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INTRODUCTION 

The utilization of motor gasoline to power automobiles has been 

universally accepted for several decades.    From the early years of 

development of motor vehicles, cars manufactured have favored the use 

of gasoline as fuel,    specifIcallly because of Its ready availability, 

suitability, and economical prlco. 

However, with th* advent of the C?EC embargo In 1973, cam 

structural changes in market availability of oil and consequent Increases 

1n oil prices.    This fuel crisis has oranatically pusheu scientific 

endeavor 1n the search for alternative sources of fuel. 

Shortage of petrolerm fuels have freouently worked to reorient 

policies and attention to the utilization and production of alternate 

synthetic fuels, especially alcohol.    In the early 1920's for Instance, 

there was considerable concern over the imminent shortage of petroleum, 

and Intense research on and discussion over   the use of alcohol ensued. 

Numerous other occasslons have arisen where shortages of petroleum have 

existed from pontieri, economic or geographic reasons, and alcohol 

(ethanol) has always eir.srgjd as a technically viable alternative. 



-2- 

Inasmuch as alcohol 1i considered the most feasible and promising 

alternative fuel, the Philippines being a sugar producing country has 

good potentla: 1n embarking on o prog, im for utilizing t.cohol as motor 

fuel. 

EARLY STUDIES AND RESEARCHES ON ALCOHOL AS H3T0R FUEL 

The use of alcohol as motor fuel substitute or as blending agent 

for gasoline Is not new 1n the Philippines. The earliest systematic 

work done In alcohol research was made 1n 1931 by A. L. Teodoro at the 

College of Agriculture, University of the Philippines (U.P.). Teodoro 

conducted extensive studies on straight alcohol, dehydrated alcohol 

blends with gasoline, blends with kerosene and with fuel oil.1 The 

findings of Teodoro showed that automobile and tractors fueled by 

straight alcohol can be started without difficulty. With proper 

carburetor adjustment and Ignition timing, acceleration is greater after 

the engine Is warmad up. In general, engines run on alcohol were 

characterlied by smooth running, stead, pull, and absence of over heating, 

knocking and corrosion. However, the consumption of fuel per brake 

horsepower was greater with alcohol than with gasoline. 

In January 1575, a research study made by the National Science 

Development Board (NSD3) had shown that cars require a spedai "sleeve" 

itaM^.f*!1* 0# P8*•0«» Sr-» Straight Alcohol as Motor Fuel 
National Research Council of the Phf f 1 pplnesTPubliStîSniri978. 
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to be Installed 1n the carburetor system 1f these were to be run by 

alcohol.      The findings claimed that ordinary carburetors cannot use 

alcohol because the thin jets (main and high speed Inlet) »re too small 

to admît a larger flow of alcohol needed.    To avoid carburetor modifica- 

tions and adjustments, alcohol must be blended with gasoline 1n tolerable 

amounts, before it could be used as suitable fuel. 

BUREAU OF ENERGY DEVELOPMENT - PHILIPPINE NATIONAL OIL COMPANY 

ALCOGAS PROJECT 

In December 1976, the Philippines embarked on an Alcogas Test 

Program 1n compliance with President Marcos' directive to study the 

possibility of utilizing ethyl alcohol as fuel substitute.   This move 

was In acrordance with an earlier mandate to accelerate the production 

of Indigenous energy resources and create new markets for the country's 

surplus sugar production. 

The Alcogas Test Program Involved voluntary participation of 

360 vehicle* from the Philippine Nacional 011 Company (PNOC), Bureau of 

Posts, Metro Manila Transit Corporation, Philippine Army, Caltex Philip- 

pines, Filipinas Shell, Delta Motors, and Chrysler Philippines.    A 

mixture of 15% hydrous ethanol  (190 proof)   and 85* premium gasoline 

Construction and Development Corporation of the Philippines 
(CDCP), A Study on Alcohol as Motor Fuel, CDCP Publications, 1977. 
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called "Hydrous Alcogas", was used on the participating fleet of vehicles. 

In contrast, 1 sts ware also undertake using a mixture , t 15« anhydrous 

ethanol of 99.5« minimo and «5« specially blended premium gasoline. 

This new mixture was named "Alcogas 99". 

fUsclblHty of Alcohol Blends 

The fundamental 85/15 alcogas formula was established on the 

basis of m1sc1b1Hty studies done on the actual materials utilized for 

the project. The m1sc1b111ty curve of alcohol and premium gasoline 

sliown in Figure 1 shows that an Immlsclblllty of non-compat1b111ty region 

existed up to 14.5« by volurca of alcohol. Clear and homogenous blends 

result at 15« and beyond. 

With respect to the mlsclblHty characteristics of regular 

gasoline, complete m1sc1b1l1ty Is attainable at 20« volume and higher. 

This shows that the hydrocarbon composition of the gasol'ie Is the 

limiting factor for obta1n1nq a homogenous hydrous ethand-gasoline blend. 

Results of the blending studies of anhydrous alcohol with both 

regular and premium gasoline confirmed tfat Irrespective of hydrocarbon 

compositions, a homogenous alcohol-gasoline blend 1s readily obtainable 

when the alcohol component Is practically dry. 
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Hater Tolerance of Alcohol Blends 

Anhye.ous alcohol and gasolli,3 art miscible 1n .11 proportions 

over a wide range of temperatures.   However» even small addition of water 

to this blend fuel will cause separation of the alcohol from gasoline. 

The beginning of this separation 1s characterized by a cloudiness of the 

mixture. 

With respect to the water tolerance of a 15/85 anhydrous ethanol 

gasoline mix. the amount of moisture that could Initially Induce cloudi- 

ness and subsequent phase separation 1n the mixture anounts to 0.91. 

On the other hand, the 15* hydrous ethanol premium gasoline mix can 

readily be Induced at 0.1% moisture addition. 

Effects of Temperature on Alcohol Blends 

Studies on the effects of temperature on alcohol blends was 

deemed necessary 1n order to Investigate whether vehicles fueled by 

Alcogas,99 could efficiently operate 1n low temperatures such as that 

of Baguio. 

Hydrous alcogas was observed to nave an Irreversible alcohol 

phase separation at 60°F and lower.   However, at 61 to 70*F, no s1gn1f1« 

3 Summer capital city of the Philippines with an elevation of 
1,500 meters above sea level where temperatures drop to about 10*C at 
certain times of the year. 
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cant phase separation was evident.   On the other hand, gasoline blended 

with anhydrous alcohol was observed to be clear and homogenous even at 

temperatures substantially lower than 60°F. 

Corrosion Effects on Alcohol Blends 

In a laboratory type test procedure conducted by R.S. Bernardo 

of the Philippine National Oil Company essentially following ASTM D130 

for Copper Strip Corrosion, hydrous alcogas was observed to have corrosion 

effects on ferro-magretlc materials, zinc, and zinc alloys.   The results 

of the metal test on hydrous alcogas corroslveness are shown In Table 1. 

Evaluations made on the corrosive property of Alcogas 99 showed that no 

significant effect has been observed   1n the tested metals.   Table 2 

shows the results of this test. 

Evaluations made on the effects of hydrous alcogas on engine 

fuel systems showed that IB* of the participating cars had engine 

stalling complaints from systems clogging due to corrosion debris. 

Investigations on the nature of the materials found clogging fuel system 

components revealed three general types of particulate contaminants 

carried with fuel streams.   The first type consisted of very fine rust 

particles which originated from Internal surfaces of fuel tanks; the 

second type consisted of very fine gray to grayish-brown powdery materials 

eroded from zinc Unes or galvanized fuel tanks and from zinc alloy 

components such as filter bodies and carburetors and third type consisted 

of debris from adhesive or sealants of fuel filters.   These contaminants, 
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belng particulate In Iti structure, have blocking ictloni In tht narrow 

orlflwi of futi system componenti which consequently resulted 1n engine 

stills ind cher difficultly 1n operating tht engines. 

Engine Performance Alcohol Blends 

Although hydroui alcogas IMI acceptable to ton» vehicles, problem 

of vapor lock, hard starti, Ion of power, higher futi consumption, hesi- 

tation, surging futi separati on and tnglnt stalling wtrt rtporttd by mort 

than SOX of the ttit participant!. 

Vapor lock occun when a dliproportlonatt Incrtait 1n vapor 

pressure and a dépression of boning temperatures of tht mlxturt rtiulti 

from tht molecular Interaction! of hydroui ethanol and gasoline. 

Hard "cold starts" with hydroui aleogai were tht rtiulti of high 

Itttnt heat of alcohol-gasoline vapor mlxturt being poorly vaporized 

tilth tht Intakt tir 1n the carburttlng process.   Under this condition, 

only a 11m1t*d portion of tht volatliHed futi could próvido an IgnHabit 

•rtxturt at tht spark plugs to itart tht cold engin«.   Hard "hot itarti" 

wtrt mort apparent In the entine uniti where vapor locking effects pre» 

dominated during a heat soak period when engines were stopped afttr 

prolonged operation. . 

Since Alctgai 99 hat a lowtr heat energy contant (®19,088Stu/1b) 

then premium gasoline ((J20,250 Btu/lb), tht net effect would be a leaner 

fuel-air mixture.   Engine! that we run by Aleogai 99 behaved as 1f the 
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carburetors were adjusted to deliver less fuel and thereby resulted In 

low power outputs and higher fuel consumption. 

Drlveablllty problems related to surging and hesitation were 

traceable to acceleration vapor lock caused by unbalanced volatility 

properties of hydrous alcogas.   Adjustment to richer carburetor settings 

had solved this difficulty 1n most vehicle units. 

Table 3 shows the summary of engine performance and other 

related drlveablllty problems resulting from the use of hydrous alcogas 

on cars. 

In order to ful!y assess and evaluate the effects of anhydrous 

alcogas on engine performance, an Alcogas 99 Test Caravan from Makatl 

to Baguio and vice versa,was undertaken In January 1978 (500 kilometer 

run).   On the average, Caravan participants rated the performance of 

"Alcogas 99" highly satisfactory 1n all drlveablllty characteristics 

evaluated      1ng the run, ranging from "hot" and "cold" startablllty 

to Idling, acceleration, and cruising characteristics through power 

delivery and overall performance under the following Baguio conditions: 

Temperature range: 56°F - 70°F 

Barometric pressure:       25.1 In Hg 

Altitude: 1,500 meters above sea level 

The summarized joint rating of the caravan participant on the 

vehicle performance test 1s shown 1n Table 4.   In the light of these 

results, the performance of "Alcogas 99" as an acceptable and efficient 
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power fuel was clearly demonstrated. The test run similarly proved that 

anhydrous alcohol combined with tha right gasoline hydrocarbon mix in 

a fully tested formulation could overcame vapor-lock and other volatility 

associated difficulties such as eaglne stalls and hard starts. In the 

overall context of tto test-run, no Alcogas 99-related difficulty what- 

soever was encountered throughout the entire run. 

PROSPECT OF ALC06AS A3 NATIONKIDE EQTOR FUEL 

A review and assessment of the Alcogas Project Indicates that 

for best long-term results, anhydrous alcohol must be used In an alcohol- 

gasoline blending procrei. 

Considering trat «kohol shall have an important role during the 

implementation of tl> Alcogas program, the alcohol Industry output is 

therefore taken into account. There are at present 19 distilleries 

(See Table 5) located In vcHous parts of the country where sugarcane 

Is grown 1n large quantities. They are equipped to produce 189 proof 

(94.5* by volume) alcohol and have a combined total production capacity 

of 421,770 liters alcohol per day, or 126.5 mlllloN liters per year, 

based on 300 operating days per year. Of the 50 million liters average 

annual pnfcct«-. **  •!::-:, ,.,,, ;.ilt of- t|* total capac1ty is 

presently being utilized. 

Alcohol production cernes almost exclusively from molasses 

because this appears to be the cheapest raw material. At present, 
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thf tbiolute alcohol yield ixsr ton of molasses ranges from 275 to 

300 liters. The average annual production of molasses Is about 160 

million gallas (Philippine Sugar Inultute figure). C, the total 

volume produced, about 30-40% 1s domestically consumed while the balança 

Is exported. 

Even 1f th* total annual production of molasses were utlHied 

solely to produce alcohol, the same would stili be insufficient to 

service total alcohol requirement of the prograrn. Considering further 

that trtde protection will have f.n be extended to domestic Industries, 

then 1t 1s likely thet only the exportable portion of molasses production 

could be available for an alcohol blending program. Consequently, 

Implementation of the program would require the multiple expansion of 

capacities of existing distilleries. 

The excess (export) molasses totalling approximately 112 million 

gallons per year could be coivtrted Into 162 million liters of anhydrous 

alcohol, which in turn 1s capable of «instituting 6.5* ef the country's 

annual gasoline consumption of 2.5 billion liters (Set Table 6). Th1i 

assumes an average distillery yield of 1,45 liters anhydrous alcohol 

that can be produced per gallon of molasses. 

Considering that the alcohol blending program calls for the 

displacement of 15X of annual gasoline consumption by alcohol, then It 

becomes evident that alcohol production would have to be provided by 

sources other than molasses. It would thus appear necessary to convert 

sugarcane to alcohol to provide the deficit. As a consequence, more land 
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should be planted with s^ercane so that extra harvest could be used for 

fuel alcohol produce on. 

Although alcoM u¿ ¡;.-5tor fut* •!„    t'cK'¿fcc.My feasible &nà 

acceptable, economic considerations sho* that akohol blends at present, 

cost more thttn gasoline on a per liter basts.   Comparing the selling 

price of premiwn g¿so?im> at. i«1.81 per liter (1978 figure) and the pro- 

duction cost of anhydrous alcohol at P2.02 per liter (PNOC figure). It 

car be noted that a big discrepancy really exists.    If fuel alcohol were 

to be competitively priced, a subsidy from the government may be required 

assuming that an alcohol-gasoline blending program Is Implemented. 

THE SOCIO-ECONOMIC EFFECT OF ALCOGAS 

In the overall context, except for few public acceptance problems 

that may arise In the Introduction of Alcogas utilization, the alcohol- 

gasoline blending program does not seem to have any adverse effects. 

In contrast, the socio-economic benefits are as follows: 

Pjvglggjg"! of Indigenous and Renewable Energy Resource^ 

Alcohol has an advantage over gxsoHne because 1t can be produced 

from Indigenous and renewable sources such as sugarcane, cassava and other 

crops containing high percentage of starch.    With the use of alcohol as 

fuel, there would be lesser dependence on oil-based products. 



Foreign Exchange 

The key to the full justification on the use of alcohol blend 

as fuel lies  ¡n the serious noed of t¡e country for adémate dollar 

supply.    But since alcohol at present costs more than gasoline, the 

advantage in foreign exchange savings must not be overcome by the 

disadvantage 1n the extra cost of fuel which might trigger inflationary 

movements. 

The Alcogas program if implemented, has two main effects on the 

country's foreign trade.    Firstly, it would bring about foreign exchange 

savings as lesser oil imports will be required in view of gasoline dis- 

placement achieved from the use of alcohol as motor fuel.   At the same 

time, holding sugarcane and molasses for the alcohol-gasoline blending 

program entails a corresponding foreign exchange loss resulting from 

non-exportation of these commodities.    If the price of sugar 1n the world 

market 1s low, a level may be reached where the second effect would be 

less than the first   thus realizing net foreign exchange savings. 

Reduction of Pollutants Emitted From Vehicles 

The Alcogas blend is as environmentally acceptable fuel as 

compared to conventional gasoline,    in view of of the reduction or even 

total elimination of tetra ethyl lead requirements fa toxic compound) 

and reduced unburned hydrocarbons in exhaust effluents. 

> 

* 
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Lind Development and Employment Opportuni tits 

The construction of new distillarle? and tht modernitati on and 

expansion of existing ones offers the opportunity for substantial 

development of land for growing of sugarcane and cassava as a supplemental 

fermentable crop and for wide employment both 1n the agricultural and 

manufacturing areas.   With the creation of new job opportunities, regional 

development can be encouraged and accelerated. 

Increase Technological Capabilities 

Technological capabilities can be Increased through acquisition 

and development of additional technical knowledge 1n alcohol production, 

sugar by-products utilization» alcohol utilization as fuel and feed stock 

for the agro-chemical Industries, and Improvement 1n sugarcane production. 

In the long run, there would be a high prospect of developing a new 

chemical Industry based on alcohol rather than on oil. 

Economic Bo^-.t to the Sugar Industry 

Sugar 1s one of the country's leading dollar earner accounting 

for about one-fourth of the country's tota! foreign exchange receipts. 

Howtver, the dollar-earning potential has been recently threatened by: 

a.   Depressed sugar prices 1n the world market as a result 

of over supply and competition from other sugar producing 

countries, and 
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b.   Condition from high fructosa corn syrup (KFCS), production 

of which 1i currently btlng scceltrated 1n thi United States. 

It 1s, thtrtfort, necessary thit tht tugar Industry should 

diversify  Its «erlitt for which alcohol offlfs high economic potential. 

A dual sugar-end-elcohol nsrkst w111 allow the sugar Industry sufficient 

economic f1tx1b111ty and serve as buffar 1n fluctuations In world sugar 

pricing.   It facilitates control of sugar or alcohol production depending 

on tht provai ling market situation. 

! 



-15- 
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TASLE1 

CONMOSMTY OF HYDROUS ALCOQAS TO METALS 

(J 122*F (MODIFIED ASTM 0130) 

Ttn METAL 3HRS ^ HW 

TINNED »ON (ASTM KO01 ) 

ALUMINUM (ASTM 329) 

MASS (ASTM B103) 

CAST 1N0N (ASTM K076) 

STEEL (ASTM Al 08) 

ZINC (MADE AN) 

com« (n.n) 

(-) 

<•) 

NÜATM (NO TANNISH) 

POSITIVE (TANNISHED A COMORO) 

Sweet:   N. S. ternirée, Philippin« *t10Ml Oil Cewtrty (PNOC) 
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TMUi 

jmmmvt or ANHYOMUS AUOIAS TO «ITALI 

Q 1tt*r   (MOOIUED ASTM 01 SO) 

TTW Wff AL 

TIMID tMW (ASTM «HI) 

ALUM!** (ASTM Stf) 

MASS (ASTM 1103) 

CUT im (ASTM K07I) 

STILL (ASTM Al OS) 

ZINC (IRAK Ad) 

WM« m.H) 

JJJLJ^^B 

( - ) • MUTIVI (no TAMUSH) 

( • )   •  POSITIVI (T/MSdSMtO/COHAOMO) 

t   ft. S. • PM1 t»tf» NitlOMl Oil (WSC) 
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TABLE 3 

SUMMARY - FUEL PERFORMANCE I OTHER RELATED 
DRIVEAItLfTY COMPLAINTS 

BQUtßt NO./FREPNÇY % OF TOTi 

1. CORROSION/AUSTINS OF 
FUEL SYSTEM 19 10.3 

2. SYSTEMS CLOGGING 
WITH STALLING •4 J4,e 

3. VAPOR LOCKING 
(WITH 1 W/O STALLING) If 18.7 

4. FUEL LAYERING SI 20.S 

S. HESITATION, SURGING 23 12.4 

f. RATERIAL INCOMPATIBILITY 12 I.I 

TOTAL 111 100.00 
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TABLE   4 

VEHICLE PERFORMANCE RATING SUMMARY SHEET OF THE 
"ALCOGAS 99" TEST CARAVAN TO BAGUIO AND BACK 

JANUARY 28-2S, 1978 

PERFORMANCE RATINGS AND 
TEST BRAND,  TYPE DRIVEABILITY CHARACTERISTICS 

VEHICLE #        « MAKE A 6 C D i F 5 H 

1. CHRYSLER GALANT GS 1 1 1 1 1 1 1 1 
2. FORD ESCORT 1300 2 2 2 2 2 2 2 2 
3. FORD CORTINA 2000 E 2 1 2 2 2 2 2 2 
4. GM HOLDEN 1900 PREMIER 2 1 2 2 2 2 2 2 
5. GM GEMINI SL 1 1 1 1 1 1 1 1 
6. TOYOTA COROLLA DE LUXE 1 1 1 1 1 1 1 1 
7. TOYOTA CORONA SEDAN 2 2 2 2 2 2 2 2 
8. TOYOTA TAMARAW KF 10 1 1 2 2 2 1 2 1 
9. CHRYSLER COLT CELESTE 2 1 2 2 1 1 2 1 

10. CHRYSLER GALANT SIGMA SALOON 2 2 1 1 1 1 1 1 
11. CHRYSLER GALANT DE LUXE 1 1 1 1 1 1 1 1 
12. CHRYSLER LANCER 1400 2 2 2 2 2 2 2 2 
13. CHRYSLER CIMARRON 2 2 2 2 2 2 2 2 
14. DMG VW BEETLE 1500 2 2 2 2 2 2 2 2 
15. DMG VW BRASILIA 1 2 1 1 2 1 1 2 

TOTAL POINTS  24 22 24 24 24 22 24 23 

AVERAGE RATING. ...16    1.471.6   1.6   1.6   1.471.6   1.53 

LEGEND:     I.   PERFORMANCE RATINGS: 

1 - EXCELLENT 
2 - SATISFACTORY 
3 - BORDERLINE 

4 
5 

- NEEDS IMPROVEMENT 
- UNACCEPTABLE 

ORIVEABILITY CHARACTERISE :s: 

E 
F 
G 

H 

A - "HOT" STARTABILITY 
B - "COLD" STARTABILITY 
C - LOWLAND IDLING 
0 - UPLAND IDLING 

- ACCELERATION 
- CRUISING 
- POWER DELIVERY/ 

CLIMBING ABILITY 
- OVERALL RATING 

UNDER BAGUIO CONDITIONS 
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1. H1nd Suoar Control 
J. fMtaH Sopor Control 
3. Tirile 01it111try Corp. 
4. Intoorotod SUMP CO. 
I. Superior Alcohol Ind. Co. 
I. topub11c Alcohol oil. 
7. Tocion ChMlçil Corp. 
I. Serbici ChoMcil Corp. 
•• Cenlubcno Suptr Estete 

10. Control Amarori, Don redro 

•40» 

TABU 5 

(.1ST Of ALCOHOL DISTILLIMI! 
«TM MIR AMMKSSES A CAPACITIES 

&ATJft 

Mtntotg, »enfeelnin 
Ponían, Tirite 
Sin Hi put!.Terlee 
Otl Comen, tapone* 
Apollt. POMpORM 
Ctl-nplt, Peeping* 
Beitritt, Bulecon 
Son Pedro, LofMM 
Ciniubtno, Ugunt 
Neeugbu, Ittongot 

Sub-Tottl 

Ceoecfty 

61000 
10,070 
40,000 
17,000 
11,100 
to,000 
30,000 
tt.ooo 
11,000 
30,000 

100,070 

N IO HOS 

1. Vlctoriee M111no Co. 
t. Te1lMy-S11cy Milling Co* 
3. tool Gomeny, Inc. 
4. Control Aiucererc do It Cirlott 
B. §1ne1befen«titbe1i Sooir Co. 
0. Alien Alcohol Corp. 

Meneplo, Nofroi On. 
Tell soy, Moffoo Oec. 
TtHiiv, Negreo Occ. 
U Ciri oil, Negro* Oee. 
Olnel begin, Negro* Oec. 
Pulupendcn, Negro* Ote. 

Sub-Totel 

47,100 

10, 
tt.000 

100,700 

I LO I LO 

1.   Control Settee-Lopes Co., Ine.    Oorotoc Nuovo, Hollo 0,000 

CE 0U 

1.   Aolon Alcohol Corp. 
t.   Cobo Alcohol Pioni 

Contoliclon. Cobo 
Nendowo, Coon 

Sob-Totel 

TOTAL 

Source:   Philippin« sopir InitUutt's InduitrUl fteeeerch 
tnd Development Offlet 

30,000 
10,000 

40,000 
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TASLE   6 

«ASOLIMI COWUHPTION: 1970-1978 
(IN MILLIOM LITERS) 

BHBMff 

1170 1,811 

1171 1.910 

1171 1,908 
1973 1,984 

1174 1,659 

1975 1,811 
1976 1,473 

1Ì77 1,317 

1171 1,332 

PREMIUM TOTAL COMSlirriON 

580 2,391 

596 2,918 

611 2,519 

663 2,617 

614 2,323 

814 2,426 

879 2,362 

970 2,317 

1,083 2,317 

Source  Philippin« tuttofili 011 Company (PROC) 
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