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INTRQDUCTION
bt L Ll

This UNIDO-sponsored missior to the Philippines called for the technical
advice of a consultant on single cell protein (SCP) production, with particular
reference to the appropriateness of pilot plant studies, as part of a general pro-
gram beirg carried out in that country on "industrial chemicals from indigenous
carbohydrate raw materials (sucro-based chemicals)”. Details cf the consultant's
job description is giver in Appendix A and an outline of the overall program is
given in Appendix B (obtained frcm the local administration), Four sub-projects,
which are being undertalken at two locations - the University of the Philippines at

Los Banos (UPLB) and the National Institute of Science and Technology (NIST, in

Manila), have been identified witk their respective research leaders, as follows:

1. Production of SCP (UPLB; Dr. C.R. Barril)

2. Production of Dextran and Fructose (NIST; Mr. V.C. Borlaza)

3. Biotechnological Production of Simple Organic Cuemicals (UPLB; Dr. C.R.
Barril)

4, Improvement in the Microbiological Production of Complex Organic Acids

(NIST; Ms. N.D. Palo)

The projects are further subdivided into various Study Groups. The director of
the entire program is Ms. L.G. Tansinsin located in Manila at the National Sci-

ence aad Technology Authority (NSTA) of the Philippine government.

The program has several national and international consultants attached to it
, including myself. This is my first mission as consultant to this program. The
mission covered the period, February 4-20 (17 days), which included a briefing

session witbh Dr. M. Maung and others at UNIDO Headquarters in Vienna (one day),
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rest stops in transit betweea Manila and Toronto (one night. each direction), 2ad
report preparation time (two days). An outline of the briefing on substantive
matters is given in Appendix C. The required output of this mission is a brief

report on the findings and recommendatiors.

A voluminous collection of 200+ fages of selected previous reports (from
project researchers and other consultznts) was presented to me by Ms. Tansinsin
on my arrival in Manila. In additior to studying these reports and several others
subsequently received from Dr. Bacril at the UPLB, I have visited all the labora-
tories involved in the project and met with the key people involved with all four
sub-projects, physically covering both the Manila and Los Banos locations. Two
seminars, having the followiny titles, were also presented at the university at Los
Banos, for information on background and recent developments in the areas of the

specific sub-projects. -

1. Bioreactor design and process biotechnology

2, Food and fuei from agricuitural biomass residues

In an attempt to learn more about the business and political factors which
could affect the possible commercial spin-offs of the project, I was fortunate to
arrange impromptu meetings with senior officers of the San Miguel Company and
the Canadian Embassy (Commercial Secretary). San Miguel is the largest indus-
trial complex in the Philippines and is significantly involved with focd and agri-
culture. A brief report on my findings and recommendations is given below.
(Regreifully, personal illress developed shortly after completion of my overseas

visit for this mission and has caused the celay in submission of this report).
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2. FINDINGS AND RECCMMENDATICNG

The Philippines, like many other developing countries of the world, is rich in
indigenous carbohydrate materials but poor in the availability of industrial chem-
icals, fuel and food protein which mostly have to be imported. Again, like many
other developing countries, the Philippines is hoping to explnit the techniques of
biotechnology in the utilization of its agriculturally-generated carbohydrate-
based biomass to produce these required products (M. Moo-Young, Editor,
"Advances in Biotechnology”, Vol. I "Chemicals, Fuels and Foocd", Pergamon
Press, Oxford, 1981). The following observations are in agreement with some of
those made by conmsultants Kaiser and Castor in their report of November 28,
1983. However, we differ on some important specifics as indicated. As a con-
venience to the reader, a copy o’ the summary of "Conclusions and Recommen-

dations” of the Kaiser-Castor report is given in Appendix D.

1. There is a significant lack of communication or cooperation between the var-
ious research groups, especially be'ween the Manila-based and Los Banos-based
efforts. Since all the project goals would be competing for the same raw materi-
als, it is clear that, for techno-economic relevance, the various groups should
continually have their projects re-appraised.

2. Although the overall calibre of the research scientists and their supperting
technica: staif is excellent, there is ;1 sigaificant lack of engineering-type
research input into the various projects. With the possible exception of Ms. Tan-
sinsia, who is limited to administrative responsibilities at present, none of the
researchers met seem to have any exzpertise requiring quantitative evaluations of
engineering design and operation criteria. Apparently an agricultural, rather than

a process, engineer is now collaborating on the UPLB-based project, but no meet-




ing with him was arranged so the quality or quantity of his input could not be
assessed.

3. There is an unfortunate lack of local industrial input into tae project direction.
A tripartite arrangement whereby the researchers in the university and govern-
ment laboratories have some links with the real-world of industry and commerce
is to be recommended. Indeed, I have initiated such a possible contact between
staff at one major local industry and UPLB. In addition, UPLB staff has been
introduced to the Canadian embassy which mav be helpful in generating addi-
tional funds for the next proposed stage of the SCP sub-project {see Appendix E
and later points).

4. Contrary to the 1983 recommendations of Kaiser and Castor (see Appendix D),
the SCP project should be given equal if not higher priority to the citric acid
projec®. In agreement, one of tae local industries had carried out 1 recent tech-
no-econorcic feasibility study cn cost/benefit effects of .ocal razanufacture of
SCP, citric acid and fuel-grade =thanol and concluded that SCP is the only prod-
uct of these three which has aay potential in tne Philippines. It appears that,
despite the increasing importation cost for fuel oil, it is cheaper tc buy it than to
make fuel ethanol in the foreseeable future.

5. The manufacture of citric acid is basec. on relatively simple and well-known
technology. 1t is difficult to appreciate the need to do any more expensive
research and development work on this téchnology except for possibly generating
national pri‘e from the discovery of a new, "bet:ier”, loczlly-1solated microbial
strain for the fermentation process.

6. Although there are some innovative aspects of the ethanol preduction project
(eg. immobilized-cell, packed-bed reactor system), these aspects are currently

competing with other world-class research teams capable of mounting much more




ambiticus programs. In the biofuel area, I would recommeud consideration of
local infrastructure arrangements whereby various communities close to agricul-
tural operatioas, could benefit from small to medium size biogas-generating units
to assist ia cooking and oiher heating (and possibly illumination} purposes.
Regretfully, this fairly low-level technelogy does not seem to appeal to the pres-
ent group of researchers.

7. In addition to the above, I agree with the Kaiser-Castor conclusion which aiso
questions the advisability of the other research programs on dextran, fructose,
glacial acetic acid, acetone/butanol, butanediol. At this stage, the limited funds
available should be focussed oz only one ar two product orientations for which
sensitivity analyses shculd be conducted with respect to scale of operation,
financial constraiats of geographic location, etc.

8. Of the various options proposed for SCP products, I fouad :he bacterial and
algal sub—prc)jects interesting but orly oil possible impcrtance later. At preseat, [
recommend concentration on the yeast-from-molasses and fungus-from-cellulo-
sics sub-projects at the piiot plant level. Although Torula-yeast techaology ‘for
the first product rype is well-established, the essential manpower training and
learning of business dealings with the local infrastructure constraints can be effi-
ciently developed using the operation of such a pilot unit. With respect to fungzl
SCF product, the recommended recent innovative Chaetomium -based technology,
which is not so sophisticated as to bar viliage-level adoption, would allow possible
us2 of one of the most economically-atiractive SCP processes. In this respect, I
hava assisted my UPLB colleagues in the preparation of a research proposal for
additional funding which we hope will be forthcoming from UNIDO, with or with-
out co-spomsorship with a Canadian government external-aid agency (CIDA).

Experience in ri'nning and maintaining contamination-free operations would be




invaluable training. In addition, emough product samples could be produced to
allow meaningful animal feeding trials. Details of the rationale and the proposal
itself are given in Appendix E. This material also summarizes my other findings
and views on the SCF sub-project per se.

9. There are many similarities between this project and another UNIDO-sponsored
one being carried out in the National Chemical Laboratory, Poona, India, under
the Jdirection of Dr. M.C. Scrinivasan, where they are concentrating on SCP, cel-
lulase and ethanol production. It would appear that regional cooperation between
these two laboratories would be of mutual, as well as more global, benefit. In
addition, the research expertise and resources of the UPLB-based institute, "Bio-

tech”, should be recruited.

3. CONCLUDING REMARKS

This multi-project program is an ambitious attempt to examire the feasihility
of producing various products from agro-industrial feedstocks .n the Philippines,
The various projects serve a useful purpose in training perscnnel for possible
future employment in biotechnoiogy-related industries and thev also provide an
cpportunity for the researchers to develop new intellectual property and exercise
their talents. To date, much scientific research has been generated with rela-

tively little useful engineering technology developmeant.

Regretfully, no foreseeable practical result in the form of industrial applica-
tions of the research can be identified at present. It is clear that more engineer-
ing-oriented research and possible collabcration with local industries (with appro-
priate confidentiality/proprietary agreements) are required. In particular, fu-ther
studies on the tecano-economic feasibility of SCP at the pilot plant level are

highly recommended. In support of my findinrgs, it is the only project of the sev-




eral in progress which seems to make any economic sense in the opinion of one of

the largest local manufacturing industries. In order to clarify the ambiguities and
contradictions of the various consultants attached to this program, it is proposed
that a group meeting be held; hopefully, concensus conclusions may evolve which
would be more helpful to our program sponsors ard intended users of the project

spinoffs.

In closing, I wish to record my thanks for the warm hospitality extended to
me by my Philippiro colleagues and for the gracious, but efficient, way in which

they organized the business meetings.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

UNIDO

JOB DESCRIPTION
ST/PHI/81/001/11-51/32.1.C

Post title Consultant in Single-Cell Protein Production
Syration 1 month

Date required First quarter 1983

Duty station Manila, Philippines

Purpose of project  The objective of the project is to develop the production of
chemicals from indigeneous carbohvdrate raw materials, including
by-products and wastes of cane sugar industry and other fermentable
raw materials,

This involves also the development of single-cell protein (SCP)
production from agro-industrial by-products and residues (sub-project A).
It is envisaged

a) to determine the suitability of the different agro-industrial
by-products and residues (such as molasses, slops, bagasse,
rice straw, rice hull, wood chips, etc.) for single-cell
protein production (yeast, fungal and bacterial SCP);

b) to establish optimum growth conditione for biomass
production of each of the different micro-organisms in
a particular substrate or combination of substrates;

¢) to conduct feeding tests and toxicological studies of SCP
produced particularly for non-tested strains of bacteria,
algae or fungi;

d) to make an economic viability and market study for each of
the products that will be produced; and

2) to conduct pilot plant studies for the SCP products that
would be potentially and econom:ically viable.

Apptications and communications reqarcing this Job Description should be sent ta:

Project Personnel Recruitment Secticn, Industrial Operations Divisian
UNIDQ, VIENNA INTZANATICNAL JETNTRE, 2.0. 80ox 300. vienna, Austria




Duties

Qualifications

Language

Background
Information

In close cc-operation with the appropriate Government authorities
the consulctant will provide technical advice on:

1. strain selection and improvement, including the
application of recent techniques;

2. substrate avaluation, especially examining pre-treatment
methods and their suitability for different substrate
materials (e.g. cellulosics, etc.);

3, establishment of proper culture conditiomns such as
substrate concentration, temperature and pl control, etc.;

4, design of an optimal fermenter, asscssment of advantages
and disadvantages of different systems, design and
fabrication of bench~scale models;

5. suitability of SCP (i.e. different strains of yeast, fungi
or bacteria) for animal feed cr food for humans and required
feeding tests to establish such suitabilicy;

6. design of a pilot plant, and on the conduct of an econcmic
analysis including scaling-up projections.

He is expected to give seminars on some of the above-listed subjects.
The consultant will be required to submit a brief report on his
findings and recommendatiocns.

Biochemical or chemical engineer with extensive euperience in R+D work on
single-cell protein production and utilization.

English.

The Philippines own an abundant supply of biomass raw materials

from the sugar industries. The fourty-two sugar mills of the country
with a total capacity of 186,000 tons cane per day, are producing

at present aporoximately 2.3 million metric tons of sugar per vear.
The remainder from domestic and foreign sugar sales can be converted
into other products, such as sucro-based chemicals. Other carbo-
hydrate materials like rootcrops, corn, nipa sap and other

cellulosic materials are found in abundance and can be used coo.

At the request of the Government of the Tnilippines a technical
co-operation project has been established with financing from the
United Nations Financing System for Science and Technology. The
objective is to encourage and suonport the development of sucro--
based chemicals, such as citric acid, acetic acid, acetic anhydride,
dextran and {rnctose, acctone/butanol and single-cell protein, The
aim is to pursue an R+D propramme for the development of appropriate
materials and processes for the sucro-based chemical industries.




The activities comprise four areas of rescarch work:

A.

B.
C‘
D.

Single-cell protein (SCP) production from agro-industrial
by-products, involving algal SCP, fungal SCP, bacterial
SCP and yeast SCP with the mair focus on yeast SCP. The
main objective is to determine the suitability of various
agro-industrial by-products as substrate for the
production of SCP.

Production of dextran and fructose.
Biotechnological production of simple organic chemicals.

Improvement of the microbiological production of complex
organic acids in particular citric, gluconic and itacomic
acids,

It is expected that the results of the R+D work will provide
- technological packages for the production of each selected sucro-

based chemical from indigeneous sources including detailed technical

processes, market survey and assessment of economical viability.




APPENDIX B

11~

INDUSTRIAL CHEMICALS FROM INDIGENOUS
CARBOHYDRATE RAW MATERIALS (SUCRO-BASED CHEMICALS)

INTRODUCTION

The Sucro-based Chemicals Project was prepared by the
Planning and Programming Division of the National Science
Development Board (NSDB), now the National Science and Tech-
nology Authority (NSTA) in consultation with the Board of
Investment (BOI), Philippine Sugar Commission (PHILSUCOM),
National Institute of Science and Technology (NIST), University
of the Philippires at Los Banos (UPLB) and the private sector.
The project was conceived to lessen the country's dependence on
the cost=prohibitive petrbd-based chemicals and intensify the
search for other methods of producing these chemicals from
renewable sources; to encourage and promote foreign exchange
earrings; to generate employment opportunities; to increase the
value of agricultural products and by-products; to promote the
development of agro-based industries and technical cooperation
among developing countries (TCPC). Among the promising substi-
tute chemicals are those cderived from carbohydrate raw materials
by biological and chemical means such as fermentation, esteri-
fication, hydrogenation, etc. OQOur country has an abundant
supply of these carbohydrate raw materials which may be obtained

from the sugar industry and other fermenting plants and converted
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to industrial chemicals sv:h as acetone, acetic acid,
butanol, citric acid, dextran, fructose, single-cell protein,

etc.

OBJECTIVES

Generally, the main objective of the project is to
develop, encourage and support the production of chemicals from
indigenous carbohydrate raw materials including by >roducts and

wastes of cane sugar industry and other fermentable raw materials.

EXPECTED OUTPUT

The project expects to bave the following outputs,
namely:
1. Technological packages for the production of each selected
sucro-based chemical from indigenous sources including
detailed technical processes, market survey and assessment

of economic viability;

2. Trained personnel capable of continuing R & D work
and supporting industrial projects in both planning and

implementation stages;

3. Improved facilities for R & D microbiology and related

fields; and

4. Better TCDC through the establishment of joint R & D
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programmes oa a long term basis among researcn

institutes working on common prc:lems.

DESCRIPTION OF THE PROJECT

The project cons‘sts of four sub-projects, two of which
contain four studies and are undertaken at the University of
the Philippin.'s at Los Banos (UPIB) and the other at the
National Institute of Scienc: and Technology (NIST). The
four sub-projects are iisted below with their corresponding
project leaders and study leaders:

Sub-Project A - °Single Cell Protein Production from
Agro-Industrial By-Products and Residues

(University of the Philippines at Los Banos)

Project Leader: Dr. Carlito R. Barril

Study 1 : Algal SCP Production
Study Leader: Dr. Macrina T. Zafaralla

Study 2 : Fungal SCP Production
Study Leader: Dr. Elvira C. Fernandez

Study 3 : Yeast SCP Production
Study Leader: Dr. Ernesto J. del Rosario

Study 4 : Bacterial SCP Production
Study Leader: Dr. Asuncion K. Raymundo

Sub~-Project B - Production of Dextran auand Fructose
(National Institute of Science and Technology)

Project Leader : Mr. Vicente C. Borlaza
Study Leaders : Ms. Araceli M. Lozano

Ms. Daisy C. Binlayo




Sub-Project C - Biotechnological Production of Simple
Organic Chemicals

(University of the Philippines at
Los Bafios)

Project Leader : Dr.-Carlito R. Barril
Study 1 : Development of Continuous-Flow
Fermentation for Ethanol Pro.. ¢ ion
Study Leader : Dr. Ernesto J. de: Rosario
Study 2 : Re-assessnent of the Acetone-Butanol
Ferment: tion Process
Study Leader : Dr. William G. Padolina
Study 3 : Improvement of Acetic Acid Fermentation
Process
Study Leader : Dr. Ann Maureen E. Ramirez
Study 4 : Polyhydric Alcohols from Saccharine
Materials
Study Leader : Prof. Conchita A. Orillo

Sub-Project D - Improvement ip the Microbiological
Produciion of Complex Organic Acids

Project Leader : Ms. Natividad D. Palo

Study Leaders : Ms. Lourdes Cunanan
Ms. Elizabeth Chua

The project is headed by a Project Director with a
coordinating staff, having.  its office at the National Science

and Technology Authority.
Project Director : Ms., Lydia G. Tansinsin
Coordinating Staff :
Ms. Teresita M. Valdez/Ms. Florita C. de Jesus
Ms. Hermelina H. Bion
Ms. Isabelita H. Lindo
Ms. Alice A. Bustamante
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Cl: Mr. H. May
i

M. Maung/tug 8 February 1984
ST/PHL/81/0C1

NOTE FOR THE FILE

Briefing of Mr. M. Moo-Young on 6 February 1984

1. General

COUNTRY : Philippines

PRCJECT < ST/PHI/81/001 - Producticn of Sucro-Based
Chemicals from Indigenous Sources

DURATION OF STAY : 17 days

BRIEFED BY. : M. Maung

2. Substantive Matters

i) The duties described in the job description were discussed. Background
information on the project was given and the tripartite nature
(UNFSSTD, Philippine Goverament and UNIDO) of the prcject was explained.
he expert was requested to refer to the evaluation rcport prepared
by Dr. Kaiser and Dr. Castor during the mid-term technical evaluation
exercise carried out in October 19283, He was slso requested te look
at the progress report which the National Project Director Ms. Tansinsin
presented at the tripartite review meeting lheld in Manila on
2 February 1984. These two documents should give him a detailed and
up-to~-date account of the project activities in order to serve as a

basis for his consultancy assignment on the sub-project for SCP production.

i1) The expert was requested to assess the appropriateness and the viability
of a pilot plant for SCP production and to advise on the choice of raw
material and the design of the pilot plant. He should determine what
assistanc> would be needed for the design of the pilot plaant to be
completed by the end of 1984,

/ 1i1) Possible funding sources for the pilot plant were dJdiscussed. The expert

was requested to explore whether the Canadian authorities would consider

financing the SCP pilot plant project through a Special Purpose Contribution

to the UN Industrial Development Fund which is managed by UNIDO. He
should also indicate what further work in the form of techno-economic
feasibility studies should be carried out before a viable pilot plant
project could be formulated.
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Since Mr. Moo-Young is familiar with the work done at the Natiomnal
Chemical Laboratory, Puna, India, under the auspices of the
UNDP/UNIDO pro:act, he was asked to explore the possibility of
establishing a link between the Indian and the Philippino research
workers with a view to sharing experience and results and doing some
collaborative research work.

c: Res.Rep

SIDFA

Mr. Moo-Young
Ms. Taylor
Ms. Wegrath
Ms, Mennel
CRO




APPENDIX D

EXCERFTS FROM:

THE MID-TEFM TECHNICAL EVALUATION

OF

INDUSTRIAL CHEMICALS FROM INDIGENOUS .
CARBOHYDRATE RAW MATERIALS (SUCRO-BASED CFEMILAL’)

Dr.

Prepared by:

Robert Kaiser and Dr. Trever Castor




MID-TERM TECHNICAL EVALUATION
OF

INDUSTRIAL CHEMICALS FROM INDIGENOUS
CARYCOHYDRATE RAW MATERIALS(SUCRO-BASED CHEMICALS)

REPUBLIC OF THE PHILIPPINES
(UNFSSTD PRCJECT NO. PH1/81/TOl)

FOR

UNITED NATLONS FINANCING SYSTEM
FOR

SCLENCE AND TECHNOLOGY FOR DEVELOPMENT
1 United Nations Plaza
New York, New York 10017

Attention: Augustin Mandeng

+

Prepared by: QM %‘kb Prefﬂwg;;\m

Robert k éer, Sc.D. revor P. Castor, Ph.D.
"ARGCOS'" ASSOCILATES ENG, INC.
12 Glengarry ' 137 Newbury Street
Winchester, MA 01890 Boston, MA 02116
(617) 729-5345 (617) 536-3920

November 28, 1983}
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1. Phase I of the sucro-based chemicals program has teen successful
in buliding the basic infrastructure necessary to do microbilo-
logical research by providing trainirg and modern equipment. The
prograw while in its infancy, can be concidered successful as of
this date because it has the potential to meet most of its imme-

diate and long term objectives.

e

2. Citric acid 1is the best managed and technically most mature
program. Pesults to cate have been encouraging, but further
research in the areas of microbiology and process research are
still required. The equipment 1s presently lacking for perform-
ing hatch and/oc continuous feruwentation experiments with re-
cycling of the main process stream. However, process conditions
have to be optimized before a pilot demonstration plant design
can be specified. If these specifications can be made by
January, 1985, a pilot plant design .an be anticipated before
April, 1985, and its installation and start-up before 1986.
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The present program in micruhiology 1s well staffed, well-plan-
ned, and basically sound. The process research component 1s
inadequately staffed, in that there is only one young and rela-
tively inexperienced chemical engineer attached to the prograa.
However, this young man is able and has made a significant con-
tribution to the project, particularly with regards to the
feasibilicy study which is an excellent planning document.
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3. The acetone-butanol nroject, while s¢ill in early stages of
development and based on limited results obtained to date, offers
the promise of being commercially significant.

2 L RS )

The continuous ethanol project 18 a technically sound program
and will be a significant contribution to the overall program on
biofuels. This project is recelving national support for con-
tinuing process studies. The project, however, may require
external funding for a demonstration pilot plant in the BIQOTECH
acility which would be a first class site far such a unit.

e e—— e
ey
&
A

.t Nyt et

The SCP projects have to be viewed within the context of their
contribution to the training of students at UPLB in the area of
fermeatation biotechnology. The economic impact of the present

SCP projects 13 of questionable value unles3 added value bene-
fits can be obtained in terms of environmental pollution abatement.

The past projects have not focussed on using noxious effluent
streams, such as distillery slops. Furthermore, each of the SCP
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projects have considgered differenc substrates, making valid
performance comparisons difficulc if not impossible.

The bacterial SCP project, ia particular, is at an impassc. In
terms of the algal SCP project, the shitr to spironella was souad
in that this could ultimately result in the production of a tigh-
er value product thaa animal feed.

6. The dextran projecz is flcundering. The project has been poorly
defined, planned, and executed in spite of the fact that 1s huas
received significant equipment support.

7. The acetic acid project is also floundering. The project has
focussed on the wrong problem, namely fermentacion, and is dup-
licatiny work that has already been performed at NIST and by
industry in the Philippines. The projuct should have addressed
the production of glacial acetic acid trom dilute acetic acid.

8. The market and feasibility studies percormed by the research
groups, with the exception of the cicric acid project, were
inadequate.

The researchers are not sensitive enough to the performance goals ) /
that ultimately have to be met in planaing and executing their

research programs. These performance goals include the abilicy )
to produce on a commercial scale specification product(s) that

are economicaliy viable within the national context.

9. International consultants were not utilized as ettectively as they
could have been, either in terms of timinyg of thelr assignmentc, oc
of their proper role as program advisors.

10, The technical scarf, while basically competent, is not sutficiently
confident in its abllities. There dlso seems to be little com-
municacion between projects, or even, individual accivities within
the projects.

11. Equipment delivery to the Philippines has been a pacing factor in
the technical execution of the program and its ability to meet 1its
objectives. The program has been pluagued by slow equipment de-
liveries which could have benefited from better administrative
procedures on the part of all parties concerned (NSTA, UNISO, and
the equipment suppliers).

12. Equipment breakdown often results in lengtny work stoppages for
lack of maintenance capabilities and spare parts in the Philippines.




13. Study tours and fellowships were beneflcfal to all the purci-
cipants. They were, however, carried out tairly lace in the
program. The projects cgmld have set a faster pace had the
trips been made earlier 1in the program's schedule.

14. Prograa planning and execution varied widely from project to
project, and project leaders are not sutficiently accountable
for their activities.

15. Documentation at UNFSSTD does not reflect the techaical per-
formance of the projects. The curreat reporlts dre aon-technical
administrative reporcs.
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VI1.0.0 RECOMMENDATIONS

I~

The program should be continued to be funded, but ulong spectfic
gutdelines for each project as outlined below.

The present citric acid program should be made the primary
priority study. The process research group should be expanded
o include at least one senior chemical engineer with industrial
experience, and necessary support personnel.

The necessary equipment needed for the process research studies
should be 3cquired as soon as possible. In order to expedite

the study, it would be desirable for che citric acid process to
make use of one of the two fermeaters now assigned to the dextran
project and which has nct, as of yer, been utilized.

Subsequent to the completion of process research studies, a4 pro-
cess development group should be formed in the last quarter of
1984 for purposes of designing a citric acid pllot demonstracicn
pland. Funding of pilot plan equipment should be scheduled for
1985.

The acetone-butanol project should receive second highest prioricy,

This project should receive support for basic and process re-

search studies during the next phase of Tthe program cud u

the confirmation of preliminary experimental results, and the

completion of an engineering and economic teusibility study.
T .

Funding of an ethanol pilot demonstration plunt should be constdered,

if required, afcer prucess research studies are completed cad

optimal process conditions established on a beach scale. This is

not likely to occur before early 1930.

4

SCP should be funded at the academic level tfor the duration of the
program mainly because of its value as a student training tool,

A detailed techaical review and audit of the dextran project should
be performed by the National Project office with local technical
support as soon as possible. Further funding would be contingent
on this review, This review should include aspects of the pro-
gram including the market premise for iron dextran.

The acetic acid project should either be discontinued or refocussed
on the englneering aspects of glacial acetic acid production as a
low priority project. The fermentation equipment assiygned to this
project should be transferred to the acetone-butanol process re-
search group.
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8. The preparation of sound feasibility studies should be given a
very high priority.-ﬁﬁﬁ?cicri: acid project has already made
a significant first step i{n this direction. The next projects
to be subjected to this review should be acecone-butuanol followed
r//by yeast SCP. For reasons of impartialicy and control, these
studies should be perfcrmed by the program management oftice, and
not by the research groups with direct line responsibilities.
These studles should not be one-time eftorts but should be up-
dated periodically as additional data becomes avatlable. The
level of effort dedicated to these studies should increase as
the program matures.

It is recommended that a suitably trained engineer by assigned,
acttached, or retain.d by the office to perform such studies.

9. All consultant recommendations should be supported by appro-
priate documentaticn, which demonstrates their relevance to pro-
gram goals.

10. A program of staff seminars and discussion groups should be
implemented. At the project level, ilere should be weekly iaform-
al discussions in which the past week's activities are discussed
and reviewed. Professional and support staff should both parti-
cipate. In addition, there should be periodic (e.y. bi-weekly)
seminags in which all orofessional staff members woulT participate.
Each project, in rotation, would form the basis of 4 seminar and
thus receive timely peer review. These seminars would not only
build up the confidence of the researchers but also improve pro-
gram planning. Interested members of the industrial technical
community should also be invited to these seminars.

11. It is recommended that special care be given to estublishing equip-
ment specifications prior to making a purchase request. Equip-
-ment specifications on a purchase order should be detailed and
accurate so as to minimize time needed for delivery.

12. Equipment suppliers who have field repair facilities and stock Q)NULuL e
spare parts in the Philippines should be given preference in ;,<{?#}‘
terms of procurement. Financial support by the UNFSSTD should -
also be given for equipment repair and maintenanc: facilities
with NSTA.

13. Study tours and fellowships should be continued on a more timely
basis.

l4. Stronger planning and management cnntrols are required. The
technical management capabilities of the National Program Office
should be strengthened by assigning a technical committee to that
office to provice continuing oversight and audit of the indivi-
dual projeccs.
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15. Documentation to the UNFSSTD and UNIDU should include detalled
technical progress reports to facilitate international peer
review and eedback assistance.
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APPENDIX E

PROPOSAL FOR TEGCHNO-ECONOMIC FEASIBILITY STUDY
1. Title of Proje-ct: Pilot-Plant Production and Evaluation of Single-Cell
Proteins from Agro-industrial By-products
2. Specific Ob jectives of the Project:
1. To optimize the pilot plant scale production of single cell pretein
(SCP) for boththe Candida yeast from sugarcane molasses and
Chaetomium cellylolyticum from lignocellulosic substrates.
2. To evaluate the nutritional value and acceptability o the SCP
woduced either as ahlmal feed or food ingredient.
3. To conduct detailed technical and economic evaluaiion of th'e
plot plant process for SCP pf'oduction.
4, To train local technical staff personne!l in SCP fermentation technology.
3. Project Degcription
A multi-purpose pilot plant for SCP production will be censtructed
which can ~ble u;ed for the culture of elther Candida yeast using sugarcane
molasses as syubstrate or Chaetomium celluloivticum using lignocellulosic
substrate materials, The pllot plant fermenter shall have a capaclty of
1000 liters and an aspect or height-to-diameter ratio of at least six
such that {t can be operated as a stirred-tank or afrlift fermenter, with
and withéut a mechanical stirrer, respectively. The Cundida and
Chaetqomiym SCP shall be evaluated as a protein supplement in animal
feeds In actual féeding experiments, Moareover, a dry yeast product
shall be prepared for human food preparations, such as soups, and as

a flavoring ingredient after extracting most of the yeast nuclelc acids




by heat/chemical treatment. The technical feasibility and economics

of the pllat plaht process will be evaluated for both the Candida

yeast and fungal SCP.

4. Sigpnificance of the Froject

At present the Philippines is suffering frcm a shortage of animal
feeds particularly protein ingredients and about US$ 150 million worth of
imported protein rich feeds pose a heavy burden on its ailing economy.
The local feed millers are presently looking for all possible sources
of feed ingredients including distillery spent and brewer's speﬁt grains,
There are two bakers yeast factories and some alcohol distilleries
in the county which recover brewers yeasts. The latter, which is
a by-p:odﬁct of the distillerles, is sold as animal feed iugredients,
However the quantity produced 1s very limited,

The proposed project almsto produce two forms of single cell
protein (SCP) products, namely, Candida yeast and Chactomiym

&
cellylglvticum which contain about 40-45% and 55-60% crude protein
(dry basis)b, respectively, The essential amino actd profiles of th'esa
two SCP products compare favarably with the FAO reference protein
and soybean meal protein (Table 1),

Animal feeding trials have shown that Candida utilis yeast can
replace up to 80% of fish meal (Klose, A,A, and H, Flavold, 1945)

and 50~-60% of the soybean meal in the ration for chicks without

significantly affecting the rate of weight gain. Onthe other hand,




preliminary feeding trials using fungal SCP, Chaetomium cellylolyticym,
indicate that the product is suitably nutritious, digestiblé and non-
toxic in animal feed protein rations (Moo-Young et al,, 1979), In
developed countries, SCP has been included in commerclal feed
formulation at rates of up to 20, 23 and 50% in ivestock, poultry and
fish rations, respectively (Weall,s 1980).

Data on demand and supply of animal feeds in the Philippines
for the curtrent decade, 1980-1989 indicate a big short fall in supply
(Table 2). For instance for 1934, demard and supply for poulu;,' and
swine feeds are 1,54 (0.95) Million MT and 2,79 (0,44) M MT,
respactively, Protein feeds like fish meal and soybean meal are the
most common and best sources of high quality prcteins in zommerclal
feeds, but these are mostly imported. Local fish meal is variuble
in composition and contains a high level of salt which is undesirable
in animal feeding., In addition, local fish meal productlon is inadequate
to meet all requirements of the industry, there being not enough fish to
process ' Into fish meal. Importation of fish meal amoeounted to 24,62,
16,50 and 41.05 thousand metric tons for 1980, 1981 and 1982,
respectively, Local soybean production cannot meet the demand and
importation is likewise resorted to, as stiown in Table 3, If SCP
can be Incorporated at a conservative level of 5%, the quaatity of
SCP needed for 1984 will be 77 thousand MT for poultry and 139.6 thousand

MT far swine ar a total of 216.5 thousand MT (Table 4),
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At present there is no commercial plant in the Philipptines which
produces Candida feed yeast nor fungal SCP from lignocellulosic
substrates. In Taiwan, Candida utilis yeast Is produced commercially
from suga.rcahe molasses (Chang and Yang, 1973) while in the United
Kingdom, Candida ytilis yeast is produced in a "blocelerator” process
using confectionery effluent (Davy et al., 1980). A:cﬁ:lc;fr‘z‘r;ercial pilot

plant has been butlt in Brittsh Columbia, Canada using the Waterloo

process for producing Chactomium gellulolyticum from wood pulp wastes,

5. Impletaenting Institutions

By vtrtu_e of its natlonal responsibility and tunctions, the National
Science and Technology Authority will provide control and supervision
of the project. However, the project will be done at the University
of the Philippines at Los Barios where research fac tlities and trained
manpower are avallable, Mareover, the involvement of private industry
will be .euCQuraged to provide the direct linkage toward immedlate

cpmmemlalizatton of the technology that will be developed.

A

6. Work Plap

A detallad work plan for the implementation of the project will be
prepared by the project and study leaders in consultation with the Project
Director and international expert/consultant assigned to the project.
The detailed work plan will be updated periodically depending on the
progress of the project. The approved work plan will be attached and
will be considered as part of the project document,

In the meantime, the work plan will initially ingolve tiie general

activities as shown !n the attached Ghantt Chart,
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7. M C Qs tign
The various inputs needed by the mroject will be jointly provided

by the par;icipatlng agencies - prima rily the Philippine govemment
through the NSTA and the counterpan fofelgn government which is
Canada through the Canadlaﬂ International Development Agency

~ (CIDA) and IRDC . Other inputs may also be wovided by the private
mdust;'i,al participants as well as the United Nation Industrial
Development Organization which is requested to be the facllitating agency.

7.1, Degcription of Philippine Ggvernment Inputs

a, Assignment of Natlonal Staff Estimated Cost in P
(3 yrs)

Project Director (1)

Project Leader (1) 101,520
Study Leaders (3) 297,600
Research Personnel (4) 264,000
Support Personnel (2) 72,000
- A P735,120
b, Malintenance and Operating Expenses
Travel {local) | 45,000
Supplies 120,000
Raw materials 300,000
Sundries 60,000
P525,000
c. Equipment/research facllity
Laboratory space/pilot plant 3,000,000
Equipment 300,000

£3,300,000

TOIAL..... P4,560,120
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9. W&iﬁﬂgﬁzﬁm

National Science and Technology Authority - Lydia G, Tansinsin
University of the Philippines at Los Bafios - (Institute of Cher stry
and National Institutes of Blotechnology and Applied
Mt roblology)

Carlito R, Barril, Ph,D,
Ermesto J. del Rosario, Ph.D,
Elvira C, Femandez, Ph.D.
Amelia Gerpacio, M.S.

10, _Project Duratign -

The proposed project is planned for a duration of three years.
It is an extension of an on-going project which termina;tes on.
Dece.nber 31, 1984, This project is financially supparted by the
UNFSSTD and Natlonal Science and Technology Autharity (NSTA), |
During the Z0-month period that the project has been cperational, J
saveral yeast strains were evaluated in terms of growth and yleld
characteristlcs.' Two yeast strains were selecteu for process
optimization, namely Candida ytilis NRRL Y-300 and Candida
tropicgllis UPLB 1 (a local isolate;, Labcoratory-scale studies oa the
batch and fed-batch production of Cag' dida utilis NRRL Y~-300 were done
using a 9—11tgr airlift fermenter., The laboratory results siowed maximal

values of the sugar-into-blomass yleld ccefficient (Y |, ) of approxi-
x/s

/
mately 0,40, Although the (Yx/s) values experimentally obtained were
less than the expected 0.5, further optimization of the fermentation
conditions and nutrient supplementation is expected to improve the

results. This is based on the result reported by Lawtord et al,, (1979)

who were able to get a yleld coefficlent of 0,55 g dry blomass/y
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reducing sﬁgar and a bloma ss productivity of 1.7 to 2,6 g/l-hr

at the optimal dilution rate under continuous culture conditions,
However, they obtaired these results after supplementation of the
sugarcane molasses medtum with zinc, Pllot plant yeast production

shall be done using a scaled-up versions of the 3-liter fermenter,

11, Preferred Commencement Date

It is proposed that the commencement date be January 1, 1985

to coincide with the termination date of the fr st phase of the project.

Literatyre Cited

Chang, C .T. and W_L, Yang, 1973, Torula yeast production from
blackstrap molasses, Taiwan Sugar 20(5): 133-199,

Davy, CA, et al,, 1980. Commercial production of feed yeast
_from carbchydrate waste, In Moo-Young and C. Robinson
(eds.). Advances In Biotechnology. Vol, I, Proc, of the
Sixth International Fermentation Symposium, London, Canada
July 20-25, 1980, pp. 343-350,

Khajarem, S. and J. Khajarern, 1980, Feed r2sources in Southeast
Asia, In L, Kearl and L, Haris (Ed,) Studies on Feeds and
Feeding of Livestock and Poultry-Feed Composition, Data
Documentation and Feeding Systems in the APHCA Region,
Manila, Philippines, January 1980,

Kloge, A, and H, Flevold. 1945, Nutritional value of yeast protein
to the rat and the chick, J. Nutr,, 29:421-430,

Lawford, G.R. et.d. 1979, Production of high-quality edible
protein from Candida yeast grown in continuous culture,
Biotech, and Bioceng., 1163-1174,

Moo~Young, M., et al., 1879, The Waterloo Process for SCP
Froduction from Waste Biomass, Process Biochem, October,
1379, 38-40,




Moo-Young, 1977. Economics of SCP production. Process Biochemistry,
May 1977, pp. 6-10,

Myers, P.A., D.G. Maclennan and G.H, Love, 1982. The production
of yeast by continuous fermentation - An economic evaluation, ‘
In Proc. of the First ASEAN Workshop on fermentation technology
applied to the utilization of food waste materials, 22-24 February
1982, Kuala Lumpur, Malaysia, pp. 630-642,

Scrimshaw, S.S.° 1975, Single-cell protein for human consumption -
An overview. In S. Tannenbaum and D, Wang (eds.) Single-
cell Protein II, the MIT Press, Cambridge, Mass, U.S.A.

Wells, J. 1980, Analysis of potential markets for single proteins,
Paper presented at a Symposium on SCP of the American Chemical
Soclety Meeting, Phiiadelphia, April 1975,




Table 1, Profile of essential amino acids (% DM protein) in the yeast
and Waterloo fungal SCP and other protein products.

. i Fodder
Amino Acid FAO Ref. Soybean  Waterloo  Yeast?
Meal scpl  (C, utilis
. Y-900)
Isoleucine - " 4,2 4,2 4,7 4,5
Leucinae ' 4,8 7.7 7.5 9,0
Lysine 4,2 6.4 6.8 q,1
Methionine ¥ Cystine 4.2 2.2 2,6 1.8
Phanylalanine 2.8 4,7 3.8 5.2
Threonine 2.6 3.6 6.1 5.5
Tryntophan 1.4 1,7 N.A, -
Tyrosine 2.8 2.7 3.3 -

Valine 4.2 4,4 5.8 9.5

1Moo—Younq et al,, (1979)

%Lawford et al., (1979)
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Table 2, Estimated demand and supply of animal feeds in the Philippines,
1980-89 (in million MT),

Year

Poultry

Swine

1980
1981
1982
1983
1984
1985
1986
1987
1988

1989

0.89 (0.78)*
1,02 (0,82)
1,18 (0.86)
1,35 (0,¢9)
1,54 (0,95)
1,77 (1.00)
2,03 (1,05)
2.33 (1,10)
2.67 (1.16)

3.06 (1,21)

2.24 (0,36)

2.37 (0.38)"

2,50 (0,40)
2,64 (0,47)
2.79(0;44)
2.95 (0.46)
3.12 (0.48)
3.29 (0,51)
3.47 (0.53)

3.67 (0,56)

*Cstimated supply values in parentheses
(Source: Bureau of Animal Industry)

Table 3, Philippine soybean production and impartation (in thousand MT),

Production Inportation
1980 S.40 11,94
1981 10,06 0,02
1982 11,47 ' 31.42
Source:

Bureau of Agricultural Economics, Quezon City, Philippines.
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Table 4, Projected sales quantity of feed yeast (Candida ytilts)
1n the Philippines based on 5% incorporation into mixed
~ feed (in thousand MT),

Year Poultry Swine ‘Total

1984 77.2 139.6 216.8
1985 66,6 147,5 236.1
1986 101,5 155.8 257.3
1987 116.4 164.,5 280.9
1988 © 133,5 173,7 307.2

1589 153,0 183,5 336,5







