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WORKSHOP CO~ LIQUEFACTION 

K.F.A., 18 - !9 September, I~78 

MINUTES 

HOLI~L~VS:~During our first session, I will chair the workshop. 

I would like to introduce Dr. Engelmann, who is a member of the 

board at K.F.A., JHlich. 

ENGEL.~: Z would like to welcome you to the K.F.A. I hope that 

your workshop on coal liquefaction will result in a good assessment 

of this technology. Coal liquefaction is increasing in importance; 

this will be discussed in greater detail by Dr. Ziegler. We are 

now eyperiencing a "coal renaissance", coal being a primary source 

of energy which is readily available in large quantities. A 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 coal liquefaction and coal gasi- 

fication can make use of nuc!ear power. At J~lich, we are very 

much engaged in developing the high - temperature gas - cooled 

reactor as the source of both electric power and nuclear process 

heat for the purpose of coal gasification and perhaps, later on, 

also for coal liquefaction. 

I hope the meeting will be suc=essful; 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 JH!ich, too. This is the first time that we 

execute a workshop under the IEA Agreement on national planning 
% 

cooperation in the field of coal hydrogenation technology. 

Coal liquefaction is probably one of the most importgnt technoloqies 

for the conversion of coal in the future besides carbonization. Both 



techniques lead to products which cannot be replaced by other 

products using today's technologies. There is no real alternative 

to using gasoline in cars or airplanes. Coke base to be used in 

the blast furnace for the near future. 

The projects for the future supply of mineral oil show a broad 

spectr~ of possibilities. Some tell us that within the next 

decads we shall fall short of oil, others promise, that oil will 

be available beyond the year 2000 in sufficient quantities. These 

uncertainties are called risks in nol-mal life. The response of 

most people to such risks is to go to an ins_urance comDany. But 

where can the nations go and insure themselves against risks of 

damage to their condition~ of life? Well, they can only take their 

fortune in their own hands. They can look for alternative ways 

of life. To allow cars and airplanes to disappear from the surface 

of the earth is surely not a possible alternative. Therfore we 

have to look for an alternative supply of fuel. Coal liquefaction 

is the way to do this. 

If one considers coal liquefaction as an insurance-like tool, one 

has to look carefully at the economics of that tool. 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 production 

value of gasoline. In terms of insurance mathematics, this means 

a mean life for time of more than !00 years. This is surely not 

the period of life for our ~resent supply paths for gasoline, it 

will be much shorter. 

This insurance aspect is, of course, not the main reason for consi- 

dering the economics ef coal ~iquefaction. Economic consideration 

are an important part of technology assessment. _~hey show the 

economic perspective of the technology to be developed. In the 

case of coal liquefaction I have the impression that during the 

last five years the following situation has not changed much: 

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

as high as the world market prices for crude oil, but the energy 

price of the feed coal divided by the conversion efficiency has 

to be added to the production costs. 



This role will not change as long as the oil-producing countries 

adjust the price for crude oil to the index of industrial good. 

Thus, the prospects for the market for coal liquefaction techno- 

loqy are not very good. But it might be that my somewhat pessi- 

mistic view concerning the commercialization of coal liquefaction 

is the result of too conservative cost estimates. I am, therfore, 

qlad that this workshop offers an opportunity for exchanging opinions 

and views on preconditions and prospective results of the economic 

of coal liquefaction. I ~m sure that we all will learn from each 

other how to approach the target of a realistic assessment of coal 

liquefaction economics. 

in that sense ! wish the workshop a good success. 

HOLIGHAUS: I would like to welcome our guests from the U.S. and 

the U.K., whose Mr. Baker is concerned with the economic aspects 

of coal conversion technology at an international level. Dr. 

Knudsen will deliver the first paper. 



FOSSIL FUZL ECO~COI.IICS 

by 

Chr is t ian  ~'. Knudsen 
and 

Paul O. F, edman 

ABST~.CT 

A large number of fossil enercy processes are no;v in various stages 

of  research and development around the world to produce substitute 

fuels for ccnventio,~.~l oi l  and gas. Prccess design and cost estimation 

of nev~ processes is ~_n in,:~luabie part of - ~  d~velo.~ment r, rocess to 

gui~e R&D to She most promising proc~=sses and to p:,;_ce e×perimental 

emphasis on t.=c~,nical problems of greatest p r io r i t y .  Types of design 

and cost estimation are d-_-scrib:_d as yell as the uncert=_inties involved 

in the resulting estlr.,a:_=s as they deD=_nd on d=_t; _ euali:y and the level 

of estimate detail. Project and process c,~ntincencies arm given which 

have been found go be appropriate to account for the expected under- 

estimatl on. 

Cost evaluaticns are descri~_d for coal gasif ication processes 

-taker, from the recent C.F. Br:.un & Co. report which compares new process 

developmenZm with co~erclal Lure! coal ~asif ication. Sosts cf 

approximaZe'~y $5 per m i l l i o n  ETU are indicated. Coal ! iquefac: ion 

=osts for ~::,c~sses currently a~ the ~i lot  pl=_n + . s~.a~ of develo~m=.mt 

are discu_=sed. Liquid pro~-uc~ costs are indicated bet,,.een about 

$3..~0 and S-~.CG ~-_-r mil l ion ~TU. ?c;,.=_r g÷ner=_Zien is exa.',,ineC 
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on the basis of near-term new an~ retrofitted plants as well as 

the longer range potential oC combined cycle technology. 

I~TRODUCTION 

Preliminary design and cost estimating of fossil energy processes 

is the principal means of determining the practical advantages and 

disadvantages that a given process has compared with others which " 

produce similar products. The results of such comparisons are of 

particular importance to research and development. They not only 

indicate those processes which offer promise of technical and economic 

feasibi l i ty in a future market, bu~ also those sections of a process 

flo~ scheme which should receive the greatest attention during 

further development. I t  becomes quickly apparent that certain unit 

operations creaZe the heaviest economic burdens on plant investment 

and product selling price. These areas then become prime targets 

for innovative engineering. 

Successful process-related ~ompanies rely greatly on such 

process analysis to gui~e their development efforts and to 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 

a portion of the savings created relative to the next best alternative. 

U.S. Government research and development activities in fossil 

energy have grown beyond S500,million annually and decisions about 

progra~ and project direction are strongly influenced by process 

analyses. 
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PROCESS D_.__= ... .  , ~;~ =.:.~L.SIS 

New heavy-industry process development is an expensive and 

r i sky  enterprise usually conducted by large companies and govern- 

ments, sometimes in j o i n t  venture. The 15 to 20 year development 

time to f~rst  co,~,ercial lzat ion which has been estimated for new 

coat conversion processes, for  example, p rac t ica l l y  mandates 

government-industry cost sharing. 

~n example of l i be ra l  government cost sharing with industry 

to induce steady development of new coal conversion processes is 

i l lustrated by Figure 1. I t  represents a logical develcpmental 

sequence for a hypothetical case. Althou~h no s~ecific case would 

necessarily follow this example closely, perhaps the composite of 

a number of cases would be reasonably close. 

The ~xample indicates :hat after concepzual work, exploratory 

research follows to test scientific feasibil i ty in a unit capable 

of about one ton of daily coal throughput. Over a period of one to 

four years fpr this phase, $I0 million or more may be consumed. 

Next, a process deve!cpm~nt uziZ.(PDU) is shown to aather the 

necessar~ physical, chemical and engineering data. About five years 

and $20 to $30 million is reeuired for this Dhase. A large oilot 

plant is typically the next phase of development and requires about 

seven years to complete. Project cosz for a 100 ton per day plant 

may approach $i00 million. Finally, zhe last two stages sho:~m by 
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Figure I represent successively larger co..~mercial prototype plants 

in final preperation for a full-sized 50,000 barrel per day plant 

(or its thermal eouiva~ent i f  the product is o~er than o i l ) .  This 

development scheme is admittedly conservative and perheDs for some 
- " j  - 

cases the exploratory research and PDU phases could be combined. 

L ike~#ise the pi lot plant and demonstration plant phases might be 

accomp]ished jo in t ly  by a plant size of several hundred tons per day 

capacity. Nevertheless, the time to reach co~ercialization would 

s t i l t  be almost 15 years. 

Guiding process development by design an~ cost engineering 

analysis is very important, but complicated by the need to compare 

estimates taken from various sources. Engineering design and cost 

estimating procedures an~ data wi l l  dif fer somewhat when different 

process groups have been involved..Any significant differences 

usually can be resolved when the material is well documented. 

Ho~ever, ~.;o other factors must be considered when two or more 

estimates are to be compared..The f i r s t  concerns the degree of 

engineering effort expended in ±he design and costing of each 

estimate. Greater~ngineering effort generally produces more 

accurate estimatesL The second concerns the quality or re l iab i l i ty  
I 

of the data being used for the design. Data from the demonstration 

or commercial development phase is obviously more accurate than 

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



These two sources of imconsistencles in estimates can be 

resolved by means of project and process contingencies. Tnese 

are allo~ances to account for differences in the level of 

engineering effort and in d~ta re l iab i l i ty ,  respectively. Appli- 

cation of these contingencies adjusts an estimate to a value 

equivalent to the completion of development vchen full data is 

available for all sections of the plant and an accurate detailed 

estimate can be made. 

Project and process contingencies which are being used to 

compare and resolve process estimates in the Fossil Znergy Program, 

U.S. Departm.ent of Ener~', are shown in Figure 2. The process 

contingency is calculated as a percentage of the onsite portion of 

the plant and represents the additional investment necessary to 

improve or expand process equioment to reach design conditions, 

since data taken while developing a process tend zo be optimistic. 

Project contingency is calculated as a percentage of the total 

onsite (including process contingency) and offsite investment and 

is then added to obtain the final investment. I t  allows for errors 

in cost'estimatin~ due to design assumptions, labor productivity 

and rate assumptions, late delivery of construction materia!s, and 

the like. Therefore, i t  reflects only the uncertainty of constructing 

a given plant for e given cost and dDes not e~pend on the uncertainty 

of the technical data. i t  d~s depend on the type of estimate made 
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as shown in the figure. Typical engineering costs of producing these 

estimates for a 50~000 barrel per day coal conversion plant are given 

in parentheses. 

The contingency figures shown in Figure 2 resulted from discussions 

with large U.S. processing firms over the last two years and are based 

on their process development and plant construction experience. 

Major contribution was received from Exxon Corporation. 

A better understanding of various levels of cost estimates and 

the accuracy which can be expected from them c~n be gained by 

considering Figures 3, 4 and 5. Together these figures describe the 

basic differences between preliminary, definitive and detailed 

estimates. "= 

The f i r s t  step in developing an estimate is setting the 

design basis. All three estimate types require the same type of 

design basis information, with the exception C~at the site specifi- 

cation for zh" three differs. For example, a detailed design 

including detailed mechanical drawings requires specification of 

an actual site and core dril l ings may be necessary to determine 

foundation design. 

Th~ next step in process estimating is the process design i tse l f  

(Figure 4). Differences in estimate accuracy are most obvious from 

consideration of the varying efforts expended in this step. In a 

preliminary design the effort ~n~s with an equipment l i s t ,  while in 

a definitive design detailed specifications are prepared, including 
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piping and instrumentation specifications. This additional 

infor~etion recuires a sreat deal more engineering effort to 

develop, but iS is important to accuracy since process plants 

contain piping and instrumentation that may represent up to 

40 percent of the plant capital investment. ~. detailed design 

includes :he latter eTements plus detailed engi~eerfn~ drawings 

and plans which may require hundreds of thousands of man-hours 

to produce. Of cc~rse, this effort is appropriate only when 

actual construction is planned. 

The last step is the cost estimating process i tsel f .  For 

preliminary estimates, cost curves, experience factors, and rules 

ef thumb ~re used, whereas for a definitive estim~Se, a more 

detailed estimating procedure is required. Vender quotes, specific 

cost i6Cexes~ and projected financiaT conditions are appropriate. 

For a detailed study, one seeks vendor bids, finances under actual 

conditions, and studies actual labor rates and productivity for 

the area in question. Actual labor costs and productivity are 

extemsly important factors v:hich are generally overlooked. The 

availabil i ty of skilled craftsm~n and the specifics of union rules 

vary in different parts of She United States and can h~ve a large 

effect on the final plant cost. 

Reconsiderin~ Figure 2, i t  is clear that a final investment 

estimate varies a great deal ~s'a result of the contingencies applied 

to i t .  Consider, for example, a coal licuefaction plant producing 
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5D,ODD barrels of product oi l  daily. Onsite investment might be 

roughly $750 million and offsite investment about $250 million. 

I f  these investments ha~ been calculated using data of PDU quality 

by a preliminary type of estimate, process and project contingencies 

would be taken as 25 and 20 percent, respectively. Applying these 

contingencies results in a total investment estimate of $Io425 

million or an increase of about 43 percent above the investment 

base of $!,000 miliion wi:hout contingencies. 

COAL GASIFICATION EST!M~.TES 

Consistent cost estimates for coal gasification processes ~hich 

are now under developmenthave been made by C.F. Braun & Co. using 

western U.S. subbituminous coal with 250 million standard cubic feet 

per d~y of substitute natural gas production assumed as the standard 

plant size. The study examines the investmentsy operating costs, 

and the resulting prices of the HYGAS, BI-GAS, CO 2 Acceptor and 

Synthane processes compared,with similar figures for the presently- 

commercial Lurgi gasification technology. Another phase of the 

same study which wil l  soon be published examines the same processes 

using eastern U.S. coals. 

Figure 6 is a plot of product costs for the various processes 

calculated by Braun for western coal, assuming ZOO percent equity 

financing, !2 percent discounted cash f!o~ (DCF) rate of return, 
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and i976 constant dollars. Braun used a 15 percent project 

co~ti..gency for all cf t~se cases, but included mo process 

contingencies in the on~ite investments. Note that product costs 

can be plotted as straight lines when annual operating costs are 

plotted against total capital requirement. 

From the figure one sees that the HYGAS case with the residual 

char gasified using a steam-oxygen gasifier appears to be the 

most attraczive process at approximately $4.2E per miilion.BTU of 

product cost. The Lurgi process is about $5.50 per million BTU as 

is the case for Synthane where excess char is sold outside the plant 

and slurry coal feeding to the gasifiers is used. BI-GAS and CO 2 

Acceptor approach the low-cost HYG~ case. However, the HYGAS case 

with residual char gasified using a stea~-ircn gasifier is less 

attractive than Lurgi, as are two Synthane cases which export 

electrical power for sale outside the plant. 

The type of cost estimate performed by the Braun study is 

equivalent to a preliminarystu~y and the 15 percent project con- 

tingency used is reasonable. HoV~ever, no process contingencies 

were used to reflect the differing data quality available for the 

individual estimates. Given the PDU and pilot data quality of all 

of the data except Lurgi, process contingencies of !5 to 25 percent 

are inGicated. A value of five percent is suitable for the Lurgi 

estimate. ApplicaCion of thes~ additional factors to Lurgi and 
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the three estimates on the figure which are lower cost than Lurgi 

narrows their cost advantage over Lurgi by about 50 cents per 

mi}lion BTU. This has the result that only the HYGAS process 

rezains an apparent advantage over Lurgi technology. Other processe~ 

appear ~arginal or higher cost compared with Lurgi technology. 

COAL LIOUEFACTION ESTImaTES " ~" " " 

At present several coal liquefaction processes are'undcr 

development. These include such processes as Exxon Donor Solvent 

(EDS}~ H-Coal, and Solvent Refined Coal (SRC). Each of these 

processes makes liquid fuels with different physical properties. 

However, each of the processes has some f lex ib i l i ty  to operate 

over a range between a heavier boiler fuel type of primary product 

and a lighter synthetic crude primary product, depending on 

liquefaction reactor space velocity. 

A recent paper by Gulf {2) concerning the SRC process operated 

to produce a synthatic crude (although they view its best use as fuel 

~o a boiler) indicates a price of S~.2! per million BTU assuming 

100 percent equity financing, 12 percent DCF and 1976 constant 

dollars. A 20 percent project contingency is included, but no 

process contingency was applied. Including a 20 percent process 

contingency increases :he cost to about $3.60 per million BTU. 

This is equivalent to about $22 per barrel. 
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Preliminary estimates of other liquefaction processes within 

Fossil Energy indicste prices of $30 per barrel and greater when 

using t~is same econmmi 9 basis to produce a synthetic crude. 

However, since the various designs and cost estimates have been 

made by different concerns, i t  is not clear whether these cost 

differences are due to true process differences or ~erely to desisn 

philosophy differences among the various firms involved. This 

matter is currently under Study. 

POWER GENERATIO% EST!XATES 

• New electric generation faci l i t ies can be based on a number of 

liquid and solid alternative fossil fuels. Figures 7 and 8 contrast 

various base load alternatives, showing +,he capital, operation and 

maintenance (0&~), and fuel components of total cost expressed as 

mills per kilowatt-hour of power generated. These power costs were 

derived from recent work done by Gilbert Associates (3) which 

determined capital and 0&~ costs for various al=ernatives. ~e fuel 

component was added to these by choosing recent cost ranges fcr the 

basic fuels used (Table I). An 800 megawa:Z electric plant size 

operating at 70 percent capacity factor is assumed and the basis is 

u t i l i t y  economics equivalent to a 10 percent DCF rate of return in 

1975 constant dollars. A i5 percent prcjeCcontingency was used in 

all cases with no process contingency. 

In Figure 7, the No. 6 f~el oil case shows a variation in power 

cost of 2B to 33 mills ~ r  kilo~att-hccr (the variation in the fuel 
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compenent of this and all other cases represents the range shown 

in Table I).  The natural gas case is less, but this fuel is now 

in scarce supply in the,United States. SRC hot liquid refers to 

the Solvent Refined,Coal liquefaction process operated so as to 

make a heavy liqui~ product which would solidify i f  cooled. This. 

case and that for h y~. ~hezlc coal liquid both indicate a si~nf 

ficant cost increase compared to No. 6 fuel o i l .  The dashed area 

is added to emphasize the relative uncertainty of these estimates. 

Finally, medium BTU gas m~de off site and bought by the power plant 

at the range-shown by Table I is also relatively expensive. Rote 

that th~ capital and O&M components for al l  of these l iquid cases 

are substazt ial ly the same and only the fuel components vary. 

The solid fuel cases shown in Figure 8 show some interesting 

variations. Low sulfur coal without flue ~as desulfurization (FGD) 

is very attractive and compares favorably with the use of natural 

gas on the previous figure. The high sulfur coal case with FGD 

i l lustrates the fact that the additional capital and O&M components 

due to the FGD equipment are not'offset by the lower fuel cost of 

high suITur ceal. Similarly, 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 low capital and 

O&M components as the low sulfGr coal case but the expensive fuel- 



- 1 3  - 

prices this alternative well above the others. ~ext, cleaned high 

cc,,,p.~t ive with low sul fur  coal sulfur coal ~ithout FGD appears - o~" 

Finally, the two high sulfur coal cases~using fluidized bedcom- 

bustion and a low BTU gas, combined cycle system both look very 

competitive. 

Retrofit of base load electric u t i l i t i es  is illustrated by 

Figure 9 using :he same economic basis as before. Here the incre- 

mental cost of modifying solid and liquid fuel plants is shown by 

the three cost cGmponenzs. FGD adds only about !0 mills per 

kilowatt-hour but solid SEC adds over 20 mills. Among alternatives 

for retrof i t t ing solid fuel plants, cleaned high sulfur coal adds 

the least or about five mills. For liquid plants, the heavy 

synthetic coal liquid and the medium ~TU gas off site cases add 

about I0 mills per kilowatt-hour or more. The low BTU gas on site 

case adds ncthing because the savings in fuel cost by using high 

sulfur coal to generate the gas offsets the capital and O&M 

components..The coal oil slurry case indicates a reduction, since 

~he needed capital and D&M are not large and th~ savings in No. 6 

fuel oil substituted by less expensive, low sulfur coal more than 

offsets them. 

The economics of steam generation by fluidized bed combustion 

(FBC) have recently been studied (4). Figure 10 contrasts FBC wi~h 

conventional f ir ing (OF) for both high an~ low sulfur coal; 
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conventional f ir ing with low sulfur fuel oil is shovm for comparison. 

These costs show capital., O&M and fuel components (see Table !) 

calculated in 1975 constant dollars at a 10 percent DCF rate of 

return for a 100,000 pound per hour boiler. No process 

contingency was assumed, but a 20 percent project contingency was 

used. 

For high sulfur coal, the FBC case is definitely lower cost 

than conventional f i r ing with FGD. There is no relative improvement 

when using low sulfur coal, however. Note that the capital and O&M 

costs for a boiler based on low sulfur fuel oil is much less than 

the other cases. Of course, this is fu l ly  offset by the relatively 

higher cost of the fuel o i l .  -" 

SU,,~,,,ARY 

Consistent process design and cost .estimating procedures play 

an important role in guiding research and development. Application 

of proper process and project contingencies is a key element in 

obtaining reaiistic and comparable estimates. 

Preliminary estimates have been maQ~ for many of the coal 

conversion and power generation alternatives now under development 

in the United States. Coal gasification and power generation economics 

are presently the most ful ly developed, but a number of studies are 

planned to better define the prpspects for coal liquefaction. 
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TABLE I 

FUEL COST TO POWER GENERATIO~ 

Liquid Fuels 

Ro. 6 Fuel Oil 

~ tu ra l  Gas 

SRC Hot Liquid 

Heavy Synthetic Coal Liquid 

Medium BTU Gas 

Solid Fuels 

Low Sulfur Coal 

High Sulfur Coal 

Solid SRC 

Dollars per Million BTU 

• " 2 . 1 2  - 2 . 8 6  

o.52- 2.00 

3.00 - 5.00 

3.00 - 5.00 

3.00 - 4.0D 
B 

1.00- 1.25 

0.75- 1.D0 

3 . 0 8  - 5 . D 0  



Purpose: 

Informatiort: 

Typical Size: l /  
(Tol~s/Dayl 

Ci,pilal Cost: 12 
(197G ~lilllon $) 

Aemuld Operating 
Cost..1] 
(1976 Million $l 

Gov,.,nmont 
Sh,r,:: 
(Percent) 

Discovery 

Theory 

0 to 0.1 

N.A.  

N.A.  

N.A.  

Exploratory 
Resemch 

Sclel~tilie 
Feasibi!ity 

Concept Proof 

1.0 

$3 to $5 

$3 to ~5 

100% 

Tochillcal 
Fens/b/lily 

Phv,Jlcol. 
Cltemlcol. 
Engineering Dote 

10 

$10 to $15 

$5 to $10 

100% • 

J 
P/lot 
Plnt~t 

t 1 
Economic 
Fens/b/lily 

Erltjllloorhl 0 
Puramoturs of 
Scalu-up 

100 

$20 to ~30 

:$10 to $15 

66% 

"7 I " - t  / 7 
l I I I I 

//Do.,o..,,~,/o"//coml.~,o,oa 1 
' 1 1  ' I I l 
, , I L _  . . . .  _1 L . _ ~  . . . .  J 

: t  l _ _  t t 
Commfifc]~ll 
F,msibility 

Validate Pronnss 
Eco,lomics, nf~d 
Enviromlluntall 
S o c i o e c o n o m i c  

Impacls 

1.000 

SlO0 to $200 

$25 to $50 

50% 

lh::;olvo 

~v, cmtahdius 

C~q~ilal m,I Othc'r 
r{e;~olstct,, 
lh:quilmnmll.% 
Markl,hlbilily of 
PIodunls 

10,000 

$400to  $800 

$00 to ~160 

0 to 50'I," 
(Cost if Venluro 
Fails) 

"1"1 ,.a, 
r" "T Itl 
l-.I 

1/Typical Values; each process Is different ft must be Indivjduallly estimated. 
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P ( JECT 

TYPE OF COST ESTIMATE 
. i  

IM 

< 
3: 
eL. 

LU 

B. 
o 
.J 
LU > 
LU 

. . . . . . .  | . , , ,  i 

PROJECT 
PROCESS ~ % 

PDU 

PILOT 

I I 

DEMONSTRATION 

COMMERCIAL 

STUDY 
($2-5 x 10 4) 

25 

5O 

2B 

25 

15 

25 

5 

PRELIMINARY 
I. ($2--5 x 10 "~) 

25 

15 

10" 

20 

20 

20 

20 

DEFINITIVE 
($2--~ x 106) 

10 

15 

"i5 

DETAILED 
{$2--5 x 107} 

, I  

, m  

5 

25 

5 5 5 

10 

10 

i 

• ,v,- PROCESS CONTINGENCY IS APPLIED TO ONSITES; OFFSli:ES ARE THEN ADDED AND ,: 

" T I  
,..rig 

U : }  
E :  

" 3  
I b  

P ~  

PROJECT CONTINGENCY IS APPLIED TO THE TOTAL 



P R E L I M I N A R Y  ($0,2-0.5 X 10 6) 

• PRODUCT SPECS 

o FFED SPECS 

DEFINITIVE ($2-5 X 106 } 

• D O  

• D O  

o D E S I G N  A S S U M P T I O N S  o DO 

o PROCESS D.ESCRIPTION ~ DO 

o UTIL ITY SPECS 

DETAILED ($20-50 X 10 e) 

• D O  

• D O  j=r, 

"3 

® D O  

o D O  

= D O  • D O  

o GENERAL SITE " o H Y P O T H E T I C A L  SITE o A C T U A L  SITE 



PF OCESS DES Grd 

P R E L I M I N A R Y  i $ 0 . 2 - 0 5 x  106} 
a 

• FLOW D I A G R A M  

e M A T E R I A L  B A L A N C E  

• ENERGY B A L A N C E  

• OPERATING C O N D I T I O N S  

• PLOT PLAN 

• E N V I R O N M E N T A L  A S S E S S M E N T  

• M A J O R  E Q U I P M E N T  SIZED 

• E Q U I P M E N T  LIST 

DEFINITIVE {$2.5 X10  ~] 

• D O  

• D O  

• D O  

• DO 

• " D O  

• DO 

• ALL EQUIPMENT SIZED 

o EQUIPMENT LIST A N D  

DETAILED SPECS 

o P A N D  I D I A G R A M S  

o P IP ING SPECS 

• PROCESS RELATED 
S T R U C T U R A L  SPECS 

DETAILED 1520-50 X10 =) 

• DO 

, DO 

• DO 

• D O  

• DO 

• E N V I R O N M E N T A L  I M P A C T  
S T A T E M E N T  

• DO 

• D O "  

• D O  

• DO 

~,' COMPLETE S T R U C T U R A L  
D R A W I N G S  

• DETAILED ENGINEERING 
D R A W I N G S  

• PLANT ELEVATION 
D R A W I N G S  

• P R O C U R E M E N T  A N D  
C O N S T R U C T I O N  PLAN 

t -  
" 1  



PRELIMINARY 190.2-0.5 × 10 ~) 

o COST CURVES 

DEFINITIVE ($2-5x 106 ) 

o D O  

DETAILED (~20-50 .v. 10 t') 

o VENDOR BIDS 

o EXPERIENCE FACTORS o VENDOR QUOTES 
i 

ON MAJOR ITEMS 

ACTUAL LABOR CO.~;TS 

AND PRODUCTIVITY 

o RULES OF THL IMB 

o GENERAL COST INDEXES 

o A S S U M E D  F I N A N C I A L  

CONDITIONS 

• EXPERIENCE FAC]+ORS 

BASED ON MORE 

DETAILED DRAWINGS 

o SPECIFIC COST 

INDEXES 

o PROJECTED FINANCIAL '  

CONDITIONS 

• DETAILED ENGINEERING 

EVALUATION 

o F I N A N C I N G  UNDER 

ACTUAl .  CONDITIONS 

,f 

. .  

f~ 

13 
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LECTURE - K~JDSEN 

HOL!GHAU3: Thank you for your excellent paper giving a very good 

impression of how you work, Four considerations and aims. _~h..e 

discussion is now open. 

Z!EGLER: She first graph showed that when substituting any other 

fuel by a liquid product from coal, (particularly in the elec- 

tricity sector) the costs were much hichar than when other 

methods of supplying the power plants with fuel were used. Does 

your agency conclude from these results that one should not pro- 

duce liquid products for the electricity sector? 

KNUDSEN: No. but this matter is now under consideration. There are 

specific cases: Gulf has recently performed a marketing study 

which shows that the process c~n be very attractive in specific 

locations, which can project a market penetration for the next 

20 years by the specific locations that make the process look 

quite attractive tc them. The problem with these types of com- 

parisons is that they are so broad and over-simplify the matter 

in that they indicate that on thing should surpass all others. 

in this spcific case, an estimate has been developed for the 

substitution of S.R.C. Gulf is interested in the so-called 

S.R.C.2 material: they present a very. reasonable case for its 

introduction in specific situations to retrofit. One can easily 

be misled by the retrofitting slide into thinking that any plant 

might be retrofitzed in a simple manner by some other solid or 

liquid - this is not always the case. 

in the specifics, a healthy portion of =he market sufficient to 

attract an interest has been defined, and we are in general agree - 

ment at the agency with that and are very interested in proceeding 

with the process. It is generally recognised by anyone experienced 

in this business that it is extremely difficult to build these 

enormous refineries and p~mp coal through them with all the 

attendant problems and to be able to be on a par in the general 

case with some basis that ~as a low - sulphur coal and fines it 

directly with a minimum of other handling. 

HOLIGHAUS: All your considerations ap!!y only if one examines the 

base - load case. If one looks at the ..~ddle - load, the situation 

would change7 the liquids from coal would have a better chance. 



KND~SEN: That is a very good comment. All these comparisons were 

for the base-load case and assume a 800 MW plant with 70 ~ capacity 

factor. Ill three co~Darisons were based on this very large plant 

on high-capacity factor, which is a high base-load mate for a coal 

plant. 

HOLYGHAUS: This consideration concerns the contingency which indi- 

cates than one must expect much higher costs than those estimated 

today based on pilot or P.D.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? 

KND~SEN: Unfortunately, all available information showed a bias 

towards cost-estimating. Years ago, someone may have made a pre- 

liminary estimate of a coal liquefaction process and assumed that 

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

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

Slurry pre-heating tends to be a very difficult problem, running 

into considerable design sophistication and expense; tlnerefore 

we do not advocate it strongly. 

This is a statistical and general picture~ there are a few processes, 

however, which n%ight offer new leads and directions and be respon- 

sible for constant progress across a wide field of technology. 

The indications, on average, are positive. 

~RFEL: Tine last slide showed electricity generation using several 

fuels; %:ny should the use of a heavy fuel oil like HCOal be cheaper 

for electricity generation thwn SRCX? 

Kh~SEN: The new plant was sho%m in the slide. We are dealing 

with a delta-change in cost. The question is: which additional 

costs are above or below the base situation, in this case e high- 

sulphur conventionally fired coal plant? But this is a low-sulphur 

fuel oil fired plant. ~at~change 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 a differenuiai, we obtain a credit 

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

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



s3~thetic coalllquid, This ~s "chaaned off" against a low-sulphur 

fuel oii, obtaining a mredit of 2 dollars (in this case, 2 dollars 

12 cents - 2 dollars 28 cents). Low n~Tbers are subtracted from 

low n~mbers, and high n~T:mers frcm high numbers: this is a credit 

an6 debit system. 

STOCKER: You showed that the prices were equal. 

9LNUDSEN: Yes, they are the same. 

HZL~: The reason Dr. Knudsen is looking at a refitting situation 

in a coal fired plant with SRCI is that new U.S. enviromenta! 

standards must be met. The, e state that some coal fired plants 

must use a cleaner fuel or employ stack gas scrubbers. Examination 

of zhe conversion of this solid-fired plant is unaertaken because 

of ~he new regulations. 

HOL-TGHAUS: i would now like to c!cse the discussion and ask Mr. 

Gaenss!en frcm Lurci to present his paper. 
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In t.rcduction 

During optimiza=ic.-, calcu!a~icns for the C~'~-a~n Ministry for 

Research and Tec~nolocy_ (B.-u/T-) the inves-~ent c~sts of a large 

number of ccmp!ex organic plant had tc be de=e.=-ined. Doing this 

in ~_he classic way by es=~_mation proved extremely uime-ccns~ing. 

The=efore, it was desirable to find a caiculaticn -nethcd uhau 

would yield quickly :/~e investment cost of such a plan~ requirinc 

at the same time a m~nimum cf data. 

For ~.his purpcse a n~er ~f che~cal p~a.nts," a__~ usln.-- c=.--..ic=- 

substances as ra~" ~-ateria!, were subje=ted -3 a sua~isulcal 

analysis in or_~e-_ zc find a sui,ahle correlation between in- 

vesT.ment c~st and cexuain charac=eristic _Dar-a~e=ers ~" =he pi-n--.=- 

After man,.' failures i~ "*'as fo'~nd ~ha~ invesr.~en= =u_u ¢ of .ouch 

chemi=al Dla.n=~ is related to energy ~ransScr~.a-ion _n ~e 

_process, t-e result beinc, inde~enden=, of tL_~ in-e_~T~.ai $:ru=-ure 

of ~.he plat.=. As a ma=uer =f fact, i= is =cssible to _ ~-~- - 

by T_he method d_=scr:-~ed in this 9-_-=-'er the inv=¢__~en- cost of 

a che=ical _Dla~nt without eve.-, the s!ich-est, notion ~.f h3"~ -he 

pla.nt is designed= i~ suffices tc know ~ine inpu~ ~'..n ~ ~he ou=- 

put of said plant. 
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Investmenu cost estimapion. Firs~ approximation 

The relauionship be~ween investment cost and enercy is ve_-y 

sim_Dle: in a large and complex pla~t Lnvesr~ent cos~ forms a 

!~ezr ccrrelazicn wi~h ~he energy generaued by uhe system per 

~ni: o~ time. For prac~ic=--! puxposes we may say than ~he ~n- 

yes,menu cos~ of a plant is directly propcrtionai to the dlssi- 

pazed energy per year. The dissipazed energy is ~he difference 

between all yearly inputs and ~he products out_put, b~h expressed 

in consisu~nu energy ~nlts. 

This meac.s thaz 

I = ~ D (I) 

%~nere X is ~he inves~ent, ~ is a proporzionality factor, ~nd 

D is ~ne dissipated energy per "~niu of ui=e. ~he value of ~ will 

de mend on the currency, the location, as well as on ~he energy- 

unit used, ~nd will have to be escalated in accordance wizh 

in~lation. ~n Wes~-Ge-~m-~ny, in mid-1976, ~ had ~ne fo!!cw~--~.~ 

values 

= 1OO DM/(Gca!/a) 

= 23~9 DM/(GJ/a) 

= 0.688 DM/W 

= 25.2 DM/(~4 Btu/a). 



• n Tables !, 2, ~.nd 3 the values of ~ for a n'--_~ber of plants 

based upon organic raw .~ateria!s are found, as well as ~ne inpu- 

and output !nfo_-ma-icn that led -o the results. 

Dividing exuresslon (i) by :he yearly :apa'ity of :he =e_n we 

arrive at --he specific invesum~.-nt, i : 
s 

s s 

~nere D r___=D-ese,:n-= the dissipated energy per non cf produc:, 
s 

=_ is ~ne L~q 3f the ~rcduct ~-r pr3ducts, and ~ __~ the ~verall 

r/~e_--~-al ef-i_-iency, based u_Don LE-~. 

The suczess~u! app!iraticn ef eq. !i~ c: (~ depends cn the 

fo!!o~in~ cmndinlcns: 

chemical pr -_ based on c_=-nl r-'" =azerials 

and involvinc s'~zsz~nuial ener-.~! u_~n fc.~-:icn 

- complex production process 

- !arue capacity; sea!e-u= exDcnen~ close z~ ~ a 

a eva e =ix i~ . . -=_ri _ - v _ g . the plan= of ecul.-~-enz, == ~ a~s 

and catalysts 

- .Dl~nt wi~n adder' s. decree, of ~ne-~al cp:/_~i:_-ion=~ 

- ~he bulk cf ~ne dlssipaued enerc~.- no ie~':e :he sys~e= 

~./%rough equi--ment walls. 

,z ulnese caveats ar~ cc.nsidered the met.hod v~ds invesr~en- 

cos-s ~f tlne process p'~c_-n~ "wini-._n. ba~e_-v_ -~.-~-±~, s "-'i-h~ ,. - -_&.x-_=-,-~ 

e ~_rc ~ . . . . .  of ÷ 20 %. "~ value cb-aine~ cortes=ends. -c, the pro:_-ss- 

dependant_ inves~enu and does not ~-nclude =_he ccsz e_ = ua_~ f-_~_--ms, 

admlnistra~ive buildings, womkshops, ~nce a:~n" fla~- .Dc-le, =--.n_ ~ 

other ite=s not directly relevant to produ~ion. 
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Investment cost estimation. Firs~ approxlmauion 

The relaui~-nship between investment cost and ener~l is ve_-y. 

simple: in a large ~nd complex plant inves'~ent cost fo_--ms a 

l~near correlation ":i~ ~. ~.he anergy generazed by --he system per 

~u.nit of time. For practical purposes we may say that the in- 

ves~enu co~ of a planu is directly proportional tc the dissi- 

paued energy per year. The dissipated ener-~y is ".he differance 

between all yearly inputs and the products output, both expressed 

in consists-hi energy ~nits. 

This means ~inat 

~:nere X is the investment, ~ is a uroDcruiona!i~y _=actor, and 

D is the dissipated energy per "-niu of uir.e..'he value o- ~ b-i!! 

depend on the currency, the location, as well as on the energy 

unit used, and will have ~_o be escalaned in accordance wiuh 

in.=la~ion. -n West-Ge-~man.y, in mid-1976, ~ had --he follewing 

values 

= I00 DM/(Gca!/a) 

= 23:9 DM/(GJ/a) 

= O.688 DM/W 

= 25.2 DM/(L~D! Btu/a). 
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~n Tables _,~ 2, ~nd 3 the values of ~ for a n'--___z--~er cf _D!ants 

based upon ~roanic r-"~, =a~erials are found, as w~il -==- ~ne input 

and outpu~ info.~-mauicn uha~ led ~o ~he results. 

Dividinc ex=ressicn (i') by the vear!v caDacitv of the dent ~ 

i. 
arrive at :he specific !nves~ent, i 

s 

D I 

= : n = : = '" ) (2) 

~ere D s represents --he dissipated enercv per -zn _f produc--, 

R is the lh~2 u~ =he prcduc: Jr products, ~nd n is the overall 

:he-~---a! efficiency,, b-~s =~_d upon_ lh-V. 

The succe~sfu! application cf ec. [i~ zr (2] depends cn :he 

~o!!~ing c~,ndluicns : 

- chemical pr c_ ~ase cry-nit r-'- o :sses _ d ~.. ~ =* ma:erlals 

~..vc_~zng s-'~zst~nt~al energy zr . .  fc_--a-zicn 

- co=plex product!on process 

- ia ~er caza$i~';;_ . = = e-z.i -up exDznen=, cicse u3 -n-~ ~ 

- average =ix in :he plant cf ecui:menu_ _ , =-~_ri= ~ a~s_ 

and catalysts 

- .DI~nZ with today's, decree, cf the---~al cp:~-iz_uion--- 

- ~he bulk cf ~he dissipated energy :c leave :he system 

throuch ecui~-~ent I~ . _ - w a _ ~ s .  

. ----- 

C O S T S  cf ~he process plant within be--err. _'-it ~ s "--i~i ~. _= ~ax~.--.-~ 

error 3f ÷_ 20 %. "The value obtained c=rresp--.nds t~ ~ne pro~oss-_ - 

deDenda.nt_ inves~enu ~--.d does .no= include :he cost of u-.--~. < fa.-ms_, 

adminis~-racive buiid!ncs,, workshops, ~n~e~_ - and =la~ - .Dole, and 

o~her i~e=s noz directly tale'ran: uc production. 
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For ~he pracU£ca! application of eq.(1) or (2) the following 

values are used: 

- Ln.Duz raw materials Lh"g 

- ~npu: fuel gases L~9 

- inpu~ steam 500,000 kcal/t 

- inpu~ elec:ricity 860 kcal/kWn 

- o~tpuz ~roducts~ by-products 

and fuel ~ases L~J 

- output excess steam nor considered. 
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Example 1 

p--;--- ±= .................. c tons De year o = a certain 

organic product =equlres the follo~inq input: 

2,800,000 :/a c=al, T,,h~ = 7,500 kca!/kc 

16-108 k~<t/a e!ec:rical energy 

.,,OOO,Ck30 t/a s~ea~. 

~f the L=-V ef ~he orqanic product is S,OOO kcal~<~, wha~ is 

~he inves~menz c:sz cf :he c=rres.-~nding plan~? 

~2. swe r: 

ZnDu: 
....a-.... 

Cza!, as energy 2!,OOO,COO 

ELec:ri=a! energy, 16,OO0,OOO k~<~ 

860 kcai/k~n i,~76,~O 

Stea~, i,OOO,OOO t/a ~ 500,000 kcaZ/t 500,000 

Total 

Ou~mut 

Preduc=, 2,000,C00 :/a ~ 8,OOO,O~ 

kcal/= 

Dissipated energy per year 

Goal/a 

Gcai/a 

Gcal/e 

22,876,000 Gca!/a 

!6,OOO.OO0 Gcal/a 

6,676,000 Gcal/a 

Bence, inveszmenz ces~, Wes~-Ge_~ny, !~76, a=c~zs zo 

= 6,876,000 x I00 = 687,6 mill!on DM 

~d the specific invest=en: is 

! = 687.6xlO=/2xiO = = 343.8 DM/(:/a) 
S 

As ~ne u%i!izies are im--~r%ed fr~-m outs!de baz:ery iimi~s 

the inves-----ent cos~ do no: include :he e~ai.---ment ~r installations 

for the production of these uzi!ities. 
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Example 2 

A !ic2.aid fuel with a L=-V of 10 Gcal/t is produced from coal 

wir~n an overall therz.a! efficiency of 42 %. This fi:ure in- 

cludes :he generation of u~ilities re.cuired -=or production. 

What is :he investment cost of a plant capable of producing 

3 million t of fuel per a~num? 

AD.swe r: 

Specific energy input: !O/.42 = 23.81 Gca!/- 

~-nnua! total energy input, 
3,O00,C~0 x 23.81 

~.nnual output, 3xiO6x!O 

Dissipated energy per ~nnum 

"of product 

7~,420,OO0 Gcal/a 

30,000,000 Gcal/a 

4!,430,000 Gcal/a 

The investment c$st (Wes~-C~-~any, 1976) amounts to 

X = 4~,430,000x100 = 4.143 billion DM. 

As ~he utilities re-':uired for production are generated inside 

bat~e-~-y l~-mits the inves~men: cost ~li include the equipment 

or Lns~al!a~icns ~or the production of thes~ utilities. 



~us~ification of ~e first apprcximation 

Although a theoretical ~e~uc%ion of ~he value of ~ is no= 

Dosslhle a: present, a s:a~is,ic=-! jus:if:ca~ion can be ~ven. 

The results mentioned =-~ the begCnning of cha{zer, i indicate 

%hat che=ical plants behave Like large heat exchangers as far 

as inves--ent is cencern, ed. These huge heat exchange systems 

are needed to transport the anergy from ,he system %o the 

su_~r.o~ndln~s. S~ch a heat exchange sys~e= requLres heat trans- 

fer surfaces wi~-~ch again ~eter~ine the invest=ont. 

it would be sufficient tc calcu!a,e z~.e cost cf a heat exchange 

surface capable of dissipazlng i Gcal/ a, because -_his wzu!d 

corresp~n~ --~ the value of ~ . The 5ifficu!'-y lies in -.he fact 

that the variables inuclved in -_he ca!zula, icn at-= net fixed 

~"- c~.-. v-=-. w±~h~_n a certain ranze. These var£ables a 

- the temperature, cradient act- ~ss one hea ~- exchange 

surface 

- %he heat -_ransfer ccefficien- 

- the number of heat exchange surfaces the anergy has 

to pass 

- the spec~_c cost cf a hea, exchanger 

- ratio of carbon steel to (say) s~ainless steel in a 

plant 

.~e ~ - ~he modi.=ied Lang factor (i.e. based only c- the ~ -, 

exchanger cos- instead o~ cn cost of all e.cui~ent[ 

- ~e cver~es~gn factor. 
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The values of :he variables and their corresponding razge 

used in ~he calculations are shown in Table 4. In the ccm- 

pu~auions a large number of values of ~ were calculazed 

by the !~n~e-Carlo me.nod using s~a~iszica!ly randomized 

sets cf variables within ~ne range of variauion. The average 

~oumd ~his way was 95 DM/{Gcai/a) which is in good agree- 

men~ wi~ the ~ ~ i .!OO e-p..-ca, value of DM/(Gca!/a), bouh based 

on Wesu-Ger~-~n oondiuions in 1976. 



Production cos~ calculations based upon th~ first ap~roxi~-ation 

• = the capital cost charae De ~ ar.n ,..~. is z, ~nd H reDrese,~ts -_'he 
U 

the lower hearing value of the produc:, ~he production costs K 

can he deducted, from ec. C2), yielding 

K - z~Hn(1 - n)/n + Su</,n {3) 

where ~ st~.nds for the raw material cost per enercy. ,:-.it. 

If tw.~ raw materials are available at different costs ".he condition 

for identical production cost will fci!ow from ec. {3) leading to 

~2 

where the subindices refer to the respective raw materia!~. Eq. C3; 

and (4) are intended for ~he actual process ~nics only. In casa 

of a comb!ere integrated p!~nt ("grass roots" basis) the first 

term_s of the expressions would have to be :u!tiplied by a off- 

sites factor, which no_~mal!y re-nges betwe-_z- 1.1 and 1.5. 

The numerical results obtained fro= eq. (2), (3), and (4> are 

verl~ " satisfactory and .co.pare well with a~ua! figures ".-erke-d cut 

by ---he more c ~um--~ersome classical esu~-m~aui~ methods. Tiue needed 

to obtain a result by t/~e described method is approximately L % of 

the time rec.~ired by ~.he classical meT.hod. 



Example 3 

Production of gasoline by coal hydrogenation leads to the 

follo%'ing thermal efficienoies: 

For bro%m coal wtih LHV 1.6 Gcal/t ~I = 53 % 

For hard coal with LHV 7.5 Gcal/t ~2 = 60 %. 

~at will be the cost of hard coal(subindex 2) that will 

lead to identical production with brown coal (subindex i)? 

The following parameters are used: 

z = 0,~ a =I 

= 111DM/(Gcal/a) 

f = 1.3 (off-sites factor). 

I) + 60-~1/53 

Using eq. (4) we obtain 

= 0.2-111- (60/53 - 
2 

= Z.812 + 1.!32 K I 

This expression can he represented gra_Dhical!y or in form of 

a table: 

brown coal 

DM/Gcal DM/t (§) 

hard coal (equivalenu cost} 

~2 
DM/Gcal DM/t (§§) 

1 1.6o 

2 3.20 

3 4.8o 

4 6.40 

5 8.00 
% 

7 IO. 20 

10 16.OO 

C§) at 1.6 Gca!/t 

The figures in columns 3 end 4 

for which production costs are 

brown coal. _Tf brown coal cost 

4.9 37 

6.1 46 

7.2 54 

8.3 63 

9.5 71 

11.7 88 

15.1 1%3 

C§§) at 7.s c ~ l / t  

represent ~%--ue hard c~al cos~_ = 

identical w~-nh ~he corresponding 

5DM/Gcal or S.- DM/~, hard coal 



Second approximation 

As indica=ed =he e~ptrical results lead tca practically 

constant proportionality factor { between anerqy flow and 

inves~ent cost. This a:azinq!y si=p!e relationship which 

yields good .practical results is unsa=isfac=o_-y in one resDec_ t: 

~f a ce.~cain process is i=pr=ve~ h'Z ~e" zter inzerna! re-use 

of energy a cons=ant ~ would lead ~ a reduced inves~en=. 

ThLs ices n~t necessarily always happen, and i: was concluded 

±ctlcn 
~haz ~nis con=cad was re!azed tc the fac~ ~nat all plan~s 

ar~!vzed, belDnqed =o the se.~e genera:ion, havLng =-pprc "~-x a-e. iy 

:he same =~c'_ree cf teci~nica! ma~ur~v.. Therefore, it was 

~ouaht_ necessary. =~ refine the :e%hod _~n D~ee_ " r :3 account 

for chan~es in ~he ~nterna! efficiency cf pr=cesse~. 

For ~D~s ~--h.e cveral! efficiency ~ was s~_,li= in:3 a thec- 

re:ical efficiency ~ and a practical efficiency q such 
p 

as 

rl _-~ q 
p 

The :heoretica! efficiency is civen by r/he :/ne_-mod%.-%a--ics 

o~ ~he process under i~ea! conditions..h_ Practical efficiency 

indicates ~c what. extent ~nis i~ea! is approached in practice. 

Zf eq. {2) is ex~ressec" for ~. C~a! of end .mroiuct. we obtain 

I 
s 

: -= s~ 

and if we assume { to be a fu,nc~ion of ~ne prac-.~cal ~fficieny 

bur Lnde_Den~ent of "r_he theoretical efficiency_, then 

~suCn nil  = {Cn ) 
P n 



The f~ncticn ~(np) must fulfil T.he condition 

.D 

because ideal ccndl-ions "~ould require, inter alia, 

infinitely large heat transfer surfaces, in addition 

the condition 

l,_m ~ + cc~nst. > 0 

_u 

musu be fulfilled because even ~n extremely _Door design 

of a plant shcu!d not lead to zero inveszment°.Yinally, 

~(np) should be conuinuous in ~he in~erva! O < np • i. 

=,"=4 ~4- From ~he possible f'~nctlons _u~_l .... g ~ese condiuions 

the expression 

II D 

= a ( 1--n ÷ b) 
P 

was selected because of it similariZy in -'-'=~-uc,ure'- wi~n 

eq. (2). Combining eq. (3) and (4) the generalized inves~enu 

cos~ function 

np ! - n  n 
I a(- + b) ( - " 
su I - n o ,~ .~ . ~P 

inves~memu cost informazion on a number of chemical plan~s 

for which ~ and ~ was known led ~o the following values 
t p 

Of the parameuers a and b giving the besu fit (basis : West 

Germany, 1977)£ 
% 

a = 39 DM/CGca!/a) 

b = 0.!5 

The value o~2 a obviously will be affected by the c,~rency used 

and by the historical time (±n-la~ion). 



For production cost calzu!ations in is convenient to 

refe ~_ eve..-v.~hing to ~. Gca! cf final _oroduct- Thus 

K = F - V = za~-- - b)! - ) 
- ntn P ,ntn 

u u u ~ - ~ 
P 

where F represents uhe f!xed coszs per ~ Goal end producu, u 

V =he variable ~os~s,.z is ~he capital load factor, and 

t_he cost of r_ne erda_tic raw =a~e ~- _ia,i _zer Gcai. 

Ln Figure ~ %he Lnvesr.~en: =esz a.n.d ~ne produc~icn cos: ccrres- 

;ondlng ~o ~ Gcai z~ end product for a process havln~ a 

~heore~ical ther-mal efficiency of 70 % have.been p!ctzed versus 

:he prac~ica! efficiency. Investmenz and prcduczicn costs sh~w 

m~nima which do ncz co~nclde. The pcsi:ion of ~ne production 

cos~ minim~ ch~ges wi~n rislnq raw =a:eria! .-osts ~owards 

hi~her prac%ical efficiencies, re~zlr~nq cerres;cndin~iy higher 

~nves~en: cos:. 

In Ficure_ 2 ~ne n -values cf ~qe -~-/-ni---~ .or = inveszmen: ~nd 
P 

pr=duc~iDn costs have been plc~%ed as a f'~nc%ion of n~- 

-:a~=-u~e'e- - rs are- the raw maueria! costs {< = IO and 20 DM/Gcal 

respectively), whereby ~he invesr.~en~ cost cu~;e ccrrespcnds 

zo raw material costs zero. 

.--% =aa be seen that a% ccnstan.: '~t -. '~e position of tube min~ 

moves towards higher values of n . Th'-s effect is marked for 
P 

low raw ma,eria! costs, and d!minishes cn=e n -values of about 
P 

75% have been reached. 
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By. ~h_~ , :-- me,nod _Dresenzed we -eel ~na'. a =cod_ description_ 

f s possible of what economic effects an inprovemen~ of 

~he iz~ernal, practical ef_-'iciency, ~ , c~n have cn a 
P 

system. -ea~- recovery, and efficiency in seneral, have a 

clear !imi-., heycn6 which ~/ne costs increase aqain. As 

r/~.e posit/on o~ = ri~e cCs.~ m£nim~m chanqes only li~tle wir~n 

, once ~his siaua-~ion is reached, either reduction of 

produzzion c~s~s £s preczlcally i~poss£b!e or such a re- 

duction c~n only be achieved by increasing ,~., which is 

equivaienz -= a change ~n ~-e fundamentals of the svszem. 
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S,v=bols 

D 

H 

K 

V 

a 

b 

s 

u 

= 

n 

rl t 

np 

< 

dissipated energy. Gca! 

dissipated energy per unit of ~ime, Gcai/a 

fixed costs 

Lf.~2of product, Gca!/u 

costs of producu 

variable costs 

parameter, currency/[Gcal/a) 

parameter, adimensiona! 

subindex; specific value 

subindex; specific value related to energy 

-I 
=apical cost ~acucr, a 

overall the_-mal efficiency, based on Ln-%' 

theoretical the-~T.al efficiency 

practical efficiency 

investment favor, currency/(Gcal/a) 

cost of raw material; currency/Gca!. 



Tah1~, I l}o|or~lnallo, of I~ V~lu~ for A=nonla and Holhano] Plants 

F 

I'ro=luct 

Nllj 

IIII] 

It11] 

CII:}Illl 

CII]{111. 

CII]OII 

flay Capac | |y 
Halorlal t/ 

flalura] ! ] ]  1]] 
Gas 
Ileavy 011 ]'J] 31] 
Coal ]11 ]]] 

lla Lural "jl] ]3] 
(}as 

I 

Ih:avy 011 ]]1 3t.1 

~Coal ]1~1 111 

Iflvo~l~ont W HH I)ll C 2) 
19'1] Ip't6 

Inn,"h ea l / t  (I) [ ' o,,I,L,t 111-'.sil, at~-d 1:.o,',~y~ ! 
fical/! Gcnl/,, ] (It°) (llu) I ~cal/t (llu) (llu) . '10" 

flO djO 

I]5 !67 

175 216 

70 ~7 

170 ll, fl 

1(,(1 198 

11,500 ?,61] 

ln,OoO 9,50n 

n,NON 7,200 

9,1~ fl,55fl 

10,500 In,1~1 

~,TOll 

~,7'ln 

~,TIN 

],]llfl 

2,~10 

1,'11~11 

5,3~0 

i,IKO 

I J,02 

7,~,'1 

O.llln 

i, 71,0 

1,71111 

r. 
OzI/(l~ai/o} 

9] 

91; 

I01 

II7 

III 

(1) Ilu/llo, for nelurai gas: 0,90 

IIJIIo, for heavy o!1: .%95 

Ilu[llo, for coal: 0,965 

(2) Increase of Invostnon! I i l l  1976 - 

9 ;~ * ' /~ * 6 1; factor 1,2~6. 

Literature: II, IIIllor, m[rdbl und Kohlo", Coml~ondlum 1971~/19751 pp, 2($8-203. 
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.TT a b 1 n_2 Ivotorslnatlon of E Values for SIIG Pla.ls 

, r--  

If/') ~.'" 

2,t~ 
2,~ 
2,2 

(.e') r - - .  

' o  

9,097 
9,12] 

9,12~: 
9,26~ 

~Io c 
l;J . ~ .  

"~i =,r: ~ 
__DJ. 

8,10'1 
0,211 

0,211 

8,211 
9,26~, 

20,~68 

19,70~ 
19,?0~ 
10,3~3 

Output, 106 Gcal/a 

e l  
, l .a 

LI  

o i 
. . . .  I)J 
t~,9~2 25.1,30 
p,~UO 25,386 

t,,r~29 21~,13P 
3,516 ~3,222 
P,09~ 23,/,39 

C0al, ~af {2) 

t )  ez 

'/,3,,6 j 'I,OBP 

'1,507 'i,2/,t, 
'1.0~6 6,OlP 
6;100 {~,~,~6 

7,1'/~ 6,t~pO 

CoaT, as used 

r - -  
4- [~I 

¢ l  ¢,J 

:# =% 

:)p,p t,,.572 
30,0 t,,ti91 
33,G t l ,520 

3),7 ~,,2o7 
3t,,7 t,,21'/ 

Coal I.~ut . . . . . .  ""-T--~, 
flH t " / 

. I J  ¢t| 

,o [~- I .o~ PHI L )  ¢ l  ' CX  ~ .~  ¢ I  

',-.~ .,~- ~ ~ ,L, ~ i ~ 

.," ,~=" .o = o .. ~ o l  =_-: fSca~/a) 

7,17 
~,35' 
Y,O] 
?,25 
6,86 

IpPO 
1,50 
l,PO 

],pO 

8,67 ]39,639 
8,85 ]39,7tl9 
0,51 [38,530 
O,7P J37,POB 
8,36. i3P,257 

!~,20~ 1391 9h 
I~,]~ !]91 97 
1~,395 1391 97 
1~,286 !]71 97 
II,OlO I]91 llO 

(I) Ilu/llo, for ,~IIG: 
(2} Ilu/llo, forcool: 

0,900 
O.9~P 

(]} LIlY (flu): 
Tan" and o11 
~as napl, tha; 
Crudu phenol z 

NIle" 

9,0 Gcal/t 
10,0 Gcal/t 
0,6 Gcal/L 
~p ~cal/t 

( , , )  I,creaso of investment 1il l  197G: 
9 ~ , 7 % * 6 ~ ,  fnctop: !,236 
Excha.go rate: I 8 - 2,50 I)it 

Ltlorah.'o: II. Ill i let, nErJiJl mzd Kehlo', Cornl|ondlupo tP?t,/IPTP, pp. 260-20~. 



T Rb i !, '! Ootorr.inatiop o1 ~ Valuo;for various Chore|col Plants 

Product 

Ethyleno 

Ilyzlrognn 
cymtl.Jo 

Acotlo Acid 

Hahlc Acid 

Acotylullo 

Acclyleno' ~ 

Sy,19as 

^colic 
Anhydrldo 

CUS+OIIO 

Sasol II 

Fuols 

Eluclrlclty 

flay t~torlal 

C31g , 

Cllu/tlll ) 

CO/CII3011 

Itenzo.o 

lla l,h tim 

CII+j 

Dltumlnous Coal 

A,.'olaldohydn 

Iloozono/C3116 

Coal via f ischof 
[l'Olisch 

Coal by 
hy@ouena lion 

[19.110 

Capacity 

600 000 

12o ooo 

17o ooo 

6o ooo 

lOO ooo 

1oo oo0 
!olOm D/a 

2'/0 ~0 

250 ~0 

1 600 ~0 
I l;Ji I (jaa 

1 }I~o Iio0 

5 600 000 
(m,)  

Invest.,on| 
, I t  

I.m/oz4 

V2,5 

50 

216 

216 

1922 

01,5 

30 

vz9 (3) 
926 

Slmci fie 
I.vost+o,tt 
( tm/( t / . )  

55 I, 

Immt 

Gcal/t 

25,660 

. . . . . . . . . . . . . . . .  
0oil,u| I)lssira ted 

[imm',jy 
lical/t Gcal/t 

20,752 5,716 

~0~ 16,59 

261 6,19 

96V !],260 

0,2t 6,}0 

~,Y? 2,62 

3,J02 9.~5B 

2160 59,44 

2160 6),0]'1 

192/I000a~ ! 4,7fi6 

]O2 I 8,215 

152 I 11,01] 

- 69,35 (I) 

176 

20,.~6J (z) 

P~5oo 

30,82 

36,420 

6,01) 

10,602 

19,00 (I) 

12,yoo (2) 
1,8~0 

20,62 

26,617 

2,022 

),h02 

I,~11 

30,~5 ( i )  

7, v5 (2) 
1.64 

o,/( col/t) 

lO~J 

95 
I00 

97 

lOP 

I]8 

95 

O9 

108 

99 

96 

107 

( I )  Thermal otflcto,icy of Ftschor'-Trol.sch plat.t: ~)0,5 ~. Invest.oct cost a.~ per Sa~.ol publlcatioll. Uncorlai.ty of i,,vu.~t~e,[ costs duo to vory!nQ rotes of excSamje. 

(2) Ihormal article,racy of coal hvdrouollatio,l: 62,0 1,. 

(3) Accordl.rJ to a study prnl,ared hy Ifil" I ,  1975 for the Au.~tralla. Gover~...e.t. ]ha hJvosleloat costs havo b,!on r.'.duccd by tho valuo of Iho auxiliary units and 
tim inlroslrucluru a,d [ha bala,co hmruasud by 23.0 ~ tu carol oo'calolion. 



T a b l e  4 

Variab|c Dimension MillJtmml value Maximum vahle 

'|'umperatu re d t f ferel'Ice °C 

Iteat l-ransfer coefficient kcal/m2h °C 

NunlbQr of allergy passes [ 

Spuclflc cost ol." heat exchanger 
(caL'bon steel ) DM/m 2 

Specific cost of heat exchanger 
(sltaLnless steel ) DM/III 2 

F,'actlon .aL'boml st:eel kg/kg 

Modifled Lang faciaL" | 

Overdes |gll factor l 

20 

120 

1.0 

250 

450 

O. 90 

I0  

! .O5 

50 

80(9 

2 . 0  

350 

60O 

0 . 9 5  

22 

1 . 2 0  



11 )lnveslitmn~koslen e-- 39 DMIGcollu), b :  0.15 
{2] Produklionskoslen z-- 0.2 a 4 1( =10 DIM/Ocnl 
13) Produklionskoslen z --. 0.2 o 4, X, =20 DMIGc(~I 

oM ~, -- 'lo % 

300 - 

200 

I00 

0 i 
0 

I l i| 

I 

I , \ 
I , \ 

',, \\,., ,, 
_.,._\ '~ . , / ,  

\ / 

D local 

j . 9 0  

, 8 0  

• :tO 
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LECTURE - GAENSSLEN 

HOLIG~US: Comparing your presentation with that of 1 - 2 years 

ago, I see that you have again made many new contributions re- 

garding your method. I would like to ask all participants to 

raise questions. 

KNUDSEN: i would like to explore the point that this has been 

used with much success for chemical processes and the fact that 

you would like to look at energy processes with this fascinating 

method. I want to learn more about it, and we would like to be- 

gin taking advantage of it in the U.S. Waht would you say about 

its use for these energy plants? Would you make a distinction 

between chemicals end energy? 

GAENSSLEN: There is actually no clear boundary between energy and 

chemicals: this is a floating limit. However, when we developed 

this method we used only chemical plants. Yeh, we have used it 

several times in connection with electricity produc~ion, for 

example, and good results have been obtained within the limi- 

tations of the method. One could actually consider the pro- 

duction of electricity from fossil fuels as a kind of chemical 

process leading to the end product electricity. 

At the foot of table 3 the productio~ of electricity using lignite 

(which was also used as one of the statistical points of the 

study) is mentioned. 

HOL!GHAUS: Did you include the Sasol plant in your study? 

G~NSSLEN: Yes, we included this plant in our paper. 

HOLIG~US: This context can be seen as a major reason for our 

meeting. 

IM~AUSEN: ~e also used the method in coal liquefaction consider- 

ations. 

SCHULZE: I) Waht ist the relationship or distinction between the 

efficiencies in your calculation compared with the energy efficiency? 

~quich is now considered to be very important in thermo-dynamic 

calculations? There is also a distinction between overall energy 



efficiency and energetic efficiency, which has an upper boundary. 

I think there is a close relationship between your practical 

efficiency and the enercetic efficiency of aDrocess. 

2) Is it a complication of your procedure when you wish to apply 

it to processes in the early of their development, when you have 

to distinguish between the two efficiencies and when you need 

much energetic "backing up" of the process. (This may not be 

available in the early stages of development) 

GAENSSLEN: I) In my manuscript, I also introduced the concept 

of energy. "Ener_cy" is not a printer's error: nowadays, one is 

not up to date if one does not include energy in a paper dealing 

with thermo-dynamics. ~en it comes to practical applications, 

not many people in engineering companies and elsewhere are accustomed 

to calculating with enercy and anercy. The simple way of doing 

this is b~ saying that the dissipated energy, which is measured 

by the difference between input and output, is just the anerg~:. 

.~nis is in fact true and, moreover, is easy to calculate. If 

theoretical methods were used, the approach you mentioned would 

be the right one: however, we are concerned with practical matters 

and deal with dissipated energy. 

2) Complications obviously arise when one splitts the overall 

efficiency into the practical and the theoretical efficiency. In 

an early stage of development, it suffices to take the overall 

efficiency. The overall efficiency is only splitt when one wishes 

to make refinements. This raises a difficulty: what is the theore- 

tical efficiency of e process? 

This question has sometimes "no simple answer. ~q~en making methanol 

from methane, the theoretical thermal efficiency is easily calcu- 

lated from the formula: 

Methane + Oxy_gen = Methanol. 

Unfortunately, neither nature nor indust~-y is as simple as that 

in many cases. It is sometimes very difficult to find out what 

the thermal theoretical efficiency is. So in some instances, this 

second approach will remain a kind of theoretical one. Most people 

will work, as before, with~ an overall efficiency_. 

However, when ohne is considering electricity production, for 

example, the theoretical 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 efficiency. 



KRONIG: ! would like to raise a question regarding coal hydro- 

genation. There are two processes, both of which have the same 

thermal efficiency. One needs two and a half times as much space 

room as the other - your problem does not bring this into con- 

sideration. 

GAENSSLEN: This is true, and we are aware of the difficulty. 

However, in the case of a large coal hydrogenation plant, the 

reactor vol~me is actually a comparatively small part of the 

total investment. 

If the space velocity decreases by a factor of 2 i/2, the over- 

all 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 

produ=t after recovery.. The reactor system itself is not a heavy 

burden on these systems; therefore I already raised the question 

2 or 3 months ago as to whether one should spend so mucht time 

on designing reactors. Would not this time and effort be better spent 

in betZering 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, whici~ the system has in any case. 

HOLIGHAUS: ! would like to draw your attention to the session this 

afternoon, when there will be time for a general discussion about 

today's papers. During this time, we will be able to continue 

considering Y~. Gaensslen's paper. 

KOLLING: In coal hydrogenatibn, without considering your system, 

we do two things: 

!) increase the thermal efficiency 

2) to lower the conditions and investment costs, i.e. to 

lower pressure, temperature, etc. 

Can you inform us what is primarily necessary, when using your 

system, for increasing the'thermal efficiency or lowering the 

investment costs? 



G~NSSLEN: Both are parallel. As soon as the thermal efficiency 

is increased, the invesZment costs always go down. This is the 

usual tendency, as !onq as one stays within the no~nr~ally accepted 

limits. 

For example, more oil can be made from coal if the thermal 

efficiency is increased. ~nis means that less coal must be cround 

an~ treated and that less hydrogen must be produced. These fac- 

tros ten6 to decrease the amount of investment needed. 

Xt is always advantageous to increase the thermal efficiency, 

and when the practical efficiency is also increased, it is good 

within certain limits. The theoretical efficiency therefore has 

to be increased, and the practical efficiency must be increased 

until the cost becomes too high. In any case, improvement in the 

overall efficiency generally leads to lower investment. 

HOL!G~US: This question was ver%" well answered. I would now 

like to proceed to the next paper, and turn from the more basic 

methods of cost assessment and estimation to concrete estimations 

of special processes. Dr. Hubert cf Scherinc will now present his 

paper. 



Dr. Ham.s-JCurgen Hubert September 1978 

i~-V~STIGATIONS ON ECONO~CS O~ T~ FISCH~R-TROPSCH-PROCESS ~OR 

T:~ SYNTHESIS OF C~CAL RAW-MATERIALS 

At p~ope~ ~eac%ion con~i%ions  c ~ b o n  monoxide and h y ~ o g e n  are. con-  

ve r te~  i n  %he presence o f  a cata lys% %o hTd~oca~bons am& o=ygen-con- 

%aining compounds. This reaction is cal!ed by %he mame of its 

d~ove--e--s Fische.--T=opsch-Syn%he si s . The com~ositiom of 

the ~-esul%ing products is fnfluenced by %he type of catalyst a~R by 

the reaction conditions. The proRucts may ~redomin~-ntly co=sist of  

hydrocarbons or oxygen-containing compounds. The hy~ocazbons mzy 

be --ich o-- pooz in clef ins. The molecules mostly have non-Sranche~ 

carbon chains, the ~oub!e bands are predominamt!y in the en~ ~ositiom. 

With the o=ygen-containinE compounds alcohols ~=edomina%e and %0 P l~sser 

extent ketches, alEehy~es~ fatty zciRs anE este=s are formeR. ~he chain 

length of the molecules are subject to a ° s~histlcal aist=ibution, 

however the mean C-mnmber m~y he vamieE in a wire range. 
. 

The ~ischer-Tro~sch-synthesis, known in short as the ~-~-2-synthesis, has, 

n.w to no~, mostly been user for the _~ro~nction of ~etrol for in%e.--nal- 

combnstio~ engines, i?~y of the ;roRuce£ ~mpoun~s are im_~ortant 

chemical raw matezials, which are at present ~zocesse~ from cruRe 

petroleum. 
% 

On b e h a l f ,  of %he Bun~esministeriun Z~ ~orschung nnd Technologie 

(_~ederal Mimist=y for Resesmch am~ Teekuology)~ Sobering A@ has made 
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a study on the "Synthesim of Raw Materials for the Chemical Imdustz 7 

u= the Basis of the Development of the Fischer-T=o~sch-.~rocess" 

(Synthese vom Rohstoffen f~r ~ie chemische !ndust:ie nit Hi!re des 

weiterzuent~ickeln~en ~is=her-Tropsch-Verfahrens). This study was 

completed in May 1977. 

Within the sco~e of this study a literature and paten% investigation 

w~s carr.ie~ out, dete.--mining the current level of know-how. The 

information is stored in a cent_-al archive. By mea~s of a visual 

pumched cared index, quick access to the original literature is 

possible. 0u= own Enow-how, which we obtained by _--u~uing a l~- 

synthesis at the BerEkamen si~e of Sohering A@ up to April I, 1962 

has been file~. This know-how has been updated by infoz-a~tion 

obtained .~ro= the SASOL-compamy in South lfrica, in discussions with 

l>rofesso- - ES!bel and by accom~u~_= E investigations im a continuously 

working ~T.-plant on laboratoz7 sc-~le with a fee~gas %hrou~aput up to 

5 N=3/h. 3eside~ this the basic engineering for a demonstration pilot- 

~lant with a ~mug'aput of.  10.CO0 NmS/h synthesis gas has been ~one. 

This co.-responds to a capacity of 12.000 tons per yea~ of FT-pro~ucts. 
i 

By =sans of a simulation =o~el comparative analyses on economics for 

~T- amd competitive petTo:hemical processes have been cazz_ied ont. 

Today I w=.'~t to report on the structume of this siuula%iom mo~el, the 

input £ata and the acquired results. 
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The following requirements have been set on the simulation model: 

I. The processes must be calculable for different running con- 

ditions in order %o investigate as in how far these conditions 

influence the economics of the process. 

. The process steps must be interchangeable im order to determine 

the most favou=able process on an economio basis. 

. Th~ processes must be ca!cul~.ble for,~iffe=ent plant location 

~ependent coal prices. By this means the influence of the cos! 

price on coal dependent energy an~ raw materials cam be taken 

into accost, 

. The calculation of the processes must be possible for different 

references years in o=~e= %o estimate the economy %%ich may be 

expected, These ame omly mo~el investigations which presume 

certain fu%ume developments in price. 

The basis of the sim'~!ation mode!! is a process strnctume in which 

process steps are connected to each other. Fig. I shows a simp!ifie~ 

~T-synthesis-strnc-~ure, In this structure process steps are !ndicate~ 

by %ria~-ula=s, products enterin E an~ leaving the process are namkea 

by =ecta~g!es and finally p--oduct ~istrlbu%ion is marked by rhombuses. 

The coal is oonvez~e~ in the gasification step to synthesis gas which 

is prooesse~ in the then. following s3rnthesis. Gasolin% oils 
% 

am~ water ame obtained as conaensates. The residual gas contains the 

sho=¢-chain-olefinu which a~e scrubbed out in the fo!lowin E scz-abber. 
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A part of %he residual gas is recycled,s~-abolized by the rhombus, to 

the _~T-symthesis. The remainder serves as fuel-gas. The C2/C4-clefins , 

the ge~olime amC the oil are split up hy fractiomatiom imto sing!e 

compounds or fractions. Alcohols ani ketomes are separatel from the 

teactiom water by means of distillation. In this process s'_--a-tmme._ . - 

single processes are interchangeable, vhich means e. g. that the 

Lu--gi-pressure-gasificatio= may be substituted by the Koppe=s-Totz~k- 

gasificatio=, the FT-syatho!-syuthesis by the liquid phase-symthesis, 

low temperat,'~e scz-a'ober by a Cosorb-sc.--ab~er. By means of the g~s 

distribution rhombus, gas recycles may be vamied as reqnired. 

The actual processes izvolved are much more comp!ex. Without goimg iuto 

more detail ome can see such a variab!s basis st_-uctume of a ~T-process 

in Fig. 2. It invo!ves I~ single processes - marhed by tri~--ugu!ars - 

and 20 product distributioms - ~arked by =ho=buses. For the calcu!atiom 

of F~-p:ocesses four such basis sZ.--actures have bee= developed. 

Basis for %he process czlou!atic ~_ are the p_-ocess steps. Th_ ~ size of 

each step may be  ~ixe~ ~-_-bitrarily. It may ino!ule o r e  o r  n o = e  ~ r o o e s s  

steps a~ nay also imolu£e anmci!ia---y a~d subsidia---y w.uits. 

Each mingle ~rocess is demote% by a number. The data sheet of the 

process step which is store% in the e!ectromic data processing, co~taims 

i=fo--na%io~ OZ~ imP=is am~ outp=ts proportioma! to the ~ro~uct capacity 

and on non.DToportio=al raises snob as basic capacities, demamd of 

capital investment, circulating capital and !abow.T. The basic capacity 

co_--respo=&s to the plam ~ . capacity being investigated. %~en no data fo.- 

the circulating ca Di%al was ava/labie, this was taken to be 10 % of 

the capital investment. The labour demama is ~derstood to be the 
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The following requirements have been set on %he simulation model: 

I. The processes must be calculable for different rumaimg con- 

ditions in order to imvestigate as in how far these comditions 

influence the economics of the process. 

. The process steps must be in%erchangeab!e in order to de%e_~nine 

the most favou~able process on a~ economic basis. 

. The processes must be calculable for,different plaut !ocatio= 

dependent coal price~. By %his means the influence of the coal 

~rice on coal &epen~ent energy a~d raw materials c~',',be %aken 

into aCCOIL.~.%. 

. The calculation of the processes must be possible for different 

=e£erences years in or&e= to estimate the economy %~!ch may be 

expec~ea. These ame only moEe! investigations which pres,~ze 

certain fntluTe developments in 9rice. 

~he basis of the simulation mode!i is a process structume in which 

process steps are connected %0 each other. Fi~. I shows a simp!iZie& 

FT-syn%hesis-s%~uctume. In this structure process steps are ind/cate~ 

by tria~Eulz~s , pro&nets e-~terin~ zn a , leaviu~ the process are na~ke& 

by rectangles zn£ finally product distribution is marked by rhombuses. 

The coal  is ¢onverte~ in the casifioation step to synthesis g&s which 

is processe~ in %he then following synthesis. C-asolin% oils 

am& water are obtaine~ as condensates. The resiana! gas con%fins %he 

sho_~%-ch~im-olefins which a~e scru'obe& out in the following sc~nbber. 

- 4 -  



A part of the residual gas is recycled, s~h.!ized wy the rhombus , =o 

the lWn-synthesis. The remainder serves as fuel-gas. The C2/C4-olefins, 

the gezoline and the oil are split up hy fractionation into single 

compoumds or fractions. Alcoho!s an~ ketches are s~parated from the 

reaction water by mea~sof distillation, in this ~rocess structume 

single processes ame interchangeable, which means e. g. that the 

Lu=Ei-pressure-g~sifica%ion may be suhstitutel by the Eoppers-Totmek- 

gasification, the .~T-s.v~thol-s.vnthesis by the liquid phase-synthesis, a 

low temperat'~e scru'obe~ by a Cosorb-scrubbe~. By means of ~he gas 

~is%ribu%io~ rhombus, gas recycles may bevaried as require~. 

The actual processes involved are much more complex. Without going into 

more detail one cam see such a variable basis st.-n:tume of a FT-pzocess 

in Fig. 2. It involves 15 single processes - mashed by tri~--ugu!ars - 

a~d 20 p~oduct distributions - marked by rhombuses. ~o~ the calculation 

of ~-processes ZO'J_T s~x:h basis st~acture3 have heem developed. 

~asi~ for the process calcu!atic= ~e the p_-ocess steps. The size of 

each step may he ~ixe& arbitrarily. It may £ncluie one or --ore pro:ess 

s~.eps and may also include aumiliz--y and subsid/a_-y umits, 

T-z~.h single process is den'.te:~, by a nu~-er. The ~ata sheet of the 

process ste~ which is store6 in the electronic data processing, contains 

information on inputs and outputs proportional to the product c~pacity 

and o= non;ro~ortio=al values such as basic capacities, ~.emamd of 

capital investment, circulating capita! and !ahouz. The basic cap-"oi%y 

co--Tesponds ~-o the plato ~ . capacity heine ~--nvestig~ted. ~-hen no data for 

the circulati~4~ capital ",,-as available, this was ta.ken to be 10 ~ of 

the capital investment. The labour demand is u=derztood to ~e the 



- 5 - 

number of operators per shift. The data for most simgle processes are 

base~ on imformation from production plants, obtaimed from plzmt 

operators and engineering companies. 

For exa=p!e Fig. 3 shows the data sheet of process No. 201. 

It is based on the LlLrgi-pressu~e-gasifloatio~ whioh!roduces a 

synthesis gas from coal =hith a CO/H2-ratio of 0,35. The basic 

capacity amounts to 1010 Nm 5 hydrogen and carbon monoxide in the 

synthesis gas ~er year. 

The total plant is of such a size - as can be seen by the example - 

that for ca~ital investment and 1WDour de~--cession a po~er of 1 may 

he ta.kem for calculation. This is valid for all FT-processes. For 

petrochemical processes, powers of 0,8 for demand of c~pital 

investmezt an~ Of 0,2 for l~oourhave beem used. If not mentio~end 

othe~;ise in the data sheet, the demand of capita! investment is 

Based on "imside battery limits". 

In order to evaluate the quam%itztive!y specified inputs amd outputs 

in the data ~aeet, prices "for raw materials and 9mergies have been 

determined, which are contained in p=ioe-llsts. The calculation can be 

performed ~-ith different price-lists. When determining prices, which 

were valid in Westerm Eumope in the miaale of 1975, market prices were 

used where possible. I£ not~ internal prices have been dete--mime~. 

Location a n d  contract specific prices have mot been taken into 

consideration when dete~.--/ining market prices. The following ~rices 

ame ~noted as inportant key-~rioes: 
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bit'amimuous coal 

liguite 

crude oll 

i~0,00 DX/t S--~-. 

70,00 ZZ/: S~-~- 

220,00 ~X/t 

%~en the structumes are defined and the process data and the prices 

~re %'-o~, costs amd turmover cam be determined by help of the 

simulatio= mo~el. The costs dependent on capital are based on fixed 

percentages pea year of the capital investmemt. These percentages are: 

depre=iatiom 10 % 

interest 6 % 

mzintenaace % repair 4 % 

tz~ a-ud insuma=ce 2,5 % 

The labour costs have been fixed at &0.000 DH per ma.~ amd yea=, 

i==ludimg all overheads incu_-Te&. As the most important economic 

dimensicm xe took the cost-recovery percentage, which she~s how mmch 

p~= cent ~f the produetiom costa are covered by turaove=. 

The first basis calculations perfoz-aed were related to a Westeumopea= 

size im 1975. Such bas!~ ca!cu!atioms were performed for 39 FT-2rocesses 

The following parameters were varied: 

Io 

2. 

~o 

4. 

The gasification ra~ material (bituminuous coal or li~_ite) 

the ~'asifioation ~rocess (Lurgi-pressu.Te-g~sifioatio~ or 

(Koppers-Totzek-6--zsificatio=) 

the CO/H2-ratio i= the synthesis g~s 

the FT-prooess (fired-bed-, lio_u/d-phase or $yn%ho! reactor) 
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. 

e 

7. 

8. 

. 

the 02/C4-olelin isolation (low temperature sc~ i :be :  ~ 

Cosorb-scrubbe=) 

the gas conversion rate 

the recycle gas ratio "" 

~he product fanes {lonE-, mediumlongan~ short chains cr as a 

hypothetical llmitin E case only ethylene production) 

In some strnc%ur~s %he ~T-synthesis was £ollowe& by a steam- 

cracker in orde2 %o increase the yield of olefins. Efforts were 

made %0 i~o~ease either %he yield of "C2/C 4 or of 010/018-olefins, 

which are the most i=portaat raw materia!s Zo= the p~o~uc%ien ef 

salio~io active tensiaes. 

~or a comparison of economics, competitive petrochemical ~zocezses were 

calculated. There are 6 ~rocezs~s ~o= %he production of sh~=t chain 

olefins amE 5 2rocesses for the pro&uction o£ medium!ong chaim o!efins. 

I% is not possible to report Ah= zesnl%s of all czlcnla%ions. 4 ~- and 

2 petrochemical processes were chosen, which are =eferre~ t o  in %he 

fol!owinE report. 

They z~e shown im~ '~g .  4- 

The ~rocesses chosen  for ~hepro~u=tion 9f C2/C4-oiefi=s ame: 

I. The FT-Synthol-~ro~essez: £ollowe~ by a steam cracker, 

feedstock: ii~mite. 

2. same asunder 1, but 

fee~stocM: bituminuous coal 
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a :-~--process producing - hypothetic~!!y - or.I F ethyleme. 

This process is certaim!y not zea!isab!e, but represents a 

threshold limit for the ecomomics of FT-s~--~thesis for the 

production of low olefins, 

feedsto:k: !igaite 

a Naphtha cracking ~rocess as a competitive petrochemical 

~rocess. 

As ~ rocesses  f o r  t h e  p r o d u c t i o n  o f  ~ ~ ~ -  010/C18 o_e.__s were take=: 

I. a_,-T-process giving long chain products, which are cracked 

to medium long chair olefins in a fo!lowi=g steam cracker. 

The sy~_thesis gas is ~z&e from lignite. 

2. The i~olex-Pacml-Olex-process, were n-a!caz~s are separated 

from Eerosene, cztzyticz!ly dehy~-~ozezate~ %0 clerics ~ud 

separated hy nea~s of =o!ec.zlar sieves from the reaction 

mix.JuTe. 

The b a s i c  c a l c u l a t i o n s  sho~, zs e z p e c t e d ,  t h a t  i =  1975 i n  %:este=-n 

~ . o p e  no - ~ 2 - p r o c e s s - T z ~ i & t  co-.-~d "De ~ l:_~der f ~ ! l  c o s t - r e c o v e r y .  

~-ven if ore is able to ~sume that the -~-'2-sy=thesis .~roduces ethylene 

only, the oost-~ecovery percemta~e is only a m=_xim,~m of 75 %- The most 

favou~zble of todays possible YT-processes, with a cost-recovery 

perce=taEe of 67 %, is the .=rocess 2.1 for the production of olefins 

with ne&ium-ioug chz-/_us. 

With this process afte_-':the steam cracker are 44 % of the ~rimam~ 

formeC ~ro~ucts C10/C18-st=aight cha-L= hyd.Tocarboms with an o!efin 

content of 90 %. 16 % are Cs/Cg-strai£ht chair olefiz~s, which are 

suitable as raw material for ~f~sticising alcohols. 



- 9 - 

The Synthol-synthesis followed by a steam cracker has a cost- 

recovery-rate of 52 % wlth lignite as feedstock (process 1.1), which 

falls to 58 % when bituminuous coal is taken as feedstock. With these 

processes 62 % of the primary products formed after the steam cracker 

are C2/C4-olefins , which consist of 44 % ethylene, 36 % ~wopy!ene and 

20 % butenes. Without the steam cracker only 22 % of primarily forme~ 

products are C2/C4-o!efins. At present ome tries to produce mrima--y 

=rodncts with a higher ~2~4-..~.~. comtent By using new catalysts. 

The cost structures of FT- and petrochemical processes are very " 

different as sho~ in Fig. 5. The types of costs are given as a 

percentage of the ~ro~uction costs. The stuudmy costs, which are 

essentially energy, costs, are balanced against credits for by-products. 

This counter-be!ante lea~s in many cases to negative values. The 

figure shows that with the F~rocess besides the costsof raw materials 

the capital dependent costs a~e of considerable importance. This is 

espeoialiy vali~ for the production of o!efin with medlum-long ohaims. 

With the ~etrochemic~! processes %he raw material costs ~ominate. The 

particularly high credits, for the Molex-Pacol-Olex-process ca~ be 

trace~ back to n-aloe=re free kerosene, which is p~oduoed as ~ by-~rodu 

After havimg finished the basis calculations it was inv~stig~%e~ i~ 

which m~am~er the economics of ~-processes ~re dependent on the Iocatio: 

i. e. dependent on the coal price in a ;~Ttiou!amarea. With it, not 

only the price of co~l, but also the prices of coal ~zice Ee~endent 

energies an~ products were varied. ~hus the sinu!~tion could be 

pe~formed closer to 2ea!ity by taming into account the describe~ 

i n t e r d e p e n d e n c y .  
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The results of the simu!atio~ for the chosen processes are sho'..~ i= 

~ig. 6. Plotted in the fi~-'.re are cosl prices at which cost .-ecovery 

and parity in costs with the competitive petrochemical p:ocesses will 

be reached. 

The h:--pothetical ethylene process could be z-'.n at pa-~ity im costs with 

the naphtha steam c--acke: process at a coal price of 28,70 DM/t S~. 

For the Symtho!-s~uthesis this is not possible n~¢il the coal ~rice is as 

low as 15,¢0 "'~ D~I- S~, nor is a ~-synthesis .:or the productio~ of 

clerics with medi~m-lom~ chai~s able to work with fu!l cost recovery 

evem whom the price of coal is zero. 

This, at first surprising result - i= the imitial ca!cu!atiom this was 

the uost cost zdvamtageous --eadi!y rea lisable process - can be put 

dora to the high pzoportio~ of c~_~ita! dependent costs (50 %) amd to 

the relati~e!y low p:o~o:tion of costs of raw mate_-ials (23 ~). The 

investigation shows that a!ready toiay in coumtries with chea~ oo~l, such 

~-s South Africa, Australia a~d Ca=a~a, ~/-processes for the productiom 

of lo%" clerics ate coz.DetitiTe to the naphtha steam CTaCker ~rocess. 

The imfluence of 3 differ-~nt price developments on the eco:omics of 

~-~rocesses were inve~tiEated in si=ulate~ calculatio=s for z location 

in ~estel-n ~-'u.Tope. 

l~2-ices, waEes an~ capita! investne=t were subject to  inflationa=T in- 

creas.~s, %hich are classified into ~ g'ro~ps. The classificatio~ ill 

~rou.~s and the d/ffe_-emt rates of in~atio~ for these 6T-oups are sho'.~ 

in Fig. 7- 

Si=2lifyi-g the first ~__oup contains all coal ~_~ioe ~eDelldemt ener~y 

a~ p~o~.-~ot p-~ices, wages and capital investme=t. For  this &-2-cup in 

- 11 - 
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all cases a yearly increase of 6 % was assume£. 

The secomd g~oup contains all highly on c~a&e oil price dependent 

ener~..-and product prices. Here the yearly inf!atiom rates ~e-. 8,9 

or I0 %. 

~h~-& group are __ pro~uc~s, which are less strongly Fima!ly, in the ~ "~ z ~I 

bound to the price of crude oil. The inflation rates ~e 7, 8 or 

% z~ a~e 1% lower thou the rates in the second g~onp. 

The inflation rates for price of energy, amd products were simply 

ecuate& either with those of coal or those of crude oil, ".'hereby that 

the price i~-.~luemcimg ~rimzry energy is which is able to produce these 

e~e--gies and p_~o&ucts more cheaply. 

The ~onomic development was extrapolated for a period of 25 years up 

%0 the year 2000. The results of the three &iffezent simulation- 

ca!c'~!atio=s for the processes re-- the production of low o!efins ~e 

show-_ in Fig. 8. 

The number at %he points of i~tersection of the curves indicate the 

yeam in which the ~-prooess will be at the bre~-even-point with the 

competitive pet-~ochemica! ~rocess i= %/estez~ %"u~ope. ~he solid lines 

show F~-processes, the dotted lines the naphtha-steam cracker-process. 

When the ~_m/~_ation rate /or the ~rice of cz~de oil w£th 8.% per yea~ 

is or_ly2 % higher th&u the &~f!atio~ rate for coal the break-even-point 

is om!y reached in the yearn 1995 by the hypothetical ehtylene process. 

With a~ increase i~ price fo_ ~ cru.cle oil by 9 % per yeam the b_~eak-even - 

poimt wi%h the hyp_otheticel eh%y!ene ~=ocess will be reache~ i~ 1988, 

- 12 - 
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with the technically already feasible Syntho!-process with steam 

c~acker im year 1993, with lignite as feedstoc~ for gasif!ca~iom. If 

the price of c-~ude oil imcreases by 10 % ~e= year, the brea~-even- 

point of _--T-synthesis with bituminuous coal as feedstock am~ naphtha 

ste ~. cracker will be reached in 1995, whereas this occurs already i= 

1989 with lig:lite as feedstock. 

The results of the processes for the production of clerics with medium- 

long chains are shown in Fig. 9- 

Im order to reach the break-even-point before the year 2000, the Frice 

of crude oil must rise at least 3 % faster tha= that of coal. With am 

i=crease of 9 % per year the br~k-even-poi=t i~ to be expected in 

I~9 ~ and at I0 % per year in 1~93. A compariso= with ~ig. 8 shows that 

~T-processes for the production of low clerics are competitive earlier. 

AS a resu.lt of these simulated ca!zulations it may be erp_ecte~, that 

FT-p=ocesses i= Western Eu.Tope =a.~ be operated eco~omica!!y probably 

~t the end of this cemtu_TS- " . 

~inaiiy one more work on the c~=hinatiom of FT- with coal hydrogenation 

processes. -vT-prooesses ame suitable for the producT_on of low olefim~. 

%'ith the coal hy~o~enation ~TX-aromatics are fo---me~. By combination 

of these two processes it is ;ossible to produce olefins and aromatics 

from coal. 

~igo ~0 shows in which manmer a p_~oduct range suitable to d~ma~d can 

be ~ r o d u c e t  by e m p l o y i n g . b o t h  p r o c e s s e s .  I n ~ i c a t e d  a r e  the tonnages  o f  

particnlar clerics and ~TX-aromatics. The last column shows the con- 

s u n p t i o n  o f  t h e s e  ~ r o d u c t s  i n  the  F e d e r a l  ~ e ~ u ~ ! i c  o f  Ge.-ma~y i n  1976, 
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which amo~lu%s %0 7,1 million %cns. To pra&uce %he same %o~uaEe i~ 

suitable composi%ion from coal 4,6 ~-~i!lion tons would have to be 

~roduced wi%h %hm -~T-~rocess and 2,5 million %o~s ~y hydrogena%ion 

of coal, whereby £or %he former a SDm%hol-syn%hesis was nse~, followed 

hy a s%ezm cracker, am~ for %he la%%er a coal hydrogenation ~rocess 

by which the ~=imary~ro~uc% is ma~e amoma%ic e~ %he remaining 

alphatio hydroca~oons are converted in a s%eam c~ac~er to C2/C4-olefins. 

Fig. t0 shows tha~ the ~rod'~ced an~ consumed par%icu!z= chemical raw 

ma%eria!s do no% differ ve_~y~aeh from each o%her. 

i wo~/.~ like %o conc!u~e my lec%n~e wi%h the in~icz%ion, that %he 

9rodnc% =ar~Ees of ~oth ~rocesses com~leme~% %hemse!ves in am almos% 

ideal m~anmer for the su~p!y of chemical raw mz%ezials. 
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Processes  for, the  p roduc t ion  of  C2/C~-OlefLus 

I 

1.1 Y~-Symthol-process with steam cracker 
Raw material: !iguite 

1.2 ~ne same process ~ut raw materlal for Easlf~cation: 
bituminous coal 

1.3 HTgothetloa! ~T-ethylene-~rocess. 
Raw materia!: lignite 

1.4 Naphtha-steam-cracker 

2.1 

2.2 

i>:ocessea f o r  the p=oduction o f  010/C18-Olef ins 
, , ,  , 

, 

~-Symthesis with Iomg chains  p roduc t  range  aua following ~tea~ 
cr~ - .  Raw~aterial: lignite 

Ho!ex.Pacol.01ex-F~ocess 

~Fig. ~ Selected l~ooesses fo~ O le f in  Produc t ion  

Product 

l~l'OCeS8 

Costs of  z~v 
materials 

Capital depen- 
d/rig costs 

La~ourcos ts  

Somdrycosts 
minus credits 

Syntho! 
Steam- 
ic~acker 
Ligmite 

54 % 

44 % 

5% 

-5% 

C2/C4-01efine 

Syntho~ 
Steam- 
cracker 
3ituminom 
coal 

64 % 

33 % 

I --1%" 
1 , 

Hypo- 
t h e t i c a l  
Ethylene 
Lignite 

47 % 

42 % 

4% 

7% 

010/018-01efins 

Naphtha 
Steam- 
cracke2 

11% 

1% 

-7 % 

long 
chains 
Steam- 
cracker 
Lignite 

23 

50 % 

8% 

Mo!ex 
Pacol 
Olez 

124 % 

25 % 

-6o % 

Cost ~ as percentage of  p roauc t ion  costs 

~i~. 5 Cost S%'~-uct-o~es of 1~oces~.~s for 0iefln ~oduction 
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Price rCllsing rat~,5 : 

coal 6 %/0 6 °~$2 a 
crude oil 8%1o 9 ~ l a  

1980 t990 2000 t980 1990 2000 
Reference year 

f Naphtha - steam-cracker 
2 Synthol-process with steam- cracker, raw material:hgnife 
3 Synthol-process with steam-cracker, raw material'bltumtnous coal 

Hypothetical F l"-ethylene -process,  raw material, lignite 

6%/a 

/ 
50% 
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f980 1990 2000 

Fig'8 Economics on p rocesses  for the p roduc t ion  o f  low olefins 

in western europe . from y e a r  1975 to 2000 
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l~.oduc¢ ( ~i2-1~-ocess 

Ethylene I 1'9"106 ~ 

l~r°pyi=ne I 1,6.106 t 
Butene, But~diene 0,9.10 6 t 

• TX-Aromates I 0,2.10 6 t 

Sum 4,6.10 6 t 

Coal h..-e..-'oce=~ior. I .~.o~.==':±o.-z i Cons'=p~Ao= 

' I i . . . . . . . .  

0,6.106 t 2,5.106 t 2,8.106 

0,2.106 6 1 1,8.I06 t 1,9.106 

0,1.106 t I 1,0.106 t I 0,6.106 t 

1,6.10 6 t ! 1,8.10 6 t I 1,8.10 6 t 

Yig. 10-1~_oduct range of coai-chemic~l processes adjusted to %he con- 
au=p~io= of ~he Fede:al Repnblic of Ge~-zamy i= year 1976 



Reproduced fror 
best avai lable cq 

LEZTL~.E - HUDERT 

HDLiGHAUE: ~ w zuid lzke to thank Dr. Hubert and ask partzczpants 

~ raise questions. 

ZIEG!ER: !n figure 3, the bozzom !zne ~hoxed the exgression 

'securlty cf the process". ?:hat does the f~qure 0 indicated mean? 

f~UBERT: The figure is not siqnificant wzthzn the context of our 

pre~ent discussion. 

GAE:CSSLE~; i am qolnq to read =-n extract from a ]ouz =I.__ and then 

ark you whether you a~ree with the opznions expressed. 

HUBERT: One should bear in mind that the exchange of on! by coal 

~ill start at the thermal end and calorie will be substituted by 

calorie. Zf coal is transformed by chemical means, which will 

resu!~ in hicher prices on the market, then ]us~ the fuel should 

be chosen. Obvious!y, ethylene has a hicher value than S.N.G. 

fuels. 

XMHAUSEN: One must also take into conslderation the fact that the 

prices of o!efins in Europe and the U.S. are very. different. They 

cost .considerably less in the U.S. than in the Federal Republic 

of Germany. 

Ktq~X: The basic assumption that one has coal and oii in parallel 

available amounts exists. In Europe, we must take into account 

the fact that we do no~ have sufficientoil, we have it at the 

moment, but no-one can be certain that supplies will last for 

ever. }~e are talking about research: a solution for our problems 

must be found within the next IO - 20 years. It is not a matter 

of economics of today, but for tomorrow. 

SCHkq/R: In Europe, naphta ~ the main feedstock used to produce 

lower olefins - is not available in unlimited quantities. Forecasts 

indicate that there will soon be a shortage in Europe. Thus, higher 

boiling mineral oil fractions (Dg - Diesel oil range or even higher) 

will have to be utilized for olefine production. 

On employing these feedstocks, the ethylene and propylene yields 



SCHL~ZE: Doubts are often raised as to whether substitution will 

take place in favour of the chemical industry. ~at is the cohL 

straint limiting the thermal usage of oil? Maybe this is the 

price boundary or planning measure !aid down by the government 

(saying that mineral oil products must be used only in the 

chemical industry sector and be saved in the thermal sector)? 

Because we have, supposedly, a free economy, the price probably 

will be the regulating indicator of all the different products' 

uses. In many fields of mineral oil products used today, ! doubt 

whether there is an upper price limit. One need only think of the 

case of gasoline in the private car sector; people will be pre- 

pared to pay 3 - I0 fold increases, resulting in the using up of 

all available gasoline. Long-term forecasting of automobilisation 

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 must get prepared according to these predictions, and con- 

sider the situation in communist countries, where people readily i 

pay high prices for gasoline. ~at is the competition of the 

chemical industry against this private sector of gasoline usage? : 

We have not investigated this yet, but i doubt whether there is 

an upper limit. This would mean that the substitution in favour 

of coal consumption by the chemical industry is not limited by 

this thermal'energy market conditions. 

!~AUSEN: I agree with all your points, except for your remark on 

the situation in communist countries. There, matters are directed 

fully by government policy - not by the willingness of people to 

pay. 

SCHULZE: Freedom to choose: whether to pay DM 3 per litre of 

gasoline or not. 

i~ZqAUSEN: Very few private cars are owned in communist countries. 

KUHN: The basis of comparison for all these coal liquefaction 

processes is today's naphtha - based petro - chemical industry. 

~'~atever we calculate for on or the other of the coal liquefaction 

processes, the products resultzng from such a process are double 



the prices shoxn by the present situation. Until we arrive at 

a situation where naphtha doubles in rice, so that, for example, 

Fischer-Tropsch-pro~ucts would pay, we should use, for ~nstance, 

middle desti!lates instead of naphtha. 

Production costs for olefins from middle desti!lates rather than 

from naphtha are a little more higher, probability by IO or 20 ~. 

The next step would be converstion, e.g. hydro-crackinG. This 

would result in an addition cf about DM 150. Even this procedure 

would not double the rax material price, as it certainly would 

if the Fischer-Tropsch-synthesis were used. 

HOLIGHAUS: I woul~ like to introduce the next paper, which deals 

with the s~e topic~ the discussion can be continued afte~ards. 

! would like to introduce Dr. Schnur, who influenced to a very 

large extent the R.N.D. energy proqram~e in this fleld in the 

Federal Republic of German? as a memSer of the Advisory Co~!ttee 

of the Min:stry of Kesearch and Technology. 



Morkshop Kohlever~!~ssigung 
j~lich, 18.-19.o9.1978 

Dr. F.  Schnur 

Estimation of economics of a modified Fischer-Tropsch synthesis 

~nis report covers some aspects of economic evaluations as part of a 

suudy sponsored by the German M~nister for Research and Technology 

and prepared by Ruhrchemie AG in 1974-1975. ~ne considerations were 

directed towards the elaboration of concrete aims Eor =he developmenu 

of a modified Fischer-Tropsch synthesis oz basis of price and cost 

level in 1974. 

Zf the Fischer-Trcpsch synthesis based on syngas from coal is 

considered ~u alternative to the production of hydrocarbon~ from 

miaera! oil the question arises to which extent the primary produc~s 

have to consist of valuable short chain'olefins to make the economics 

of s~uu~hesis feasible. 

At present time the required organic pri=mry chemicals are almost 

cuanti~atively generated from mineral oil products. About ?5 % of these 

primary chemicals consist of non-aromatics, which may in principle be 

produced via Fischer-Trcpsch synthesis. 80 % of these aliphatic 

hydrocarbons are ethylene and propylene, only small amounts o~ which 

~re present in the primary prgducts of any version of conventional 

FiEcher-Tropsch synthesis, in the German Federal Republic the annual 

consumption of C 2 to C 4 o!efins amounts to 5 =io t compared to only 

300 000 to 400 0OO t per year of lone chain hydrocarbons by the 

chemical industry. Generally short chained olefins c~u b~ ~roduced by 

pyr~lizing lone chain synthesis products provided that extremely cheap 

coal - not availabi~ in the ~ederal Republic - is fed into the gasifi- 

cation. Even German bro~ coal at the 1974's costs o£ 5 DM per Gca! 

does not fit the premises. Diagram ~ renders in the lower part a 

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



- 2- 

.The upper .on -~. . shows so=e Ke"-eral routes cf syngas production, cf 

synthesis and of product work up. Taough the source of the symgas 

is in principle uni:portant .~or the synthesis, the combining of gasi- 

fication and synthesis process has a =arkab!e influence on tP.e 

economics amd if there is much metha~iz the syngas, the question 

arises whether it is sensefu! to combine Fischer-Tropsch synthesis 

and SNG production. 

Ca!cu!ationz of ecozozlcs have been dea!in~ with the fo!lowin~ topics: 

- the estimated c o s t s  of production o f  primary produc:s of 

a modified synthesis coupled to a conventional syngas 

production and related to the costs of coal; 

- the estimation sf expected revenues of primary products 

depending ~= the selectivity of ¢~e modified s:~thesis 

=hich is highly influenced by the development of !=proved 

cata!Fsts. Mainly ethylene and propy!ene as primary products 

are covered by this aspect; 

- derived from ;recedimg considerations the selectivity 

required to equal the costs of producZicn was calculated. 

~hen estizating the costs of pro6uction the optimum reaction conditions 

for possibly hiEhly selctive catalys~s had to be taken ac un|:mo~. 

Co~sequentl~ the costs of productiom of thre~ well established syzthesls 

processes were calculat%d in parallel assuming acce~tab!e precision in a 

range which is given by the different catalysts au~d s~thesis technics 

used by these processes, it was taken as granted that a modified s~mthesis 

would ~ot differ fro= these processes tc an extent which markedly in- 

fluences the costs of production. However, for reasons of security am 

extra charge of Io ~ was added to capltel costs. 

~ e  c o s t s  o f  p r o d u c t i o n  were  : a l c u l a t e ~  f o r  t h e  t h r e e  p r o c e s s e s :  f i x e d  

bed  S ~ t h e s i s ,  e n t r a i n e d  c a t a l y s t  s ~ t h e s i s  and l i q u i d  phase s y n t h e s i s .  

~ s o l  a t  South A f r i c a  o p e r a t e s  the  ~ i r s t  two p r o c e s s e s ,  the l a t t e r  has  

p r o v e n  ~ n p l i c a b l e  b y 2 h e i n p r e u S e n  in  Germany. 
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_~ne study =as based on existing data and no cnZ!neering detail work was 

performed. ~ne data available were 

revers! projects b F the working a=sociation of Lurgi and 

Ruhrchemie of 1952 to 1959 directed to the production of 

motor fuels by fixed bed  synthesis with production capacities 

from 50 000 to 500 000 t per year: these projects were based 

on the effective costs of units, delivered by Lurgi for the 

plant of 3asc!; 

the study of Pichler of ~97o for the Minister of Education 

a-~d Science coverin~ the production cf motor fuels by either 

fixed bed or by e~crained catai~st syn~neszs wlth production 

capacitics from 2 to 6 mio t per year; 

the report of ~chulze of 1974 in Chemie-Eng.-Techn. dealing 

with the liquid phase syathssis with a production capacity 

of 1,5 mio t primary products per year. 

All amounts of investment were transferred to the cost level of late 

1973 by usin~ the cost indice~ ~or chemical plants published regularly 

by };~Ibel ~ud Schulze i= the paper "Chemische industrie,'. As far as 

posmib!e investment coots and requirements of energy ~ud labour have 

~een attributed to the corresponding process steps. 

Diagramm 2 illustrates the capital requirement versus capacity for a 

fixed be~ synthesis plant derived from preceding es=imaticns. The li~es 

referring to gas production and to synthesis show a steep ascent which 

is caused by the assumption that a.~iucrease in production capacity is 

accomplished simply by multiplication of units for gasification and 

synthesis, each having a constamt capacity given by the development 

reached ~etweea 195o and 19~0. Based on the technical improvements from 

to day's point of view capital requirements will be lower. On the other 

hand, the line for auxiliary investment may ~e too low in view of today 

because higher investment~ with respect to polluti~regulation aud higher 

social requirements are necessary. 



Diagranm 3 il!uEtrates the c~pita! requirements for three different 

~y=thesis processes based on the sources. The ugper line be~innin~ 

on the left, which is dotted in the range of canac!tics from 0,5 to 

2 ~io t of sorer fuels per year shows :he capital needs for the 

fixed bed synthesis process which have been e~tim~ted b x using pre- 

vious project studies from the year ~952-~959. It exceeds by ~o % 

the val~es calculated in ~97o by Pichler for thc production of motor 

fuels. This fact loads to Zhe conclusion that in the ~97o calculations 

gasification unit~ of enlarged capacity have been assumed. 

Follo~ini ~he Piohler calcu!atiom the capital reauirement for producing 

-Dtor fuels via ~he entrained catalyst proces~ is by 2o % hi~her zhan for 

the fixed bed process. Obviouzl~ this _'act may be aztributed to the 

increased methane production by this process, as r-ethane has to be re- 

~'o.-~-~-d to -~vnzas suhsequentl~'. With respect tc .h_ Driest-: D:'oduct Da~torn 

th[- difference should b-. lower tha~ the 2o % mentioned: 

Below the lines of investments to produce motor fuels there are 3 lines, 

showin E the investment costs for the priu~ry ~roducts of the fixed bed 

process derivc~ from diagrams 2, and a break down o f  these costa into the 

c o s t s  for svngas production ~ad synthesis, respective!y. For s ~roduction 

ca~acit~ of ~,5 mio : primary products per year the investment costs are 

about ~,~T& bil!ioz marks, where as ~he investment costs for the liquid 

phase process are sliEht!y hi~her as calculated b? Schu!ze. 

Diagram & shows the main figures emergin E from cost estimations based on 

a conventioaal terminology for the primary products (C3÷) as well as on 

the total product ranEe , that is inc!udimg methane and C 2 hydrocarDo=s. 

~ol!owinE this chart the "workin E costs" that is understood as costs of 

~roduction excluding costs of coal, are as an average for the 3 processes 

* %. estimated to 400 DM ~er t Cq+ - qo !ncludin~ ~he costs of coal taken 

as 5 DM .De'- Goal the average costs of production are estimated t o  w44 DM 

per t CI÷ - 7 %. 



Diagram 5 explains the importance of the ~asump~ions made for costs 

depending on capital requirezent. ?noes annual co~ts ere ranc~nE from 

q4,7 % of the capit~l investment costs (case ~) to 26,A % (case 6) 

assuming in interact rate of 8 % p.~. Deprecietlcn ~s in case ~ and 

came 2 has been calculated for production units which are 

adapted to a ~iven zechnGlc~y without basic modi$icationa 

~enerating products of constant quality for a ~iven aarket 

without change in quality requirememts. 

Taese production units ms2 be compared to facilities producing steam~ 

electricity, ammonia, methanol or motor fuels. 

~.~e .~-i ~ calculations for costs of . . ' : roduct lon  for ~ri.~;ary =roductc. are 

based on estimations fc!Lowln C cace 6. They are czmparable with the 

ba~e tahen zy Schulze %. the liquid phase synthesis (case 5) increased 

by am extra charge of Io % for unforseeable cost increases emerging from 

a modi-~ied synthesis. ~ne a',~mented . i~:: of producing che.v, ical feedstocks 

fr== a broad product pattern ~u ~ a moving market is covered by *~ for- 

ma ~,-_. shorter depreciation time that means an. augmented return on invest- 

The average costs of production would be reduce~ by about 12c DM per t 

CI÷ assuming a calculation re&lowing case 2 but vith an extra charge of 

lo % for covering the risk. 

To ._:Id out the estimated revenues on primary products the product pattern 

depending on varying selectivity of s~thesis had to be assumed. Addi- 

tionally the part of products, which does not consist of ethylene or 

propylene, had to be classified for usage as chemical feedstock. ~"~ne 

rema~-uimg products were valued as a pyrolysis feedstock. Maximum a~ud 

minimum values were determi.~ed for the returns as shown in table 6. 

The r e s u l t i n g  g r o s s  r e v e n u e s  were  r e d u c e d  b y  6 ~ f o r  s a l e s  c o s t s  and  

possible royalties thus leading to the net revenues. The result of the 

calculationm is shown in di~ram 7 with respect to the fixed bed synthesis. 

~he bold line represents the costs of production for primary products 
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by creditE for b~-product~ of gasification sm.d depending on costs of coal. 

; O r  this case the Lurc! ~ressure ~asificatiez was taken. ~=e hatched 

sectiom below the line represents the pozsible reductlen in cost of pro- 

duction by usin~ unite Of extended dimensions. ~nis section corresponds 

to a decrease in the crder of 6o D~ net t, that is half of the ~iffereace 

mentioned which arises from e calculation fc!lowin~ case 2. 

The lowest line in diaEram 7, which parallels :he line of costs of zro- 

duct!on, represent6 the costs of coal. S:artin~ with the costs of German 

hard coal, which amoum¢ to DZ~ 18 perusal and which are not outlined in 

:he diacram, the primary produc~s had to be charged by D:| ~25 pe r  t, resu!- 

tin S in costs of production cf D~ ~ o  per t of primary przduct. 

l~.ue hatched horizontal hands represent the esti-atcd returnb, maximu..~ 

a:i~ c.!nimum roe;actively. Une? ~epend on t2~e selectivity of ~-h~ reaction. 

S~zin E up it may he cone!uded, that - for costs of coal of D}~ 5 per 

Gcal ~d for a return :n investment of 7~5 years - the break even point 

can be reached if the primar~ products contain ~9 ~ of ethylene and 

proVOLone at =in!mum, whereby ethy!ene a~ estimated mutt be favoure~ by 

~,E in relation t o  pro~r~lene. As the desired olefin distribution in 

favour of ethy!e=e iz difficult to archieve larger gazificatios and 

synthesis u~its are needed to lower the cents, So that either a reduced 

selecti?itx of ~o % becomes sufficient or equal ~mounts of ethylene and 

propyleme with a selecZivi'ty Of 50 - ~5 % can be tolerated. 

The ai--- fmr the required imprmvemezt of catalyst selcctivi~y would ~e 

,'.,arke~ly restricted if cheaper sb~"-gas could be made available. As s,ho~ 

in 51asram 3 roughly 66 % of the costs of invest-ent for products C~+ 

are covered by sy=Zas productiom, sad roughly 9~ % of the costs of coal 

as the heat cf reaction nearly corresponds to the needs of enerzy for 

s~'n=kesis a~,d product recove.ry. ~'his relationzhi~ is only sli~ht!y =edi- 

fied fcr a selective symthesis with a hiEh yield of ethylene because of 

the i.~crease in emergy need for product recoverF. 



~c~,.e Zine marked with an a=terls~ ~hows the chsnge i= costs of p r o d u c t i o :  

uzder  sa id  a s ~ z ~ t l m n :  ~hen =:~.ca~ Droduced by n~c !e~r  bes t  i s  used 

~n the lowest c o : t  lev~l of ~97~ forecasts. W~th :o~t of c~al of DT4 5 per 

Gem! a selctlvlty of 3o "% would be zx:ffi:ient to cover the costs of 

=rcductlon by t~ estimated re~urnu. :' ....... ..o,,c,e. ~ ~ 3elmct~Tit~ of 55 ~ would 

correspond to a coal price of DN q~ per Gcal, thus ne~riu$ the range of 

cost~ for low quality hard coal iR ~974. 

A concluding remsrk may be added with rempect to the diversification 

of the product proEr~ of a =o£ified s.vathesis. If the gasificatio~ 

p~ocezn renders syngaz rich in methame it is apparently a£v~ut~eous 

to =el! the methane as D:~ instead of reforming it including the losses 

of heat which is needed. From the matter of total cost= of production iZ 

is ectizated that about ~" 50 per t of primary ~roduct --y be saved :n 

came that methane can be sold a~ Z!~ tc c~sts ~f zroduct!on, 

Otherwime a concept may be of ad'.'azt~e which eomyrises the ~r~,duction 

of -~hort chain oleflns ~n :oz~.ar~tiv~iy ~mall reactors run i.~ .-.ara~lel 

if cheap m~m~.a-, from a .h'~ gasificatlmn unit can be made a-'aiiable. Be- 

sides _-z~.eclal chezlcals of high sp,~_:ific v~lue - for ='nstazce high hoilin E 

=araffi~s. - m~y be .=reduced at low costs so that ~h.~. = economics ~-. the 

~hole prsce~.s are favoured. 



Fischer - Tmpsch - Synthese als Lieferam yon Chemiegrundstoffen 

Kohle 
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Fi~. 2: Sch~tzungsweiser Anlagekapita!bedarf f&;r die Haupt- . 
Anlagegruppen eines FT-Treibstoffwerkes bei Anwendung 
des F'T-F'es.'.bettverfahrens 
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~i~. 7: 

Erwortbare Hersteifkcsten und Erldse bei einer modifizierfen 

Fischer-Tropsch-Synthese fur 1,5 t4io jo~o C1. 

[ Konv e.~h.~nelle Kohlevergasung. Fes tbetf - Syn these ) 
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LECTURE - SC~A~/R 

!ETERNOON SESSION 

HOLIGHAUS: I would like to proceed to this afternoon's first 

paper, and introduce Dr. K~hn, who is a member of the board 

at U.K. Wesseling, in the Federal Republic of Germany, and to 

ask him to commence with his presentation. 



Wesze!in~, 29.08.i~7~ 

"Cha-ces for Production of Basic or 

in~ermeiiate Chemical Products via 

F.~c.e. ..co c- Process" 

,~_=h supper: fro- the Fe~/erai I~inis~ry for Research z.nd Technolog?,, 

z.-: comDzr.y, %he Union F~eirisci:e 3raurS-:ch!en F~-afts%off, prepared 

z st'Id y t~ ~eter:'..ine u n d e r  ~:"_at conditions the Pische.---Tropsch s:,~f..%he=is 

c~u!d be sui~.ab!e, not only f o r  the produc~io.n of motor fuel, as h=_s 

been done frecuen± I-,. _~, in the oas:, bu~ also for *.he production, of ra"- 

and h~ic -z~eriaiz, parti~.i-~r!y low-molecular o!efins. ~uis study 

e:cazined all available data previously p r e p a r e d  b;.," en&~..neerin~ co!!ea- 

aes 7 industrial c~zDani~.s and special ir~titu±ions. 

The technical level of the various proce=3es revieved varied '~i~ie![: 

~...~o.'.. E one another. Fre~-enZ!y the necessar.': ~ata for an econozis con- 

=iderz~iom ~;ere not availab!=.. In such case, i% was necess~-rv to pro- 

j e c ±  anaio~ies fro- infor-ati~.n c'z:ained -'fez %he S~2,o / Cor-.. b"~se~ 

on its experience ::ith t:-:o special Fischcr-Tro~sch processes, Ke!!o i 

and Arge. 



The synzneses processes can be Erouped ~o~ether accor~i~ t o  tna 

~rocass t~Dhno!D~y: 

!. Processes with a fixed ~ed catalyst ±n the gas =h~se 

2. Processes In tho Eas phaS~ wish movin~ catalyst 

S. P~ocesses ~ar~ied out in the !iqui~ phase 

At!o~ t~mparature, moderate meZhmne formation and high yields ~? 

heavier hydrocarbons are the o~mmon f= t~ ~= of the -a ".. pro~esses ~ith 

?~x~d bed c~talyst in the ~as phase. Thm C~nt~nt o? oxygan-- 

containin~ compounds in the synthesis ef?!uent varies. 

Dis 

Dis 

The syntheses ~'rlZh movin~ ca~aiyst r~uira hi~her temperatures =bus 

pr~tin~ m~hane f@r=atlon. The yleld ef heavis~ hydrocarbons is 

lm=ar in favor o? hydrocarbons nith medium boiling range. The 

hycrz=erbcn fractions are ~i=her in slsfins. The proportion o? 

oxy~sn-cmntainin~ compounds is reSet±rely high. 

-'*no l=~est mothane formation -s" obtained ~ith ~h_= pyoc~ssms in !Icu!d 

phase although %he temperature hoods to be higher than in gas phase 

.... h fixed c=ta!ys~.Tbe products obtained are a!=ays of reaction ""~ bed 

higher m=!~cular composition than in the gas ~hase synthesis "4~" - 

moving c=t~lyst, but of l~:~e~ molecuiar composition than ~n ~,~ cos 

phas~ with e fixed bed catalyst. 

5:ore then 20 synthesis p~ocess~s ~ere comparo~. Processes n~t y~t 

proven in larse stale applied techniques were considmred as !~n~ ms 

a ~hanoe coul~ be saen~to develop the te=hno!o~y to a !ar~r z~chni~al 
. .° 

maturity within a p~riod of 5 to 5 y~ars. Slid~ 1 and Z sho~ the 

PrOCesses considered. 

m v m  



a ,  r~ Th_- c r . - . - ~ r i ' ~ . n  ~3- tz a ~:m:inucd cm,n--i-~-ro-i:n o.-" ,~ Sal".Z-l-n 

c? 12 ;r.-c~sses. 

Th~ ~r~cc symth~SlS of ethy!~ne ~es nob s~iec:ed, alZh&uGn sinca 

l~ it h~ Z~n tit!ned in s~vcra! ~atents Zh~t ~tmylez~ usn ~e 

; r z d u : ~  nlth hi;h 5=imztivity dir~cz!y ?rza z=__~bzn ~D~xid~ ~m~ 

hydrc~zn. ~ut th~ prca~ct far d~ve!o~im~ an industrial ;roc~ss 

on ~h~ b~s~s o?  the5~ Datents are imoklm~ rather Door.  

Th~ 5~i&zzm~- ~ ~r-ce~ ss~s and zh~ workim~ ccmdit~cns re!atilt_ ~m them 

=_r~ :ha~.,n in  sild~ S. All ~r~z~ses are carri~¢ ~ut =ith iron 

m catalysts a: m_¢i~., ;rsssur~ an~ t~m~mratures. Th~ yzs_d" " o? Z_. ~ 

For carryinz : u  =~ ~ =cm~mrissn of pr~?itaOil!ty the fo!!m=in~ 

assumotion~ nerm madm i~cr all Dromssssz: 

. Prcduct-~n c? 2,- = mi!li~ tons-a-year of C_+ -~rcZuzcs, 
in._..=," -~',~=-~,.~ their oxy,c~n-ccn=ainin~ =~..-,D'.un-s. 

2. F~sh g~s z~n%=i~ ~xyGen amd ~ a r - - ~  mcno×idc in an 
optimal ratio for th~ process determined. 

~m Th~ r ~ s ! ~ u a l  ~ a s  i s  f e d  b ~ c k  tm thm s y ~ c m e : i s .  I f  
n~c~s.ary, th~ m~th~no ~On~mnt oF =h~ rrsicu~l ~3s 
~ i l !  ~e rcduc.~d to an ac~pt~zZ~ c D ~ r a ~ i ~ m  by 

Th~ Fis~her-TrcpSmn ~;,n~s±~ i3 often only cmm3iomr~O to ~m ~m 

~ezcrlmm of carzmn momm×ic~ a~d n y ~ r ~ n .  Tm~ r~c~v~y O~ S " = ~  

# 



&& 

ezu~_!l/ cc-plicazed and ccstly a5 the s:~nth~sis -n~ is 

~mpmn~in~ on thin ty3e cf svm~hesls,, the ~=.=_=u-°~,,'=~ pro~uc@s 

vnry ~r~at!y in :uan~ity en~ c~o~siti~n. 

Dia 4 5Sic=- ~ sho~s the p~cduzzlon of C2~ -hyOrcc~rb~ns ~n~ OXV~enm 

~ontainlng ccmpDunds. Th~ s=n==t~,,ity _= ~= ~,,~,,~n 

can b~ cl~arly r~=:~n!z~d. 

The Syn~ho! L process and the H3t-Gas-~ooyc!e Frocess 2o A she= 

th~ i~ru~st D~rti~n of C 2 - C~ hydrocarbons, 

Th~ f!uidiz6d bed synthesis ~'~h nitride~ iron cnSaiyst Dre~uces 

a sDe=t~um ~-~,, the ~remz~% D~f~r~n=e f~r oxysen--=~nzminin ~ 

=om~eumds and re!etive!y himh-C 2 C a hydro=athens, =h_l_ %he ArN~ 

Dr=Cuss progucus mainly C_÷ -hy~r=~arb~ns. The dlztributi=n 3F 
o 

pro~uots of the other syntheais processes lies ~ithin the limits 

o? these bord~r!ime cases. 

-_=- 



DiB 5 

C D r , ' - : : ' ! , ' :  :_-'m t:;~_':~_n/:-_":ffin ra:ic o{ 2.2 : 1. F~rzhzr ~rz:uz::~ . . _ _ n  .i 

hiii~ ="n?-:n -~ . ....... n - ~ m ~ ~ 5).n:.~! L, :qh~in;:-~,~zs~n "~l;rrL" C--z:: 

T " ~  n_'hest :u-.n:iZy 0 £  o!r.-FinS i-= ,.-rc_'~u:_.=~ Dy the H/drDc:l _.~' 

th'_ ~y,-.~n~i :-: /roz=-szcs. Z ;~ould !iko Zo =.=ic,: p:r:izu'_'-rl;. :_- -::-_ 

- "-. f.-aZ'.~---n if th: H ''e G_S-3= ~ ~ ,-., ~_ .,- .~":'-- D.-Zc-.-:ZS "- " ::'~',±:~ i- .-:.in:.:, 

-=.:f~im:-,~ . .  T;:i~ :ro:~: ~_ ~ro~,u:es, :bz,:=- -!l, lc::-~Di~c-i~r 

~ ~..--- f fi,-.i: .hy~.-o=-.~ons. 

Dia 6 

~yzzn:: :: em~ H>':::::! ~r:~&ss~s. 

Di~ 7 ~li~e ? shm:;s ~h~ ~iatri~utlom ~f :n~ aicmnsls. ~ mlr~ady s:a:~, 

=h~ flui~iz~ ,_,~ ~r:cmss =~-~ .... nizri:sc i.-n~ catalyst p:-~=ucms :me 

~r~aZ~sr p:rt±om ~f el=sh~!s, Da~ticular!y sthan:l~. 

Th~ ....=~'~n ~ .  - _  .= param~:Gr exegcis~ a czr:z±n in~luance an t~e _~!s:tivi=.= 

cf the ~:~ ;r=ceaze~. ~::cever, it shzu!~ no% bc =verestim~te~. 

ell fine! ~rc=ucZs locve ~- :,,- D!nnt in c qualzt>" :n~: 
is mar~:~taDl~. 

shnre cF :he =u.-'_--en- E~ .~:r~=_: ;:as ~.--K~_n as t . ~ e  ,,~.-_ - - ' : i - i ,  , 
mir;;~-: D~SiS. 

Reproduced from I 
best available copy 



-:lzu!z--.-n mzd=_l: 

Price =? coal: 

~nor[y: 

d~rmclaz!=n: 

smpital: 

inZmresZ: 

~ zts/.-.,i!'_,i=m 5TU = O"/Scal 

=n ~h~ b-~ziz of -~h~ sam.--, cc.--i ;r-z- 

1S y,ar~ 

?c ~' bcrr=~-'.~ 
So % _==u!ty 

n =;.'~ cn ~'-r.'~=:~-'J C2p-t=.i.. 

~ri=- h-.is !BTZ :~ithmut infiatEon rat.. 

~.~ ~-- ---n ":nf'-'et!zn---ry !nfiu-- .-Z~ -~'.'i-u.ly -_u~_ 

,~.i--h.~r ~--.s ~r!~.m- ~, but ~n -h~ c~b-r h-nd -h-r~ m-y z--..~ n-~w 

~.zv-i~.pm~nts tL -~. r--Sue_-- z--st--., zu=h as b=_zt~r S--oily!n_-- -Zrrz~ss.s 

-r id the !ntrzduzti=n ~f nu.-!=.-r ~n~_rgy, =hlzb :':~r. n~ t=_k~:.-, in-~ 

Dia S Slid. ~ .=.n~-i.-. - "  ~ ~ ~ an inumstmmnt brm-XdD:':n for th. dlff.rent 

~r==mss.- ~, S!vmn for -= 2.5 million tmn--a--y.-nr D'-'anz, sp!!zt~ 

into oZ"-i -mmif-matlmn, synthesis, produot r ~ c = v ~ r y  --.n~ --on-r plant. 

• --t-:l,. , i.n:,~st,-,,cn~ is b.z':'~s:n 0,.~ and !,2 billion .Z p'-'r ..... c~-'=._ .. 

:".-.s-a-y--or =-~acity. In ~n.--r-!~ onP. Dnns-y khat ~h~ oct--! !nv~Dt-v.nz 

~iz'.rib~:t-s z~ u.~c third .~.-.ch on Smsif!c~ti=n~ Dc::---r sz--ID.-...~no 

synthesis + r--_-cmvery, 

.2m 
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Di~ m 

~r::-~r.i=n ---I Si;-~r~5 fGr ~ca!, DG:ver, c-Di:-! s.-_-rvi=-r-., _.~,_.~-~-~- -am:~ 

_,me='-" _ : a n c r a !  oczZs. Tt-._= ~-_:jc~_st z!:ar- r~__--- ~ ~ = ":~ :a~it-~l z-rv!::. 

Die ~D Sli~ i@ ~.i:'mz th~ ,h-.-. mf =iffer_~n - zrz~uz: -.r-.~ - im r-~l--iz,~ 

DT" -c,~' ~ ~CZUr,,.~3 "~r vent c, ~ Dr$~w~--ions" end ".~er co.-.- of R: ........ ....... =" 

Shz'.vs r.he-n-_r 2~e rev2nu=_ from m given ~rcdu-t grou~ __-~..~z~ - -~::.,- 

~- ~=" .... th- ~ -::,=.;ra=~'= . . . .  ,'=,,=muo From -~: ~ producZs. 0.-. ~- Dm-is :~ 

• ~ e m r-.~imiza-.±_~n t~.-'--rds det~rE-=n:-r~, m_tzrial -me -i_zhcl_ r_-,-~r 

th~n tD~;-rds n-Dhth- -nd lc~:,-,.~-zzular ~lzfi.-.s. 

D ~- 11 ~li:.~ il _h=-.:_= = oh5 e'zh%-'_-=ns. ."±~3d cZ'--_-ir:S'_. _~ .:'ion t.ne s-~_-c-~-~ 

or~_c_=S_=_-S. T.h-_- £±r t mD! _ . • " S u:.~m ~-~.c..:s ~h~ cri--.in-:: =_thvl-.mc _-'-'-.--_t-i_-_ 

~=nt=in.--~ in the- svnth=.3is r--w ~-.:~:t. The fi~ur-~s_ ie -n_~ ng;-:- 

l.&. - -  ~ ~ i czlu=r,-- ~amz.-,~_=r~:~_, r.c:-: .-.,u-,: ezm:/l:r.~ can " - , -  -:t.--ir.__ :), f.r:-cz" 

~yrclys-'.s of su!t_b!e Fiscn=r-TrzDszh DFDro~uzts. 

-n tztzl ~:ne hi-h_--_~Z eZn-:.icnc :.'i~lO cf i.i .-..i!ii:n Ccus-a->,-zr 

:~.-. L'- ~ e::~.~.o----~ ~r~.-.. the HD'~ ~-2~-.q,~c:.':i - p,.-cm~s- ~- 20 A, un-- is 

D i a  12 =31=,~ 12 --:--~., _.,~__./ shc.:'s ~r,~ or, cratic C ~,-":~- of a 2.~ :~i;iiz.~, ":r.-.-- =-:...'r.:-= 

~ l ~ - n t ,  a z  . . - .__ a s  :~._ mlr.!,.-.um r ~ : u r n  =.=r t ~ n  "=f  s y : : = h c _ _  ~ r = : . = :  

end .~n •:"no' a : h e r  h n n d  t h ~  c b : a l n a b ! ~  -~ . . ' u rz ,  on :.n_~ ~ a z i "  s 0£ 

tC~y'.~ c.-~r.-:et ~ r i ~ : D o  T h z  .~_-'_u::n ".'-,_v-_.muc r : u ~ : i r : : C "  r.~,3:.'3 ~ ; ' . : :  

~ D-~r tzn m!n~u.-., rn':urn re.::u±r~:cunt .-,a_ ~ z:!~;::a:-c e:r 



..... n -as i.z'-z'~i--.-, r-~-n~, h~T.-u-ZZ -_" 

i~.-~r ~onvorsi~n m-'-'r pass nnd nith r~x~ensive CO~ ".','ashin~. syst.?::-.s 

~':izbt.n • , , the, • =ir~ult. 

Mo:zv~m~ the a,,ara~e mlnlmu:~ r~tu...~ m~ntizn~d "-'~'~ -h , 

a d ~ n u l  cezts f~r ?urzhur d~vclczr~cnt. ~-re ~,hzrz~.~ ~ tm th~z~ 

~roz~ssum~ .',h~-h -rm still ~nd~rUzvmlc~d 

o~.,~_u_. ~_ th.~ Th=r'a is no _~asy a ~ ~. - 

-'- the "~':~, Z,.~ mOSt eoonc:.~ic on ~. ~ ..... . There is on--- ,-,-.~9.--.im_~ = g'.'u~n b'/ 

~uztiant: ~.~,,~nu"-._ . . . .  ~u4-=d_ . . . . .  ov--r ~a1~s- revenue, -.~hi=h is T---rD.JUD-~ 

in the '="-~ .__u,..no it i- ~!ear thc.t the -~ z~r~u_'-z':'_~n process 

s , :u.~.-.-.'n-_ ,- ¢;".t ~ - quo'.-!en9 ~f I,~Z f~'_,'.'~;.r-~ bv ins ___=_ 

:.:u'_'-.-'sta-e ~aztor ~.'izh a qu_'-ien-','-,. ,. ~,--" !,'W, s~cm to b~ _he most 

fev~r=-b! -~. ,he avera~ marP_ ~ ' _i.-- D9 th_ ~.-e~ur-ts .-..u_- 

-_'nw-rSass my 2- ~'~ to a7 %::, ..... ~ 

c---sin_zion of t:.,o ~zom~ss.-.s ~',~h._. diff~.rznt ~ro.~uct pattern in u.-oe.- ' - 

Zc mb~-~!n _-~-~.__ .-_-venus is th-.--,_--o.-~ cult-, natural, 

To z u.--'[~ ~.'." "_'. 3 ,:m . 

!. ,3u'-. %o the r.~lati~nahip bet,:;een =ssts ant] ~.~.~u~.- ray--hUe, 

the. F-sch-~r-Tro~scn ,syn'-hesls is c~n=-c.'cr~d "-~ bE un--_.czno':iz 

~o~_:... Ho'.'~_ver~ slnm ~ - 397.-., ::..---- r---=Ion~,1~o h-s 

~-e=reazc~ fro.-., 4:1 to S:l and even !o~.Jer. This of course raises the 

. . . . .  ~_n~..- mu.~.'~ .... .~_zrz--h.~..-~i-e! z°~.:'.'-r'.-z::.~'--- • 

n.z-~hthn, become to m-i¢-.. - F±-"zhzr-Tr~m~c:1 .--.i'.-_-mi-!, ,~ _~.-.p,.-.tit_~.-~? 



-?_ 

in ~ firs'~ :::'Z'.'z::i."ruicn, "Jhi_-- c:~osZ!=n iz cnz.-'nr~d 2~., --c 

-Zzvc ~cnz!_-.~-. ~ r-_!ati=n~h-.~ ~ot..'ucn "~c,.,cnuc ~cquirc_ ~'' und 

Within our to-day naDhtha mrices, caDital costs are D-~ectica!!/ 

ne~li~ib!e. On the other hand, she/ come to about ?S ~ in that 

naohth~ ~h±=h is ~mr±ved from the Fischer TroDsch route, in 

so far sums That naDhZha is less deoendent on raw material than 

t~e pzcrozn~m±cai =he. Favzrab!m as c~is may szun~, it must ~ 

borne in min~ that todmy's ;ric~s for :ru:~ ~rccucts mrs azc 

o~st-2~mrin~. SO ~hat RyEs tn~ ~rizzs a9 O~trz~hemizal n~znth£ 

a~ ~iszner-Tr=~szh naphtha Dezama baiznz~, the uzrati~nzily 

~i~n caDit~i =~;~n=en=~ =W a FizDb~r-TrzZszh plant ~vcu!¢ 

~!naya =ear a hi~ fist:, sine: a czz;~:itive ;rcduzt g~rivz~ 

Wrzm zil cam ze pric~ !~wer at an>, time as !zn~ ms oil is 

availa~!a, 

As an aitmrnative tD c=z!, natural ~ms czulc =f czurse be usc~ 

~or synthesis gas prs~uqZi=n. Tha same rcsu!ts with =oal ec 

5~ czs/mi!!izn ~7U 9r~ obtained v=izh natural Ua~ at l!~ ct~/ 

D~/G=e! miiliun ~T~, So, inspire Cf tnzzc~z±dc~L~ lc.'~r invzs~zznt cc~, 

nmz~ral Eam cmnnzt hz c=nzi~crc~ ~s a z=m~a=itive rmn mat~rlzl. 

2. As far as we have fovnm in ,S75, 

the ;rozzczZ se~ms.m~nimal for ~ircctin~ ~h~ s>,nth~sis f~r 

=hcn:iza! rat materials in a =~nzicer~!y mcrc ~c!cctivc mannzr, 

sinz~ tbo inT!u~n~ m9 ~hc rm~oc!zn ~armmeZcr~ cn the ~rc~u=Z 

sei~z~ion aDz~rz Z@ bo very !im!zod in all zr~zc~z~z. 



--o- 

T~'. ~ STn'_'n~z,_'z ._-'m3i.~v:.do in .=.cu"n Africa for -n- ~.-z ~'~zzi_-n 

?-,.~ and ~o!id ~=ra--f-'n a.': r-1--tlv~!y f-voraS!e 

t = Lur~i ~; ~ :!r-u'-". " " "  ~ ; "  iron =hi~ ~ - ~. _ ~-, __ . "- . . . . . . .  - h_ :.:uitlsza.-.- ,:.:cz:.r 

------ a. , r  '~ -re zt: ~ ~ t~chni=~!!y unu.'r:~.~ve!zped~ Du: _n,~ir further 

S)" Zh~ en~ _f !$75 ..... ~,,~_-__.: 

c.~me .- !icht. 

S. .~ - , - ~ r - : : = . i - ~ ± :  C:-:~.:n :m all oroz=--~-es ~s =nat ~.n=v orm'/w=- 

cr_e%-:. -r -~a-z cu--r.zi~ies of unz-~irDd .'.y-~rz~Juzt --. "n -n=- 

,mmr~= e×zen-e- ~ us=- mf-'h_~, = F-scn~r-Trozsch. svnthe-i~. = ~----flnit=~ 

~imlt ~f--*','=~-~',"-y is SOOn ~n"-cumt-=rsd, 

N@~ tesks arm E!v~n tO r~s~&rch activities, net only uizn the 

synZh~z!s, ~ut "also nizh the different sta~es of pr~u~ 

r~covery. 7=o =ueztimns ~hat immeCistel~, c~=e to m~nd are: 

A~ ~hat ~--e =._~. _ _=-, yie!~ ~n Fiszher-Trm=sch nz-.,zha~ , b~ 

pyrm!yse~ zo ~thyiene ~nd hen h~sh_ =an the D~lin~ ~o~n~ ~,-= 

%ho ~araffi~im Pizch~r-Tr~pzch nzphth~ be raised =ithout 

!m~a!rin~ zhe capacity of m s@eam crm~kcr? 

9. Zn order =o ~mprove ~he mrofi%abiiity of the Fischmr-Trzzmmh 

process, ne~ dev~!o~menzs in ooel cnzifi=mticn or~mc=zcz, 

pert!=ular!y S~z!ficnti~n =!zh nuclear ~D=er, might ba u~e?~lly 

employed..i~ cannot ~xD~=t to see a ia~in Z of the cost ~f 

~h~ Fisci6r-Yr~smh =rDcnsz izse!f =r of the pr~d~ct recev~r~'. 



F.; SCHER-TRc,=scH-TEc~::C LOS i ES 

I D-nr--~.~:~ [G-;:-iERCIALLY E;':pERIEHCED 

SY~!THESIS O:" COBALT CATALYST I.:ITHOUT 
OR U;'DER f.;EDIU;4 PRESSURE 

AR~E PP, CCESS 

SYNTHOL PROCESS ['~ 

S','::THOL PROCESS L 

H':DROCOL P:,OCESS 

(RL, HRCME;.IZ : )  

(RUHR CHEE<Z ~_/Lu=.,:-" ) 

(KELLOGG ,SASOL) 

(SASOL) 

( ...... oc,,.,=c~, 
RESEARCH. i: :C,) - 

. T'i~.,,.~. ~ . . . .  r.- --^ 
PROCESSES TESTED IN ~=, ~ , . . , ~ , , O N  P-~ ,  

SLURRY PHAEE PROCESS B 

SLURRY PHASE PROCESS L 

0i L C! RCULATI 91.' PROCESS 
Usi:'g r:ITRIDED FUSED-iRON CATALYST 

i'iT~ CHAEL-PROCESS 

,~, ,:., NPREUSSEN- 
L',,--ERS) 

( r,r, :.., NFRE USSE.L'- 
KO.FERS) 

{C.U~-_AU OF i',~, _, 

(T~p ,', ~- - 

-~.~b, ) 

U:.'IG;.' I(RAFTSTOFF FIG.1 APRIL 1£75 



oc ..... T..o,~c,. I . . . . . .  o_. . ,Es Fie = : : -  ~ ~ u--:ru,., l n ~ ,  

(COI'TI I:UED) 

Sy;ITHESES TESTED IH PILOT PLAI.'TS OR LAF, ORATORY 

- LURG[ [:.,ULTiSTAGE REACTOR 

- HOT-GAs-P,.-'CYCLE-PROCESS 2O #, 

" r ~ - - _ r . : , e  P - p  PT " ~ r  ' -  - H,, i ~,,.,-,,=,Y,.,..--P..uc.-ss 7 C 

- SYI.ITH-'S!S WITH A FLUIDIZED,  
N I TR I DED CATALYST 
I "  r , ,  

- r o s a  PROCESS 

- 0!L C!P.CULAT]ON PROCESS ON 
STEEL TURf',' i .:,:GS 

- SYI.'OL SYI,.'.THESIS 

ISO SYNTHESIS 

- SLURRY SYNTHESIS 

- ETHYLE.."E SYNTHESIS FROM CAR-~ON 
• *i",, |r~ir,r ~',u,.uA~Z)E AND HYDROGEN 

(LuRGi) 

(BuRzAU OF i';;..:SJ"- ' 

(BUREAU OF I~.T::-.--)" 

(BUREAU OF iii'~-ZS) 

(BASF) 

(--]UR-AU OF I'L'-::ES) 
. .  

(A~-"~O.~.' I ~. ~,.. = ~,,,. J':-" ~ ~ ~ ' -  
BUR~ 1540)  

( K A !  S-"R-~::I  ~ - '= ,  ~.'- 
T ~ F . F "  I I : S T i T U T  ~ . . , - o )  

CBuREAU OF . 'h . ' -S)  

(VARIOUS PATEi, TS) 

U';.O.T " KRAFTSTOFF FIG., 2 APRIL _~/61n- 



OI'I'RATII'IG [:()III)I'I'IONS OF SI[I_EC'TILI] I~RO(:I!SSES 

'ROCESS "TYPE CATALYST PRESSURE "I'~P 
I'SIG 

I:RESII fEED RECYCLE YIELD {}F C,TI--PR(]I) 
ll2:CO RATIO G/CBH I:RES(I FEEl) 

ARGE 

SYNTImL il 

SYNrlIOL L 

llYl}l~nCOl_ 
Ib IE I Nma-USSEr~- 

I(OPPERS l~ 
Ib H" I r:PRE u s m!~,~- 

/ ) o Kul m:RS !. 
IhJIIEAU OF [:lINES 

LURG ! -VIUI_ T I STAGE 
I~EACTOR 

IIoT-GAS-IIECYCLE 2OA 
IIoI-GAS-I{rcYCLE 7C 
BURrAU OF MIIIES 

' I  i o I,URt.AU OF MINES 

['I XEI} BED 

ENTRAI NED 
FLIIIIII ZEI] BED 
[~N IRA I I'II" 11 
FI.UIDIZEI) BED 

FLUII)IZED BED 
SLURRY PIIASI" 

SI.IJRRY ["IIASE • 

01L- 
C IR(:ULATION 

FIXED BED 

FIXED BEI) 
El XED BED 
FLUlDIZED BED 

01L- 
CIRCULATION 

PRECIPITATEn 2811 220 
IROH 

FUSFD IRON 284 320 

FusrD Iron 2°4 320 

FUSED, IroI,I 355 320 
PRECIPITATED ].71 2G°u 

IRON 
PRECI P l TAII.:D ].71 268 

I RoN 
FusI-D IRON 3[]11 290 

(NI IRIDED) 
PRFCIPITATED 284 274 

IRON 
STr:EL TURNINGS 38ZI 278 
STEEl_ TURNINGS 3P, tl 2°o 
Ft]SEl) IROH 299 251 
LN# l'R# DED) 

STEEL. TURN I NGS 299 270 

2:1 2:1 I']I 

2:1 2:1 ]22 

2:1 2:] [25 

2:1 3,5:1 182 
o.7:1 No RE CYCLI._" ]72 

O,7:1 I'!O RECYCLE ? 

o,7:1 2,5:1 178 

2:],, 2o:.1 ]54 

1:i 51:1 ]43 
l : l  2.1 : ] .I.29 
I:I 9:1 185 

1:1 l : l  ]3" . t )  

lhllON KRAFTSTOFF I:!G, 3 API~,IL ]9~/(i 



R e p r o d u c e d  f r o m  I 
b e s t  a v a i l a b l e  c o p y  
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i 
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~/u~uC~luu~$ 

O~vn~nnf~ 
~JO- - "  . . . . .  
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Arge 

Synthol !1 

Syntflol L 

Ry~rccoI 
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~lurry Pk~se L 
" . ' " : : - ' . ' - - - ' . ' : . - ;  . . = - ' " . ' -  " . ; -Z~ . " . "  :" . ' .  [ . ; . . . ' - ' ; - " £  : -  - . ' ; " . . ' . '~" ' : -  

0it Circulation "" ~. (m~r. c..-i..) 

Lurgi l.tultistoge R 

Hot-Gczs- Recycle 70 

; " = ,  ~ ; .  • . - .  o . . . . ; . o  , 

:'- ",- =:.. - "--  " " -  .. " , ' . '  -." o ' , l  

; , - . .  " • - . ' :  i "  . "  - " - 

Fluidized F,;tolyst (nitr. cQt.) 
- " : . .  " ' . - "  ~ - o . ;  

. . . . .= ' . . : . . . -  . .  

0ii Circulntion [stee! turnings} 
' . ; - : ; ; 7  . . . . . . . . . . . . . . .  

• ~ . ~ ,.-.: .... . ::.:- . .: 

i ~ i i ! ~ i l ; I ' : 

0 lO0 200 
| 
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I 

t/h 

Union I(raftstoff Fig./~ April i97~ 
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i 

t l h  

r l . - ,  ; y ,  . j  - ,  . u~,~on ,,r~ftstoff Fig. 5 p,,srlt !770 
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1 1 ~ 
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I; 3 ' - -  ..... 

L - r ~  ~ . 

F - - - - ~ + .  C+ + 

S~,.nth~[ L 

. . . . :  ,.1 

h~,J, OC~:[ 

Sturr:,' Phys.= ,3 

_...; C3 

Slurry Phrase L 

__;-:3+ 
[;,it Circut : t i~n ,rni'-, u. cc t )  

1 -,~" i. ~;~ft, = .u,=T P;Isl~,..+C+ R 
,"-m'--'- # 

'H+. ~,.s ...c~cl= 20~ 
; C 

i l+F'i -- .~'i . L. pl; I~I r..., G~s ,,e..~cl. 7C 
~' ~ ' , : 7 - - r , -  
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Union h'nftsbff Fig. 7 April IS75 



II'IVESTI'AEIiT ~REIkIKI~C~X'III ~,PI.I'I'IF.D l ~l'i{) C)ASL F l CAT|OIl, 

SYIiTIIESlS, PROI~tlC, T [~l'C(~Vt'_RV AI,|II I)O'w'IER I}t.h;iT 

PROCESSES TOTAL 
I fly E s T f'~E UT 
}.If Ll_I ON 

PRODUCT 
GASX F I CATION SYNTIIES I S ~ECOVER,Y 
BILL,~ % BILL,~ % B~LL,~ 

PO~'IE,~ PLA~T 
BILL,S 

ARGE 
SYNTHOL N 
SYNTHOL L 

llYDROCOL 
SLURRY PIIA.SI- B 
SLURRY PHASL-" L 

~IL CIRCULATION 
tJl TRI DED CATALYST) 

LURGI FIULTISTAGE REACTOR 
IIOT-BAS-RECYCLE 2o A 
IIoT-GAS-RECYCLE 7 C 

~ LUIDI ZED CATALYST, 
I.I1TR I DEI) CATALYST) 

OIL CIRCULATION. 
(STEEL TURIIINGS) 

2,21 
2,o8 
2,17 

2,12 
2,o6 

• 2,e5 

2,81 

2,16 
2,95 
2,75 

2,3/I 

.l,97 

o,93 42,1 o ,57 25,7 o,23 io,2 
o,87 41,6 o,51 24,5 o,]7 8,1, 
0,8o 37,1 0,63 28,9 o,27 12,4 

0,48 22,0 
0,53 25,8 
0,47 21,6 

o,9i 42,7 0,47 22,1 o,15 7,2 0,59 28,0 
0,87 42,2 0 ,49 2tl,o o,2o 9,7 o,5o 24,1 
o,86 42,o o,(195 .2tl,2 o,2o 9,6 o,495 2q,2 

o,96 34,2 o,92 32,8 o,25 8,8 

0,93 43,1 o ,48 22,2 o ,23 lo,6 
.]].,06 35,9 o ,62 2.l,1 0,53 17,7 
o,99 36,1 o ,82 29,7 o,29 lo,5 

o,78 33,2 o,5ll 23,o o,34 .]./I,7 

o,85 43,2 0,4o 2o,6 o,25 12,5 

o,68 2/I,2 

o,52 2/I,1 
o,7ll 25,1 
o,65 25,7 

0,68 29,1 

0,47 23,7 

UNION KRAFTSTOFF FIG, 8 APRIL 1976 



I~RODIIfiTI Oil ~,osrs 

PROCESSES COAL POI'IER CAP 1 TAL SERV I CE I_ABOUI: [~ENERAL ~,OSTS 

ARGE 
SYNTHOL N 
SYNTHOL L 

IIYDROCOL 
SLURRY P~IASE B 
SLURRY PH/~SE L 

01L CIRCULATION 
(HITRI DED CATALYST) 
LURGI I'IULT! STAGE 

REACTOR 
IIoT-GAs-RFCYCLE 2oA 

IIoT-GAs-REcYCLE 7C 
FLUIP.iZED CATALYST 
(IIITP, IDED CATAI.YST) 
OIL {if RCUI.Ar I Oil 
(STEEL TURIII 1,16S) 

14,2 9,1 tll,tl 1,g 33,4 
.ltl, 2 9,1 41 ,o 1,7 .34 ,o 
12,9 lo ,8 till ,5 1,6 35,2 

14,5 "9,7 rio,]. 1,G 34,1 
14,3 9,6 40,8 2,o 33;3 
]4,1 9,2 [Io,tl 2,o 34,3 

.12,o lo,tl 41 ,tl 1,8 3tl ,tl 

14,G 9,9 40,2 1,8 33,5 

11.8 ]8,8 38,2 1,3 29,9 

12,6 i].,o 41,4 1,5 33,5 

11,4 ]2,3 4]. ,3 ],5 33,5 

]!1,5 lo,2 40,3 2,0 33,o 

,,) 
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~IIARE OF PROI)UCT I.'IROIIPS VIITll ~SSEN'rlAL 

OH YIELD Alil) REVENUE 

] I'IF LUF I'ICE 

PROCESSES C2-CI l IIYDI~OCARBONS NAPIITI.IA 375 OF I~AIV F'IATI'RIAL FOR 
I)EI'ERGEIITS l'IAx hLCOIIO[_S 

% OF PRO- Z oF 
DUCTI O1,I REVENUE 

ol 
t~ OF PRO-_% OF % OF Pro- % OF % OF PRO- % OF % OF PRO- % OF 
DUCTiON REVENUE DUCTION REVENUE DUCTION REVrNUE DUCTION REVEI,'UE 

~RGE 
SYI,ITHOL N 
SYIITHOL L 

13,3 11,7 
35,7 37,q 
64,o 66,3 

I IYDROCOL " 39,1 tlo, q 
SLURRY PHASE B 2o,4 21,b 
SLURRY PHASE L 31,4 32,0 

( • i 1 1  L CI RCtlLATION 
I TR] bED CATALYST) 

LURGI I'IuLTI STAGE 
REACTOR 

IIOT-GAS-RECYCLE 7C 

IIoT-GAs-REcYct.E 2oA 
FLUI I)I ZED CATALYST. 
(I,II TR I DED CATALYST) 
01L CIRCULATION. 
(STEEL ]UR,NI fIGS) 

*) l'lAPlrrllA 430 °F 

30,5 27,9 

25,2 2o,7 
32,6 34,4 

77,0 75,6 

39,2 33,3 

35,7 31,8 

26,9 ~) 20,8 8,2 17,4 43,o 33,0 3,8 6,G 
41,5 3o,o 3,3 8,o 7,9 3,7 8,5 ill ,13 
'3o,1 24,o 1,7 ll,3 o,2' o,4 2,2 4,1 

42,5 32,8 3,3 8,4 3,4 9,7 6,4 12,1 
63,9 47,5 8,1 17,4 2,9 3,.I 2,8 4,5 
59,5 46,4 I.i,9 lo,8 - - 2,4 4,2 

30,2 19,8 2,7 4,9 21,o 19,3 1'5,o 21,5 

34,9 *) 211,o lo,3 19,3 22,7 18,3 6,1 9,3 
33,9 *) 23,9 5,7 lo,o 14,2 12,5 9,2 UI,3 

18,6 l.G ,o . . . .  l l , l  i 8,11 

12,5 8,6 1,i 2,2 - - 4G,9 55,7 

32,4 *) 2o,8 9,2 17,o 9,5 8,3 1].,9 16,6 
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375 °F 
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IIYDROCOL ' 
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l 

z12,2 131,2 34.1 134,G 3116,i 
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3~) -p ,,, :~ 42,11 tic], 2 ]25,4 1198,8 
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FLUII)I ZED CATALYST 
(I'II IRI DED CATAI.YS I) 9,5 209,2 8G ,6 ] ]  4,2 ]o1,3 
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"~:' ) 

*) 

i ,  
.) 
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n ( - i  [3o.,2 
7oG,2 
754,1 

5'17,1 

484, / 
128,5 

6o3, o 

521,o 

562,7 

") NAPHTIIA 430 OF *'') 

UF.II Otl KItAFFSTOFF 

ESI II.IATEI) VALUES 

I-IG, ] I  

! 

Ar'RWL L97G 



SIIARE OF PROI1UCT (IRUIII:'S VII TII ESSEIITIAI_ IIIFI_IIEI,ICE 

011 YEII_I) AI,III REVEI,IUE 

PROCESSI'S C2-C/I ]IYDROCARDONS NAPIITIIA 375 OF IIAIV MATERIAL FOR I'IAX ALCOIfOLS 
I)ETEI~GEI'II'S 

% OF PRo- % OF % OF PRO- 7. or: 7. OF PRo- 7. or % or: PRO- % oF % OF PRO- % OF 
DUCFIOI,I [{EVENUE DUCTION REVENUE IJUCTIOI, I REVEI, IUE DUCTIOI'I RI'VI'NUE DUCTION REVEI,IUE 

ARGE 13,3 I I ,7 26,9 '') 20,8 8,2 17,11 113,O 33,0 3,8 6,G 
SYI.ITHOL N 35,7 37,q qi,5 3o,o 3,3 8,o 7,9 3,7 8,5 iq,6 
SYrlTIIOL L 6{I,o 66,3 '3o,i 2~I,o 1,7 tl,3 0,7 o,ll 2,2 l l , l  

IIYDROCOL " 39,1 LIo,LI I12,5 32,8 3,3 8,LI 3,4 9,7 G,4 12,1 
SLURRY PHASE B 2o,ll 21,'o 63,9 117,5 8,1 17,q 2,9 3,.l 2,8 11,5 
SLURRY PIIASE L 31,4 32,0 59,5 II6,11 4,9 lo,8 - - 2,tl II,2 

01L CIRCULATION 
(NmTRIDED CATALYST) 
LURGI I~ULTISTAGE 

REACTOR 
IIOT-GAS-RECYCLE 7C 

IIOT-GAS-RECYCI.E ~oA 
:LU I D I ZED CATALYST. 
HI l'Rl DED CATALYST) 

Ol L CIRCUI.ATIOI'L 
(STEEL lUrtNl fIGS) 

30,5 27,9 30,2 19,8 2,7 tl,9 21,o 19,3 1'5,o 21,5 

25,2 2o,7 311,9 ~) 24,o lo,3 19,3 22,7 18,3 6,1 9,3 
32,6 3tl,q 33,9 ~:) 23,9 5,7 1o,o 111,2 12,5 9,2 III,3 

77,0 75,6 18,6 ]6,o . . . .  4,tl 8,4 

39,2 33,3 12,5 8,6 J.,1 2,2 - - fiG,9 55,7 

35,7 31,8 32,4 :') 20,8 9,2 17,o 9,5 8,3 11,9 IG,6 
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FROI4 [IAPIITIIA 

375 °F 

TOTAL E/IIYLI'NI" 
YIEI_I) 

ARGE 
SYNIIIOL N 
SYI,ITHOL L 

IIYDROCOL 
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! 
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Fuji ~)~ ZED CATALYST 
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, 
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Cost AFII'I ~I'VEHIJE COI4PAI{ISOII 

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

PROCESS 0PERAI'! NG COSTS 

B ILI. I ON {/YEAR 

REVENUE REQUIRED 

/ TON 

ACTUAL SAI,ES I!F, VEI'IIIE REfl,JlllED 
REVErlUE (EUROPE) SACL:S-I{L-:i&-'hbE - 

/ TON 

01L CIRCULATION 
(STEEL TLIRNINGS) 
LURGI ['IULTISTAGE REACTOr 
SYIITIIOL, N, 

SLURRY Pr6~SE B 
FLZII]I ZED CATALYST. 
(HI TR I DED CATALYST) 

SLURRY PHASE L 
IIYCROCOL 
ARGE 
SYNTHOI. L 

01L CIRCULATION 
(NI TR 1 DED CATALYST) 
rIo'r-GAS-RECYCLE 7C 
IIoT-GAs-REcYCLE 2oA 

o,57 
o,63 
O,60 

O,60 

0,66 

O,60 
o,61 
o,64 
0,62 

o,79 
o,78 
o,91 

238,8 186,9 1,28 
245,G .173,5 1,47 
243,8 164,6 1,48 

241,9 16o,4 1,51 

267,7 172,3 1,55 

242,3 152,7 ],59 
256,5 154,6 1,66 
,259,2 153,8 1,68 
26o,4 149,2 1,74 

323,8 181,5 1,78 
325,4 168,5 1,93 
4ol,9 142,3 2,82 
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LECTURE - KOHN 

HOL!GHAUS: ThaD.k you for your excellent contribution. There 

should be many questions, as the opinions you expressed differed 

in some ways 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 ~ in order to arrive at a break-even situa- 

tion. ~n order for this to happen, the price of oil would have 

to increase - meaning that the cost of everthing would rise, 

including coal and capital goods. 

Have You refined your calculations to take into account this 

sliding effect? Because an economy, where a3l prices except those 

of oil are statiz~ cannot possible exist. A so-called "cascade 

effect" is produced. 

K~6"~-N: We have not refined the calculations within the study 

mentioned in my paper. However, we have done this within our 

"Parent" company, and our philosophy is as follows: 

I) We do not agree with you in that costs rise in a parallel way. 

We believe that raw material prices (especially here in Europe, 

where we do not have raw materials in large quantities) will rise 

more. ~nis is normally calculated taking into account a 2 ~ higher 

inflation rate rather than, for instance, capital. Ever%.- plant 

havin~ a high capital charge will ultimately have an advantage 

in th~ 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. ! am. convinced that 

raw m~terial will increase in price because everyone calcualtes 

that the time of surpl~s is over. 

The cost increasing factors of bro%~ coal differ from those of 

hard coal, which has a high percentage dependent upon personnel 

costs, We calculate that we are arriving at a situation where the 

P~hineland brown coal will have a considerable advantge in cost 

over other competitive raw materials. 

ZiEGLER: Is it difficult to establish these coupling factors: 

oil prices increase by a certain percentage - what influence does 

this exert on other products? if one assznes that the price ratio 



between mineral oil prices and 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 break-even point - but only 

in this case. 

GAENSSLEN: ?~en one examines something like the Fischer-Tropsch 

synthesis, one is dealing with a material containing oxygen, 

as opposed to oil. which contains no oxygen. So everything 

preserving that skeleton with oxygen has an economic advantage. 

The problem which arises is that we now have a chemical economy 

based on oil, favouring hydro-carbon structured materials..As 

soon as one examines synthesis gas, one must consider things 

which favour something having an oxygen structure. %~ne best 

type of Fischer-Tropsch-synthesis is the methanol synthesis, 

which preserves everything. 

An actual profitable example of a rischer-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 oil needs of a large country, and produce many surplus 

chemicals. These could not be disposed of easily. 

in the situation mentioned, an excellent optimal usage of chemi- 

cals (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. 

K0~..N: We must be careful when comparing the South ~rican situation 

witz ours. The South Africans 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. 

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

K~N: i would like to add more figures concerning the attractive- 

ness of F/T: we have a U~S. paper showing that F/T has a liquid 

conversion efficiency of somewhat more than 30 ~, whereas competing 

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. 

K!~--u~DS~: I would like to explain what type of orqanisation ESCOE 

is: it is an engineering group. Our comparisons were ma~e on the 

basis of useful liquid products and did not. by definition, account 

for the gas made as well. The question of efficiency has bee_n an 

important one for a long time, and as it is pointed out as S~OL 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 try. ing to recycle to 

extiniction. 

A well-organised plant which can use methane in this way without 

refor~ing it has an efficiency of 55 = - high 50 =: it may begin 

as an isolated plant with below 45 =. 

Jan Hygendor~. of SASOL 2 confirmed that it had an efficiency of 

low 40 ~ and could perhaps look for%-ard for some increase, although 

there is the question as to the number of chemical and satellite 

industries which can locate around the new plant. The industry 

located around the first plant is saturating i~s need for some 

products. It is not just a ~uesticn of locating industry around 

this new isolated location: this was chosen solely for coal and 

is I00 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. where there is a large 

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

of not recycling to extinction, but of selling At. A marginal 

competition exists, but the comparisons between different numbers 

are to vague now, that one must be cautious, we are becoming more 

interested in direct hydrogenation. 

B~J~ER: More will be mentioned about this comparison during my 

talk tomorrow. The economics, particularly the question as to 

whether one should sell the gas at some price, or not: will be 

considered. 

HOLIGKAUS: 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 ~ - 69 ~. 



-k~.N: It is absolutely impossible to equelise all these 

processes and not to take advantage of one process. The ad- 

vantage of on process, for e.g. ist that it makes 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 behind a gasifier. One subsidises by 

gas-selling the costly part of a F/T synthesis to make it more 

profitable than a F/T complete enclosed process with recycling. 

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

K0P~: It is right that F/T processes are more econimically 

viable than others which produce gas as a by-product and sell 

it. I 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 orde~ to sell gas. 

SC~=NUR:~'~en producing 1 kg methane from slrngas, more syngas is 

needed than for 1 kg of the higher grade liquid F.T.-products. 

if both processes are co~ined then the methane is left in the gas 

as 5NG instead of being cracked to syngas. The liquid products 

are then manufactured from CO/H 2 via the F.T..Synthesis. Both 

products are favoured in this way. 

K~SEN: That is an excellent point. We are under the pressure 

to find a way of making liquids from the various alternatives, 

all of ~¢hich appear to be expensive. 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 phenomenon 

that a certain amount of meqhane 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 the input problem; since this was the 

original goal, gas which results is a by-product. It is important 

that the by-product can be sold and ~sed; 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 a fuel oii. 

We find that we can substitute;~ for example, cement plants can 

use coal. Enviromental restrictions prevented this, so they 

started using gas. Other plants, such as power plants, which 

have used coal, have had to switch to oil. Now some type of 

gas supplant that oil. One could treat all kinds of things, 

resulting in a reduction of the liquid problem; so we do not 

mind making the best use of methane rather than recycling, 

although when one makes comparisons it appears as if recycling 

should take place. 

GAENSSL~N: k~en it comes to methane production in the F/T plant, 

one must distinguish between two sources of methane (I am 

thinking specifically of the Lurgi pressure gasification): 

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

produced 

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

Economic analysis shows that these two methanes differ in cost. 

The metahne stemming from the gasifi=ation 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 produced in the F/T synthesis is in fact an un- 

desirable by-product. So a good process would make a methane 

needed in the gasification steps and no methane whatsoever in 

the F/T synthesis itself. 

~.en liquids and gas are p~oduced simultaneously, the thermal 

efficiency of the process goes up from about 40 • to about 60 =. 

Lurgl is now conducting an optimisation study, which confirms 

this. Is it a blessing or not? It depends firstly on the relation 

between methane produced and liquids produced, and, last but not 

least, on the price obtainable for gas. If this price werde 

roughly 2-3 times the price of energy in the coal (i.e. the 

cost per G. calorie), the outlook would be quite pleasing, and an 

acceptable price would be'gained for the liquid products. 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 specific. 



I would like to comment on the thermal efficiences, The thermal 

efficiency of the F/T synthesis when aimed at liquid fuels 

is between 38 ~ - 40 X [depending on how it is run). A 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. 

KOHN: The figures were obtained from "The Comparison of Coal 

Liquefaction Processes" and include all costs from coal prepa- 

ration down to produced liquids cleaning. 

KND~SEN: i would like you to expand upon your con~nents about 

looking for new catalysts. You mentioned that you tried un- 

successfully to obtain a more selective catalyst, and that there 

was littel hope for a CO selective hydrogen synthesis. 

Kt~/~: We are not catalyst specialists. V merely made the comment 

you referred to in order to explain that we attempted to clarify 

the picture regarding decisions about further research into coal 

upgrading. At that time (1975) our impression was that the chances 

of finding a really improved catalyst, which would make more than 

the a%~ilable catalysts at S~OL, were remote. I would like 

Ruhr-Chemie to comment on this problem. 

FROHNING: I disagree with your concluding remark; maybe some of 

the figures up 6o 1976 have been collected in 1975 or even earlier. 

Development from then on hms 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. K~hn's diagrams, 

and indicates a real success. However, many questions 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 

estab!ishments~ perhaps ,the methods you 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 catalysts with se!ectivities of 

50 • +; but their lifetime under operation conditions is 

very short. 

FROHN!NG: 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 fluidised bed was about 6 weeks. 

ROLIGF~US: 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 liquid products, e~g. gasoline? 

K~q~: Ft. Gaensslen and Mr. Knudsen pointed out that F/T might 

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 ~as and methane coming from 

the synthesis. We found that these processes producing the de- 

sired products, i.e. low-molecular olefins, produce the high 

amount of methane (from the synthesis, not the gasification) in 

an tundesired form. 

HOLIGHAUS: Is there any chance of not 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? 

FROF/~ING: This chance generally exists. But the problems related 

to the high-selectivity catalyst for producing shortchain olefins 

will be the same for this process. They can be solved to a certain 

degree - lower than IOO ~. lO0 ~ selectivity cannot be reached 

by such a process. 

HOLIGF~US: We should now proceed to the next paper. There will 

be an opportunity for discussing the prob!~ms airea~y mentioned 

during the general discussion later. The next paper, by Dr. McNeese, 

deals with the comparison of coal liquefaction processes. 



LECTURE - MC.NEESE 

HOLIGHAUS: Thank you very much; please ask any questions regarding 

Dr. Mc. Neese's paper. 

KR~NIG: T agree with Dr. Mc. Neese in that the yields are good; 

but how can this process be carried out on a large scale, parti- 

cularly with regard to the riactor? 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 ve~ doubt- 

ful, whether the tubes could stand the attack of the molten alcali 

metals from outside at the very high temperature of 950°C. 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 a t~mperatrue of 3.000°F is Added by means of nozzles, around 

which coal is introduced into t~e tubed. This process could work 

with one tube; but it must be impossible to distribute the coal 

entering from outside equally through 36 tubesJ I would be grate- 

ful to Dr. Mc.Neese if he could describe how these difficulties 

could be overcome by this process. 

MC.NEESE: ! agree with your comments concerning flash hydropyro- 

lysis processes; inherent in the processes in question is a rapid 

heat-up and an equally rapid quench. The conditions under which 

the heating and quench must be carried out certainly present a 

challenge; on the other han.d, if one examincs 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 product, 

or particular, chemical feed stocks. There are no proven methods, 

however, for overcoming the problems at this point; work on the 

processes described should ~herefore 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. 

KR~NIG: A 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 nozzle are possible; but 36 tubes and nozzles 



HOLIG~_US: There are many significant and unsolved problems, e.g. 

those concerning materials and their selection; the uncertainty 

of the estimation in question has a very broad range. 

MC.NEESE: Characteristically. as in the case of many systems in 

an extremely early stage of development, there are many questions 

unsolved as yet. What one is trying to answer in 

scoping studies is essentially the question: if these problems 

can be solved, what is the potential of the process? 

HOLIGHAUS: You took these problems into consideration when making 

your estimation; ~ believe you cannot use conventional materials? 

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

assessment was made. The range of uncertainty in estimated costs 

is relatively large. 

ZIEGLER: You showed a n~mber of figures concerning motor gasoline 

production star~ing with in situ coal gasification. Did you obtain 

figures comparing just the prices per M/o BTU for the s vngas 

entering synthesis and the syngas produced by a Lurci or Texaco 

5~C.~EESE: This comparison %~s sho%~ on the last slide and relates 

to one specific case, namely syn gas produced by whatever means one 

wants te consider at ~ 2,60 per 7,000 OCO BTU. This s~ gas cost 

would result in the gasoline prices which we have considered. Here, 

the syn gas could have been produced by any gasification system. 

Z!EGLER: But it is doubtful whether one can relly calculate the 

casts of in situ gasification nowadays. 

MC.NEESE: Calculating to the best of our ability, we arrive at 

a cost of ~ 2,6C per million BTU. That value is consistent with 

the final gescline cost which ~ have shown. We Rave not examined 

the ways of producing syn gas by other routes, and the costs in- 

volved, and translated'these into gasoline costs. 

HOL!GRAUS: I noticed that your figures indicated no influence 

exerted on the product price by drilling and logging and casing. 

Ynis indicates that the drilling and related cost~ 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 previous comments. 

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 upon 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 

have 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 flash hydropyrolysis type process, which we 

have discussed earlier. In the case of the process described, and 

other flash hydropyrolysis processes, enough data exists to create 

interest. The data are not definitive, however, in a real enginee- 

ring design sense. 

HOL!GP~S: I would like to thank Dr. Mc. Neese and introduce the 

next speaker, Dr. Hill, who will read Dr. Rogers' paper. 



T~NICAL ~.ND ECCN~v~TC C~2APJS~ 

OF COAL LIQUEF~ETI_ON PR~,SSES 

(Presented at the IEA Coal Liquefaction .arkshop 
September 18-19, 1978, Julich, ~st Gen~any) 

~_arlier this year, ESCOE~ conducted a study of ~e leading coal lique/action 

processes. The pu~wose of that s~dy was to appraise the commercial via- 

bility of each process. A ranking of the process~ was desired to detemg/ne 

which w~ld yield the best results fr~ further develo-g~nt ~ditures. 

We also .have a hroa ~der task ,ax~_rway to appraise a uarie~ of ccal conver- 

sion processes, including some to produce gas and el~-tric pu~_~. ~ will 

report here cn par-~al results f_~xn bo~.h studies, ccnfining this discussion 

to liquef~ion processes. 

W~ %~II discuss ~nr~ ~dir~ liquefaction p~ocesses - H-Coal, Solvent .~ined 

Coal, and E~xon Donor Solvent - and ~ indirect processes - ~-~_sher-TrcCJsch 

and M-Gasol/ne via n~thanol. Both the ~.hnical and eccr~mic _aspects of each. 

p.~ess will be e.~3m~. 

A standard ~eas~re for ~v process is the ~ ~  efficiency. Howevez, 

a more useful m~asure for coal conversicr~ prcces~ is the product's effici~y 

which is the ratio of the hea~ing %~lue_ of all fuel produ~cs to the ~nergy. L. ~- 

puts. Tnermodynmr/c efficiency is a theoretical limit for p_~d~ efficiency 

after recovery of all w-~sre heat. "The p~'s effici~T-~y is a cocd indicator 

for the &~.~nt of resource required to make a specified ~Tount of product. 

Most Of the processes studied are in the development stage. A Ccm/idenoe Index 

system is used to show the degrees o~ = u~certa/nty for both process and economic 

dat~. This systa~ is ~hown on Table i. It consists of t~D parts, a letter to 

show the stage of process developT~nt ~nd a rz~.~er to s.hc~, gz-~_~ally the degrees 

of confidence which may be associated with the technical development ~nd cost 

estimates for each process. 



TABLE i: CC~FID~CE INDEX 

Prccess Develcunent 

D - Exploratory stage, not 
beyo~ simple bench 
tests 

C - Develo_Dment stage - 
operated on ~ in- 
tegrated scal,~- only 

B - Pre-ccmrercial, success- 
ful pilot plant operation 

A - Ca~.lete, process damon- 
stz-~d sufficiently to 
insure cum~rcial success 

Econcmic Reliability 

4 - Screening est/mate, very 
approximate 

3 - Ineumplete definition for 
estimates used 

2 - Firm basis for values de- 
veloped 

! - Values considered to be 
satisfac£orl for ~ -  
cial ver, ttlre 

The next ~ison recognizes that some processes involve complex or diffi- 

cult features not present in others. Operations which are ccrm!gn to ~any 

prccesses or are considered standard industrial technology are not ~_nciuded. 

A list of ccn~_licatin~ features is used to arrive at a Cc~plexity Index. value 

as shown in Table 2. ~e features which'~ake up C~mplexity Index: are not of 

e ~  waight so no inferences should be dr-uwn from the r~r~ers exc _ept as a" 

non-linear indicator. For ex~m~.le, a plant with a Ccmp_le.xity Index of 4 is 

certainly not four times more complicated ~ a plant wi~h an Index of 1. 

There are rm p_~r~ortional relationsb--~ps for these values. No a~=~__ is made 

to use any sort of weightin~ factors because these %rmld be too subjective at 

this time to he of real value. The Ccmplexity Index alone carmot be used as 

a basis to choose m~ong prccesses. 
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TABLE 2: C~@IZXITY IA~X 

It~n 

i. Highest Pr~..ssure of Group 

2. Highest _T~mperature of Group 

3. Fluidized Bed 

4. Multi-Flu~dized Beds 

5. Ash Fusion Problems 

6. High H-v~d Recycle .~ or 
Omit_ essor 

7. Sol/d-Fluid Separatian Problem 

8. Significant Solids Hamdl/ng 

9. Pcw~ T~b~_ne Critical to Cycle 

1O. C~'gen Used in Process 

Ii. Tar Products 

12. Che~icml Reaction Om~lexity 

13. Fired Preheater Used 

l i 
d 

X 

X 

x x 

X 

X 

X 

X 

X 

X 

X 

X 

I 

X 

X 

Cu~lexity Index Value 3 

% 

1 2 4 2 2 

-3- 



A summary of these_ ccmpariscms for the proces~ studied is shu~m in Table 3. 

The only conclusion possible at this point is that all are technically fea- 

sible and the real differences relating to cunmercial ~iability must be de- 

termined ~, cost studies. 

T~r-E 3: P.qI~SSC~PARISC~I 

Process Cc~lexity Confidence Efficiency 
Thermal Product 

Fischer-Tropsch 2 B-2 56 48 

M-Gasoline 2 C-3 52 47 

H-ODal-Slnscrude 4 C-3 - 71 

H-Coal-Fuel Oil 4 C-3 - 74 

Exxon Donor Solvent 2 C-3 66 64 

SRC-I 3 C-3 71 70 

SRC-I! 1 C-4 70 70 

it is the cn1-~tcm to sh~; produc. ~ costs on a $/BI~J basis for coal conversion 

plants. The ccr~rehensive st~d.y by. C. F. Bra~n Co. (i) in 1976 on coal gasi- 

fication pl~nts followed This precedent. _,T~t study sh~d costs based on 

both utility and private sector" financing. Their financial guidelines re- 

mained valid for present purposes and were used for our stud~. Costs were 

determined in 3_978 $ for capital and all manufacturing ~ e s  required to 

estimate total product cests. These costs, on both a utility and private 

financing basis, are shown in Table 4. Trois Table also sh~s the._ cost frac- 

tions associated with the fuel, capital, and remaining operating costs. 

The differences in the ~iculated 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 operating charges. Because of 
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TABLE 4: PRODUCT COST-E~RCY BASIS 

UTILITY FINANCING PRIVATE FIN.~NC!NG 

PROCESS Sfl06Btu f / c / m S/]06Btu f / c / m 

FISCRER-TROPSCH 5.49 .50/.27/.23 7.08 .39/.44/.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  

H-COAL FUEL OIL 3.34 .54/.25/.21 4.22 .L3/.41/.16 

ED•0N DONOR SOLVEET 4.38 .47/.29/.24 5.74 .36/.46/.18 

SRC - I 4.!8 .48/.28/.24 5.43 .37/.45/.18 

SRC - II ~.02 .48/~29/.23 5.26 .36/.46/.18 

PRODUCT COST = FUEL + 0?E.R.~TIONS + k x CAPITAL 
}~ILLIONS OF BTJ PRODUCED 

= $1!06BTU 

k = .12 UTILITY ~LFINANCING 

k .247 PRIVATE~ 

f = .~RACTTON OF COST FORFEEL 
c = FP, ACTiOI; OF COST FOR CAPITAL CHARGES 
m = FRACTION OF COST DUE TO OPERATING & }L~INTEN.~NCE COST 

Note: Costs based on a conversion rate of 25,000 TONS/DAY of coal with 
a HBl' of II,200 BTU/LE--DRY with a delivered coal prise of 30 S/TON 
(2,000 LBS = i TON) and a plant operating factor of 0.9. 
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the financing advantages for utilities, the_ fraction required for capital 

is higher with pri~ financing. A change in fuel cost ~Duld, 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, hc~ver, to use a 

meaningful and cce~istent technique to apportion total costs ammng the 

various produc~s. Further, it is highly desirable to calculate a single 

"average" prod-.~ct cost that r~zes the cost differential among products 

with different _-~fined quality. 

In our first repot(2), ~- developed a teclmique to a~t for different 

product v~lues. It uses weighting "value factors" for each product ar~ 

ccmputes a Cost index.. Such a technique r~-~g~zes and properly credits 

the higher %~!ue for pr~nium gasoline from the M-Gasoline process as ccs~ 

pared to heavy fuel oil products that dominate the product OUtl~at frcm 

many of the other processes. The .input values ,used here for the Cost Index. 

approximate a 1978 market ~lue. 

The definition of Cost Ir~ex follows: 

Cost Index in $/3BL = F + M + k 

where: F = Armual fuel cost 

M = Annual operating and maintenance costs 

C = To~nl capital investment 

k = Capital recovery factor 

Bi= Annual production of each product in barrels 

fi = Value facet for each product 

Using this Cost Index, the cost for individual products and the average 

product cost referenced both to preuiu~ gasoline and to #6 boiler fuel, 

are shown in Table 5. The va!.ue factors for each prcdu~-t, referenced to 

premiu~ gasoline, are also slx~n. Individual product costs are determined 

by the product of Cost Index and value factor. Costs calculated for indi- 

vidual products will be the same regardless of which reference prod~ut is 

chosen. 
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TABLE 5: 

Proces_____~s Cosc Index  $/BBL 
~o[erence 

Prec/um ~ l l e r  
Gaso l tne  7uc l  

F~schcr -Tropsch  41.2~ 28.88 

PRODUCTS COST COMPARISON 

? roducc  Oat17 Producclon  f ! ( l )  Cost: 

Casol~ne 18,200 BBL .90 37.12 $/SSL 

7J'G 18,800 BBL .69 28.~6 $/B~L 

No.2 011 1,200 EBL .85 35.06 $ / ~ t  

No.6 0 t l  2,000 BBL .70 28.88 SIBYL 

Med. 3Cu Gas 4.2  x 1010 ~:u .462 3.81 5/1065:=, 

SIC &.5 ~ 1010 BCu 1.216 10.O3 $/106Bcu 

M-Gasoline 36.20 28.03 
Gasol ine 52,700 BBL 1.00 36.20 $1~BL 

LPG 7,300 B~L .69 24.98 $/~5L 

1~-Coal S:.'ncrude 29.73 20.81 

~aphcha 27,300 BBL .88 26.16 $/3BL 

No.6 Fuel  O i l  20,800 BBL .70 20.81 $/BBL 

5"NG 1.2 x iO II Z:u 1.ii 6.60 $/106~:u 

~-Coal Fuel  O~1 30.78 21.55 

Naphtha 17,000 BB~ .88 27.09 $/BBL 

~o.6 Fuel Oil 37,200 BBL .70 21.55 $/3~L 

SI~G 7.3 x 1010 ~cu I.I0 6.77 $/1065~u 

Exxon Do.or  36.72 25.70 
Solvent  

Prop=-e 3,270 BBL .69 25.3z, $/~BL 

~utane 3,500 ~B~ .75 27.54 $/BBL 

.~aphcha 19,900 3BL .87 31.95 $/B3L 

Ho.6 Fue l  Oil 28,700 ~5L .70 25.70 $1BBL 

SRG 5.45x10 I0 BCu 1.3 9.55 $/I06Z:: 

~ C  - Z 53.37 37.36 
S ~ - I  52,230 B~L .63 33.62 $/cQ.~C: 

Fuel  O i l  7,100 B~L .70 37.36 $/BBL 

SRC - I I  39.32 27.52 

12C 5,500 BBL .69 27.13 $/~BL 

~aphcha 10,700 B3L .85 33.42 $/B~L 

~o.6 Fue l  0 t l  45,300 BBL .70 27.52 $!~BL 

SNG 3.0  x 1010 Bcu 1.30 10.22 $/106~t~ 

H o t e s :  1) Based on Premium Casol ine Reference Product  
2) SNG - $ubsc£tute  Saturn]  C=s ~ 900 Btu/SCFo (5 x 106 Bcu/Equ iva len:  BBL) 
3) Costs a r e  on S a ~  Basis as Table  4 
&) Costs wcr~ r e v i s e d  from o r l s£~= l  prcsentaCton due to data c o r r e c t l o n  

. ? .  



Our earlier report, because it was specifically li~..~ted to liquid prodt~Ts, 

gave no credit for gas. This is unrealisitc. However, the "~alus of fuel 

gas in the U. S. market is difficult to define because of the history of 

severe price regulmtion for natural gas. Value factors assigned to fuel 

gas are proportional to heating ~-ulue. For cxx~pu~ing pu.q~oses, the am~ant 

of gas produced is put cn an energy equivalent to liquid products basis. 

we believe the analytical tools described here are sound and c~n be_ applied 

to other types of coal conversion processes. The quality of the results 

must always reflect the re1~mh~lity of the input values. Ul~d~nate d~--isions 

will include additional considerations. In addition to assuranc_e of adequate 

returns and best use of capital, actual decisions for_ plants are expected 

to be site specific. 0nly then will fully accurate all~ances for ~ costs 

and materials be possible. 

Kenneth A. Rogers 
Engineering Societies 

Cumdssion 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. Hill for this 

excellent paper. We will discuss this paper and then proceed to 

a general discussion. 

KilN: You showed (in the last slide but one) figures for the ave- 

rage cost in dollars per barrel of products obtained frc~ 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 qualified motor gasoline cannot be compared with a figure of 

30 or 38 dollars per barrel of mixture of products of heavy fuel 

oil 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 6f the products fram lique- 

faction of coal. Here, we tried to derive a ~ingle cost number 

which was the least ridiculous one for a process providing a 

multitude of products in different quantities. 

If a coal liquefaction industry is developed in the U.S., the 

market will bring in different technologies depending upon the 

coal available in various regions, the market which the company 

in question is attempting to satisfy, etc. We 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~ -~ feel that our comparisons will 

help decision-making regarding which process should receive 

additional research support. Our method provides a better insight 

for goverrun~nt decision-makers responsible for technology. 

ZIEGLER: I support your single number concept as far as decision 

making is concerned; but if one can add another 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 n~mber obtained when products 

are sold, one needs the real number afterwards as a decision-maker. 



G~NSSLE~: I would like to raise an objection to one point: if 

one has an unlimited mar}:et, the best thing to do in a Fischer- 

Tropsch-plant would be to make only wax. But the question is: 

can 3.000.000 tons of wax be sold? 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 regard to table 5; is it a con- 

fusion of units that SNG appears to be worth more than liquids 

by the value factur? Or does a unit scaling occurt? 

HILL: Derivation of the value factor of methane is a 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 simply a matter of taking the present selling price 

for these liquids in the U.S. and assigning a value cf one to 

the most e~pensive liquid. 

In the case of gas, it was assumed in the U.E. that methane had 

the same value as~remium gasoline on a BTU basis. Then values 

were assigned for other gases oN ~h~ basis cf the ratios of 

heatinc values. 

BAKER: i will discuss adjusting the SNG relationship tomorrow. 

G~NSSL~: I would like tc put a question regarding the table; the 

average cost is 41.04 per barrel. ~en 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 weighing 

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. E~-en- 

tual!y, the w~ighted average would equal the average cost. 

B.~KER: Maybe the cost described in the paper was actually weighted 

by the value factor. Perhaps Dr. Hill was really saying 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 and these relative numbers are independent. 

B~ER: You have taken that into account by the value factor, if 

you have a product which is low in value inherently, you have 

represented it in the value factor and taken that into account 

through the equation in table 6 in the cost index. 

GAENSSLEN: if that were the case, a loss on every product would 

be made; only the average cost is shown - the remainder of the 

costs are not indicated. 

K~LLING: I would like to express a personal opinion here: in line 

7 ("the fluid separation problem") it is feared that ~C I and 

H-coal have problems, whereas SRC!I and other are problem free. ! 

believe that they all create problems. 

HILL: We agree. The question is w~4re one should draw t~e line to 

obtain an cc~plexity measure. One would certainly 

argue that in order to do this more throughly, one should start 

try. ing to assign continual values. 

This study assumed that we had examined all the other technologies 

and what had been said about them. We had tried to obtain a re- 

lative comparison of those and find out whether some were more 

commercially viable than others. We also asked whether the tech- 

nology would be ready, easy to construct, reliable, and in keep- 

ing ~ith 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 a market, one could introduce 

any, or all of them, reasonably quickly. We focused mostly on the 

question of economics. 

HOL!GS~US: i would like you to explain the differences in price 

(shown in table 4) for B-coal syncrude and the SRCiI process. 

The amount spent on fuel ii 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 compared with the bottom 

line. 



~LL: ,-his ratio is multiplied by 4.10 to obtain the feed price. So 

the comparison which you would like to make is 4.10 x 45 versus 

3,65 x 48. 

HOL!GHAUS: if one takes the overall costs, then 45 ~ of these are 

fuel costs. As there is a similar efficiency with SRCII, then at 

least the price should be within the s~me range. 

CI.--NSSLEN: ~-nich has zhe highest efficiency - SRCI or SRCTi? 

HOLIG~AUS: SRCII has a 70 ~ efficiency on a fuel basis. HR-coal 

syn crude is compared with SRCII. 

HILL: The fuel cost here is 48 ~. This would work out at about 

1.8¢. 9mother factor: these processes are for the U.S. 

market, and the different prices of coal also enter into the 

question. We are looking at different coals and the most likely 

process for a given coal. 

GAENSSL~N: I believe, however, that it is always the same c~al. 

~OLIG~US: This topic can be discussed at greater length tomorrow: 

we could now consider other points. 

.~.-qN: ! would like to make a very, general observation: I feel that 

we are continually discussing the same problems during this meeting 

today: comparlsons between various technologies. 

We compared the efficiency o'f one or the 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 beforehand the nature of the 

topics discussed, it is very clear that the more the product 

is upgraded, the more the thermal efficiency of a process or 

process chain decreases. The product value per BTU or per barrel 

increases considerably as one upgrades in a product chain. We 

ere always considering different 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 comg_arisons. We aim to obtain some kind 

of agreement as to how we are going to perfo_~T: the analysis. 

in the U.S. we are now arguing about n~mbers whose differences 

are so much greater than in the cases we are examining here. For 

example, one is forever saying that SNG costs 6 dollars, whereas 

imported LNG costs 4 1/2 dollars. 4 1/2 dollars 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 considering these kinds of figures. 

Much of our work consists of examining data very carefully, in 

order that the meaning of the numbers, rather than the approach~ 

can be understood. 

KOLLING: Discussion of the thermal efficiency is difficult; but 

you now have figures for the costs, and ! would like to repeat 

Dr. Ziegler's earlier question: which process might be economic 

if the coal price were zero? 

HOLIG~-AUS: An answer to this question would call for a general 

discussion. 

KOLL!NG: i ~m considering table 5, which contains many figures 

for the costs. 

HILL: The paper I will present tomorrow deals with the difficulty 

of coal liquid products entering the U.S. market, the varrying 

price of oil in the U.S. as opposed to coal price in the U.S. in 

the 197Os, and inflation. The projected cost of liquefaction is 

rising very steeply. 

HOLiGP~US: I would like to refer to your calculations in table 4, 

where you have integrated your fuel price. 
% 

HILL: 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 and put them on the same basis, i.e. 1978 dollars. 



Now we are performing other work with the DOE: raising questions 

about the validity of the presently available data we are using. 

We are try. ing to put this data on a consistent basis; then we 

must deal with its quality. 

BAK_~: If one subtracts the coal costs from the figures which 

most of us obtain when we calculate with these numbers, one has 

a result of about 3 dollars per million BTU with free coal. 

This translates into roughly 18 - 20 dollars per barrel - this 

is comlortably more than the oil price at the moment. One must 

e _xpect a substantial increase in the price of oil, "unrelated to 

coal price, for these prices are competitive. _."~..is constitutes 

a worr}_, for us. 

HILL: In the U.S. the average price of coal has increased at a 

greater rate than the price of oil. On the U.S. market, oil is 

not sold, at world prices, because of our government requlations. 

But the averago price of coal has'increased slightly more than 

~he price cf oil; a very close correlation exists between the 

~wc. 

HOLIGHAUS: I would welcome ~ny oeneral statements cr comments 

regarding this rather difficult matter. 

KEO~SEN: I would like t o  instigate a discussion about catalysis. 

Most work in Germany in this field deals with catalysing selec- 

tively with valuable long-life chemicals. I believe there is a 

definite disagreement regarding the prospects for improvement - 

what can research do to tes% out new areas? Which developments 

have taken place in the Federal Republic of Germany since the 

1930s - 1940s? 

FRO.~ING: A prograntme was launched in 1974 base on previous 

~owledge. It aims directly to produce more selectively specific 

chemicals by reaction between carbon monoxide and hydrogen. So 

far, considerable improvements 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 principle, it 

appears to be possible to increase selectivity of known catalysts 

to a degree which makes them attractive for technical ~roz~ses. 

Processes which have been mentioned, deflned and compared during 


