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I.

SUMMARY AND RECOMMENDATIONS

Besed on previous knowledge available to UNIDO on the

production of alecohol from cellulcsic materials and the information

gathered during the visits and discussions with the various

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

Mission have reached the following conclusions:

1.

One of the most important aspects of the energy rroblem is
the shortage of liquid fuels, which is creating serious

oroblems to a large number of developing countries.

One of the most promising means to overcome the shortage of
liguid fuels is the production of ethanol of motor fuel
quality ty the action of micro-organisms on carbchrirates

{sugars, starches and cellulosic materials).
This option has the following main advantages:
a) It is based on renewable resources.

b) It has no adverse effect on the environuent.

The alcohol is prodi.ced from carbohydrates utilizing three

different processes depending on the raw materials employed:

a) Fermentation of already existing sugars produced by
certain agricultivral products (cagar cane, sugar beet,

fruits, etc.);

b) Hydrolysis of starches from different crops (corn,
potatoes, cassava, etc.) followed by fermentation of the

sugars produced;

e) Hydrolysis of cellulosic materials and fermentation of the

sugars produced.



The hydrolysis of starches or cellulosic materials can be

carried out using chemical or enzymatic techniques.

The chemical hydrolysis has the following pertinent

cnaracteristics:

a)

The reaction conditions are strong and corrosion
aggressiveness is high; as a result, special and
expensive materials of construction have to be used

in some parts of the plant.

b) Due ton the strong chemical conditions used in the
reaction, the sugars which are formed are partly
decomposed, leading to lower vields.

¢) Due to the non specifity of the acid attack, some

a)

Sy-products which are detrimental in the s:tsesuent

>

fermentation step are formed.

Rather short retention times (6-7 hrs), as compared
with the enzymatic process (24 hrs), which leads to
smaller hydrolysis reactor sizes.

The enzymatic hydrolysis has the following pertinent

characteristics:

a)

b)

The reaction conditions are mild, and coasequently,
the corrosion aggressiveness is low; regular

materials of construction can be use..
The sugar yields are higher.

Due to the encymes specificity, no detrimental

by-products for the fermentation step are formed.

New types of f ngi and bacteria are Leing developed, using

bic-engineering techniques, which would allow for shorter

retention times of the enzymatic step or direct degradaticn

of cellulose to ethanol.

industrial application within ‘he next five years.

This technology might be ready for
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path seems to be a better alternative when compared with the
chemical path. Moreover, there is great room for improvemnent

in this enzymatic process.

Two promising technologies for the enzymati: hydrolysis have
been developed, up to differert levels by the U.S. Army
Research and Develorment Command (Natick) and by Gulf Oil
Chemicals Compary.

The Gulf process embodies some unique features, such as the
use of whole enzyme culture, the simultaneous saccharification
fermentation and the distillation of the unfiltered alcchol
broth, which gives it some clear advantages over the Natick's

technology.

The Gulf orocess has teen develcoped and tested up to the
rre-vil t plant level; further developmental work and pilot

testing needs to be conducted t> improve on the process

economics and to get techno-economic data before an industrial

plant could be designed. For this purpose a SC t/day feed

pilot plant has beeg designed by the Gulf teamnm.

The Natick team has concentrated mostly on investigations
related to enzyme production and saccharification; they have
done almost no work on the fermentation or on the distil ' ation
parts of the process. They have built and tested their
process in a 50 kg/day feed plant.

In general, it can be said that the Gulf team has approximately
2Lk months lead over the Natick's team; aside from that, the
Gulf process has a definite advantage, namely thz simultaneous

saccharification/fermentation.

The Gulf team has obtained some patents in connexion with
their process. The Natick team ha3 no patent rights on their
orocess. This, associated with the fact that Natick is =

U.S. Government agency,might make it easier to nerotiate with
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Hatick regarding tetter conditions for the transfer of

tecnnology to develoving countriec.

Enlisting the services of some key versons from the Natick
team and integrating them with others experienced in
fermentation of sugars and in chemical plant design, an
independent technology to produce alcochol from cellulosic
materials could be developed. However, the same result
could te achieved much quicker using the dresent Gulf
knowledge provided the approopriate arrangements are made
for <he use by developing countries of Gulf's proprietary

knovwledge.

During the visit to the U.S.A. the Mission :ould not gain
access to some basic information to fully evaluate both
technelogies; this is varticularly <rue =2 the T:18's
case, Tor wnieca an elasticiiy study on various parameters
has already been undertaken by Katzen Associates and which
couid nct be released for detailed studies by the Mission

at this stage.

The discussion with rervresentatives of the U.S. AID
indicated that they consider the technology of producing
alcohol from cellulose of paramount importance to
developing countries. They would be willing to co-operate
with UNIDO in financing a project to construct a pilot
plant in the Philippives, provided the proposed sequential
approach would be adapted, namely, to conduct a techno-

economic study for the project, including a survey on the
availabiiity of raw materials and the vntential of fuel

alconol in some developing countries.

The technologies %o produce ethanol from cellulosic

materials, although in an advanced stage of development, are

not yet fully developed. This gives a good opportunity to
the developing countries to get on the 'teci .ological wagon'
at the right time and to develoy an independent capacity

in this sector.
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A well designed project might serve to develop not only
technological capability to produce ethanrol from cellulosic
materials, but to train peovle and form the infrastructure
+o handle the new and very important techniques and

technologies of bio-engineering.

The project would be implemented in two phases. Phase I
is a techno-economic study of the pilot plant and a survey
of raw materials in selected developing countries with an
estimated cost of US$150.000. Phase II would be the actual
construction and operation for two yeurs of the nilot plant

whose estimated cost would be USS$17,7 millien.

The provosed contributions of the various tearties are as

follows:
Srhass
unCP (2F) US$  120.2C0
United States Agency for Intermaticnal

Develovment (U.S. AID) GS$ $0.200
Shase II

UNDP (IPF and Interim Fund for Science

and Technology for Development) Uss$ 3,975.000
United States Agency for International

Development (U.S. AID) Us$ 5,675.000
Philippines Government (in equivalent

local currency) Us$ 8,350.000

The establishment of a pilot plant for the production of
alcohol from cellulosic raw materials would represent a
major step on the route outlined by the Industrial
Development Board for UNIDO tc intensify its efforts in the
energy field, including the efficient production of new

and renewvable sources of energy from biomass.
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In the light of the above, the Mission recommends

that UNIDO should conduct a techno-ecoromic study for the
establishment of the pilot plant in selected develoving
countries. This would include a detailed evaluation of
Gulf 0il Company and Natick Research and Develovment
Command technclcgies and a survey on the availability of
cellvlosic raw materials to produce ethanol. The draft
terms of reference for the studies are included in

Annex II.

that based on the result of these studies, to proceed
with the implementation of Phase II of the project. This
would require the preparation of a detailed project
document. This document should define the financial
contribution of U.S. AID, UNDP and the GCovernment of *he

Shilippines, and the scredule of imzlementation,

to initiate the necessrry steps for the establishment of
appropriate legal and administrative systems to enable
developing countries to share the technological know-how

developed through this project.
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II. VISITS AND LISCUSSIONS UNDERTAKEN BY TEE MIS3
NITED STATES AND THE PHILIPPINES

1. Introductior. - Why Crop Residues for Energy?

The rapid depnletion of fossil energy supolies, *he continued
incr:ase in per capita world energy consumption, and the rapid
growth in world ponulation emphasize the need t¢ develop alter-

native cenergy sources.

Energy resources are utilized as solid, liguid or gaseous
fuels and as electricity. Only coal and biumass®* offer an
applicaticn in ail four of these uses. Crude oil and zas are
used as liquid or zaseous fuels, and for electricity generation.
Hydro-vower and nuclear, geothermal, solar, wind and ¢cean energy
have one common chavacteristic and limitation; they are zrimarily
asefdl snly in the Sorm ol alzetricity, This tia2-in o
electricity is a very significant constraint on these six energy
sources vecause the present technology and life-style of our
society are dependent upon the availability of mobile fuels such

as o0il and ges.

Biomass is an ideal source of energy vecause (a) it is
renewable (b) it can be converted to any of the four types of
vower (c) its utilization does not have an adverse effect on the
environment (unlike coal, it is very low in ;ﬁlphur and ash)

(d) it does not create any waste problems (25 the use of coal or
nuclear power does) because the unused portions of biomass can be

returned to the s0il or in certain instances used as animal feed.

Plant biomass (forestry, agricultural products) have
traditionally been used as energy sources. A great problem of
growing crops for energy conversion is competition with food and
fibre crops for available land and water. However, .rop residues
such as rice straw, sugar cane bagasse, corn 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 wall in such >rops is made up of
cellulose, where it is found in close assnciation with lignin and
other materials (such as hemicelluloses and pectins). Cellulose is
by far the most abundant, renewable and readily available of all
solid organic material, comprising almost one third of the weight
of all trees, grasses and straws. The annual net yield of cellulose

worldwide (from photosynthesis) is estimated at lOll tons.

Energy can be obtaired from biomass by direct combustion, by
gasification (anaerobic digestion or thermochemical gasification),
or through the production of ethsznol (nomal alcohol). The latter

technology is the subject mattar of this revort.

2. Waste Cellulose Ccnversion to Alcochol

Cellulose is a polymer of glucose units linked to each other.
Tre degradaticn of the cellulose Tolvmer “c its —oncmer, slucecse
can e acccmplished either chemically (acid nydrolysis) or
biologically (enzymatic hydrolysis). The glucose prodiuced can be

subsequently fermented to alcohol by yeast.

There are various advantages in the use of enzymes, instead.
of acid, to hydrolvze cellulose [i]. The use cf acid requires
expensive, corrosion-proof equivment. oreover, the crystalline
structure of cellulose makes it very resistant tc acid, so the
temperature 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 the decompcsition
o® the desired products. Glucose yields of approximately S0% of

the cellulose used have been obtained by acid hydrolysis.

Waste cellulose invariably contains other impurities which
will react with the acid, thereby preducing other unwanted
by-products which may inhibit the yeast function in the
fermentation reaction. The enzyme on the other hand is specific
for cellulose and does not react with impurities or other
materials which may be present in the waste. Among the advantages
of enzymatic hydrolysis is that the process takes place at
moderate conditions so that the glucose vield is high and is

directly related tc the weight of the cellulos~ used.

~



Problems associated with efficient biological conversion or
cellulose to ethanol are being investigated in various institutions.
The researchers hope eventually (perhaps within the next five years)
to -~onstruct, throush genetic engineering techniques, micro-organisms
that are ethanol resistant and that can produce, at a faster rate, 2

nigher concentration of ethanol directliy from cellulose.

3. UNIDO Fermentation Alcohol Programme

A UNIDO Task Force on Energy Problems was established in 1978
to develop a UNIDO programme in the field of enmergy. Tie
Industrial Development Board, in its twelfth session (May 1978)
suggested that UNIDO focus its effor%s cn two odriority ereas:
technic~l assistaace programmes to meet the developing ccuntries'
specific energy needs, varticularly in the development of

commercially feasible non-conventional energy sources, and advice

%o develoving countries on naticnal energy Tolicies ;éj.
In March 1976, UNIDO organized a workshop on ''Fermentation

Alcohol for Use as Fuel and Chemical Feedstock in Develoving
Countries” which provided UNIDO with the impetus for a programme
of assistance to develoving countries in this area. Almost
simultanecusly, the "First Consultation Meeting on the Petro-
chemical Industry" organized by UNIDO in Mexico City (March 1979)
called on UNIDO to study alterrative sources of feedstock for

retrochemical production such as coal and fermentation alcohol.

In its fourteenth session (May 1980), the Industrial
Development Board agreed that in order to accelerate the
industrialization of developing countries, UNIDO's programme
of work for 1941 and 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 c¢f UNIDO in the development, selection, acyuisition,
adaptation, transfer and use of industrial tec-nology so as to
facilitate the generation of increased and woe appropriate
flows of technologies to the dev~loping countries and %o

strengthen their technological capabilities".
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L, UNDP Energy Fund

The UNDP Aédministrator proposed at the 27th Governing Council
of UNDP the establishment of an Energy Fund. In addition to a
petroleum surveys component, "the second component of the Fund
would finance pre-investment assessments of non-petroleum energy
resources which regquire large investments for their development.
Conventional, new and renewable sources of energy to be assessed
would potentially include carbon, nuclear, hydro-electric, etc.
Jther new and renewable sources of energy, such as biomass, solar,
ete. would also be investigated through surveys, demonstrations

and small pilot plants",

In selecting projects in the ares of new and renewable sources

of energy, the Fund would pay varticular attention to:

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

plan; and

b) Projects whose results could have application in other

countries having similar resource endowments.

The proposal explained that the Fund was intended to supplement
other financial resources which might be available to develovping
countries, both bilateral and multilateral (e.g. IPF, Interim Fund

of Science and Technology).

In his address to the Governing Council on L June 1980, the
Executive Director of UNIDO stated that a priority area identified
" by the Third Conference of UNIDO related to the industiy/energy
interface and that UNIDO intended to intensify its efforts in three
majz.. directions, one of which was "the efficient production of new

and remewsble sources of energy, including bYiomass-derived fuels”.

The Executive Director further stated that '"should the
Governing Council decide to establish the Energy Fund, UNIDO would
welcome the opportunity to assist in projects designed to
investigate new and renewable sources of energy thrugh demonstration

and small pilct plants'.



The Philivpines is at present overwhelmingly dependent on
imported crude oil for its energy requirements, constituting
93-95% of national energy consumption, excluding firewood. In
1979 the Philippines had a trade imbalance of US$1,6k billion,
97 per cent of which is directly attributable to oil imports.
(The o0il bill amounted to US$1,596 billion in 1979). This trade
deficit will continue to increase with the growth in energy
consumption in the country, and as a result of the rising cost
of imported oil, Faced with this situation, the Government,
through the Ministry of Energy, is undertaking ma)or »rogrammes

to develop doith conventional and non-conventional indigenous

energy resources.

One of these programmes is the Alcogas Programme. The
irmediate objective of the vrogramme is the oroduction of
anhydrous alconol {39,3%) Zor slending with gascline up <o
20% alcohol. Basic raw materials would e sugar cane {and
molasses), cassava, sweet potato, sorghum, coran, ete. The
alecohol produced would be bhlended with gasoline at bulk plants
of 0il companies.  The Alcogas programme hores to attain the
20% blend target in 1986 when the gzasoline requirénénts are
projected to be 2.973 million litres and the corresponding
alcohol requirements would 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
sroduce enough alcohol for 100% alcohol engines and to produce
ethylene for the chemical industries by dehydration of alcchol.
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 would like to investigate the
technical and economic feasibility of producing alcohol from
crop residues, annually renewatle and abundant in the Philippines
(please refer to Annex IV which gives an estimate of the annual

oroduction of these residues).

The President of the Philippines, in February 1980, has

created an "Alcohol Commission” with the Minister of Eanergy as
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its Chairman, under the Office of the President (please see Annex I
for Executive Order No. 580 creating an Alcohol Cormission). The
Commission is responsible for accelerating the implementation of

. the Alcogas programme. One of the main functions of the Commission
is to "promote and co-orainate the conduct of research and
develovment activities on alcohol production, its utilization as
motor fuel; as well as various feedstock possibilities". It is in
this context that the Executive Director of the Alcohol Commission,
Mr. H. Zayco, who is at the same time a Governor of the 3Board of
Investments, has requested UNIDO's assistance in the establishment
of a pilot plant for the production of alcochol from cellulosic
material. It is worth noting in this connexion that the ESCAP
ministers of industry in their Cctober 1979 meeting have called
upon UNIDO to play a role in supporting the energy resources

develooment programmes of their countries.

6. Otject of the Mission

In response to the request of the Government of the Philippines,
and in line with UNIDO's involvement in following ur develooments
in the energy field, and the poteatial of utilizing the technology
of producing alcohol from cellulosic wastes in other developing
countries, it was deemed necessary to undertake an exploratory

mission to the United States and to the Philippines.
The object of the mission was:

(i) to investigszte the current state of development of
the technology of producing alcohol from cellulosic

rawv 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 project, in view of their

intereat expressed in the project;
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and with the UIIDP Resident Representative in the
Philivpines, Government inputs to the project,
possible UNDP inputs and the approach to be followed

in project implemeniation.

The Mission was composed cf
M. E1 Halfawy Senior Inter-regional Adviser, Industrial
Operations Division
L. Soto-Krets* Sovecial Technical Adviser, Technology Group
Y. Xamel Industrial Development Officer, Cevelopment
and Transfer of Technology Section
The Mission visited the U.S.A. between 21 April and 6 May

and the Philippines from 11-16 May 1980.

3efo
available

literatur

a)

re visiting the U.S.A., the following information was
to members of the Mission either from published

e or throuzh private communications:

The higher cost of ethanol as a liquid fuel from corm
and sugar cane Jjuice (e.g. as compared with synthetic
crude from cosal liquefaction) is attributable primarily
to the cost of the raw material which represents about
two thirds of the production cost. Tke use of low-cost
crop residues (or municipal solid waste, later
abbreviated to M.S.W.) should, in principle, sub-
stantially lower the production cost. Unfortunately,
due to the relative inaccessibility of the cellulose in
these substrates to enzymatic hydrolysis, thes reduced
rav material cost is overshadowed by the cost of pre-
treatment of the substrate and its saccharification
(hydrolysis to glucose sugar) [h]. Generally a vigorous
physical and/or chemical pre-treatment is required to
significantly increase the susceptibility of the

substrate to enzymatic hydrolysis. Examples of physical

* L., Soto
to Katz

-Krebs was not associated with the Mission during visits
en Associates and to the Philippines.
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pre-treatment are dvot milling, ball milling and compression
milling. As an exarple of chemical pre-treatment bagasse
has “een treated with dilute caustic soda. It is obvious
that the pre-treatment step of cellulosic waste material

is an important variable which will affect not only the
degree of szccharification, but also the ecoaomics of

alcohol production.

b) The U.S. Army Natick Laboratorv in Massachusetts has been
¢ centre of research on enzymes and the enzyratic
hydrolysis of cellulose for about thirty years. Scientists
at Natick have developed a hydrolysis orocess based on the
use of enzymes (referred to as the cellulose complex)
produced by mutant strains of the fungus Trichoderma reesei.
The prccess produces glucose syrup (up to 15%) from

cellulosic subsirates }:‘5}

¢) Gul? 0il Chemicals Ccmrany, Shawnee Missicn, Xansas, C.3.4.
began in 1971 a biochemical research drogramme with the
object of searching for alternate feedstocks for their
retrochewical business. Subsequent research led to the
construction ol a cellulose to ethanol pilot plant at

ittsbureg, Kénsas, with a capacity of one *cn per day
cellulosic waste feedstock [7][}Q}. The pilot rlant has

been in operation since Januery 1976.

T. Visit to the U.S. Army Natick Research and Development Command,

Massachusetts

The Mission was received by Mr. Leos A. Spano, Director of the
Pollution Abatement Division, Food Sciences Laboratory. 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 produccion of the enzyme
complex (cellulase). This is done by growing the fungus Trichoderma
reesei in a culture medium containing part of the cellulosic feed-
stock and various nutrient salts. Following its growth the fungus
culture is filtered and the clear filtrate which is the enzyme

solution is used in the saccharification reaction. The feedstock
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is pre-treated by milling and in the form of 20% slurry introduced
tn the reactor, together with the enzyme solution to produce
glncose. The crude, glucose syrup is fil%ered for use in a
fermentatiorn step by yeast followed Wy distillation to produce

alcohol.

Research in Vatick has succeeded in iacreasing the enzyme
activity sixteen-fold and the rate of enzyme production twelve-
fold. The hydrolysis time was reduced from k8 tc 24 hours and

the milling time from 24 hours to about 5 minutes.

In Vatick, they have investigated many types of pre-
treatment. The most vrecmising and economic in their opinion is

compression (two-roll) milling.

Many cellulosic materials have been evaluated and hydrolysed
on a bench scale. These included soft and hard woods, municizal
solid waste, newsprint, paper mill waste, sugar cane degasse,

p

Dapyrus, danana stalxs and oil palm fruit stalks.

The success of the laboratory experiments initiated the
construction of a highly instrumented pilot plant which is used
to study the effect of wvarious factors on the fungal zrowth and
enzyme biosynthesis, as well as on the saccharification of
cellulose by the cellulase complex. The Mission visited the
pilot plant as well as the research laboratoriss. The pilot
plant has a capacity of 50 kg per day of cellulosic waste feed-

stock. It has been overating since 197L.

The pvilot plant consists of such equipment as

a) Fermentors for enzyme production

v) Gubstrate handling and preparsation equipment
Enzyme reactors

Holding tanks and auxiliary vessels
Instrumentation modules

Enzyme recovery and storage.

The equipment is built up under the principle of modularity. ew
modules can be added to the system without the necessity to re-
arrange its building elements. Tha instrumentation makes it
possible to be coupled with a computer prograrmme for process
control on the basis of the rheological and biological conditions

of the process.
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dewaver  +the nilot nlant did not have any eaquipment for
glucose fermentation to alcohol neither for alcohol distillation.
These steps were only carried out in the bench scale experiments.
Mr. Spano informed the Mission that in the laboratory they have
also carried out simultaneous and uncoupled batch and continuous
saccharification and fermentation experiments. These studies
indicated an increased yield of alcohol when the hydrolysis and
fermentation to ethanol sters were combined. But simultaneous

saccharification/fermentatisn was not tried in the vpilot bplant.

Mr. Spano mentioned that h2 had been trying to comstruct
a one ton/day vilot plant based on municipal solid waste to
oroduce fuel grade ethanol. The object weuld be tc develop
process refinements and collect the necessary design data for
a 59 t/day pilot plant as a step to a commercial scale one.
However, the necessary funds for consiructing such 2 one ton/day

- Y mms Ay etam e mt A e
.2 : 23 TZ.-1 Tz

2lant were 3ot allaczzed n3t2zd
+ne Solar Znergy “eseerch Institute has recently contracted
Gulf for use of their one tcn/day plant to optimize Natick
orocess variables using different feedstocks and diffa>rent ore-

treatment technijues.

AKX
G

. Svano aiso infcrned the Mission of a visit to the
University of Arkansas (Biomess Research Centre) which he wouid
talke in the nesr future at the reacuest of the Department of
Znergy. The object was to discuss ways and means of co-ordinatiag
the activities of the two institutions in enzyme research and
cellulose %o alcohol technology so as to avoid any duplication of

effort.

According to Spano's calculations the enzyme cost needed to
oroduce one gallon of alcohol is about 45 Cents. (This is to be

compared with 21 Cents estimated by Katzen for the Gul’ process).

In October 1979, the Natick group [5} published an
assessmenﬁ of ethanol production from urban waste. Their cost
analysis was based on a plant with a capacity of 25 million
gallons of 95% fuel, grade alcohol. The plant would consume
495.000 tons/y of cellulosic waste containing 375.000 ..g of
enzyme hydrolyzable material, 45% of which would be converted

to fermentable sugars which in turn would be couverted to
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athenol (L0O% vield). The total fixed investment of such a vlant

was estimated to be about US$S2 wmillior.

On this basis the factory cost of one gallon of fu:l grade
ethanol (95%) was calculated to be US$1,22, but if credits are
taken for cellular biomass to be used as animal feed, and for
residual cellulose from hydrolysis (used as fuel), the factory
cost would be US$0,9k/gallon.

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

and Develooment

Katzen Ascsociates have been the ccnsulting engineers for
Gulf 0il Chemicals Co. during the develotment of the Gulf
technology. Discussions were held at the Xatzen office in

Cincinnati with Dr. Raphzel Xatzen, President of Xatzen Associates

Taternaticnzal, Inc. a2nd !fr. Sighard Silver, Siaff Ingineer ¢cf ZW1°

-~
~

Jesearczh anéd Sevelotment Co.

Yr. Silver informed the Mission that (i) the tecanology of
tic process is owned jointly by Gulf end Jippon =mining, (ii)
Xatzen Associates are their agents outside U.S.A., (iii} ownership
of the technology within U.S.A. had been transferred to the
University of Arkansas; Katzen Associates are also their agents
for licemsing, (iv) for a provosed pilot plant in the Philipvines
they were not going to charge any fees for patent rights and the
know-how; however, Gulf's ability to provide other inputs would
be limited, (v) services for the design, construction, start-up
and assistance in operation of the pilot plant would have <o be
provided by Katzen Associates and the University of Arkansas with

whom UNIDO has to negotiate for the delivery of such servize:.

However, Mr. Silver indicated that Gulf would require to be
compensated for the transfer of their know-how and proprietary
rights for future commercial operation of plants based on the
Gulf process. The Mission's reply to Mr. Silver was as follows:
Should this project materialize, UNIDO and the Governzment of the
Philippines would be investing large sums of money in constructing
and operating the pilot plant. The Gulf process has not been

commercially proven, and additional development work was required



to introduce refinements and improvements in the process itself
and in the utilization of the by-products. The Philivpines
pilot plant would contribute consideredbly %o this develotment
effort. Gulf would be informed of, and givern full access to,
imorovements in technology z2chieved; also arrangerents cculd te
made for Gulf personnel or crostective licensees frem develosed
countries to have access to the pilot rlant. In returm, Gulf
would be required to make available to UNIDC the know-how and
Gulf proprietary rights free of charge for the use of UNIDC in

developing countries only.

Mr. Silver said that it was not in his competerce to give
a decision on this matter and tzZat 2e would have to take it up
with Gnulf maragement for comsideration.

Dr. Xatzen informed the Mission that the Gulf rilot olant
74

b

af 1 ton/day capacity started operaticn in January 1975 but
recenily ac¢tivve researzn 2nd ievelopment wWork nas teen Trans-
ferred to the 3iomass Research Centre, University of Arkansas,
directed by Professor G. Emert. At present, Prof. Zrert is
organizing a consortium to construct a SO t/day cellulosic
waste conversion fazcility, the cveratior 7 ~vhizh will enatle
scaling up to a cormercial vlant cf 1.00c Lo 2.300 t/day

cellulosic waste feedstock.

Katzen had already completed for Gulf the design and
equipment specitications for a 50 t/day pilot plant. It has
been designed for continuous operation and many improvements
on the present pilot plant, particularly in pre-treatment and
alcohol distillation have been incorporated in the design.

The design will be used by the Arkansas Consortium.

Katzen believes that Gulf technology for cellulose
conversion to akcohol is at a more advanced 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, according to Dr. Katzen, are:

a) The enzymatic process vuses unpurified (whole culture)
preparation of Trichoderma Reesi. There is no need

for filteration as in the Natick process. Only L3 hrs
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are needed to orepare the enzyme, whereas in Natick
they neecd at least 4 days. The enzyme required for
the production of one gallon of alcchol would cost
US Cents 21 to produce. (In Natick this cos* is

minimum 45 Cents.)

b) ‘The saccharification of cellulose to glucose and
fermentation of glucose to ethanol take place
simultaneously and in the same vessel. This results
in 25-40% increase in product (alcohol) yield over
a conventional two-step saccharification to glucose
followed by fermentation to ethanol process. The
increased yieléd is attributed to the removai of
glucose, an inhibitor of the cellulase system, by the

yeast.

¢) Another advantage of this prucess is that the veast
growth rapidly produces an anszerobtic envircarent,
which elininates the necessity of striet aseptic

conditions [6].

4) The process in the new 50 t/day design is continuous

in all stages.

e) The Gulf process uses in the alcohol recovery section
a low energy consumption distillation system developed

by Katzen for maximum heat recovery and heat re-use [Q].

The meeting discussed the possible capacity of the
Philippines pilot plant amnd it was agreed that a facility of
50 t/day cellulosic waste feedstock capacity would be appropriate.
The overation of a plant of this size - and not a much smaller
one - for about two years and the results obtained therefrom
would lead to definition of scale-up criteria to large commercial
plants (1.000 - 2.00C t/day feedstock). A pilot plant of this
size would also be constructed using standard commercially
available equipment and no special designs or orders would be

required.

Gulf and Katzen agreed to provide at no cost the designs
and equipment svecifications for the 50 t/day pilot plant

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

The meeting also agreed that it would be advisable to
implement this vroject in two phases. The first phase would
he a techno-economic assessment of the proposed pilot plant
and the potential of commercialization in the Philippines
(please see Amnnex II for draft terms of reference of Phase ).
The second phase would be the actual construction and operation
of the pilot plant. Three months would be needed to conduct
the techno-economic study; the pvilot plant could start up

33 months later.
The {irst phase is estimated to cost US$150.C00.

The investment breakdown of the serond phase, based on
data provided by Xatzen, assuming that the pilot vlant would
be constructed adlacent to an existing sugar mill in the

Prilipoines, is a3 follows:

Fixed Investment SO t/d Pilot Plant

Uss
Land free
Equipment F.0.B 3,550.000
Freight and insurance 700.000
Engineering and training of local staff 1,000.000
Construction overhead 800.000
Sub-total 6,050.000
Contingency 600.000
Total foreign currency component 6,650.00C
Field materials 1,77n.000
Direct labour 1,700.000
Building and structures 1,000.000
Sub-total 4,400.000
Zontingency 400.000
Total local currency component L 800.000

Total fixed investment 11,450.000

=I[IZBITS==Z
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The breakdown of the ecuioment cost is as follows:

Uss$

Rav materials handling ~98.000
Raw materials preparational (pre-trestment) 956.009
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

The pilot plant will be operated for a minimum period of
two years to establish the engineering baseline for the design
and construction of 2ull scale plants which are l1ixaly %o
follow, not only in the Philippines, but in other develoving
countries. Several agricultural residues will be tried since
residues are seasonal but the plant must run around the year. The
cellular biomass (stillage) from the alcohol recovery plant is
evaporated to oroduce 60% solids content syrup animal feed
by-product. Extensive animal feed tests will have to be
conducted on 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 additions 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:



Estimated Annual Opverating Expenses
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Raw materials
Chemicals and nutrients
Power

Steam

Labour (7 supervisory, 9 lah. and office,

36 operators)
Maintenance

Tests and evaluations

International consultants

Annual overating costs (excluding

depreciation)

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

17£32,200.000 will be foreign currencr.

Us
140.
200.
L0o0.
250

500.

60
700
250

2,500.

$

000
000
000

.000

000

.000
.000
.000

000

In summary the total cost of the second phase is estimated

to be US$17,700.000 detailed as follows:

Total cost of the second vhase (Construction and <wo-year

operation of 50 t/day pilot plant)

Fiiéd Investment

Modifications and
Additions

Operating Expenses
(2 years)

Total

Foreign Currency Local Currency

6,640.000

1,000.000

2,000.000

9,640.000

Us$

L,800.

250.

3,0C0.

8,050.

000
000
000

000

Total
11,450.000

1,250.000

5,000.000

17,7C0.000

The proposed contribution of the various parties towards the

implementation of the project during a five years period can be

summarized as follows:
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Phase 1 Uss
U.3. AID 50.000
URDP 100.000

Government ¢f the Philivpines - onl” contribution in kind
(staff, office and trans-
vortation facilities)

Phase II Us$

a) U.S. AID

Equipment 3,550.000
Freight and Insurance 700.000
Modifications and Equipment
Additions) 1,000.900
Contingency 425.000
Sub-Total 5,675.000
3, QTP (IPF 3. sossidly Interim Fund Sor Seience and

Tecanology for Development )

Engineering and Training 1,000.000
Construction Overhead 300.000
Tests and Zvaluations ) 1,000.900C0
Internationel Consultants 500.000
Chemical and Nutrients 400.000
Contingency and Miscellaneous 275.000

Sub-Total 3,975.000

¢) Government

Civil Engineering and Building L,500.0¢C0C
Modifications and Additions 250.000

Local Operating Expenses
(Staff, Labour, Raw Materials,

Utilities) 3,000.000
Contingency L00.000

Sub-Total 8,05C.000
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Detailed description of the Gulf process, its techno-economic
feasibility, the various agricultural residues tested and the
yields obtained therefrom have been given by Emert and Xatzen in
various publications {k}[ﬁ]l?ﬂ . For example, Rivers and Emert [8]
estimate for U.S. conditions the total fixed investment for a plant
to produce 25 million U.S. gallons per year of 95% alcohol to be
US$TL,62 million and for a S50 million U.S. gallons per year
capacity to be US$118,93 million. The production cost of alcohol
frcm the former would be US$1.235 and from the latter US$L.08k4 per
U.S. gallon based on a municipal solid waste 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 saccharification/
fermentation. If this credit is taken into ccnsideration, the
alcohol production cost would drop to US$0.897 and US$0.7hk per
gallon.

3. Discussions with Officials of U.S. AID, Washington D.C.

Preseat: Dr. Norman Brown, Spmecial Adviser on Energy to
the Assistant Administrator, Bureau for Asia

Robert Nachtrieb, Philippines Desk Officer,
Bureau for Asia

Alan Jacobs, Director, Office of Znergy, Cevelop-
ment Support Bureau

Melvin Schuweiler, Co-ordinator, UNIDO Affairs

Members of the Mission met with the above meutioned officials
of U.S. AID at their headquarters in Washington D.C. The
objective of the meeting was to present the concept of the project
proposal and to explore possible collaboration between UNIDQ and
U.S. AID in implementing the project. A brief presen-aticn was
mide cn the project proposal and the findings or 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 aderquate support to UNIDO for the project
propocsal under revie- and stated that renewable energy prograrmes
have been accorded high priority within orogrammes pursued by the

Agency.



be executed in twe phases; the first phase to comprise a techno-
economic study for the construction of a 50 t/day vilot plant in
the Philippines, the second phase to include design, procurement
and construction of the pilot plant for conversion of cellulosic
waste to ethanol, and the operation of this plant for two years.
The implementation of Phase II would be subject to favourable
indication cbtained through the techno-eccnomic study (Phase I).
In addition, it was recommended by U.S. AID that the study to be
carried out under Phase I should also investigate the potential
of utilizing such technology in other developring countries to
provide part of their liquid fuel requirements as well as the
ayailability of cellulosic waste materials in those countries for
the use in future commercial plants. This global part of the
study would constitute the basis for possible utilization of the

technology in various developing countries.

As to the contrivution of U.S. AID, members of *he Mission
were informed that for the first phase U.S. AID would be willing
to finance the full costs, using funds -available at the Office
of Energy of U.S. AID. However, since it was desirable to start
Phase I as soon as possible, it was considered extremely
difficult to channel such contribution to UNIDO under trust fund
arrangements., as this would entail a long bureaucratic and
administrative procedure within U.S. AID. Regarding the
contribution of the Agency to Phese 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. However,
in case favourable results are obtained, U.S. AID would be willing
to consider the financing of tne equipment component of the
project which will be about US36 million (please refer to pre-
liminary costing data for Phase II, Section 8). This
contribution could partly be furnished from the funds allocated
to the U.S. AID Central Funding Programme, partly from 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 will consider the possibility
of providing such contributions to UNIDO under trust fund

arrangements.



- 26 =

Preliminary terms of reference for the techno-economic
study were wor:ed out by the Mission in collaboration with
responsible officials of the Agency and a total of
US$150.000 was considered a reasomable cost estimate for such
a study. In the terms of reference U.S. AID emphasized their
view that the Agency attached a great importance to the

project's impact on rural areas.

It was further decided during the meeting that
Mr. Nachtrieb would be available in Manila during the wvisit
of the Mission, scheduled to take place between 11-16 May 1980,
and that further meetings should be arranged with the local
U.S. AID office in Manila for finalizing the terms of reference
of Phase I, taking into account the outcome of discussions neld
with the re;ponsible authorities of the Philippines Government

on the further development of the project.

The Agency nominated both Mr. Jacebs and Mr. Schuweiler
to be the main point of contact for UNIDC 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
Mission asked for clarification and information on some issues.

The following notable features can be stated:

a) Gulf 0il 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 of the
ethanol project because of higher priority attached to

other energy-related projects.



c) Gulf came to an agreement with the University of Arkansas
through which they transferred, free of charge, approx.
US$1,5 million in equipment and, what is more important,
its previous know-how in the area. At the same time they
gave the University a grant for US$800.000 to continue.

work in the areas.

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 worked 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 process. As feedstock for their work they have used
various woods, several crop residues, pulp mill waste and
v.s.w. [8].

]
~

In connexion with the pre-treatment they have concluded
that the best method to accomplish the process is by
agitated bead milling the raw materials; they claim %hat

this is the only good eccnomically feasible pre-trestment.

They claim that Natick tests with roll mills are only of

academic value, jue to the high energy input and high roll wear.

In any case, Mr. Blotkamp mentioned that, in his opinion, the
pre-treatment step could be dispensed with and substituted by an
increase in residence time from 24 hours to 90 hours in the
simultaneous saccharification/fermentation process which would add

only 9¢ to the cost of the final ethanol.

On the other hand, a study made by Raphael Katzen Associates
for Gulf states that 'the economic viability of the Julf orocess
and other enzyme processes depends in large measures on finding a

low cost process for enhancing cellulosic reactivity'.

In connexion with 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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©) The retention time fer the process is L8 hours.

c) At the end of the vrocess they do not separate the
micellium from the liquid; instead they feed the
whole culture to the saccharificetion/fermentation
tank. This is one of the most important factors in
decreasing the costs cf the enzyme production. They
claim that the cellulase enzyme complex produced by
their method is much more active than the ones

prciuced by all the other methods.

In connexion with the saccharification/fermentation

process, it can he mentioned:

a) Here is where the Gulf process differs mostly from
other processes and would be considered as the most
important feature of the whole vrocess. In the
Gulf orocess the sinultaneocus saccherification/
fermentation process (SSF) is used. The decreased
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 fermented to ethanol; This is accomplished
by keeping the alcohol concentration low (under

5 per cent).

b) The SSF process has been operated using different
feedstocks (giving different alcohol yields). But in
general they think they have no problems in processirng
them. When they had problems it was with woods having
high lignin content.

¢) For the fermentation process a strain of Candida
Brasica developed by Bio Research Ltd. is used which
gives a better performance compered with other yeasts

in the simultaneous process.

d) The residence time in the SSF process is 2L 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 two
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reactors with ilmproved resuits. Al preseuat they are

el

adding a third reactcr. This is being done by trial
and error, instead of using the kinetic information
which they already have.

On the distillation part the following can be mentioned:

a) The whole broth is distilled after separating the

yeast mass.

b) For the distillation c¢f the whole broth Gulf develoued
together with Katzen Associates a special column
design (baffle type) which proved to be successful.
This columm produces 25% by volume of alcohol solution
vhich is concentrated up to anhydrous alcohol using

known techniques.

c) Application has been made for patents on the design
of the colurn. The new system wcull reduce the zcs*

of the whole process.

When the Mission inquired about the influence of various
parameters on the final cost of alcohol, the University of
Arkansas team mentioned that thev could not disclose more
information. They mentioned fhat a thorough feasibility study
on a 50 t/day pilot plant had been completed by Raphael Katzen
Associates. This study included most of the information the
Mission wanted to have. Katzen ‘'<.dociates would have to be

contacted in this restect.

‘Laboratory facilities at the lniversity of Arkansas

The University of Arkansas is fully and very well
equipped to conduct 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
0il Chemicals Co. designed, built and operated a 1 ton/day feed
material pilot plant at their Shawnee Mission, Kansas, U.S.A.
The Mission visited that pilot facility on 6 May 1980 accompanied
by Mr. Dana K. Becker.
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In connexion with the pilot plant, the following can be

mentioned:

a) The pilot plant is still owned by the Gulf Chemical Co.,
though the personnel from the University of Arkansas runs
it when a specific test is designed and the anpropriate

contractual arrangerments completed.

b)} The pilot plant has no facilities for pre-treatment
of the rawv materials; conseqﬁently the plant has to be

fed with the raw materials as they come.

¢) 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 duilt under the
supervision cf Raphael Katzen Associates. It is well
instrumented and locks very avprovriate Zcr 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 vroject is concerned

has been considered complete.

f) At the pilot plant they have tried municipal solid
waste, pulp mill waste and saw mill waste. Woods and

agricultural residues were tried on bench scale only.

g) At the bench scale they have achieved an 817% overall
conversion. In the pilot plant, due to the lack of
pre-treatment, they have achieved 50-55% conversion to
alcohal.

Other trials with -the pilot plant

The Gulf pilot plant has been rented by the Solar Energy
Research Institute (Boulder,Colorado), under contract with the
Department of Energy of U.S.A. to make a series of pilot testing
of other raw materials and using a new strain and knowledge
developed by the Natick's team and knowledge developad by Purdue

University, the University of California, Berkeley, Massachusetts



of Connecticut. Rutgers

Uni rersity, Dartmouth University and University of Pennsylvania.

Team at the University of Arkansas

The team at the University seems to be qualified to do all
the bvasic work and testing in connexion with the basic bio-
chemical and chemical knowledge; they lack the capacity to make
the bridge between that knowledge and chemical engineering and
design.

Semi-industrial vlant

Based on the pilot plant data, Raphael Katzen Associates
have developed a larger pilot plant to treat 50 :t/day of feed
material and for which financiné is being looked for. That
facility has orovisions for opre-treatment of raw materials,

semi-continuous SSF and a very zocd meterial and enerzvy ovalance,

11. Discussions with the Executive Director and Members aof

the Philippine National Alcohol Commission, Ministry of
Energy

In response to a previous request by the Gove mment of

the Philippines to UNIDO concerning the project proposal for
establishing a pilot plant for the production of alcohol from
cellulosic raw materials in the Philippines, members of the
Mission met with Governor Zayco, Executive Director, and

other officials of the Philippine National Alcchol Commission.

Governor Zayco and his colleagues were briafed on the
objectives of the Mission and its findings in the United States.
It was further explained by the members of the Mission that, as
a result of its consultations and findings on the state-of-the-
art of available technologies, it is proposed to execute the

project in two phases as explained earlier in Section 8.

The first phase was estimated to amount to US$150.000.
The major part could be provided from the UNDP IPF, pending
discussions with Mr, Devarajan, UNDP Resident Representative
in Manila; the rest would be reimbursed under contributions by

the U.S. AID Energy Office.



- 32 -

Concerning the costs of the second phase, the Mission
indicated that a total of US$12 million will be required for
constructirg the pilot plant of which the Government's
contribution will amount to about US$L million; this will cover
the costs of labour, personnel and civil engineering work. The
pilot plant is expected to start up three years after completion

of the techno-economic study under Phase I.

In reply, Governor Zayco informed 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 ¢f renewable energy resources to be
implemented by the Centre for Non-Conventional Energy Develosment
under the auspices of the Ministry of Energy. Furthermore, the
Government, in its Energy Programme 1979-1988, has stipulated
that its prcduction target for non-conventional energy, including
Mel zleohcl, I3 %o reach “he eguivalent of 2,3%5.20C sSarrels 37
crude oil per year in 1988, in comparison to the present total

of 5.700 barrels per year.

Governor Zayco reaffirmed the interest of his Gevernmert
and especially of the Alcohol Commission in exploring the
possibility of the production of alcohol from cellulosic waste
material as suggested in the project proposal under review. iHe
believed that the Ministry of Energy will 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 projeet in two phases. He suggested
that in the first phase the techno-economic study should
elaborate more on the possiblity of utilizing alternative
feedstocks in addition to sugar cane bagasse, such as rice
straw, rice hulls and ipil-ipils which are available in
sufficient quantities in the Pbilippines. The only problem
vhich might arise in this connexion is to identify appropriate
methods for the collection and transportation of such waste
cellulosic rawv materials required for the operation of

commercial plants in future.

It was suggested during the meeting that the most

approoriate counterpart organization would be either the Centre



for Son-Conventional Energy Cevelopment
National Institute of Biotechnology and Applied Microbiology
(BIO-TECH) at the Philippines University (please see Annex III:
Draft Programme of the National Institute of Biotechnology and
Applied Microbiology). A third alternative could te the
establishment of a project team, consisting of representatives
of both institutions. Governor Zayco advised members of the
Mission to meet with the management of both institutions to
discuss prospects of their varticipation in the implementation

of the project vrovosal.

Tt wes agreed, at the end of the meeting, that an official
request for initiating the work on Phase I would be submitted
by the Alcohol Cormission through the Ministry of Energy to the
UNDP? office in Manila for their consideration. In their request,
the Govermment would make knowm their intention to contribute
the ©111 amount of the local cost cormronent 28 Fhase II, rending

favourable results achieved under Phase I.

As to the question of possible sites for construction of a
pilot plant and in view of the fact that the National Institute
of Biotechnology and Apoplied Microbiology and the Centre for
Non-Conventional Emnergy Development are located near Manila,
Governor Zayco was of the ovinion that the pilot plant should
not be sited far from the counterpart institution. [his will
enable more efficient working conditions during the
implementation stage of the project. For this purpose it was
considered appropriate that members of the Mission should meet
with 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 were asked to formulate, before
lesving Manila, draft terms of reference to reflect the extent
of the work to be carried out within the frame of the techno-
economic study (Phase I). In complying with this request the
Mission prepered the draft terms of reference (please see
Annex II), a cory of which was handed over to Governor Zayco's

office as well as :o UNDP in Manila.
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12. Meeting with Mr. Devarajan, UNDP Resident Revresentative

After providing brief background information on the project
proposal and on the discussions held with the Alcohol Commission
and U.S. AID on the subject, the Mission explained .he proposed
methodology for implementing the vroject ia two phases;

Mr. Devarajan was asked about the possibility of UNDP providing
the US$100.000, necessary for financing the first phase; the
remaining US$50.000 would 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. He said
further that, in addition to any forthcoming contriobutions in
Phase II of the p—oject, to be centributed by UNDP in the next
programming cycle, the project would also seem to qualify for

2o-financing under the Science and Technology Fund. He

.advised that UNIDO should explore this possibility with the

responsible officers of the Tund and the extant of the

contrioution which could be expected.

13. Meeting with the Centre for Non-Conventional Energy Develon-

ment and the National Institute of Biotechnology and Avoplied
Microbiology (BIO-TECH)

N

In line with the wishes of Governor Zayco, Executive Director
of the Philippine National Alcohol Commission, the Mission met
successively with the management of the above mentioned two
institutions. In exploring the possibility of which institute
would act as a counterpart agency for implementing the project,
it was understood during the meeting with Dr. Ernesto N. Terrado,
Administrator of the Centre for Non-Conventional Energy Develop-
ment , that this Centre had been =ntrusted with the implementation
of 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 willing to approve the
project, ir BIO-TECH was the counterpart agency, as the project
falls definately within the terms of reference and competence of
BIO-TECH.

BIO-TECH was recently established and had been receiving the

full support of President Marcos in conducting R and D work, including
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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 with a
substantial financial support by the Marcos' Foundation to enable
it to conduct its work programme (please see Annex V).

In the meeting with Dr. William G. Padolina, Deputy Director
of BIO-TECH, he confirmed their interest in implementing the
project. Dr. Padolina mentioned that he would prepare the draft
request to be submitted to UNDP through of'ficial channels.

Members of the Mission felt that both institutes have
sufficient oprofessional competence and manpower to be considered
as suitable counterpart agencies for the oroject. A final
decision on this matter will be communicated to UNIDO within the

frame of the Government's official request.

1k, Meeting with Mr. Arturc D. Gorrez, Factory MManager, Canlubang

Sugar Zstate

The mesting with Mr. Gorrez was of an informative and
exploratory nature to investigate the possibility of establishing
a pilot plant in conjunction with an existing sugar mill. This
mill has a rated capacity of 6.200 t/day of cane. At 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, which, in turn, is
attributed to the low incomes of farmers on sugar plantations. It
was learned 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 owns a farm which
is sufficient for supplying 30 per cent of their sugar cane
requirements, TO per cent is bought directly from the farmers. He
thought that as the international price of sugar rises and the
farmers grow sugar cane, there would be excess bagasse available

for processing by the proposed pilot plant.

The estate also includes a distillery plant with a capacity
of 180.000 1/day, if given enough incentives. As to the
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possibility of establishing the proposed pilot plant on the
estate, Mr. Gorrez welcomed such a provosal and promized that,
in the event that iﬁ is realized, his enterprise would make
adequate contributions to support the operation of the pilot
plant, particularly as regamds trained manpower, utilities and
supply of raw meterials. Mr. Gorrez informed the Mission that
the estate has adequate research facilities which could be
bengficial to the operation of the provosed pilot plant. A
possible site within the mill was shown to the Mission. The
advantage of this particular mill is that it is o;ly 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. Meeting with U.S. AID Local Office in Manila

Members of the llission met wish lir. Schwarzwalder, Zirecier
of U.S. AID office in Manila and others of his colleagues. Alcso
present at the meeting was Mr. lachtrieb, Philippines Desk Ofticer
at U,S. AID in Washington D.C. Mr. Schwarzwalder was briefly
informed by the Mission on the results of the discussions held
with 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
further 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.
My. Nachtrieb thought that the proposed financing arrangements
would be acceptable to U.S. AID. The Mission was asked about the
appropriate date for starting the implementation of the first
phaée. It was agreed that such a date would have to be decided

on after 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 earlier duriaz the

meeting held in Washington D.C. (please see Section 9).

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

has interregional implications, and that therefore it might be
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appropriate that U.S. AID headquarters snould draw on otaer
budgetary funds, rather than charging all of the US$6 million
(the contribution of U.S. AID) to the Philippines Country
Programme, which is at present in the range of US$L0-50 million/
vear. Tn 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 major part of
their contribution will be considered. During the meeting it
was suggested that UNIDO might wish to subcontract the
Philippines part of the first phase (UNDP finances) to a
consulting firm with relevant experience in the field of
production of alcohol from cellulosic raw materials. Thais would
avoid problems which might arise, if individual experts were
contracted, who might not have enough practical experience in
this particular field to be able to carry out the study
efficiently. The contribution of U.S. AID to the first phase
would be mainly through provid.ng the services of two experts

to undervake the study of available crop residues and the
potential of fuel alcohol in selected developing countries.

This is in addition to travel funds and other miscellaneous
expenses. Finally, it was agreed that in order t$ co-ordinate
the inputs of both agencies, UNIDO will keep U.S. AID in
Washington D.C.,as well as their local office in Manila,apprised

of the further development of this particular project proposal.

16. Other Matters

Members of the Mission met with officials of the National
Grain Authority and the International Rice Ins*tiIcute on an
informal basis with the objective of obtaining relevant data
on the utilization of rice wastes in the Philippines, such as
rice straw and hulls bearing in mind the potential of such
wastes as a feedstock to the proposed pilot plant. Although
both institutes explained that they were mainly dealing with
rice itself and not with rice wastes, the members of the

Mission were able to obtain the following information:

(i) The total cultivaied area for rice plantations

in the Philippines is about 2,1 million ha.



(i7) The quantity of rice straw is estimated to be about

(iii) The present rice hulls are used partly as an additive
for animal feed. However, the major part is directly
burned in the fields.

(iv) The Laguna region, which is directly adjac:nt to
Metro Manila, is considered to bLe a centre of rice

production in the Philippines.

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

At the end of the Mission two separate meetings for 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
prograrmme ) and Mr. Z. Sangovo {(responsible for all JILP assisted
vrojects), and the second with Mr. Alain Mcrvan, UNDP Deputy
Resident Representative. who were informed of all discussions held
with the Government and U.S. AID on the subject. YEDA officials

expressed their support for the project proposal.
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V. CREATING AN ALCCEDL COMTSSIN , o

. . - SRR

- “NAFREAS, the rising cost of motor fuel has-affected and
~centinuously affects the economy of the country;
m in order to cushion the adversé effect of high

“motor fuel cost cn the eceonory, it is irperative Uit altemative
-sources cf motor fuel be immediately developed;

NATREAS, it is therefore necesszry to provide for an effective
agency that .mu.d formulate and carry out a national pregran & for
-the prcducticn of alternative sources of motor f:el; and

‘THEREAS, under Presidential Lecree No. 1415, the President is

emowered to undertake such orcanizaticnal and relared improverents

rdeyelcpments,

as ray be avprepriate in the lignt ¢ chcnging ciroumstances and naw

“MOW, ‘THEREFORE, T, FERDINAND E, MARCOS, President of the

. Philippines, by virtue of the powers ves:ted in me by the Consti-
~tution, and pursuant to the authority vested in me by Presidential

~ Decree No. 1416, do heredy order:

" SECTION 1. Creation of an Alcchol ‘(farr:’nissicn. - There 1is

:hereby created an Alconol Coimnissicn, nereinarter referred to as

- the Cormission, under the Cffice of the President which shall be

Tesponsible for effecting the production, in the sconest possidle
time, of alcchol! in adequaze quantlnes for blenc'._ng with gasoline
.for use as motor fuel. _ .

© SECTION 2. Powers and Functiens of the Ccmission., - The

- -Comission shall have the rollowing runctions:

1. Fourmulate and define the policies, plans and programs and
~the necessary guidelines for carmnving out and ra’e'e"c,.ng a naticnal

- program for the preduction and distribuzicn of alcohcl for blending
- ‘with gasoline as motor fuel; .

2. Promcte the production and distillstion of alcohol from

..alternative scurces such as sugar, cassava and sorghum and the
~effective utilization of their by-products; , .

3. Promote and cocrdinaze the conduct of resazrch and dﬂvclOp-

‘ment activities cn alcohol production, its utilizazion as moter

-fucl; as well as varicus feedstock possidilities; :

Ll L2 ey,



- L0 -

4, Detemine and indicate the areas of responsibility

of the varicus agencies involved in the prograz, 1nciucing those

pot represented in the Cormission; . - oee.
" 's. Determine, in consultation with the i:rq:lemez}t.ix}g

- seoncies concerned, their respective work programs and time

schalules for carrying them cut,. and resolve actual or porential

arezs of conflict, overlapping of jurisdiction or fumctions,

.
-

v
L3
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H

W

P jncluding, but not limited to, the question of pricing;

- - -- .!. ' . . . . . ] .- . . .

i 7. |6. iMonitor and evaluate all on-going projects undertaken
. by the various agencies concerned to ensure their proper

.+ irolementation in accardance with pre-determined schecules;

o -, R 4

‘ ".".:7.'..;Whére necessary and in the interest of accelerating
the irmlementation of the alcogas program, engage directly in
any aspect of the alcogas program, including land develcpzent
sgricultural precustion, distillaticn, and other related
activities; and - o :

-1 8. Perfomm such other finctions as may be provided by law.

SECTICON 3. Oreanization of the Coermissicn. - The Commission
. <hall be governed by & t2arQ Gf woia35.-nils conoSsec of the
Ninister of Energy,who shall he ex-oficio Chzirman orf.ihe
Coexmission, the Cizirman ¢f the Philicpine Sugar Cormissicn, who
shall be ex-oficio Vice Chairman of the Cormission, the Minister
of Finance, the Minister of Agricilture, the Minister of Industry,
the Minister of Natural Resources and another Commissioner to be
af;ﬂointeid by the President frcm the, private sector.

- ] .
- The Commission shall have an Executive Director to be
&yointed by the President. The Executive Director who shall be
te Chief Execuzive Osficer of the Commission shall be under the
addnistrative supervision and control of the Chaimman.

v

SECTION 4. Implementing Agencies. - The implementation of
e alcogas program shall be the responsibility of the various
Recies concermed as directed and coordinated by the Cozmissien.
- latially, this shall be as follows: :

a. The Philippine Sugar Commission shall prorote the
#statlishment of alccrol distilleries, whether pudlic or
Jrivately owned, and ensure the adequate stpply of sugar cane
&r the production of alcohol. :

. b. The Ministry of Energy, throuch the Philippine National
Al Corpany, shall be the exclusive buyer, wnisss ofherwise

€rided Lpon subsequently by the Camnission, of alconol produced
£ e as motor fuel and shall be responsible for the distribution
of flerzas.
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) " e. The Ministry of Agriculture shali study the technical

. pspects and problens of alcohol productior_x frcm.agrimltural. {
" - ¢rops such as cassava, corn and scrgnunm, mcluc_’.mg an economic \
T . gost znalysis thereof, and promote the productica of alcchol ' :

s -'_-‘-"?'f" from these crops as may be found to be technically and S L H
- < econamically feasible. - ] A . A
e [ N . . N ..| . ; ‘:
"% tr d. The Ministry of Industry shall promote the sanufacture: oo
-7 7. of car and truck engines that can most efficiently acconmcdate e

’ -

“-% . the use of alcogas as motor fuel, and through the Board of
- w . » Investments, precess and approve applications for establishing
" ‘% pojects related to the implementaticn of the alcogas program,

~ta e e
R

- aaw e

"' e, The Ministry of Finance shall study and make recormend-

ations on the extent of recuction or elizinaticn of sales taxes

“ 7 o alcohol, to enable alcogas to cocpete effectively with
gasoline prices at the pump stations. ) L

| €. The Ministry of Natural Resources shall identify _

- pew lard areas of the public dcmain that can be made available ' S X
- for the prodicticn of agricultural crops such as sugir cane, S
corn, cassava and sorgimz to be used as feedstock for the A

- production of alcohol.- . L

P - . ’ .
i ’ The other implementing agencies shall support the alcogas o
prezran according to their respective areas of concern and as i i‘
may be determined by the Commission. s

- ’ . o !
S SECTION S.  Appropriations.- - There is hereby appropriated
such amount as may oe necessary to defray the operaticnal
expenses of the Comission for 1980. Thereafter, the apprcpriation
:cft the Coomission shall be included in the General Appropriations

. . . .
S B bet b b e malh

SECTION 6. Rencaling Clause.- Letter of Instructions Mo, 838
‘creating the Inter-Agency Committee to Accelerate the Implementation
cf the National Alcogas Program and such other laws, rules and
vegulations inconsistent herewith are hereby repealed or modified

“ accordingly,

SECTION 7, Effectivity. - This Executive Order shall take
effect irmediately, : ' o

. . T e .. .
. ’ [
..'
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" Done in the City of Manila, this 16th day of February
in the year of Our Lord, Nineteen Hundred and Eighty.
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DRAFT

TECHNO-ECONOMTIC STUDY ON THE ESTAZLISKMENT
OF PILOT PLANT FOR TEE PRODUCTIGH OF
ETHANOL FROM CCLLULOSIC WASTE MATERIALS

- The Government of the Philippines has embarked on a national programme for
the production of alternatives of motor fuels, mainly Ethenol. The require-
ments of alcohol in 1988 , to replace 20Z of gasoline, is estimated 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 ha§ a variety abundant cellulosic agriculture and
forestry waste such as rice straw, rice hulls, bagasse and wood residues.
Recent biochemical research has been successful in converting these cellulosic
wastes into ethanol using enzymes f£or the hydrolysis of the cellulcse to
glucose followed by fermentation of the latter to ethanol.

The Government of the Philippines intends to construct a pilot plant for
the conversion of various agricultural residues to ethancl.. The capacity
of this pilot plant will be 50 tons of feedstoeck per day. The information and
data gained from the operation of this pilot plant will eventually lead to the
construction of one or more commercial scale plants in the country. It should
be noted that alcohol i3 needed not only as a motor fuel but slso as a chemical
feedstock in future.

As a result of the discussions held with UNIDO mission whicH wisited
Manila between 1l1-16 May 1980, 1t was agreed that this project would be
implemented in two phases:

Phagse I - Techno-economic study for construction of 50 t/day pilot plant;
Phase II - Desigza, Procuremeat and Construction of 50 t/day cellulosic waste
conversion plant, and the operation of this plant for two years

(should the results of Phase 1 be favourable),

Caed /



- qd -

It is expected that the techno-economic study under Phase I above, will

address itself to the following:

1 - A technical and economic assessment of the technologies available for
converting cellulosic materials into motor fuel ethanol ard recommendation
of that technology most appropriate to Philippine conditicans and feedstocks.

2 - A survey of the various feedstocks available in the Pailippines, their
quantities, geographical distribution, and th2ir estimated cost delivered
to a commercial size plamt. .

3 - In consultation with the competent Philippine au:horities, recopmend. tion
of a suitable location for the pilot plant and a preliminary layout.

4 - An itenized astimate of the investzent cost and the cperating cost of the
pilot plant for two years, taking into consideration (1) equipment that
could be manufactured locslly, (ii) the possibility of incroducing
modifications and additions to the pilot plant,-as required, during the
two years of operation.

5 = Pilot plant requirements of personnel, utilities and chemicals.

6 - Training needs in the Philippines and abroad for the operation of the
pilot plant. |

7 - Institutional support for the operation of the pilot plant, {i.e,, testing,
qualicty control and research laboratorias either in a neighbouring factory
or in a nearby institution.

8 -~ A detailed schedule for the construction of the pilot plant.

9 - Suggestions of possible locations for one or more commercial size plants
based on the raw material survey under (2) above.

10 - (a) An estimnate of the investmeat and annual operatinog costs of cui.wercial
plants of different capacities indicating the effect of economy of
scale on the production cost of motor fuel ethanol (e.,g 100 tons/d:zy

feedstock).



(b) A flow sheet indicating emergy and materials balances in
comzercial plants.
11 - An examination of the possibility of producing the enzyme in a central
facility and, for rural development, carrying out the saccoyification

and fermentation in several relatively smaller satellite plantas-



16 - AMIEX III

DRAFT PROGRAMME
OF THE
NATIONAL INSTITUTES OF BIOTECHENOLOGY AND
APPLIED MICROBIOLOGY
(BIOTECH)
University of the Philippines at Los Baiios
April !, 1980

Recent scientific breakthroughs in microblology, genetics, engineering
and chemistry have shown the increased ability of man to modify ar}d exploit the
factors of inheritance in plants, animals, and microorganisms in order to increase
their ability to crovide for man's needs, It has been demonstrated that micro-
blally-mediated production of chemical compounds involved technologies that
are cleaner, more material and energy efficient, and dependent on cneap raw
materials like sugars, starches and celluloses which are derived from products of
primary agriculture and forastry., . More importantly, these new industrial micro-
biological processes provide for renewable and non-<onventional sources of energy.

In view of these innovations in technology, President Marcos ., upon the
recommendation of Minister Geronimo Z, Velasco and Chancellor Emil Q, Javier,
approved the establishment of the NATIONAL INSTITUTES OF BIOTECHNOLOGY ANMD
APPLIED MICROBIOLOGY on November 9, 1575, The INSTITUTE was formally
established at UPLB on December 20, 1979 by the Board of Regents of the Univer-
sity of the Philippine System, The Letter of Instructions releasing the funds for
the operations of the institute was signed by Preslder;t Marcos on March 31, 1280,

It {s envisioned that the INSTITUTE will mobilize and train nationalcompetence in

the applications of microbiology .genetics, engincering, chemistry & related disciplines
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on the problems of fuel alcohol production, chemical syritheses based
on alcohol and its dertvatives, biofuels from crops and agricultural
by-products, single-cell protein production, antibiotics and hormone
production and many other applications,

With the generous support of the Marcos Foundauon, the Ministry |
of Energy and the Philippine National Oil Company, the INSTITUTE
hopes to gather the best avaiiable Filipino scientists in biotechnology
angd applied microbiology to provide direction and support of individual
and interdisciplinary research, assist in manpower training, and provide
extension services especially in fuel alcohol production, nitrogen
fixation and enhancement of soil nutrient uptake, food fermentation
and other areas critical to national development.

The INSTITUTE supports the basic commitment of UPLB to rural
development, in general, and to the small farmer in particular, While
the INS'I'ITI}TE addresses {tself to technology-generation for the estabnéh-
ment and improvement of large-scale industries, equal attention shall
be devoted to the pursuit of appropriate technology for our rural communitles,
FUNCTIONS AND ACTIVITIES

The INSTITUTE is envisioned to become the national center for research
in micrcblology, genetics, cheuwistry and engineering with the end of har-
nessing the new technological developments and scientific breakthroughs
in these fields in the generation of energy from renewable sources, in
the further improvement of crop, livestock, fishery and forest production
and utilization, in tne synthesis of varicus valuable nutrients, drugs

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

applications,



The INSTITUTE i3 likewise intended to develop and provide the
country with the necessary expertise and technological knowhow for
the development of the corresponding trades and industries. that will
come about as a result of technological development in the above
flelds of study.

To accomplish the above functions, the INSTITUTE shall, in
addition to the others that the INSTITUTE may later deem appropriate,
undertake the following major activities:

Major Activities:

a. Conduct mission-oriented research, technology development;
extension and planning required to develop small-scale and

~ large scale industries based on biotechnology and applied
microbiology;

b. Develop and implement manpower training programs designed
to upgrade the manpower pool needed to meet the national
requirements in biotechnological indastries and applied
microbiology;

¢. Establish linkages between reséarch and industrial
operations and formulate and adopt techniques to facilitate
the commercial application of laboratory-tested biotechnological

processes;
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d. Extend scientific advice to government and private

entitieséud collect fees therefor, and

e, Establish a national repository of microbial genetic

resources for use by the INSTITUTE, the UNIVERSITY
and other national entities for researgh and development
and higher education purposes.

In the conduct of the aforementioned activities the INSTITUTE may
undertake, among others; the following which will enable it to discharge
its functions efficicatly and effecth;ely, subject to approval by the
Board of Regents, and, whenever appropriate, upon the recommendation
of the INSTITUTE'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;

¢. Negotiate loans and contributions for capital expenditures,

staff development, and operations from organizations or
individuals, lncal or foreign, public or private;

d. Recruit, employ and/or engage highly competent

expertise, not otherwise available in the INSTITUTE or the

UNIVERSITY ,fromlocal and/or expatriate sources;

R



£. Enter into agreements or relationships with similar institutions
or organizations, both nationai 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 INBTITUTE for the next five years
(1980-1985) shall focus on elght main areas of concern herein ranked
according to priority:

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

A, Survey of existing distilleries, analysis of problems
and possible plant improvement,

B. Technical evaluation of distillery plant proposals.
 C. Research.and Development on:
1, Bétch 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 saccharification.

4, Distillery waste management and utilization,

D. Technical manpower training for distillery plant management
and maintenance.
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II., ESTABLISHMENT AND IMPROVEMENT OF RURAL-BASED FOOD
FERMENTATION PRCCESSES

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 in food fermentation,
B. Quality evaluation and standardization of ferme nted products

IIT, ENEANCEMENT OF NITROGEN FIXATION AND SOIL NUTRIENT
AVAILABILITY TO CROPS AND REFORESTATION SPECIES

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

B, Ecological studies and evaluation of effectiveness of

microorganisms under laboraiory, greenhouse and field
conditions,

C. Genetlic modification to improve potential of microorganisms.
D, Large-scale inoculatt 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-fixation and mycorrhiza, etc,

B, For the Microblal Gene Bank - NIEAM will maintain
basic collections but researchers can keep active
collections,



D dad

PLANT BIOMASS CONVERSION

- Research and Development on microbially-mediated
conversion of cellulosic agricultural by-products into
useful chemicals, '

VI. ANTIBIOTICS, VACCINES AND MICROBIAL INSECTICIDES PRODUCTION

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

- Microorganisms in the biological control of insects.

VII. MICROBIAL BIOMASS PRODUCTION
- Research and development on S_P, mushroom production using
indigenous substrates and strains.
VIII, HYDROCARBON-LIXE OILS FROM PLANTS
-Research and Development on the use of plaats with large
yields of hsdrocarbon like oils,
CRGANIZATION
L._’_JDlrector - - - [Advisory Council |
| Deputy Dlrgctorl
[ — I C ' L
Administrative Regearch; I Technical ! | Extension
L__Services | i Servicesg l ‘ and Tramlngl
Clertcal Tagk Force Groups Glassblowing Photography
Maintenance Gene Bank Machine Shop Public Relations
Purchasing Basic Mlcro Lab Electronics Training Program
Property Biochem Lab Pilot Plant Facility Library and
Central Analytical Lab Documentation
Library and Docu- Services

mentation Services



AGRO-FORESTRY WASTES
Annual Production

Quantity Oil Equivalent
(Millionr, MT)  (Millions of Barrels)

Rice Hull 1.5 1.89
Rice Straw 9.7 14.54
Corn Cob " 0.6 0.87
Corn Stalks 2.7 4.05
Bagasse 7.5 12.10
Wood Wastes 1.3 2.00
Logging Wastes 2.0 4.00
Coconut Shell 1.9 8.72
Coconut Petiole 4.6 7.10
Peanut Shell and Coffee Hull 0.0 0.40
Grass, reeds, leaves 0.0 0.50

’ 67.87

Data were derived from following sources:

Araullo, E.V., D.B. de Padua and M. Graham., 1977.
Rice Post-harvest Technology.

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

Philippines Recormnmends for Coconut.

Failippines Recommends for Peanuts.

Philippines Recommends for Coffee.

Philippines Agriculture Factbook and Buyers' Guide, 1978
International Rice Research Institute, 1976, Annual Report.

lozada, £, P. 1979, Charcoal from Coconut Husks,
Phihppme Society of Agricultural Engineers' Journal (Vol. X No. 3).

Terrado, E.M. 1979. The National Non-Conventional Energy
Resources Developmeant Program Republic of the Philippines.



RATICMAL IMSTITUTTS OF RIOTTCGRICLCCY
AND AYPPLIZC MICPCRICLIGY

OUTLING QF T2
RESEAPCIH PRCGPAMME
FOP 1920

PROGRAM: BICPFUELS -POM AGRICULTTRAL C?OPS AXD RESILLZES
(Surpert for the Maticral Alcocas Program)

Project I:. Processing and Feremntation of Cassava and Sweet
' Potato for Alecohol Production

Projcct' IT; Production of Alcot.ol fraem Sucascane Julce and
Molasses using Papid and Continuous Flow Parmentation

Project III; Collecticn, Seiection and Genetic Imrrovement of
Hicrocorganisms for Alcokoel Production

Project TV: Mmnagement ard Utilization of Distillery Wastes .
'Projec‘.: ¥: Biogag Producticn frea Agro-Industrial Pesidues

Prodsct VI: BExtension - Tachnolocy Transfer in Philirpine 3lcohsl
Distilleries

PROGPAN: ENAMNNCMZAT C2 NITROGEN YIXATION AND SOIT, HUTRIEINT AV?.ILB!ILI"’Y
- PCR IMPRCVZD CROP D FOREST PRODLCTION

Sub-Procram I. N-Pization by the Legume - Rhizobi.m Syntiosis in
Pood Crops

[

Project I: Salection of Rhizobiwm strains from grain Legunes
Projsct 1I: Ecolocical Studies of Fhizcbia Introcdzced as Seed Inoculant
Prodect YII: Evaluazion of Lequms Inoculants

Sub-Procras YI. Nitrogen Pixation by the Rhizctiim Legume Symbiosisss.
¥. 2gro~-Farest Crors

Projecr 7: Develoj:nht of Phi‘:obi;a 'fedmoloqy for agro-forestaticn,

Proiect I7: Utilization of rhizobla 4n the refcrestation and regeneraticn
of dagradad agro—-fozest ecosvstexms.



- 7

Trodect IIT: Tha Fhizodbiux-Lecume Sywhlicais in Faforestatlion Species
(larra and Alkiz=z=ia)

Project IV:r Mitrcsan-FPixatlon ia Pastura and Forags Logures

Sub~Program ITI: Hitrcgen-Pixatica™in Non-Legumincus Plants

Prujscz Is Algaa 2s Nitrogen Pixers ix Trland Fccsvstems

Proisct II: Plant-Nicrodial Acsoclation in Cereals ird Grasses

Project IIT: Narmessing tre Nodulated, Nen~Lecumincus Trea Spacles
. for Forest Regararaticn

sub~Prvaram TV: Mycorzhiza

proiec: I: TIsolaticn, charactezizatich and ldentif

"Proicck IXs Screening the eflactiveress of =yccrzhizal £ =od

projact TIX: 7L{eld icprovement of lesusiiccus plants by Fhizcbiim-oycorzhicsl
{rocnlants

Proisce IV: Incor~mtioa of liltrogan~7ixaticn cepas of Thizoolvm {ntn
. aycosrhnizal fungl

Prolect V. Mass Ioosemla Preduction

- [

' | FEOD ZEXMINTATICY

i

PROGAIA TITLI: ESTAILISOMT MMD INPPCYILNT CF PLRAL~2XSTD OCD
PERMITATIO! 2ROC2S3IZ3

Survey and cocllaction of far=anted focds and isolaticn of
microorzanis-s

Froisct TI: Purification, ideztificaticn ard selectics of microcrjaziss

Profsct 1IY¥: Evaluaticn of Tralliticral Food Fernentation Processas aad
?;o..‘uc*.a

Proiict IV Eatadblizlamnt of a Proces3 to Upgrade trhe Sutritional Cualisy
o Legrres Throngh F7armantatlicen



Proiect ¥: Uparadins the utrizive Cualttv of Carcals through
Parvrentation

Project VI: Geretics and Inmproverent of Selected Microorzanisms

Project ViI: DMackamistry and zhvsiology cf Microkial Termentation Prncnes

Prodect VTII: Technclory Transfer

MINOP PFCIJLCIT:

1. Plarnt 3icmzss Conversion

%. Sinmie-Call Protein Procduction
3. rMntivis=ics

4. Vaccines

8, Mcrohial leaching of Zres.

DECTATISTT) TADSONTORIZS
SPPCIATITYT RS TES

NLCROBIZYL GTY=TICS LABCPATCRY (incluldes C2ne nerl)
EICCHEMISTPY I B0OPRTORY
ARALYTICAL STPYISTR TASOPATORY

SUTTCPT STPVICTS

CZ..AE‘?BUTJI?G Shiely

PILOT PIMT FACILITI
VACHIYE MIT CAPPIUTRY SHOP
ELZCTPONICE SVNP

LIBRAFY 70T POCUVINTATION, SEPVICTS
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