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ABSTRACT 

Alternative transportatio n fuel s bein g use d i n th e Easter n Hemispher e ar e 
described. Thes e project s include : CN G usag e i n Ne w Zealand ; syntheti c 
gasoline i n Ne w Zealand ; SASO L diese l an d alcohol s i n Sout h Africa ; coconu t oi l 
as a  diese l extende r i n th e Philippines ; an d ethano l gasolin e blend s i n variou s 
areas. Al l o f thes e alternativ e fuel s ar e reviewe d wit h respec t t o qualit y an d th e 
application problem s tha t hav e bee n experienced . 

INTRODUCTION 

Alcohols an d othe r uncontentiona l fuel s ar e findin g extensiv e us e i n th e Easter n 
Hemisphere. I n Ne w Zealand , Calte x Oi l (NZ ) Limite d ha s a  servic e statio n 
network sellin g compresse d natura l ga s (CNG) . Ne w Zealan d i s also o n th e verg e 
of producin g gasolin e fro m methanol . I n South Africa , th e SASO L plant s a s wel l 
as producin g a  mixtur e o f alcohol s whic h ar e blende d int o gasolin e als o produc e 
synthetic diese l whic h i s blended wit h petroleu m derive d diese l ga s oil . 

In thi s paper , alternativ e energ y project s ar e discusse d b y produc t an d b y 
country. Mos t o f thes e project s relat e t o extendin g gasolin e supplies , bu t diese l 
fuel blend s whic h includ e component s fro m alternativ e source s e g coal , ta r 
sands, shal e oil , oxygenates , vegetabl e oils , e tc , ca n b e expecte d t o graduall y 
enter th e markets . Perhap s th e firs t "pure " produc t alternativ e t o petroleu m 
crude derive d diese l wil l b e remot e natura l ga s converte d t o methano l an d use d 
in hybri d diese l engine s i n buses . 

ETHANOL GASOLINE BLENDS 

Kenya, Philippines , Zimbabw e an d Malaw i ar e usin g anhydrou s ethano l derive d 
from th e fermentatio n o f suga r can e o r suga r molasse s i n gasolin e (Palmer ; 
Unzelman e t al ; Sag e 1984) . 

Ethanol Ih Kenya 

Gasohol wa s launche d i n Keny a i n Ma y 198 3 an d replace d premiu m gasolin e a t oi l 
company servic e station s i n th e Nairob i area . Commercia l an d governmen t 
consumers wer e change d ove r t o Gasoho l ove r a  perio d o f time . Th e 
consumption o f Gasoho l starte d a t 170,00 0 litres/da y i n Jun e 198 3 an d ha s 
averaged 177,00 0 litres/da y sinc e then . 

Gasohol (RO N 93 ) i s compose d of : 10 % volum e Ethanol ; 65 % volum e Premiu m 
Gasoline (9 3 RON); and 25 % volum e Regula r Gasolin e (8 3 RON) . Ethano l (Powe r 
Alcohol a s i t i s calle d i n Kenya) , i s manufacture d fro m molasses . Th e plant , a 
joint government/Agr o Chemica l Foo d Compan y venture , ha s a  desig n capacit y 
of 60,00 0 litre s pe r day . Curren t productio n i s approximatel y 20,00 0 litre s pe r 
day. 
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Ethanol i s transporte d t o Nairob i b y roa d tanker s an d store d a t th e Keny a 
Pipeline Compan y (KPC ) tan k farm . I t i s transferre d t o adjacen t oi l compan y 
depots by pipeline on a daily basis . A n in-line blender , provide d b y th e KPC , i s 
installed befor e th e loading rack in each depot . 

The Keny a Burea u o f Standard s ha s establied : a . KSO3-38 2 Keny a Standar d 
Specification fo r Powe r Alcohol ; and b . KS03-51 5 Keny a Standar d Specificatio n 
for Gasohol . A  typical Kenyan gasohol blend i s shown in Table 2. 

There have been ver y fe w problems . Initia l problems of fue l filte r blockag e have 
now largel y bee n resolved . A t th e tim e o f introductio n o f Gasohol , al l oi l 
companies use d thie f pump s t o clea n ou t al l trace s o f wate r i n the undergroun d 
tanks a t retai l outlets . Motorist s wer e advise d t o drai n thei r fue l tank s bu t i n 
practice ver y fe w di d so . Ther e hav e been n o complaints regarding  vapou r lock 
even wit h th e hig h altitude an d high temperature s i n Nairobi . Plasti c fue l line s 
on certain car s have elongate d an d i t i s a  common site t o see Ford Cortinas with 
sagging fue l line s almos t touchin g th e road . Claim s hav e als o bee n mad e tha t 
fuel gauge s o f Citroen s hav e bee n affecte d a s th e float s ten d t o stick whe n th e 
plastic fue l pip e i n the fue l tan k distorts . Th e in-lin e blender s provided b y KPC 
have ha d problems . Fro m tim e t o tim e failure s occu r an d the n norma l premium 
gasoline i s supplied t o the service stations. 

The lac k o f operationa l problem s i s credite d t o a  carefu l serie s o f procedure s 
laid dow n by oil companies t o cove r th e qualit y contro l an d handlin g o f Gasoho l 
at retai l outlets. 

Ethanol in the Philippines 

In th e Philippine s a n anhydrou s ethanol-gasolin e blen d calle d Alcoga s i s sold . 
The Philippine s wa s intending t o emulate Brazi l and creat e a  ver y larg e Alcoga s 
programme. However , becaus e o f financia l problem s th e whol e programm e ha s 
been reduce d i n scope. A s of now , Alcoga s i s only available a s regula r gasoline , 
containing 2 0 vo l %  ethanol , an d th e suppl y are a o f Alcoga s i s limite d t o th e 
sugar producing islands of Negro s and Panay i n th e centra l Philippines . Premiu m 
gasoline withou t ethanol is also available i n these areas . 

Ethanol produced i n alcohol distilleries adjacen t t o th e suga r farm s i s bought b y 
the Philippin e Nationa l Oi l Compan y (PNOC ) an d sol d t o th e oi l companies a t a 
price which will allow the oil company to sell Alcogas at 0.2 5 pesos (about 1. 6 US 
cents) per litre les s than gasoline. 

There wa s a  considerabl e amoun t o f custome r resistanc e centre d aroun d th e 
relatively smal l price differentia l betwee n Alcoga s an d norma l gasolin e an d th e 
energy valu e (kilometre s pe r litre ) obtaine d b y vehicle s usin g Alcogas . Ther e 
were s o man y complaint s i t wa s impossibl e t o judg e whic h represente d genuin e 
dissatisfaction. Th e pric e differenc e wa s adjuste d slightl y an d th e programm e 
changed s o tha t customer s coul d bu y premium gasolin e withou t ethanol . Whil e 
the complaint s hav e bee n reduce d ther e stil l remain s a  genera l dissatisfactio n 
with Alcogas . 

There i s no w a  proposa l t o re-orien t th e Alcoga s programm e alon g a n octane -
enhancer rout e an d thi s i s bein g evaluated . I n thi s approach , th e level s o f 
tetraethyl lea d i n gasolin e woul d b e reduc e an d th e octan e differenc e restore d 
with ethanol . 
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Other area s 

Other area s suc h as Zimbabwe and Malawi are including ethanol in their gasoline . 
In Zimbabwe th e cos t o f gasolin e t o th e countr y represent s 21 % of th e valu e o f 
exports an d th e importanc e o f reducin g th e foreig n currenc y drai n ha s 
outweighed productio n cos t considerations . Sinc e 1979 , Triangl e Limited , a 
sugar can e growing and millin g company, has been the sole producer o f ethano l in 
Zimbabwe (Wenma n 1984) . I t sell s anhydrou s ethano l t o th e governmen t whic h 
resells i t t o oi l companie s fo r blendin g int o gasoline . Initiall y adde d a t 15 % 
volume thi s has now dropped t o aroun d 12% . Fort y millio n litre s o f ethano l ar e 
produced pe r year . A  second distillatio n plan t i s bein g evaluate d fo r possibl e 
inclusion of ethano l in diesel. 

METHANOL 

From 198 3 onwards ther e ha s bee n a  shif t i n methano l productio n fro m th e US, 
Europe an d Japa n t o resource-ric h countrie s utilisin g inexpensiv e natura l ga s 
Itatani 1984 ; Koba-yash i 1984 ; Strit h 1984) . Saud i Arabia , Sovie t Union , Ne w 
Zealand, Trinida d an d Tobago , Bahrain , Indonesi a an d Malaysi a ar e enterin g th e 
market wit h larg e scal e methano l plants . Methano l i s likely t o become a  majo r 
commodity trade d worldwide . 

In the Easter n Hemispher e (excluding Europe), there i s no large scale commercia l 
usage of methano l as an automotive fue l eithe r directl y o r blended wit h gasoline . 
However, thi s coul d chang e ver y rapidl y dependin g o n the relativ e economic s of 
methanol productio n an d transportatio n o f th e methano l t o it s norma l markets . 
Currently, ther e ar e a  numbe r o f methano l plant s bein g constructe d an d som e 
have already started operations . Ther e i s predicted t o be a worl d ove r suppl y of 
methanol (Tabl e 3) , muc h o f thi s produce d i n th e Middl e an d Fa r East . 
Utilisation of methano l as an octane booster an d blending additive fo r gasolin e i n 
Japan an d possibl e othe r part s o f th e Easter n Hemisphere , i s a  logica l 
development. 

Methanol as a transportation fuel 

Methanol ca n b e blende d int o gasolin e o r use d a s a  nea t fuel . Ther e ar e 
drawbacks. T o use nea t methano l a s a  transportatio n fue l require s specificall y 
designed vehicle s an d engine s an d a  suitabl e fue l distributio n system . Methano l 
is expecte d t o b e 60-65 % o f gasolin e pric e o n a  volumetri c basis . Afte r 
accounting fo r th e lowe r volumetri c energ y conten t o f methanol , th e saving s in 
fuel cos t wit h methanol are less than 10%. Thi s does not provide muc h economi c 
incentive t o develo p thi s application . However , neat methano l fue l market s such 
as centrall y fuele d fleet s ar e forecas t t o develo p i n Canada , th e Unite d State s 
and late r possibl e othe r gas-ric h an d crude-shor t countrie s such a s Ne w Zealand, 
Thailand and Malaysia . 

Methanol as a diesel substitute 

Although methano l ha s a  poo r cetan e rating , i t i s feasibl e t o us e methano l i n 
modified engine s a s a  diese l substitute . However , test s t o dat e indicat e tha t 
mileage achieved wit h methano l is only 40% of diese l fuel . 
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Thus, methano l use as a  diesel substitut e wil l no t b e favourable , excep t perhap s 
in gas-rich an d crude-poo r regions . Th e firs t commercia l use s wil l be in MAN or 
Daimler Ben z buse s whic h ar e currentl y bein g teste d i n Sout h Afric a an d Ne w 
Zealand (see below). 

MIXED ALCOHOL BLENDS IN SOUTH AFRICA 

Sasol Fue l Alcoho l (SFA ) marketed ove r a  wid e are a o f Sout h Africa , i s derive d 
from Saso l coal-fuel s plant . I t i s a  mixtur e o f th e followin g alcohols ; ethanol -
70%; propanol and isopropano l -  27% ; and butanol an d isomer s - 3% . Thi s mixed 
alcohol fue l i s blende d int o gasolin e a t approximatel y a  10 % alcohol , 90 % 
gasoline ratio . 

Problems with mixed alcohol fuel s 

Initial problem s wit h wate r contaminatio n hav e bee n resolve d b y routine check s 
on storag e tank s o n a  dail y basi s an d immediatel y afte r sever e rai n storms . 
Corrosion problem s wer e experienced , mainl y i n vehicl e carburettors . Dr y 
corrosion occurre d a s a  resul t o f chemica l reactio n betwee n anhydrou s alcoho l 
and aluminiu m t o for m alkoxide s whic h rever t t o aluminiu m oxid e leadin g t o 
carburettor blockages . Thi s problem wa s solved b y addition of a  small amount o f 
water o r ethylen e glyco l t o th e fue l t o inhibi t th e reaction . We t corrosio n 
ocurred i n certai n area s o f th e carburetto r wher e unde r th e influenc e o f lo w 
temperatures, induce d b y fuel evaporation , small amounts of wate r condens e out . 
Electrolytic attac k ca n occu r a t thes e sites , especiall y whe n dissimila r metal s 
are present . Thi s proble m wa s cure d b y treatin g carburettor s wit h a  materia l 
referred t o as Bonderite. 

High spee d an d acceleratio n knoc k hav e bee n reporte d an d sinc e SF A provide s 
negligible MO N gain , a  minimu m MO N o f 8 5 i s th e curren t specificatio n 
requirement. Gasoline/alcoho l blend s wit h RO N 9 3 min are supplie d throughou t 
the Transvaa l an d Orang e Fre e Stat e regions . I t i s th e onl y premiu m grad e 
motor fue l availabl e o n the highvel d whic h account s fo r th e majo r portio n of th e 
gasoline marke t i n Sout h Africa . Th e blen d i s actuall y produce d fro m a 
hydrocarbon blendstoc k specificall y manufacture d t o b e mixe d wit h SFA . Th e 
SFA conten t i s nominally 10 % but th e actua l rati o ma y var y fro m 8  to 12 % by 
volume for suppl y reasons. 

SYNTHETIC DIESEL FUEL IN SOUTH AFRICA 

Probably th e greatest succes s fo r Fischer-Tropsc h (F-T ) technology ha s been th e 
Sasol comple x i n Sout h Africa . Firs t begu n i n the 1950's , the comple x has now 
completed it s thir d constructio n phase . Subbituminou s coa l i s supplie d fro m th e 
nearby Bosjesspuit mine . 

The primary reaction i n the F-T synthesis i s usually writte n as : 

Further informatio n ca n be found i n Haggin 1981. 

nCO +  2nH 2 =  (CH 2)n +  nH 2O +  48 n kcal 



- 3 4 9 -

The quality o f saso l dieael and problems experience d 

The qualit y o f th e diesel » specificatio n an d typicals , ar e comparabl e t o 
petroleum derive d diese l ga s oil . Nevertheless , ther e continu e t o b e som e 
problems with Sasol Secunda Diese l fuel . 

For example , a  recen t widesprea d proble m wa s experience d i n th e Secund a 
supply area in which high pressure in-line pump plungers an d injecto r component s 
became stuc k becaus e o f fin e deposi t build-up . Thi s problem i s currently bein g 
investigated. Th e deposits were initially suspected t o be of lubricating oi l origin , 
but i t no w appear s tha t a n additiv e require d fo r lubricit y improvemen t ma y b e 
the cause of th e deposits. 

Sasol no w maintai n tha t thei r curren t productio n o f 2. 2 cS t diese l nee d no t b e 
dosed wit h a  lubricit y additive . However , th e oi l industr y i s not  ye t satisfie d 
with Sasol' s tes t wor k an d various field test s ar e propose d o r under wa y to check 
the validit y o f Sasol' s claim , an d unti l suc h tim e pur e Secund a diese l ha s bee n 
withdrawn fro m th e marke t an d a  50/5 0 blend o f Secund a an d Natre f product s is 
being marketed . 

VEGETABLE OIL IN DIESELS 

In the Philippines , the additio n o f coconu t oi l t o al l diesel was mandated unde r a 
government sponsore d programme called "Cocodiesel" . (Th e programme has now 
been se t asid e becaus e o f th e relativel y hig h price s o f coconu t oi l i n worl d 
markets.) Th e programme required th e addition of up to 5 % "raw" coconut oi l to 
diesel fuel , wit h th e blendin g bein g don e a t oi l compan y depots . Th e coconu t 
oil/diesel fue l mixtur e develope d sludge s and microbia l growth. Thi s resulte d i n 
widespread complaint s of clogged diesel engine fuel filters . 

While-the commercia l cocodiese l programm e ha s bee n se t aside , tw o fiel d tes t 
programmes hav e bee n complete d whic h monitore d th e storage/handlin g an d 
performance o f tw o diese l fue l blends : a . u p t o 20 % "dieselite " -  a n esterifie d 
coconut oil ; an d b . up t o 20 % "cochin" -  a  causti c washe d coconu t oil . Afte r 
three t o six month s of observatio n i n actua l storag e tank s an d microbia l testin g 
and service i n several fleets  i n various bus companies, both o f thes e blend s were 
considered satisfactory . Bu t n o furthe r activit y i s planned becaus e coconu t oi l 
currently ha s a high price on world markets . 

In Malaysia , curren t studie s ar e centree d o n th e transesterificatio n o f crud e 
palm oi l (CPO) and pal m oi l stearin wit h methanol . Products  produced are ethyl , 
isopropyl and methy l esters . A  pilot projec t t o produc e pal m oi l diese l (methy l 
esters) i s schedule d t o commenc e mi d 198 5 wit h a n initia l productio n o f 300 0 
tonnes per annum. Al l current engin e tests (on Fiat agricultura l tractors , Toyot a 
Land Cruiser s an d Hin o trucks ) ar e bein g conducte d usin g methy l ester s 
purchased fro m Germany . Wit h th e presen t hig h pric e o f CP O (an d stead y 
petroleum crud e price) , thi s projec t i s expected t o remai n a n academic exercis e 
until at leas t 1990 . 

Considerable wor k o n th e us e o f vegetabl e oil s ha s bee n don e i n Brazi l bu t 
success ha s bee n somewha t limited . Additiona l informatio n i s give n i n 
Pischinger e t al . 
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ALCOHOLS IN DIESELS 

MAN an d Mercede s Ben z hav e introduce d methano l fuelle d buse s int o Sout h 
Africa an d Ne w Zealand . I n these areas , and possibly others, methano l coul d b e 
an attractiv e substitut e fo r petroleu m derive d diesel , particularl y i f sever e 
refinery imbalance s occu r (Toepe l e t al ; Neit z an d Chmel a 1984 ; Bergma n an d 
Holloh). Preliminar y fue l consumptio n figure s fo r th e Mercede s Ben z buse s ar e 
given Table 4. 

A programm e i s bein g propose d fo r methano l buse s i n th e Lo s angele s an d th e 
feasibility ha s been assessed b y the US Department o f Energ y (Eckland). 

CONCLUSIONS 

A considerabl e numbe r o f alternativ e fuel s ar e enterin g th e automotiv e fue l 
market i n th e Easter n Hemisphere . Ther e hav e bee n som e mino r teethin g 
problems wit h th e introductio n o f thes e alternativ e fuels , but  i n mos t cases they 
have been remarkably successful an d trouble free . 

Methanol appears t o be a fue l o f promis e i n specific countrie s particularly thos e 
with natura l ga s reserve s bu t littl e oil . Wit h lea d phas e downs , bot h methano l 
and ethanol may find increasin g use in Caltex area s as octane enhancers . 
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TABLE 1 : 

Research Octan e Numbe r 

Unleaded 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

Motor Octan e Numbe r 

Unleaded 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

MTG gasoline propertie s 

as TE L 

as TM L 

as TE L 

as TM L 

93 

100 

99 

83 

91 

91 

Front-End (IBP-100° C Fraction) 
Research Octane Number 

Unleaded 

+0.84g Pb/ 1 (3.1 7 

Distillation °C(°F ) 

10% Evaporate d 

50% Evaporate d 

90% Evaporate d 

EP 

Existent gum mg/10 0 m l 
Sulphur % wt 
Nitrogen % wt 
Saturates Vol % 
Olefins Vo l % 
Aromatics Vol % 

g/USG) as TM L 

87 

95 

46 (115 ) 

99 (210 ) 

166 (330 ) 

204 (400 ) 

1 
< 0.00 1 
< 0.00 1 
60 

8 
32 
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TABLE 2: Typica l Keny a gasohol blen d 

Regular Premiu m Gasoho l 
MSR MS P Blen d 

Tests T K 30 6 T K 30 1 10 % ETOH 25 % MSR 65% MSP 

Density 0.701 6 0.728 3 0.724 9 

Octane Numbe r 83. 6 93. 1 93. 6 

Distillation;-

IPB 42° C 40° C 40° C 

10% Evaporate d 58° C 64° C 52° C 

20% Evaporate d 64° C 72° C 58° C 

50% Evaporate d 87° C 96° C 76° C 

90% Evaporate d 139° C 153° C 141° C 

End Poin t 169° C 180° C 174° C 

Residue 0. 8 1. 0 0. 6 

Recovery a t 70° C 28 % vol 18 % vol 45 % vol 

RVP 7. 0 ps i 7. 1 ps i 7. 6 ps i 

Induction perio d >  240 >  240 >  240 

Copper stri p l a l a l a 

Doctor Tes t Negativ e Negativ e Negativ e 
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TABLE 3 : Operatio n ra t e projectio n fo r methano l (10,00 0 tons ) 

Year 198 2 198 3 198 4 

Demand Existin g 1,05 6 1,07 7 1,09 9 

New* 10 4 10 9 11 4 

1985 198 6 198 7 

1,121 1,14 3 1,16 6 

120 12 6 13 2 

Total (A ) 1,16 0 1,18 6 1,21 3 1,24 1 1,26 9 1,29 8 

Capacity (B ) 16,16 6 16,58 3 18,33 4 20,95 4 20,95 4 20,95 4 

(A)/(B) 0.7 2 0.7 2 0.6 6 0.5 9 0.6 1 0.6 2 

* Fo r automobil e fue l (includin g tha t fo r MTBE) , SCP, other . 

TABLE 4 : Result s o f Mercede s Ben z buse s running on methano l 

Auckland, N Z Berlin , German y Pretoria , S  Afric a 
Hilly, On e route On e rout e 

pure methano l whic h i s fla t hill y and a t 
MeOH+5 to 8  vol %  hig h altitude , 

isopentane pur e methano l 

Max Fue l Consumptio n 
litres/100 k m 

(Diesel Equivalent ) 
litres/100 k m 

Min Fuel Consumptio n 
litres/100 k m 

(Diesel Equivalent ) 
litres/100 k m 

125.4 

(57.0) 

95.4 

(43.4) 

104.9 

(47.7) 

91.8 

(47.7) 

146.7 

(66.7) 

114.2 

(51.9) 

AVERAGE 10 8 99. 1 128. 4 
(49.1) (45.7 ) (58.4 ) 



- 3 5 5 -

FIGURE 1: Comparison of calculated and measured road octane 
ratings for commercial unleaded gasoline and gasoline from methanol 
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