf E Valus for Amm.Jnla and Molhanol P'lants

roduct Raw Capacity Invostmont, MM DH (2) Input, teal/t (1) " Dutput Dissipated Caovqgy 3

Natorfal t/ a 1913 1946 (uu) (uu) Gralfl (uu) fcal/t (uu) -1 Geadf U oBf(Gcal/o)

Nnj Natural 1711 a 4 1,500 7,01 h,453 3,100 1,0v0 9
(ias .

iy | lleavy 01 {333 373 13 107 10,000 9,50 ! 5,001 1,602 9

my | Coal 1 333 175 26 1,600 11,19 h403 6,1 2,41 a6

CHJIIII lalural 113 13} i {4 n,000 1,700 &, 2,40 0,810 10
Gas

C"]ml lleavy 011 11 1 170 LA n,M4 n,550 W, T0 1,180 1,200 ¥

CII)OH Coal 1IN . 160 198 500 10,10 4,710 5,97 1m0 m

) Ilulllo. for nalural gas: 0,90 (2) Incroaso of fnvostmont 1411 1976 -
"u/"o' for hoavy ofl: 9,95 9L 72467 factor 1,236,
"uI”o' for coal: 0,965

Literatura: Il N1lor, "Erd5) und Kohle", Compundium 1974/1975, pp. 266-203.




Tabln 2 totornination of & Values for SHG Planls
6
Output, 10" Geall/a Caal, waf {2) Coal, as used Cval Input
Mt E

'P R A £ 8 '
G 2 8] e 42 X £ & L G ] G T LY

" vy v e~ 2 s — ~— W il — -84 e N
B g v 9 i o ] + wm 0 a. [T ] 0 [ UHI
S s 2 SR 8 —~ & & g ve & iz L — Rig E E S1 b=
A W GE 2 o 41 =~ = n 14 Y o = &£ [TV 9 Sy se
n =P A oy i vi & 2 o | Hee™ 2 juk g & i 2 £ 25621 = 3(‘- (Gca“la)
SRS PUUOUU J 1} ) . S - 5)

25 | o0 | o0 | 20068 | n062 fsu30 ) n:6 b one9 |55 oz} | 150} 8,67 139,639 | 200 Ju | 96
an Loz b oean Loies {50 (o rsm | nam | 30 {aa | onay ] s | 88 (0mo w3 jun |97
on | oz | ooan Luotes | oway [ | onoee | 6o | o336 | ws pono fonso | 851 o530 [ 305 {m 97
a4 | o) o200 906 | 356 [2s,222 ) 600 | Gues | 3,7 | w2 7,25 | N80 ) 875 (30500 | 14,286 09 |97
22 | o260 | 9200 {s,3i37| 5,00 lnze | nve | e | omy | wan o 6pe o0 | w36 135,25 | nme g e

() Ilu/lln, for SHG: 0,900 (3) L (llu): (1)  Ineecaso of fnvostmenl il 1976:
(2) Ilulllo, for conl:s 0,965 Tar and oft 9,0 Gealft 9L 1%+ 6, factors 1,236
Gas naphthaz 10,0 Geal/t Exchango vato: T § = 2,50 D}

Crude phonol: 8,0 Geal/l

il 8,5 Gealft Literatura: U, Hidier, "Erds] und Kohla®, Compondium 1974/1975, pp. 260-203,

3!




Dolernination of £ Valuoifor varfous Chomical Mlants

Table 1
—_— IOUUUR.1 1 ) [ U
Product faw Haterial Capacily Investront Specific Input Oulput Dissipateld &
t/a p/L Invastmont Lnoryy
HH/OH (on/(tfa) Geal/t Gealft Geal/t o/ (Gead ft)

Ethyleno 1t 660 000 51! 55 25,660 20,352 5,316 104
lydrogon

cyanide o, iy 120 000 12,5 604 14,59 8,2} 6,30 9%
Acotic Acid CU/CHJUN 170 000 hi 21 6,19 3,11 2,2 100
Halofc heid llenzeno 60 000 50 96 13,260 3,302 9,948 Yl
Acalyleno taphlha 100 000 216 2160 59,44 36,02 20,62 105
Acetylenor | CH, 100 00D 216 2160 61,037 36,420 24,017 08
Syngas Dhtuntoous Coal | 10" T ] 22 m/moo.n“’ h, 166 2,10 2,0 95
Acelic

Anhydride Acetaldehyda 210 000 01,5 302 8,215 4,013 3,402 09
Cunono llonzono/CJlI6 250 000 38 152 11,013 10,402 1,418 108
Sasul 1| Coal via Fischer- | 1 600 000 3000 - 19,35 (1) 19,00 (1) 30,35 (1) 99
Tropsch v Tail yas
Fuols Coal by
hydregenation 1 300 000 129 (3) - 20,363 (2) 12,780 (2) 1915 (2) 96
Cleciricity Lignile 5 600 000 926 116 2,500 1,860 1,64 107
(1h)

(1) Thermal otfictoncy of Fischer-Tropsch plant: 38,5 L. Investment cost as per Sasol publication. Uncorlainty of invesleenl costs duo to varying rales of exchange,

(2) Thormal officiency of coal hydroyenalion: 62,8 £,

(3) According to a study propared by IGT in 1975 for the Australian Goverswent, Tiwo ifuvosimont cosls have heen reduced by the valuo of Lha auxilary units and

tho infrastructuro and lhe batance {ncreasod by 23,8 % to cover oscalalion.




Variable Dimension Minimum value Maximum value
temperature difference S¢ 20 50
lleat transfer cocefficlent kcnl/m2h ?C 120 800
Number of aneryy passes 1 1.0 2.0
Specd fic cost of .hent; exchanger 2
{carhon steel) ' DM/m 250 350
Specific cost of heat exchanger 2
{stainless steel) pM/m 450 600
Fraction gavbon steel ka/ky . : 0.90 0.95
Modlfied Lang factor 1 10 22
Overdesign factor 1 1.05 1.20




{1)investitionskosten a= 39 DM/Geal/al, b=0.15 DM/Geal
{2) Produktionskosten z= 02 a-% % =10 DM/Gceal i
{3) Produktionskosten z= 02 o X =20 DM/Geal
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LECTCRE - GERENSSLEN

SOLIGH2US: Comparing wour presentation with that of 1 - 2 vears
aco, I see that you have aczin made many new contributions re-
garding vour method. I would like to ask a2ll participents to
raise questions.

XNUDSEN: X would like to explore the point that this has been
useé with much success for chemical processes ané the fact taat
you would like to look at energy processes with this fascinating
method. I want to learn more about it, a2nd we would like o be-
gin taking advantage of it in the U.S. Waht would vou say about
its use for these enercgy plents? Would vou make a distincticn
between chemicals anéd energy?

GRENSSLEN: There is actually no clear boundzry betwesn energy and
chemicals: this is a floating limit. However, when we developed
this method we used only chemical plants. Yet, we have used it
_several times in cornection with electricity production, for
example, and good results have been obtained within the limi-
tations of the method. One coulé actually consider the pro-
duction of electricity from fossil fuels as a kind of chemical
prrocess leading to the end product electricity.

2t the foot of table 3 the productioh of electricity using licnite
(which was also used as one of the statistical points of the
study) is mentioned.

HOLIGHAUS: Did you include the Sasol plant in your study?
GAENSSLEN: Yes, we included this plant in our paper.

HOLIGHAUS: This context can be seen as a mejor reason for our
meeting.

IMHAUSEN: We also used the method in coal liguefaction consider-
ations. *

SCHULZE: 1) Waht ist the relationship or distinction between the
efficiencies in your calculation compared with the energy efficiency?
Which is now considered to be very important in thermo-dynamic
calculations? There is also a distinction between overall energy




efficiency anc energetic efficiency, which has arn upper bournéary.
I thirk there is & close relationship between your practical
efficiency anc the enercetic efiiciency of a process.

2) Is it 2 complication of vour procedure when you wish to apply
it to processes in the early of their cevelopment, when you have
to distinguish between th2 two efficiencies 2nd when vou need
much energetic "backing up" of the process. (This may not be

available in the early stages of development)

GAENSSLEN: 1) In my menuscript, I also introduced the concept

of energyv. "Erercy" is not a printer's error: rowadays, one is

not up to cdate if one does not include energy in a paper dealing
with thermo-dvnamies. When it comes to practical applications,

not manv people in engineerinc companies and elsewhere are accustomecd
to calculating with enercy and anercy. The simple wav of doing
this is be saying that the dissipated enercy, which is measured
by the difference between input and output, is just the arnergy.
This is irn fact true ané, moreover, is easy to celculate. If
theoretical methods were uvseéd, the approach vou menticned would
be the right one:; however, we are coancerned with practiczi matters
and deal with dissipated energy. .

2) Complications obviously arise when one splitts the overall
efficiency into the practical and the thecretical efficiency. In
an early stage of development, it suffices to take the overall
efiiciencv. The overall efficiency is only splitt’when one wishes
to make refinements. This raises a difficulty:; what is the theore-
tical efficiency of 2 process?

This cuestion has sometimes no simple answer. When mzking methanol
from methane, the theoretical thermal efficiency is easily calcu-
lated £rom the formule:

Methane + Oxvgen = Methanol.

Unfortunately, neither nature nor industrv is as simple as that

in menv cases. It is sometimes very difficult to £ind sut what

the thermzl theoreticel efficiency is. So in some instances, this
second approach will remain 2 Kind of theoreticzl one. Most people
will work, as before, with- an overall efficiency.

However, when ohne is considering electricity production, for
example, the theoreticzl efficiency can be calculated easily from
the maximum and minimum temperatures of the system by the Carnot
process. This is a clear-cut situation, in which the practical

efficiency of the system is obtained via the theoretical efficieacy.




KRONIG: I would like to rzise a question regarding coal hydro-
genation. There are two processes, both of which have the same
therrmzl efficiency. One needs two and 2 half times as much space
room as the other - your problem does not bring this into cen-
sideraticn.

CGRENSSLEN: This is true, and we are aware of the difficulty.
However, in the case of 2 large cozl hydrogenation plant, the
reactor volume is actually = compzratively small part of the
total investment.

If the space velocity Secrezses by a factor of 2 1/2, the over-
ali investment will increase only slightly. In a Fischer-Tropsch-
plant for example, the heaviest investment is not in the reactors
but in the gas or hydrogen production in the "work up“ of the
product after recovery. The reactor system itself is not a heavy
burden on these systems; therefore I zalready raised the gquestion
2 or 3 months ago as to whether one shoulé spend so mucht time
on designing reactors. Woul@ not this time and effort be betiter spent
in bettering the heavy expenses, which definitely do not lie in
the field of reactors.

To refer to your question: the difference will lie within the

20 % error, which the system has in any case.

HOLIGHAUS: I would like to draw your attention to the session this
afternoon, when there will be time for = geﬁeral discussion about
todey's papers. During this time, we will be able to continue
considering Mr. Gaensslen‘s.paper.

KOLLING: In coal hvdrogenation, without considering your system,
we o two things:

1} increase the thermal efficiency

2) to lower the condiiions and investment costs, i.e. to
lower pressure, temperature, etc.
Can you inform us what is primarily necessary, when using your
system, for increasing thq'thermal efficiency or lowering the
investment costs?



GLEINSSLZN: Both are parzllel. 2s soon as the thermel efficiency

is increased, the investment costs zlwesvs co down. This is the
usual tendency, as long as one stavs within the normally accedted
limits.

Tor example, rore oil czn be made from coal if the thermal
efficiency is increased. This means that less coal must te ¢ground
anéd treateé and thet less hvdrogen must be produced. These Zac-
tros tend to decrease the amount of investment needed.

It is always advantageous to increase the thermal eificiency,

and when the practical efficiency is also increased, it is gooc
within certein limits. The theoretical efficiency therefore has
0o be increased, ané the practical efficiency must be increasecd
until the cost becom=2s too high. In anv case, improvement in the

overall efficiency generally leads to lower investment.

HOLIGHAUS: This guestion was very well answered. I would now

like to proceei to the next paper, anc turn from the more basic
methods of cecst assessment and estimation to concrete estimations
of special processes. Dr. Hubert cf Scherin¢c will now present his
Daper.
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Dr. Eans-Jiirgen Eubert September 1978

INVESTIGATIONS 0N ECONOMICS OF THE FISCHER-TROPSCH-PROCESS FOR

RES SYNTHESIS OF CEEMICAL RAW-MATERIALS

it proper reaction conditions carbon monoxide and hydrogen are .con-
verted in the presence of a catzlyst to hydrocarbons and oxygen-con-
taining compounds. This »eaction is called by the name of lis
dizoverers Fischer-Tropsch~Synthesis.The composition of
the resulting products is influenced by the type of ca‘.‘.a.iyst and by

the rezction conditions. The products may predominently comsist of
hydrocarbons or oxygen~containing compounds. The hydrocarbomns may

be =ich o poor in olefins. The molecules mosily have mon-branched
carbor chains, the double bavds are predominantly in the end position.
¥ith the ozyéen-containing compounds alcohols predominate and to =z lessexr
extent ketones.x, aldehydes, fatty z2cids and esters are formed. The chain
length of the molecules are subject to a s=bistical distribution,

however the mean C-number may be varied in a wide range.

s

The F&.scher—‘ﬂ:opsch-synthesis, known in short as the FP~synthesis, has,

up to now, mostly been used for the production of petrol for intermal-

‘combustion engines. Many of the produced compounds are impoxrtant

chemical raw materials, which are at present processed from crude
petreleun.
On behalf of the Bundesministexiun fir Forschung und Technologie

(Federal Minisiry ' for Research and Technologzy i, Schering AG has made




2 study on the "Synthesis of Baw Materials for +the Chexical Industiry
on the 3asis of the Developzeat cf the Fischer-Tropsck-Process”
{Syntrese von RHotstoffen fiir die cheaische Indusirie mit Hilfe des
weiterzuenivickelnden Fischer-Tropsch-Vexrs rens). This stady was

coppleted in May 1977.

Within the scope of this siudy a literature and patent investigation
was carried out, dete;mining the current level of Xmow-kow. The
information is stored in a cerntral archive. By neans of 2 visual
punched card index, quiek access to the original literatunre is
possible. Our own know-how, vhich we obtzined by running 2 FI-
synthesis at the Bergkamsn site of Schering AG up %o Ap=il 1, 1962
has beer filed. Tnis kmow-hov bas been updated by irformation
obiained from the SAiSOL-zompany in South Africa, in discussions with
Professor Ed1bel and by =2ccodpanyirg investigations in a contiruously
wozking PT-plant on laboratory sczle with a feedgas througzput up to
5 Hns/h. Besides <kig the dasiz enzineerirzg foxr a2 demecxstration pilot-
plant with a throughput of 10.C00 Hms/h syntkesis gas has been dore.

This corresponds to a capacity of 12.000 tons per year of FI-productis.

’

By mpeans of a simulation model comparative analyses on economics for

FT- and competitive peircchemical processes have been carried omt.

Today I want to report oa the siructure of this simulation model, the

input data and tbhe a2cquired resulis.




Tne following requirements have been set on the simulation modal:

1. The processes must be calceulzable for different runninz con-
ditions in oxder to investigate az in how far these condifions

influence the economics ¢f the process.

2. The process steps must be interchangeable in ordexr to determine

the most favourable process on an economic basis.

3. The procesaes must be caleulable for:different plant location
dependent coal prices. By this means the irnfluence of the coal

price on coal dependent energy and raw materials can be taken

into account,

4. The czleculation of the processes muet be possible for different
references years ir oxrdex to estimete the economy which may be
expected. These zre only model invesiigations which presume

certain future developments in price.

The basis of the simmlation modzll is a2 process siructure ir which
process steps are conrecied to each other. Fig. 1 skows 2 simplified
FP-synthesig-strvetore. In this structure process steps are irndicated

by triangulars, prodacts en:tering znd leaving the process are marked

by reciangles and finally product distribution is marked by rhozbuses.

The coal is conversed in the gasification step to synthesis gas which
is processed in the then. following synthesis. Gasoline oils

and water are obtzined as condensates. The residuzal gas containa the

ghort-chain~olefins which are scrubbed out in the following sermbbex.




L part of the residual gas is récycled.symbolized b7 ths rhoabdbus, to
the PT-synihesis. The remainder gerves as fual-gze. Tre Cz/CA-OIefins,
the gescoline azd the 0i) are split up by fractioxzation into single
coapounds or fractions. Alcohols and ketones aie separated froa tte
reaction water by means of distiilation. In this. process sirzsture
single processes are interchangeable, vhich means e. g. that the
Iurgi-pressure-gasification may Se substituted by the Eoppers-Totzak-
gzsilication, the FIl-synthol-synthesis by the liguid phase-synthesis, 2

low temperature scrutber by 2 Cosorb-scrubber. 37 zeaas of ihe zas

distribution rhombus, gas recycles may be waried zs reguired.

. The a2ctuzl processes involved are much more comdlex. Without going irto
more detzil one can see $uch 2 variable basis stizvciure of a PT-process

in Fig. 2. It izvolves 13 single processes - marized by triznguiars -

arnd 20 sroduct distributions - marked by zhozbuses. For ihe calerlatioa

of Fl-processes four suck basis stzucinres kave been devalopeld.

ﬁaéis for the process czlcuizticn z=e the p-ocess steps. Tﬁe size of
each step may be fixé& arbitrarily. It may incltle one o more Trocess
steps and may also inclnd; anxilizcy ard subsidia-y wnits.

Bzch single procass is denéted by & number. The datz sheet of tke
process siep which is stored in the electrorzic data processing, coatains
informatiorn on inpats ard outputs proportionzl to the preduct capacily
and on nonpxoportiozal vaiues such 2s basic capacities, demand of
capital invesimeni, circulaiing czrital and laboar. The basic capacity
corresponds to the plant capacity beirg investigated. When ro édata fox
the circulating capiial was availabie, thic was taken io be 10 % of

the capital investment. The labour demand is unaderstood to be the




The following regquirements have been set on the simulatisz model:

Te The processes must be calculable for different rumning con-
ditions in oxder +o investigate as in how far these conditions

influence the economics of the process.

2. The process steps must be interchangeable in order to deiermire

the most favourable process on an economic basis.

3. The processes must be calculable for:different plant location
dependent coal prices. By this means the irfluence of the coal

price on coal depencdent enexgy and raw materials can be faken

into account.

4. The czlculation of the processes muat be possible for different
weferences years ir oxdex to estimate the economy which mzy be

expected. These zre only mofel investigations whick presuze

certialin future developamezts in price.

The basis of the simnlatiorn mod2ll is = process siructure ir which
process steps zre connected to each other. Fig. 1 shows a simplified
FP~synthesis-siructure. In this structure process steps are indicated

by triangulaxzs, products eite:ing and leaving the process are marked

by rectangles aad finally produci distribuiion is marked by rhombuses.

The cozl is converted in the gasification step to synthesis gas which

is processed in the then. following synthesis. Gzasoline, o0ils

and water z»e obtzined as condensates. The residual gas contazinz the

short-chain-olefins whick are acruvbed out in the following scrnbbex.




L part of the residual gas is récycled,symbalized vy the rhombus, <o
the FT-synthesis. The renmainder serves as fuel-gae. The 62/34-olefins,
the gesvolire and the o0il! are split up by fractionation into single
coapounds or fractions. Alcohols and keiones afe separated froa the
zeaction water by meazs of d;stiilation. in this process sizuciure
girgle proceases are intexrchangeable, which means e. g. that the

Lurgi -pressure~gasifization may be substituied by the Koppers-Toizek-
sasification, the FTP-synthol-synthesis ®y the liguid phase-syaihesis, a
low temperatvre scrubber by 2 Cosorb-scrubbex. B7 ceans of the gzs

distribution rhombus, gas recycles may be varied as reguired.

The a2ctual processes involved are muck morze coamnlex. Without going into
nore detail one can see suck 2 varizble bagis stzusiure of a PT-process
in Fig. 2. It izvolves 13 single orocesses - maczhed by trizngulass -

and 20 »rocuct distributionzs - marked by rhoabuses. For the calerlation

of Fl-processes four such basis aitzucinres kave been devaloped.

Basis for ihe process calculaticz zwe the process sieps. Tﬁe gize of
each step may be fixéd 2xoitrarily. It may include cae or more process
steps and may also inclndé arxriliz>7 and subsidia>y maits.

Bach single process is denetei by & nuwter. The data sheet of the
process ster which is stored in the electronic dazta processing, contains
information or inpants ard outpuis proporticnal io the prodaci cavacity
and on nonproportional vzlues sveh a2s basic capacities, femand of
capital invesiment, cireulating capital and laboa=. The basic capzcity
corresponds to the plant capacity being investigated. When no data fox
the circulating capital was availabie, this was taken 410 be 10 % of

the capital investment. The labour demand is undersiood to be the




nuxber ol operators per shifi. The date for most single processes are

based on information from productiom plants, obiained from plani

operators 2ad engineexing ccmpanies.

For exazple Fig. 3 shows the data sheet of procezs ¥o. 201.
It is based on the Lurgi-presaure-gasificaiion, which wodueces 2
synthesis gas from coal whith 2 CO/EZ-r tio of 0,35. The basic

10 ,. 3 ;

capacity amounts to 10 = Nm” hydrogern and carborn monoxide in tae

synthesis gas pexr year. !

The fotzal plant is of such a size - 25 can be seen by the example -
that for capitel investiment znd labour degression a power of 1 may
he taken for celculation. This is valid for 211 PP-processes. For
petrocheniczl processes, powers of 0,8 fox demand of capital

investmext and Of 0,2 for labou=™ have been used. If not ment

el
|
[]
b
B
2

othexwise in the datz sheet, the demand of cepiizl ipvesimeat is

based on "inside battery limitsh,

In order tc eveluate the guartitatively specified imputs a=2d outputis
in the datz sheet, prices ‘for raw materials znd energies have deen
determined, which are contained iz price-lisis. The calcﬁla%ion car be
performed with Cifferent price-lists. Whem éstermining prices, which
were valid in Vestern Burope ir the middle of 1575, market prices were
used whers possible. If nst. intermal prices have been determined.
Location and coniract speciiic p»ices have not beer taken into
consideration when detegﬁining market prices. The followirg prices

are guoted 25 important key-vrices:
g



bitumiauous coal 140,00 2X/: SX=
lignite 70,00 M/ SEE
cxrude oil 220,00 ¥/t

When the structures zre defipned and ithe process datz ard ihe prices
are known, costs and turnover can de determired by help ol the
sinulatioz model. The cosis dependent on capital 2re bdas2d om fixed

percentages per yezr of the capital investmeni. These percentages are:

cevreciation 0 %
interest 6 %
caintenznce % repair 4 %
tzx znd insurazce 2,5 %

The labour costs have beea fixed ai 40.000 Dif pe> man a=d year,

2

including 2ll overkezds inmcurre. is the most izportar: economic
dimension we took the cosi-recovery percentage,  which shows how mmch

Pex cent of the production costz a2~e covered by iuraovex.

Zre firs! basis calcunlations paxformed were related io 2 ~esteuropean

——

site in 1975. Such basic c2lecuwlations were perforned for 59 FT-processes
The following parazeiers were varied:

1. The gasification raw materizal (bituminuous coal or lignite)

2. the gasification process (Lu:gi-pressu:e-gasification or

(Eoppers-Totzek-gesificatioz)
3 the Cofﬁg-ratio in the synthesis gas

4. the FT-process (fixed-bed-, ligquid-phase or Synthol reactor)




=t

ow texmperature scrudber ox

5. the c2/c g-olefin isolation (

Cosorb-scrubbex)
6. the gas conversion rate
T the »ecycle gas ratio N
8. %he product rangs {long-, nediumlong 2nd skhoxrt chains cx as 2

kypothetical limiting case only eihylers production)

9. In some sirmctures the FP-synthesis was followed by 2 steam-
cxacker in ordex $o increase the yield of olefins. BEfforis were
rade to increcse either the yield of 02/04 or of 010/318-ole£ins,

wkich are the mosi impoxrtant raw materizls for the produsticn of

anionic active tensides.

Por 2 comparison of economics, compeiitive petrochemical procezssss were
? =
calculated. There are 6 processss fo- ithe productior of shest chain

olefins and 5 processes for the vroiumstion of mediumlonz chaia olefins.

It is rot possible to report ithe results of all calculations. & ¥l and
2 petrochemical processes ware chosen, which are referred to in the

following report.

They 2re shown in Fig. 4.

The processes chkosen for the production of C,./C,-o0lefins axre:
P T ¢ 2/

1. The FP-Synthol-processes. followed by a2 steam cracker,

feedstock: iignite.

2. same ag wader 1, but

feedstock: bitunminuvous coal




3. 2 rT-process producirg - kypothetizzlly -~ ozlrs ethrlexe.
This process is certairly not realisable, but rzepressris 2
toreshold 1igit for the economics of FP-syaibesis for tne
productior of low olefinms,

feedstock: lignite

Ge 2 Naphtha cracking process as a coapetitive peirockemical

pTocess.
ks processes for the production of C10/C18401e£ins were taken:

1. a FT-process giving loag chazin products, wzich are cracked
0 medium longz ckairn olefirs in a following sieanm crackex.

The synihesis gas is made f-om  lignite.

2e The ifolex-Pacol-0Olex-process, were n-zltanes aTe separated
14 &
froa kexosene, cataylicaliy dehyiérogexnated o olefins and
separated by means of molecvlar sieves frox the reaciion

mixzture.

Tre da2sic ca culatioﬁs show, 2s expected, that iz 1575 in VWestemm
Zurope no FT-p:ocesa-Tariént cocid ve rux» under full cosi-Tecovery.
Even if one is able %o asuﬁe that tce ¥T-syntaesis produces ethylene
only, tke cosi-recovery pexceniage is only a maxirzum of 75 %. The most
favouradle of todays possidle FP-processes, with 2 cost-recovery
percestage of 67 %, is *he process 2.1 for ihe producticn of olefins
with pedium-long cnairs. .

With this process afier‘the steam cracker are 44 % of the primary
formed producis C1O/C1a-st:aight chain kydrocarboze with an olefin
content of 90 %. 16 % are 05/09-st:ai5ht chain olefins, which are

suitable as raw material for ilzsticising 2lcohols.




Tce Synthol-synthesis followed .'by 2 stean cracker has 2 costi=-

Tecovery-rate of 52 ‘}3 with ligrite z& feedstock (process 1.1), wkich
£2118 to 38 % when bituminuous coal iz taker as feedstock. ¥Witih ihese
processes 62 % of the primary products formed 2fisr the siezm cracker
are 02/0 4—olefins, which coneist of 44 % ethylene, 35 % p=opylene ard
20 % butenes. Without the siteam cracker only 22 % of primarily formed

roducts are C,/C,-olefins. ALt present one tries +o profuce orimarxy -
2/ 74 L -

products witk 2 higker 02/C 4-ole£i= content by using new catalysts.

The cost structures of FT- and petrochemical processes are very
different a2s shown in Fig. 5. The types of costs zare given as 2
percentage of the production costs. The sundry cosis, which are
essextizlly enexrgy cesis, are balanced zgainst crediis for by-productis.
This counter-balance lealds in zany cases to negztive vazlnes. The
figure shows that with the Fllérocess besides the costsof rzw caterizls
the capital dependent costs z2x»z ¢f comsiderable importance. This is
esgeciall,{' valid for the prodzciion of olefim with medium-lorg chains,
With the petrochemical preocesses the raw maiterial cosits dominate. The
particularly high credits, for the Molex-Pacol-Olex-process can be

traced back ¢o n-alcame free kerosene, which is produced 25 2 by-prodn

After kavirng firished the basis caleuletions it was inveastigated :i:n
which.manner the economica of FP-processes are dependert or the locatio:
i. e. dependent on the coal price in a particular area. With i%t, not
only the price of coal, but 2lso the prices of cozl price dependent
energies and products we;;e varied. Thus the simmlation conld be
performed closer to reality by teking into accolunt the described

interdependercy.,
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The resulis of the simmlation for the chcser rrocesses are shown iz

Fig. 6. Plotied in the figure z2re coal prices at whick cos:i recovery
and parity in costs with the competitive petrochemical p-ccesses will
be reacheéd.

The hrypotheticzl ethylene process could be rum at pariiy ia cosis wiia
the paphtha stean cracker process at a2 coal price of 23,70 DM/t SI=.
For the Synthol-synthasis this is not possihle uwriil ike coa2l) price is as
low as 15,40 D¥/+ SEE, mor is a FT-synthesis for tke production of
olefins with nediun~lozg chains able to voék with full cost —ecovery
even when {he price ol coal is zero.

Thig, at first surprisirz result - ia the initial calenlaitica ihis was
the most cost advantageous readily rezlisable process - cax be put

dowa to ithe kigh propoztion o cspital dependea: cosis (50 %) amnd io

the zelaiively low proporziiorn of costs of raw materials (23 %). The
investigation shows that 2lready today in countries wiith ckheap coal, suck
23 South Africa, australiz and Caz=ezda, ¥Il-p-ocesses for +the productioa

of low olefins zre coapetitive to the nephtra steam cracker process.

The influence of 3 differgnt price cdevelopments on the ecozomics of
Fl-processas were invesiigated in sizulated calculations for 2 location
in Westerm Zurope.

Prices, wages and capiial ﬂnvestnent were subject to inflatioracy irn-
crezses, waick are clzssified into 3 groups. The classification in
grouns znd the different rates of inflziion for these groups are shown
in Fig. 7~

Sicplifyizg the first g;oup contains 211 cozl price Cependeni energy

2nd product prices, wages znd capital investment. For this g=oup in

- 11 -




all cases a yearly increase of 6 % was assumed.

Tke second group centzins all highly on crude o0il price dependent
enexgy ard product prices. Here the yearly inflation rates zre B,9

_ox 10 %.

Finally, ir the thirxd group are 21l products, which are less strongly
bounéd te the price of crude oil. The inflation rates are T, & or

9 % 2nd are 1 % lower than the rates in the second gzroup.

The inflavtion rates for price of ernergy zad products wexe simply
ecnated either with those of cozl or those of crude oil, wheredby that
the price inflwencing primary energy is whick is zble to produce these

enexgies a2nd producie more cheaply.

The econoxnic developmeni was extirapolated for a period of 25 years up
to tke yeer 2000. The results of the three differert simnlation-
calculations for the processes foz the production'of low olefins axe
shown in Fig. 8.

The number at the poinis of imifersection of the curvss in-liica.'}:e the

vyear in which the FP-process will be at the break-even-poinit with' the
competitive petzochemical process in Western Burope. The solid lines
show FIl-processes, the dotted lines the raphthe-gsteaxm craciker-process.
Whea the inflation rate for the price of crude oil with 8-% per year
is ozly2 % higher than the infiztion rmate for coal the break-even-point
is only reached in the year 1995 by tke hypotheticzl ehtylene process.

¥ith an increase in price for crude oil by 9 % per year the brezk-even-

point with the hypothetical ehiylene process will be reached in 1988,

- 12 -




with the iechnically z2iready feasible Synthol-pr-oczess witkh sieam
cracker in year 1935, with lignite as feedstosk for gasification. If
the price of crude o0il imcreases by 10 % per year, the break-even-
point of FT-synthesis with bituminuous coal z2s feedsiock a=d naphtha

steam cracker will be reacked in 1995, whereas this occurs already in

1989 with lignite as feedstock.

The results of the processes for the production of olefizs with mediun-

long chzins are shown in Fig. 9. .
In oxder to reach the break-even-point before the yeaxr 2000, the price
of crude o0il must rise 2% least 3 % faster thanm that of cozl. With an

o~

increase ol 9 % per year the brezak-even-poirzt is to be expected in

N

1999 zné 2t 10 per year ir 19335, A comparison witk Pig. 8 shows that
Fr-processas for the produection of low olefins are coapetitive eaxlier.
As 2 result of these sinulated calculations it mzv be exvecied, that
3T-p:ocesses iz Westerm Europe ca- bYe operated ecomomically probadly

2t the end of this ceatury.

Finally ore more word on tkhe ccxtination of FT- with cozl tydrogeaation
processes. PIl-procegses ave suitzble for the vrocaciion of low olefins.
With the ecozl hydrogenatioﬁ BTX-2ronatics are formed. By combination
of these two processes it is rossiole to produce olefins and aroamziics

f=om coal.

Fig. 10 shows in whieh mamner a produect range suitable io demand can
be produced bx empioving -both processes. Indicated a-e the tonrages of

particular olefirs and BEX-aromatics. The last coluzn shows the con-

sumption of these products in ihe Federzal Republic of Gesmany in 1976,
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which amountis to 7,1 nillion tecns. To produce the sazme tonzmage in
suitable composition from cozl 4,6 million toms would have to be
produced with the FP-process and 2,5 million tons by hydrozenation

of coal, vwhereby for the former a Symthol-synthesis was nsed, followed

by 2 steam cracker, and for the latter a coal bydrogenation process
by which the primary product is mede aromatic 2nd the remeining

alphatic hydrocarbons are converted in a sieam cracker to 02/0 4-olefins.

Fig. 10 shows that the produced znd consumed particular chemical raw

materials do not differ very much from ezch other.

I would like %o conclude =y lectnre with the indication, that the
product ranges of both processss complement themselves ia za z2lmost

ide2l manmer for the supply of chemiczl raw meterizls.
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Processes for the productiorn of Gzlcd-OIefins

1.1 Fr-Synthol-process with steam cracker
Raw materizl: ligmite

1.2 The same process but raw material for gasification:
bituminous coal

1.3 Hypothetical FT-ethylene-process.
Raw materizl: lignite

1.4 Naphtha-steam-cracker
Processes for the production of C1O/C18-01efins

2.1 PP-Synthesis with long chaine product range and Iollowing steam
erz.  ~. Raw material: lignite

2.2  Molex-Pacol.Olex-Process

Pig. 4 Selected Processes for Olefin Production

Product c,/c 4~Olefins €,o/C4qg-01efins
Procese Synthol |Symthol |[Eypo- Naphtha |long Molex
Steam~ Steam- thetical | Steam- chains Pacol
cracker |cracker |Ethylene |cracker team- Olex
Lignite [3Biturinowg Lignite cracker
coal Lignite
Costs of raw ) 1
materials 54 % 64 % 47 % 95 % 23 % 124 %
Capital depen-
ding costs 44 % 35 # 42 % 1z 50 % 25 %
Labour costs 5% 4 % 4% 1% 8 % 1%
Sunéry cests
rinus credits { -3 % -1%: 7% -7 % 19 % -60 %

Cost data 28 percentage of produsction costs

Fig. 5 Cost Stimctures of Proceseas for Oiefin Froduction
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Product t FT-Process :;2iogenatlo Productien Conzuzption
Ethy] ene [ 1,9.10° ¢ 0,6.10° ¢ 2,5.10° ¢ | 2,8.10% ¢
Propylene ‘ 1,6.102 t 0,2.102 £ 1,5.?02 £ 1.9.102 t
Putene, Butadiezes 0,9.10° ¢ 0,1.10% ¢ 1,0.10% ¢ 0,5.10% ¢
PTX-irozates | 0,2.10° ¢ 1,6.70° & 1,6.10% ¢ 1,8.10% ¢
Suz 4,6.10% ¢ 2,5.10° ¢ 7,1.10° ¢ 7,1.10%

Fig. 10 - Product range of cozl-chemical processes adjusted to the con-
suzption of the Federal Republic of Gexmany ir year 1976
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IMERUSEN:

(o]

ne must alsc take into consideration the fact that the

lefin

prices of

[¢]

ir Zurope ané the U.S. are very different. They
cost .considerably less in the U.S. than in the Federal Republic
of Germany.

X{UHN: The tasic assumption that one nas co2l and oil in parallel
availarle amounts exists. In Zurope. we must take into account
the fact that we ¢o not have sufficientoil. We have it at the
moment, but no-one can be certain that supplies will last for
ever. We are talking about research: a solution for our problems
mus~ be founé within the next 10 - 20 years. It is rot a matter
oI economics of today, but for tomorrow.

SCENUR: In Turope, rnaphta - the main feedstock used to produce
lower olefins - is not available irn unlimiteé quantities. Forecasts .
inéicats that there will soon be a2 shortage in Europe. Thus, higher

boiling mineral oil fractions (Dg - Diesel oil range or even higher)
will have to be utilized for olefine procuction.
On employing these feedstocks, the ethylene and propvlene yields

w1171 ha TAawvar ~anein~ Sneraace it fhe nradnctine 2nd +herefore



SCHEULZE: Doubts are often raised as t5 whether substitution will |
take place in fevour of the chemical industry. What is the con- o
straint limiting the thermal usage of cil? Mavbe this is the
price boundarv or planring measure lzid Sown by the government
(saying that mineral oil products must be useé only in the
chemical industry sector and be saved in the thermal sector)?
Because we have, sugposedly, a2 iree economy. the price probably
will be the regulating indicator of a2ll the different products'
uses. In many fields of mireral oil »roducts used today, I doubt
whether there is an upper price limit. Cne need only think of the
case of gasoline in the private car sector; people will be pre-
pered to pay 3 - 10 fold increases, resulting in the using up of
all available gasoline. Long-term forecasting of automotilisation
in Western Europe shows rapid increases; this means that in the
future, there will be a very wide usage of gasoline (i.E. naphta),
also in the medium time range.

We rmust get prepared according to these predictiocns, and con- .
sider the situation in communist countries, where people readily i
pay high prices for gasoline. What is the competition of the
chemical industry against this private sector of casoline usage?
We have not investigated this vet, but I doubt whether there is
an upper limit. This would mean that the substituvtion in favour
of coal consumption by the chemical industry is noi limited by
this thermal energy market conditions.

IMHAUSEN: I agree with all your peints, except for vour remark on
the situation in communist countries. There, matters are directed
fullv by government policy.- not by the willingness of people to

pay. '

SCHULZE: Freedom to choose: whether to vav DM 3 per litre of
gasoline or not.

IMHAUSEN: Very few private cars are owned in communist countries.
KUEN: The basis of comparison for all these coal liguefaction
processes is today's naphtha - based petro - chemical industry.
Whatever we calculate for on or the other of the cozl liguefaction
processes, the products resulting from such a process are double




the prices shown oy the present situation. Until we arrive at

a situation where naphthe doutles in rice, so that, for example,.
Tischer-Tropsch-products woulé pay, we should use, for instance,
midéle Gestillates insteaé of naphtha.

Production costs Zor olefins <{rom midcdle destillatas rather than
from nzphihia are a2 little more nicher, cprobebility by 1C or 20 %
The next step would be converstion, e.¢. hvdro-cracking. This
would result in an aédition cof about DM 150. Zven this grocecure
woulé not doudle the raw material price, as it certainly would

1iZ the FTischer-Tropsch-syrnthesis were usec.

BOLIGEAUS: I would like to introduce the next paver, which dezls
with the same topic: the discussion can be continued afterwardés.
I woulé like to introduce Dr. Schnur, who influenced to a very
large extent the R.N.D. energy programme in this field in the
Federzl PRepublic of Germany as & rember of the 2dvisory Committee

of the Ministry 27 Research and Technology.




torkshos Konleverfliissigung Dr. F. Schaur
Jilich, 18.=1%.09.1978

Zstiration of economics of a modified Fischer-TUropsch synthesis

This report covers some aspects of economic evaluations as part of a
stuly sponsored by the Gerzan Miaister for Research and Technology
and prepared by Ruhrchemie AE ir 1974-1975. The considerations were
directed towards the elaboration c¢f concrete aims for the develcpzent
of 2 modified Fischer~Tropsch synthesis on basis ¢f price azd cost
level in 1974,

Zf the Fischer-Tropsch syrnthesis based on syrgas from coal is
considered an aliernative to the production of hyérocarbonz from
mineral oil the guesticn arises to which extent the primary products
Lave to comsist of valuable short chain olefine to make the economics
of synthesis feasible.

At presexnt time the reguired organic primary chemicals are almost

zi
guantitatively generateé froz mineral oil products. Adout 75 % of these
h .

may iz prirciple be
produced via Fischer~Trcpsch synthesis. 8o % of tzese sliphatic
o

primary chemicels consist cf non-aromatics, whiz

He

hydrocarbons are ethylene and propylene, only szall amounts which

are present in the prigmary products of any version of cozventioznal

¥,

Figcher-Tropsch synthesis. In the German Federal Republic tke aanual
consumptiion of 02 to Cy olefins amounts to 5 m=io t compared to only
300 000 to 400 000 t per year of lomg chain hydrocarbons by the
cherical industry. Generelly short chained olefine can t2 produced bty
pyreclizing long chairn synthesis profucts provides that extremely cheap
coal - not availabi. in the Federal Republic - is fed into the gasifi-
cation. Even German brown coal at the 1974%'s costs of 5 DE per Gezl
does not fit tke premises.%Diagram 1 renders in the lower part a

survey of market and prices at the time when the study was acccmplished.




The upper DArt Sicws soce gezeral routes cf syagas production, cf

syntaesis anc of product work up. Taougz the source of the syagas
is in prineciple unizpsrtant for tae synthesis, the combining of gasi-
fication and synthesis process has a sarkable influeace oz the
economics and if there is zuch methare iz the syngas, the questiosn
a~ises whether it is senseful to combine Fischer-Tropsch synthesis

ené SKRG production.
Calculationz o ecozorice have beer dealing with the following topics:
-~ *ne estimated costs of production of pricary products of

a modified synthesis coupled tc a couventional syngas

rrocduction a2nd releted to the cests of coal;

-~ the estimation af expected revenues of primary products
depending oz the selectivity ol the nodifiec synthesis
which is hnighly influerced by the development ol Icproved
cetalyets. Fainly ethvlene end propylene as primary products

are covered by tkis espect;

~ derived froz preceding consider=ztiions the eelectivily

required to ecual *he costs of preducticr was calculated.

VYhen esticating the costs of procuction the optimuz reaction conditions
for possibly higkly selctive catalysts nald tc be taken ac uakzown.
Consepuently the costs of productioa of three well estadlizhed sycthesis
processes were calculated in parallel assuming acceptable precision in 2
range which is giver by the different catalysts and synthesis tecanics
used by these processes. It was taken as granted that & codified synthesis
would not differ froc these processes tc an extent whichk ma-kecdly in-
fluences the costs of production. However, Ior reasoas of security az

extra charge of 10 % was adided %o capitel costs.

The costs of procductiozn were calculatel for the three processes: fixed

bed synthesis, entrairned catalyst eynthesis and liquid phase synthesis.
Sasol at Soutk Africa operates the first two processes, the latter Las
prove:n epplicable by Rheinpreulen iz Germany.



The stuéy was based oo existing Cata and nc cnzineering detail work was

performed. The datz available were

- ceveral projecte by the working associaziion of Lurgl and
Ruhrchezie of 1952 to 1959 directeé to the production of
motor fuels by fixed bed syntkesis with producticn capacities
from 50 000 ts 500 00D t per year: these projects were based
on the effective costs of units, delivered by Lurgi for tk

vlant of Sasol;

- tae study of Pichler of 1970 for the NHinister of Education
and Selence covering the production cf mecter fuels by either
fixed bed or by estrained catalyst synthesis witk production

capaeitics from 2 to 6 mio i per year;

- the report of Schulze of 1974 in Chemie-Eng.-Techn. cealing
with the ligquid paase synthesis with a production capaciiy

of 4,5 mio i primery products per year,

All amounts ol investment were transferreé to the cost level of late -
1973 by using tke cest indices or chemsical plants publisned regularly
by Kdlbel anc Schulze ir the paper "“Chezmische Industrie", As far as

ossible investment cogts and requirezsesnts of energy and labour have

v Ky

een atiridvuted to the correspording process steps.

Diegramm 2 illustrates the capitel requirecent versus capacity Zor a
fixed beé synthesis plant derived from preceding estimaticns. The lines
referring toc gas production an& to synthesis show a steep ascent which
ic caused by the assumption that an increase iz production capacity is
accomplished siaply by multiplication of urits for gasification ané
syatheeis, eackh having a comstant capacity given ty the development
reached betweea 1950 snd 196c. Basecd on the technical improvements from
to day's point of view capftal requirements will be lower. On the other
hand, the lire for auxiliary investment may he too low in view of today
because higher investments witk respect to pollutim regulation axnd higher

social reguirements ere necessary.




Diegrace 2 illueirates the copital reguircrments for three éifferent

cyoihesls processes based on the sources. The ugper line beginning

on the left, which ig_dotted in the renge of canacitics from 0.5 to

2 mio t of rmotor fuels per year ghowe the capital reeds for ithe

f{ixed bed synthesis procese which have been ectimeteé oy using pre-
vious project studies from trhe year 1952-1959. It exceecs by 15 §

the values calculated in 1970 by Pichler for the production of motor
fuels. This fact leade to the conelusion that in the 1970 calculeiions

gesification unite of enlarged cepacity have been essuaced.

Following she Piohler celculgtion the capital reguirement for producing

zstor fuels via ithe entrzined catalyst process is by 20 % aigher than fer

the fixed bted process. Obvioucsly this fact may be a<ttribuied to the

increzsed cethene procuction by this process, as methane tas to be re- .
forzed to cyngas subtscouently. Kith respect to 4he pripary procduct pettern

the @iffererce eghould be lower than the 20 % rea<ioned!

Belew the lines of invectrents to procduce siotor fuels there ere 3 lines,
showing the inveetment conts for the prizmzry products of the fixed bed
procezs derivecd from diagrazza 2, and a breek Sown of <hnese cests into the
costs for synges production snd syniheeis, respectively. For a production
carzeity of 1,5 mio t pricary producte per vear the invesizmeat costs afe
about 4,476 billiox marks, where zs ithe invesiment cosis for the liquic
phase process are sligitly nigher a2s calculated by Schulze.

Dizgram L shows the main figures emergirng frozm cos:t estizatiozs based or
2z conventional terminology for the primary products (C3+) es well as on
the total procduct range, that is includiag cethane and C2 bydrocarvoas.
Following tais chart the "working costs" that is understood as coets of
procuction excluding cests of coal, are as en average for tke 3 processes

estizated *o &£00 DY ver t c1+ 2 10 . Ircluding the costs of coal taken

as 5 LM per Gicel the average costs of production ere estimated %o 545 D
* -
per t C, =~ 7 %.
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Diggron explains the inporiance of the azsumpt
15 & $4
encing on capital reguirecment. These aanual costis zre ran
45,7 % ©F tke cerital invesiment costs (case *} *o 26,k S (case 6)
assuming in irterest raie of 8 % p.s. Depreciziicn ae In cmse 1 and
re

cace 2 has been calcuisted for producticn units which are
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adaptec to a given technclcgy withcut Lacic modi
generating procucts of constant ruelity for a2 given carket

without change in guality reguirements.

—ities producing stean,

Pl

These procéuction units may be compared te fae

electricity, ammonia, methznol cr moter fuelcz.

The zald casculatione for costs of

tased cn estimations Icllowing cace €. They are comparable with the

- Py

baze takern by Schulze for the 1iswuid phase synitesic {case 5) increaced

(35

¥ a2 extra charge of 1o % for unforseeable cost increases emerging from
9di

fled syathesis. The augmentecd risk of proGueing chemical feedstocks

- ]

rsz 2 broad procuct paitern for a nmoving market is covered by the for-

1L}

-t
mally chorter depreciztion time that means an zugmented retursz on invest-
.
m

eLTe

The averazge costs ol productiion would be reducel by atout 12c DM ner ¢

c1+
10 & for covering the risk.

assuming 2 caleculation following case 2 but with an extra charge of

To find out the estimated revenues on primary vroducts the product pattern
depending on varying selectivity of synthesis had to be assumed. Adéi-~
ionally the part of prcduéts, whick does not consist of ethylene or

propyiene, had to be classified for usage as chemical feedstuck. The
repeining products were valued as a pyrolysis Jeedstock. Maximunm and
minigum values were Getermimed for ihe returns as shown in table 6.
The resulting grass =evenues were reduced by 6 % for sazles cosis and
pessible ruyalties thus leading to the net revenues. The result %f the
calculations is shown in diagram 7 with -espect to the fixed bed synthesis.

The bold line represents the costs of production for primary products
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section Telow ine line represernts the possidble reducticn in cost of pro-
déuction by using unitz of extendad dimenszions. his section corresponds
to z decrease in the créer of 65 DM per t, that Is kalf of ik

mentioned whick erises Iroo e calculaezilion fcllowing case 2.

The lowest line in diagram 7. which parallels the line of costs ol tro-

duction, resresents the costs of coal. S:iariing with the costs of Germar

haré coal, which amoun: to ¥ 18 per*ﬁcal and which are not cutlirecd :in

the dlagram, *he nrimary nroducts had to be charged d®r Dii 335 per t, resul-
s

ting ir costs of production cf DX 350 per t of primary rroduct.

na<ched horizornizl tands represent tlie estimatcd vctumns, maxipun

and miniaun respectivelw. Tnewv depené on tle selectivity ol the reactlion.
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that - for costs of coal of DM 5 per

Feal and Jor 2 retura cn iavestment 5f 7,5 vears - tle Lreak even point

can be reached iI the primary products contain 355 % of ethvlene and
nroynlene at zinigum, uhc“eby ethvlene as estizated muct be fzvoured Ly
1,2 in releztion to proynlene. Ac the desired olefin distribution in

gaci.l

favour of ethylene iz difficult to archieve larger gazification and
syntnesis units are ncecded o lower the cosis. Bo that either a reduced
selectivi<y of Lo % becomas sufficicent or e=gual asouats ol cthrlexze anc
propyleze with 2 selectivity of 50 - 55 % can be tolerated.

The aiz [ar the reguired Zmnrovezent of catalyst selectivity would Se
markecdly restricted if cheaner'syngas could bde made availed

in diagram 3 roughly 6€ & of the costs of investzment for nroducts 33+
are covered by svnzas production, and roughly 98 % of the cests of coal
as the heat cf reaction nearly corresponds =9 ithe needs ol enargy Jor

synthesis and product recoveryr. This relatioanship is only slightly =odi-

fieéd fcr a selective syntheésic with a aigh yield of etajylene because of

tLe izcrease in energy neec for procduct recoverwy.
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Fischer - Tropsch - Synthese als Lieferant von Chemiegrundstoffen
Kohle Uran
| rd_
!—Vergasmng Vergasung { Vergasung { O
| CHgreich CH, arm | ‘
~o
Strom
FT Synthese CHg4- FT Synthese
+SNG Produktion Spaltung SNG
|
[ ' i
Primarprodukte aus Primarprodukte aus
konventioneller Synthese modifizierter Synthese
Synthetisches Roho!™ Chemie - Grundstoffe
. Spaliung
r )
Weiter- L. Hydrierung, Trennung Pyrolyse
Verarbeitung Pyrolyse
Motorkraftstoffe . SNG—
4
SNG aliphatische Chemie- Cp-C, | Erdoh
Grundstcffe naphtha
e« Olefine Cg, . Olefine for
flussige, gesatigte KW, Chemie-
Paraffine, Alkohole einsatz -
Bedarf BRD 1973 .
(1031 ~ 25000 ~300 — 400 ~ 5000 13 000
Richipreise 1974
{DM/Geal} 30,~ 60 — 90 50 — 70 - 25
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Erwartbare Herstellkcsten und Erlése bei einer modifizierten

Fischer-Tropsch-Synthese fur 15 Mio jato C7+

(Konvanhznelle Kpklevergasung, Festbett-Synthese )

oM/, Erwarttare Erlose (1574) abhdngig v
800 Athylen-u. Propylengehai! im PPC7.
700 A
00 A - - .
LT 70%
Herstellkosten
[1374) /7///////7 55%
500 -
"'\X}
2 NP4 -JZ[f/M/ZZ/ZZ// LL 20%
L4037 A ;1’\@,— -
3 -
b
>1L\Denkbare Kostenserikurg durch
grofiere Apparctcemnerten
360 ' - - —
. -{ i ///T Pro..uft G{S/
Kapitalabn. Kosten . Pyroiyse-£insatz_
200 4
700 4 .
Kohiekosten
Perscnal-+Stoffkosten
v

T T

2 P . & 8OM/Geal 10 12 %

Kosten der Kohle

~

X) = Herstellkosten bei gunstigsten Angaben uber Synthesegas

agus Kohlevergasung im Verbund mit Kernenergie




LECTURE -~ SCHNUR

APTERNOON SESSION

HOLIGHAUS: I would like to proceed to this afternoon's first
paper, and introduce Dr. Kihn, who is a member of the board
at U.K. Wesseling, in the Federal Republic of Germany, and to
a2sk him to commence with his presentation.



"Chances for Produciion of 3Bz2s3ic or

Intercesiazte Czexzical Producis viae

Fizcher—Tropsch Process"

With susport frox the Federzl Himisiry Icr Research and Tecanology
=r company, the Union Rheirmischne Zraunichlen Xrzfisioll, prepared
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Hor-Gas-RecyecrLe-Process 20 A
ocess 7 C

SynTHES A FLUIDIZED,
£ ST

NITRI

1. Cipcurztion Procsss on
TESL TURHINGS

Iso SvyntHESIS

£ S THESIS FROM CLREON
£ 43 LYDROGEN

? - - 1.1 .=
(Kaiszr-WiLzsLe-
- o—— — ‘ia
IHSILiU: ibﬁO)

T g~ - -
BUREAU OF FInzg)

(VARIOUS PATEKTS)

RLFTSTOFF Fie. 2

Apr1L 1975



OPlhATlNh (nnnlllomq OF Sllr(rln Pn0<!,sc%

'ROCESS Tyre CATALYST PrRESSURE  TENP I-Resn FEED RrCYCLL YIELD OF L +- Pnnn
PSIG G 9 1CO RATIO  o/cnit RESA

\RGE Fixen Brp P?ECIPITATED 281 220 2:1 2:1 197
] ROK , ,

Synthot |l ENTRAINED Fustp [Rom 204 320 2:1 2:1 172
FLuintzen Bep

Sywrnor L EMTRATNED Fusen Iron 250 370 2:1 2:1 125
FILUIDIZED PED

Hynrocol. FLutnizep Bep  Fusens [row 355 320 2:1 3.5:1 18

RHL[NF&IU%S‘N* SLURRY Prast: PRECIPITATED 171 268 0.7:1 NO RECYCLE 172

OPPERS B ~ [ron
RthHFREUSShN— SLURRY P'NASE . PRECIPITATED 171 268 0.7:1 MO RECYCLE ?
Korrers L. : IroN

lureau oF Hines OrL- Fusen Irow 38N 290 0.7:1 2,5:1 178
CIRCULATION (N1TRIDED)

LurG1-HuLTISTAGE Fixep BeD PRECIPITATED 281 271 2: 14, 20:1 154

REACTOR Iron -

Hot-Gas-RecycLe 200 Fixep Bep Steer. Turnings 334 273 1:1 51:1 143

Hor-Gas-Recyeee 7C Fixep BeED Steel Turnings 3894 280 1:1 2111 129

Jureau ofF fnES FLuipizep Beo FYSED [rRON 299 251 1:1 9:1 185

HITRIDED)

ureau orf Mincs 01~ SteeL Turnings 299 270 1:1 1:1 138
CIRCULATION :

iion KRAFTSTOFF F16. 3 Aeri1L 1976
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. luvestient Breakbown spi \'\‘H‘D IO G[\‘-‘alr\Cl\T\OH,

Syntiesis,

[re——

Pnonucr R!COV[RV AL PouLn P\ANT

Processes ToTAL Pronuct

INVESTHENT — GASIFICATION SYNTHES}S Recovery Pourg PLA)T

BILLION BroL. g 4 Bree g 4 Bl Y BitL,s
ARGE 2,21 0,95 42,1 o.5 25.7 0,25 lo.? 0,48 22,0
SynthoL N 2.08 0,87 H#1.6 o,51 24.5 0,17 8,1. 0,53 25,8
SynthoL L 2,17 0,80 37,1 0.63 28,9 0,27 12.4  o.4/ 21.6
HlyprocoL 2,12 0.91 42,7 o.4 22,1 0,15 7.2 0.59 28,0
SLURRY Phase B 2.06 0,87 42,2 0,49 20,0 0,20 9,7 0.50 24,1
SLURRY Puast L .2,05 0,896 U2,0 o,ﬂ95 20,2 0,20 9,6 o,H95 24,2
Ol LimcuLaTion 2,81 0,95 34,2 0,92 32.8 0.25 8.8 068 0.2
Luret MuLTISTAGE REACTOR 2,16 0.95 U3,1 o.48 22,2 0,23 10,6 0,52 2,1
[loT-6GAs-RecycLe 20 A 2.95 1,06 35,9 0.62 21.1 0,53 17.7 0,71 25.1
Hot-Gas-RecycLe 7 C 2.75 0.99 36,1 0.82 29.7 0,29 1lo.5 0.65 25.7
FLUIDI ZED CATALYST, 2,34 0,78 33,2 050 23,0 o34 147 068 29,1
QiL_CircuLation, 1,97 0.85 13,2 o.lo 20,6 0,25 12,5 o0.47 23,7
Union KRAFTSTOFF Fig, 8 ApriL 1976




PronucTion TosTS

PROCESSES CoaL POWER CAPITAL SERVICE Lasour  Gencrae Costs ™)
yA 4 % JA pA

ARGE 14,2 9,1 41,4 1.9 33,14
Synthor N 14,2 9.1 41,0 1.7 3o
SyntHoL L 12.9 lo0.8 41.5 1.6 3%.2
llvprocoL 11,5 ‘9,7 o, 1 1.6 3.1
SLURRY PHASE B 14,3 9,6 Uo.8 2.0 33.3
Scurry Puase L 14,1 - 9.2 lo. 4 2.0 .3
O0iL CIRCULATION
LurG1 HULTISTAGE 14,6 9.9 lio. 2 1.8 33.5
Hot-GAas-RecycLE 20A 11.8 18.8 38.2 1.3 29.9
Hot-Gas-RecycLe 7C 12,6 11.0 41,4 1.5 35,5
FLutrizep CATALYST :
(HITRIDED CATALYST) 11.4 12.3 .3 1.5 33,5

: . - * MATMTENANCE T
?é¥cglnﬁﬁkﬁ{égﬁ) mn,5 lo.2 ho,3 2,0 53,0 INSURAICE OVE

HEAD AUXILIAR

Unton KRAFTSTOFF Fig, 9 Aerie 1976




] .
SUARE oF Propuct Grours wiTi USSENTIAL TurLucuce

on Yiern aup Rovenue

PROCESSES Cy=Cy llvorocarsons — Haputia 375 OF  Raw MaTeriaL ror Hax ALcorioLs
DETERGENTS

% ofF Pro- % oF n o Pro- % oF % oF Pro- % or % oF Pro~ % oF % oF Pro- % or

puction REVENUE DUCTION REVENUE DUCTION REVEHUE DUCTION  REVENUE DUCTION REVERU:
Arae 13,3 11,7 2.9 20,8 8,2 174 3.0 33,0 3.8 6.6
SyntHoL N 5.7 374 41,5 30,0 3,5 8.0 7.9 3.7 8.5 14.5
SvnthoL L 64,0 66,3 20,1 24,0 1.7 4,3 0.7 0.4 2.7 4,1
fivprocoL " . 39,1 lo,4 02,5 32.8 3,3 8.4 3.4 9,7 6.4 12,1
SLURRY PHASE B 20,4 . 210 03,9 47,5 8.1 17 .4 2.9 3.1 2.8 0,5
SLURRY Puase L 31.4 32.0 59.5 06,14 4,9 10,8 - - 2.4 4,2

01 CircuLaTION

(WITRIDED CATALYST)  30.5 27.9 30,2 19.8 2.7 4,9 21,0 19,3 15,0 21,5
Loret MULELSTACE 050 90,7 9 Mo 103 193 27 183 61 9.3
lor-Gas-Recycie 7C 32,6 - 30,4 33,9 23,9 57 loo W2 125 9.2 1.3
HoT-Gas-Recvele 20A 77,0 75,6 18.6 16,0 - ~ - - i,4 8.0
GiARIZED IS 0.2 33,3 2.5 86 11 2.2 - - 06,9 55,7
Greel"UReD 7 L8 RAM 28 92 o 05 83 1.9 16.6

*) Haptmiia W30 OF
Untion KrAFTSTOFF  Fre, lo - ApriL 1976




8

Eravece: Yocen eeowt Frsouer-Trorscu Processes

103 TONS~A-YEAR
- \

PROCESSES ORTGINAL Erny)ene E;HYLEHE Eriviene Ernyrene TOTAL ETHYLENé.

Eroycem:  From Lrnane  erom ProPane  FrOM BUTANE  FrRoM Harntia YIELD

375 O

PRGE 3,6 45,7 30, 50,6 159,4 ) 20,7
Syntwo M 75,1 15h.7 29.4 97.5 3htL 63L.1 |
SyuTHoL L 19,6 359.8 99.8 222,72 201,2 975,06
llybracor. h2.2 131.2 30,1 134,6 6.1 635.2
SLURRY PHASE -, llo, 4 50,3 21.1 /7.8 536.3 706.2
Sturry Puase L 33,3 u2.,4 49,2 125.14 493,98 754, 1
01L CircULATION ; ' 5 '
(NTTRIDED CATALYST) 45,3 127.9 Ng.0 252.3 ) 547.1
Lurel MuLTisTace REACTOR 8.2 80,0 58.1 92.5 245,53 ) ney,7
floT-Gas-RrcvcLe 20 A - 590.7 260.9 153.9 125.0 1.128.5
lor-Gas-Recvele 7 C 9,0 105,9 22.5 79,0 21,6 6030
Frutnrzep CaTaLysT
(MITRIDED CATALYST) 9.5 209,72 86.6 114,2 lol.3 521.0
011 CircutaTion n,3 16110 1,2 85,9 227,3 ) 562.7

(STEEL TURNINGS)

") NAPHTHA U3 OF

Uttton Krarrtstorr

Hlf-)

ESTIMATED VALULS

Fia, 11 feric 1976




SHARE of Pronuct Grours witn EsSchtiaL THFLUEHCE

ol Y1i:Lb ann Revenue

PRoCESSES CZ—Cq llybrocarsons — Naputia 375 OF  Raw MATERIAL FoR Nax ALcanoLs
DETERGENTS
% oF Pro~ % oF % or Pro- % oF % oF Pro-_% or % oF Pro- % oF % oF Pro-_ % oF
puctioN REVENUE DUCTION REVENUE bucTion REVEHUE DUCTION  REVENUE DUCTION REVERUE:
ARGE 13.3 11,7 26,97 20.8 8,2 174 43,0 33,0 3.8 6.6
SyutHoL N 35,7 37.4 41,5 30,0 3.3 8.0 7.9 3.7 8.5 14.6
SvutioL L 64,0 66.3 30,1 21,0 1.7 4,3 0.7 ot 2,2 i1
lfvprocoL 39.1 lio, Y 42,5 32,8 3,3 8.4 3.4 9,7 6.1 12.1
SLURRY PHASE B 20,1 . 21,0 63,9 47,5 8.1 17.4 2.9 3,1 2.8 4,5
SLURRY Puase L 31,4 32.0 59,5 46,4 4,9 10,8 - - 2.4 1,2
01 C 1 .
(WITRIDED CATALYsT)  30.5 27,9 30,2 198 27 49 2,0 103 150 205
M i GHE L .
wret LTSS w2 207 A o 103 195 227 185 61 0.3
tloT-Gas-RecyeLe 7C 32.6 34,14 33,9 ) 93,9 5.7 lo.0 14,2 12,5 g,2 11,3
HOT"GAS"RECYCLE 20[\ 7710 75)6 1816 J6 /0 - - - - lllll 81”
FLutpizen CATALYST , }
(HITRIDED CATALYST) 39,2 33.3 12,5 3.6 1.1 2.2 - - 46,9 55.7
01L CircuLATION
(STEEL TURNINGS) 35,7 31,8 32.4% 20.3 9,2 17.0 9.5 8.5 11.9 16,6

) Harutha W30 OF
Union KRAFTSTOFF

Fie, lo

ArriL 1976




'
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PROCESSES ORIGINAL  ETHYLENE E1uyyrue FTHYLENE Eriveene TOTAL EinvLuuu

Eravicn:  From Ltuase  #rom Propante  From ButAne  From HAPHTHA YIELD

375 OF

ARE 3.6 05,7 30,/ 50,6 1594 ) 20117 ;
Synrhot N " 75.1 134.7 29,14 97.5 a4y 631.1 ;
SyntHoL L 49.6 359,8 99,8 222.2 01,2 975.6 {
HyprocoL h2.2 131.2 30,1 131,6 36,1 666,2
SLURRY PHASE~[, lio, 4 30,3 214 /7.3 536.3 70G,2
Sturry Puase L 38.3 42,4 19,2 125.14 193,85 75,1
QIL CIRCULATION 45,3 127,9 480 73,6 252.3 547.1
Lurst MuLTisrace Reacton 8.2 80,0 58.1 92.5 205,5 ") ugh, 7
llot-Gas-Recyee 20 A - 590.7 260.9 153.9 1725.0 1,128.5
Hor-Gas-Recycie 7 C 94,0 5.9 22,5 /9.0 261,06 ") 603.0
FLuinizen CATALYST
(HITRIDED CATALYST) 9,5 209,72 86.6 114.,2 lol.,3 521.0
QiL CimcuLATioN 0.3 16'1,0 0.2 85.9 27,3 ) 562,7

(STEEL TURNINGS)

0[: 1# ll»)

*)  NAPHTHA 30 ESTIMATED VALUES
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Cosy aun Revenue Comrarison

FOR A CAPACITY OF 2,5 MILL. TONS~A-YEAR

Process Opcrating CosTs Revenue REQUIRED  AcTUAL SALES REMENUFNBEQHIREE
Revenue (Luropt) Snyﬁs {EVENUE

BroLron £/YEAR £/ TON £/ ToN

01t CircULATION

(STEEL TURNTNGS) 0,57 233.8 186,9 1,28

Lurct MuLtisTtacE REAcTOR 0.03 205,06 173.5 1.47

Syutiior, N. 0,60 203%,8 164.,6 . 1,48

SLURRY PuAsE B 0.60 241.9 160.4 1.51

FLzinizED CATALYST __—

(HlTélgED CR¥ALY§T) 0.66 267.7 172.3 1,55

SLURRY PHAse L : 0.60 242,3 152.7 1,59

HvcrocoL 0,01 256.,5 154,6 1,66

MARGE . 0,64 259,2 153,89 1.68

SyntHoL L 0,62 260,14 149,2 1,71

O1L CIRcULATION

(NITRIDED CATALYST) 0,79 323.8 181.5 1,78

Hor-Gas-RecycLe 7C 0.78 325,14 168.5 1.93

HoTt-Gas-RecycLE 20A 0,91 liol.,9 142.3 2.82

Unton KRAFTSTOFF Fig,12 "~ AeriL 1976



LECTURE - KUHN

HOLIGHAUS: Thank you for your excellent contribution. There
should bhe many questions, as the opinions you expressed differed

in some wavs from those voiced this morning. The discussion is
now open.

GAENSSLEN: You mentioned that the product would have to increase
in price by 40 - 50 X in order to arrive at a break-even situa-
tion. In order for this to happen, the price of 0il weould have
to increase - meaning that the cost of everthing would rise,
including coal and capital goods.

Have you refined vour caiculations to take into account this
sliding effect? Because an economy where all prices except those
of o0il are static, cannot possible exist. 2 so-called "cascade
effect" is produced.

KUEN: We have not refined the calculations within the study

mentioned in my paper. Eowever, we have done this within our
“parent” company. and our philosophy is as follows:

1) We do not agree with you in that costs rise in a parzllel wayv.
We believe that raw material prices (especially here in Eurcpe,
where we do not have raw materials in large gquantities) will rise
more. This is normally calculated taking into account a 2 % higher
inflation rzte rather than, for instance, capital. Every plant
having a high capital charge will ultimately have an advantage

in the course of time with'the 2 % rise in material costs.

2) I do not agree that all ‘costs will automatically rise parallel
from the standpoint of “coming up" costs. I am convinced that

raw material will increase in price because evervone calcualtes
that the time of surplus is over.

The cost increasing factors of brown coal differ from those of
hard coal, which has a high pPercentage dependent upon personnel
COstS. We calculate that we are arriving at a situation where the
Rhineland brown coal wili have a considerable advantge in cost
Over other competitive raw materials. '

ZIEGLER: Is it difficult to establish these coupling factors:
©il prices increase by a certain percentage - what influence does
this exert on other products? If one assznes that the price ratio




between mineral cil prices ard other goods needed for such a
plant, for example, should@ change by a factor of 30 % - 40 %

(1.3 - 1.4), then one would reach a brezk-even pcint - but only
in this case.

GRENSSLEN: When one examines something like the TFischer-Tropsch
synthesis, one is dealing with a material containing oxygen,

&s cpposed to oil, which contains no oxygen. So everything
preserving that skeleton with oxygen has an economic a2dvantace.
The problem which arises is that we now have a chemiczl economy -
based on o0il, favouring hydro-carbon structured materials. 2&s
soon as one examines synthesis gas, one must consider things
which favour something having an oxygen structure. The best
type of Fischer-Tropsch-synthesis is the methanol synthesis,
which preserves evervthing.

An actual profitable example of a2 Fischer-Tropsch-plant exists:
at least, if one studies the balance sheets, the Sasol plant

is making a profit. For several years, it has had a very good
combination of making the best use of the chemicals (admitedly,
for a limited market). An extensive F/T plant would cover the
entire 0il needs of a large country, ané produce many surplus
chemicals. These could not be disposzd of easily.

In the situation mentioned, an excellent optimzl usage of chemi-
czls (to improve the economic prospects for the fuels and auto-
motive spirits) exists. This example shows that a F/T plant is
able to "live" when properly run.

KijEN: We must be careful wﬁen comparing the South African situation
wit2 ours. The South Africdns do not have an open market and
compete with their technology and their product price level in
total with the world-wide free energy markets.

GRENSSIEN: But South African petrol prices are lower than ours.

XUHR: I wonld like to add_more figures concerning the attractive-
ness of F/T: we have a U.S. paper showing that F/T has =z liquid
conversion efficiency of somewhat more than 30 %, whereas compating
processes for upgrading coal, e.g. the coal processes or the
combination of methanol production with the processshow efficiences
of 40 -~ 50 % or more including gaseons byproducts and therefore,

I cannot see a chance for F/T in a time when we calculate that



raw materials in particular. being the most important factor
for efficiency, are increasing in price.

KRTUDSZN: I would like to explain what type of srgaznisatiorn ESCOE

14

gz 1t is an encineering group. Our comparisons were made on the
basis of useful liquid products and &ié not, by definition, account
for the cas made &s well. The guestion of efficiency has been an
important one for z lonc time, and 2s it is poirted out as SASOL I,
the process has become much more efficient as industries have be-
come located around the plant, and used directly the methane
produced by Lurgi generators instead of trving to recvele to
extiniction.

X well-crganised plant which can use methane in this way without
reforming it has an efficiency of 55 % - hich 50 %; it may begin
a5 an isoleated plant with below 45 %.

Jan Eygendorn of SASOL 2 confirmed that it had an efficiency of
low 40 % and could perhaps look forward for some increase, although
there is the guestion as to the number of chemical and satellite
industries which can locate a2round the new plant. The industry
located around the first plant is saturating its need for some
procucts. It is rot just a guestieon of locating industry around
this new isolated location: this was chosen sclelv for cozl and

is 100 miles from the nearest towns and villages.

How efficient SASOL 2 will become is unclear as yet. but is has
potential. In order to achieve consistency, one needed to make

some assumptions. In Barmouth, U.S. whare there is a large

demand for gas, it would make sense to choose the assumptiocn

of not recyecling to extinction, but of selling it. A marginal
competition exists, but the comparisons between diiferent numbers
are to vague now, that one must be cautious. We are becoming more
interested in direct hydrogenation.

BAKER: More will be mentioned about this comparison éurinc my
talk tomorrow. The economics, §articu1arly the guestion as to
whether one should sell the gas 2t some price, or not. will be
considered. ’

HOLIGHAUS: The thermal efficiency of such a F/T plant was extremely
hich; that was a combination of F/T with try-gas.

GAENSSLEN: Up to 67 % - §9 %.




RUuN: It is absolutely impossible to equalise all these
processes and not to take advantage of one process. The ad-
vantage of on process, for e.g. ist that it mekes gases which
can be sold. Yet in my opinion, this is illogical, because
there is a better process for gas production: a very selective
methanation step is made pehind a gasifier. One subsidises by
gas-selling the costly part of a F/T synthesis to meke it more
proiitable than 2 F/T complete enclosed process with recycling.

HOLIGHAUS: S.N.P. makes the main product cheaper.

KUEN: It is right that F/T processes are more econimically
viable than others which produce gas as a by-product and sell
it. T believe that this selling creates an advantage in that
it subsidises the rest of the F/T synthesis. There is an even
better and more selective process to make gas: methanation.
F/T is not needed in order to sell gas.

SCHNUR:When producing 1 kg methane from syngas, more syigas is
needec than for 1 kg of the higher grzde liguid F.T.-products.
If both processes are combined then the methane is left in the gas
as SNG instead of being cracked to syngas. The liquid products

are then menufactured from CO/H2 via the F.T..Synthesis. Both
products are favoured in this way.

KNUDSEN: That is an excellent point. We are under the pressure

to find a way of making liguids from the various alternztives,
all of which appear to be éxpensive. This one did seem more
expensive until we realised that it could be subsidised with

the gas which naturally comes off. (It is a natural phencmenon
that a certain amount of methane is produced - and it is cheaper
to use it than to try to regulate it to extinction just as a
matter of principle. It is a question of being practical in this
real situation.)

There are better ways of producing gas. but the first purpose

was to try to eliminate tﬁe input problem; since this was the
original goal, gas which results is a by-product. It is important
that the by-product car be sold and used; it substitutes directly
for many uses, particularly in industry, e.g. in a glass plant,



or a cement plant, which would perhaps have to use 2z fuel oil.

We f£ind that we can substitute;: for example., cement plants can
use coal. Enviromental restrictions prevented this, so they
started using cas. Other vplants, such as power plants, which
have used coal, have had to switch to cil. Now some tvpe of
gas'supplant that oil. One could treat all kinds of things,
resulting in a reduction of the liguid problem; so we do not
rmind making the best use of methane rather than recycling,

although when one makes comparisons it appears as if recycling
should take place.

GAENSSLEN: When it comes to methéne production in the F/T plant,
one must distinguish between two sources of methane (I am

thinking specifically of the Lurgi pressure gasification):

1) The actual F/T synthesis, where some amount of methane is
produced

2) the main source of methane: the casification step.

Economic analysis shows that these two methanes differ in cost.
The metahne stemming from the gasification step is much cheaper,
because it is only produced by pyrolysis. It does not have to

be subjected to a difficult treatment in order for production

to take place.

The methane produceéd in the F/T synthesis is in fact an un-
desirable by-product. Sc a good process would make a methane
needed in the gasification steps anéd no methane whatsoever in

the T/T synthesis itself.

When liguids and gas are ptroduced simulteneously, the thermal
efficiency of the process goes up from about 40 % to about 60 %.
Lurgi is now conducting an optimisation study, which confirms
this. Is it a blessing or not? It depends firstly on the relation
betweer methane produced and liquids produced, and, last but not
least, on the oprice obtainable for gas. If this price werde
roughly 2-3 times the price of enerqgy in the coal (i.e. the

cost per G. calorie), the outlook would be guite pleasing, and an
acceptable price would bg'gained for the liquié procducts. If, how-
ever, the methane only competes with the coal in heating value,

a hopeless situation arises. So there is no clear-cut answer: one ‘
must be very specifie.




I would like to comment on the thermal efficiences, The thermal
efficiency of the F/T synthesis when aimed at liguid fuels

is between 38 % - 40 % (depending on how it is run). 2 figure

of above 30 % was mentioned earlier:; no doubt this was owing to
the fact that seperation of chemicals was very expensive in this
case.

KUHN: The figures were cbtained £rom "The Comparison of Coal
Liguefaction Processes" and include all costs from coal prepa-
ration down to produced liguids cleaning.

KNUDSEN: I would like you to expand upon your comments about
looking for new catalysts. You mentioned that you tried unm-
successfully to obtain a more selective catalvs:t, and that there
was littel hope for a CO selective hydrogen synthesis.

KUHEN: We are not catalyst specialists. I merely made the comment
vou referred to in order to explain that we attempted to clarify
the picture regarding decisions about further research into coal
upgrading. At that time (19753) our impression was that the chances
of finding a really inproved catalyst, which would make more than
the aveilable catalysts at S2SOL, were remote. I would like
Ruhr-Chemie to comment on this problem.

FROENING: I disagree with your concluding remark: mavbe some of
the figures up to 1276 have been collected in 1975 or even earlier.
Development from then on has taken a more favourable turn; it

is possivle nowadays to have a special selectivity considering
short chain olefins of above about 50 %. This is a high figure
when compared with those processes shown in Dr. Kihn's diagrams,
and indicates a real success. However, many guestions remain un-
solved and are perhaps insoluble. Maybe successful technical
realisation, e.g. selectivity coupled to reaction conditions,
economics and process conditions etc., cannot be achieved.

The situation has altered to some extent in several research
establishments; perhaps<éhe methods vou used in attempting to
overcome difficulties have been followed up by other researchers
tending with catalysts containing the iron in a modified form.
Future improvements can be expected.



ZIEGLER: There are technical catalvsts with selectivities of
50 % +:; but their lifetime under operation conditions is
vary short.

FROBNING: But the lifetime of industrial catalysts in the past
was not long either; for example, the lifetime of the SASOL
catalyst in the entrained or fluidiseé bed was about 6 weeks.

EOLIGHAUS: The U.S. are probably more interested in fuel pro-
duction; is there also a chance of improving selectivity in
this direction to suppress methane formation, in order to ob-
tain a higher yield on liguid »roducts, efg. gasoline?

KUEN: Mr. Gaensslen and Mr. Knudsen pointed out that F/T mignt
have an advantage when it produced methane in a saleable and
desirable form. Mr, Gaensslen made an excellent distinction
between methane in the original raw gas ané methane coming from
the synthesis. We Zound that these processes producing the de-
sired products, i.e. low-molecular olefins, produce the hich
amount of methane (from the synthesis, not the gasification) in
an undesired form.

HOLIGHAUS: Is there any chance of act only improving the selec-
tivity for very special products, as we did, but also of im-
proving the broad range which can be used as fuels?

FROENING: This chance cenerally exists. But +he problems related
to the high-selectivity caialyst for producing shortchain olefins
will be the same for this DProcess. They can be solved to z certain
degree - lower than 100 %. 100 % selectivity canrot be reached

by such a process. .

HOLIGHAUS: We should now proceed to the next peper. There will

be an opportunity for discussing the problems aireadv mentioned
during the general discussion later. The next paper, by Dr. McNeese,
deals with the comparison of cozal liquefaction processes.




LECTURE - MC.NEESE

HOLIGHAUS: Thank you very much; please ask any gquestions regarding
Dr. Mc. Neese's paper.

KRONIG: I agree with Dr. Mc. Neese in that the vields are good;

but how can this process be carried out on a lérge scale, parti-
cularly with regard to the reactor? I am thining of a tubular re-
actor having tubes surrounded by molten metal, for instance sodium
or potassium/sodium at a temperature of 950°C. It seems very doubt-
ful, whether the tubes could stand the attack of the molten alcali
metals from outside at the very high temperature of 950°%. a pure
gas velocity greater than 4 meters per second exists in the tubes
under the intended conditions. Coal, ash and turbulence could easi-
ly cause erosion inside the tubes.

The reactor described has 36 tubes with a space below; hydrogen
with a2 temperatrve of 3.000°F is added by means of nozzles, around
which coal is introduced into the tubed. This process could work
with one tube; but it must be impossible to distribute the coal
entering from outside equally through 26 +tubes. I would be grate-
Tul to Dr. Mc.Neese if he cculd deécribe now these difficulties
could be overcome by this process.

MC.NEESE: I agree with your comments concerning £lash hydropyro-
lysis processes; inherent in the processes in guestion is a rapid
heat-up and an egually rapid quench. The conditions under which
the heating and quench must be carried out certainly present a
challenge; on the other hand, if one examines the data base avail-
able, one can see the potential held by this class of processes
and conclude that efforts toward solving these problems are worth~
while. This class of processes (rather than the conventional ap-
proach) may lead to a somwhat more attractive overall prcduct,

or particular, chemical feed stocks. There are no proven methods,
hovever, for overcoming the problems at this point; work on the
processes described should therefore be continued. We have per-
formed several studies with this primarily in mind, and have indi=~-
- cated in a relative manner which possibilities present themselves.

RRUNIG: 2 proposed pilot plant bult from one tube and one nozzle
was mentioned in the paper:; this would not be a suitable pilot
plant for finding out whether the concept described would work.
One tube and one nozzlz are possible; but 36 tubes and nozzles



EOLIGHAUS: There are many significent and unsolved problems. e.g.
those concerning materials and their selection: the uncertainty
of the estimation in question has & very broad range.

MC.NEESE: Characteristically, as in the case of many systems in
an extremely early stage of development, there are many cquestions
unsolved as vet. What one is trying to answer in

scoping studies is essentially the guestion: if these problems
can be solved, what is the potertial of the process?

HOLIGHAUS: You took these precblems into consideration when making
your estimation:; I believe you cannot use conventionzl materials?

MC. NZZSE: Yes. These factors were taken into account when the

assessment was mace. The range of uncertainty in estimzted costs
is relatively large.

ZIEGLER: You showed 2 number of figures concerning motor gasoline
production starting with in situ coal gasification. Dié vou obtain
figures comparing just the prices per Mio BTU for the svngas

entering synthesis and the svnges produced by a Lurci or Texaco

MC.KEESE: This comparison was stown on the last slide ané relates
to one specific case, narmely svn gas produceé ty whatever mears one
wants tc consider at £ 2,€0 per I,00C OCC BTU. Tkis svn gas cost
would result in the cgasoline prices which we have considered. Here,
the svn gas cculdéd have been produced by any casification system.

ZIEGLER: But it is doubtful whether one can rellyvy calculate the
costs of in situ gasificaticn nowadays.

MC.KEESE: Calculating to the best of our akility, we arrive at

@ cost of & 2,6C per million BTU. That value is consistent with
the firal gesclire cost which I have shown. We hLave not examined
the ways of producing syn gas by other routes, and the costs in-

volved, and translated‘these into gasoline costs.

HOLIGHAUS: I noticed that vour figures indicated no influence
exerted on the product price by drilling and logging and casing.
This indicates that the drilling and reiated costs have no in-
fluence on the product costs: but the drilling, etc. are a great




influence on the cost of syngas, as was shown by previcus corments.
Perhaps we could examine this conflict.

MC.NEESE: The drilling and casing costs can be significant portion
of the final product cost. This cost element depends uporn a number
of factors: well-spacing, thickness of the coal seam. etc. For the
conditions which we chose, little sensitivity existed:; had we cho-
sen a thinner seam and closer well-spacing, this cost element would
hiave become more important.

GAENSSLEN: You mentioned the Schroeder process with around 76 %
thermal efficiency; please could you explain this system?

MC.NEESE: This was a flach hydropyvrolysis type process, which we
heve discussed earlier. In the case of the process described, and’
other flash hydropyrolysis processes, enouch data exists to create
interest. The data are not definitive, however, in a real enginee-
ring design sense.

HOLIGEAUS: T woulé like to thank Dr. Mc. Neese and introduce the
next speaker, Dr. Hill, who will read Dr. Rogers' paper.



TBCHNICAL AND ECCNOMIC COMPARISOH
OF COAL LIQUEFACTION PROCESSES

(Presented at the IEA Coal Liguefaction ..orkshop
Septamber 13-19, 1978, Julich, West Germany)

Earlier this year, ESCOE conducted a study of the leading coal liquefaction
processes. The purpose of that study was to appraise the camercial via-
bility of each process. A ranking of the processzs was desired to determine
wiich would yield the best results fram further development expenditures.

Ve also have a broader task underway to appraise a variety of ccal conver-
sion processes, including same to produce gas aml electric power., We will
report here on partial results fram both studies, confining this discussion
to liquefaction processes.

We will discuss three direct licuefaction processes - E—Coal, Solvent Refined
Cozl, and Exxon Donor Solvent - and two indirect processes - rFisher-Tropsch

and M-Gasoline via methancl. Both the technical and econcmic aspvects of each
process will be examined. '

A standard measure for any process is the thermodynamic efficiency. Eowever,

a more vseful measure for coal conversion processes is the product's efficiency
which is the ratio of the heating value of all fuel mroducts to the energy in-

pats. ThemcCynamic efficiency is a2 theoretical limit for prcducts efficiency

after recovery of all waste heat. “The product's efficiency is a cood indicator
for the amount of resocurce required tc make a specified amount of product.

Most of the processes studied are in the development stage. A Confidence Index
system is used to show the degrees of uncertainty for both process and econamic
datz. This system is shown on Table 1. It consists of two parts, a2 letter to
show the stage of process develomment and a missber o show generally the degrees
of confidence which may be associated with the technical develorment and cost
estimates for each process. -




TEBLE 1l: CONFIDENCE INDEX

Precess Develcrment Econcmic Reliability

D - Exploratory stage, not 4 - Screening estimate, very
beyond simple bench approximate
tests

C ~ Development stage - 3 = Incamplete definition for
operated on small in- estimates used
tegrated scald- only

B ~ Pre-conmercial, success- 2 = Firm basis for values de~
ful pilot plant operation veloped

A - Camplete, process demon-- 1 - Values considered to be
strated sufficiently +o satisfactory for commer-
insure coammercial success cial venture

The next campariscn recognizes that same processes involve camplex or diffi-
cult features not present in others. Operations which are cammon to many
processes or are considered standard industrial technology are not included.
A list of camlicating features is used to arrive at a Complexity Index value
as shown in Table 2. The features which make up Complexity Index are not of
equal weight so 1o inferences should be drewn from the numbers except as a
non-linezr indicator. For exanple, a plant with a Camplexdty Index of 4 is
certainly not four times more complicated than a plant with an Index of 1.
There are no proporticnal relationships for these values. No attewmpt is made
to use any sort of weighting factors because these would be too subjective at
this time to be of real value. The Camplexity Index alone cannot be used as
a basis to choose among processes.
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TABLE 2: COMPLEXTITY INDEX

Item

Highest Pressure of Group
Highest Temperature of Group

Fluidized Bed

. Multi-Fluidized Beds

Ash Tusion Problems

Bigh Head Recycle Pump or
Camressor

Sclid-Fluid Separation Problem
Significant Solids Handling
Power Turbine Critical to Cycle
Cxygen Used in Process ]

Tar Products _
Chemical Reaction Camplexity

Fired Preheater Used

Camplexity Index Value

- R
sk E B
b~ L
(on T B
X
X X
X X
X
X
XX
X I X X
3 1 4 2 2




A summary of these camparisons for the processes studied is shown in Table 3.
The only conclusion possibie at this point is that all are technically fea-
sible and the real differences relating to camercial viability must be de-
termined by cost studies.

TZBLE 3: PROCESS COMPARISONM

Process Carplexity Confidence Efficiency
Thermal  Product

Fischer-Tropsch 2 B-2 56 48
M-Gasoline 2 c-3 52 47
B-Coal~-Syncrude 4 c-3 - 7
H-Cozl-Fuel Oil 4 c-3 - 74
Exxon Doncr Solvent 2 c-3 66 64
SRC-I 3 c-3 71 70
SRC-II 1

c-4 70 70

Tt is the custan to show product costs on a $/BIU basis for coal conversion
plants. The camrehensive study by C. F. Braun Co. @ in 1976 on coal gasi-
fication plants followed this precedent. That study showed costs based on
both utility and private sector financing. Their financial guidelines re-
mained valid for present purposes and were used for our study. Costs were
determined in 1978 § for capital'and all menvfacturing expenses reguired to
estimate total product costs. These costs, on both a utility and private

. financing basis, are shown in Table 4. This Teble also shows the cost frac~
tions asscciated with the fusl, capital, and remzining cperating costs.

The differences in the calculated unit energy product costs are not so great
considering the uncertainty of the input data. Of particular interest is
the relative costs due to fuel capital and cperating charges. Because of



TABLE 4:

PRODUCT COST-ENERGY BASIS

UTILITY FINANCING PRIVATE FINANCING
PROCESS $/105Btu £/c/m __ 5/105Btu i/c/m
FISCHER-TROPSCH 5.49 .56/.27/.23 7.08 .39/.447.17
M-GASOLINE 5.54 .47/.30/.23 7.29 .36/.47/.17
H-COAL SYNCRUDE 3.78 .50/.28/.22 4.88 .39/.44/.17
B-COAL FGEL OIL 3.34 .54/.25/.21 4.22 .t3/.41/.16
EXYON DORO2 SOLVENT 4.38 L477.29/.24 5.74 .36/.46/.18
SRC ~ I 4.18 .48/.28/.24 5.43 .37/.45/.18
SRC - II 4,02 .48/.29/.23 5.26 .36/.46/.18
PRODUCT CosT = FUEL *+ OPERATIONS + k x CAPITAL _ o/, 6.

f = FRACTION

¢ = FRACTIOR

m = FRACTION
Note:

MILLIOKS OF BTU PRODUCED

k
k

OF CCST FOR FUEL

.12 UTILITY T},
.247 PRIVATE_

OF COST FOR CAPITAL CHARGES

OF COST DUE TO OPERATING & MAINTENANCE COST

NANCING

Costs based on a ccuversion rate of 25,000 TONS/DAY of cozl with

a HHV of 11,200 BTU/LE-DRY with a delivered coal prise of 30 S/TON
(2,000 L3S = 1 TON) and a plant operating factor of 0.9.




the financing advantages for utilities, the fraction regquired for capital
is higher with private finencing. A change in fuel cost would, of course,
cause all fractions to change.

The allocation of costs to the different products in a multi-product plant
is, at best, an arbitrary process. It is necessary, however, to use a
meaningful and consistent technique to apportion total costs among the
various products. Further, it is highly desirable to calculate a single
"average” product cost that recognizes the cost differential among products
with different refined quality.

In our first report(z) ; we developad a technique to account for different
product values. It uses weighting "value factors" for each product and
caputes 2 Cost Index. Such a technique recognizes and properly credits
the higher velue for premiim gasoline fram the M-Gasoline process as com-
pared to heavy fuel cil products that dominate the product output from
many of the other prccesses. Thesinput velues used here for the Cost Index
approximate a 1978 market value. '

The definition of Cost Index follows:

CostIndgxin$/BBL=E:—M}-§—:-

ZfiBi
where: F = Armual fuel cost
M = Amnual ope.rati:xg and maintenance costs
C = Total capitzal investment
k = Capital recovery factor
B;= Annual proEiuction of each product in barrels
fi= Value factor for each product

Using this Cost Index, the cost for individual products and the average
product cost referenced both to premnium gasoline and to #6 boiler fuel,
&re shown in Table 5. The value factors for each product, referenced to
Premium gasoline, are also shown. Individual product costs are determined
by the product of Cost Index and value factar. Costs calculated for indi-
vidual products will be the same regardless of which reference product is
chosen.



TABLE 5:

PRODUCTS COST COMPARISON

Process Cost Index $/BBL Product Daily Production f£,(1) Cost
Reference —_— :
Precium Boiler
Gasoline Fucl
Gasoline 18,200  BBL .90 37.12 S$/BBL
LPG 18,800 BBL .69 2B.46 S/BBL
Fischer-Tropsch 41,24 28.88 No.2 011 1,200  BBL .85 35.06 S$/BBL
No.6 Dil 2,000  BBL .70 28.88 $/BEL
Med. Btu Cas 4.2 x 1010 Bz ..62  3.81 s/106m:.
SNG 4.5 x 1010 Bru  1.216 10.03 $/1063tu
¥-Gasoline 16.20  28.03 Gasoline 52,700  BEL 1.06 36.20 $/8BL
LPG 7,300  BBL .69 24.98 S/BBL
‘Naphtha 27,300 B3L .88 26.16 S/BBL
B-Coal S:mecrude 29.73 20.51  XNo.6 Fuel 0il 20,800  BBL .70 20.81 $/BBL
SNG 1.2 x 1011 2eu 1.11 6.60 $/106Rc:
Naphtha 17,000  BBL .88 27.09 §$/BBL
B-Coal Fuel 0i1 30.78 21.55  No.6 Fuel 0il 37,200  BBL .70 21.55 §$/3EL
SNG 7.3 x 1010 Bew  1.10  6.77 $/106Btu
Propane 3,270 BEL .69 25.34 S/=BL
Butane 3,500  BBL .75 27.54 S/BBL
E‘;g§v2:2°' 36.72  25.70 Naphtha 19,900  3BL .87 31.95 S/BBL
¥o.6 Fuel Dil 28,700  B3L .70 25.70 S$/BSL
SNG 5.45x10i0 Bta 1.3 9.55 $/3062::
SRC ~ 1 53.37  37.36 SRC-I 52,230  BBL .63 33.62 $/eq.-Bi
Fuel 0{1 7,100  BBL .70 37.36 S/BSL
LPG 5,500  BBL .69 27.13 $/BBL
1 . . BBL
SEC - 11 39.32 27,52 Naphtha 10,700  BBL 85 33.42 S/
No.6 Fuel O£l 45,300  BBL .70 27.52 S$/BBL
SNG 3.0 x 1010 Bru 1.30  16.22 §/106Bt:

Notes: 1) Based on Promiuvm Casolinc Reference Product

2) SNG = Substitute Natural Cas ® 900 Bru/SCF, (S x 106 Btu/Equivalent BB8L)
3) Costs arc on Samc Basis as Table 4

4) Costs were revised from original prescnctation duc to data correction

We/yd

-7~




Our earlier report, because it was specifically limited +o liquid products,
gave no credit for gas. This is unrealisitc. However, the value of fuel
gas in the U. S. market is difficult tc define kecause of the history of
severe price regulation for natural gas. Value factors assigned to fuel

gas are proportional to heating valuc. For canputing purposes, the amount
of gas produced is put on an energy equivalent to liquid products basis.

We believe the analytical toéls described here are souné and can be pplied
to other types of cozal conversion processes. The quality of the results
mast always reflect the reliability of the input velues. Ultimate decisions
will incluwde additional considerations. In addition to assurance of adequate
returns and best use of capitzl, actual decisions for plants are expected
to be site specific. Only then will fully accurate allowences for all costs
end materials be possible. )

Kenneth A. Rogers

Engineering Societies
Cammission on Energy, Inc.

444 N. Capitol, N.W.,Suite 405

Washington, D. C. 20001
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LECTURE - BY ROGERS, READ BY HILL

HOLIGHAUS: I would like to thank Dr. Rogers and Dr. HBill for this

excellent paper. We will discuss this paper and then proceed to
a general éiscussion.

KUHN: You showed (in the last slide but one) figures for the ave-
rage cost in &ollars per barrei of products obtazined frow the
various processes and remarked that this average cost figure was
unrelated to the value of the product in terms of today's market.
But even bearing this in mind, I feel that your figures are rather
misleading, because an average cost figure of 40 dollars per barrel
of gqualified motor gasoline cannot be compared with a figure of

30 or 38 dollars per barrel of mixture of products of heavy fuel
0il up to gas.

I believe that even given a higher figure, a process which pro-
duces the higher value product may be profitable to a greater
extent.

HILL: In today's market one cannot sell any of the products frem lique-
faction of coal. Here, we tried to derive a single cost number -
which was the least ridiculous one for a process providing a
multitude of products in different quantities.

If a cogl ligquefaction industry is developed in the U.S., the
market will bring in different technologies depending upon the
coal availzble in various regions, the market which the company
in question is attempting to satisfy, etc. Ve are trying to pro-
vide the Department of Energy with a ranking of these processes
in terms of a single number. /This number must be seen in the con-
text of how it was developed: t& feel that our comparisons will
help decision-making regarding which process should receive
additional research support. ©ur methoé provides 2 better insicht
for governmert decisiocn-makers responsikle Ifor technology.

ZIEGLER: I support your single number concept as far as decision
making is concermed; but if one can add arother column showing ,
for example, the 1978 revenue on the mixture of products obtained
by a specific process, and then takes the ratio of the costs per
million BTU in relation to the mean number cbtained when products
are sold, one needs the real number afterwards as a decision-maker.

B iy, T E i . . - - “ - -



GRENSSLEN: I would like to raise an objection to one point: if

one has an unlimited markat, the best thing to &o ir a2 Fischer-
Tropsch-plant would be to meke only wax. But the guestion is:

can 3.000.000 tons of wax be so0ld? The answer is negative. Clearly.
one must add other constraints.

BAKER: I would like to ask Dr. Hill to amplify a little on the
value factor, in particular with recard to table 5; is it a con-
fusion of units that SNG appears to be worth more than liguids
by the value factur? Or does a unit scaling occurt?

EILI.: Derivetion of the value factor of methane is a2 problem in
the U.S.. where methane is controlled at a price well below its
value. The value factor for the liquids is a relatively simple
concept:; it is simplv a matter of taking the present selling price
for these liguids in the U.S. and assigning z value ¢f one to

the most evpensive licuicd.

In the case of gas., it was assumed in the U.E. that methane had
the same value as ,premium gasoline on a2 BTU basis. Tren values
were assigneéd Zor other gases or the kasis.cf the

heating values.

BAKER: I will discuss adjusting the SNG relationship tomorrow.

GAENSSLEN: I would like tc put a qnéstion regarding the table: the
average cost is 41.04 per barrel. When this is split up into SNG
and gas, one of these is valued at lesse. Then the other should
increase in cost. The average should be obtained from weiching

up the other costs - things are clearer than in the case of SRCI,
where the average cost is 46 and the products all cost lesse. We
did a similar calculation, giving the products the value I. Even-
tually, the waighted average would equal the average cost.

BAKER: Maybe the cost described in the paper was actually weighted
by the wvalue factor. Perhaps Dr. Hill was really saving that if
that factor is included the 40.04 is in fact adjusted so that the
LPG need only be sold at 27.63.




HILL: That number andé these relstive numbers zre independent.

BAKER: You have taken that into acccunt by the velue factor. If
you have a product which is low in value inherently, you have
represented it in the value factor ané taken that into account
through the egquation in table 6 in the cost index.

GAENSSLEN: If that were the case, a2 loss on every preoduct would
be made; only the average cost is shown - the remainder of the
costs are not indicated.

KOLLING: I would like to express a personal opinion here: in line
7 (“"the f£luid separation problem") it is feared that SrC I and

H-coal have problems, whereas SRCII and other are problem free. I
believe that thev z2ll create problems.

HILL: We agree. The question is wlére one should drew tre line to
obta%n an cerplexity messure. One would certainly
argusz that in order to do this mors throughly, one should start
trying to assign continual wvalues.

This study assumed that we had examined all the other technologies
ané what had been said about them. We had tried to obtain a re-
lative comparison of those and f£ind out whether some were more
commercially vizble then others. We also asked whether the tech-
nology would be ready, easy to construct, reliable, and in keep-~
ing with enviromental regulations, etc. Maybe one of these pro-
cesses would be so much farther advanced that it could be put
into practice before all the others.

The result of all this was that all processes were more or less
commercially viable; if there were a2 market, one could introduce
any, or all of them, reasonably guickly. We focused mostly on the
question of economies.

HOLIGEAUS: I would like you to explain the differences in price
(shown in table 4) for H-coal syncrude and the SRCII process.
The amount spent on fuel is'even lower in the case of SRCII and
the efficiency on a product base is much higher. Why do you have
a higher price for SRCII? Line 3 can be ccmpared with the bottom
line.




BILL: This ratio is multiplied by 4.10 to obtain the feed price. So

the compariscon which vou would like to make is 4.10 x 45 versus
3,65 x 48.

HOLIGHAUS: I one takes the overall costs, then 45 % of +these

m
r
(113

fuel costs. As there is @ similar efficiency with SRCII, then at
least the price shouié be within the same range.

CXENSSLEN: Wnich has the highest efficiency - SRCI or SRCII?

HOLICGEAUS: SRCII has a 70 % efficiency on a fuel basis. HR-coal
syn crude is compared with SRCII.

HILL: The Zuel cost here is 48 %. This would work out at about
2 1.8¢C. Enother factor: these processes are for the U.S.
market, ard the different prices of cozal also enter into the
guestion. We are looking at different coals and the most likely
process for a given coal.

GAENESLEN: I belisve, however, that it is always the same coczl.

HOLIGEAUS: This topic can be discussed at greater length tomorrow:
we cculd now consider other points.

KUHN: I would like to mzke a verv ceneral observation:; I feel that
we are continually discussing the same problems during this meeting
today: comparisons between various technolocies.

We compareé the efficiency of one or tha other of the Fischer-
Tropsch-processes; we are now debating the value of the products
resulting £from the respective processes. We can never compare

our figures until we have defined beforehané the nature of the
topics discussed. It is very clear that the more the product

is upgraded, the more the thermzl efficiency of z process or
process chain decreases. The product value per BTU or per barrel
increases considerakly as one upgrades in a product chain. We

are always considering différent things: Mobil gasoline is diffe-
rent from the SRCII £fuel process.

HILL: This is a very valuable point; the reason for starting our
type of study was to try to produce for the U.S. government some
standards against which all these different technologies could be



compared. We put much effort into developing uniform assessment
methods in order to make comparisons. We zim to obtain somé kind
of agreerent as to how we zare goinc to verform the anzlysis.

In the U.S5. we are now arguing about numbers whose differences
are so much greater than in the cases we are examining here. For
examplé. one is fcecrever saying that SNG costs 6 dollars, whereas
imported LNG costs 4 1/2 dollars. 4 1/2 dollers relates to the
expected price of the project planned@ for 1982: the former price
relates to an entirely different estimate, based on different
processes, times, dollars, assumptions, etc. Yet some are pre-
pared to make decisions after comsidering these kinds of figures.
Much eof our work consists of examining data very carefully, in
order that the meaning of the numbers, rather than the approach.

can be understoca.

KOLLING: Discussion of the thermal efficiency is difficult; but
you now have figures for the costs, and I would like to repeat
Dr. Ziegler's earlier guestion: which process might be economic
if the co2l price were 2Zero?

HOLIGHAUS: An answer to this cuestion would call for a2 general'
discussion.

KOLLING: I am considering +able 5, which contains meny figures
for the costs.

HILL: The paper I will present tomorrow deals with the difficulty
of coal ligquid products entering the U.S. market, the varrving
price of oil in the U.S. as opposed to coal price in the U.S. in
the 1970s, and inflation. The projected cost of liguefaction is
rising very steeply.

BOLIGEAUS: I would like to refer to your calculations in table 4,
where you have integrated your fuel price.

EILL: The numbers shown here were not derived by us; they were
prepared by the efforts of several researchers. We have been
obtaining construction costs from various engineering firms and
research groups end put them on the same basis, i.e. 1878 dollars.




Now we are performinc other werk with the DOE: raising gquestions
about the validity of the presently available data we are using.
We are trving to put this dete on & consistent basis: then we
must deal with its quality.

BAKER: If one subtracts the coal costs from the figures which
most of us obtain when we calculate with these numbars, one has
8 result of about 3 dollars per million BTU with ZIree coeal.
This translates inte rouchly 18 - 20 dollars per barrel - this
is comfortably more than the o0il price at the moment. One must
expect & substantial increase in the price of oil, unrelated to
coal price, for these prices are competitive. This constitutes
a worry for us.

EILL: In the U.S. the average price of coal has increaseé at a
greater rate than the price of oil. On the U.S. market, oil is

not sold, at worléd prices., teczuse cf our covermment reculeations.

But the averago price of coal kas-increased slightly more than .
the price cf cil; a very close correlatiorn exists ketween the

Twe.

HOLIGHAUS: T would welcome any general statements cr comments
regarding this rather difficult matter.

KNUDSEN: I would like to instigate a2 discussior about catalysis.
Most work in Germany in this field deals with catalysing selec-
tively with valuable long-life chemicals. I kelieve there is 2
definite disacreement regarding the prospects for improvement -
what can research do to test out new areas? Which developments
have taken place in the Federal Republic cf Germany since the
1930s - 1940s?

FROHNING: A programmne was lsunched in 1974 base on previous
knowledge. It aims directly to produce more selectively specific
chemicals by reaction between carvon monoxide and hydrogen. So
_far, considerable improve@énts compared to the technical knowledge

cf 1974 have been made; however, these are not great enough to serve .
as a base for calculations for technical units. In princivple, it

appears to be possiblie to increase selectivity of known catalysts
to a degree which makes them attractive for technical proce<ses.
Processes which have bzen menticned, defined and comgpared during



