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I . Slr.-!!·!ARY AiID RZCOMMDIDATIONS 

Based on prE:vious knovledge available to UNIDO on the 

production of alcohol from cellulcsic :na.terials and the information 

gathered during the visits and discussions \Ii.th the ·~ious 

institutions in the U.S.A. and the Philippines, the members of the 

Mission tave rcach~d the following conclusions: 

l. One of the most i.mportar..t aspects of the energy proble!!l is 

the shortage of liquid fuels, which is creating serious 

probl~ms to a large ~tU:lber of developing countries. 

2. One of the most promising means to overcome t'le shortage of 

liquid fuels is the production of ethanol of motor fuel 

quality ~y t~e ac~icn of !!!.icro·or~anisz:s en =arbo~y~ates 

(sugars, s~arches and cell~osic materials). 

This option has the folloving main advantages: 

a) It is based on renewable resources. 

b) It has no e.dverse effect on the envirarunent. 

3. The alcohol is prod·,.ced f!oom carbohydrates utilizi:ig three 

different processes depending on the rav materials employed: 

a) Fermentation of already existing sugars pro~uced by 

certain agricult~~al products (~ugar cane, sugar beet, 

fruits , etc. ) ; 

b) Hydrolysis of starches fr~m different crops (corn, 

potatoes, cassava , etc. ) folloved by !'e mentation of the 

sugars produced; 

c) Hydrolysis or cellulosic materials and fermentation of the 

sugais produced. 
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4. The hydrolysis of starches or cellulosic materials can be 

carried out using che~ical or enzymatic techniques. 

5. The chemical hydrolysis has the folloving pertinent 

characteristics: 

a) The reaction conditions are strong and corrosion 

aggressiveness is high; as a result,- speci~ __ and 

expensive materials of construction have to be used 

in some parts of the plant. 

b) Due to the strong chemical conditions used in the 

reaction, th.. sugars vhicb a.re !'on:ed are partly 

decomposed, leading to lover :rields. 

c) Jue to the non specifity of the acid attack, some 

!'er:nentation sten are ~or~e~. 

d) Rather short retention times (6-7 hrs), as compared 

vi.th the enzymatic process (24 hrs), vhich leads to 

smaller hydrolysis reactor sizes. 

6. The enzymatic hydrolysis has the folloving pertinent 

characteristics: 

a) The reaction conditions a.re mild, and co~sequently, 

the corrosion aggressiveness is lov; regular 

materials of construction can be ust~. 

b) The sugar yields are higher. 

c) Due to the enzymes specificity, no detrimental 

by-products for-the fermentation step are formed~ 

7. Nev types of f ngi and bacteria are l..eing developed, using 

bio-engineering techniques, which would allow for shorter 

retention times of the enzymatic step or direct degradation 

of cellulose to ethanol. This technology might be :ready for 

industrial application within ~he next five years. 
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•~o •e~~";,.~1 "~; ... + ~~ ,,.; AV +'ho • .,...., .. ,.,...a+··,. --- .., _____ ,_ :----- . .., ... ·---, -·-- ---o1--··-
path !:.eems to be a better alte.:-native when compared with the 

chemicsl path. Moreover, there is great room for improvellent 

in this enzymatic process. 

9. °!.".ro promising technologies for the enzymati•! hydrolysis have 

been developed, up to differect levels by the U.S. A:rrrr:t 

Research and Development Command (Natick) and by Gulf Oil 

Chemicals Company. 

10. The Gul.f process embodies some unique features, s~ch as the 

use of whol~ enzyme culture, the si!!tU.ltaneous saccharification 

~e?'?:lentation and the distillation of the unfiltered al.cchol 

broth, which gives it some clear advantages over the Na.tick's 

technology. 

11. !be Gulf process has been developed and tested up to the 

pre-pil~t plant level; fur~ner developmental work and pilot 

testing needs to be cond~cted t~ i!!Iprove ou the process 

economics and to get techno-economic data before an industrial 

plant could be designed. For this purpose a 50 t/day !'e•?d 

pilot plant ha~ been designed by the Gulf team. 

12. The Natick team has concerrtrated mostly on investigations 

related to enzyme production a..11d saccha.rification; they have 

done almost no work on the fermentation or on thP. distil:..ation 

parts of the process. They have built and tested their 

proces5 in a 50 kg/day feed plant. 

13. In general, it can be said that the Gulf team has approximately 

24 months lead over the Natick's team; aside t'rom -chat, the 

Gulf process has a definite advantage, namely th~ simulta.neous 

saccharification/fermentation. 

14. The Gul.f team has obtained some pa.tents in ~onnexion vi th 

their process. The Natick team ha3 no patent rights on their 

process. This, associated vi th the fact that rlatick is a. 

U.S. Government agency,might mak~ it easier to ne"otiate with 
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!Iatick rega..-d.ing better conditions for the transfer of 

technolo~ to de•reloping countriez. 

15. Enlisting the services of some key persons from the Natick 

team and integrating them vith others experienced in 

fermentation of sugars and in chemical plant design, an 

independent technology to produce alcohol from cellulosic 

material.s could be developed. Hovever, the same result 

could be 13.Chieved much quicker using the present Gulf 

knovledge provided the appropriate arrangements are made 

for ~he use by developing countries of Gulf's proprietary 

knowledge. 

16. During the visit to the U.S.A. the ~ission ~~uld not gain 

access to some basic information to fully evaluate both 

case, ~or 7hic~ ar:. e~a.stici~y study on various parame~ers 

has already been underta.~en by Katzen Associates and vhich 

could not be released for detailed studies oy the :.fission 

at this stage. 

17. ':'he discussion vith re~resentatives of the U.S. AID 

indicated that they consider the technology of producing 

alcohol fI. .Jm cellulose of paramount importa:1ce to 

developing countries. They voul~ be villing to co-operate 

vith UNIDO in financing a project to construct a pilot 

plant in the Philippi·•es, provided the proposed sequential 

approach ~ould be adapted, namel;, to conduct a techno

economic study for the project, including a surv~y on the 

availabi~ity of rav materials and the ontential of r~el 

a.lconol in some developing countries. 

18. The te~hnologies to produce ethanol from cellulosic 

materials, altho~h in an advanced stage of development, are 

not yet fully developed. This gives ~ good opportunity to 

the deYeloping countries to get on the 'tee!. ~ological ·.1ag;on' 

at the right time and to develo? an independe~t capacity 

in this sector. 
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A vell designed project !lli.ght serve to develop not onl7 

technological capability to produc~ ethanol from cellulosic 

materials, but to tr-rin people and for.n the in±'!-astructure 

to handle the nev and very important techniques and 

technologies of bio-engineering. 

19. The project vould be implemented in tvo phases. ?hase I 

is a tec!:mo-economic study of the pilot plant and a survey 

of =av materials in selected developing countries vith an 

estimated cost of US$150.000. ?:lase II ~ould be the act-:.ia.1 

construction and operation for tvo years of ~he pi:ot plant 

~hose estiz:iated. cost ~ould be USS17,7 ::ri.l.licn. 

':'he proposed. con'tributions of the •rarious ?uties are a.s 

follovs: 

?::.~se _ 

UNDP (I?:') 

United States . .\;ency for Interna'tional 

Development (U.S. A!D) 

~ .,.~ - .• a.se .i..i. 

UNDP (!?F and Iiiteri~ Fund for Science 

and ~echnology for Developm~nt} 

United States Agency for Interna'tional 

Development (U.S. AID) 

Philippines Gove?T..m.ent (in equivalent 

local currency) 

l.00.JCO 

uSS 50.000 

USS 3,975.000 

US$ 5,675.000 

US$ 8,050.000 

20. The establishment of a. pilot plant for the production of 

alcohol from cellulosic rav materials vould represent a 

major step on the route outlined by the Industrial 

Development Bosrd for UNIDO to intensi~/ its eftorts in t~e 

energy field, including the efficient production of nev 

and r~nevable sources of e..~ergr !'?"om biomass. 
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In the light of the above, the Mission recomctends 

a) that mnoo should conduct a techno-economic study for the 

establishment of the pilot plant in selected developing 

countries. This vould include a detailed evaluati~n of 

Gulf Oil Company and Natick Research and Development 

Command technclcgies and a survey on the availability of 

cellulosic rav materials to produce ethanol. The draft 

terms of reference for the studies are included in 

Annex II. 

b) that based on the result of these studies, to proceed 

vi th the implementation of Phase II of the pro.~ect. This 

vould require the preparation of a detailed project 

document. This document should define the financial 

contribution of U.S. AID, UNDP and the Government of the 

c) to initiate the necessrry steps for the establish!!lent of 

appropriate legal and administrative systeI:J.S to enable 

developing countries to share the technological knov-ho~ 

developed through this project. 
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TT ... _. VISITS AND L ISCUSSIONS UllD.t:.1-{'l'A!\.u'i BY 
,.,.__,,__~-~ T"'-? 

.:"i.l.J.:>J..Vl.1 .J...U 

UNITED STATES ~ID '!'RE ?riILI?PINF.S 

1. Introductior. - w1:y Crop Residues for Energy? 

The rapid depletion of fossil energy supplies, ~he contiuued 

incr..?a.se in per capita vorld energy consumption, and the r~pid 

grovth in vorld population emphasize the need to develop alter

native energy sources. 

Energy resources a.re utilized as solid, liquid or gaseous 

fuels and as electricity. Only coal and bi..iI:18.Ss 4 of:er an 

application in all four of these uses. Crude oil and gas are 

used as liquii or gaseous fuels, and for electricity generation. 

Hydro-po"Wer and nuclear, geothermal, solar, rind and ocean ene-:gy 

have one co!:!Mon =ha~acteristic and limitation; they are pri!:!arily 

electricity is a very significant constraint on these si.i; energy 

sotu"ces because the present technology and life-style of our 

society are dependent upon the availability of mobile fuels such 

as oil and gas . 

Biomass is a!l ideal source of energy "'::lecause (a) it is 

renewable (b} it can be converted to any of the four t~es of 

power (c) its utilization does not have an adverse effect on the 

environment (unlike coal, it is very lov in sulphur and ash) 

(d) it does not create any waste problems (e.s the use of coal or 

nuclear power does) because the unused po~ions of biomass can be 

returned to the soil or in ce~ain instances used as animal feed. 

Plant biomass (forestry, agricultural products) have 

traditionally been used as energy sources. A great problem of 

graving crops for energy conversion is competition vith food and 

~ibre crops for available land and water. !fo11ever, ... rop residues 

such a.s rice straw, sut!;ar cane bagasse, c:irn stover, banana stalks, 

coconut shells and husks can be utilized for biomass energy 

* Biomass is defined here as recently-living plant material 
capable of being converted to liquid, solid or gaseous fuels, 
chemicals, or other products. 



conversion. The bulk of the cell vall in such ~rops is made up of 

cellulose, "'here it is found in close assl')ciation vi th lignin and 

other materials (such as hemicelluloses and pectins). Cellulose is 

by far the most abundant, renevable and readily available of all 

solid organic material, comprisin~ almost one thi~d of the weight 

of all trees, grasses and stravs. The annua1_ net yield of cellulose 

vorldvide (from photosynthesis) is estimated at 1011 tons. 

Energy can be obtained from biomass by direct combustion, by 

gasification (anaerobic digestfon or· thermochemical gasification), 

or through the production of eth~ol (nozmes.l alcohol). The latter 

technology is the subject ma~~~r of this re~ort. 

2. Waste Cellulose Ccnversion to Alcohol 

Cellulose is a polymer of glucose units linked to each other. 

TI:e de~adaticn of ":~e cellulose ?ol:r=e!" "::: i":s ::or.c~e?', ?lt:.cose 

can be accomplished either che:nically (acii hydrolysis) O?' 

biologically (enzymatic hydrolysis). Tile glucose prod 11ced car. be 

subsequently fer!!lented to alcohol by yeast. 

There are various advantages in the use of enzT11es, instead. 

of acid, to hydrolyze cellulose [1]. '!'he use cf acid re~uires 
expensive, corrosion-proof equipment. :·Ioreover, the crystalline 

structure of cellulose makes it very resista.~t to acid, so the 

te:nperature and acid concentration needed to accomplish hydrolysis 

cause decompostion of the resulting sugars. Consequently, the 

process must be balanced so that the velocity of the hydrolysis 

reaction is sufficiently high to compensate for ":he decomposition 

o~ the desired products. Glucose yields of approximately 50% of 

the cellulose used have been obtained by acid hydrolysis. 

Waste cellulose invariably contains other impurities vhich 

will react vith the acid, thereby producin~ other unwanted 

by-products vhich may inhibit the yea.st function in the 

fermentation reaction. The enzyme on the other hand is spe~ific 

for cellulose and does not react vith impurities or other 

materials which may be pre3ent in the waste. Among the advantages 

of enzymatic hydrolysis is that the process takes plac~ at 

moderate conditions so that the glucose yield is hi~h and is 

directly related tc the veight of the cellulosn used. 
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Problems associated with efficient biological conversion of 

cellulo:i;e to ethanol are being investigated in •rarious institutions. 

The researchers h~pe eventually (perhaps vithin the next five years) 

to ~onstruct, ~hro~,~ genetic engineering techniques, micro-organisms 

that are ethanol resistant and th<t.t can produce, at a faster rate, a 

high~r concentration of ethanol directly from cellulose. 

3. UN:DO Fermentation Alcohol Programme 

A 0NIDO Task Force on Energy Problems vas established in 1978 

to develop a UNIDO programme in the field of energy. T!:c 

Industrial Development Bo3.I"d, in its tvelfth session (May 1978) 

suggested that UNIDO focus its effor~s en two priority areas: 

technic".'..l. assistaace programmes to meet t.he developing countries' 

specific ener~ needs, particularly in the develop~ent of 

commercially feasible non-conventional ener~ s~urces, and advice 

to ceveloping countries on ~a~i~nal energy ;o:icies ~2J. 

In March 1979, UNIDO organized a workshop on ":'er~entation 

Alcohol for U~e as Fuel and Chemical Feedstock in Developing 

Col.llltries" vhich provided UNIDO vith the impetus for a programme 

of assistance to developing countrieR in this area. All:lost 

simultaneou:;ly, the ''First Consultation Meetin~ on the Petro

che!llical Industry" organized by UNIDO in Mexico City (March 1979) 

called on UNIDO to study alterr~tive sources of feedstock for 

petrochemical production such as coal and fermeutation alcohol. 

In its fourteenth session (May 1980), the Industrial 

Development Board agreed that in order to accelerate the 

industrialization of developing countries, UNIDO's prog:-amme 

of work for 19dl a.~d 1982-1983 should give priority to activities 

in certain areas, among which is "energy-related industrial 

technology" [3]. In addition, "the Board stressed that a high 

priority should be accorded to the operational and promotional 

activities cf UNIDO in the development, selection, a~~uisit±cn, 

adapt3.tion, trans fer and use of industrial t1~(.":".ology so as to 

facilitate the generation of increased anli :...:.~··e appropdate 

flovs of technolog~es to the dev~loping ~ountries and to 

strengthen their technological capabilities". 
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4. mmP mergy Fund 

The UrIDP Administrator proposed at the 27th Governing Council 

of UNDP the establishment of an Energy Fund. In addition to a 

i:;etroleum surveys component, "the second component of the Fund 

would finance pre-investment assessments of non-petroleum energy 

resources which require large investments for their development. 

Conventional, nev and renewable sources of energy to be assessed 

would potentially include carbon, nuclear, hydro-electric, etc. 

Cther nev and renewable so~ces of energy, such as biomass, solar, 

etc. would also be investigated through surveys, demonstrations 

and ::.mall pilot plants". 

In selecti~g projects in the area of nev and renewable sources 

of energy, the Fund would pay particular attention to: 

a) Projects that have been identified in a country's energy 

plan; and 

b) Pro.jects ';lhose results could have application in ot!ler 

countriP.s having similar resource endowments. 

The proposal explained that the Fund was intended to supplement 

other financial resou~ces which might be available to de:~loping 

countries, both bilateral and multilateral (e.g. IPF, Interi~ Fund 

of Scien~e and Technology). 

In his address to the Governing Council on 4 June 1980, the 

Executive Director of UNIDO stated that a priority area identified 

by the Third Conference of UNIDO related to the industry/energy 

interface and that UNIDO intended to intensify its efforts in three 

maj-:.· directions, one of which vas "the efficient production of new 

and ::-enewa.ble sources of energy, including 'biomass-derived fuels". 

The Executive Director further stated that "should the 

Governing Council decide to establish the Energy Fund, UNIDO would 

wP.lcome the opportunity to assist in pro.1ects designed to 

investigate nev and renewable sources of energy thiough demonstration 

and small pilot plants". 
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The Philippines is at present ove!"Vhelmingly dependent on 

importei crude oil for its energy requirements, constituting 

93-95% of national energy consumpt)on, excluding firevood. In 

1979 the Philippines had a trade imbalance of US$1,64 billion, 

97 per cent of vhich is directly attributable to oil imports. 

(The oil bill amounted to US$1,596 billion in 1979). This trade 

deficit vill continue to increase vi.th thP grovth in energy 

consumption in the count:rf, and as a result of the rising cost 

of imported oil! Faced vi.th this situation, the Government, 

through the Ministry of Energy, is undertaking major prograI:mles 

to develop bo~h conventional and non-conventional indigenous 

energy resources. 

One of these programmes is the Alcogas ?ro~amme. ':he 

il:l?:lediate oh.jecti 1re of the ·~rogral!lI!le is the ~roduction of 

20% alcohol. Basic rav materials ·.;ould be sagar cane (and 

molasses), cassava, sveet potato, S·Jrghum, corn, etc. The 

alcohol produced •.tould be blended vi th gasoline at ·~ml..~ pla."lts 

of oil companies~ The Alcogas prog.:-:.unr.ie !'lopes to attain the 

20~ blend target in 1986 vhen the ~asoline require~ents are 

projected to be 2.973 million litres and the corresponding 

alcohol requirements vould be 595 million litres. In 1988 

alcohol requirements are expected to rise to 634 million litres. 

A long-term objective of the Alcogas programme is to 

produce enough alcohol for 100% alcohol engines and to produce 

ethylene for the chemical industries by dehydration of alcohol. 

To achieve the objectives of the Alcogas programme in the 

medium and long-term, and to save available land for food and 

fibre crops, the Government vould like to investigate the 

technical a.nd economic feasibility of producing alcohol from 

crop residues, annually renevatle and abundant in the Philippines 

(please refer to Annex IV vhich gives an estimate of the annual 

production o~ these residues). 

The President of the Philippines, in February 1980, has 

created an "Alcohol Commission'' vith the ~'1inister of E.."lerP'.J' as 
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its Ghai!""llrut~ under the Office of the President (please see Annex I 

for Executive Order No. 580 cr~ating an Alcohol CoI!ll:lission). ':he 

Commission is responsible for accelerating the implementation of 

the Alcogas progr-amme. One of the main functions of the Cotcission 

is to "promote and co-oi-a.inate the conduct of research and 

development activities on alcohol production, its ~tilization as 

motor fuel; as vell as various feedstock possibilities". It is in 

this context that the Executive Director of the Alcohol Col!II!lission, 

Mr. H. Zs.yea, vho is at the samt! time a Go·•..rernor of the 3oard of 

Investments, has requested UNIDO's assistance in the establishment 

of a pilot plant for the production of alcohol from cell-U.osic 

~terial. It is ~orth noting in this connexion that ~he ESCAP 

ministers of industrJ in their October 1979 meeting have called 

upon UNIDO to play a role in supporting the energy resources 

development programmes of their countries. 

6. 01:,ject of the ~ission 

In response to the reque~t of the Government of the Phili~pines, 

and in line vith UNIDO's involvement in folloving u~ developments 

in the energy field, and the potential of utilizing the technology 

of producing alcohol f'l"om cellulosic wastes in other d~veloping 

cou.~tries, it vas deemed necessary to undertake an exploratory 

missio~ to the United States and to ~he Philippines. 

The object of the mission vas: 

(i) to investig~te the current state of development of 

the technology of producing alcohol from cellulosic 

rav materials through the enzymatic process; 

(ii) to explore the extent and mode of co-operation of the 

technology owners with UNIDO in the establishment of 

a pilot plant in the Philippines; 

(iii) to establish the production capacity and approximate 

investment costs of the proposed pilot plant; 

(iv) to discuss with competent authorities in the U.S. AID 

the extent of their co-operation with UNIDO in the 

implementation of the pro,ject, in viev of their 

interest expressed in the pro.1ect; 
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and vi.th the U!IDP Resident Representative in the 

Phili~pines, Government inputs to the project, 

possible UNDP inputs and the approach to be folloved 

in project implementation. 

The Mission vas composed cf 

M:. El Hal.fawy 

L. Soto-Krebs* 

W. Kamel 

Senior Inter-regional. Adviser, Industrial 

Operations Division 

Special. Technical. Adviser, Technology Group 

Industrial. Development Officer, ~evelopment 

and Transfer of Technology Section 

The Mission visited the U.S.A. "t>etveen 21 April and 6 ~-!:a:r 

and the Philippines from 11-16 ~.fay 1980. 

3efore visiting the U.S.A., the folloving infor=i.ation vas 

available to members of the Mission either from p~blished 

literature or throu~h private communications: 

a) The higher cost of ethanol as a liquid fuel from cor.i 

and sugar cane juice (e.g. llS compared vi.th synthetic 

crude from co&.l liquefaction) is attributable primarily 

to the cost of the rav material. vhich represents about 

tvo thirds of the production cost. '!'Be use of lov-cost 

crop residues (or municipal. solid vaste, later 

abbreviated to M.S.W.) should, in principle, sub

stantially lover the production cost. Unfortunately, 

due to the relative inaccessibility of the cellulose in 

these substrates to enzymatic hydrolysis, the reduced 

rav material cost i' overshadoved by the c9st of pre

treatment of the substrate and its saccharification 

(hydrolysis to glucose sugar) [4]. Generally a vigorous 

physical. and/or chemical. pre-treatment is required to 

significantly increase the susceptibility of the 

substrate to enzymatic hydrolysis. Examples of phy~ical. 

* L. Soto-Krebs vas not associated vith the Mission during visi~s 
to Katzen Associates and to the Philippines. 
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pre-treatment are pot milling, ball milling and compression 

milling. As an ex8.Illple of chemical pre-trea-cment ba.gasse 

has ':leen treated ritb dilute caustic soda. It is obvious 

that the pre-treatment step of cellulosic vaste material. 

is an iLl.portant variable vhich rill affect not only the 

degree of s"!..:::charifice.tion, but also the economics of 

alcohol production, 

b) The U.S. Al.T4'/ Natick Laboratory in Massachusetts has been 

L centre of research on enzymes and the enzyi::~tic 

hydrolysis of cellulose for about thirty years. Scientists 

s.t Natick have developed a h~rtirol.ysis process based on the 

use of enzymes (refer~ed to as the cellulose complex) 

produced b; nrut:ul't strains of the fungus Trichoderma reesei. 

The precess produces glucose syrup (up to 15%) from 

cellulosic su~strates [sJ. 

c) ~ul:' Oil :::'1ecicals Ccrr:.;a.n:r, Sha· .. T. .. ee :-!i3s:cn, :~ansas, ·;.3.A. 

began in 1':171 a biochemical research programi:ie ·n<;h the 

object of searching for alternate feedstocks for their 

petrochei;ri.cal. business. Subsequent research :ed to the 

construction o: a cellulose to ethanol pilot plant at 

Pittsburg, Kansas, vith a capacity of one ten per day 

cellulosic vaste feedstock (7 J [lo]. The pilot plant has 

been in operation since January 1976. 

7. Visit to the U.S. Arf!!Y Natick Research and DeveloPment Command, 

Massachusetts 

The Mission vas received by Mr. Le., A. Spano, Directer of the 

Pollution Abatement Di vision, Food Scie11ces Labora.tor.r. Mr. Spano 

briefed the Mission on Natick's process and activities in the field 

of cellulose hydrolysis and alcohol production. 

The first step in the process is the produc·cion of the enZJl!lt'! 

complex ( cellulase). This is done by graving the fungus Trichoderma 

reesei in a culture medium containing part of the cellulosic feed

stock and various nutrient salt~. Folloving it!'I grovth the fungus 

culture is filtered and the clear filtrate vhich is the enzyne 

so~.ution is used in the saccha.ri fication reaction. Tli.e feedstock 
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is prP-treated by milling and in the for.n of 20% slurry introduced 

to the reacto~, together with the enzy-:!!e solution to produce 

gl1•cose. The crude, glucose syrup is fil <;ered for use in a 

fermentation step by yeast folloved ~y distillation to produce 

alcohol. 

Research in ~atick has succeeded in in~reasing the enzyme 

activity sixteen-fold and the rate of enzyme production tvelve

fold. The hydrolysis time vas reduced :f'rom 48 tc 24 hours and 

the milling time from 24 hours to about 5 minutes. 

In Natick, they have investigated I:IanY types of pre

t~eatment. The !!lOSt premising and economic in their opinion is 

compression ( t.vo-·roll) milling. 

Many cellulosic materials have been e'raluated and hydrolysed 

on a bench scale. T.lese included soft and hard woods, :i:unicipal 

solid ·.;aste, nevsprint, pa!)er ?:rill •..1aste, s~a!" ca."le ":ll?.g!!.Sse, 

The success of the laboratory experiments initiated the 

construction of a highly instr1.ll!lented pilot plant which is used 

to study the effect of various factors on the fungal gro•..lth and 

enz:rme biosynthesis, as vell as on the ~accharification of 

cellulose by the cellulase complex. The Mission 'risited the 

pilot plant as vell as the research laboratories. The pilot 

plant has a capacity of 50 kg per day of cellulosic vaste feed

stock. It has been operating since 1974. 

The pilot plant consists of such equipment as 

a) Ferm.enters for enzyme production 

t) Substrate handling and preparation equiptlent 

c) Enzyme reactors 

d) Holding tanks and auxiliary vessels 

e) Instrumentation modules 

f) Enzyme rec:-oveey and storage. 

The equipment is built up under the principle of modularity. Nev 

modules can be added to the system without the necessity to re

arrange its building elements. Th.a instrumentation :nakes it 

possible to be coupled ~ith a computer proF,ramme for process 

control on the basis of the rheolo~ical and biolo~ica.l conditions 

of the process. 
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~:::...,.e•re!', the -pilot !Jlant did not have an:r equipment for 

glucose fer!:lentation to alcohol neither for alcoh~l castillation. 

These steps vere only carried out in the bench scale experi~ents. 

:·tr. Spano informed the ~ission that in the laborator/ they have 

also carried out simultaneous and. uncoupled batch and continuous 

saccharification and fermentation experiments. ':'hese studies 

indicated an increased -: ield of alcohol vhen the hydrolysis and 

fermentation to ethanol ste~s ~ere combined. Sut simultaneous 

saccharification/fermentati·m va.s not tried in the pilot plant. 

~-tr. Speno mentioned that he had been trying to construct 

a one ton/day pil~t plant based on nunicipal solid ~aste to 

9roduce f~el ~ade ethanol. The object vculd be tc develop 

process refinements and collect the necessar/ design data for 

a 5•J t/day pilot plant as a step to a. commercial scale one. 

~ovever, the ne~essar; funds for constructing suet a one ton/day 

the Solar :2r.ergy ~esearch :nstitute has recently contracted 

Gulf for use of their one ten/day plant to optinize Natick 

~recess variables using different feedstocks and diff~rent ?re

treat~ent techniques. 

:-~. ~~a.no also intc~ed the ;.rission of a visit to t::ie 

University of Arkansas (Sio:!less Research Centre) ~hich he ~oU.:d 

ta.~e i~ t~e near future at the request of the Department of 

Energy. The object was to discuss vays a.~d means of co-ordinating 

the activities of the tvo institutions in enzyme research and 

cellulose to alcohol technology so as to avoid any duplication of 

effort. 

According to Spano's calculations the enzyme cost needed to 

produce one ~allon of alcohol is about 45 Cents. (This is to be 

compared vith 21 Cents estii:nated by Katzen for the Gul~ process). 

In October 1979, the Natick ~oup [5] published an 

assessment of ethanol production from urban vaste. Their cost 

analysis vas based on a plant vith a capacity of 25 million 

gallons of 95% fuel grade alcohol. The plant vould consume 

495 .oqo tons/y of cellulosic vaste containing 375 .000 .:p; of 

enzyme hydrolyzable material, 45% of which vould be converted 

to ~err:ientable su~ars which in turn W'Ould be co11verted to 
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e-thenol ( hO~ yi~ld) , The total fixed inVf!St:ne!l.t of such a plant 

vas esti:nated to be about US$52 Jlillior-. 

On this basis the factor/ cost of one gallon of fu~l grade 

ethanol (95%) vas calculated to be US$1,22, but if credits are 

taken for cellular biot:!&Ss to be used as aniua.l. feed, and for 

residwtl. cellulose from hydrolysis (used as fuel), the factory 

cost vouJ.d be US$0,94igallon. 

8. Visit to Katzen Associates, Cincinnati, Ohio - Gulf Research 

and Develonment 

Katzen Associates have been the ccn~ulti~g engineers for 

Gulf Oil Chemicals Co. dU?"ing the development of the Gulf 

technology. Di~cussions vere held at the Katzen office in 

Cincinnati vi.th Dr. Raph~el Katzen, ?resident of ~.atzen Associates 

:.rr. Silver informed the ~ission that (i) the technology of 

t~~= process is ovned jointly by Gulf end :-ri ppon :rining, (ii ) 

Katzen .l\.ssoc1ates are their agents outside U.S.A., (iii) O•'Uership 

of the technology i:.rithin U.S.A. had been transferred to the 

University of Arkan~as; Katzen Associates are also ~heir agents 

for licensing, (iv) for a proposed pilot plant in the ~ilippines 

they were not going to charge any fees for patent rights and the 

knov-hov; hovever, Gulf's ability to provide other inputs vould 

be li?:ri.ted, (v) ser~rices for the design, construction, start-up 

and assistance in operation of the pilot plant vould have ~o be 

provided by Katzen Associates and the University of Arkansas vith 

vhom UNIDO has to ne~otiate for the delivery of such servi~c~. 

Hovever, ~.fr. Silver indicated that Gulf vould require to be 

compensated for the transfer of their knov-hov and proprietary 

dghts for future commercial operation of plall.ts based on t!'le 

Gulf process. The Mission's reply to Mr. Silver was as follovs: 

Should this project materialize, UMIDO and the Goverru:ent of the 

Philippines ..,ould be inv~sting large sums of money in constructin~ 

and operating the pilot plant. The Gul! process r.as not been 

comitercially proven, and additional development vork vas re~~ired 
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and in the utilization of the by-prod~cts. The Philippines 

pilot plant vould contribute considerably to this development 

effo~. Gulf ·•ould be infoIT..ed of, and gi YeIJ full access to, 

im!)rovecents in technology ac~ieYed; ::i.lso arrange~ents cculd be 

~ade for Gulf personnel or ?respective licensees from developed 

countries to have access to the pilot p1~nt. In ret-:.u-n, Gulf 

vould be required to make available to m::mc the knov-hov and 

Gulf p:-oprietary rights free of charge for the use of :;'NIDO in 

developing countries only. 

~-fr. Silver said that it '.13.5 not in his competence to 

a decision on this :iatter :!nd t~at ~e vould have to take it ~p 

'Tith ~1tlf :naLagement for consideration. 

nr. Katzen infor?:ied the ~·!is~ion that the Gulf ::=ilot ?lant 

of l ton/day capacity started operation in Januar-J 1976 but 

fer:-ed to the 3ioms.ss Research Centre, :Jni •rersi t:r of Arkansas , 

directed by Professor G. Emert. At present, ?rof. En:ert is 

organizing a consortium to construct a SC t/day cell~osic 

vaste conversion facility, the c~eratior , f ~hie~ ~ill e~able 

scaling up to a cot"!llercial plant cf l. 001; ;,) 2. JOO t; I day 

cellulosic vaste feedstock. 

Katzen had already completed for Gulf the design and 

equipment specit'ication'> for a 50 t/day pilot plant. It has 

been designed for continuous operation and ~Y improvements 

on the present pilot plant, particularly in pre-treatment and 

alcohol distillation have been inco~orated in the design. 

The design ·.rill be used. by the Arkansas Consortium. 

Katz.en belie•res that Gulf technology ~or cellulose 

conversior. to alcohol is a.t a more e.dvanced stage of develop

ment compared to other technologies and can be commercialized 

in 4-5 years time. The main advantages of the Gulf' process 

today, accordin~ to Dr. Katzen, are: 

a) The enzymatic proceas \.1ses unpurified (-.rhole culture) 

preparation of Trichoderma Reesi. There i~ no need 

for filteration as in the Natick process. Only 48 hrs 
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are needed to -.>re-pare the enz.> me. 01hereas in ~latick 

they neeC. at least 4 days . The enzyme required for 

the production of one gall.on of alcohol vould cost 

US Cents 21 to produce. (In Natick this co~~ is 

minimum 45 Cents.) 

b) 'l'he saccharif'ication of' cellulose to glucose and 

fermentation of' glucose to ethanol take pl~ce 

simultaneously and in the same vessel. This results 

in 25-40% increase in :;.reduct (alcohol) yield over 

a conventional two-step saccharif'ication to glucose 

followed by fermentation to ethanol process. The 

increased yield is attri'huted to the re:ova.j_ of 

glucose, an inhibitor of the cellulase system, by the 

yeast. 

c) Another advantage of this prtJcess is that the yeast 

g!"O'J°th ra~i'.!1.7 prod~ces an a:iaero~ic envircaz::.en~, 

vhich eli:cri.nates the necessity of strict aseptic 

conditions [6]. 

d) The process in the nev 50 t/day design is ~~ntinuous 

in a.J.1 stages. 

e) The Gulf process uses in the alcohol recovery 3ection 

a lov energy consumption distillation systen developed 

by Katzen for ?llD.Ximum heat recover,r and heat re-use [9]. 

The meeting disct!Ssed the possible capacity of' th~ 

Philippines pilot plant and it was agreed that a facility of' 

50 t/day cellulosic waste feedstock capacity would be appropriate. 

The operation of a ple.nt of this size - and not a much smaller 

one - for about tvo years and the results obtained therefrom 

would lead to definition of' scale-up criteria to large commercial 

plants (1.000 2.000 t/day feedstock). A pilot plant of this 

size would also be constructed using standard commercially 

available equipment and no special designs or orders ~ould be 

required. 

Gulf and Katzen a~eed to provide at no cost the designs 

and equipment specifications for the 50 t/day pilot plant 

already prepared for Gulf by Katzen. Naturally, some modifi-
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to the conditions of the Philippines and to the site chosen. 

The meeting also agreed that it ~ould be advisable to 

i:nplement this project in tvo phases. The first phase vould 

be a techno-economic assessment of the proposed pilot plant 

and the potential of commercial~zation in the Philippines 

(please see Annex II for draft terms of reference of Phase .: ) • 

The second phase vould be the actual construction and operation 

of the pilot plant. Three conths vould be needed to conduct 

the techno-economic study; the pilot plant could start un 

33 months later. 

The first phase is esti??tated to cost USS150.QOO. 

The investment breakdovn of the se~ond phase, based on 

data provided by Katze.n, assuz:rin~ that the pilot !)lant ·..1oald 

be const:-ucted ad.~ a.ce~t to an existi!li<; s-..r~ar ~ll i~ :::e 

?tilippines, is a:> follo~s: 

Fixed Investment 50 t/d Pilot Plant 

Land 

Equipment F.0.B 

Freight and ir-surance 

Engineering and training of local staff 

Construction overhead 

Sub-total 

Contingency 

Total foreign currency component 

Field materials 

Direct labour 

Building and structures 

:ontingency 

Sub-total 

Total local currency component 

Total fixed investment 

free 

3,550.000 

700.000 

1,000.000 

800.000 

6,050.000 

600.000 

1, 7nri.000 

1,700.000 

1,000.000 

4,400.000 

400.000 

6,650.000 

4,800.000 

11,450.000 
========== 
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The orea.~dovn of the ecuinment cost is as follows: 

US$ 

Rav materials handling 98. 000 

Rav materials preparational (pre-treatment) 956.000 

Enzyme preparation 807.000 

Simultaneous saccharification and 
fermentation 616.000 

Alcohol recovery 222.000 

Solid separation and evaporation 691.000 

Facilities and utilities 160.000 

Total equipment 3,550.000 
-----

'Ihe pilot plant vi.11 be operated ~or a minim'll!:l period of 

tvo years to establish the engineering baseline for the ~esign 

and constr'J.ction :Jf :'ull scale plan-:s · .. ·r.ich a=-e 

follov, not only in the Philippines, but in other developing 

countries. Several agricultural residues ·rill be tried since 

residues are seasonal but the plant :nust run aroun4 the year. 'The 

cellular bioI:laSs (stillage) fro~ the alcohol recoverJ plant is 

evaporated to produce 60% solids content s:l'l"'Up ani!!!S.l feed 

by-product. Extensive animal feed tests will have to be 

conducted ~n this by-product. Also the engineering and economic 

problems of collection, transportation, storage and pre

treatment of the agricultural residues have to be investigated. 

During the operations of the pilot plant, modifications 

and equipment adJitions might have to be introduced. A lump 

sum of US$1,25 million has to be allocated for these modifi

cations. The annual operating costs of the pilot plant are 

estimated as follows: 
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EstiI!lated Annual Onerating Er.lenses 

Rav materials 

Chemicals and nutrients 

Paver 

Steam 

Labour (7 supervisory, 9 lab. and office, 
36 opera.tors ) 

Maintenance 

Tests and evaluations 

International consultants 

Annual.operating costs (excluding 
depreciation) 

US$ 

140.000 

200.000 

L.00.000 

250.000 

500.000 

60.000 

700.000 

250.000 

2,500.000 
===--== 

Operating expenses for two years are US$5,000.000 of which 

u~:S2 ''.JOO. 000 •.rill be ~oreiorn C'.l.r!"e~c:r. 

In summarf the total cost of the second phase is estimated 

to be US$17,700.000 detailed as follovs: 

Total cost of the second nhase (Construction and ~vo-year 

operation of 50 t/day pilot plant) 

US$ 

Foreign Currency Local Currency Total 

Fixed Investment 6,640.000 4,800.000 11,450.000 

Modifications and 
Additions 1,000.000 250.000 1,250.000 

Operating Expenses 
( 2 yea.rs) 2,000.000 3,000.000 5,0~0.000 

Total 9,640.000 8,050.000 l 7 '700.000 
============ 

The proposed contribution of the various parties towards the 

implementation of the project during a five yea.rs period can be 

summarized as follovs: 



Phase I 

U .:::;. AID 

ur;np 
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US$ 

50.000 

100.000 

Government of the Philippines - onl~,. contribution in kind 
(staff, office and trans
portation facilities) 

Phase II 

a) U.S. AID 

Equipment 

Freight and Insurance 

Modifications and Equipment 
Additions) 

Contingency 

Sub-Total 

US$ 

3,550.000 

700.000 

1,000.000 

425.000 

5,675.000 

:i; :J:C? (I?? a.:,~ possi";)ly Ime:-im ?und :~~r Science and 
Technology ~or Dev~lopment) 

Engineering and Trainin~ 

Construction Overhead 

~e5ts and ~valuations 

International Consultants 

Che!Ilical and ~utrients 

Contingency and Miscellaneous 

Sub-'1'otal 

c ) Gove?T.ment 

Modifications and Additions 

Local Operating Expenses 
(Staff, Labour, Raw Materials, 
Utilities) 

Contingency 

Sub-Total 

1,000.000 

800.000 

1,000.000 

500.000 

400.000 

275.000 

3,975.000 

J, I. '"' '""' .. , .. vv.vvv 

250.000 

3,000.000 

400.000 

8,05C.OOO 
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Detailed description of the Gulf process, its techao-economic 

feasibility, the various agricultural residues tested and the 

yields obtained therefrom have been given by Emert and Katzen in 

various publications [i][a] [o-]. For example, Rivers and Emert [8] 
estimate for U.S. conditions the total fixed inve~tment for a plant 

to produce 25 million U.S. gallons per year of 95% alcohol to be 

US$74,62 million and for a 50 million U.S. g;illons per year 

capacity to be US$118,93 million. The production cost of alcohol 

frcm the former would be US$1.235 and from the latter US$1.084 per 

U.S. gallon based on a municipal solid vaste of US$15.75 per ton, 

and no credit given either to the by-product animal feed or to the 

solids.(to be used as fuel) separated after the sacc~arification/ 

fermentation. If this credit is taken into consideration, the 

alcohol production cost would drop to US$~.897 and US$0.744 per 

gallon. 

9. Discussions ;1ith Officials of U.S. A::J, ~.rashb~on '.:i.C. 

Prese:it: Dr. Norman Brown, Special AdYiser on Energy to 
the Assistant Administrator, Bureau for Asia 

Robert Nachtrieb, Phili~pines Desk Officer, 
3ureau for Asia 

Alan Jacobs, Director, Office of :::0.ergy, Develop
ment Support Bureau 

Melvin Schuweiler, Co-ordinator, UNIDO Affairs 

Members of the Mission met vith the above mentioned officials 

of U.S. AID at their headquarters in Washington D.C. The 

objective of the meeting vas to present the concept of the project 

proposal and to explore possible collaboration betT•een UiHDO and 

U.S. AID in implementing the project. A brief presen~aticn was 

m.ide en the project proposal and the findings of the Mission as a 

result of the talks neld with both Gulf Research and Development Co., 

Katzen Associates, and U.S. Army Natick Research and Development 

Command. In response, representatives of U.S. AID reiterated their 

interest to provide adequate support to UNIDO for the project 

propos~ under revie· and stated that renewable energy programmes 

have been accorded high priority within programmes pursued by the 

Agency. 
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be executed in tvc phases; the first phasP to comprise a ~echno

economic study for the construction of a 50 t/day pilot plant in 

the Philippin~s, the second phase to include design, procurement 

and construction of the pilot plant for conversion of cellulosic 

~aste to ethanol, and the operation of this plant for t~o years. 

The implementation of Phase II vould be subject to favourable 

indication ohtained through the techno-eccnomic study (Phase I). 

In addition, it vas recommended by U.S. AID that the study to be 

carriei out .mder Phase I should also investigate the potential 

of utilizing such technology in other developing countries to 

provide part of their liquid fuel requirements as vell as the 

availability of cellulosic vaste materials in those countries for 

the use in future commercial plants. This glubal part of the 

study vould constitute the basis for possible utilization of the 

technology in various developing cot..ntries. 

As to the contribution of U.S. AID, members of ~he :.tission 

~ere informed that for the first ~hase U.S. AID would be ;rilling 

to finance the full costs, using funds ·available at the Office 

of Energy of U.S. AID. Hovever, since it vas desirable to start 

Phase I as soon as possible, it vas considered extrecely 

difficult to channel such contribution to UN!DO under trust fund 

arrangements~ as this would entail a long bureaucratic and 

administrative procedure vithin U.S. AID. Regarding the 

contribution of the Agency to Ph2se II it was stated by the 

officials present at the meeting that no final commitment could 

be made at this stage and before Phase I is concluded. Hovever, 

in case favourable results are obtained, U.S. AID vould be villing 

to consider the financing of the equipment component of the 

project which vill be about US$6 million (please refer to pre

liminary costing data for Phase II, Section 8). Thi~ 

contribution could partly be furnished from the funds allocated 

to the U.S. AID Central FundinF; Programme, partly !"rom funds 

available under their Energy Programme and partly from funds 

allocated under their Country Programme in the Philippines. At 

the request of the Mission U.S. AID ~ill consider the possibility 

of providing such contributions to UNIDO under trust fund 

arrangements. 
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Preliminary ter.ns of reference for the techno-economic 

study vere vor;:.ed out by the ~·fission in collaboration vith 

responsible officials of the Agency and a total of 

US$150.000 ~as considered a reasonable cost estimat~ for such 

a study. In the terms of reference U.S. AID emphasized their 

viev that the Agency attached e. great importance to the 

project's impact on rural areas. 

It ve.s further decided during the meeting that 

Mr. Nachtrieb vould be available in Manila during the visit 

of the Mission, scheduled to tak~ place betveen 11-16 May 1980, 

and that further meetings should be a.r?"anged vith the local 

U.S. AID office in Manila for finalizing the terms of reference 

of Phase ! , taking into account the outcome of discussions held 

vith the responsible authorities of the Philippines Government 

on the further deYelopment of the project. 

:':le Agency nominated :ioth >!r. Jacobs and ~fr. Schu•.;ei.ler 

to be the main point of contact for UN!DO on future matters 

concerning the project. 

10. Meeting at the University of Arkansas and Visit to Gulf 

Pilot Plant 

Present: Dr. George H. Emert, Professor, University of 
Arkansas (team leader) 

Paul J. Blotkamp, Research Associate (U.A.) 

Dana K. Becker, Research Associate (U.A.) 

Mr. Paul Blotkamp made a presentation in which he described 

the work going on in their laboratories. The members of the 

Missioc asked for clarification and information on some issues. 

The folloving notable features can be stated: 

a) Gulf Oil Chemicals Company started the project on 

enzymatic hydrolysis of cellulosic materials in 1972. 

Dr. Emert and Mr. Becker were members of the Gulf team. 

b) Gulf decided to suspend further development or the 

ethanol project because of higher priority attached to 

other energy-related projects. 
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through vhich they transferred, free of charge, approx. 

USSl ,5 million in equipment and, vhat is more important, 

its previous knov-hov in the area. At t_he same time they 

gave the University a grant for US$800.000 to continu~_ 

vork in the area. 

d) At the time of the transfer Gulf had invested approx. 

US$8 million in the project. 

e) At the University of Arkansas they have W'Orked up to the 

bench scale in the pre-treatment of various cellulosic 

materials, the production of the enzyme, simultaneous 

saccharification/fermentation and distillation parts of 

the proces~. As feedstoclt for their vork they have used 

various·voods, several crop residues, pulp mill W"aste and 

~.s.w. [a]. 

f) In connexion ;/i~h ";he ?re-t::::-eat:nen-c ~hey ha·re concl:..tded 

that the best method to accomplish the process is by 

agitated bead ~~lling the rav materials; they claim ~hat 

this is the only good eccnotnicall7 feasible pre-treat:nent. 

They clai!!l that -~fatick tests W'i th roll :nills are only of 

academic value, Jue to the high energy input and high roll vear. 

In any case, Mr. Blotkamp :nentioned that, in his opinion, the 

pre-treatmen-c step could be dispensed vi th and substituted by an 

increase in residence ti:ne from 24 hours to 90 hours in the 

simultaneous saccharification/fermentation process W'hich vould add 

only 9c to the cost of the final ethanol. 

On the other hand, a study ca.de by Raphael Katzen Associates 

for Gulf states that 'the economic- viability of the }ulf pr:-cess 

and other enzyme processes depends in large measure~ on finding a 

lov cost process for enhancing cellulosic re~ctivity'. 

In connexion W"ith the production of the enzyme complex, it 

can be mentioned: 

a) They are using the same strain of fungi of the Natick's 

team for the production of the enzymes for the hydrolysis 

process. 
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b) The retention ti~e for the process is 48 hours. 

c) At the end of the process they do not separate the 

micellium from the liquid; instead they feed the 

•.rhole culture to the saccha.rificP.tion/fermentation 

tank. This is one of the i::ost i::nportant factors in 

decreasing the costs cf the enzyme production. They 

claim that the cellulas~ en1yme complex produced by 

their method is much more active than the ones 

prc~uced by all the other me~hods. 

In connexion vith the saccharification/fer:nentation 

process, it can be mentioned: 

a) Here is vhere the Gulf process differs mostly from 

other processes and ~ould be considered as the I?10st 

important feature of the vhole process. In the 

Gulf urocess the sinultaneous saccheri~ic1tion/ 

~ermentation process (SSF) is used. :be de~reased 

rate of reaction in the saccharification process 

arising from the sugars- present is overcome by 

using the sugars as soon as they are formed; ·;he 

sugars are fe?'!!lented to ethanol. Thh is accomplished 

by keeping the alcohol concentration low (under 

5 per cent). 

b) The SSF process has been operated usin~ different 

feedstocks (giving different alcohol yields). But in 

general they think they have no problems in processicg 

them. When they had problems it vas vith woods having 

high lignin content. 

c) For the fermentation process a strain of Candida 

Brasica developed by Bio Research Ltd. is used vhich 

give~ a better performance comp&red vi.th at.her yeasts 

in the simultaneous process. 

d) The residence time in the SSF process i.s 24 hours. They 

use about 15% slurry (8% cellulose content) to get 

3,6% by volume alcohol. 

e) In the SSF process Gulf started using one reactor to 

carry out the whole reaction, then they tried tvo 
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adding a ttird reactGr. This is being done by trial. 

and error, instead of using the kinetic inf'or:nation 

vhich they al.ready have. 

On the distillation part the f'olloving can be mentioned: 

a) The vhole broth is distilled after separating the 

yeast mass. 

b) For the distillation cf the vhole broth Gulf develo·ped 

together vith Katzen Associates a special column 

design (ba!'ne type) which proved to be successf'ul. 

This col'.llllll pr.oduces 25% by volume of alcohol solution 

vhich is col".centrated up to anhydrous alcohol using 

known techniques. 

c) Application has been made for patents on the desi~ 

of the aolU?C!l. '::le nev syste~ ~culi ~e~~ce t~e =~s~ 

of the vhole process. 

When the Mission inquired about the influence of various 

parameters on the final cost of alcohol, the University of 

Arkansas team mentioned that they could not disclose more 

information. They mentioned that a thorough feasibility study 

on a 50 t/day pilot plant had been completed by Raphael Katzen 

Associates. This study included moEt of the information the 

Mission vanted to have. Katzen '" .. ~ciates vould have to be 

contacted in this res~ect. 

~rr ~acilities at the University of Arkansas 

The University of Arkansas is t'ully and very well 

equipped to co11duct all the basic biochemical and chemical 

developmental work on the processes for ethanol production. 

The same is true for chemical and biochemical testing. 

Pilot plant facility 

With the experience gained at the laboratory scale, Gulf 

Oil Chemicals Co. designed, built and operated a 1 ton/ day fl!ed 

material pilot plant at their Shavnee Mission, Kansas, U.S.A. 

The Mission visi t~d that pilot facility on 6 May 1980 accompanied 

by Mr. Dana K. Becker. 
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In connexion vi th the pilot plant , the folloving can be 

mentioned: 

a) The pilot plant is still ovned by the Gul.f Chemical Co., 

though the personnel fl-om the University of Arkansas runs 

it when a specif'ic test is designed and the appropriate 

contra.ctual arrangei::ents completed. 

b j The pilot plant has no facilities for pre-treatment 

of the raw materials ; consequently the plant has to be 

fed vi th the ra.w materials as they com!!. 

c) The plant has the sterilization or pasteurization 

equipment as needed. 

d) The tower for distillation of the broth to produce the 

25% alcohol solution was designed and built under the 

supervision cf Raphael Katzen Associates. It is well 

b.str-r.e!lted anC. locks ·re~J 3.ppropriate :'er pilot 

testing. 

e) All the conditions, except those for pre-treatment, 

have been tried at the pilot plant and the experimental 

work, as far as the Arkansas Gulf project is concerned 

has been considered complete. 

f) At the pilot plant they have tried municipal solid 

waste, pt:W.p mill waste .and sav mill waste. Woods and 

agricultural residues were tried on bench scale only. 

g) At the bench scale they have achieved an 81% overa.11 

conversion. In the pilot plant, due to t~e la:k of 

pre-treatment, they have achieved 50-55% conversion to 

alcohol. 

Other trials vith·the pilot plant 

The Gulf pilot plant has been rented by the Solar Energy 

Research Institute (Boulder,Colorado), under contract vith the 

Department of Energy of U.S.A. to make a series of pilot testing 

of other raw materials and using a new strain e.nd knowledge 

developed ~y the Na.tick's team and knowledge develop~d by Purdue 

University, the University of California~Berkeley. Massachusetts 
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Institu-tc cf Tec!:!!clogy, Univ~rsity of CQnnecticut, Rutgers 

Un.i. rersity, Dartmouth University and University of Pennsylvania. 

TeSJ!t at the University of Arkansas 

The team at the University seems to be qualified to do all 

the basic vork and testing in. connexion vith the basic bio

chemical and chemical k:novledge; they lack the capacity to ::nake 

the bridge betveen that k:novledge and chemical engineering and 

design. 

Semi-industrial nlant 

Based on the pilot 9lant data, Raphael Katzen Associates 

have developed a larger pilot plant to treat 50 t/day of feed 

I!l&terial and for vhich financing is being looked !or. Tilat 

facility has provisions for pre-treat:nent of rav materials, 

se!!li-continuous SSF and a 7e'!:"'J good ~~te~ia!. and ene~~J bala.~ce. 

11. Discussions ~ith the Executive Di~ector and Membe~s of 

the Philitmine National Alcohol Commission, Ministr/ of 

Energy 

In response to a preVious request by thP. Gove:nu:ient of 

the Philippines to UNIDO concerning the project proposal for 

establishing a pilot plant for the prO<luction of alcohol from 

cellulosic rav materials in the Philippines, members of the 

Mission met vith Governor Zayco, Executive Director, and 

other officials of the Philippine National Alcohol Commission. 

Governor Zayco and his colleagues were briafed on the 

objectives of the Mission and its fin~ngs in the United States. 

It vas further explained by the members of the Mission that, as 

a result·or its consultations and findings on the state-of-the

art of available technologies, it is proposed to execute the 

project in tvo phases as explained earlier in Section 8. 

The first phase vas estimated to amount to US$150. 000. 

The major part could be provided from the UNDP IPF, pending 

discussions with ~.r. Devarajan, UNDP Resident Representative 

in Manila; the rest would be reimbursed under contri'l)utions by 

the U.S. AID Energy Office. 
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Concerninp; the costs of the second phase, the Mission 

indicated that a total. of US$12 !llillion vill be required !or 

constructi~g the pilot plant of ..tiich the Government's 

contribution vill amount to about US$4 million; this vill cover 

the costs of labour, personnel and civil engineering vork. The 

pilot plant is expected to start up three years after completion 

of the techno-e;:onomic study under Phase I. 

In reply, Governor Zayco in.formed the Mission that the 

Government of the Philippines has accorded a high priority to 

energy-related technologies and has established an extensive 

programme on the development of renevable energy reso•.irces to be 

imp~emented by t~e Centre for Non-Conventional Energ:r Development 

under the auspices of the Ministry of Energy. Further.nore, the 

Government, in its Energy ?rogramme 1979-1988, has st.ipulated 

that its production target for non-conventional. energy, inGllud.ing 

crude oil per year in 1988, in comparison ~o the present total 

of 5.700 barrels per 7ea:r. 

Governor Zayco reaffirmed the interest of his Government 

and especially of the Alcohol Cotm:lission in exploring the 

possibility of' the production of alcohol from cellulosic ~aste 

material. as suggested in the project proposal under reviev. :re 

believed that the Ministry of Energy vill make the necessary 

budget allocation to cover the local component of the costs of 

the project. He approved the approach proposed by the Mission: 

namely to implement the project in tvo phases. He suggested 

that in the first phase th~ techno-economic study should 

elaborate more on the possiblity of utilizing alternative 

feedstocks in addition to s~ar cane bagass,, such as rice 

strav, rice hulls and ipil-ipils vhich are available in 

sufficient quantities in the Philippines. The only problem 

vhich might arise in this connexion is to identity appropriate 

methods tor the collection and transportation of such vaste 

cellulosic rav materials required for the operation of 

commercial. plants in future. 

It vas suggested during the meeting that the most 

appropriate counterpart organization vould be either the Centre 
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National Institute of 3iotechnology and Applied Microbiology 

(BIO-TECH) at the Philipp.ines University (please see Annex III: 

Dra.f't Programme of the National Institute of Biotechnology and 

Applied ~.U.crobiology). A third alternative could 1e the 

establishment of a project team, consisting of representatives 

of both institutions. Governor Zayco advised mel:lbers of the 

Mission to meet vi.th the management of both institutions to 

discuss prospects of their psu-ticipation in the implementation 

of the project proposal. 

!t was agreed, at the end of the :neeting, that an official. 

request for initiating the work on Phase I would be submitted 

by the Alcohol CoLimission through the Mi~istry of Energy to the 

UNDP officP. in Manila for their consideration. In their request, 

the Go,.·ernment would make k.no;.'!'l their intention to contri:mte 

favourable results a=hieved under Phase I. 

As to the question of possible sites for construction of a 

pilot plant and in viev of the fact that the National Institute 

of Biotechnology and Applied Microbiology and the Centre ·for 

Non-Conventional D~e~gy Development are located near Manila, 

Governor Zayco ~as of the opinion that the pilot plant shouLd 

not be sited far from the counterpart institution. l'his vill 

enable more efficient working conditions during the 

implementation stage of the proJ ect. For this purpose it vas 

considered appropriate that members of the Mission should meet 

vi th the management of the Canlubang Sugar Estate to obtain an 

overall picture of the potential for utilizing existing sugar 

industries for the location of a pilot plant. 

Members of the Mission vere asked to formulate, before 

le~vi.ng Manila, dra:f't terms of reference to reflect the extent 

of the work to be carried out vi.thin the frame of the techno

economic study (Phase I). In complying vith this reque~t the 

~ission prep~~ed the dra:f't terms of reference (please see 

Annex II) , a CO!-~' of 11hich 11as handed over to Govern'J r Zayco 's 

office as T#ell as ;;.o U~TDP in ~·fanila. 
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12. Meeting vith Mr. Devara.jan, UND? Resident Renresentative 

After providing brief background infor.:i.ation on the project 

~roposal and on the discussions held vi.th the Alcohol Commission 

and U.S. AID on the subject, the Mission explained ~he proposed 

methodology for imple~enting the project in t~o phases. 

!·fr. Devarajan vas asked about the possibility of U?IDP providing 

the US$100.000, necessary for financing the first phase; the 

remaining US$50.000 vould be provided by U.S. AID. In response, 

Mr. Devarajan explained_that he could make available the required . 

funds, if an official Government request is received. ffe said 

further that, in addition to any forthcoming contributions in 

Phase II of the p-oject, to be contributed by UNDP in the next 

programming cycle, the project vould also seem to q_ualif'.r for 

~-financing under the Science and Technology Fund. He 

_advised that UNIDO should explore this possibility vith the 

responsible officers of the ?'..llld and tr.e extent of the 

contribution vhich could be expected. 

13. Meeting vi.th the Centre for Non-Conventional. !:nergy Develon

ment and the National Institute of Biotechnolog;,r and Annlied 

Microbiology (BIO-TECH) 

In line vith the vishes of Governor Zayco, Executive Director 

of the Philippine National Alcohol Commission, the Mission met 

successively vi.th the management of the above mentioned tvo 

institutions. In exploring the possibility of vhich institute 

vould act as a counterpart agency for implementing the project, 

it vn.s understood during the meeting ·.rith Dr. Ernesto N. Terrado, 

Administrator of the Centre for Non-Conventional Energy Develop

ment , that ·;;his Centre had been ~ntrusted vi th the imple!llent~tion 

ot a major portion of the foreign aid programmes in the energy 

field both at bi- and multilateral levels. For this reason it 

seemed to him that NEDA might be more villing to approve the 

project, if BIO-TECH vas the counterpart ag~ncy, as the project 

falls detinately within the terms of reference and competence of 

BIO-TECH. 

BIO-TECH was recently established a.nd had been receiving the 

full support of President Marcos in conducting R and D work, incl~.ing 
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the establishment of pilot plants in the field of biotechnological 

industry, particularly those applying to the energy sector. 

Furthermore, the institute had been recently provided vith a 

substantial financial support by the Marcos' Foundation to enable 

it to conduct its vork progrmmne (please see Anne~ V). 

In the meeting ..rith Dr. William G. Padolina, Deputy Director 

of BIO-TECH, he confirmed their interest in implementing the 

project. Dr. Padolina mentioned that he vould prepare the draf't 

request to be submitted to UNDP through official channels. 

Members of the Mission felt that both institutes have 

sufficient professional competence and manpover to be considered 

as sui taele counterpart agencies for the proJ ect . A final 

decision on this matter ..rill be communicated to UNIDO ..rithin the 

fiame of the Government's official request. 

14. ~·!eetin..-; wi ~h ~.f:-. Arturo D. Gcr!"e=, Factor; :!ar.airer. Canl.~ban..: 

Sugar Sstate 

The meeting vith Mr. Gorrez vas of an informative and 

exploratory nature to investigate the possibility of establishing 

a pilot plant in conjunction vi.th an existing sugar mill. This 

mill has a rated capacity of 6.200 t/day of cane. J.1.t present it 

operates 163 days instead of 247 days a year. This is due to the 

fact that farmers do not produce sugar cane in sufficient 

quantities to supply the existing sugar mills, vhich, in turn, is 

attributed to the lov incomes of farmers on sugar plantations. It 

was leanied from Mr. Gorrez that all the bagasse produced at 

present in his factory is fully utilized as fuel for the sugar 

mill and for the pulp plant (no supplement of fuel oil is required), 

which is part of the estate. The estate already ovns a farm vhich 

is sufficient for supplying 30 peT cent of their sugar cane 

requirements, 70 per cent is bought directly from the farmers. He 

thought t~at as the international price of sugar rises and the 

farmers grov sugar cane, there would be excess bagasse available 

for processing by the proposed pilot plant. 

The estate also includes ~ distillery plant with a capacity 

of 180.000 l/day, if given enough inc~ntives. As to the 
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possibility of establishing the proposed pilot plant on the 

estate, ~.r. aorrez velcomed such a proposal and promi~ed that, 

in the event that it is realized, his enterprise would make 

adequate contributions to support the operation of the pilot 

plant, particularly as regards trained m.anpover, utilities and 

supply of raw I112.terials. Mr. Gorrez in:for.ned the Mission that 

the estate has adequate research facilities which could be 

beneficial to the operation of the proposed pilot plant. A 

possible site within the mill was shovn to the Mission. The . 
ad.vantage of this particular mill is that it is only 24 km 

from the University and BIO-TECH and 52 km from Manila. It is 

also located in a rice producing area, so that sufficient rice 

straw would also be available as feedstock. 

15. Meetin~ ·.ti.th U.S. AID Local Office in ~fanila 

of U.S. AID office in Manila and others of his collea~es. Al~o 

present at the meeting ·•as Mr. ~Jachtrieb, Philippines Desk Ofticer 

at U.S. AID in Washington D.C. Mr. Schvarzwalder was briefl:r 

informed by the M:ission on the results of the discussions teld 

vith officials of the Government of the Philippines on the 

project proposal as well as on the outcome of the previous 

meetings held at U.S. AID headquarters. The members of the Mission 

t'urth~r informed the meeting that the UNDP Res. Rep. has expressed 

his willingness to share in the financing of the first phase of the 

project, namely the techno-economic study, with a contribution of 

US$100.000, which would mean U.S. AID's share would be US$50.000. 

~h·. Nachtrieb thought that the proposed financing arrangements 

would be acceptable to U.S. AID. The Mission vas asked about the 

appropriate date for starting the implementation of the first 

phase. It vas agreed that such a date would have to be decided 

on a~er UNIDO has received the official request of the Govern

ment of the Philippines. Regarding the second phase, Mr. Nachtrieb 

reiterated the position of U.S. AID made ~arlier durL1g the 

meeting he:d in Washington D.C. (please see Section 9). 

Mr. Schwarzwalder commented that, in his opinion, the project 

has interregional implications, and tr1.::..+. therefore it might be 
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appropriate that U.S. AID headquarters should drav on other 

budgetary funds ' rather than chargi!lg a.11 of the us$6 million 

(the contribution of U.S. AID) to the Philippines Country 

Programme, vhich is at present in the range of US$40-50 million/ 

year. ~n reply, Mr. Nachtrieb informed the meeting that this 

matter could be solved internally, and that the possibility of 

utilizing U.S. AID Central Funds for financing a :iajor part of 

their contribution vill be considered. During the meeting it 

vas suggested that UNIDO might vish to subcontract the 

Philippines part of the first phase (UNDP finances) to a 

consulting firm vith r~levant experience in the field of 

production of alcohol from cellulosic rav materials. This vould 

avoid problems vhich might arise, if individual experts vere 

contracted, vho might not have enough practical experience in 

this particular field to be able to ~a.rry out the st~dy 

efficiently. '!'he contribution of U.S. AI~ to the first phase 

Yould be mainly through provi<Lng the services of t•J'o expe~~ 

to un1e?"'Cake the study of available crop residues and the 

pote~tial of fuel alcohol in selected developing countries. 

This is in addition to travel funds and other miscell~neous 

expenses. Finally, it vas agreed that in order to co-ordinate 

the inputs of both agencies, UNIDO vill keep U.S. AID in 

Washington D.C.,as vell as their local office in Manila,apprised 

of the further development of this particular project proposal. 

16. Other Matters 

Members of the Mission met vith officials of the National 

Grain Authority and the International Rice In~~itute on an 

informal basis vith the objective of obtaining relevant data 

on the utilization of rice wastes in the Phil:i.ppines, such as 

rice straw and hulls bearing in mind the potential of such 

vastes as a feedstock to the proposed pilot plant. Although 

both institutes explained that they vere mainly dealing with 

rice itself and not with rice vastes, the members of the 

Mission were able to obtain the following information: 

(i) The total cultiva~ed area for rice plantations 

in the Philippines is about 2,1 million ha. 
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(ii) The quantity of rice strav is estimated to be about 
"""" .... ,,__ 
..)V V / UO.. 

(iii) The present rice hulls are used partly as an additive 

for animal feed. Hovever, the major part is directly 

burned in the fields. 

(iv) The Laguna region, vhich is directly adjac.!nt to 

M~tro Manila, is considered to ~e a centre of rice 

production in the Philippines. 

(Annex rl provides data on agro-forestry wastes in the Philippines.) 

At the end of the Mission tvo separate ~eetings ~or briefing 

purposes were held: the first in the National Economic Development 

Agency (NEDA, co-ordinating agency) with Mr. Vicente Salazar, Chief 

Economic Development Specialist (officer responsible for U.S. AID 

progra.i:i:ne ) and ::. Sangoyo (responsi'ble tor a.!.l :;:mp assisted. 

projects), and the second vith Mr. Alain Morvan, UNDP Deputy 

Resident Representative., who were informed of all discussions held 

vith the Government and U.S. AID on the subject. ~TEDA officials 

expressed their support !or the project proposal. 
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-~)G AN ALCCfi)L CC~·!ISSICN . , 
. · .. 

· .: \HEREAS ." the risi.91g cost of mtor fuel has- affected and 
~tinuously affects the eccncrny of the country; 

: . 

. ' 
I 

• ·~ \HEREAS, in order to oishion the adverse effect of high 
• .:mtar fuel co::;t on the econorr:}', i! is ~erati·:e ~1.:!.t al~er:l.2.tive 

-sources cf ro~or f~l be imr.e<liarely de\·elope<!; · 

-~1:-n:REAS, it is t.'1er~fore necess~rf to pr-::vide for an effective 
agency that •,\"3uld ·foii!1ll:ite and carry out a Ttation..i.l prcgra:i fur 
-the prcchlcticn of alterro.ative sources of cotor :-;el; and 

?~af.AS, unc!er Presidential r:ecree ~o. 1416, the Presic!ent is 
:~X>1.-cr~d to 'L!:'!tler.:ake such or!:':?!".i:atie!'..'.11 and refated i.'!".:lrove:-;-.ents 

· .as· rr.rt be a~prcpriate i..'1 t.1.e l.Ignt c: c.1'::-.;i..r.g c: :c-..=s tr.ces ~i r.~· . .; 
,.developments. 

··1x:M, 
0

1F.EREFORE, I, FERD!Nt\\'D E. M~.COS, P!'esicent of the 
. -Philippi..nes, by virtue of the powers vested in ?r.e by the Consti
·~t.ution, 3lld pursuant to t.'le ~uthority vested in ~e by Presic!en:ial 
.Decree .No. 1U6., do hereby order: · .. 

· ·SECTION' 1. Creation· of .in A!cchol ·c.a~issicn. • There is 
·:hereby created an Alcohol l..~i::1u.ss1cn, nereina:ter r~ferrcd to as 

· the Cc:n::nission, unc!er the Office of the P:-esident 1\hlc!l shall be 
reSp-Jnsible for effecting the pro<luction, in t.~e s~cne~t possible 
'time, of alcohol in adequate qu.mt1 ties for blending ·,,i:.h &asol.ine 
,£ar U:.ie as motor fuel. · · • 

· SECTION 2. Pot·:e!'s and F:.~cticns of t~c CC!T'iss!on. • The 
-4ami ssion shall nave tne .tollo1,·ing tunctions: 

l. f(Jrrr:Jl.ate and Ce fine the policies, plans and prOgTa!!'.S and 
'°'the necessary guicelines for car~>i..Y\g out :md i~l~e!1ting a n.:i-:.icnal 
progTam for the prcc.luction anc.i ciistribu:icn of a.!.coho! icr bknd.i.ng 

• ~ ·. ~with gasoline as 1r.otor fuel; • . 

2. Pror!!cte the proc..'uction .md distill.l!icm of alcohol from 
.. alternative sources such as susa:-, ca::;sava and sorghur:i and the 

··.·effective utilization of t.;eir by-products; 
• 

3. Prorrcte and cccr~ina~c the c~n~uct of T~se~:'~h a.~c ccvclop
. ~t actiVities en alcohol prcJuction, i~s utili:~:ion as ir.otcr 
.fuel; as we:l as v~rious ieec!stock ~ss:;~ 
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4. Determirie •md i:~ic~te the areas of responsibility 
ot the varicus a~enc~es im·c:>lv~d in the progra::, i.~cludiii.& t!io:;: 
C)t represen:ed lll tne Cor.=uss.ion; 

... ·-
: · . ' s~ Detennine, in consultation. with the implemcm.ing 

· JSCftCic:i concerned, their rc_spcctivr: ftOrk_ prog!"a.il.S and tine . 
sd~Jules for ~~rrying the:l_ cut,.~ :es?J.V7 ~=tu.:il or t-0t.::nti:il 
are:s of conflict, over!appL'lS of J :..:nschct1on or .fun=tion.s, 
!Dc:l!Jding, but not limited to, the question of pricing; 
._ • !. r : . • 

. · ; · .·. 16.· '.llonitor and evaluate all on-going projects undertaken 
. by the" various agencies concerned to er.sure t.~eir proper 
i:":?,lemen~tion in accordance with pre·detenni.."led sc..ied.ules; 

. . . . . 
. • ···.~.: 7 : .. . Where necessary a.~d in the interest of accelerati.11g 
the ir.J;:>lementa~ion of t.~e alcogas p:-ogra.~, engage directly in 
t!llY aspect of the alcogas progra.:n, including liri.d ci.evelc~?:a.'lt 
agricultural proc~~icr., tlistillaticn, and ot.her related 
-=tivities; ana .. .. ..... 

. l 

8. Perform such other functions as rn.lY be provided by law. 

S!CTIC~ 3·. O!"rza..Tt.i:ation of the Ccr.~issicn. - The Coo:nission 
shall be governed by a. ~':.:lro. o.: ""..:.::::::..::5s:::-~~::> .:::::;::::s~ oi the 
N:Uti.ster of Energy,who shall be ex-oficio C~..:;.ir::-..3.Il oi-t~e 
c:a:tission, the C:-..air::-.a..~ o: ~1e Philicpine S~g~~ Cor.=issicn, ~~o 
$h1ll be ex·oficio. Vice Chaim..:m of t."le Cor:::-.:.ssion, t.~e ~!.inister 
of finance, the Minister oi AgricW. ture, the ~nister of Industry, 
~ ~tinister of Natural Resources and another Cc!T.lissioher to be 
~int~d by the Presieent f:cm the. private sector. 

. I I , 

. · The Corrmission sh<lll ruive an' E.."'(ecutive Director to be 
IC;Cinted by the President. The Executive Dirccto~ who shall be 
t!:e Olief Executive Oificer of the Cormrissicn sh.all be under t.~e 
a=unistrative supervision and control of t.~e G:.ainnan. 

SECI'ION 4. Irnolernentinv. A1rencies. • The ir.!ole:nentation of 
t!-.e alcogas progr<lrn shall be the responsibility of tne various 
&l--ncics concerne~ as cirectcd a.~d coordinated by the Ca::nissicn • 
. laltially, this !,hall be as follcws: .. . · 

a. 'I11e Philippine Sugar Cor.:nission sh311 p?"'Or.l)te the 
tst.1blish.~ent of alcc~ol distilleries, ~he~her ~uo::c or 
P"l "A~ely otwned, and e:lsure the a.c!eq:.!.lte s:..'P?lY. of sugar cane 
'-T the production of alcohol. • . . 

b. The Ministr,· of Energy., thr~u~f\ the Philippi.~ National 
fJtl r..r.r.pany, srui11 be the exclusive buyer, t.:1less or.hcn.-ise 
Clr.l~~d 1.:pon ·subsequently by the CC4-:mission, of alcohol produced 
tr,!~ •r.r. as motor fa1e! and sh~ll be rcspo!".sible for t.ie distribution 
ti' '1q_,.as. . 
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c. 'the Ministry of Agriculture shall study the technical 
nsp...'CtS and proble::\S of alcohol production frcm agricultural 

·- crops ~ch as cassava, com ar.d scrghu...,, L"~ckding <!ll ccon0mic 
. ~~= cost ;::..1alysis thereof, and prorote the producticn of alcchol 
. :·'.; .. · · fran t11cse crops as roy be found to be technically azxi 

.. '-,;onca.iC31ly·feasible. . , 

. ; -~ : ;. d. The Ministry of Industry shail protrDte the Sl..1JUlfacture · 
v J-~:': of' car and truck engin~s that can. most efficiently aa:o:::i:cdate 

·. • · thO use of alcosas as rotor fuel, and through the Boord of 
,. •. • ·• Im-estl!ients, process ar:d approve applications for establishing 

• : ·., · ~-ojects related to the ilr.pler.entaticn of the alcogas p_rog:-c:::l. 

. . 
, 

• 

... 

.. 

'I 

. .. . ; -. 
· ' e. The Ministry of Fimi."lce shall study and m.-l.1'e recor.mend
atlons on the extent of re-.iuction or elL•£.:1~tic:1 of sales ta.'<es 
on alco~.ol, to enable alcogas to cow-:;=ete effectively with 
gasoline prices at tr.e pump stations. 

I f. The Ministzy of Natural Resources shall il:entify 
new Ia.i~ are.:is of the public dc;-..lin :r.at c:m be '.'.12.d.e available 

: for the pr~tion of agric..Ll tural cro~s suc.!1 as s~-.ir c:.:.:;.e, 
com, c:.Jssava ar.d sorghl..""Tl to be used as feedstock f..:r the 

·production of alcohol.· 

J· / The other implementfng. agencies sh311 Sl..'Ppo~ the alcogas 
prcgl"::tn according to their respective areas of concern and as 
aay be deter.nined by the Comnission. .. . . . f I 

• 

. . .. 
SECT!~~ S •. Aoorooriations'. · - There is hereby appropriated 

!UCh &DTX>t.:nt as ~.ay oc nc~essary to defray the opcr:1tional 
expenses of the Coir::iission for 1980. Thereafter, the appropriation 
of the Ccr:t:iission shall be included in the General.Appropriations 
IC.. 

SOCI*ION 6. Renc3lim(Clause.- Letter of Instructiore, No. 838 
·creating the Inter-,\gcncy Conmittee to Accelerate :he Imµlc:r.cntation 
of the ~tior.al Alcogas Progrom and such other la:w:s, rules and 
regulations inconsistent herewith are hereby repc.;il.ed or modified 
9CCOrdin6ly. . . 

SECI"IC!l 7. "Ef f ec:t i vi ty. 
effect icucdia tel y. 

• • • .. .; 

• • 

• I 

This Fxecutive Order shall take 
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' n:>ne in the City of ~bnila, this 16th day of February 

in the year of Our Lord, Nineteen Hundred and Eighty. 

I - I I 

~ ,~: • ! '; 1 · .. 
. I !"':.'·.-=·': ·;· '· 

. .,.. ' 
I• •I 

• o# •• . ~. 
. ~- - .. -._: f • 

. 
·1 

• .•••I; .· ... . ··-. 

,. --.. 

. . 
.. .. .. 

. ; .. 

; . 

.· . . .. · 
·"•. . •••.•. 1 ... 

·-

... . . ": . 

. . -....... . 

t •• 

.. 

. .. 

. .. . . 
. . . . .... ...... -' • =-··· • .. -

' . 

·. I • . 

•. 

I • 

' 

r 
f. , 

i 
f 



- 43 -

DRAFT 

TECHNO-ECONO~!JC STUDY ON THE ESTAJLIS~1ENT 
OF PILOT PL..\;\T FOR TRE PRODUCTIOii OF 

ETHJu~OL FROM C:::!.LULOSIC WASTE MATERIALS 

- The Government of the Ph:ilippines has embarked on a national progra:cme for 

the production of altemati.ves of motor fuels, uinly Et~ol. The require-

menca of alcohol in 1988 , to replace 20% of gasoline, is estiaated to be 

634 million liters. All the excess molasses presently exported, if processed, 

can substitute only 6% of gasoline requirements. On the other hand, the 

Republic of the Philippines has a variety abundant cellulosic ag:iculture and 

forestry waste such as rice straw, rice hulls, bagasse and wood residues. 

iecent biochemical research has been successful in conver~g these cellulosic 

wastes into ethanol using enz]l:les for the ~ycirolysis of the cell~lcse to 

glucose follo-..red by fermentat:ion of the latcer to ethanol. 

The Govexnment of the Ph:ilippines intends to construct a pilot j>le.nt for 

the conversion of various agricultural residues to ethanoL. The. capaci~/ 

of this pilot plant w:J.ll be 50 tons of feedstock per day. The information and 

data gained fJ"Om the operation of this pilot: plant will eventually lead to the 

construction of one or more co1C11ercial scale plants in the country. It should 

be noted that alcohol is needed not only as a motor fuel but also aa a chemical 

feedstock in future. 

As a result of the discussiona held with mqIDo mission whiCll visited 

Manila between ll-16 Hay 19SO, it was agreed that this project ~ould be 

implemented in two phases: 

Phase I - Techno-economic study for construction of 50 t/day pilot plant; 

Phase II - Desic;:i, Procure~ent and Construction of 50 t/day ccllulosic W3~=~ 

conversion plant, and the operation of this plant for two years 

(11hould the results of Phase I be iavourable). 

• fl • I 
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It is expected that the tecl:mo-economic study under Phase I above, will 

address itself to the following: 

l - A tecl:mical and economic assessment of the technologies available for 

convetting cellulosic materials into motor fuel. ethanol and recoc=endation 

of that technology ~oet appropriate to Philippine conditioll8 and feedstocks. 

2 - A survey of the various feedstocka available in the Pailippines, cheir 

quantities, geographical distribution, and th:!i..r estil:lated cost d"?livered 

to a C0111Dlercial size plant. 

3 - In consultation with the cou::>etent Philippi.nP. authorities, recol!Denck.tion 

of a suitable location for the pilot plant and a preliminary layout. 

4 - An ite~ized esti:ate of cne invest=ent cost and the cperatin~ cost of ~~e 

pilot plant for two years, taking into consideration (1) equipment that 

could be manufactured locally, (ii) the possibility of introducing 

u:odifications and additions to the pilot plant, -aa required, during the 

tvo years of operation. 

5 - Pilot plant requirements of personnel, ucilities and chemicals. 

6 - Training needs in the Philippines and aaroad for _the operation of the 

pilot plant. 

7 - Institutional support for the operation of the pilot plant, i.e., testing, 

quality control and research laboratori~• either iD a neighbouring factory 

or in a nearby institution. 

8 - A detailed schedule for tha coa.atruction of the pilot plant. 

9 - Suggestions of possible locations for one or more connercial size plants 

based on the r:iw materlal survey under (2) above. 

10 - (a) An esti1Aate of the investcent and annual operatiac costs of c1.1 .. .;1crcial 

plants of ~if ferent capacities indicacin~ the effect of economy of 

sc~le on the pt'oduction cost of 1:1otor fuel ethanol (e.g 100 tons/d:.y 

feedstock). 



,_ - .. , -

(b) A flow sheet indicating energy 311d materials balances in 

commercial plents. 

ll - An exacz1nation of the possibility of producing the enzyme in a central 

fac:ilicy and~ for rural development. carTJing out the saCCOi."'ifi.cation 

and fermentation 1u several relatively smaller satellite plane.-. 
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DRAFT PROGRAMME 

OF THE 

NATIONAL INSTITUIES OF BIOTECHNOLOGY AND 
APPUED MICROBIOLOGY 

{BiorECH) 

University of the Phlllpplnes at Los Ba-ftos 
April !, 1980 

furl~ III 

Recent scientific lreakth.roughs in microbiology, genetics, engineering 

and chemistry have shown the increased ability of man to modify and exploit the 

factors of inheritance in plants, animals, and microorganisms in order to increase 

their ability to provida for man's !'leeds. It ~.as been damonstratad that micro-

bially-med1ated production of chemical compounj; involved technolog!es that 

are cleaner, more material and enerqy efficient, and dependent on cheap raw 

materials like sugars, starches and celluloses which are derived from products of 

primary agriculture and for~stry. . More iaportantly, these ne...v industrial micro-

biological processes provide for renewabl~ and non-t:o_nventional sources of energy. 

In view of these innovations in t2chnology, President Marcos , upon the 

re~ommendation of Minister Geronimo z. Velasco and Chancellor Emil Q. Javier, 

approved the establishment of the NATIONAL INSTITUTES OF BIOTECHNOLOGY A!-ID 

APPLIED MICROBIOLOGY on November 9, 1S7S. '?he INSTITUTE was formally 

established at UPLB on December 20, 1979 by the Board of Regents of the Unlver-

sity of the Philippine System. The Letter of Instructions releasing the fund!l for 

the operations of the institute was signed by Prasid~nt Marcos on March 31, 1980. 

It ts envtsloned that the INSTITUTE wUl mobilize and train national comp1~tenc\? ln 

the applications ::>f microbiology~enetlcs, angineerlng, chemlstr"'/ & re1'lt~d dlsclpli:i~s 
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on the problems of fuel alcohol production, chemical syritheses based 

on alcohol and its derivatives, biofuels from crops and agricultural 

by-pioducts, single-ce:ll protein production, antlbioUcs and homone 

production and many other appllcations. 

With the generous support of the Marcos Foundation, the Ministry 

of Energy and the Philippine National OU Company, the INSTITUTE 

hopes to gather the best available Filipino scientists in biotechnology 

and applied microbiology to provide dlrecUon and support of individual 

and interdisciplinary research, assist 1:1 manpower training, and provide 

extension services especially in fuel alcohol production, nitrogen 

fixation and enhancement of soll nutrient uptake, food fermentation 

and other areas critical to naUonal development. 

The INSTITUTE supports the basic commitment of UPLB to rural 

development, in general, and to the small fanner in particular. 'While 

the INSTITUTE addresses itself to technology-generation for the establish-

ment and improvement of large-sca!e industries, equal attention shall 

be devoted to the pursuit of appropriate technology for our rural c:>mmunitles, 

FUNCTIONS AND ACTMTIES 

The INSTITUTE is envisioned to become the national canter for research 

ln micrc:ibioloqy, genetics, che~ist:ry and engineering with the end of har

nessing the new technological developments and scientlfic breakthroughs 

in these fields in the generation of energy from renewable so·Jrces, 1n 

the further improvement of crop. livestock, fishery and forest production 

and utilization, ln t r1e synthesis of various valuable nutrients, drugs 

and chemicals, in the protection of the environment and other useful 

a ppllcation s. 
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The INSTITU!E ls likewise lntended to develop and provide the 

country with the necessary expertise and technological knowhow for 

the development of the COtTespondlng trades and 1ndu5tties. that will 

come about as a result of technological development ln the above 

fleJds of study. 

To accomplish the above functions, the INSTI?UTE shall, in 

addition to the others that the INSTITUTE may later deerr. appropriate, 

undertake the following major activities: 

Ma1or Activities: 

a. Conduct mission-oriented research, technology development, 

extenslon and planning required to develop small-scale and 

large scale industries based on biotechnology and applied 

microbioloqy: 

b. Develop and implement manpower training programs designed 

to upgrade the manpower pool needed to meet the national 

requirements in biotechnological indlstries and applied 

mlcrobioloqy; 

c. Establish linkages between research and industrial 

operations and formulate and adopt techniques to facilitate 

the commercial application of laboratory-tested biotechnological 

processes; 
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d. Extend scientif1c advice to government and private 

entiUes and collect fees therefor, and 

e. Establish a national repository of microbial genetic 

resources for use by the I~STITUTE, the UNIVERSITY 

and other national entitles for research and development 

and higher education purpo_ses. 

In the conduct of the aforemenUoned activities the INSTITUTE may 

undertake, among others, the following which wi 11 enable it to discharge 

its functions effick.1tly and effectively, subject to approval by the 

Board of Regents, and, whenever appropriate, upon the recommendation 

of the INSTITu"TE'S advisory council (COUNCIL): 

Enabling Activities 

a. Construct buildings, laboratories, offices and other 

facilities and purchase equipment locally or from abroad; 

b. Receive donations, grants, scholarships and such 

similar benefits and scheme; 

c. Negotiate loan.sand contributions for capital expenditures, 

staff development, and operations from organizations or 

individuals, local or foreign, public or private; 

d. Recruit, employ and/or engage highly competent 

expertise, not otherwise avaUable in the INSTITUTE or the 

UNIVERSITY ,ftomlocal and/or expatriate sources; 
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f. -Enter lnto agreements or relationships with similar institutions 

or orgar.lzations, both national and foreign, in the furtherance 

of its functions; 

g. Do such acts and perform such other functions as are germane 

to the foregoing. 

RESEARCH PROGRAMS 

The research program of the INSnTU?E for the next five years 

(1980-1985) shall focus on eight main areas of concern herein ranked 

according to priority: 

I. BIOFUELS FROM AGRICULTURAL CROPS AND RESIDUES 
(Initially this program wlll support the National Alcogas Program) 

A. Swvey of existing distilleries, analysis of problems 
and possible plant improvement. 

B. Technical evaluation of distillery plant proposals. 

C. Research.and Development on: 
-. 

1. Batch and continuous fermentation processes based 
on raw materials like sugar cane, cassava and sweet 
potato. 

2. Improvement of microorganisms for alcohol production. 

3. Enzyme production and applications in sa~charification. 

4. Distillery waste management and utilization. 

D. Technical manpower training for distillery plant management 
and maintenance. 

I 
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II. ESTABUSHMENT A!'-i"D IMPROVEMENT OF RURAL-BA.SEO FOOD 
FERMENTATION PROCESSES 

A. Research and Development on: 

1. Processing of traditional fermented foods-process 
evaluation and improvement. 

2. Upgrading nutritive quality through fermentation. 

3. Improvement of microorganisms used ln food fermentation. 

B. Quality evaluation and standardization of ferrre nted products 

ill. ENHANCEMENT OF NITROGEN FIXATION AND SOIL NU!RIENT 
AVAILABILITY TO CROPS AND REFORESTATION SPECIF.S 

A. Research involving smvey, isolation, testing characterization 
and identification of microorganisms (N-fixing and mycoIThiza) 

B. Ecological studies and evaluation of effectiveness of 
microorganisms under labora~ory, greenhouse and field 
conditions. 

C. Genetic modification to improve potential of microorganisms. 

D. Large-: scale inoculant productior.. 

IV. MICROBIAL GENETICS (INCLUDING MICROBIAL GENE BANK) 

A. Collection, storage evaluation, genetic improvement, 
packaging, exchange and distribution of microorganisms 
for alcohol production, food fermentation industries, 
N-ftxation and mycorrhiza, etc. 

B. For the Microbial Gene Bank - NIBAM will maintain 
basic collections but researchers can keep active 
collections. 



V. PIANT BIOMASS CONVERSION 

- Research and DeV'elopment on microbially-mediated 
conversion of cellulosic agricultural by-products into 
useful chemicals. · 

VI. ANTIBIOTICG, VACCINES AND MICROBIAL TNSECTICIDES PRODUCTION 

- Research and Development on microbial production of 
antibiotics and vaccines. 

- Microorganisms in the biological control of insects. 

VII. MICROBIAL BIOMASS PRODUCTION 

- Research and development on S ..:;p, mushroom produc.;tion using 
indigenous substrates and strdins. 

VIII. HYDROCARBON-UXE OILS FROM PIANTS 

-Research and Development on the use of plants wlth larq~ 
yields of t.1drocarbon llke oils. 

ORGA?HZATI ON 

Administrative 
S rvices 

Clerical 
Maintenance 
Purchasing 
Property 

Rgsearch, 

Task Force Groups 
Gene Bank 
Basic Mlc1·0 Lab 
Biochem Lab 

LAdvisory Council 

I Technical I 
, Services I 

Glassblowing 
Machine Shop 
Electronics 
Pilot Plant Facility 
Central Analytical Lab 
Lllrary and Docu-
mentation Services 

Extension 
nd Trainln 

Photography 
Public Rel.Zltions 
Tra lnlng Program 
LHrary and 

Documentation 
Services 



AGRO-FORESTRY WASTES 
Annual Production 

Rice Hull 
Rice Straw 
Corn Cob 
Corn Stalks 
Bagasse 
Wood Wastes 
Logging Wastes 
Co co nut Shell 
Coconut Petiole 
Peanut Shell and Coffee Hull 
Grass, reeds, leaves 

Quantity 
(Mlllionr, MT) 

1.5 
9.7 
0.6 
2.7 
7.5 
1.3 
2.0 
1.9 
4.6 
o.o 
o.o 

Data were derived from following sources: 

Oil Equivalent 
(Millions of Barrels) 

1.89 
14.54 
0.87 
4.05 

lZ.10 
z.oo 
4.00 
8.72 
7 .10 
0.40 
0.50 

67.87 

Araullo, E.V., D.B. de Padua and M. Graham., 1977. 
Rice Post..han·est Technology. 

Atienza, J. C. and J. K. Demetrio. 1980. The Sugar 
Industry in the Philippines. Sugar and Azucor •. 

Ph!.lit:t>inea Recommends for Coconut. 

Fi::LiHppines Recommends for Peanuts. 

Philippines Recommends for Coffee. 

Philippines Agriculture Factbook and Buyers' Guide, 1978 

International Rice Research Institute, 1976, Annual Report. 

Lozada, E. P. 1979. Charcoal from Coconut Husks, 
Philippine Soc;~ty of Agricultural Engineers' Journal (Vol. X No. 3). 

Terrado, E.M. 1979. The National Non-Conven1~ional Energy 
Resources Developm1,nt Program Republic of the Philippines. 
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N:ATt~l]',!. r.!ST !'tt"::'"S C:' !:Il.Y.:'.: O~~C'!.CC'! 
.r.1'D ;u>PL..~D ~ICPCJU::t-"CY 

OU'l'U~'CS Ol" '!?J=. 

RES!:..-.,~?' ~F\CG?..i\!J.:'o?E 

roP. i~eo 

~~s BIOt"UE!.S :-P.O~ i'.G!Uct?I.':'CF.AL CP.O!'S JIJiI> R£S~UZS 
(Suppcrt tor the ~Ja.ticnal llcoc;oas :?~r!D!t) 

Project Ii ?:roc:asa!nq ar.d Fe::=nbtion of cassava and sweet 
Potato !or rllcohol ProduC-..ion 

. 
Project I!s i'rot!uc:tion of ~.lcoi'.ol !?:Cm ~uca...-cane Juic'!! ~ 

Mol.A3stas u.:siDc} ?.apid and Continuous Flow !='°a%J!lenti!t.ion 

Project '.::I~' ColleCt.!cn, Select.ion a!:2d ~etlc: !:n!=-rove::cnt ot 
:U.ceorg~::>::\8 for '-lcol:ol Produc~ion 

Projece '!"v1 ~ac;~ent a.r..c! Utili:ation of Oi~til!er-: Waat:~s 

Pro!~ '1!: '!Xtension - ':'~l'-.noloc;'1' ~ansfer in ?~ili;-pine ~lcor.~l 
Distilleries 

PROGP.A)Ci era,~~ CP SI"~ n:Q.'I'I°' .Al-1' SC\n. ?tT:"TR:Th'T ~VJ'.IL;"'IJr...ITY 

J'CR ~'.P~ ~ .l\:m roR:.ST PRO!r.,c:I~: 

Sab-Procr• I. 'N-Pixaticn by t.'ie ~ - tuiizobi~ Syrabiosis .in 
?ood <::'op• 

Proj~ !s Saleet..ion of MU:cbiua suains trca qrain L~ .. 

Project II: Ecol~ St-adieS: ot P.hi!robia In tz'oC.:Zced as Seed !noc:ulant 

S'W>-Prt:.c-::tti ?r. U:!.~en 1'1.xstion ey the R!-.i.zcbian I.~ S)'?"..l:iOtJis~ 
.-. Aqro-J'orest ~· .. 

• 
Pro1Kt I~: t1t.ili:atiOD oi rhi.z:ob.ia /iA t!:ta no1'cre3t.ation Z!:d re<;enerat!.cn 

of d'9qraded aqro-!or~s~ ecosyste=&. 

I 



!!''>jec::t rt:r; ':1':.J :."hi~bi~I.~o Si~.b!c9i9 in ~~for.-?~~t!on ~~9Cii'3 
(:iurs 3.nd All:h:?i.-i) 

Project ?IT: lfA!.'T:e99i:!4;' t?:o ?:o<!ulatee, ?;cn-!.c~cus '!'Na Sr.....ac!.es 
~or :rarest ~:J:C4raticn 

PToj.,c!! I: IS<>!aticn, c?-...1.!"act.c:izat:!c."'l a..~ .!.:!<?r.ti!!::at.!.cn o! .. y-=cr=~.!.::il 
!~i !.~ eqricultur~l ilC<! !or~stry crc~3-

Proj"c:t !I.I: 7!.eld ~~nt ~f le-;c:ti~s pLl...-it3 ;')y ?r.i::cbi1:t-!:"f~rr~'..:=..;;: 

.U-.o..~lant:I 

Pro!'lr.f! r1: Ir.~=-~V!nt!o02 o! ?Jitroc;>-a-7!.:.caticn qo?c~~ ot ::hizcbi1~ inl;s) 
:zyc:o:rhi.:!:al !'n.9¥Ji 

Pro1ect ~· ~a;t:'I !~la ~~..i•}ll ·-

P~Ji:C !'!Tt!?r ~3t.ISE>'!'!r1' "-'iD ~~a P.CV.I.-a;.szD roco 
~m~~ :!~S::3:3 

~aYT'!l"/ And collac-t!on o! ta~..:ited lcr~a .ar.d isol~!:icn o! 
aic:roorqMi~ 

£"r.Jl:ut:.1.cn ot ~a.1!.tior.31 Food 7e::nent.3.t.ion Proces'J-ts a..~ 
~!uc+...:s • 

Eat~li.:J::amit ot A PT~.J:I to t"!X]T~<!• ti-• ., :."Ut:-itlOt\.il i:-~:;il.!.C-/ 

oi ~s ~"'Jb 7u:i-tn~:it!on 
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Pro1ect 'I: ~·~ra.!ir.::- tl.<? ::~t:-i~i·:~ t:-ualtty ot C:?rcals through 
l'~enta.t!.~n 

Project '!!: Gcr.etics An;! !:!p:rovt"'nent of El!lcctad fo!ic.:roorqani~-r.:s 

1. Pl11r.t 3io:-...z..ss Con~ersion 
~- Sin~le-Cell ;:>:otei.'l Production 
3. r.r.~i~-=i~-=.:.::a 
4. \."C\c-=:L~es 

5. ?-'ic:ro~i.1.l ~ac~i::q of !:'Tes. 

~c:-;nurn:m; ~n::"lr -
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