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SECTION 1: SUMMARY

Interest of the U.S. Agency for International Development

In 1979 the Office of Energy, Burcau for Science and Technology, of the U.S. Agency for International
Develo.ment (A.LD.) created aspecific project (the Bioenergy Systems and Technology Project [BSTY) to
encourage the use of biomass resources for the production of energy in A.LD.-assisted countrics. Since
1984 BST has concentrated its project efforts on the processing wastes of the three agricultural commoditics
which contribute most to Third World cconomics: sugar cane Dagasse, rice husk, and wood.

A specific program (o target energy production fzom rice husk uncovered the success of several ULS,
rice mills in designing combustion systems which efficiently convert husk into lurg= amounts of electricity
or steanvheat. The success ol these systems, wogether with other new pussibilities such as production of
cthanol, animal feed and chemicals from processing wastes, raises the question of whether or not conditions
exist in the developing world under which the vast amounts of wasted rice husk, particularly in Asia, could
be converted to encrgy and other by-products increasingly needed to fuel the econymic development ctfort.

Role of the U.S. Private Sector

Private U.S. compunics are the holders of commercially proven systems that convert rice husk (o
marketable commodities. Inaddition, some newer systems for stabilizing rice bran that permit commercial
scale rice bran oil production for the pharmaceutical and food industries are being developed by the private
sector. Recognizing that these companices are the primary actors in future successful technology traasfer
efforts, BST commissioned the Postharvest Technology Division of Louisiana State University Agricultural
Center (LSU) to organize a convocation of U.S. interests from the rice residue utilization industry. Several
of these companies have already begun intensive efforts (o market their systems in rice producing Third
World countrics. Others are poised to begin such efforts.

Purposes and Agenda for the Convocation

Tne convocation as designed had lour specific purposes:

* Creation ol an opportunity for private companies and other support groups such as finance houses,
etc. to meet with each other, to lears about commercial efforts, and 1o consider each other as potential
partners in joint marketing situations;

* Discussion of currently available commercial rice residue utilization technology systems;

* Discussion of promising conversion systems still in the rescarch/development stage;

* Identitication of the constraints and risks U.S. companics face if they attempt to commercialize their
systems internationally,

To achieve the purposes of the convocation the agenda focused on the dynamics of creating consortia
and joint ventures. The main participants in these exercises were the Chief Exccutive Officers of U.S.
companies that are the key players in possible integrated projects with overseas replicability, Additional
resource personnel were invited as observers from A.LD., the Overseas Private [nvestment Corporation
(OPIC), the U.S Trade and Developmernt Program (TDP), LSU and private consulting tirms that have put
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together successful international ventures. The conversation in these sessions targeted risks and constraints
that impede successtul overseas investment in biomass energy sysiems.

The sixty-four convocation participants also heard presentations on the energy market in the developing
world, the developing country business environment, and the status of technology system perlormance.
Participants represented a full range of expertise and experience in the lield of rice residue utilization and
included:  rice husk power companies, rice millers, tood processors, engineering consultants, project
developers, rescarchers, and university faculty,

Findings ol the Convocation

Following are the findings of the convocation:

" A tremendous opportunity exists to market power systems in developing countries.

* Commercially proven rice husk power systems are available from U S, companies.

* On-going research and development efforts promise additional commercializable svstems: acid
hvdrolysis plants o produce ethanol from husk: gas turbines; stabilized bran oil processors vielding high
value chemicals as well as pharmaceutical and food/teed products.

* The economic, institutional, and policy cavironment in developing countries is comptlicated and must
be understood by project developers before successful investment and/or system transfer projects can be
realized.

* Based on the current set of risks and constraints identified by participants, the consensus was that
U.S. rice husk power companies are not yet in a position 1o invest in rice residue systems in developing
countries. Main concerns included: high costs associated with project development, high level of up-front
project risk, the need for project developers to ensure their own fuel supply, the sometimes missing
guarantee of repatriation of U.S. dollars, inadequate or unsure project financing, and the need to proect
designs in the international arena. More promising initial effort can be expended on overseas sales rather
thar oo investment projects.

What Needs to Be Done

Various suggestions made by participants focused on what their industry needs to do to develop systems
offerings to the point where overseas investment can become a viable business opportuuity,

* More complete packaging of US. technology to suit the conditions and needs of developing countries;

*Formationof consorti/joint venturesinthe U.S. that bring together all the necessary project elements;

* Development of specific insurance products 1o protect against loss of contract and loss of
development costs;

*Investigation of new sources for project financing, including the possibility of P.L. 480 soft loans and
equity swaps in Latin Amernica and the Philippines;

* Completior ol project design and coordination of project elements such as technical soundness, local
partners, supply and performance guarantees, cete., prior o requests for actual project funding,
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Qutcome

Participants agreed that it was very useful to call together the rice residue utilization industry, New
contracts were made, new sources for project related information identified, and the realitics of overseas
business development made clear. As a result of the convocation, several new rice residue projects are
developing which include new participants. Some convocation attendees have requested annual rice residue
meetings to further promote development of this industry.
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SECTION 2: BACKGROUND: A.LD. RICE RESIDUE UTILIZATIGN
PROGRAM

2.1 Origins of the Rice Residue Utilization Program.

Background of - LD. Involy ement,

A.LD.increased assistance todeveloping nations in the arca of renewable energy systems after the 1973
otlembargo. In 1979, the Office of Energy at A.LD. created a specific project termed the Biocaergy Systeme
and Technology Project (BST) to tocus on biomass energy systems. Over the past several years, BST has
evaluated options world-wide. In 1983, BST began to focus on the food processing seetor which produces
large amounts of residue or wastes with livle commercial value. BST noted that sugar cane and rice provided
the livelihood for a larre majority of rural communities in Asia and contributed the most to the cconomies
of many A.LD.-ussisted countries. Thus, rice residue utilization technologies and their useful application
became a priority tor full evaluation.

Rice-Production and Trade,

Over 9077 of the world rice crop (471 million metric tons, rough rice basis for 1986-1987) is grown in
msia where it contributes significantly to the agricultural income. Earnings from the rice Crop as a
percentage of the total agricultural value in 1984 ranged from 209 in Pakistan o 739 in Bangladesh
(Ammn-Arsala, et al, 1987). The average figure for 1984 was 42¢% in nine of the A.LD. assisted Asian
nations. Trends show that some Asian countries have doubled their annual production in the last twenty
five years largely through increased acreage, use of high vielding varicties cte. The scenario in the world
rice trade, wherce only a small fraction (less than 1092) of the rice produced is handled, has undergone many
changes in the recent past. Countries that previously imported rice have reached or are close to
self-sufficiency. This fact together with others, such as the drop in prices prior to 1986, has tightened the
situation for many rice exporting nations including the United States. Exporting nations have long looked
lo new market openings in countries including those in Africa and the Middle East. Recent exigencies of
the weather have caused prices to rise again. All these factors indicate to exporter nations that there are
new plavers in the export business and competition has increased. As a result, both importers and exporters
have had to rethink on several fronts. One obvious way to reduce costs is by increasing efficiency of both
production and processing. To those that have the means to utilize wastes from the rice crop such as the
straw and husk, a waste disposal problem can be turned into creation of additional revenue by the sale of
energy and marketable products.

The Energy Option.

Energy is a major driving force in most developmental programs in the less daveloped nations. This
was clearly b.ought forth at the convocation. A.LD. has estimated that for every 2% real increase in per
capita income. cnergy use will increase 6 10 8%. As far as power generating capacity is concerned, the
developing nations are nearing a crisis situation. Inadequate power restricts productivity and development,
Despite recent low oil prices, many developiag nations remain heavily burdened by the cost of importing
fossil fuels. As a result a huge potential market opportunity estimated at up to a trillion dotlars exists in
the power sector in these countries. Using the current per capita consumption rates in developing countries
(approximately 100 kWh compared with U.S. rate of 3000 kWh) and their population growth cates, it is
reported that just to maintain current per capita usage, some nations must increase clectric power by as
much as 66% by the vear 2008 (Shields, 1988).
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The above consuaints have long made these nations look to alternate local sources for their cnergy.
Biomass is an attractive choice since agricultural wastes are already available in these countries. If the
technologies can be successfully implemented, the estimated megawatt potential of the rice husk available
incertain A.LD. assisted countrics looks promising. In this context, it is worth noting that U.S. exports now
represent less than 1042 of the total exports of power generation, transmission and distribution cquipment
and services to developing nations. This is a decrease from the 17¢%, figure 5 years ago and down from over
20% inthe rate 1970 (ALLD., 1988). The situation could be improved if the U.S. targets technology systems
and services where US. suppliers have an edge, such as rice husk conversion technologices.

2.2 The Focus of the Program

From the harvested rice crop, rough rice constitutes nearly 45% of the dry weight of the plant while the
w.raw percentage is nearly 3092, From the dry rough rice, 20 to 229 is husk. This indicates the ¢normous
volume of residue that is generated from the production and processing of the rice crop. In 1984 the tota)
amount of rice husk, gencrated in nine Asian countries assisted by A.LD. was 44 million tons. Presuming
an ability to mobilize this resource, the annual estimated energy potential from rice husk in these siime
countries was over SO00MW (Amin-Arsala, et al., 1987).

Although rice husk and rice straw have tound minor uses in the past (Chart 1), by far the most promising
utilization appears to be tos the production of energy and energy related products. Over the past several
decades, however, cfficient conversion systems for rice residues were not practical due to problems caused
by the inherent characteristics of the residues. The highly abrasive property of the silica co=tained in the
rice husk and the rapid build up of rancidity in the rice bran were major deterrents. Inaddition, procedures
adopted to mill the rice did not result in the production of pure residues. For instance the single pass steel
huller mill used extensively even today does not produce pure bran. During the convocation it was pointed
out that perhaps only 259 of the bran produced today is suitable for oil extraction or production of other
high value food and chemical products, the balance being contaminated with ground rice husk which makes
the new processes available today impractical as well as uneconomical.

Rice husk has been used for many years as a source of energy in the rice industry, primarily as heat
energy for the parboiling of rice. Rice mills use simple husk burners to produce steam for small scale rice
parboiling systems. Usc in furnaces with step grate systems for husk burning has also been adapted 1o bigger
boilers (o generate steam to drive steam engines for mechanical power. The advent of efficient husk
conversion systzms in the United States utilizing the steam turbine-generator combination solely for the
production of clectric power, and the potential for other methods such as the acid hydrolysis process have
narrowed the tocus for looking at rice residue utilization technology applications. In this context, it is
important to evaulate the rice industry in the developing nations. First, the husk generated is largely
under-utilized and causes a serious disposal problem. Sccond, many mills in developing nations need
replacement and are being replaced with those that rre electrically powered, creating a situation in which
(#) the husk disposal problew. is increased and (b) a greater demand is placed on ¢lzetrical needs in these
countrics. Third, as discussed under 2.1 *The Energy Qption,’ developing nations are under increasing
pressure to look to renewable sources such as biomass to supply their energy needs.

2.3. Impact on Rural Development

Nearly 90¢% el the rice crop in the world is produced and consumed in Asian countrics, Improvements
to the rice economy will greatly benetit rural development in these countries. In addition, since ¢nergy is
the driving force in most developmental processes, meeting energy needs with rice residues can produce
several benefits in the rural setting. Some of these are enumerated below:
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* Provision of reliable rural electrical power for development projects, irrigation, household use, etc,
* Additional on-1arm and off-farm employment.

* Provision of new revenue from hitherto unused or under-utilized farm by-products, elfectively
increasing "value-added” o these products. These include carnings from the sale of straw and rice husk as
well as the sale of the products (energy, fuels, chemical, etc.) and by-products (ash) from these conversion
systens.

Elimination or reduction of the disposal problem associated with rice husk in an environmentally
sound manner.,

* Rice residue conversion systems are clearly linked 1o, and require improved milling systems.
Improved milling methods not only provide the rice residues in a suitable form for conversion but also, more
importantly produce a hizher rate of recovery of improved quality rice, thereby increasing a processor’s
carnings. To the riral producing sector this increase is brought about wirhont additional production/fticld
inputs to the rice crop.

2.4 Role of the U.S. Private Sector.

Inrecentyears, the U.S. private sector, mainly from the rice processing industry, has taken the lead in
developing and commercializing ric husk conversion systems. Companies developed these systems initially
for waste disposal. As a result of the economic success of the systems {savings in fuel substitution and profits
from ash sales), the original companies formed subsidiary energy system companies. If the full potential of
the contributions these and other companies in the U.S. can make to the developing nations is realized, then
both parties will benefit. Developing and markeling systems creates a diversification of the agricultural
industry in the U.S. The outflow of conversion systems will provide new jobs and income both in the U.S.
as well as in the developing country bringing about improved balance of payments for both nations. 11 is
recognized that the dynamic approach adapted by the U S. private sector offers management and financial
capability and skills to bring about greater efficiency and productivity.

2.5. Potential role of Louisiana State University Agricultural
Center and its Postharvest Technology Division.

In addition to pertorming the normal functions of a U.S. Land-Grant University, the Louisiana State
University Agricultural Center. offers unique contributions in the area of rice production and processing,.
The Center operates the oldest Rice Research Station in the United States with an excellent track record
of contributions to the rice industry. Other departments at the Center including the Agricultural
Engincering Department and the Food Science Department actively contribute to the development of the
rice postharvest system. Recognizing the mutuality of beneits in workirg internationally in agricultural
development work, the Center established the International Programs component in 1979,  This
component, headed by one of the three Vice Chancellors of the Center, is active in the development and
management of agricuttural development projects in third world countries. As a commitment to the
postharvest systems development effort, the Center established the Postharvest Technology Division in
1985, Several areas of emphasis (identified below) are of mutual benefit to the rice residue utilization
program and the mission of the Louisiana State University Agricultural Ceater:

to
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* Development and maintenance of the proper information base required by researchers, the private
sector and government agencies. .\ present the Postharvest Technology Division has compiled a 15-year
bibliography of research in the ficld of rice residuc usage.

* With the proper collaborative arrangement. the Center is able 1o provide rescarch support. Examples
include evaluation of the products developed by the industry from rice bran, feed trials for aquaculigra!
products, destgn and resting of pilot demonstration plants. bran product development in concert with
cogenceration, and other product/process development rescarch,

*

Technicul support and management shills in the design and development of national as well as
internationai projects, especially in develoring nations. nternational Programs of the LSU Agricuitural
Center has many years of cpenience in this area as outlined in Appendix C 3.

* The designand implementation of effective short term training programs both for the U.S. personnel
and overseas participants.  The Postharvest Technology Division is currently actively involved in this
important phasc ef a typical developmental/technology transter effort.

£
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SECTION 3: PURPOSE AND AGENDA FOR THE CONVOCATION
3.1. Purpose

As outlined in Scetion 2 of this report, the utilization ol rice residue can result in generation of
additional reverue and the elimination of costly disposal problems in the rice industry all over the world,
Through the use ol the proper technology package and careful management, rice residue can be converted
into eneryy, chemicals, edible oil and feed. At present, rice residues are not utilized to their fullest potential,
There 1s also a tremendous unmet market opportunity of up to one trillion dollars in the eneigy sector in
developing nations.  Harnessing the technology systems available in the United States o successtully
implement a rice residue utilization program requires the complete identification and coordination of all
resources:  the technology systems, the companies that can construct and manage them, the financial
institutions that can provide the capital for investment in developing nations, and the newer developments
in technology that are not commercialized but hold much promise. An environment was needed o allow
identificd resources to combine, establish contacts and relationships and discuss anpediments preventing
the U.S. industry from stepping out into the developing nations with the technology svstems. The Rice
Restdue Litilization Convocation was destened to neet this important ueed.

ALDs intention was o hihlight the stazes necessary in creating successtul deveioping nation
applications ol rice residue uidization systems ard 10 identity RESKS AND CONSTRAINTS which prevent
actors from moving shead. Aspects o be carcfully addressed included residue resources: mobilization;
conversion technology; scale: us well as cconomic, financial, policy and institutionil prerequisites. The
exercise would identity which institutions and actors aie currently avatlable/willing to assumie the identified
risks andsor reducee them,

The ultimate goal wis 1o define specific actions and programs which A.LD. can mount or create in
other institutions to assume the risks which no one currently is willing (0 assume.

At the stage of identitying LS. resources, it was necessary (o develop an information base to include
not only resources (peeple, compauics and institutions) but also information on the state of the art in the
technologics for presentation o the perticinants at the convocation,  The Jatter was addressed via: a
literatire review of research i the rice residue ualization arez (last 10-15 vears); avideo production of the
currently commercialized technologies in the U.S. as well as new technology which will be on-line in the
short term for use overseas: and short technical presentations 1o the industry on new and promising
technologies which could make a difference down the road, including bran stabihization/product
development. gas turbine applications and gasification of rice husk.

3.2, Agenda

The agenda design for the one and one-half day convocation provided maximum opportunity for
participants to combine/interact through information exchange, discussions, establishing relationships ete.
One morn’ag session allowed for presentations while the heart of the program concentrated on the dynamics
ol creating a joint venture/consortium.  Exercises were formulated so that two lead companies who now
have commercialized rice husk power systems would initiate a discussion with "partrers’ from consulting
firms, banks, financing and insurance agencies cle., ) form joint ventures/consortia. The actors for this
role-playing cxercise were chosen to represent the necessary elements of a project 1o venture overseas. The
excreises were conducted separately: one for joint ventures and one for consortia, The opportunity in this
format was to discuss and ncgotiate with actual people showing the real concern that cach element of an
overall project brings to such a proposition. Through such an exercise the actual risks and constraints were
brought out and ways and means were suggested Lo remove or minimize them.



The objective of this main event was to encourage companigs, institutes, and individuals who are
involved in the utilization of rics residue to identify obstacles preventing formation of viable partner-
ships where cach entity’s walents, technology and strengths complement cach other. The joining together
of these resources is for both nat.onal and international markets,

AGENDA
Thursday, January 25, 1988

o

Mornizg Session: U.S. Technologies and the Scenario in Developing Nations'
(Session Moderator: Dr. Lakshman Velupiliai, L.S.U.)
8:30 Welcome Address [ H.Rouse Calfey. Chaucellor,

L.S.U. Agricultural Center,

8:45 "The university role in integrating residue Mr. Macon D. Faulkner,
utilization into postharvest systems” Vice Chancellor and Lirector,
International Programs,

L.S.U. Agricultural Center.

9:G0 "How does the U.S. private sector interact Dr. James Sulivan,
with the goals of the U.S. foreign Director,
assistance program?” Office of Energy,

Science and Technology Bureau,
A.LD., Washington, D.C.

5:30 "The potential of agricultural residue Mr. john Skields,
utilization technology in improving Manager, Office of Agricultural
economies” and Chemical Development,

Tennessee Valley Authozity,

Muscle Shoals, Alabama,
10:00  "Rice Residue Utilization - The U.S. Postharvest Technology Division,
commercial of erings and new resources'- L.S.U. Agricultural Center.

A Video Presentation.

10:30  Coffee Break

3-2



1:45  Technologies in the Muking - New Possibilities
a) "Rice bran as a potential source

ol higher vulue chemicals”

b) "Gas Lurbine cogeneration with

agricultural residues”

¢) "Gasification of rice hulls”

11:15  "The Developing Country Environment -

Risks and Constraints

11:45  Discussion.

12:00 Lunch.

Dr. Robert Sayre

Research Chemist, Food Quality
Research Unit
WRRC.ARS,USDA,

Albany, California.

Dr. Eric Larson

Princeton University, New Jersey.

D:. Johr Goss,
University of California,

Pavis, California.

Dr. Marcia Gowen,

Bioenergy Systems and Technology
Project, Office of Encrgy,

Science and Technology Bureau,
A.1.D., Washington, D.C.

Afternoon Session: "The Dynamics of Creating Consortia/Joint Ventures”

(session moderators: Dr. Joseph Roctheli, TVA and Ms.

Betsy Amin-Arsala, U.S.A.LD.)

1:30 Group Discussion

Consortium group: Spokesperson - Mr. Willis Noland,

Facilitator - Dr. Lalit Verma

Joint Venture group: Spokesperson - Mr. Keith Lanneau,

Facilitator - Dr. John Nve

The two groups will participare scparately, one as a consortium and the other

as a joint venture, addressing the following issucs:

a) Waal the U.S. industry has to offer in terms of technology?

b) What is promising in the research areas?
¢) What arc the international markets?

d) What are the risks and constraints?

¢) How do we finance and support intesnational ventures?
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4:20 Preparation of summary of findings by group spokesperson and the

facilitator.

5:00 Reception - L.S.U. Agricultural Center.

Friday, January 29, 1958

Morning Session: "Group session findings, next steps?”

8:30 Presentation of "consortium” group summary - Mr. Willis Noiand,

President, Agrilectric Power Partners, Ltd., Lake Charles, Louisiana.

8:50 Presentation of “joint venture” group summary - Mr. Keith Lanneau,

President, Helix International, Baton Rouge, Louisiana.

9:10 General Discussion:
a) Summary of risks and constraints.

b) What are the next steps?

10:15  Coffee Break.

10:30 Summary Comments Mr. Jack Williamson,
Acting Director,
U.S. Trade and Development Program,
International Development Cooperation

Agency, Washington, D.C.

10:50  Summary Comments Mr. Michael Stack,
Spokesperson for the Director for
Government Affairs and Business
Development, Overseas Private Investment

Corporation, Washington, D.C.
11:15 "Options for Future Use of PL480 Funds" Mr. Robert Bostick,
International Affairs Specialist,
PL480 Program, Office of Management
and Budget, Washington, D.C.

12:00 Conclusion.
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SECTION 4: THE OVERSEAS OPPORTUNITY

The objectives of the Office of Energy at A.1.D. in assisting the decentralized power sector of developing
nations clearly complement the market opportunities and the resources available in the U.S. to meet the
nceds in these nations. Given below are the components of this scenario:

* To reduce the trade deficit the U.S. must play a larger role in international markets.

* There is a power crisis (impeding development) in developing nations. Increasing involvement of
the private sector will be necessary given the budget problems of government agencies. Power demand
however will increase as economic growth proceeds. This provides a huge potential market at least for the
next 20 years.

* The U.S. has technological leadership in rice residue utilization systems and also possesses needed
financing and management skills.

* The export of power gencration and transmission systems from the U.S. has declined in recent vears;
the present low value of the dollar presents an excellent opportunity to reestablish these exports.

The Rice Residue Convocation was designed partly to find answers to the questions:
(a) How can U.5. businesses be better tailored to tap this ‘power/energy’ market?

(b) Where and how must initiatives be taken?

The logical starting point given the scenario presented above is analysis within the developing countries
where these opportunities are available. Typically a developing nation, in which the rice crop contributes
significantly to the agricultural cconomy and where a demand for cleciricity exists, is o prime candidate for
investment (Graph 1 and 2). It in addition to a need for decentralized clectrical power, a market for fuel
products such as cthanol exists, then a number of options are available. The Bioenergy Systems and
Technology Project of the Office of Encrgy at A.LD. has in fact published information on nine ALD.
assisted countries where the rice crop plays an important part of the agricultural ccononiy and rice husk is
theoretically available for power generation. Table 1 indicates the role ot rice in these cconomies and the
gross megawatt potential of available husk (Amin-Arsala, et al,, 1987). A rice residue utilization team
consisting of A.1.D. and U.S. private sector personnel has evaluaced the possibility of decentralized power
need in East Asia. This tcam made a survey in Indonesia, the Philippines and Thailand, and confirmed that
private sector involvenient in decentralized power generation using rice husk was possible. A more recent
study of Indonesia highlights the potential for private investment and clearly identifies the scope of project
risks.

Project feasibility for rice husk power systems or bran oil/product development systems in developing
countries is highly site specific. The benefits of power generation and related product development from
rice residues on a commercial scale is a relatively new area, und the important players in a country are often
not familiar with the implications and benetits. Thus entbarking on a venture under these circumstances
becomes a highly individualized and challenging undertaking. Companies in the U.S. have already paved
the way both in rice husk power systems and rice bran uiiization systems by successtully marketing these
technologies. Despite country specific characteristics, however, there still are some commeon features in
these imarkets:
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Table |.

Rice Husk Power Generation Potenci

al in Asian Economies

U.S.A.1.D. Rice Year-1982 Year-2000 Annual Annual
Assisted 7 of Net inscalled required net husk estimaced
countries Agricult- clectrical installed available gross MW
in Asia ural capacity capacity at 227 potential

value per capita with no husk of rice

improvement
(MW) (MW) (x1000tons)

Bangladesh 72.39 1,025 1,706 4,150 559
Burma 36.96 635 942 3,124 368
India 31.65 38,755 54,040 19,655 2,315
Indon. 51.75 5,016 v,877 v, 355 985
NHepal 49.2 139 209 607 71
Pakistan 19.47 4,239 6,575 1,122 132
Philippines 29.37 5,155 7,336 1,754 207
Sri Lanka 45.57 562 776 440 52
Thailand 48.49 5,057 6,994 4,070 479
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* The resource - rice husk, straw, and rice bran.

The technology system.
* Economics.
Financial implications.

Policy and institutional factors.

These and other factors specific to the country of interest and within countries to the sites of interest
must be carefully analvzed as part of project feasibility.

The A.LD. program in support ol rice residue systems replication secks new mechanisms for 1)
accessing the needed intormation. 2) identifying local companics and resources neeessary as project
components, 3) creating opportunities for communication between U.S. and Third World companics, 4)
coordinating available financial resources and 5) publicizing the opportunity to mobilize competitive U.S.,
industry as a partner in development initiatives in countries assisted by the Agency,
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SECTION 5: SUMMARY OF CONVOCATION
5.1 Participant Profile

At the outset the convocation was planned to bring together identified U.S. resources in the area of
rice fesidue utilization. The main targeted participants were the private scctor companies that have
developed and commercialized husk energy systems and companies that have developed commercial systems
for the extraction of bran oil and other bran products. (n addition, people from allied fields including rice
farmers, researchers frem univessities, private and government agencies, rice millers, power generation
equipment manufacturers and private consultants were invited. Due to the fact that the main thrast of the
convocation was to identily risks and constraints in investment and technalogy transfer tothe ALD. assisted
developing nations, finance and insurance agencies, ALD. personnel, and companies with overseas
experience in project development and management were also in attendence.,

The actual attendance wt the conference, as shown in the participant listin Appendix A, was a good mix
of the categonies outlined above. Due to this good representation the process of identification of risks and
constraints as well as the discussion of other pertinent issues received excelient coverage for the benefit of
all present. Many of the issues exposed were controversial, and the discussion - both public and private -
reflected the trustration which exists among those actors who can see that an opportunity exists which is not
vet matched by coordinated action,

5.2 Program Format

The convocation design provided an environment for the identified U.S. resources to interact and flush
out what the U.S. industry can and cannot do with respect to overseas invesiment and technology transfer.
As a result over 00 of the time was devoted to exercises and discussions, with ong session providing the
audience with information on the new technologics.

The *consortium’ and ‘joint-venture’ groups were both given a similar set of guide lines to initiate the
exercise of identifying risks and constraints o overseas investment. Resource persons from OPIC, TDP,
and ALD. as weil as university representatives were made availuble to both groups. As the exercise
unfolded, the groups took slightly different approachics and produced results which were complementary
in content and erineal o the final decisions reached. The consortium group devoted much discussion 1o
the risks in the developing nation, while the joint-verture group identitied what 2eeded to be done here in
the U.S. prior wo stepping out and what suitable climates are needed 1o successfully implement technotogy
transfer projects overseas. Fo.cige competition was given miuch thought by both grouns but these
discussions were aimed only at the developmental and initiating phases of a project and not at the
technological advantagerdisadvantage of forciyn companies. 1t was noted that successiul investment by U.S.
companies in the Third World has generally been preceded by seiling goods and services for a period of at
least five years. Frons this comparics guin experience in doing business in a developing country whick is a
crucial prerequisite to good investment. Agan the notion of involving a partner in the initial stages ol
project development here in the U.S. was suggested as an alternative by the joint venture group. Compleie
and propar puckaging of the technology system, proper U.S. evaluation, and adaptation to Third World
market/country needs were touched tpon. The identified risks and constraints are summarized below.

5.3 Identified Rishs and Constraints

A large number ol risks were identilied at both the development stage and at the overseas
implementation stage, with various ways and means suggested 10 minimize these. To put them into proper



perspective as well as to assemble all of the pertinent information, the authors felt it necessary to categorize
them into the sections that follow.

U§ Technotogy

In the arca ot U.S. technology the general conclusion reached by the participants was that only the
properly packasca, commercially proven systems must be utilized to mintmize ot onlv the technical risk
but also to preseat a svstem capable of winning a contract and being successtully operated. In addition,
several arcas of concern and need were expressed. These centered around the proper packaging of the
technologies and what needs to be done in the ULS, irst; protection ot the technology overseas; fuel
constraints for power plant operation, and others. In this context it must be stressed however, that the
convoczation brought out the Lact that the ULS. does possess the leading edge not only in the technical area
but aiso in the manavement area. Some of these capabilities are summarized in Chart 2. The idenntied
constraints in the arca of technologies are provided below.

Technology Packaginy

The participanis at the convocation felt that, although there were still somie gray arcas, the husk power
systems were Trdy well packaged and structured. The bran related technolegies, however, are felt to be in
the development und commercialization stage. Stabilization (Brady extruder) and bran cil extraction are
now ava.lable on g commercial scale, bat the toodifeed and high value nutricnt and chemical product
development technologies must be felly packaged o work in concert with cogeneration. In this context a
generic diagram of the elements ina technology package are iltustrated in Chart 3. Elements*B' and *C’ in
this churtappear to be the weak links that need to be looked into prior to embarking on a full fledged project
overseas. Again the sentiment was expressed that some gaps appear ty exist in what the ULS. technology
packige can offer and what a particular developing nation may need. This is particularly true in the area
of bran products. Food und fiber products as well as introducing protein from r2:¢ bran into the food chain
appeas to be preferable to the production of high value pharmaceticals and oils. e terms of developing
country needs, these countries are also looking to export the products or by-products of rice residue
technologies. Ash and related products appear promising and the current ULS. technology packages can
meet this need. Some countries require less sophistication of control equipment as well as maximum
employment opportunities at the plant site.

Some vahid answers were presented to the question: Why aren’t these technology packages tully
developed? o the rice husk-to-power arca, only those riee mills that had a thermal power need (only about
15% of the U 5. mills - ones that parboiled rice) feli the need to invest in husk conversion systems. The
others which processed 'white’ rice did not have this need. In the bran area, not only was there a suitable
outlet to the teed indusiries, but also there is a glut ic the vegetoble oil market, and at commodity rates bran
otl does not compete well. On a positive pote, it was pointed out that new technologies of bran conversion
to food/feed products and other high value products are already available “on-the-shelf in Federal Labs, in
private research companies, universities, cte. All that is required is t. use of these technologies and
packaging alter complete evoluation and testing,

Considering clements B’ and "C’ cited carlier as the major weak points, the storage (and transportation)
aspect and the need (if any) to preprocess the resaidues prior to use in the ULS. technology systems are two
arcas that have o be caretully assessed. The mosture content and purity of rice husk for exampic could be
crucial in obtaining the cfficiency ol conversion as well as the heat output in a power system. 1t may be
necessary to plan on storage of residues (as discussed in the next section) in quantities and for periods
greater than required in the ULS,

With respeet to the avaitability of bran, it was pointed out that only & fourth of the bran processed in
the developing world is produced inan manner suitable for cconemical extractian of oil and other products.
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This points to the need for modernizing the milling practices and/or offering price incentives for better
quality bran,

Fuel constraints for power plants

Quite appropriately 4 great deal of discussion was devoted 1o the question of fuel supplies for the
operation of power plants, Fuelsupply breakdown is identificd as a major risk. Rice husk is the bv-product
of an agricuftural crop and hence is also subject to the vagaries of weather as well as to social and political
influences. Two recommendations were made o overcome this problem: (a) plan the project to have a
minimum -3 day supply at the plant site and (b) size the plant to use only 10 16 15 of the husk supply
avatleble in the arca ol interest.

Next, the seasonality of the supply was discussed. 1n some arcis husk produced for only 7 months
tarising from the 7 month milling season) of the vear. Could rice straw and other crop residues be adapted
for use during this off season? This i 4 very important question the private seetor needs 10 address. As a
tirststep some suggested thita project be tocated nearer 1o a few large mills rather than a cluster of several
stuadl mills to minimize the fuel availubility and transportation risks.

Protection of U.S. techoology

The protection of the technology when investments are made overseas is deemed important both o
compete eflectnvely and o ensure participation in a market with replication potential. On the other hand
participants felt that mere duplication of a picee of equipment does not guarantee that the operation of the
same will be successiul. The ULS, company that developed and produced the svstem could maintain its
umquencss and hence hold compeditivencss i the follewing areas:

* clectricalerzctronic controls wad their proper settings

-

equipmentcomponent lile as a reflection of the proper materials and processes of manufacture

.

‘the whole is greater than the sus of the parts’ effect where the original manulacturer/supplier can
vet and maintain rated capacitics and cfficiencies

Exclusive licensing and international patents are other alternatives that could protect technology
systems and should be explored more actively by technology holders.

Project Developmentand Operation

Incinvesting ceerseas in the arca ol rice residue conversion systems, the major risk identified at the
convocation was the up front funds needed for project development, feasibility study and allied
developmental costs. This was an area of concern for several reasons including the fuct that the total value
ol a project often cannat justify the expenditure of the up tront money needed (For example, « 33 million
total investment 1 a project cannot justify development costs of $1 million.). There is also th -+ risk of
spending the initial funds only (e loose the cortract toa competitor. Companies that evaluated this risk felt
that the U.S. rice husk power companies were o small w attord developmental costs and were witling to
do so only if the possibility of replication existed in a country.



Several approaches to locate the tunding for the development of the projects were discussed. Foremost
among these was the assistance sought from U.S. Government Agencies such as TDP and ALD.
Participants were also keen o access local currencies presumablv aceumulated in host countries as a result
of the P.L.480 program. Considering the market potential for the next 20 vears, the private sector felt that
assistance from the U.S. government agencies for the inital feasibility monics could be a valuable
investment.  This would place U.S. companices in an advantageous position as well as assist them during
this costly and risky phase. Another source of funding was proposed tarough collaboration with local
partners who will have fong term interest. A funded corporation consisting of U.S. and local partners was
suggested as the most likely to attract teasibility moncey, while a contractually lisked cooperative group was
said to bave the least likelihood.

Beyond locating project tunds, the next area of concern was the lack of any guarantee that the U.S.
company would be assured of the contract. In this coatext, exclusivity agreements with the local povernment
was suggested as the best form of protection. A memorandum of understanding or a letter of intent from
the local goverrment, with limits and requiremests as well as milestones (specifying obligations of both
partics), was suggested as a mechauism for accomplishing what is needed.

Another unportant issue is that in planning and developing 2 project, a U.S. company mav not be
familiar enough with the lecal socto-political and economic cnvironment. Therelore. it becomes difficult
toguantity or assign risk factors, such as the electricity demard projections in a country, The company that
wants to develop the project. whether it be the power company or not, must forim joint ventures with the
local povernment agencies or with local private scetor partners. A model was suggest22 as shown in chart
4. Local entties are important in partnerships because:

* They understand the local culture,

* They kaow the local “codes’, environmental requirements and will know how to work through the
local *maze’.
* They will have the required credit worthiness.

-

Duz to the partnership arrangement, thev will have a financial stake in the project.

There is also a need to convinee local authorities that discouraging subsidics on energy will not only
save much needed foreign exchange bui also enable the country o better manage and beaefit from the
avatlable biomass. Given the proper environmental controls incorporated in the U.S. power generating
systems, the environmental improvement available should also encourage local and national support for
these power projects.

If the possibility of replication ot a project exists in a country of interest, another means of spreading
the initial risk is to attract the U.S. manufacturing companies that supply the boilers, turbines cte. These
companies seeing future sales outlets [or their products might also take an equity position.

Fuel supply and transportation was considered an important component by the participants.
[nterruption of fuel supply and transport can scriously affect a power generation company’s operations.
Rice husk is a residue from an agricultural operation, thus supply side risks are higher. Several suggestions
were presented carlier: maintaining a 30-45 day supply, planning the project to only use 10-159% of the husk
produced in the area of interest, and joining with local transport companics and mills. Again contracting
with local partners tor these supplies and services should include price guarantees for specified periods.
At initiol stages the project must be scaled according 1o these constraints so that the likelithood of success
is high.

Equa'ly important to rice husk supply is the necessity of goaranteed sale of the generated power. New
comgpcitton, failure on the part of the local government 1o buy the power, and breakdown of transmission
equipment are some causes of business interruption, Protection in this case both for the initial linancing
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requirement as well as for the uninterrupted operation, is a purchase contract with price guarantees. Local
vested interests as partners can also kz!p ensure uninterrupted sales.

Participants also discussed a less expensive approach to project development in a country: formation
of alocal partnership to merely sell the power systems for a period of time. This approach permits learning
thoroughly the needs and features of the local climate, reduces or minimizes most of the political and other
risks, and could scrve as i1 first phase ol foreign business development prior to actual investment later.

Project Finance and Insurunce

The necessary finance and insurance for developing and operating a power project overseas received
much attention at the convocation. The two primary issues that emerged from these discussions were:

(a) What is needed to be in place prior to approaching a financial institution?

(b) What are the potential sources of {inancing?
In this context, many risks and constraints were identified:

* Lending institutions will only entertain technology systems that are proven and commercialized. This
places the burden oa the project developer to properly package the technology (preferably in the U.S.) and
provide sufficient data on performance and capability.

* Banks (especially U.S. lending institutions) will be comfortable only if foreign expertisc in building,
managing and running the plants to capacity are involved.

* Project completion risk and performance guaraniees. The banks will have to be convinced that the
plant is completed on schedule and its performance is guaranteed. In this context, a good record of
management and operation at required capacity are of paramount importance to satisfy a lender. A sales
contract for the product must first be negotiated.

* Various inscrance policies (discussed later) will have to be in place.

To summarize the requirements for a lender to review a power project, the following were deemed
important and necessary:

(a) Fuel supply contract (includes transport)
(b) Performance and operation guarantees
(c) Purchase contract for product (output)
(d) OPIC insuratice

The discussions at the convocation also dealt with sources of finance for power projects in developing
nacions. It was pointed out that American banks are very reluctant at the present time to make loans for
projects in developing natiens. In the case ol international development banks, such as the World Bank,
there appears to be not much recourse as these institutions deal with governments and not with private
entitics. OPIC, IFC, the ADB commercial window and local banks and local equity partners were other




sources mentioned. In the case of Scuth America and the Philippines, since these countries owe a large
amount of money to U.S. commercial banks, the possibility of converting these loans into equity was
discussed as a scurce of local currency tor these projects.

Structuring a project to use locai sources of funding (banks, local busincsses) was thought to be a good
possibility to finance projects. A local partner who already has a stable business operation would not only
know the business climate but also have the required credit worthiness (o persuade local banks. The
possibility of in-country manutacture was also suggested to minimize dollar investment. 1n this case many
participants cautioned that the manufacturing technologies (casting, machining, ctc.) may be lagging
behind the level of the U.S. technology creating a new difficulty to ensure soundness ol the components,

The question of insurance for power projects revolved around the protection of developmental costs
(initial risk) and the protection against business interruptions once the project gets underway. The private
seetor specitically requested that OPIC sell an insusance product that will cover risks associated with
developmental costs. This was considered essential by the small U.S, power companies as they felt unable
to provide up front capital. Although the project developer wouid ensure that sales contracts and price
guarantees are in place. the risks involved in nationalization, failurc on he partof local governmental agency
tobuy the generated power, and similar occurrences would still remain. Currently available OPIC insurance
against political risks would pretect against some exigencies. However, OPIC insurance does not protect
against risks due to natural disasters. These could be covered by commercial insurance products. but the
project developer needs to evaluate the cost very carefutly. Other relevant insurance products and financial
sources are discussed in Appendix B.
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SECTION 6. RECOMMENDATIONS

Based upon the discussions beld at the convocation and from the feed-back obtained through a
post-convocation guestionnaire, several recommendations and requests were made regarding the future
needs and direction of the US. rice residue utilization industry. These covered the areas of project
development, financing, and insurance requirements among otkers and are given below:

L. U.S. government support is needed to develop an integrated rice husk power/bran products svstem.
This could serve as a demonstration proiect as well as meet the needs of the private secror 1n properly
packaging the technologies.

2. The private sector feels that U.S. government/agency support is needed in the area of technology
protection in the developing nations.

3. The private sector needs information on rice residue availability and potential as well as the nature
of the competition in the countries of interest.

4. Initiation of dialogue with developiug country governments/agencies for environmental policies will
enhance the attractiveness of U 5. rice residue systems which already incorporate pollution controls.

5. The private sector specifically requests that OPIC provide an insurance product that they can
purchase to protect against development risks including loss of developmznt investment. This request was
made for protection against loosing a project when the developing nation client takes the developed project
and hands it to a competitor,

6. The private sector recommends development of a prograin to guarantee repatriation of U.S. dollars,

7. Government support is also needed for financing project development and actual project funding -
through sources such as P.L. 480 funds as soft loans.

8. Creation of a small group to coordinate a private-government approach to marketing rice residue
systems abroad is recommended.

Y. The rice residue utilization systems, especially those that use rice bran, aced more complete
packaging. Expericnce in adapting U.S. systems to developing cou.try requirements and operating them
under these conditions was deemed necessary.

10. The private sector was encouraged to form consortia within the U.S. (o include all arcas of expertise
(technical, project development, financing) prior to investments abroad.

1. The private scctor, as the project developer, was encouraged o explore and analyze all aspects
(local partner, financing, technical soundness, fuel supply) and then present the proposai Lo obtain project
{unding through TDP, Eximbank and other banks.
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Many pa. ticipants recommended that future meetings, perhaps on an annual basis, be sponsored by
A.LD. In this context, they recommended that the following be included:

1. People who have suceesstully developed prejects overseas in the rice residue area to share their views
and experiences.

2. Bankers to describe their actual requirements for projects.

3. Representatives from clicnt country enterprises including rice millers in Asia to learn of their needs
and how business 1s conducted in their environment.

4. Participants with experience in economic analyses related to complete systems in rice residue
utilization.
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APPENIDIX B
B.1 The U.S. Trade and Developmeni Program

The U.S. [rade and Development Program (TDP) s a component agency of the International
Development Cooperation Agency together with the Agency lor International Development (ALD) and
the Overseas Private lovestment Corporation (OPIC). TDP exists to help promote the economic and
development objectives of the United States. TDP finances the planning of projects in developing nations
which result in export markets for U.S. goods and services. The TDP seeks to assist U.S. companics in
meeting loreign competition and biereasing exports.  Projects tunded by TDP have led 1o at least $600
million inexports from the U.S. 1tis stated that these projects are likely Lo generate exports totalling another
$13 billion. TDP works closely with the Department of Commerce, the Department of Agriculture, the
Department of State, OP'IC, A.LD., and the U.S. Export-Import Bank.

The tollowing are some of TDP’s tunctions as described in g TDP brochure:

* Financing feasibility studics and other planning services for major public sector projects in developing
nations. Through this method, TDP seeks 1o increase the likelihood that U.S. goods and services will be
used in impiementing these projets.

* Co-financing on a reimbursable grant basis, planaing services for projects where a private U.S.
investor intends to have equity participation.

* Coordinating and authorizing the provision of government-lo-government technical assistance on a
fully reimbursable basis.

* Fucilitating, through specific statutory authority, access to natural resources of inzerest to the U.S.
This broadens opportunitics for U.S. investment and export of goods and services needed in the
development and the diversification of fereign sources of supply of strategic and critical minerals without
adversely affecting domestic U.S. production.

The follewing is & summary of comments made by the TDP officer at the rice residue utilization
convocation with specific reference o overseas investment in rice residue power/chemicat or food products
develepment projects:

* TDP is a small urganization with limited personnel resources. Hence to better use the TDP, the
project developer gencrally should perform all necessary steps including the tie up with a local partner,
assigning risks, verifying the technical soundness of the project, ctc.

* Project development should include the formation of consortiwjoint ventures with the technical
specialists, banks, universitics, local partners and others 1o increase the likelihood of suceess,

* TDP’s investment in time and resources is about the same irrespective of project contract volume. It
generally favors projects that have 4 greater capacity to generate exports as well as jobs in the U.S.
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B.2 Overseas Private Investment Corporation

The following is an overview provided by the Overseas Private Investment Corporation (OPIC) 10
describe its mission and functions:

The Overseas Private fnvestment Corporation (OPIC) is a sclf-sustaining, U.S. government agency
whose purpose is to promote economic growth n developing countries by encouraging 1.5, private
invesument in those naticas. By doing so, OPIC can help American companics remain competitive in the
international marketplace.

OPIC assists U5, investors through two principal programs: 1) insuring investment projecis against a
broad range of political risks. and 2) financing investiment crojects through direct loans and/or loan
guarantees.

All ot OPIC's insurance and guaranty obligations are backed by the tull faith and credit of the United
States of America, as well as by OPIC's own substantial finaneial reserves,

OPIC assistance is avaiiable for new business investments and expansions ie more than 100 developirg
countries and arcas around the world, However, OP1C will not provide assistance for any project that
adversely affects the U.S. cconomy or domestic employment, i financially unsound. or dees not promise
sigmificant benefits to the social and cconomic developmen. of the host country.

The Overseas Private Investment Corporation was established by Congress in 1969, and began
operationsin 1971, Structured like a private corporation, it does not receive Congressional approp: ations.
Morcover, OPIC has recorded a pusitive net income for every year of operations, with reserves currently
standing in excess of $1 billion.

OPIC’s professional stalf, recruited primarily from the private sector, is dedicated to responding
quicklytoinvestor needs and o deveioping creative busine ss solutions for furthering U.S. private investment
in the developing world,

The programs and services offered by OPIC are described below:

Political Risk Insurance: OPIC caninsure U.S. investments overseas against the risks of political violeace
(war, revolution, insurrection, civil strife); expropriation; inconvertibility of locat currency; and/or loss of
business income due to political violence or expropriation, Spevialized insurance coverage is also available
for U.S. investors involved with certain contracting, cxporting, licensing, or leasing transact 1s (o be
undertaken in a developing country,

Financing: Mcedium- to long-term financing for overseas invesiment projects is available through loan
guaraniees and/or dircct loans. OPIC’s all-risk loan grarantees, issued to U.S. lending institutions, typically
range from 31 million o $25 million, but can be as large as $50 million. OPIC’s direct loans, reserved for
overseas investment projects involving small and mid-sized companies, typically range form $250,000 to $6
million. In general. GPIC's inance commitments do not exceed 50 percent of the total project cost.

Investment Missions: OPIC traditionally conduets periadic investment missions (o ceveloping countrics
offering excellent investment opportunities for American businesses.  Such niissions are designed to
introduce senior U.S. business exccutives to kev business leaders, polential joint-venture partners and
high-ranking government officials in the host country. Mission participants pay their own travel and
accommodation expenses, as well as a pro-rata share of the administrative costs.
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Opportunity Bunk: This computer data system "matches” a U.S. investor’s interest with specific overseas
opportuaities.  American firms sceking joint-venture projects overscas submit a description of their
company, the type of investment sought and the developing country or countries of interest. U pon request,
the information is "matched” against similar information submitted by foreign busiesses sceking American
investors. Registration is free, with a modest fee charged for "mateh” requests. OPIC accepls registraiion
for this service without detailed check of the aceuracy or reliability of the information submitted.

Investor Infonmation Service: This information clearinghouse provides U.S. companics and individuals
with basic economic. business and political information and data ou 110 developing countries and 16
geographical regions. The information is packaged in country-specific and region-specific kits, available
for a nominal fee.

Specific comments were made by the OPIC officer present at the convocation to the U.S. private
company representatives involved in the area of rice resigue ntiiization, These are summarized below:

" OPIC has a mandate (o assist smali U5, business - on, that are not Fortune 1000 companies.

*

OPIC?s finance programs generally fuvor linkages Goint ventures, ete.) with a local partner in a
project. The many reasons for this ar-zngement were discussed e Section 3,

* There are two legislative proposals currently: one provides for OPIC 1o make equily investments in
Alrican and Caribbean projects, aud ihe other favors loans Lo assist technology adaptation ina country,



APPENIMX C

C.1. United States Agency for International Development, Office
of Energy, Bioenergy Systems and Technology Project (BST)

Resulting from the 1973 oil erists, interest in repewable enerpy sources increased world wide. At this
time A.L.D. increased assistance o developing nations in the arca of renewable energy systems, Due (o the
fact that biomass systems tor the production of energy are quite different from other renewable eneryy
sourees, in 197% the Office of Energy, Directorate for Encrgy and Natural Resources of ALD. created a
specific project named the Bioenergy Systems and Technology (BST) Project. BST thus became the vebicle
through which A.LD. is developing the potential of biomass systems lor the production of cnergy and
marketable by-products in developing countries,

Concentrating cfforts in the biomass resource area, BST began focussing in 1983 on the food processing
industrices which traditionally create large amounts of *wasies’ with very little value. An analysis of revenue
and job generating sectors in A.LD. assisted countries showed that the two mest stgnificant commoditics
are rice and sugar cane. A large majority of rural people in Asia depend on these crops which also account
for the largest agricultural carnings in these countries. In addition to the crop residues from the food
processing industrics, BST also evaluates residues from wood resources. These efforts are designed to help
developing nations lower their dependence on imported energy, explore ethanol and chemicals production
possibilities from agricultural wastes, and o increase supplies of electricity from indigeuous resources. In
addition, BST's cffosts nelp in not only diversifying the agricultural orocessing industry through
involvement in the generation of power and saleable products but also in climinating an often costly disposat
problem associated with these residues. The BST Project is managed by the Tennessee Valley Authority
through an interagency agreement with ALLD. BST’s matn efforts arc in the arcas of:

cane encrgy systems
* rice residue/ energy systems
* advanced combustion systems

* wood waste energy systems

With respect to the rice residue program that is of intere st to the reader of this report, BST has mitiated
programs in A.LD. assisted rice-growing countries to expand the efficient use of rice husk and straw.
Production of energy and valuable marketable products irom rice husk and straw are the objectives oi these
clforts. BST recognizes that commercially proven technology svstems exist todey in the U.S. 2ad hopes to
harness these as welias other processes currently being developed in the U S. to achieve the above objective: ..
More specificaliy, BST has been responsible for the following developments:

® A survey-study of two Asian countries - the Philippines and Indonesia - to evaluate investmen:
feasibility for rice husk powered gencrating systems.

* Througha contractualarrangement with the Tennessee Valley Authority at Muscle Sheats, Alabama,
the potential for converting rice husk to ethanol and co-products using the acid hydrolysis process has been
investigated. Findings from this activity have shown great potential for commercialization, More details
are provided under Appendix C.2 of this report.
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* Identification and coordination of all U.S. resources in rice residue utilization wehnolegles. This
report outlines the findings in this arca. This project activity was completed through a contract with the
Postharvest Technology Division, International Programs of the Louisiana State University Agricultural
Center in Baton Rouge, Louisiana.

" BSTis also exploring ways 10 tacilitate U.S. investment in rice residue cnergy projects by stimulating
the complete packaging of the wailable technologies and aceessing the in-place U.S. government
mechanisms such as OPIC and TDP,

C.2. Tennessce Valley Authority, Office of Agricultural and
Chemical Development, The Biomass Branch, Muscle Shoals,
Alabama

Since its inception in 1933, the Tennessee Valley Asthority has been involved in research, development
and dem nstiation of systems to develop agricultural and forestry resources. Tae Biomass Program is
oriented to develop comprehensive, biomass resource and processing technology systems. The program
includes basic research, evaluation at laboratory and pilot scale, technology transter and assistance services.
Work is conducted both nationally and internationally.  Technology  developed by the TVA Biomass
Program is dirccted toward the production of fuels and chemicals from biomass sources including
agricultural crops and residues, wood, forestry and industry wastes primarily for commercial application.
In implementing this program, the Biomass Branch has been supported by the experience and expertise of
TVA’s fertilizer program.

The TVA biomass program staff consists of about 40 employees. Projects are conducted by
multi-disciplivary tcams consisting of engineers, chemists, biologists, microbiologists, cconomists, and
foresters. Capabilities include applied chemical and biological rescarch, process development, resource
assessment, process cngineering, cconomic and marketing analyses, ¢nvironmeatal studics, design
engincering, technical and cconomic evaluations, technical monitoring and reporting, and forest
management. The biomass program staff cooperates closely with universities, State and Federal agencies,
private sector companices, and other institutions and organizations.

Facilitics have been built at TVA to support the various phases of biomass research and development
pogjects. Research laboratories and bench-scale facilities contain equipment for development of processes
for hydrolysis of feedstocks to sugars, bio-conversion of taese sugars o ethanot and other chemicals, and
waste utilization/co-product production. Large-scale test facilitics allow verification of process conditions
and product yields and optimization of cquipment designs required for commercialization.

Laboratory work on the acid hydrolysis process was begun at the TVA facility in 1983, Following
laboratory evaluation, a four ton/day test facility was designed and built. Tests were conducted at this facility
first on corn stover and more recently on rice husk. Conversion rates in excess of 909 were possible with
cornstover. During this period of testing and evaluation the process was modified several times (o increase
acid efficiency and reduce the number of handling steps. Asa follow up to these studies, A.LD. in December
of 1985 commissioncd TVA 1o evaluate the two-step hydrolysis process for conversion of rice husk. The
results showed that the conversion rates for the hemicellulose and cellulose were promising, at 79% and
95% respectively. Subsequently, a one-step acid hydrolysis process was tested. The rationale was that a
simple, acid efficient process is more feasible as well as attractive for small scale conversion plants. Again,
such tests conducted ona large scale could also provide valuable information on the economic feasibility of
the process. As aresult of these tests, not ouly were important technical questions answered, but also new
constraints of commercial scale operations identified. Conversion rates for the rice husk into fermentable
sugars was satisfactory. Erosion of vessels and pipes and rapid dehydration of the material were not present.
However, reduction of acid consumption, increase of sugar concentration and simpuification of hardware
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for the process are identified as needed refinements. In conjunction with this project, TVA performed
preliminary economic analyses for rice husk to ethanol conversion, Findings reported are preliminary due
to the fact that information on local conditions including availability of husk, cost ot input items, markel
for the products and co-products must be incorporated in an analysis of this type. The TVA stalf has
performed cost calculations for plant sizes in the 4-27 tons/day range. A base case of a 5 million gallon/yvear
cthanol producing facility was used. Input factors such as feedstock, capital requirements, acid, lime, fabor,
construction time and power requirements were considered. Included in the output variables were ethanol,
biogas, lignin, and carbon dioxide. This analysis indicated a total operating cost of $1.62/gallon of ethanol
assuming [ree feed stock and excluding credit for the by-products produced in the nrocess. Although highly
site specific, TVA estimates that the value of the by-products freun this process could reduce the cost by
30.25 1o $0.50/gallon of cthanol. Capital investment cost used in these estimates was $5.00/annual gallon
‘or plants from 4 (o 11 tons/day capacity and $4.50 for plants from 14 (0 27 tons/day capacity. TVA is striving
through rescarch (o reduce production cost by process modifications, acid recycling and recovery, and
by-product utilization. For the overall production process the economic feasibility becomes much more
attractive whea all of the segments are fully in place. These include the development and sale of the various
high value co-products (the use of lignin, for example, o provide part of the energy requirement for the
conversionete.). TVA is currendy actively addressing these possibilities (Integrated Fuel Alcohol Project,
TVA, 1986).

C.3. Postharvest Technology Division, International Programs,
Louisiana State University Agricultural Center.

During the last several decades, Louisiana State University (LSU) has been involved in world-wide
agricultural researct:, training and extension programs associated with rice and other sub-tropical crops.
To strengthen this ongoing commitment the LSU Agricultural Center established the Postharvest
Technology Division in 1985 to develop institutional and human resource skills in the area of rice and other
subtropical crops. This division complements the well established programs in the production of these
crops by concentrating its activitics on the postharvest aspects of rice, cercal grains and forages, crops
common to Louisiana and many developing nations,

The LSU Agricultural Center 1s one of eight campuses belonging o the LSU System, the land-grang
university in Louisiana. Statewide agricultural rescarch and extension are responsibilities of the LSU
Agricultural Center. International Programs is one of the principle units of the Center, along with the
Louisiana Agricultural Experiment Station and the Louisiana Cooperative Extension Service. The
University has more than 30 years experience in international agricultural development. The Center has
been involved internationally in institution building, participant training and technical consultations. The
Center’s scientists have served countries in Asia, Africa and Central and South America. A large qualified
statf has been committed to service programs aimed at international agricultural development,

The main thrust of the Postharvest Technology Division’s programs and activities is to strengthen the
capability of personnel who are involved in grain and forage postharvest operations, to reduce losses,
improve the quality of their crops and better utilize agricultural residues. The structured training and
research programs are tailored to specific needs of participants so that they may better solve postharvest
problems in their ov/n environment,

The faculty includes full-time scientists in the area of processing, with emphasis on rice and forages,
and several cooperating specialists from various departments and rescarch stations. The Division draws
upon the exnerience of personnel in the LSU Agricultural Center and others with broad international
experience lor its short- and long-term training programs.

Facilities for rescarch end training in postharvest techaology are available at the Department of

Agricultural Engineering and other units of the LSU Agricultural Center. A complete laboratory for grain
quality work is available. This laboratory is equipped with processing, grading and moisture evaluation
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cquipment; precision apparatus for testing mecharical properties, and cooking, texture and color
cvaluation apparatus. A complete integrated 1/2 ton per hour rice mill will be ins ‘alled during 1988,

Training programs vary in duration from a few days to graduate study programs which may last 3 vears.
The graduate study programs are structured according o the university graduate school requirements and
conducted by various departments of the LSU Agricultural Center leading to the M.S. and Ph.D. degrees.
The Postharvest Technology Division conducts several programs annually. These arc for trainees mainly
from developing rations sponsored by various agencies including the A.L.D., USDA, Rice Council. FAQ
and others. The Division stalf arc also involved in research in cooperation with the Department of
Agriculturai Engineering at LSU.

Experience gained from previous rescarch and training programs in addition to the current (1987-88)
ivolvement with the Rice Residue Utilization Project places the Postharvest Technology Division in a
position where it could be of service both to the industry as well as government agencies. The Division is
able to act as a catalyst for the development and transfer of technology through research, training, and
extension. The vast potential for the utilization of rice residues warrants active porticipation of the
university in providing an information base in the technologies; management skilis in developmental
projects nationally and internationally; and training and extension programs to apply new technologics,
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