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~ = ~ i ~ i o n  ":o re~rocuce this ~ i c l e  i.~ cran~l~. 

The technclo~- for the liquefaction of coal to 
produce synthe:ic ~els (synfuels), such as g~soline, 
diesel ~el. and adation jet fuel has become popula~ 
because of OPEC price rises, turmoil in the r.he Mid- 
die East, and gasoline shortages. Yet, :he Republic 
of South Africa is currently the only n2t-ion wi~h ex- 
perience ;.n the commercial operation of a co~- 
liquefaction plant, and it has more commercial 
planr.s under construction. However, i~s imer- 
national relations are poor because of its racial 
policies. "Fn~ ~ caused many people zo dismiss 
South .A.frica's coal-liquefacr~on technology as a 
special case. which is subsidized by ~b.e govemmen:, 
supported by the tabor of low-paid black miners, 
and allowed to continue only because of its s-zrateg~:c 
political value. The coloration of u'uth in such state- 
ments is of varying hues, and other nations, in- 
cluding the Untrod S~ates, could benefit f~m the 
research and experience in Sou:h .AL-ica. 

SASOL 

About !947. a South ?drican company in- 
vestigated a commercial venture for the lique'~crion 
of coat. The coat and the production technology, tha:  
had been developed in Nazi Germany were 
available, but the capital required was too large for 
~he private company. Consequentiy, the government 
of South Africa decided to form a gove.-'nmenr- 
owned corp. crauon that would be operated and taxed 
like a private corporation. Th, e co rpomt-ion was 
or',~nally called South .-kfrican Synthetic Oil 
Limited (SASOLL but in the post World War H 
period, zh= association of "sy-nthed, c" with "ersatz" 
revived memories of Questionable ~uali~'. Thu.s, tl-e 
corporate name was changed to Sour n .A,..~,-ican Coal. 
Oil and Gas Corporation Limited. The acronym 
"SASOL" was kept as the company name. and its 
plam.s axe identiSed as "Saso[ I." "Sasol rr.- etc. 

Cons:-uczion or" the first commercial coal- 
liquefactiou plato began in 19,5~. ~ :be new to~-n of 
Sasolbuxg. about ~0 miles southwest of Johan- 
nesburg neat ;he Vaal Ri~r. The plant, now called 
"Sasol I." was operatmnal in 195.5, and in 1960 it 
made a profit--five years ahead of schedule. A ht.,~e 
part oi :he economic success of Sasol I is c.edited to 
i~s scien:':fic and engh,.eering s~£f. The coal they 
had was of suck poor quality that it was described as 
"carbon-contaminated real ~tate:"  ~.t was 3-5% ash. 
But SASOL was able to proc.e~ and sell jus'~ abou: 
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eve~-.hing in the coal except ",.he ash. In addkion to 
gasoline and diesel fuel, the plan: az Sasolbtu~ 
produced o~ r  100 by-products from coal. The mix of 
products was varied, depending upon market condL 
tioP_~, to optimize the plant's profi=s. 

GEF~NL%.N A_ND .%7~C.~'~" TEC]~NOLOGIES 

To lique~" the coaL SASOL uses an indirect 
proces_~ called "Fischer-Tropsch" after its German 
inventors, tn the process, coal is gasified by reacting 
h ~i=h s~ezm, purified, and Then synthesized into 
~he bui]&ng blocks from which ~ e  plant's refinery.' 
pmducu~ are made..An advan=age of indirect pro.'~s- 
sing is :hat in the pur~cauion step, the en~d.ronmen- 
rally hmnnfui substances can be removed before the 
rc arke~able products are formed. This m ~ e s  the 
lb.-marion of carcinogens and mumgens in the 
products 

~ne gasification unks in the SASOL plants are of 
German origin and are manufactared in West Ger- 
many or under ~he license of the West German 
manufacturer, who has ma/nr2.ined dose collabora- 
tion ~ ; h  SASOL. A~ the Saso! I plant, two WPes of 
s>-nthes~s units axe flu operation; one, which is based 
on German zechnolo~', uses car, a]ysus/n a fixed bed, 
and the ocher, which is based on American 
technolo~', us~ a car~y~ in a moving bed. The 
SASOL en~neers found the A~nerican unit more at- 
tractive, hut SASOL management was concerned 
=ha~ the American desi.~n represented unproven 
~echno]o~'. A comprom~e was made, and r.he .%yn- 
thes':s load was divided between ~he German and the 
.American designs. The only ~'nthesis units a: the 
Sasol ]2 and TT1 planus currendy under construction 
are those dehved from the American design. 

FL'N A_~," CL%.L HEALTH 

SASOL's finandal matemenrs have shown a profit 
s.~nce !960. as well as a healthy debt-equhy ratio of 
60:40. South .~dricans showed their suppom of 
SASOL in July 1979 when the co.--..pany first offered 
stocks =o private shareholders..%11 shares were 
bought ~thin a few hours of their o~'ering. 

Approximately 20% cf SASOL's re~'enues come 
~cm :he sale of chem/cal by-products from the coal- 
liquefaction process. Those sales represent ~ e  dif- 
ference bezu'een a subsidized operation and a 

profitable one. in addhion, the milgas from the final 
liquefaction process contains gaseous hyhrocarSons 
the; can be used like natural gas as a ciean fuel in 
homes and as a fuel and feedstock for process in- 
dustries. Jud~ng from the number of satellke in- 
dustries around the SASOL gas pipeline, SASOL's 
zailgas must be one of the bes~ energy bargains in 
South Africa. 

The Sound1 .A~ricans do ,~e many low-paid workers 
to mine the co~ for the SASOL planr~. Even thou~n 
the wages of these miners have risen dramarScal]y in 
recent years, the-  are still so lowly paid by .American 
standards tha~ this issue alone had convinced many 
that  a SASOL-type operation could not  be 
profitable in the Unked Stores. However, South 
.~rican coal generally comes from considerable 
depths and is mined mostly" by underground 
methods. Consequently, the cost of ~ g  i= with 
cheap labor is comparable ~o the cosz of strip ~ g  
coal in the Unked States. Furthermore, the cost of 
coal is a relatively small conuibumr ~o the gem price 
of SASOL's liquid fuels. 

GASOLL~-E COST 

The gate price of gasoline is the cos: for the 
manufacturer to deliver gasoline at his plant gaze for 
sh/pment ~ market. Sasol H has a c~piml cost of as 
billion for a rated capaci~." of S0 000 barrels per d~'. 
Dr. George S -kaperdas produced a.~'udy in June 1976 
for the Unked Stores Senate on the production of 
aviation jet fuel from coal. By scaling his e~cellan~ 
analy'sis of a projected US plant zo Sasol IL the gaze 
price of gasoline at Sasol IL when it starts produc- 
t.ion in 19S0, is estimated to be e'oou~ S30 m $35 per 
barrel (72~ to 83d per gallon). This cost is probab4v 
less then what South .~ i ca  now pays for crude o~1 
on the world's spoz m~rkez~ 
• .An increase of 100% in capitol-return costs would 

increase the gate price of gasoline by 66%; a 100% 
increase in by-product revenues would decrease it by 
o_5%; a 100;6 increase in operating costa would in- 
crease it by 21%; and a 100% increase in coal costs 
would increase ,.'t by" only 19%. Tl~s last considera- 
tion d/lures the vaiidi~- of the ch~ge that the 
SASOL operation cannot be applied to the Unked 
States because in South .Africa it is based on ~ g  
coal ~ t h  cheap labor. 

A key" assumption that led to the S30 zo S35 per 
b.~.-rel price is that SASOL's shareholdem will sup- 



ply all the necessa~." capir.al for the plant and that 
:heir Luvesz~nent ~.].I return 15% for ~ years. 
.Another assumption r.hat led to this estimate is tha~ 
the taxes paid on Sasol II wLH correspcnd ~o the 

same proportion of revenue as ~he rest of ~he SASOL 
ope."a~ions. T'nis is an in:porzan~ depar'mre from Dr. 
S-kaperdas' a.=alFsis, which followed a sr.andard 
planning procedure of applying a 48% ~ ~o the d~- 
terence between revenues and operating costs. The 
resuk was a tax burden thac was 31% of revenues. 
This seems excessively high because the 1976 and 
1977 rep. '~senzative taxes paid in the Un i t ed  States  
were about  4% o~ revenues in the chemical  indusuy., 
5 . 5 ~  in the oil  indust.~', and 4% in the coal indusrxy. 
The  tax used £or the  Sasol rr esr2mate was 3.7% of 
revenues, which corr.esponds co what SASOL has 
been paying. 

The cost of ~oline produced from coal in a 
capir.al intensive plan is not as sensitive to imqation 
as the cost of gasoline produced from feedstock in- 
tensive plants such as refineries of crude oil The 
principal effec,.s of Luflation on capital Lurensive 
plants are d~,~culties m obtaining long-term loans 
and increased equipment-replacement cosus. Lu_qa- 
cion also ~ends to devalue ~he effect of research on 
gasoline costs for capir.al ;.ntensive plants  because 
the longer ihe plennc construction is postponed, the 
higher its cost will be. Thus. gasoline produced in a 
plant based on cu-~.ent :echnolo~" may be cheaper 
~en years fi'om now than gasoline produced in a 
plan~ that uses a more e.~cient technology a.~er an 
additional We yea=-s of research. 

follow procedures developed at Sasoi I. which in- 
volve separating the ash into "coarse" and "fines," 
using the fines in the treatment of liquid ef~3uenus, 
and placing all residual ash in conventio=~ dumps 
;hat  are planted with  gra.~s. A~ Sa_¢ol L r.h~. ash d t ~ p  
looks like a ~n-assy hill, and SASOL report.s n~. 
leaching problems. Dr. H.  Eric _~utr, e,l ~ t h e  Univer- 
sity of New .Mex.ico was impressed by." the extensive 
corn fields ~-owing near  Sasol I. He said it  was like 
~ e i n s  a big petrochemical  complex set down in ~he 
middle ot Iowa. 

S~ol  I ~n~hes~ u.ni:s that use a prvc~ss ba~ed 
on an American des:~n. 

~ " v ' I R O N % I E N T  

Americans who had visited Sasol I reposed that 
it- its early years of ope,"a~on its sky. was polluted~ 
but that has changed. SASOL has Lusta'ded 
eiecu'os~atic prec;.piua~oz-s Lu their coai-burning 
power and steam plzn~ and has thereby stopped 
pcllutLug the air at Sasolburg. SASOL has exten- 
sively treated and recycled Equid effluents at Sasol I 
and claims that the new pl~-ur.s, Sasol II and Ltd. 
have been d~igned for zero disc.h~rge of liquid ef- 
fluents. The se.dousness of SASOL's efforr.s with this 
environmental problem is unde~cored by" the fac= 
that these new planus ~e u.m~ream of ~oh~.u- 
nesburg's main watershed, 

The  two new plains ~ e  expected r,o generate  
about 20 000 tons of ash per day'. $_ASOL plans to 

I i ' -  ~ :  "~.;.'. . . . .  - . ~ . . ~ z - -  . . . .  ~ , e  ,.~ ~ ~ ~ .  ~ ~ , . ~ q  :-*z~----~-:~_ - ~ _ ~ . - ~  
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Grass-stabiiized ~sh m.o~d behL'~ the cooiir.~ 
:ou,ers arid :aw met.eric! silos o( rne Sasol I 
plan:. 
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Th~ US En~Szonmenzal Protection Agency would 
like to make a study of the environment end r.he 
heahh of workers at Sasol I. The" ate convinced that 
~uch a study would be useful fo r identifydmg hazazds 
and specLS'ing prote~ive practices for .zmssible 
American s:.mfuet plains. 

SASOL'S STRATEGY 

Tne s~rate~" for building SASOL plants reflects a 
co-,mkmen~ ~o long-range planning. The first plant, 
which rep~sentecl a large investment for a moderate 
produc:ion capacity, was built to establish a 
technology.- for reducing South .~ca's dependence 
on imported mc~or fuels..A_~er the surprisingly rapid 
success of :he plan:. S.~SOL made plans for a la_-ger 
plan;,, v.'l'/ch had w be justified solely on economic 
g'rounds. Az that rime. petroleum crude was cheap 
and pienti~L and ~he second plant was cancelled. 
But when OPEC formed and the price of petroleum 
crude was increased, the South .~r'-~can gov~nment 
reconsidered zhe plans for ano:her SASOL plant. 
Furthermore. because :he cost of fuels produced at 
Sasol I proved to be si=ov_ificant!y insensitive ~o b~.~m - 

t~on and future OPEC price Lucreases were expected, 
SASOL ~r~eczed that a new, larger plant should 
make a profit within a few years a,~er its initial 
operation. But OPEC prices and inflation have risen 
even faster than anticipated, and rbe products of 
Sasol II sell at market prices. Therefore, t he  new 
plan: wilI probably" make a profit during its fi .~ year 
of operation. 

The at~activeness of Sasol I Im  Sou~ AL~ica was 
sho~m when a sudden decision was made in 
February !979 ~o build a d u p l i ~  of SasoI IT adja- 
cent to it. Together. these plants should provide for 
half of South .Af:rica's cu.~en~ consump=ion of motor 
fuel~. These plants will reduce South .Africa's inter- 
national balance of payunenrs problems no; only by 
reducing the amount of imported fuels, but also by 
increa_~ing the amount of expo~"s from the plants' 
per.rochemical by-products. In addition, South 
.Africa -.~'ould be less ~mlnerable ~o the spot market 
and m third-pa~y suppliers of perzoleum crude. We 
ca~ expect more coal-liquefaction plants to be buik 
in Sou~h AL~ca because eventually this a/rernative 
fuel source ~il force a limit on the price of gasoline 
and diesel fuel there. 

LESSONS FOR THE L.-%_'!TED STATn'~ q 

The most s i ~ c a n t  lessons provided by these 
developments at SASOL are -,.he impo.~nce of long- 
range plant.Lug and the need for establishing a com- 
merciaIized technolo~" base in ~-Muels. These are 
necessary to reduce our dependence on foreign 
ener~" sources and can be accomplished with 
suitable cooperation between governmen~ and 
private indus=D" and between agencies within the 
govezT~men~. 

The Fischer-Tropsch process is not the only 
method for producing gasoline fi~m coal, but so far 
it is the only one commercially proven..Another 
process. ~'hieh produces gasoline from methanol, 
has been considered for commercializs~on. The 
government of New Zealand decided in December 
1979 to build a commercial-size plant using its abun- 
dant natural gas as the feedstock in a natural gas zo 
methanol to gasoline process. Because methanol can 
also be produced from gasified coal, this process may 
be an atuacfive option for :he production of gasoline 
from coal in the United Star~s. 

South Africa has demonstrated that a nation can 
respond quickly" to a dereriora~ug ener~, situation 
by making a long-term commkmenz zo the es- 
tablishment of an alternative ene.%gy technolo~'. 
Their commitment wen; beyond the planning, 
research, and pilot-plant stages. They" built a 
commercial-size plant to develop the appropriate 
production, marketing, end environmental expertise 
m use =he ~;ernafive rechnoiogy with confidence. 
For the United States to be prepared to bring an 
alternative ener~" technology on-line quickly, k zoo 
will have to make long-term commitments by" 
building commercial-size plants. 
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