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ni'e Bran As A Potential Source Of Higher Value Chemicals
 

Robert N. Sayre, Research Chemist
 
Food Quality Research Unit, Western Regional Research Center
 

ARS, USDA, Albany, California
 

The annual world rice production is about 466 million
 
metric tons (MMT) of rough rice. Approximately 25% of this
 
production is processed through two stage mills to produce rice
 
bran suitable for further processing. If bran is calculated at
 
8% of rough rice, then 9 MMT of rice bran is theoretically

available for extraction and processing. The corresponding

figure for the U.S. would be somewhat less than 490,000 MT of
 
rice bran.
 

There is increasing interest throughout the rice growing
 
areas of the world to make better use of rice bran. The most
 
obvious potential is to extract the high quality oil contained
 
in the bran for food use and to use the defatted bran as a
 
stable feed ingredient. However, there are other higher value
 
products that can be recovered from both the oil and the
 
defatted bran. Japan is presently about the only place where
 
chemical products are being manufactured from rice bran.
 

The following are products which either are in production
 
or could be produced under favorable economic conditions.
 

1. Edible rice bran oil
 
2. Free fatty acids
 
3. Glycerol
 
4. Oryzanol
 
5. Phospholipids
 
6. Wax
 
7. Sterols, tocopherols, triterpenes
 
8. Defatted rice bran
 
9. Phytin (calcium magnesium phytate)
 

10. Phytic Acid
 
11. Inositol
 
12. Calcium phosphate di-basic
 
13. Activated sludge
 

Product Prices in Japan (September, 1987) ($/Lb"")
 

Rice Bran Oil .39
 
Free Fatty Acids .28
 
Oryzanol (normal) 
 19.44
 
Oryzanol (high campesterol) 64.80
 
Defatted Rice Bran .08
 
Phytic Acid 3.60-5.80
 
Inositol 8.10-14.58
 
Calcium Phosphate .23
 

http:8.10-14.58
http:3.60-5.80


Rice Bran Oil:
 
Rice bran oil has unusual oxidative stability under frying


conditions. This is due not only to the tocopherol content of
 
0.04%, but to other more powerful antioxidants which are esters
 
of ferulic acid. These esters comprise much of the
 
unsaponifiable materials which amount to 4.2% in crude rice bran
 
oil. Part of these compounds are retained through the refining
 
process. The major use for rice bran oil in Japan is in
 
commercial frying operations.
 

Free Fatty Acids:
 
Palmitic, oleic, and linoleic acids comprise 95% of the
 

fatty acids in rice bran oil. These can be fractionated to give

various melting point ranges and other characteristics. Fatty

acids are used in the manufacture of paints, soaps, cosmetics,
 
and pharmaceuticals.
 

Oryzanol:
 
Oryzanol is apparently a mixture of ferulic acid esters of
 

various triterpenes and sterols. Crude rice bran oil contains
 
1-2.5% of these compounds. Oryzanol has been reported to have
 
various hormonal-like effects on the autonomic nervous system

and to have beneficial effects on the skin.' Oryzanol is
 
marketed for use in medicine, cosmetics, food additives,
 
veterinary medicines, and feed additives.
 

Phytic Acid:
 
Rice bran contains 6.5-7% phytin (calcium-magnesium salt of
 

phytic acid). This can be extracted from the defatted bran as
 
phytic acid with dilute sulfuric acid. Phytic acid is a strong

chelating agent and antioxidant. It is used in food processing

in Japan, but is not on the GRAS list in the U.S. 
Phytic acid
 
is used in offset printing and as a corrosion and rust inhibitor
 
on metals. It is also used to improve the adhesion of paints to
 
metals.
 

Inositol:
 
Inositol is derived from phytic acid by removing the
 

phosphoric acid groups. Inositol comprises about 27% of the
 
weight of phytic acid. Inositol is used in vitamin mixes, food
 
and feed additives, medicines, and cosmetics. Consumption in
 
the U.S. is currently about 300 MT/yr.
 

Calcium Phosphate Di-basic:
 
This is a by-product of inositol production from phytic


acid. It is used as 
a feed additive and fertilizer. Another
 
use is in the manufacture of bone china, since no heavy metals
 
are present.
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Defatted Rice Bran:
 
This product contains 16-18% protein, is over 30% dietary


fiber, and since no oil is present, has excellent storage

stability. It is mainly used in feed mixes, but could also be
 
used as a food ingredient. Other uses in Japan are for
 
fermentation media, and seasoning vegetables.
 

Phospholipids are not presently isolated from the gums in
 
Japanese rice bran oil processing and the gums are mixed back
 
into the defatted bran for use as animal feed. Soybean oil
 
processing produces a larger supply of phospholipids which meet
 
present market demand. Likewise, waxes generally are not
 
refined in Japan due to economic considerations. The waxes are
 
mixed with heavy mineral oils and used for fuel.
 



GASIFICATION OF RICE HULLS
 

Development of a Five-Horsepower Gasoline
 
Engine Rice Hull Gas Producer System
 

John R. Goss, Professor
 
Department of Agricultural Engineering, UC Davis
 

INTRODUCTION 

Beagle estimated in a 1976 publication that one-half of the approximately 60 
million tons of rice hulls from the annual world rice production was used for 
energy or other purposes. He stated that India uses 40 percent of its annual 
rice hull production to produce steam for parboiling rice. The potential use 
for rice hulls as gas producer fuel to operate small diesel and gasoline engines
is indicated by the number of small rice mills in Indonesia (20,000) and the 
Philippines (10,000) as reported by Goss and Creamer. Pumping water for 
flooded rice culture is an additional potential use. India is reported to have 8 
million small tube wells pumped with engines or electric motors rated at 
about 5horsepower. In the Philippines, the total market potential for small 
scale stationary gas producers was estimated to be 32,000 units. It was 
projected that the Gasifier and Equipment Manufacturing Corporation
(GEMCOR), a Philippine Government Agency, would produce 28,800
gasifiers for small engines between 1983 and 1989. This projection will not 
be achieved because of the difficulties encountered with the biomass 
gasification effort in the Philippines. 

OVERVIEW OF RICE HULL GASIFICATION AT U.C. DAVIS 

The need for biomass-based energy supply for small engines in Developing
Countries and the availability of rice hulls in these countries, as noted above, 
was the basis for initiating research to meet this need in 1981 with support
from the Briggs and Stratton Corporation and the U.S.A.I.D. Office of 
Science and Technology during 1983-1985. In 1983, Kaupp completed an 
extensive study of the physical and chemical properties of rice hulls which 
resulted in his development of a unique, down-draft type gas producer to 
gasify rice hulls (Albrecht Kaupp: Fig. 10-34). A worldwide survey
conducted by Goss and Stephenson in 1983 revealed the complete lack of 
commercial or successful operating, small-scale research gas producers 
fueled with rice hulls. 



In 1986, Creamer documented the performance of a 5 hp. single cylinder,
gasoline engine* operated with producer gas generated from rice hulls in an
improved model of the system developed by Kaupp (Kurt S. Creamer, et al.: 
Figs. 12 and 14). Since the batch-fed, rice hull gasifier required refueling at
intervals of 1 1/2 to 2 hours of engine operation there was a need to develop a 
system for continuous operation. In 1986, Tiangco reported the 
development and testing of such a design, accumulating 134 hours of engine
operation (Valentino M. Tiangco, et al: Fig. 4). The reactor built by Kaupp
for his studies was used by Creamer and Tiangco. These three researchers 
are estimated to have operated the initial reactor for more than 200 hours 
without any deterioration of the reactor components. Creamer found the 
optimum spark advance to be 23 degrees before top-dead-center. Both 
Creamer and Tiangco found the engine to develop 40 to 45 percent of the
rated engine power at 3600 rpm when fueled with producer gas generated
from rice hulls. The engine brake thermal efficiency ranged from 16 to 20 
percent. Because the gas producer-gas clean-up system had a low pressure
drop (around 25 mm of water) and cooled the gas to about 5 to 7°C above 
ambient temperature, equipping the engine with compression ratios greater
than the normal value of 6.2 to 1 was the next logical step to improve overall 
system performance. 

INFLUENCE OF COMPRESSION RATIO ON ENGINE PERFORMANCE 

The principal reasons for increasing engine compression ratio are to 
improve brake thermal efficiency and brake mean effective pressure (hence,
brake power). Brake mean effective pressure (bmep) is expected to increase 
with increasing compression ratio, at least within the knock limited region
for most spark ignited engines, as shown by considering the influence of 
compression ratio on indicated mean effective pressure (imep) and friction 
mean effective pressure (fmep). Both imep and fmep will tend to increase 

Briggs and Stratton 5 hp Gasoline Engine Specifications 

Model 132432 
Type 0111-01 
Rated HP 3.7 kW (5 hp) @ 3600 rpm
Displacement 206 cc (12.571 in3)
Bore 61.0875 mm (2.5625 in)
Stroke 61.9125 mm (2.4375 in)
Compression Ratio 6.2 to 1 
Connecting Rod 98.4250 mm (3.8750 in).i 



with increasing compression ratio. At lower compression ratios,
improvements in imep will dominate, while at higher compression ratios, the 
fmep begins to offset gains in imep. Increasing compression ratio also serves 
to reduce clearance volume, thereby increasing the heat addition to the cycle 
for any fixed cylinder displacement. Taylor indicates that compression ratio 
can also have an influence on volumetric efficiency by causing an increase in 
volumetric efficiency with increased compression ratio when the exhaust 
pressure is higher than the intake pressure. 

ENGINE TEST RESULTS FOR THREE COMPRESSION RATIOS 

In 1987 Camacho completed a study of the influence of compression ratio on 
engin!e performance. 

A new 5 hp. engine with the standard 6.2 compression ratio head was first"run-in" for about 10 hours on gasoline at 1/4, 1/2 and rated power. The 
producer gas compression ratio tests added another 54 hours of engine 
operation. The engine was modified for the 7.3 and 8.2 compression ratio 
tests by machining two production-line cylinder heads that had not been 
milled for the standard 6.2 compression ratio. 

The engine performed best at the 7.3 compression ratio in that for all test 
loads, very small and infrequent load or combustion air adjustments were 
needed to maintain a constant speed (Inigo R. Camacho, et al.: Fig. 7). For 
the 6.2 and 8.2 compression ratio, these adjustments were made frequently to 
control the engine speed. For most of the tests, the amount of CO in the 
engine exhaust gas ranged from 0.35 to 0.55% while the hydrocarbons
ranged from 0.15 to 0.50 ppm. The combustion chamber and spark plug 
showed very little carbon deposit at the end of the tests. The spark plug
closely resembled that of an engine fueled with LP or natural gas. Rice hull 
char was the filter material in the packed bed filter (See Tiangco, Fig. 4). 

The lower heating value of the producer gas induced by the engine averaged 
3801 kJ/m 3 (102 Btu/ft3) and ranged from 3652 to 3877 kJ/m 3 (98 to 104 
Btu/ft3). Lower quality gas was produced with the 6.2 compression ratio and 
improved at the higher compression ratios. The best quality gas (3877 
kJ/m3, 104 Btu/ft3) was for one of the 7.3 compression ratio tests when one 
reactor of fuel was used for the speed range starting at 3600 rpm and ending 
at 2400 rpm in 200 rpm steps, The molecular weight of the gas changed very
little. However, a small change in the hydrocarbon concentration has a large
effect on the lower heating value of the producer gas. The 7.3 compression
ratio increased the brake power over the standard 6.2 compression ratio by
13.5% at 2600 rpm and nearly 19% at 3600 rpm. Similarly, the increase for 



the 8.2 compression ratio ranged from 8% at 2600 rpm to 11.6 percent at
3200 rpm and then dropped to 9.3% at 3600 rpm. This result is not expected
from a theoretical standpoint and likely indicates deficiencies in combustion 
chamber and valve configuration. 

CONCLUSIONS 

1. A specialized, downdraft-type gas producer system has been developed
and extensively tested with rice hulls for fueling small gasoline engines.
The system is made from standard steel stock components, requires no 
auxiliary power to operate and can provide gas fuel for continuous 
engine operation. 

2. Standard gasoline engines will be derated 55 to 60 percent. The
required spark advance for optimum power from rice hull generated
producer gas is 23 degrees before top-dead-center. 

3. An increase of around 20% in the brake power was achieved with the
7.3 compression ratio in comparison to the standard 6.3 compression
ratio for the 5hp Briggs and Stratton engine. This compression ratio 
gave the best engine-gas producer performance in terms of speed
stability at each of the fixed loads. 

4. Combustion chamber deposits from producer gas fueling were similar 
to those for gasoline fueling, indicating that the gas clean-up system
provided clean gas. 
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CEES APPROACH TO TECHNOLOGY ASSESSMENT 

o IDENTIFY PROMISING NEAR TERH TECHNOLOGIES WHICH 

o 

ARE PRESENTLY UNEXPLOITED 
OR UNDEREXPLOITED 

COULD HAVE LARGE IMPACT IF 
SUCCESSFULLY DEVELOPED 

CARRY OUT IN-DEPTH TECHNICAL. ECONOMIC 
INSTITUTIONAL ANALYSIS 

AND ' 

o OUTREACH TO POTENTIAL PRODUCERS AND POTENTIAL USERS 



0 

:CENTER FOR ENERGY AND ENVIRONMENTAL STUVIZ5.
 

TECHNOLOGY ASSESSMENT ACTIVITIES
 

STEAI4-USING TECHNOLOGIES FORSUGAR,.FACTORIES
o 

o 	 NEW ELCTRIC.MOTOR TECHNOLOGIES
 

NEW BUILDING COOLING TECHNOLOGIES
 

o 	 ENERGY EFFICIENT FUELWOOD COOKING STOVES 

o 	ADVANCED GAS TURBINES FOR
 

o CENTRAL-STATION BASELOAD POWER (GAS FIRED)I,
 

0 CENTRAL-STATION BASELOAD POWER (COAL-FIRED)
 

o 	 INDUSTRIAL COGENERATION (GAS FIRED) 

INDUSTRIAL COGENERATION (BIOMASS-FIRED)' >.6 ­

-o COMMERCIAL/RESIDENTIAL COGENERATION (GAS FIRED) 
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,'WHY.GAS TURBINE COG AU' I -' 

=> 	 LOWER UNIT CAPITAL COSTS.
 
THAN STEAM TURBINES
 

=> 	 WEAKER SCALE ECONOMIES 
THAN STEAM TURBINES 

==> 	HIGHER THERMODYNAMIC EFFICIENCY
 

THAN STEAM TURBINES
 

-== 	UNDER ACTIVE DEVELOPMENT FOR
 
FIRING WITH SOLID FUELS
 

== 	 ONGOING TECHNOLOGICAL REVOLUTION DUE TO:­

== > $400 MILLION/YR DoD R&D INVESTMENTS
 

=> 	MARKET DEMANDS OF COMMERCIAL AIRLINES
 

===> PURPA AND THE COGENERATION BOOM 



ELECTRICITY GENERATION INTHE US 
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ROLE OF A.ID. S&T/EY 

IN 

PROJECT DEVELOPMENT 

Project Stages 

Pre-feasibility Analysis* 

Assess Potential/Risks 
Resource
 
Technical 
Economic/Financial 

Institutional/Policy
Institutional/Policy

Outline Options 

Project Development/Risk Assumption 

Pre-nvestment Analysis* 

Technical Feasibility Analysis 
System Performance 
System Scale 
Feedstock Supply 
By-product Sales 

Financing Package* 
Captial Financing 
Equity Financing 
Insurance 

Policy Support Initiatives* 
Contract Sanctity 
Power Puchase Agreements 
Power Distribution 

Project Implementation 
Construction 
O&M 
Power Sales
 
Loan Repayment
 

*Role for AA1.D., 



PRE-FEASIBILITY ANALYSIS OFI
 

RICE RESIDUE ENERGY SYSTEMS
 

IN INDONESIA
 

SUMMARY OF RISKS
 



RESOURCE BASE
 

SITUATION 

Husk 

Small average mill capacity (1-T gabah/day) severelyrestricts on-site; 
husk supply 

Cumulative supply of unused husks in many districts is adequate to meet 
small (600 KW) to larger (1.5 MW) rice residue plant needs
 

Low competition for alternative uses (10-25 %)
 

Neglible husk collection network exists
 

Collection from mills by husk users (brickmakers, etc)
 

Straw
 

Adequate straw available in fields, even if 1/2.1eft on field.'
 

Existing cases of field collection extremely limited (pulp mills)
 

Conclusion: 

Collection oi nUSK or.straw manditory [or stand-alone systeigs (1.5 MW 
still likely for integrated systems (600 W) 

Given lower melting point of rice straw, systems sh~ufd not presume
mixed-fuel possibility. 

RISKS 

Establishment of husk collection and transport system-

Collection may lower feedstock_ quality 

.Need consortia of *millsor to identify large governtient mill to rr-eet small 
(600 KW) or lar~er (1.5 MW) power plant husk deman" 



'-TECHNICAL
 

SITUATION 

U.S. commercial rice residue power systems range from. 10-24 ,MW, p1i0 
systems of 600 KW for steam heat producton 

Due to average mi" o I T gabah/hr in Indonesia, current scale of,
U.S. rice residue powk rstems too large for most mills 

Conclusion:
 

Downsizing of U.S.commercial power systems necessary
 

RISKS 

New smaller systems will require commercial demonstration 

U.S. manufacturers will need to explore local manufacturing 

Quality of ash may change with dowscaling and husk collection 



.0ONOMiJC' 

SITUATION 

Models developed for 600 KW and 1.5 MW systems 

Essential to financial feasibility are: 

Ash sales/market 

Operating days/load factor 

Electricity .price 

Husk price 

Fincancing terms (interest rate, discount rate) and capital, costs 

:onclusion: 

Pre-feasibility models indicate smaller scale system (600 KW) has 
lower unit costs and greater competitive range than larger system
(1-5 MW) 

Economics of the systems revolve arouno market ior asn, size oj
plant, operating days and electricity price 

Ash market must be assured 

Husk transport network must be feasibile,
 

Guaranteed electricity prices- pay or take contract
 

Financing terms must be reasonable, below average market: rates for'
 
larger system
 

Demand must exist for adequateoperating-days ..
 



ELECTRICITY PRODUCTION COSTS 
600 KW AND 1.5 MW SYSTEMS 
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NET PRESENT VALUES 
600 KW AND 1.5 MW SYSTEMS 
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ELECTRICITY F ODUCTION CORTS BY ASH PRICE 
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ELECTRICITY PRODUCTION COSTS BY ANNUAL OPERATING DAYS 
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FINANCIAL 

SITUATION, 

Local investors require extremely short payback periods (6 mos to'l Iyear)' 

High returns are required, 16-24 % prime rates of return 

Tax and legal policies discourage private investment 

Limited local equity available 

Economy suffered from loss oil revenues, major 1986 devaluation 

RISKS-

Investors will require short loan periods 

Low loan rates are necessary to attract local investors 

Private sector investments, joint ventures need greater support from. the : 

government 



POLICY and INSTITUTIONAL; 

SITUATION 

Rice 

Current policies encourage small mills (I T/hr)for rural job 
generation, income benefits and national food spply stability 

Electricity 

Over 50% total electricity production comes from captive power 
generation 

New 1985 Law allows private sale of electricity 

Few cases of private power sales exist 

RISKS, 

Either large mills must be identified to produce captive power or 
small mills must form consortiums for power generation 

Private power sale laws and guidelines must be better established 
and Dromoted 
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EXECUTIVE SUMMARY
 

This report responds to a Congressional request for an assessment of "appropriateincentives for private sector participation and the feasibility of an Energy GuarantyProgram modeled on M.D.'s Housing Guaranty Program." Of specific interest to theCongress, and consequently of this report, is the possible role that A.I.D. might play infacilitating developing country private-power projects: projects developed, owned andpossibly operated by the private sector. 

Interest in private power is proceeding rapidly. Pakistan, the Philippines, Indonesia,Jamaica, the Dominican Republic, Costa Rica, Brazil, Turkey, and other countries areformulating, and in some cases, implementing private-power policies. This introductionof private-market forces into what has traditionally been an exclusive government

domain offers two much needed benefits:
 

competition and its resultant more efficient management, both within
 power facilities and more generally within the power sector, and 
the mobilization of private capital to augment scarce public resources
for needed power development. (page 1) 

Despite the clear advantages of private participation in electrical power developmentand the expressed interest of private firms and developing countries, to date no private­power generation projects are yet firmly committed. Numerous barriers havediscouraged or prohibited private investment in the power sectors of developing
countries. 
These include the following: 

• institutional and policy barriers,
 

* 
 weak domestic economies, 

* political risk,
 

, technical risk,
 

* financial risk. (page 2) 
To overcome these barriers a range of U.S. and host-country government policyinitiatives are needed. Currently, neither A.I.D., nor any other U.S. agency, has specificprograms devoted solely to private power projects. AI.D. has, however, devotedconsiderable resources to the subject through its development assistance and economicsupport programs to provide technical assistance, policy studies and conferences, as wellas prefeasibility and feasibility studies. Some of these have been carried out in 



ii 

collaboration with other agencies, especially with the Trade and Development Program
and with the Department of Energy. Other U.S. programs are provided by theOverseas Private Investment Corporation, the International Trade Administration, theDepartment of State, and the Export-Import Bank of the United States. (page 5) 
Multilateral development institutions, such as the World Bank, the InternationalFinance Corporation, the Asian Development Bank, the Inter American Development
Bank also provide limited amount of technical and feasibility study assistance. Thesemultilateral development institutions are currently exploring innovative ways tofacilitate private investment in the power sectors of developing countries. (page 6) 

Existing U.S. programs share a number of Umitations: amidst competing prioritiesthere is a lack of clear policy direction as to the priority of encouraging privateinvestment in developing country power projects, limited staff and financial resources are available for the task, and except in the renewable energy area, limited coordination
exists among federal programs and with multilateral programs. 

OPTIONS TO INCREASE PRIVATE PARTICIPATION 

Since mobilizing market forces to foster economic growth is a major objective of A.I.D.and since U.S. industry is a world leader in electric power, the Agency has a clearopportunity to accelerate this private-sector movement. Based on the status of privateparticipation in the power sectors of developing countries, the Agency challenge is toimprove the policy climate for private investment, facilitate actual project development,provide necessary training, and coordinate a well targeted U.S. government effort toaccelerate private-power development. The goal of this effort should be to establish alimited number of successful pilot investment projects in A.I.D.-assisted countries that can serve as models for future investments on a broader scale. 

Options available to A.I.D to accomplish this goal are the following: 

Improve the Policy and Institutional Climate for Private Investment 

Option 1: Country-Specific Private-Power Strategies 

To help create more favorable investment environments for private power indeveloping countries, A.I.D. could develop a detailed "private-sector powerdevelopment strategy" on a county-by-country basis to identify needed policychanges, to examine private-power opportunities and to identify potential
private-sector parties interested in power projects. (page 11) 



Facilitate Project Development 

Option 2: Private-Power Data Base 
The Agency could develop a Private-Power Data Base to track specific projectopportunities and to provide information to developers, other private parties andto other U.S. agencies involved in private-power development. (page 16) 

Option 3: Definitional Missions and Trade Conferences 
In collaboration with TDP and Commerce, A.I.D. could increase the number ofdefinitional missions to countries that have favorable policies for private
participation. (page 17) 

Option 4: Private-Power Investment Promotion Program 
Modeled in part on the Investment Promotion Office in Egypt, A.I.D. could
establish this program to assist companies on targeted projects to obtain
information and technical assistance on potential market opportunities,government policies, and regulations, business assistance programs and contactsin developing countries. (page 19) 

Option 5: Private-Power Feasibility Study Program 
In collaboration with TDP and other U.S. agencies, the Agency could establish
an expanded Private-Power Feasibility Study Program using formal and informal
solicitation mechanisms and targeted toward technologies where the U.S. private
sector has a competitive edge. (page 23)
 

Option 6: Innovative Technology and Environmental Assessment Prograni 
This option would provide resources for assessments of innovative energytechnologies that are applicable to private-power projects and for assessments ofthe environmental effects of projects to minimize adverse impacts. (page 24) 

Option 7: Energy Loan Guarantee Program 

Under this option the Agency would provide a full guarantee against default onloans made by private U.S. financial institutions to finance private-powerprojects either through the host country government or utility (Housing 
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Giaranty Model) or directly to private developers (E'ximbank Loan Guarantee 
m idel). (page 33) 

Option 8: Direct Energy Loan Program 

Under this option the Agency would provide direct loans to private sector firmsfor private-power projects in developing countries, either directly or throughfinancial intermediaries. (page 36) 

Option 9: Energy Grant and Export Credit Program 
This option would build upon existing legislative and regulatory authority tocombine A.I.D. grant and export credit funds with Eximbank "war chest" fundsfor more affirmative government action for international procurements whereU.S. companies are competing with firms from other countries. (page 37) 

Option 10: Energy Equity Program 

This option would use U.S. funds as equity or to guarantee equity funds forprivate-power projects in developing countries through any of four mechanisms:venture capital loans, direct equity purchase programs, equity guaranteeprograms or direct equity grants. (page 39) 

Option 11: Negotiation Advisory Team 
The Agency, under this option, would create a pool of technical consultants thatcould provide assistance to the parties in private-power contract negotiations.
(page 42) 

Provide Training on Private-Power Development 

Option 12: Private-Power Training Program 
A.I.D. would create a Private-Power Training Program targeted towardgovernment officials, state utility officials and businessmen from developingcountries and toward businessmen in the U.S. power industry. (page 45) 



Coordinate and Target U.S. Government Efforts 

Option 13: Private-Power Task Force 

A special Private-Power Task Force under the leadership of A.I.D. would beestablished to develop a coordinated approach to the private-power potential indeveloping countries. It would develop a coordinated, targeted interagency
initiative for the promotion and implementation of private-power projects in
developing countries. (page 49)
 

Option 14: Integration of U.S. Trade and Aid Policy 

Through the Private-Power Task Force, A.I.D. would initiate a clarification oftrade and aid policies of the U.S. government as they relate to private-power
generation in developing countries. (page 52) 

Option 15: Private-Power Pilot Program 

Under the auspices of the Private-Power Task Force, a Private-Power PilotProgram would be set up to concentrate U.S. government resources on a fewtargeted projects where there is a favorable policy and institutional environmentand where specific projects are being proposed or negotiated. (page 54) 
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This report responds to a Congressional request for an assessment of "appropriateincentives for private sector participation and the feasibility of an Energy GuarantyProgram modeled on A.I.D.'s Housing Guaranty Program." Of specific interest to theCongress, and consequently of this report, is the possible role that A.I.D. might play infacilitating developing country private-power projects: projects developed, owned andpossibly operated by the private sector. 

Interest in private power is proceeding rapidly. Pakistan, the Philippines, Indonesia,Jamaica, the Dominican Republic, Costa Rica, Brazil, Turkey, and other countries areformulating, and in some cases, implementing private-power policies. This introductionof private-market forces into what has traditionally been an exclusive governmentdomain offers two much needed benefits: 

* competition and its resultant more efficient management, both within 
power facilities and more generally within the power sector, and 

* 	 the mobilization of private capital to augment scarce public resources 
for needed power development. (page 1) 

Despite the clear advantages of private participation in electrical power developmentand the expressed interest of private firms and developing countries, to date no private­
power generation projects are yet firmly comniwted. Numerous barriers havediscouraged or prohibited private investment in the power sectors of developing

countries. These include the following:
 

• 	 institutional and policy barriers, 

0 	 weak domestic economies, 

0 	 political risk, 

* 	 technical risk, 

* 	 financial risk. (page 2) 
To 	overcome these barriers a range of U.S. and host-country government policyinitiatives are needed. Currently, neither A.I.D., nor any other U.S. agency, has specificprograms devoted solely to private power projects. A.I.D. has, however, devotedconsiderable resources to the subject through its development assistance and economicsupport programs to provide technical assistance, policy studies and conferences, as wellas prefeasibility and feasibility studies. Some of these have been carried out in 
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collaboration with other agencies, especially with the Trade and Development Programand with the Department of Energy. Other U.S. programs are provided by the
Overseas Private Investment Corporation, the International Trade Administration, the
Department of State, and the Export-Import Bank of the United States. (page 5) 

Multilateral development institutions, such as the World Bank, the International
Finance Corporation, the Asian Development Bank, the Inter American Development
Bank also provide limited amount of technical and feasibility study assistance. These
multilateral development institutions are currently exploring innovative ways tofacilitate private investment in the power sectors of developing countries. (page 6) 

Existing U.S. programs share a number of limitations: amidst competing priorities
there is a lack of clear policy direction as to the priority of encouraging private
investment in developing country power projects, limited staff and financial resources 
are available for the task, and except in the renewable energy area, limited coordination 
exists among federal programs and with multilateral programs. 

OPTIONS TO INCREASE PRIVATE PARTICIPATION 

Since mobilizing market forces to foster economic growth is a major objective of A.I.D.
and since U.S. industry is a world leader in electric power, the Agency has a clearopportunity to accelerate this private-sector movement. Based on the status of private
participation in the power sectors of developing countries, the Agency challenge is toimprove the policy climate for private investment, facilitate actual project development,
provide necessary training, and coordinate a well targeted U.S. government effort to
accelerate private-power development. The goal of this effort should be to establish alimited number of successful pilot investment projects in A.I.D.-assisted countries that 
can serve as models for future investments on a broader scale. 

Options available to A.I.D to accomplish this goal are the following: 

Improve the Policy and Institutional Climate for Private Investment 

Option 1: Country-Specific Private-Power Strategies 

To help create more favorable investment environments for private power in
developing countries, A.I.D. could develop a detailed "private-sector power
development strategy" on a county-by-country basis to identify needed policy
changes, to examine private-power opportunities and to identify potential
private-sector parties interested in power projects. (page 11) 



Facilitate Project Development 

Option 2: Private-Power Data Base 

The Agency could develop a Private-Power Data Base to track specific projectopportunities and to provide information to developers, other private parties andto other U.S. agencies involved in private-power development. (page 16) 

Option 3: Definitional Missions and Trade Conferences 

In collaboration with TDP and Commerce, A.I.D. could increase the number ofdefinitional missions to countries that have favorable policies for private
participation. (page 17) 

Option 4: Private-Power Investment Promotion Program 

Modeled in part on the Investment Promotion Office in Egypt, A.I.D. couldestablish this program to assist companies on targeted projects to obtaininformation and technical assistance on potential market opportunities,government policies, and regulations, business assistance programs and contacts
in developing countries. (page 19) 

Option 5: Private-Power Feasibility Study Program 

In collaboration with TDP and other U.S. agencies, the Agency could establish
an expanded Private-Power Feasibility Study Program using formal and informal
solicitation mechanisms and targeted toward technologies where the U.S. private
sector has a competitive edge. (page 23)
 

Option 6: Innovative Technology and Environmental Assessment Program 

This option would provide resources for assessments of innovative energytechnologies that are applicable to private-power projects and for assessments ofthe environmental effects of projects to minimize adverse impacts. (page 24) 

.Option 7: Energy Loan Guarantee Program 

Under this option the Agency would provide a full guarantee against default onloans made by private U.S. financial institutions to finance private-powerprojects either through the host country government or utility (Housing 
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Guaranty Model) or directly to private developers (Eximbank Loan Guaranteemodel). (page 33) 

Option 8: Direct Energy Loan Program 
Ur.der this option the Agency would provide direct loans to private sector firmsfor private-power projects in developing countries, either directly or throughfinancial intermediaries. (page 36) 

Option 9: Energy Grant and Export Credit Program 

This option would build upon existing legislative and regulatory authority tocombine A.I.D. grant and export credit funds with Eximbank 'war chest" fundsfor more affirmative government action for international procurements whereU.S. companies are competing with firms from other countries. (page 37) 

Option 10: Energy Equity Program 

This option would use U.S. funds as equity or to guarantee equity funds forprivate-power projects in developing countries through any of four mechanisms:
venture capital loans, direct equity purchase programs, equity guarantee
programs or direct equity grants. (page 39) 

Option 11: Negotiation Advisory Team 

The Agency, under this option, would create a pool of technical consultants thatcould provide assistance to the parties in private-power contract negotiations.
(page 42) 

Provide Training on Private-Power Development 

Option 12: Private-Power Training Program 
A.I.D. would create a Private-Power Training Program targeted towardgovernment officials, state utility officials and businessmen from developingcountries and toward businessmen in the U.S. power industry. (page 45) 



Coordinate and Target U.S. Government Efforts 

Option 13: Private-Power Task Force 

A special Private-Power Task Force under the leadership of A.I.D. would beestablished to develop a coordinated approach to the private-power potential indeveloping countries. It would develop a coordinated, targeted interagency
initiative for the promotion and implementation of private-power projects in

developing countries. (page 49)
 

Option 14: Integration of US. Trade and Aid Policy 

Through the Private-Power Task Force, A.I.D. would initiate a clarification oftrade and aid policies of the U.S. government as they relate to private-power
generation in developing countries. (page 52) 

Option 15: Private-Power -Iot Program 

Under the auspices of the Private-Power Task Force, a Private-Power PilotProgram would be set up to concentrate U.S. government resources on a fewtargeted projects where there is a favorable policy and institutional environmentand where specific projects are being proposed or negotiated. (page 54) 
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This report responds to a Congressional request for an assessment of "appropriateincentives for private sector participation and the feasibility of an Energy GuarantyProgram modeled on A.I.D.'s Housing Guaranty Program." Of specific interest to theCongress, and consequently of this report, is the possible role that A.I.D. might play infacilitating developing country private-power projects: projects developed, owned andpossibly operated by the private sector. 

Interest in private power is proceeding rapidly. Pakistan, the Philippines, Indonesia,Jamaica, the Dominican Republic, Costa Rica, Brazil, Turkey, and other countries areformulating, and in some cases, implementing private-power policies. This introductionof private-market forces into what has traditionally been an exclusive government

domain offers two much needed benefits:
 

* 
 competition and its resultant more efficient management, both within power facilities and more generally within the power sector, and 
* 	 the mobilization of private capital to augment scarce public resources

for needed power development. (page 1) 
Despite the clear advantages of private participation in electrical power developmentand the expressed interest of private firms and developing countries, to date no private­power generation projects are yet firmly committed. Numerous barriers havediscouraged or prohibited private investment in the power sectors of developing
countries. 
These include the following: 

* institutional and policy barriers,
 

* 
 weak domestic economies, 

• 	 political risk, 

* 	 technical risk, 

• financial risk. (page 2) 
To overcome these barriers a range of U.S. and host-country government policyinitiatives are needed. Currently, neither A.I.D., nor any other U.S. agency, has specificprograms devoted solely to private power projects. AI.D. has, however, devotedconsiderable resources to the subject through its development assistance and economicsupport programs to provide technical assistance, policy studies and conferences, as wellas prefeasibility and feasibility studies. Some of these have been carried out in 
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collaboration with other agencies, especially with the Trade and Development Program
and with the Department of Energy. Other U.S. programs are provided by the
Overseas Private Investment Corporation, the International Trade Administration, the
Department of State, and the Export-Import Bank of the United States. (page 5) 

Multilateral development institutions, such as the World Bank, the International
Finance Corporation, the Asian Development Bank, the Inter American Development
Ban: also provide limited amount of technical and feasibility study assistance. These
multilateral development institutions are currently exploring innovative ways to
facilitate private investment in the power sectors of developing countries. (page 6) 

Existing U.S. programs share a number of limitations: amidst competing priorities
there is a lack of clear policy direction as to the priority of encouraging private
investment in developing country power projects, limited staff and financial resources 
are available for the task, and except in the renewable energy area, limited coordination
exists among federal programs and with multilateral programs. 

OPTIONS TO INCREASE PRIVATE PARTICIPATION 

Since mobilizing market forces to foster economic growth is a major objective of A.I.D.
and since U.S. industry is a world leader in electric power, the Agency has a clear
opportunity to accelerate this private-sector movement. Based on the status of private
participation in the power sectors of developing countries, the Agency challenge is toimprove the policy climate for private investment, facilitate actual project development,
provide necessary training, and coordinate a well targeted U.S. government effort to
accelerate private-power development. The goal of this effort should be to establish alimited number of successful pilot investment projects in A.I.D.-assisted countries that 
can serve as models for future investments on a broader scale. 

Options available to A.I.D to accomplish this goal are the following: 

Improve the Policy and Institutional Climate for Private Investment 

Option 1: Country-Specific Private-Power Strategies 

To help create more favorable investment environments for private power in
developing countries, A.I.D. could develop a detailed "private-sector power
development strategy" on a county-by-country basis to identify needed policy
changes, to examine private-power opportunities and to identify potential
private-sector parties interested in power projects. (page 11) 



Facilitate Project Development 

Option 2: Private-Power Data Base 
The Agency could develop a Private-Power Data Base to track specific projectopportunities and to provide information to developers, other private parties andto other U.S. agencies involved in private-power development. (page 16) 

Option 3: Definitional Missions and Trade Conferences 

In collaboration with TDP and Commerce, A.I.D. could increase the number ofdefinitional missions to countries that have favorable policies for private
participation. (page 17) 

Option 4: Private-Power Investment Promotion Program 
Modeled in part on the Investment Promotion Office in Egypt, A.I.D. could
establish this program to assist companies on targeted projects to obtain
information and technical assistance on potential market opportunities,government policies, and regulations, business assistance programs and contacts
in developing countries. (page 19) 

Option 5: Private-Power Feasibility Study Program 
In collaboration with TDP and other U.S. agencies, the Agency could establish
an expanded Private-Power Feasibility Study Program using formal and informal
solicitation mechanisms and targeted toward technologies where the U.S. private
sector has a competitive edge. (page 23)
 

Option 6: Innovative Technology and Environmental Assessment Program 
This option would provide resources for assessments of innovative energytechnologies that are applicable to private-power projects and for assessments ofthe environmental effects of projects to minimize adverse impacts. (page 24) 

Option 7: Energy Loan Guarantee Program 

Under this option the Agency would provide a full guarantee against default onloans made by private U.S. financial institutions to finance private-powerprojects either through the host country government or utility (Housing 



Guaranty Model) or directly to private developers (F-ximbank Loan Guarantee
model). (page 33) 

Option 8: Direct Energy Loan Program 

Under this option the Agency would provide direct loans to private sector firmsfor private-power projects in developing countries, either directly or throughfinancial intermediaries. (page 36) 

Option 9: Energy Grant and Export Credit Program 
This option would build upon existing legislative and regulatory authority tocombine A.I.D. grant and export credit funds with Eximbank "war chest" fundsfor more affirmative government action for international procurements whereU.S. companies are competing with firms from other countries. (page 37) 

Option 10: Energy Equity Program 

This option would use U.S. funds as equity or to guarantee equity funds forprivate-power projects in developing countries through any of four mechanisms:venture capital loans, direct equity purchase programs, equity guaranteeprograms or direct equity grants. (page 39) 

Option 11: Negotiation Advisory Team 

The Agency, under this option, would create a pool of technical consultants thatcould provide assistance to the parties in private-power contract negotiations.
(page 42) 

Provide Training on Private-Power Development 

Option 12: Private-Power Training Program 
A.I.D. would create a Private-Power Training Program targeted towardgovernment officials, state utility officials and businessmen from developingcountries and toward businessmen in the U.S. power industry. (page 45) 



Coordinate and Target U.S. Government Efforts 

Option 13: Private-Power Task Force 

A special Private-Power Task Force under the leadership of A.I.D. would beestablished to develop a coordinated approach to the private-power potential indeveloping countries. It would develop a coordinated, targeted interagency
initiative for the promotion and implementation of private-power projects in

developing countries. (page 49)
 

Option 14: Integration of U.S. Trade and Aid Policy 

Through the Private-Power Task Force, A.D.would initiate a clarification oftrade and aid policies of the U.S. government as they relate to private-power
generation in developing countries. (page 52) 

Option 15: Private-Power Pilot Program 

Under the auspices of the Private-Power Task Force, a Private-Power PilotProgram would be set up to concentrate U.S. government resources on a fewtargeted projects where there is a favorable policy and institutional environment:and where specific projects are being proposed or negotiated. (page 54) 
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EXECUTIVE SUMMARY 

BACKGROUND 

Recognizing that "energy shortfalls are causing a serious constraint to development in 
over half of all A.I.D.-assisted countries," the Committee on Appropriations of the U.S. 
House of Representatives requested a report from the U.S. Agency for International 
Development on the "magnitude of the :risis, its implications for future economic and 
social development and the potential for U.S. technologies and services to address this 
problem", including an assessment of "appropriate incentives for private sector 
participation...." 

The rapidly accelerating problem of electric power in developing countries is of critical 
importance to the United States. As a key prerequisite for economic development, 
electric power is vital to efforts to improve living standards in the Third World and to 
satisfy the demands of their citizens within a stable political context. Also, the electric 
power market in developing countries provides significant trade opportunities for U.S. 
businesses. 

PURPOSE AND REPORT ORGANIZATION 

In response to the Congressional request, this report highlights the dilemma faced by 
developing countries and seeks to initiate a discussion about potential solutions and the 
appropriate role of the United States foreign assistance program. The specific purpose 
of the report is to assess the magnitude and causes of the present and future power 
problems in developing countries (Chapter 1), to identify the impacts of inadequate 
power supply (Chapter 2), to consider the importance of power development to the 
United States and to U.S. suppliers of goods and services (Chapter 3), and finally to 
provide strategies for power supply improvement and identify the role of the U.S. 
Agency for International Development (Chapter 4). 
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1. ELECTRIC POWER DEMAND AND SUPPLY OUTLOOK 

Unlike recent trends in the United States and some other developed countries, 
consumption of electricity by developing countries is still growiag faster than their 
overall economies. Between 1970 and 1982, electricity consumption in developing

countries increased at an annual growth rate of over 8.6 percent, while the Gross
 
Domestic Product (GDP) grew at 4.6 percent to 5.7 percent per year over the same
 
period. 
Over the past twenty years, the ratio of electricity consumption to income
 
growth was 1.4 to 1.6.
 

Although developing countries contain over 75 percent of the world's population, they 
consume only 18 percent of all electricity produced in the world and have only 19 
percent of all power generation capacity. By comparison, in 1984 the United States had 
an electric power generation capacity of over 630 GW (trillion or "giga"watts), 
compared with 445 GW for all developing countries. 

Per capita consumption of electricity in developing countries is far below that of 
industrialized countries. The average of all developing countries is 500 kWh (dlowatt
hours) per capita per year, and for the lower income, A.I.D.-assisted countries the 
average is only 300 kWH per capita per year. In contrast, per capita electricity
consumption is over 5,000 kWh per year in Western Europe and over 10,000 kWh in the 
United States. In general, over 80 percent of the rural population in developing 
countries does not have access to electricity. 

Causes of the Power Problem 

The fundamental causes of the power problems of developing countries relate to both 
the supply of and the demand for power. Briefly, these are the key issues: 

., fiLt. In most developing countries, current demand exceeds supply 

frequently resulting in unplanned power outages and the necessity for 
industries to devote their resources to installing redundant, onsite 
generating plants. 



BEST AVAILABLE DOCUMENT 
0 High transmission and distribution losses. In many countries, transmission 

and distribution losses from technical inefficiencies and theft are 20 to 30 
percent, compared to 8 percent in developed countries. 

* Inefficient-peration of power plants. Due to improper maintenance and 
operation, power plants in developing countries are available for operation 
only 50-60 percent of the time compared with over 80 percent in the United 
States and other industrialized countries. 

Financial difficulties Of electricity authorities. Although on average 
developing countries devote 25 percent of their public development budgets 
to electric power, electricity authorities in many countries are unable to 
raise, through electricity sales, cross subsidies or borrowing, sufficient capital 
to cover their investment needs. Uneconomic pricing requires substantial 
subsidies from the central governments for their operations. 

Shortage of skilled manpower. Mo t utilities in developing countries have 
been unable to attract and retain a ..afficient number of good managers, 
engineers and technical personnel. 

End-use inefficiencies and lack ofconservation. Both the equipment using 
electricity in developing countries and the manner in which is used are 
highly inefficient. Also, techniques and methods of conserving power have 
not been widely adopted. 

Future Demand for Electric Power. Cuti*izt Trend Scenario 

If current trends in electric power consumption continue at the recent 8.6 percent 
annual growth rate, electricity consumption over the next twenty years in developing 
countries would increase five-fold by the year 2008. This would require the investment 
of $4.79 trillion, or an average over $235 billion per year, compared with the $50-60 
billion being spent currently. Developing countries cannot sustain the financial and 
en7ronmental impacts of such an expansion. 
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Future Demand for Electric Power: Alternative Scenarios 

Recognizing the unsustainability of simply projecting current trends in electric power 
demand, the report analyzes three alternative scenarios of future demand growth. 
These alternative scenarios are intended to illustrate the potential range of future 
outcomes, giving the reader a general order of magnitude rather than a definitive 
estimate of future conditions. The alternative scenarios are based on the high and low 
projections for economic growth in developing countries by the World Bank and on 
rather dramatic reductions in the ratio of electricity consumption to income growth. 

These alternative scenarios assume (1) significant efficiency improvements in existing 
and future power facilities, (2) sharp reductions in transmission and distribution losses, 
and (3) considerable improvement in the end-use efficiency of electricity consuming 
equipment and devices. Under this approach, the ratio of electricity to income growth 
is reduced in stages from its current level of 1.4 down to as low as 0.9 by the year 2000 
and beyond (0.9 isslightly less than the ratio being experienced in the United States 
today). 

These projections suggest that from an existing level of 445 GW of capacity in 
developing countries by the year 2008 generation capacity could increase to between 
1150 GW (an annual growth rate of 3.71 percent) and 2008 GW (an annual growth rate 
of 5.8 percent). These projected growth rates are cousiderably lower than the 7 percent 
per year rate projected by the World Bank for 1985 to 1995 or the 8.6 percent per year 
used in he current trend scenario.. 

Based on these scenarios, the projected financial cost of the new generating capacity 
and its related transmission and distribution facilities would be between $800 billion 
for the low growth scenario and $1.7 trillion for the high growth scenario. If, however, 
no improvements in end-use efficiency, transmission and distribution losses and 
generation plant utilization occurred (i.e. the ratio of electricity consumption to income 
growth was 1.4 from 1988 to 2008, instead o" declining to 0.9 ) the investments required 
would be $1.6 trillion for the low income growth scenario and $3.9 trillion for the high 
income growth scenario! 
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2. THE IMPACT OF ELECTRIC POWER SHORTAGES 

While not sufficient unto itself, the availability of reliable electric power is a key 
component of the infrastructure necessary for economic development in the Third 
World. Expansion of the agricultural and industrial sectors, in particular, depends 
heavily on electricity to perform productive functions. Currently in most developing 
countries, the industrial sector dominates electricity consumption, accounting for over 
60 percent of total electricity use. 

As these nations modernize, electricity use in the commercial and residential sectors is 
rising sharply, and in some countries has outstripped industrial sector consumption. 
Electrical services in the form of lighting, heating, cooling, and labor saving devices add 
to the quality of life and the productivity of individuals and their families and, 
consequently, are in high demand in developing countries. 

Also, most developing countries have adopted aggressive plans for rural electrification 
in an effort to decentralize their populations and to distribute the benefits of economic 
growth and electric services. Electricity has direct benefits in rural areas on health 
through its us in refrigeration of vaccines and food. Electricity also permits the 
introduction of lighting and small-scale, labor saving devices for rural production and 
consumer convenience. These programs are endangered if developing countries cannot 
obtain the financial resources for decentralized, rural electrification. 

Electricity and Economic Development 

Even though power supply capacity in developing countries has increased significantly 
over the past two decades, the demand for electrical services has risen more rapidly. 
Consequently, many developing countries now face critical power shortages of over 10 
percent of their generation capability. In Pakistan, for example, over the past five 
years, power shortages have been over 25 percent of the peak demand. fn India, power 
shortages of over 10 percent are common throughout the country with some states 
experiencing shortages of power of up to 40 percent. 

These power shortages and unmet demands for power result in significant economic 
problems. In Pakistan, for example, load shedding in the industrial sector alone has led 
to a 1.8 percent decrease in Gross Domestic Product and a 4.2 percent decrease in the 
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country's foreign exchange earnings. In India, the current 10 percent average supply cut 
to the industrial sector is estimated to cause an annual production loss of over $6 billion 

equivalent to 12 percent of the country's industrial output. Also, the unreliability of 
power supplies has caused serious losses of agricultural production, especially in those 
areas dependent upon electrical pumps for irrigation. 

Envirnmental Impacts of Electric Power Systems 

A massive expansion of electric power production in developing countries based on 
current trends threatens environmental damage to developed, as well as developing 
countries. Projections of power supply expansion show enormous increases in 
hydropower and steam thermal (mainly coal) facilities. Large-scale hydropower plants 
often require the relocation of sizeable populations and permanent alteration of river 
basin ecosystems. Coal-fired power generation has historically been associated with the 
emissions of particulate materials, sulfur dioxide, oxides of nitrogen and other 
pollutants from related mining, cleaning, generating and storage operations. The 
specter of global climatic change looms over any substantial expansion of coal burning 
plants. Shifts in climatic zones, a rise in atmospheric temperature, a rise in sea level 
and other disruptive impacts may result from growing concentrations of carbon dioxide 
and other by products oi fossil fuel use. 

Systematic planning, conservation and utilization of new technologies offer 
opportunities to significantly mitigate the massive environmental impacts anticipated 
by following the current trends that concentrate primarily on the expansion of 
generating capacity. 

Financial Dilemma 

Developing countries, due to inadequate economic growth rates and substantial debt 
burdens, clearly lack the financial resources needed to satisfy the $4.79 trillion demand. 
projected under the current trend scenario. 

To achieve the significant growth in their power sectors experienced to date, the 
developing countries have had to devote an average of 25 percent of their capital 
improvement budgets to the electrical power sector. Further proportional increases in 
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the power-sector budget are unlikely since they are likely to cause negative impacts on
other important sectors, such as health care services, education, and transportation.

Already the poorer developing countries spend S8 per capita annually on power for
 
every dollar spent on education or health. 

Under the alternative scenarios, even with significant conservation measures,

developing countries will require roughly $800 billion to $1.7 trillion in additional
 
capital for power sector investment in new generating capacity and related transmission 
and distribution equipment over the next 20 years -- an average of $40-85 billion per
 
year. This does not include any expenditures on rehabilitating or replacing existing
 
power plants or on conservation measures.
 

The report projects that multilateral and bilateral development agencies can be

expected to provide, by the year 2008, from 20 to 40 percent of the needed capital for
 
the alternative scenarios. The report assumes that through pricing and operational

reforms the electric utilities and central governments could raise an additional 20 
percent of thc required capital from domestic revenues. Given the withdrawal of 
private financial institutions from the international lending market and given,that their 
participation in power sector lending usually requires significant guarantees by the 
borrowing country or other third party, no projection was made for their future 
participation, although some level of participation can be expected on a caze by case 
basis. 

Combining external and internal capital flows still leaves a substantial shortfall of 
funds -- $350 hlion for the low growth scenario and $1,065 billion for the high growth 
scenario -- needed for new generating capacity. 

3. IMPORTANCE OF THIRD WORLD POWER DEVELOPMENT TO THE,
UNITED STATES 

The power situation in developing countries directly concerns the United States in 
several ways: 

Foremost is a humanitarian concern foi the living conditions of people in 
these countries, their employment opportunities, and prospects for achieving 
sustainable economic development. 

1."
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As an essential ingredient for economic growth, sufficient supply and 
efficient use of electric power is critical in the efforts of the U.S. to 
encourage developing countries to shift from aid recipients to trading 
partners. 

Power shortages that have induced public demonstrations and riots have 
sociopolitical implications affecting the stability of governments and their 
ability to respond to citizen needs. 

The power market in developing countries provides a major opportunity for 
U.S.suppliers of equipment and services to increase their export sales. 

Importance for U.S. Trade 

The Committee on Appropriations specifically asked for an analysis of the potential for
U.S. technologies and services to address the power problems of developing countries. 
The report projects the total export market for power generation, transmission and 
distribution equipment and related services to range from $367 to $908 billion over the 
next twenty years, depending on the growth scenario. The largest equipment
submarkets will be for boilers, steam turbines, and hydroturbines; the largest service 
submarkets will be in construction and project management. 

The competitiveness of U.S. suppliers in the power industry, however, has dramatically
declined in recent years. U.S. exports now represent less than 10 percent of the total 
power generation exports to developing countries, down from 17 percent just 5 year ago
and down from over 20 percent in the late 1970's. With the inclusion of transmission 
and distribution equipment, total U.S. power industry exports to developing countries 
are currently below the $2 billion mark, compared with Japanese exports to developing 
countries of S3.7 billion. 

If current trends persist, the U.S. share of developing country power market sales will 
be limited to about 5 percent of the estimated export potential through the end of the 
century. Reversing the trend is possible if incentives can be developed to assist U.S. 
suppliers. Also, because of a weakened dollar, U.S. products are becoming more 
competitive with equipment sold by European and Japanese manufzh.turers. The 
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restricted availability of export financing for U.S. companies, however, remains a
 
problem.
 

The U.S. position could also be improved by targeting incentives toward those
 
technologies and services where U.S. suppliers have a competitive edge, such as high­
temperature gas turbines, coal emission control, atmospheric fluidized-bed boiler 
systems, transmission and distribution equipment, conservation equipment and service.,
and end-use efficient electrical equipment and devices. Furthermore, US. has an edge
in project management services and in independent power production through
renewable and cogeneration technologies due to our recent domestic experience with 
these under the Public Utility Reform and Pricing Act (PURPA). 

If the declining trend in market share is reversed, the report projects that U.S. 
suppliers could secure 8 percent of the export market through the year 2008, or from 
$46.4 to $62 billion. 

4. STRATEGIES FOR POWER SUPPLY IMPROVEMENT 

Given that the traditional approach to electric power shortages, i.e. expansion of 
generating capacity, is not sustainable, what strategies can developing countries pursue? 

Policy Approaches 

Policy reforms can play a major role in improving the quality of electricit sup ly,
increasing the efficiency of electricity use, and alleviating adverse environmental 
impacts. 

Pricig.Pjol. Electricity prices in many developing countries are 
administered prices fixed by the government to achieve sociopolitical and 
equity, as well as,economic objectives. Consequently, artificially low 
electricity prices result in excessive and wasteful consumption patterns. 
Developing countries need to find politically acceptable approaches to 
raising prices to reflect the true capital.and operational costs of supply. 

Energy Conservation Poi. Few developing countries have adequately
considered the substantial impact that enacting energy conservation policies 
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and strategies can have on providing additional power while reducing the 
need for expensive new generating capacity. Conservation policies on the 
generation, transmission, distribution and end-use of electricity should be 
developed and enacted. 

Private-Sector Participation Policy. In almost all developing countries the 
private sector plays little or no role in the power sector. Policies to increase 
private-sector participation can inject much needed competition, 
appropriate pricing, efficient management, and private financial investment, 

* 	 Environmental Poliy. Developing countries will have to confront the 
critical issue of environmental degradation resulting from activities in the 
power sector. Explicit policies for environmental protection should be 
adopted that set forth goals for environmental protection and enhancement, 
and procedures for evaluating impact and weighing trade offs. 

Institutional Approaches 

Existing institutional structures in most developing countries are not well matched t(
the present and future power situation, which will require innovative approaches, an 
emphasis on conservation, involvement of the private sector and more efficient 
operation. Approaches to institutional development in developing countries will be. 
needed in the following areas: 

Utility management improvements. System planning should recognize the 
importance of adequate training and staff development, and of rational 
management objectives based on efficiency and productivity. 

Privatizationof parastatalutility functios. Privatization of existing and 
future generating, transmission and distribution activities offer opportunities 
for significant improvements. 

Researchand development. The use of innovative, environmentally 
acceptable technologies will require an'indigenous capacity for research and ; 

development. 



. Strengthening power-sector financing institutions,. Given the shortage of 
capital, attention should be paid to developing specialized, domestic and 
foreign sources of financing for the power sector. 

* Strengthening. institutions relate-d tooseain and end-use efficiency.Within the context of a national energy conservation policy, developing
countries need to establish an integrated approach combining engineering, 
management and financial aspects of electricity conservation and en.j-use 
efficiency. 

Technologpical Approaches 

Increasing efficiency and power output can be achieved by technological improvements. 
in the power sector, as discussed below: 

* Power plantperformance improvement. Significant improvements in the 
order of magnitude of 10 percent in power plant performance can be
accomplished through cost effective plant rehabilitation and improved 
operation. 

* Transmissionand dstributionlossreduction. Technical fixes, which do not 
require advanced technologies, and attention to the theft problem can 
significantly reduce transmission and distribution losses at relatively 
insignificant expense. 

End-use efflciency improvement. The introduction of recent improvements
in motors, lighting, air conditioning and refrigeration can, it is estimated,
reduce end use consumption of electricity by up to 30 percent. 

L 
 . In developing countries where peak demand grows at
considerably faster rates than average load, load management -- reduction 
of peak loads, development of off-peak loads and the transfer of loads from 
on-peak to off-peak periods --presents an attractive opportunity for
 
reducing the need for additional generating capacity.
 

*C..genration. Combining the generation of thermal energy and electricity
allows industrial and large commercial users to use the waste heat from 



power generation for process or other thermal needs and reduce their total 
-energy costs. 

NeW generation technologis. There are a wide variety of conventional and
nonconventional generation technologies that can be used in developing
countries to reduce environmental impacts, to utilize indigenous fuel 
resources and to use renewable resources. 

Private-Sector Approaches 

Directly involving the private sector in the power development of Third World
countries offers promising solutions to solving the power problems. The private sector
has greater incentive and ability than the public sector to manage and operate
efficiently and productively. Also, the private sector has potential access to private 
sources of financing that are unavailable to the state-owned utilities. In the limited

instances where private companies are generating and selling power in developing

countries, there is clear evidence of their greater efficiency and reliability. 

Impact on Power Sector Expansion Requirements 

To assess the impact of nongeneration approaches to the power-sector problem, the 
report analyzes specific, achievable performance goals for electric utilities and
electricity consumers in developing countries. It appears quite feasible to achieve the 
following: 

10-20 percent improvement in plant capacity; 

Reducing transmission and distribution losses from 25 percent to 15-20 
percent; and 

Improving the end-use efficiency of electrical equipment and devices by 20­
30 percent. 

Incontrast to the current trend projection discussed in earlier, the alternative scenarios
.hat emphasize conservation can reduce the need for additional generation capacity to 
[,000 to 1,760 GW. 
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Role of A.I.D. In Alleviating Power Shortages 

The U.S. Agency for International Development should play a pivotal role in assisting
developing countries to alleviate their electric power problems. Building upon its 
extensive experience, the Agency can make substantial contributions in the following 
areas: 

Policy Dialogue 

" Pr ii . A.I.D. should focus its activities to induce pricing reform 
policies that reduce or eliminate uneconomic pricing and alleviate current 
and future demands for power. 

* Consration . A.I.D. should assist developing countries to develop
and implement national energy conservation plans that address generation, 
transmission and distribution, and end-use consumption of power. 

Private-se r . A.I.D. should expand its current efforts to encourage
the implementation of policies and practices that assist private-sector 
participation in the power sector. 

Environental polio. A.I.D. should assist developing countries to develop,
adopt and implement systematic policies, standards and practices for 
environmental management for power-sector activities. 

Institutional Improvements 

A.I.D., through the technical expertise it has available and the its proven ability to
provide effective training, should focus particular attention to improving the electric 
utility institutions in developing countries. The Agency should concentrate its resources 
on the following: 

* Improving utility management 

, Assisting in privatization of parastatal utility functions 

Supporting research and development 
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Strengthening power-sector financing institutions 

Assisting institutions involved with conservation and end-use efficiency 
improvements 

Technology Transfer 

A.I.D. should take the lead in coordinating federal activities to promote technology
options in which U.S. businesses have special capabilities, such as power plant

rehabilitation, transmission and distribution loss reduction, load management,

cogeneration, conservation and end-use efficiency improvement, and environmental 
controls. 

Private-Sector Development 

A.I.D. should pursue various strategies to induce private-sector participation in the 
power sectors of developing countries. These are briefly outlined in this report and 
more fully discussed in the companion report on "Options to Increase Private
Participation in Electric Power Development in A.I.D.-Assisted Countries." Initially,
A.I.D. should focus on removing the policy and institutional barriers to private-sector
participation in the power sector and on assisting the implementation of a limited 
number of potential projects to provide some actual experience with this innovative 
approach. 

9'*1
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AGRILECTRIC 
POWER 

"CONVERTING RICE HUSKS TO ENERGY,.
 



The Powell Group Headquarters, Lake Charles, Louisiana 

Some fatherly advice offered to his son in an 18go letter marked the beginnings of greatopportunities
for some men of vision. The result of these visions, The Powell Group, through its family
management and leadership, continues to thrive as it approaches its second century in business. 
From humble beginnings as a grocery and dry goods firm, The Powell Group has continued its 
growth and diversification to become the multifaceted operation it is today.

Headquartered in Lake Charles, Louisiana, U.S.A., The Powell Group is composed of a 
number of related corporations and partnerships. Agrilectric Power is just one of several 
affiliated companies that make up The Powell Group. All of these entities work in a coordinated 
effort to maximize their achievements. 

" 	Farmers Rice Milling Company, Inc. is one of the five (5) largest white rice mills 
in 	the world on a throughput basis, and is capable of producing over 800,000,000 
pounds of rice a year. 

* 	 Powell Lumber Company and its affiliated land-holding companies (W.G. Ragley

Lumber Company, American Sulphur and Oil Company of Louisiana, Hayes

Lumber Company, and Kelly, Weber & Company, Inc.) have continued to manage

their timberlands, and have developed considerable rice and soybean farming

activities on those lands where suitable. The Powell Group annually markets five (5) 
to ten (10) million board feet of pine sawtimber and several million feet of 
hardwood sawtimber, along with poles, piling, and pulpwood. 

* 	 Farmers Land and Canal Company operates a rice, irrigation, soybean, and
 
cattle farming operation on 14,000 acres of land.
 

* 	 W-K-N Real Estate actively subdiviaes and develops urbanized land belonging to
 
The Powell Group.
 

As operations have expanded, The Powell Group has added to its management strength with 
a combination of advancement from within, attracting talented people from other organizations, (V 
and aggressive college recruiting. 



Agrilectric, Lake CharlesFacility 

Agrilectric Power, of La':e Charles, Louisiana, U.S.A., an 
affiliate of The Powell Group, has designed and built an 11.5 
megawatt power plant that generates electricity from rice husks. 
The plant has successfully operated in conjunction with Farmers 
Rice Milling Company since 1984. Using only rice husks for 
fuel, this Southwest Louisiana facility is the first commercially 

operated rice husk fueled power plant of its kind. 
Agrilectric Power's experience and no-nonsense 

approach in turning husks-to-energy are bringing new life to 
the rice growing regions of the world. Through determination 

and innovative engineering, Agrilectric has taken a waste product
and converted it to a usable energy source to supply low cost 
electricity to agricultural nations. 

In addition to supplying its own internal power needs, 
Agrilectric sells the excess production (approximately 84%) to 
the public utility grid. This cost effective means of producing

electricity can supply the needs of the most rural of the third world countries, or 
enhance the energy climate existing in the most advanced nations. 

The engineers at Agrilectric knew the potential of taking a waste product from
the rice milling industry and converting it into saleable energy. The potential is now 

unlimited. With proven technology and operating experience, Agrilectric Power is 
seeking opportunities for joint ventures or turn key projects with progressive, aggressive

partners, to build and operate rice husk fueled power plants in your area or country. 



Historically, rice husks have been a liability to the 
rice industry. Transportation, disposal, and handling of 
rice husks have plagued the industry for years. Added 
to these ever increasing costs and logistical problems are 
the environmental regulations regarding dumping and 
dust control. As these laws change, the problem of 
handling rice husks will only become more complex. 

The experts at Agrilectric Power were cognizant of
what a rice husk-fueled power plant would mean to the 
rice growing regions of the world.By converting rice
husks to energy, steam, or electricity, Agrilectric has 
now transformed a liability into an asset by taking a fuel 
source that is both available and renewable in almost 
every country in the world and transforming it into 
saleable energy ...energy that will be the engine for 
growth and economic development. 

Energy from Rice Husks 

By burning the 	waste husks, Agrilectric has o-vercome an , Atr La.,rU/tc.,*

environmental nuisance often associated with rice 
processing. For its innovation in burning process wastes, I 
Agrilectric earned Power Magazine's 1985 Environmental 
Protection Award. 

EntironmentallySound 

-After the husks are 
burned, the resultant 
ash can be sold, 
thereby generating 

' 	 even more revenue.f# I!" .The 	 export potential 

for the ash is 
unlimited. The ash, 
which is 94% silica, 

--. 	 has value to the steel 
industry and 
refractory 
manufacturers for its_, 
insulating properties. 

W t 	 t. 

Waste to Ener'gy to Saleable By.Product 
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State of the Art Computerized Control Center 

RELIABILITY 
Many people are amazed to learn that Agrilectric has proven plant reliability that 

exceeds most generating stations ...97% synchronization with the power company in 
1986 (See chart). This reliability translates into hard cash profits: 

* Efficient disposal of agricultural waste
 
" Low cost power for in-plant consumption
 
• Potentially lucrative steam contracts 
* Revenue from the electric utility 
* Domestic and/or export sales of ash 

FLEXIBILITY 
The flexibility of alternative fuels, such as rice straw, bagasse, sawdust, and various 

other biomass materials, assures not only a good return on investment, but also provides 
an investment in a country's future growth. 

You may prefer to have a small power plant at your mill. Several mills, cooperatives, 
or farms may prefer to pool husks and straw to fuel a large plant that will electrify whole 
regions of an area or nation. 

State-of-the-art automation permits a small plant staff. Conversely, should manpower
be inexpensive, employment for many can be designed into operational programs. 

In addition to electricity and ash products, your plant can be designed to extract 
steam for process purposes. Food processing and parboil plants then become additional 
options for profit centers. 

Plants can range in size from 1 megawatt up to 29 megawatts ... enough power to 
electrify a small citv. 
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Cogen plant bums rice hulls,
 
avoids waste-disposal problem
 
Agrilectric Power Partners eliminates the environmental nuisance of smoldering rice 

hulls inlandfills. It operates year-round on its own supply and outside surplus 

Food producers 
have a unique en-
vironmental prob-
lem when dealing 
with the disposal 
of agricultural 
wastes and process 

byproducts: Profitable, yet environmen-
tally sound methods are scarce. The ad-
vent ofthe Public Utility Regulatory Poli-
cies Act (Purpa) has dramatically changed 
disposal practices for many food proces-
sors by providing incentives to use the 
waste products as fuel for electricity pro-
duction-kilowatts that Purpa requires 
the local utility to purchase, 

The first small-power-production facil-
ity designed to operate on rice hulls 
reportedly is the 10.6-MW plant owned 
by Agrilectric Power Partners Ltd, Lake 
Charles, La (Fig 1). The limited partner-
ship (not a third-party tax shelter) was 

I 

formed by the management of the Powell 
Group, a consortium with lumber, rice, 
soybean, and other business interests in 
the Louisiana/Texas area. The Powell 
Group owns the Farmers Rice Milling 
Co, one of the 10 largest rice mills in the 
world on a throughput basis, and Agrilect­
ric's source of hulls. 

By burning the waste hulls, Agrilectric 
is confronting an environmental nuisance 
often associated with rice processing. The 
rice hulls that are not burned, which rep-
resen 20% of the harvested rice by 
weight, normally are run through a ham- 
mermill to increase their bulk density 
from 10 to 12 lb/ft3 to 20 lb/ft3. Disposal 
involves spreading or piling them on land 
adjacent to the mill. The hulls often 
smolder in the fields, like mine tailings 
from coal production, creating contin-
uous, uncontrolled burning. Installation 
of its rice-hull-burning, electric-generat-

i! : .... 

ing plant has helped Agrilectric avoid the 
costs associated with landfilling and dis­
posal, as well as the environmental prob­
lems. For its innovation in burning pro­
cess wastes Agrilectric earns POwER'S 
1985 Environmental Piotection Award. 

Fuel quality, availability 
While the use ofrice hulls for fuel is not 

a new idea, producing electricit, from 
them is. Most prior experience with burn­
ing hulls has been limited to producing 
steam for parboiling rice (a process in 
which the unhulled rice is heated to mend 
grains broken during harvesting, thereby 
making a more saleable product). 

Hulls essentially are a mixture ofcellu­
lose and silica; as they come from the 
mill, hulls contain about 8-10% moisture 
and have a heating value of about 6200 
Btu/lb (Table I). 

A major consideration in planning any 

- , iP . 

1.Agrilectric's powerplant burns rice hulls from its own process and buys other producers' surplus for continuous operation 
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4.Boiler plant controls represent the 
latest inindustrial-grade technology 

Table 1: Proximate analysis
of rice hulls 

As-re-
Constituent ceived Dry basis 
Moisture, % 8.18 -
Ash, % 
Volatile matter, % 

18.44
59.93 

20.09
65.27 

Fixed carbon, % 13.45 14.64 
Heating value,

Btu/lb 6202 6755* 
8452 

Table 2: Typical analysis
of rice-hull ash 

Constituent Concentration, % 
Silicon dioxide 92.0 
Magnesium oxide 2.0 
Manganese oxide 0.2 
iron oxide 0.1 
Calcium oxide 0.1 
Barium oxide 0.04 
Potassium oxide 0.02 
Aluminum oxide 0.01 
Sodium oxide 0.01 
Copper oxide <0.01 
Nickel oxide -I&.01 
Carbon (average) 2.5 
Moisture (maximum) 3.0 
Bulk density, lb/ft3 17-22 

2. Biower/venturl
 
arrangement (left)
 
is being considered
 
for moving hulls
 
from bin to boiler
 
because of fan
 
wear problems
 

3. Four burners on
 
two elevations fire
 
rice hulls. Work is
 
ongoing to improve
 
flame stability and
 
carbon burnout
 

power project, and particularly one firing
rice hulls, is fuel availability. Farmers 
Rice, Agrilectric's fuel source, supplies 
the powerplant 250 tons/day ofhulls, but 
what's more important is the mill oper-
ates year-round and it is only '/4 mile 
away. Many mills work only until a par-
ticular harvest isprocessed and then shut 
down. Farmers Rice isable to run contin-
uously because it buys rice stored by pro-
ducers waiting for the market to improve
and from government surplus. Bear in 
mind that rough rice dried after harvest-
ing can retain its food value in bins for up 
to several years. 

Building a powerplant close to the 
source of the hulls is extremely impor-
tant, too, because the low density of the 
fuel does not permit economical trans-
portation over long distances. TIS rice 
production is concentrated in Arkansas, 
Louisiana, Texas, and California. The last
is the possible location of another rice-
hull-fired plant being planned by Agrilec-

ti> , producing upwards of 25 MW. 
Farmers Rice grinds its hulls so that the 

particle size ofthe fuel going to Agrilectric
essentially falls between 20 and 100 mesh. 
This is a slightly finer grind than would be 
specified for field disposal. The ground 
hulls are transported from the mill to the 
day silo by a medium-density pneumatic
conveying system supplied by Fuller Co, 
Bethlehem, Pa. Suction fans move the 
lightweight fuel from the bin to the boil-
er's four burners (one fan per burner). 
However, erosion problems caused by the 
very abrasive hulls have engineers inves-
tigating the merits of a clean-air-blower/ 
venturi system as a replacement (Fig 2). 

Plant performance
The boiler island-one of three fixed-

price construction packages-was erected 
by McBurney Corp, Atlanta, Ga. The 
burners, which create a cyclone effect, 
have been the source of afew minor prob-
lems (Fig 3), but modifications have im-
proved flame stability and increased car-
bon burnout. The latter must be con-

trolled to produce an ash product high in 
silica for sale to steel producers (Table 2).
They use it for ladle and tundish insula­
tion. The ash also has value as an absorb­
ent in cleaning up liquid-waste spills.

Tube wear in the 112,000-lb/hr (at 650 
psig/750F) Delak Corp (Minneapolis, 
Minn) boiler, a primary concern of engi­
neers designing for rice-hull firing, has 
not been noticeable in the first year of 
operation. One reason is the straight­
through design of the heat-transfer see­
tions-screen tubes, superheater, evapo­
rator, and economizer. A feature of the 
boiler is its modular tube bundles which 
make for easy removal and replacement 
of any bundle. The last heat trap in the 
system before the fabric-filter dust collec­
tion is a tubular air heater. 

Plant controls represent the latest 
thinking for industrial facilities of this 
size. Boiler (Fig 4)and turbine/generator
control modules are microprocessor­
based, with the latter package equipped 

with a sequence-of-events recorder. 
The synchronous generator, manufac­

tured by General Electric Co, Lynn, Mass, 
is rited at 12.5 MVA. When the turbine 
op.rates at 5%overpressure with valves 
wile open (which is normal at Agrilec­
tric), output ranges from 11.2 to 11.8 
MW. Power is produced at 13.8 kV and 
stepped up to 69 kV in Agrilectric's 
switchyard. The firm upgraded Gulf 
States Power Co's recommendations for 
relay protection when designing this sub­
station. Note that Gulf States buys all the 
electricity Agrilectric does not use inter­
nally, at an average price of 3e/kWh. 
Negotiations aimed at securing acapacity
credit and a more favorable avoided-cost 
rate are ongoing with the utility. The tur­
bine/generator and the substation were 
erectcd under separate fixed-price con­
tracts by two diff-nt GE divisions. 

A 22,000-gal/ri condenser with a di­
vided watcrbox serves the turbine/gener­
ator. It gets its cooling water from an arti­
ficial lake supplied by deep wells, more 
economical than cooling towers. N 
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Food 

Rice-hull-fired powerplant bums a 

Incentives offered by the Public Utility 
Regulatory Policies Act, better known as 
Purpa, give many food producers the 
opportunity to dispose of agricultural 
wastes and process byproducts in an envi-
ronmentally sound manner-profitably. 

Consider, for example, the wastes re-
sulting from rice production. After har-
vesting, rice is transported to a mill where 
aso-called sheller removes the huils and a 
purler prepares it for market by removing 
the thin layer of brown bran coating the 
grains. Hulls, which represent 20% of the 
harvested rice by weight, normally are 

1. Rice hulls are delivered pneumatically 
to day bin at Agrilectric plant (line at right 
comer of bin) from mill 

e 

r 

4. Plant controls, including a 
sequence-of-events recorder, represent 
the latest Inindustrial-grade technology 

run through a hammermill to increase 
their bulk density from 10 to 12 lb/ft3 to 
20 lb/1't and then are disposed of by 
spreading or piling them on land adjacent 
to the mill. A problem with this method 
of disposvl is that the hulls often smoul-
der in the fields, like mine tailings from 
coal prcwluction, making them an envi-
ronmental nuisance, 

In certain areas, millers are able to sell 
some oftheir hulls to chicken farmers for 
bedding and to cattle ranchers who make 
a winter feed by mixing ground hulls witl. 
the protein-rch bran in about a 2:1 ratio, 

2. Blower/ventun arrangement is being 
considered for moving hulls from bin to 
boiler because of fan wear problems 

Table 1: Proximate analysisof rice hulls 

As-re-
Constituont celvod Dry basis 
Moisture, % 
Ash, % 

8.18 
18.44 

-
20.09 

Volatile matter, % 59.93 65.27 
Fixed carbon, % 13.45 14.64 
Heating value, 

Btu/Ib 6202 6755* 
8452 Btu/ib on amoisture- and sh-free b 

However, neither of these markets de­
mands much of the byproduct hulls and
 
profits from their sale are slim.
 

Perhaps the best way to dispose of rice 
hulls is to use them as a fuel. Hulls essen­
tially are a mixture ofcellulose and silica; 
as they come from the mill, hulls contain 
about 8-10% moisture and have a heating 
value of about 6200 Btu/Ib (Table 1). 
Using rice hulls for fuel is not a new idea. 
In the Far East, they have been used for 
cooking and heating homes for centuries; 
here they have been burned in at least two 
mills to produce steam for parboiling of 
rice (a process in which t.e unshelled rice 
is heated to mend grains broken during 
harvesting and handling, thereby making 
a more saleable product). 

But the idea of producing electricity 
from the combustion of rice hulls is new 
and offers large mills that do not parboil 

3. Four burners on two elevations fire rice 
hulls. Work Isongoing to improve flame 
stability and carbon burnout 

Table 2: Typical analysis 

of rice-hull ash 
Constituent Concentration, %Silicon dioxide 92.0Magueslum oxide 2.0 

Aanganese oxide 0.2 
I' n oxide 0.1 
C,\lclum oxide 0.1 
Ba'ium oxide 0.04 
Pot,\sslum oxide 0.02 
Alun~num oxide 0.01 
SoditIT oxide 0.01 
Copper oxide <C0.01 
Nickel .dde -0.01 
Carbon kverage) 2.5 
Moisture , axlmum) 3.0 
Bulk denstk\,, lb/ftS 17-22 
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their product a way to improve their bal-
ance sheets. Purpa makes such generation 
viable by requiring the local utility to buy 
excess power from the producer. 

The first small power-production facili-
ty designed to operate on rice hulls report-
edly is a 10.6-MW plant owned by Agri-
lectric Power Partners Ltd, Lake Charles, 
La. The limited partnership (not a third-
party tax shelter) was formed by the man- 
agement of the Powell Group, a consor-
tium with lumber, rice, soybean, and oth-
er business interests in the Louisiana/ 
Texas area. The Powell Group owns the 
Farmers Rice Milling Co, one of the 10 
largest rice mills in the world on a 
throughput basis, and Agrilectric's source 
of hulls. 

A major consideration in planning 
any power project, and particular!-y one 
firing rice hulls, is fuel availability. Farm-
ers Rice supplies Agrilectric 250 tons/day 
of hulls, but what's more important is 
that the mill operates year-round and it is 
only I/4mile from the plant. Many mills 
work only until a particular harvest is 
processed and then shut down. Farmers 
Rice is able to run continuously because it 
buys rice stored by producers waiting for 
the market to improve and from govern-
ment surplus. Bear in mind that rough 
rice dried after harvesting can retain its 
food value in bins for up to several 
years. 

Building a powerplant close to the 
source of the hulls is extremely impor-
tant, too, because the low bulk density of 
the fuel does not permit economical 
transportation over long distances. US 
rice production is concentrated in Arkan-
sas, Louisiana, Texas, and California. 
The last is the possible location of another 
rice-hull-fired plant being planned by 
Agrilectric; it would produce upwards of 
25 MW. 

Fuel preparation. Farmers Rice grinds 
its hulls so that the particle size of the fuel 
going to Agrilectric essentially falls be-
tween 20 and 100 mesh. This is a slightly 

finer grind than would be specified for 
field disposal. The ground hulls are trans-

ported from the mill to the day silo (Fig I) 
by a medium-density pneumatic convey-
ing system supplied by Fuller Co, Bethlc-
hem, Pa. Suction fans move the fuel from 
the bin to the boiler's four burners (one 
fan per burner). However, erosion prob-
lems caused by the very abrasive hulls 
'lave engineers investigating the merits of 
a clean-air-blower/venturi system as a 
possible replacement (Fig 2). 

The boiler island-one of three fixed-
price construction packages-was erected 
by McBurney Corp, Atlanta, Ga. The 
company was selected for its experience 
in the combustion of rice hulls; it pre-
viously supplied rice-hull-fired boilers to 
Uncle Ben's Inc, Houston, Tex, for two 
mills. Burners designed by McBrney for 
those units essentially were the same ones 
installed at Agrilectric. 

The burners, which create a cyclone 
effect, have been the source of a few 
minor problems (Fig 3), but modifica- 
tions have improved flame stability and 
increased carbon burnout. The latter 
must be controlled to produce an ash 
product high in silica for sale to steel pro-
ducers (Table 2). They use it for ladle and 
tundish insulation. The ash also has value 
as an absorbent in cleaning up liquid-
waste spills. What Uncle Ben's experience 
has been with its burners is unknown 
because the company will not discuss its 
business with outside parties. 

Tube wear in the 112,000-lb/hr (at 650 
r.sig/750F) Deltak Corp (Minneapolis, 
Iinn) boiler, a primary concern of engi­

neers designing for rice-hull firing, has 
not been noticeable in the first nine 
months of operation. One reason is the 
straight-through design of the heat-trans­
fer sections-screen tubes, superheater, 
evaporator and economizer. A feature of 
the boiler is its modular tube bundles 
which make for easy removalrAd replace­
ment of any bundle. Th' dr'ign is based 
on one for an Olin Corp Unit (POWER, 
July. 1982, p 82). The last heat trap in the 
system before the fabric-filter dust collec­
tor is a tubular air heater. 

5-6. Two-stage 
closed heat ex­
changer alongside 
condenser dis- , .? 
charges fsedwater . 
to deaer. or (loft). "' 
Pond aissipates
heat in cooling wa­
tor (right). Dis­
charge is at left in 
photo, inlet at right 

Plant controls represent the latest 
thinking for industrial facili.ies of this 

size. Boiler (Fig 4)and turbine/generator 
control modules are microprocessor­
based, with the latter package equipped 
with a sequence-of-events recorder. 

The synchronous generator, manufac­
tured by General Electric Co, Lynn, Mass, 
is rated at 12.5 MVA. When the turbine 
operates at 5% overpressure with valves 
wide open (which is normal at Agrilec­
tric), output ranges from 11.2 to 11.8 
MW. Power is produced at 13.8 kV and 
stepped up to 69 kV in Agrilectric's swit­
chyard. The firm upgraded Gulf States 
Power Co's recommendations for relay 
protection when designing this substa­
lion. Note that Gulf States buys all the 
electricity Agrilectric does not use inter­
nally at an average price of 3e/kWh. 
Negotiations aimed at securing a capacity 
credit and a more favorable avoided-cost 
rate are ongoing with the utility. The tur­
bine/generator and the substation were 
erected under separate fixed-price con­
tracts by two different GE divisions. 

A 22,000-gal/min condenser with a di­
vided waterbox serves the turbine/gener­
ator (Fig 5). It gets its cooling water from 
the artificial lake shown in Fig 6. Supplied 
by deep wells, the cooling lake was a more 
economical alternative than cooling tow­
ers. Boa SCHWIEGER 
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GULF SATES UTILITIESZU CrOM.PAMV 
POST OFFICE BOX 2892 • LAKE CHARLES. LOUISIANA 70602 

AREA CODE 315 436.4351 

April 27, 1987
J.TED MEINSCHER 
'ie President- Lake Charles Ditisoln 

Agrilectric Power Partners, Ltd.
 
Post Office Drawer P
 
Lake Charles
 
Louisiana 70602
 

Gentlemen:
 

On behalf of Gulf States Utilities Company, I would like to express
 
our congratulations to you as you approach the anniversary of your third
 
year of operations.
 

Our records indicate that you were synchronized with and supplied
 
electric power to the GSU Grid beginning in 1984. The first full year's
 
operation the plant reliability was 94%. During 1986 you achieved the
 
exceptional level of performance in excess of 97%.
 

This enviable, demonstrated record of reliability is particularly
 
noteworthy considering that your fuel is a reproducible, biomass product
 
and the plant is based on a unique technology that you developed.
 

You have without question achieved an outstanding record as a supplie
 
of reliable electric power, while at the same time enhancing the economic
 
stability of our agriculture industry. You have continued to play an
 
important role in the economic development of Southwest Louisiana and we
 
are pleased to be team members of that effort.
 

Sincerely,
 



DATA
 

1. Rice husks heat value is based upon 6,200 BTU's per pound 
at
 
approximately 8% moisture content.
 

2. 	 Power plants in the 1-5 MW range require about 1.55 ST (1.41
 
MT) of husks per MWH.
 

3. 	 A test of the Lake Charles Plant revealed that it takes
 
about 288 ST per day to produce 11.12 MW. Therefore, a
 
figure of 
roughly 1.1 ST per MWH is required for our
 
mid-sized plants. Larger plants, up to about 28 MW, require
 
something less than one ton of fuel per MWH.
 

4. 	 Our popular Power Pak 1500 model generates aboub 2.0 MW at
 
the generator terminals and yields roughly a 
1.7 net MW
 
output on approximately 25,668 ST of rice husks per year.

(2.0 MW X 1.55 ST X 24 X 345 Days
Hrs 	 25,668 ST)
 

5. 	 The rice husk ash (not flyash), vwhich contains a high
 
percentage of nonhazardous silica, has several 
ready markets
 
which yield additional income.
 

6. 	 The mid-sized Lake Charles Plant 
was constructed within one
 
year. The Power Pak 1500 is 
shipped from the Port of New
 
Orleans as 13 completed modules which can be 
fitted together
 
on site in a relatively short period of time.
 

7. 	 Smaller plants, down to 250 KW, can b. built. They tend to
 
be less cost efficient on a comparison of cost per unit of
 
electrical energy production basis than 
the 2.0 MW and..
 
larger systems.
 

8. 	 Currently, plant costs for the Power Pak 1500 are in :the
 
vicinity of $3,500,000 FAS U.S. Erection, depending upon the
 
local situation, may cost up to $750,000 USD.
 

9. 	Manpower requirements depend upon the plant size and 
local
 
situation. 
Modern control systems can reduce requirements

greatly, or if the preference is to employ many people, then
either method can be included in plant design.
 

10. Agrilectric Plants are environmentally sound. The to
soon 

be constructed California Plant has 
met 	or exceeded all of
 
that state's stringent requirements. Likewise, the Lake
 
Charles Plant passes all of Louisiana's requirements.
 

*All information concerning fuel 
is based on utilizing rice
 
husks. If a proposal is 
made for other biomass fuels, specific

calculations will be made 
for 	that material(s).
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FARMERICO LKC
 

1. NAME OF COMPANY/AGENCY:_ _ __ _ _ 

2. PRODUCT OR SERVICE: 

3. LOCATION: ­ ':___ 

4. NUMBER OF EMPLOYEES: ........
 

5. MAILING ADDRESS:___ 

6. INFORMATION REQUESTED: 
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CEES APPROACH TO TECHNOLOGY ASSESSMENT 

SIDENTIFY PROMISING &IABZEI TECHNOLOGIES WHICH 

o 	ARE PRESENTLY UNEXLOITED
 
OR UNDEREXPLOITED
 

o 	COULD HAVE LARGE IMPACT IF
 
SUCCESSFULLY DEVELOPED
 

oG.A Y OUT IN-DrTu TkbkUtmLuaUj WA'IUiL.ul 
INSTITUTIONAL ANALYSIS 

o 	 OUTREACH TO POTENTIAL PRODUCERS AND POTENTIAL USERS 



--

CENTER FOR ENERGY AND ENVIRONMENTAL STUDES 
TECHNOLOGY ASSESSMENT ACTIVITIES-

STEAK-USING TECHNOLOGIES FOR;SUGAR FACTORIES
o 

oNEW ELECTRICMOTOR TECHNOLOGIES 

o NEW BUILDING COOLING TECHNOLOGIES 

o ENERGY EFFICIENT FUELWOOD COOKING STOVES!f 

o ADVANCED GAS TURBINES FOR 

o CENTRAL-STATION BASELOAD POWER (GAS FIRED)
 

o CENTRAL-STATION BASELOAD POWER (COAL-FIRED)
 

o INDUSTRIAL COGENERATION (GAS FIRED)
 

> o INDUSTRIAL COGENERATION (BIOMASS-FIRED)
 

o COMMERCIAL/RESIDENTIAL COGENERATION (GAS FIRED)
 

/65Z
 



EXISTING UTILITY 
INDUSTRIAL PLANT '7 

COOLING TOWER 

PROCESS.-- STEAM ELECTRIC 
URBINEPOWER 

FUEL BOILER FUEL BIE 

BETTER I COGENERATION AT INDUS :RIAL PLANT VIA STEAM TURBINE 

PROCESS - STEAM 

S'TEAM ELECTRIC 

STEAM, OE 

FUEL BOILER 

EVEN BETTER] COGENERATION AT INDUSTRIAL PLANT, VIA GAS TURBINE 

PROCESSFUE 

HOT EXHAUT A lST.EHA 

-UES BOILER 

L 

FUEL. ELECTRIC 



WHY GAS. TURBINE COGENERATION ?
 

-> 	 LOWER UNIT CAPITAL COSTS
 

THAN STEAM TURBINES
 

-=> 	 WEAKER SCALE ECONOMIES
 
THAN STEAM TURBINES
 

==> 	 HIGHER THERMODYNAMIC EFFICIENCY 

THAN STEAM TURBINES 

- UNDER ACTIVE DEVELOPMENT FOR
 

FIRING WITH SOLID FUELS
 

ONGOING;TECHNOLOGICAL REVOLUTION,DUE TO:
 uh> 

-= $400 MILLION/YR DoD R&D INVESTMENTS 

=> MARKET DEMANDS OF COMMERCIAL AIRLINES 

===> PURPA AND THE COGENERATION BOOM 
)QL2 



CcNvT!*. -ST4T IVON 
ELECTRICITY GENERATION INTHE US
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.WORKSHOP ON BIOMASS-GASIFIER STEAM-INJECTEI)
 
GAS TURBINES FOR THE CANE SUGAR INDUSTRY
 

(JUNE 19, 1987, WASHINGTON, DC)
 

Sugar Industry Representatives
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BIOMASS-GASIFIER STEAM-INJECTED GAS TURBINE
 

o 	 SPIN-OFF FROM WORK ON COAL-GASIFIER 
GAS TURBINE SYSTEMS -- NO SULFUR REMOVAL. 

o 	 HIGH EFFICIENCY DUE TO HIGH TURBINE
 
INLET TEMPERATURES
 

o 	 FUTURE IMPROVEMENTS IN PERFORMANCE LIKELY 
DUE TO STRONG R&D SUPPORT 

o 	 ENGINEERING DEVELOPMENT WITHIN 1 YEAR 

- BIOMASS FEED TO PRESSURIZED VESSEL 
- PARTICLE CAPTURE IN CYCLONES 
- LOW-BTU GAS COMBUSTOR 

o. 	 PILOT DEMONSTRATION PROJECT WITHIN 3'YEARS 
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7Figure 1.T h mmin- J.. A.. _= _G y%.A..- .. 

joe sugar cane sowing regions of 'the world are indicaedb 
the darkened areas on this map. From (I. Sangster, Sugar and 
Jamaica, Thomas Nelson & Sons, London, 1973). 

Table I. Estimated potential worldwide gas turbine generating capacity
 

at sugar factories with the 1985 level of sugar cane production.a
 

Region Potential Electrical Capacity (MW)
 

SOUTH AMERICA 17,800
 
ASIA 14,000
 
CENTRAL AMERICA 10,100
 
AFRICA 
 49900
 
OCEANIA 2,700
 
UNITED STATES 1,900
 
EUROPE 
 200
 

TOTAL 51,600
 

a See Table 17 in text for sources and explanatory notes.
 



NUMBER OF RICE-MILLS IN THAILAND BY REGION AND NIZE U" VUWiIuui.-


POWERPLANT SIZE 

RANGE (KW) ==-==> 0 - 22.5 22.5 - 45 > 60 

REGION 

NORTH 7,256 388 

NORTHEAST 15,684 360 181 

627' 409CENTRAL •+3,499 


-

SOUTH 4,329'' 75 39 

TOTAL 30,768 ,450 948
 

(PERCENT) (93) (4) (3)
 

(a) For 1978, from N. Pitakarnnop and C. Boonrowd, "Conversion of"
 

Rice Husks to Pyrolytic Gas for Rice Mill Application in Thailand,"
 

in Second Expert Consultation on Producer Gas Development in Asia
 

and the Pacific Region, FAO, Bangkok, November 1983.
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ESTIMATED POTENTIAL WORLDWIDE GAS TURBINE GENERATIG CAPACITY THAT
 

COULD BE SUPPORTED BY THE 1983 PRODUCTION OF RICE HUSKS.a
 

REGION POTENTIAL ELECTRICAL CAPACITY (MW) 

ASIA 16,800 

SOUTH AMERICA:: 500 

AFRICA 190 

UNITED STATES 180 

EUROPE 1801. 

CENTRAL AMERICA-?I- 50. 

OCEANIA -20 

18,000
TOTAL 


(a) Assuming 0.25 tonnes of husks from each tonne of rice, an
 

energy content of 14.8 GJ/tonne of husk, and a husk-electricity
 

conversion efficiency of 33%.
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Energy Savings Through Ecology 

WHY THE THERMAL BURNER?
 

Waste' Conversion Systems, Inc. as its name indicates,
 
converts most types of combustible waste products into
 
economically and ecologically safe energy.
 

Waste Conversion Systems, Inc. is able to create energy from
 
waste because of it's unique Thermal Burner. The patented
 
Thermal Burner is a High-Tech burner which is capable of
 
burning common waste products and can be retrofitted to most
 
existing industrial boilers to create the energy requirements
 
of industry. This means the Thermal Burner can create steam,
 
heat, air conditioning and electricity.
 

An important feature of the burner is that it burns waste
 
products at very high temperatures in excess of 2,500 degrees
 
Farenheit. This allows the fuel to be burned completely
 
producing very little ash while conforming well within the
 
limits of air quality standards imposed by regulatory
 
agencies of all States.
 

The Thermal Burner is a major breakthrough in the energy
 
industry because it reduces dependency on fossil fuels and
 
decreases the impact of the huge tonnage of waste products
 
that is rapidly filling up our unpopular and fast
 
disappearing landfills.
 

The Thermal Burner's efficiency allows its entrance into the
 
field of hazardous waste incineration.
 

There are several types of hazardous wastes which can be
 
burned safely and economically in the Thermal Burner. This
 
allows generators of hazardous waste to destroy their
 
combustible waste on site or at an approved collection point.
 

The Thermal Burner can solve many of today's industrial
 
energy problems easily and safely. Waste Conversion Systems,
 
Inc. has its own extensive mobile testing laboratory known as
 
AMOLAB to provide the necessary documentation of its
 
capabilities. This unique van is equipped with state-of-the­
art testing equipment. A National Bureau of Standards
 
library of mass spectra for 42,000 chemical compounds is
 
contained in a computer for identification of the components
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of flue gases. Burner ash is monitored by an Atomic
 
Absorption Spectrophotometer. This demonstrates ,to
 
regulatory authorities and other organizations, the Thermal
 
Burner's ability to burn a wide variety of waste products in
 
a completely safe and clean manner.
 

Waste Conversion Systems, Inc. has developed an exciting
 
program for substantial fuel consumers. The B.T.U. program

allows the user to save a major percentage of his current
 
fuel bill with no capital investment. Thus, the user can
 
reduce his operating costs and significantly increase his 
bottom line profits. 

Any industry which generates substantial amounts of waste 
products can install a Thermal Burner and create energy from
 
its own waste, while significantly reducing its waste
 
disposal expenses.
 

Because the Thermal Burner's design allows complete

retrofitting to most existing boilers it leaves a complete

back-up system of the users' original equipment.
 

Its multi-fuel capability combined with a wide range of
 
burner sizes creates an exciting and inexpensive source of
 
energy, which is the heart of industry. Thus, it severs our
 
dependence on fossil fuels and the constantly rising cost of
 
fossil fuel derived energy.
 

Sincerely,
 

rams, resident
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MAIN FEATURES AND ADVANTAGES
 
OF THE THERMAL BURNER
 

* 	MULTI-FUEL CAPABILITIES
 

* 	FULLY COMPUTERIZED (WITH OPTIONAL COMPUTER)
 

* 	 STANDARD MANUAL CONTROLLER WITH MOTOR STARTERS 

* 	REMOTE MONITORING (WITH ENHANCED COMPUTER)
 

* 	 ULTRA HEAVY CONSTRUCTION 

* 	UNIQUE PATENTED AIR COOLED GRATE SYSTEM
 

* 	 AUTOMATIC FEED SYSTEM 

* 	 AUTOMATIC ASH REMOVAL SYSTEM 

* 	 HIGH EFFICIENCY 

* 	 NON-POLLUTING (BURNING TEMPERATURES IN THE 
2000 F. TO 3000 F. DEGREE RANGE) 

* 	RETROFITTABLE TO MOST GAS AND OIL FIRED BOILERS,
 
(BOTH FIRE BOX AND SCOTCH MARINE BOILERS)
 

* 	FUEL SAVINGS CAN YIELD 40% TO 100% ANNUAL RETURN
 
ON INVESTMENT
 



IN(_
H Price Sheet 

BURNER 	 OPTIONAL EQUIPMENT 

Thermal 100 HP $ 61,000.00 Item # 1. Automatic Draft Control
 
BTU 3,348,000 per hr.
 
steam 3,450 Lbs. / hr.
 

Thermal 150 HP $ 76,000.00 	 2. Stack Draft Control Shutters 

BTU 5,022,000 per hr.
 
steam 5,175 Lbs. / hr.
 

3. Cyclone-Collector
 
Thermal 200 HP $ 90,000.00-


BTU 6,696,000 per hr.
 
steam 6,900 Lbs. / hr.
 

4. 	 4" Dia. x 15' Long Cyclone Ash Auger 
w/ motor and drive unassembled 

Thermal 250 HP $110,000.00
 
BTU 8,370,000 per hr.
 
steam 8,625 Lbs. /hr.
 

5. 6" Dia. x 15' Long Main Dish Ash w/motor 
Thermal 300 HP $128,000.l- and drive unassembled00 

BTU 10,044,000 per hr.
 
steam 10,350 Lbs. / hr.
 

6. 	 Induced Draft Stack Fan w /motor 
Thermal 	400 HP $158,000.00 

BTU 13,392,000 per hr. 
steam 13,800 Lbs. / hr. 

7. 	One lot of misc. material-Stack Fan Elbow, 
Stack Fan Piping, Auger Transitions, Flanges,Thermal 500 HP $196,000.00 etc. 

BTU 16,740,000 per hr. 
steam 17,250 Lbs. /hr. 

Thermal 550 HP $215,000.00 8. Custom Designed Storage Bins and Fuel. 
BTU 18,414,000 per hr. Handling Systems 
steam 18,975 Lbs. /hr. 

Thermal 600 HP $234,000.00 9. Computerized Controller 
BTU 20,088,000 per hr. 
steam 20,700 Lbs. / hr. 

T 	l0$0 - "10. Enhanced Computer (for remote monitoring)Thermal 700 HP !. $270,000.00 ! 
BTU 23,436,000 per hr. 
steam 24,150 Lbs. / hr. 

11. Printer on controller , 
Thermal 800 HP $307,000.00 

BTU 26,784,000 per hr.
 
steam 27,600 Lbs. / hr.
 

12. Automatic Fire Extinguisfiei Sytem 

Thermal 1000 HP $360,000.00 
BTU 33,480,000 per hr. 
steam 34,500 Lbs. / hr. For prices on Optional Equipment please contact Waste 

Conversion Systems, Inc. or Authorized Representative. 

Prices are subject to change without notice. 
Prices listed above include the THERMAL burner 
and manual controller. Feed systems are optional. 

6848 S. Revere Pkwy. #220 
Englewood, CO 80112 

Price are FOB Sterling, Colorado. (303) 790.8300 (30) 90-30 6801 

L 
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TM THE BURNER IN BRIEF
 

The Waste Conversion Thermal Burner (the "Burner") has
 
been developed to produce heating, cooling and power by using
 
alternate fuels other than oil and gas. The ability to burn
 
inexpensive alternate fuels efficiently and cleanly reduces
 
cost and pollutants. The Burner is designed to be
 
retrofittable to most boilers now burning gas or oil.
 

The Burner is unique in several ways. First, a patented
 
burning process allows the entrained fuel supply to be
 
brought up to ignition temperature in a reduced atmosphere.
 
After the proper temperature is achieved, the burning chamber
 
is injected with air to cause a secondary burn, which creates
 
a 
blow torch effect and projects a flame into the Morrison
 
tube of the boiler to heat the water.
 

Second, there are very few moving parts. The ash grate,
 
which removes the by-products of the burning process, is the
 
only component of the Burner which uses moving parts. Thus,
 
the Burner is simple to operate in either a manual or
 
automatic mode, and can even be monitored from a remote
 
location.
 

Third, most components of the Burner can be easily
 
repaired. The durable and "over-built" quality of the Burner
 
means low maintenance costs. For example, the inner lining
 
is a cast refractory material which is ingrained with
 
stainless steel needles to prevent cracking, and will
 
withstaid about twice the normal heat produced in the
 
burning chamber. All liners can be replaced quickly and
 
easily.
 

'Fourth, the operation of the Burner is very simple. A
 
small oil gun is used to start the Burner, which usually
 
takes from 20-120 seconds. Because of the special insulation
 
process used in the Burner, the external jacket is normally
 
only about 15 degrees Farenheit above the ambient air
 
temperature. To achieve maximum reliability, all fans,
 
motors and gear boxes are of the highest quality and are
 
oversized so that they will not be used beyond their
 
capacity.
 

The heart of the Burner is the secondary burning
 
chamber. A specially designed grate is used to supply air to
 
the gases produced in the primary burning chamber, which then
 
ignites the gases to project a flame into the Morrison tube
 
of the boiler. The spacing of the tubes and the angle of the
 
grate controls the burning process. By varying the size of
 
the grate and the volume of air introduced into the chamber,
 
the Burner can produce the required levels of horsepower to
 
meet the design requirements of most package boilers.
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The basic controller used to operate the Burner is a
 
state-of-the-art product with simultaneous remote controlling
 
and monitoring. A more elaborate controller will allow the
 
operator to easily recognized any improper function, and will
 
automatically shut down the systems if a failure or
 
malfunction should occur. The fuel handling and feeder
 
systems are also operated by a controller, which
 
automatically feeds fuel to the Burner.
 

The Burner can be operated with a wide variety of fuels,
 
including refuse derived fuel (R.D.F.), sawdust, wood chips,
 
rice hulls and practically any carbonaceous material. These
 
fuels can have a moisture content of as much as 25%; however,
 
the most efficient burn occurs at a moisture content of about
 
15% or less.
 

The Thermal Burner has proven to be an environmentally
 
safe system. Since the 1000 HP Unit produces 33 million
 
B.T.U. per hour, it is exempt under current Federal EPA
 
regulations, which cover solid fuel burners producing over
 
300 million B.T.U. per hour. However, the ability to
 
satisfy all local and state safety standards can easily be
 
demonstrated on-site by AMOLAB - the 24-foot Analytical
 
MObile LABoratory designed and built by Waste Conversion
 
Systems, Inc. - with its state-of-the-art capability of
 
analyzing and testing over 42,000 compounds.
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TM
 
GENERAL SPECIFICATIONS
 

The Waste Conversion THERMAL BURNER (the "Burner") is a
 
close-coupled, two-stage combustor which is rugged and simple
 
in design, and capable of being operated by low or moderately
 
skilled labor. The Burner operates by using a unique and
 
patented controlled air principle of combustion. It has a
 
continual feed loading system to allow uninterrupted, twenty­
four hour operation with continuous ash removal. Fuel is
 
loaded into a holding or storage bin and is automatically
 
conveyed into a metering bin which then automatically feeds
 
the fuel into the Burner at a continuous and regulated rate.
 

The pyrolysis process of the Burner has two basic
 
stages: initial combustion and secondary combustion. The
 
initial combustion takes place in a reduced, oxygen-starved
 
atmosphere and occurs within a highly insulated refractory­
lined pyrolytic chamber. This process gasifies the
 
carbonaceous wastes in the presence of a reducing flame. The
 
heat generated by this initial burn serves to superheat the
 
secondary air, which is flowing through a patented stainless
 
steel heat exchanger located in the primary burning chamber.
 

In the second stage of combustion, the superheated
 
secondary air is mixed with the produced gases by use of a
 
set of venturies to produce a projected flame in a controlled
 
manner. This burning of gases, as well as any unburned
 
particles from the primary chamber, takes place in a four
 
foot long fire tube which, in the case of waste burning,
 
flanges to a highly insulated refractory-lined secondary
 
chamber. This secondary chamber is lined with two inches of
 
first class castable refractory material and two inches of
 
hardboard thermal insulation. The flame temperatures
 
produced in the secondary fire tube can reach 1,800 to 2,800
 
degrees Farenheit, depending upon the type of fuel being
 
used.
 

The close-couple capability of the Burner gives it a
 
distinct advantage over other systems. When the user de.ires
 
to use the heat generated by the Burner, the secondary fire
 
tube can be flange connected to any type of package or
 
firebox boiler. The Burner then becomes an extremely
 
efficient power source for the generation of steam or hot
 
water, for absorption chillers in air conditioning and
 
refrigerators and for the cogeneration of electricity.
 
Another advantage of the Burner is that it is not merely an
 
incinerator. It has been designed as a multi-fuel burner,
 
which can accept a wide variety of waste products such as
 
refuse derived fuel processed from municipal solid waste
 
(R.D.F.), low level toxic waste, wood chips, sawdust, rubber,
 
plastic, rice hulls and peanut hulls as well as practically
 
any carbonaceous materials.
 



CONSTRUCTION
 

Three things are of foremost importance in the design
 
and construction of the Burner: quality, ruggedness and
 
simplicity of operation. There is an inherent "over-built"
 
concept of construction which results in very low maintenance
 
and very high safety.
 

The main shell of the Burner is one-quarter inch steel
 
plate which, in turn, is inner lined witlh two inch hardboard
 
insulation capable of withstanding temperatures of 2,000
 
degrees Farenheit. The hardboard insulation is lined with a
 
two to four inch monolithic refractory capable of
 
withstanding temperatures of 3,000 degrees Farenheit, which
 
results in an approximate fifty percent 
range than is required. 

higher temperature 

The castable 
constructed from a 

refractory 
single form 

used 
as 

in 
in 

the 
most 

Burner is not 
systems, but, 

rather, is cast from molds into easily replaceable and
 
interlocking parts. Thus, any portion of the refractory
 
liner can be quickly replaced by low or moderately skilled
 
labor with a minimum of downtime. These cast replacement
 
parts are inventoried at warehouse facilities for quick
 
delivery. No special equipment is necessary to effect
 
replacements.
 

Unlike other systems, the Burner does not use firebrick.
 
Liners made of firebrick require hundreds of mortar joints,
 
each of which is subject to failure. In addition, firebrick
 
is much more difficult to replace, especially in the field.
 

It must be noted, however, that any type of refractory
 
liner material is subject to wear and tear with time and use.
 
For this reason, Waste Conversion engineers chose to use
 
easily replaceable, pre-cured refractory cast plates. A-id,
 
in a final effort to ensure the longest life possible, type
 
310 stainless steel needles have been added to the refractory
 
liner for added strength against cracking and thermal shock.
 

The primary burning chamber is enclosed in a heavy gauge
 
metal, air cooled cabinet, which has two advantages: First,
 
the air space between the primary combustion chamber and the
 
cabinet will become slightly heated from the convection heat
 
generated by the reducing flame in the chamber. The Burner
 
is designed to draw off this preheated air and inject it into
 
the secondary burning chamber to create greater efficiency.
 
Second, it keeps the outer skin at a relatively low
 
temperature so that any portion of the Burner can be safely
 
touched or handled. As an additional precaution, a
 
thermocouple probe is positioned in the cavity of the cabinet
 
to automatically shut down the system if the temperature in
 
the air space reaches a predetermined level.
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The Burner has very few moving parts so that little can
 
go wrong with the system. All bearings are self-sealed and
 
designed to withstand temperatures of 900 degrees Farenheit,
 
even though normal operation would not exceed 300 degrees.
 
All fans and blowers are presently made by Cincinnati Blower
 
from high quality cast aluminum. All electric motors are
 
presently made by Baldor Motor and are three-phase, totally
 
enclosed and fan-cooled.
 

Gear reducers, instead of a hydraulic system, are used
 
throughout the Burner system. Experience has demonstrated
 
that any contamination in a hydraulic system can easily cause
 
system failure and expensive repairs and maintenance costs.
 
However, the replacement of a gear reducer system has proven
 
to be much faster, less expensive and the maintenance simpler
 
than for a hydraulic system. All gear reducers are presently
 
made by Browning Corporation.
 

Most components of the Burner are bolted together with
 
one-half inch #6 hardness bolts on six inch or less spacing.
 
Other systems use welded construction, which is less
 
expensive but can result in high maintenance and repair
 
costs. For the few parts on the Burner which are welded, mig
 
welding techniques of the highest quality are used. All
 
joints and seams are thermal sealed with a high temperature
 
fibre gasket. No asbestos material is used in the Burner.
 

AUTOMATIC ASH REMOVAL
 

The ash removal system is a simple, rugged and safe
 
design. As fuel is fed from the metering bin into the
 
Burner, it drops onto a specially designed stainless steel
 
belt located at the base of the primary combustion chamber.
 
This belt travels at a low speed and carries the burning
 
waste from the back to the front of the primary burning
 
chamber. The rate of travel of the belt depends upon the
 
type of fuel being burned and the residence time required to
 
complete the burn. As the burned material moves to the end
 
of the belt, it drops off onto a thick, refractory liner U­
shaped trough through which travels a heavy duty auger. This
 
auger is constructed with one-quarter inch flighting on a two
 
inch shaft designed to withstand high temperatures. The ash
 
material is carried out of the primary chamber, through a
 
cooling water bath and then emptied into a container designed
 
for easy handling and removal. Should a jam occur, the
 
entire system will automatically shut down. An access door
 
permits easy and safe entry to the ash auger at the front
 
base of the Burner. If a jam occurs beyond the primary
 
combustion chamber, access is easily made by the removal of
 
the cover plates.
 

SAFETY FEATURES
 

The operator of the Burner system can rely on several
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built-in safety features which result in reliable and safe
 
operation. A standard control panel is equipped with
 
interlocks and visual and audio alarms which will alert the
 
operator in the event of any failure or malfunction in the
 
entire system. The following is an explanation of the
 
individual systems, including safety features:
 

1. Ignition Bu The ignition burners are
 
used in the start sequence a. partially in any restarts, and
 
can be operated with #2 fuel , kerosene, natural gas or
 
propane. A fire eye, loca~ud in the ignition system,
 
monitors the flame and conveys a signal to the control panel
 
which will alert the operator if there is any failure or
 
malfunction in the ignition burner sequence and will
 
automatically shut down the system.
 

2. Induced Draft Fan. The induced draft fan, or
 
stack fan, provides a purging system for the Burner. The
 
initial sequence in the start-up of the Burner requires that
 
the draft fan run for a period of time. This control feature
 
is automatic and allows the draft fan to run for about 60
 
seconds, which purges the entire system and evacuates any
 
gases which may have accumulated in the system during non­
operating periods. The operation of the draft fan is
 
monitored by a high temperature sail switch which will inform
 
the operator when the draft fan is operational. An interlock
 
is installed in the control system to prevent a manual or
 
automatic start-up until the draft fan is operational.
 

3. Control Interlocks. The control panel of the
 
Burner has a complete system of interlock switches to ensure
 
a proper and safe start-up sequence in either the manual or
 
automatic mode.
 

4. Primary Air Fan. An air switch is located on
 
the pressure side of the primary air fan which monitors the
 
operational status of the primary air fan and signals the
 
controller to automatically shut down the system in the event
 
of a failure or malfunction. The fan also has an interlock
 
switch so that it comes on line in the proper sequence during
 
start-up.
 

5. Secondary Air Fan. An air switch is located
 
on the pressure side of the secondary air fan which
 
monitors the operational status of the secondary air fan and
 
signals the controller to automatically shut down the-system
 
in the event of a failure or malfunction. The fan also has
 
an interlock switch so that it comes on line in the proper
 
sequence during start-up.
 

6. Ash Removal System. The automatic ash
 
removal system is equipped with an alarm in the controller to
 
alert the operator in the event of a jam. The ash auger has
 
an auto-reverse feature which will clear most obstructions
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without any action by the operator. If a jam persists, easy
 
access to the auger is achieved by either opening a hinged
 
door at the front base of the primary combustion chamber or
 
removing the cover plates outside of the primary combustion
 
chamber. The ash removal system also uses a water misting
 
bath to cool the hot ash as it passes out of the system.
 

7. Access/Observation Doors. The Burner has
 
three access doors which provide the operator with an easy
 
and safe method to inspect the entire interior of the Burner
 
during operation. Each door has an air purged peep sight.
 
The front access door allows entry to the ash auger and
 
observation of the front area of the fire belt, is covered
 
with a five inch refractory cast plate and is held shut by
 
two quick locks with a heat dissipating handle. The rear
 
access door allows entry to, and observation of the fire
 
belt, is covered with a five inch refractory cast plate and
 
is held shut by three quick locks with a heat dissipating
 
handle. The top access door allows observation of the
 
incoming fuel, the fire belt and a portion of the stainless
 
steel secondary air heat exchanger, is covered with a two
 
inch refractory cast plate and is held shut by two quick
 
locks with a heat dissipating handle.
 

8. Control Panel. The control panel uses an NEMA
 
4 standard enclosure for outdoor application and an NEMA-12
 
standard enclosure for indoor application. The system is
 
started by a keyed "start" switch and can be stopped by a
 
single push button. All functions are color coded -- green
 
indicates functional or on-line and red indicates
 
malfunctional or off-line. All automatic functions have
 
manual override and interlock switches where applicable. An
 
access door of the control panel also incorporates two
 
temperature controllers which monitor the primary and
 
secondary combustion chambers. Each controller reads to
 
2,500 degrees Farenheit and automatically controls he firing
 
rate of each chamber to prevent excessive operating
 
temperatures. When the Burner is flange connected to either
 
a package or firebox boiler, the controls of such boiler
 
interface with the controls of the Burner. The boiler
 
controls normally consist of a pressure-trol or aquastat and
 
a water level indicator. In the event of low water in the
 
boiler, the Burner will automatically shut down, and both an
 
audio and visual alarm will activate.
 

9. Air Jacket. The air jacket surrounds the
 
primary combustion chamber. Due to the high temperatures
 
generated in the primary combustion chamber, some heat will
 
radiate through the refractory liner and the insulating
 
hardboard to the steel shell. The air space between the air
 
jacket and the steel shell is connected by duct to the
 
secondary fan, which cools the steel shell and provides
 
preheated air to the secondary fan. This results in an
 
increased efficiency and generally keeps the surface of the
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air jacket at about fifteen degrees Farenheit above, the
 
ambient air temperature.
 

RETROFITING THE BURNER TO EXISTING BOILERS
 

The Burner is basically designed to replace the oil or
 
gas guns on existing boilers in order to burn a wide variety
 
of waste and carbonaceous fuels. The Burner will interface
 
with existing or standard boiler operating controls, which
 
normally include a pressure-trol or aquastat and a water
 
level indicator.
 

The pressure-trol has two adjustable functions which
 
control the steam pressure in the boiler. The first function
 
controls the high limit pressure setting and turns the boiler
 
off. The second function controls the low limit pressure
 
and turns the boiler on. For example, consider a steam
 
boiler with a modulating valve set at 100 pounds pressure to
 
match the requirements of a steam powered turbine designed to
 
operate at the same pressure. The low limit function would
 
be set at 125 pounds and the high limit function at 150
 
pounds. There would thus always be sufficient steam pressure
 
to supply the turbine. An aquastat serves the same function
 
as a pressure-trol except that it is used to control water
 
temperature instead of steam pressure.
 

The water level indicator is also a two function
 
control. It maintains the water level in the boiler between
 
two preset functions, high and low, by turning the boiler
 
feed pump on and off. It will also shut down the boiler if
 
the water level falls below the predetermined level.
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THE BURNER: AN OVERVIEW 
The Waste Conversion Systems Inc. THERMAL BURNER (the "Burner") isastate-of-the.art staged combustion burner capable of using awide variety of solidfuels in a high'y efficient mode of operation. The design basis for the Burner is the age-old gasification process; however, this process has been uniquely modified,and isimmediately followed by avery turbulent mixing and combusting process. The result isacontrollable, radiant projected flame for application inboilers,kilns, heat exchangers and other devices which typically use an oil or gas gun. A flame temperature of up to 2,800 degrees Fahrenheit istypical with the use ofmost solid fuels. 
The uniqueness of the Burner isachieved by using ahybrid gasification process which incorporates a falling fuel, entrained-bed zone in the burner chamberabove amoving grate which holds a more conventional fixed-bed. The Burner isdesigned to handle fuels of varying reactivity characteristics: however, the lessreactive the fuel, such as some grades of coal, the smaller the particle size that must be fed into the Burner to take full advantage of the entrained-bed reactions.The entrained-bed zone leads to ashallow bed moving grate zone that provides the temperature and flame stability necessary to ensure operational safety andprovide for ash removal. The shallow bed moving grate zone can be maintained at a temperature of up to 1,800 degrees Fahrenheit, depending on the reactivityof the fuel being consumed. The temperature control isachieved by use of initial start-up oil burners and by variation of the grate speed and primary air damperposition during normal operation.
The shallow bed characteristic of the grate, combined with the falling fuel entrained-bed, results in a relatively small fuel inventory in the Burner at any giventime. Thus, the Burner quickly responds to load swings in either direction without loss of operational safety.
The key to achieving clean, efficient flame generation and combustion is the unique pre-heating of the secondary combustion air in the entrained-bed zone,
and the resulting mixture of the pre-heated air at temperatures that can exceed 800 degrees Fahrenheit, with combustible gases being generated. The mixing zone
is very turbulent, and a flame isprojected that can easily fill the longest of combustion chambers or furnaces to take full advantage of the highly efficient radiant
heat transfer process.
 
The Burner is equipped with light oil burners which are used for cold start-ups and to process trim heat, if necessary. These oil burners are used to bringthe moving grate zone up to a temperature where stable combustion of the primary fuel can be achieved in the grate zone without the need for asecondaryheat source, after which the gasification process can commence safely. Thermal sensors provide signals which can automatically restart the oil burners ifneeded to guarantee operational safety; however, it has been demonstrated that only a fractional percent of the monthly fuel requirements will come fromthe oil burners in a typical installation. 
The Burner is operated by simple computerized controls that provide state-of-the-art ea.,eand reliable safety protection. The control system isequippedwith manual/automatic selection controls so that special requirements can always be met. The Burner can operate in either the on/off mode or the true fullload following mode, as the application requires.
The Burner is today's best answer inselecting a user-friendly, highly efficient solid fuel burner for installation in a wide variety of commercial, institutionaland industrial applications. It is compatible with awide variety of boilers, kilns and heat exchangers, and can be used in most cases to convert existinghardware to solid fuels even if the existing fuels are oil or natural gas. It represents amajor technological step forward in the burning of abundant, cheap fuelsthat heretofore were not economically or efficiently usable. 

NOTE: Due to the uniqueness of the burning process and the high operational temperatures, the Burner has been able to meet or exceed all local and state air
quality standards. 
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*MUNICIPAL WASTES AGRICULTURAL/
W O W SEPellets Derived From: POULTRY WASTES 

Sawdust 	 RDF (refuse derived fuel) Sugarcane Bagasse
Wood Chips Garbage Pellets 	 Coconut Shells/HusksFUEL Planer Shavings Sewer Sludge** 	 Rice Hulls 

SOURCES 	 Hogged Wood **(under development) Coffee Hulls 
(Logs/Branches) Rubber Tires Alfalfa Pellets 
Wood Pellets Sugar Beet Pulp 

Turkey/Chicken Manure 
Animal Manure 

COMMERCIAL INDUSTRIAL MUNICIPAL RESIDENTIAL 

APPLICATIONS Warehouses Processing Housing Authorities Apartment Houses 
Greenhouses Distilleries Schools Condominiums 
Office Buildings Bottling Plants Hospitals Swimming Pools 

HEATING Hotels/Resorts Laundries Government Buildings Spas 
CO-GENERATION Airplane Hangars Food Processors Prisons 	 Driveways/Walks

Shopping Centers Tire Recapping Civic CentersAIR CONDITIONING 	 Auto Dealerships Brick Kilns Recreational Facilities 
Desalinization Plants 
Lumber Kilns 
Agricultural Drying 

L) 



INC Mobile Demonstration System 

45' Mobile Unit 

WASTE CONVERSION MOBILE DEMONSTRATION SYSTEM 
The Thermal Burner Mobile Demonstration System represents an investment in excess of $150,000. It provides
potential users with a working demonstration of how cleanly and efficiently it converts R.D.F. (refuse derived 
fuel) or any of the other industrial or agricultural waste products readily available - into an economical source 
of energy that can produce steam, air conditioning and electric power. 
The demonstration system contains a 150 HP Thermal Burner, Scotch Marine Boiler, computerized controller,
fuel feed and ash removal systems. 
It is a valuable on-site sales tool for our distributors. At various trade shows and expositions, it demonstrates the 
substantial reduction in gas and oil energy costs that can be achieved by potential users while helping to solve 
the local community waste problem. 

r~somw 
O rt 

View of Observation Deck and Computerized Controller View of Thermal Burner and Boiler 
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AMOLAB 
(ANALYTICAL MOBILE LABORATORY) 

Waste Conversion Systems, Inc. has designed and built aunique state-of-the-art mobile analytical and developmentlaboratory for on-site testing of solids, liquids and gases. When burners are monitored stack gases are separated in a
Gas Chromatograph into the component parts, which are introduced automatically into an Ion Trap Detector (mass-spec)for "finger printing." The "finger prints" are automatically transferred to acomputer for identification. The computer
compares the "finger prints" in its library of over 42,000 compounds and when two "finger prints" match, the nameof the matching compound isgi';en. This process is repeated for each of the compounds present in the stack samples.
Thus, we are constantly aware of the content of stack emissions and can optimize burning conditions to eliminate 
any unwanted emissions, if present. 

Minerals present in the ash are determined using an Atomic Absorption Spectrophotometer. The types of mineralspresent determine where the ash can be sold. A few of the many uses for ash are: 
fertilizer concrete cinder block roofing paper asphalt drainage

carbon paper seel mills wall boards shingles icy roads ceramics 
AMOLAB can analyze gram quantities of any type of fuel including toxic and hazardous materials allowing for

the burning of these fuels under safe conditions. 
AMOLAB isused internally to monitor newly installed burners and for demonstrations of the use of alternatefuels. It isalso rented on aservice basis to perform any analysis within the capacity of the instrumentation. Rates canbe figured on the following basis: per assay, per hour, per day, or per week. 
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EXECUTIVE SUMMARY,
 

BACKGROUND 

Recognizing that "energy shortfalls are causing a serious constraint to development in 
over half of all A.I.D.-assisted countries," the Committee on Appropriations of the U.S. 
House of Representatives requested a report from the U.S. Agency for International 
Development on the "magnitude of the crisis, its implications for future economic and 
social development and the potential for U.S. technologies and services to address this 
problem", including an assessment of "appropriate incentives for private sector 
participation...." 

The rapidly accelerating problem of electric power in developing countries is of critical 
importan,:e to the United States. As a key prerequisite for economic development, 
electric power is vital to efforts to iiaprove living standards in the Third World and to 
satisfy the demands of their citizens within a stable political context. Also, the electric 
power market in developing countries provides significant trade opportunities for U.S. 
businesses. 

PURPOSE AND REPORT ORGANIZATION 

In response to the Congressional request, this report highlights the dilemma faced by 
developing countries and seeks to initiate a discussion about potential solutions and the 
appropriate role of the United States foreign assistance program. The specific purpose 
of the report is to assess the magnitude and causes of the present and future power 
problems in developing countries (Chapter 1), to identify the impacts of inadequate 
power supply (Chapter 2), to consider the importance of power development to the 
United States and to U.S. suppliers of goods and services (Chapter 3), and finally to 
provide strategies for power supply improvement and identify the role of the U.S. 
Agency for International Development (Chapter 4). 
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1. ELECTRIC POWER DEMAND AND SUPPLY OUTLOOK 

Unlike recent trends in the United States and some other developed countries, 
consumption of electricity by developing countries is still growing faster than their 
overall economies. Between 1970 and 1982, electricity consumption in developing

countries increased at an annual growth rate of over 8.6 percent, while the Gross
 
Domestic Product (GDP) grew at 4.6 percent to 5.7 percent per year over the same
 
period. 
Over the past twenty years, the ratio of electricity consumption to income
 
growth was 1.4 to 1.6.
 

Although developing countries contain over 75 percent of the world's population, they 
consume only 18 percent of all electricity produced in the world and have only 19 
percent of all power generation capacity. By comparison, in 1984 the United States had 
an electric power generation capacity of over 630 GW (trillion or "giga" watts), 
compared with 445 GW for all developing countries. 

Per capita consumption of electricity in developing countries is far below that of 
industrialized countries. The average of all developing countries is 500 kWh (kilowatt 
hours) per capita per year, and for the lower income, A.I.D.-assisted countries the 
average is only 300 kWH per capita per year. In contrast, per capita electricity 
consumption is over 5,000 kWh per year in Western Europe and over 10,000 kWh in the 
United States. In general, over 80 percent of the rural population in developing 
countries does not have access to electricity. 

Causes of the Power Problem 

The fundamental causes of the power problems of developing countries relate to both 
the supply of and the demand for power. Briefly, these are the key issues: 

Po dfiit. In most developing countries, current demand exceeds supply
frequently resulting in unplanned power outages and the necessity fo 
industries to devote their resources to installing redundant, onsite 
generating plants. 
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* 	 High transmission and distribution losses. In many countries, transmission 
and distribution losses from technical inefficiencies and theft are 20 to 30 
percent, compared to 8 percent in developed countries. 

Inefficient operation of power plants. Due to improper maintenance and 
operation, power plants in developing countries are available for operation 
only 50-60 percent of the time compared with over 80 percent in the United 
States and other industrialized countries. 

Financial difficulties of electricity authorities. Although on average 
developing countries devote 25 percent of their public development budgets 
to electric power, electricity authorities in many countries are unable to 
raise, through electricity sales, cross subsidies or borrowing, sufficient capital 
to cover their investment needs. Uneconomic pricing requires substantial 
subsidies from the central governments for their operations. 

Shortage of skilled manpower. Most utilities in developing countries have 
been unable to attract and retain a sufficient number of good managers, 
engineers and technical personnel. 

End-use inefficiencies and lack of conservation. Both the equipment using 
electricity in developing countries and the manner in which is used are 
highly inefficient. Also, techniques and methods of conserving power have 
not been widely adopted. 

Future Demand for Electric Power:. CurrentTrend Scenario 

If current trends in electric power consumption continue at the recent 8.6 percent 
annual growth rate, electricity consumption over the next twenty years in developing 
countries would increase five-fold by the year 2008. This would require the investment 
of $4.79 trillion, or an average over $235 billion per year, compared with the $50-60 
billion being spent currently. Developing countries cannot sustain the financial and 
environmental impacts of such an expansion. 
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Future Demand for Electric Power: Alternative Scenarios 

Recognizing the unsustainability of simply projecting current trends in electric power 
demand, the report analyzes three alternative scenarios of future demand growth. 
These alternative scenarios are intended to illustrate the potential range of future 
outcomes, giving the reader a general order of magnitude rather tban a definitive 
estimate of future conditions. The alternative scenarios are based on the high and low 
projections for economic growth in developing countries by the World Bank and on 
rather dramatic reductions in the ratio of electricity consumption to income growth. 

These alternative scenarios assume (1) significant efficiency improvements in existing 
and future power facilities, (2) sharp reductions in transmission and distribution losses, 
and (3) considerable improvement in the end-use efficiency of electricit' consuming 
equipment and devices. Under this approach, the ratio of electricity to income growth 
is reduced in stages from its current level of 1.4 down to as low as 0.9 by the year 2000 
and beyond (0.9 isslightly less than the ratio being experienced in the United States 
today). 

These projections suggest that from an existing level of 445 GW of capacity in 
developing countries by the year 2008 generation capacity could increase to between 
1150 GW (an annual growth rate of 3.71 percent) and 2008 GW (an annual growth rate 
of 5.8 percent). These projected growth rates are considerably lower than the 7 percent 
per year rate projected by the World Bank for 1985 to 1995 or the 8.6 percent per year 
used in he current trend scenario.. 

Based on these scenarios, the projected financial cost of the new generating capacity 
and its related transmission and distribution facilities would be between $800 billion 
for the low growth scenario and $1.7 trillion for the high growth scenario. If, however, 
no improvements in end-use efficiency, transmission and distribution losses and 
generation plant utilization occurred (i.e. the ratio of electricity consumption to income 
growth was 1.4 from 1988 to 2008, instead of declining to 0.9 ) the investments required 
would be $1.6 trillion for the low income growth scenario and $3.9 trillion for the high 
income growth scenario! 
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2. THE IM PAC OF ELECTRIC POWER'SHORTAGES 

While not sufficient unto itself, the availability of reliable electric power is a key 
component of the infrastructure necessary for economic development in the Third 
World. Expansion of the agricultural and industrial sectors, in particular, depends 
heavily on electricity to perform productive functions. Currently in most developing 
countries, the industrial sector dominates electricity consumption, accounting for over 
60 percent of total electricity use. 

As these nations modernize, electricity use in the commercial and residential sectors is 
rising sharply, and in some countries has outstripped industrial sector consumption. 
Electrical services in the form of lighting, heating, cooling, and labor saving devices add 
to the quality of life and the productivity of individuals and their families and, 
consequently, are in high demand in developing countries. 

Also, most developing countries have adopted aggressive plans for rural electrification 
in an effort to decentralize their populations and to distribute the benefits of economic 
growth and electric services. Electricity has direct benefits in rural areas on health 
through its us in refrigeration of vaccines and food. Electricity also permits the 
introduction of lighting and small-scale, labor saving devices for rural production and 
consumer convenience. These programs are endangered if developing countries cannot 
obtain the financial resources for decentralized, rural electrification. 

Electricity and Economic Development 

Even though power supply capacity in developing countries has increased significantly 
over the past two decades, the demand for electrical services has risen more rapidly. 
Consequently, many developing countries now face critical power shortages of over 10 
percent of their generation capability. In Pakistan, for example, over the past five 
years, power shortages have been over 25 percent of the peak demand. In India, power 
shortages of over 10 percent are common throughout the country with some states 
experiencing shortages of power of up to 40 percent. 

These power shortages and unmet demands for power result in significant economic 
problems. In Pakistan, for example, load shedding I e. industrial sector alone has led 
to a 1.8 percent decrease in Gross Domestic Product and a ,.2 percent decrease in the 
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country's foreign exchange earnings. In India, the current 10 percent average supply cut 
to the industrial sector is estimated to cause an annual production loss of over $6 billion 

equivalent to 12 percent of the country's industrial output. Also, the unreliability of 
power supplies has caused serious losses of agricultural production, especially in those 
areas dependent upon electrical pumps for irrigation. 

Enviionmental Impacts of Electric Power Systems 

A massive expansion of electric power production in developing countries based on 
current trends threatens environmental damage to developed, as well as developing 
countries. Projections of power supply expansion show enormous increases in 
hydropower and steam thermal (mainly coal) facilities. Large-scale hydropower plants 
often require the relocation of sizeable populations and permanent alteration of river 
basin ecosystems. Coal-fired power generation has historically been associated with the 
emissions of particulate materials, sulfur dioxide, oxides of nitrogen and other 
pollutants from related mining, cleaning, generating and storage operations. The 
specter of global climatic change looms over any substantial expansion of coal burning 
plants. Shifts in climatic zones, a rise in atmospheric temperature, a rise in sea level 
and other disruptive impacts may result from growing concentrations of carbon dioxide 
and other by products of fossil fuel use. 

Systematic planning, conservation and utilization of new technologies offer 
opportunities to significantly mitigate the massive environmental impacts anticipated 
by following the current trends that concentrate primarily on the expansion of 
generating capacity. 

Financial Dilemma 

Developing countries, due to inadequate economic growth rates and substantial debt 
burdens, clearly lack the financial resources needed to satisfy the $4.79 trillion demand 
projected under the current trend scenario. 

To achieve the significant growth in their power sectors experienced to date, the 
developing countries have had to devote an average of 25 percent of their capital 
improvement budgets to the electrical power sector. Further proportional increases in 
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the power-sector budget are unlikely since they are likely to cause negative impacts on 
other important sectors, such as health care services, education, and transportation. 
Already the poorer developing countries spend $8per capita annually on power for 
every dollar spent on education or health. 

Under the alternative scenarios, even with significant conservation measures, 
developing countries will require roughly $800 billion to $1.7 trillion in additional 
capital for power sector investment in new generating capacity and related transmission 
and distribution equipment over the next 20 years -- an average of $40-85 billion per 
year. This does not include any expenditures on rehabilitating or replacing 'existing 
power plants or on conservation measures. 

The report projects that multilateral and bilateral development agencies can be 
expected to provide, by the year 2008, from 20 to 40 percent of the needed capital for 
the alternative scenarios. The report assumes that through pricing and operational 
reforms the electric utilities and central governments could raise an additional 20 
percent of the required capital from domestic revenues. Given the withdrawal of 
private financial institutions from the international lending market and given that their 
participation in power sector lending usually requires significant guarantees by the 
borrowing country or other third party, no project. :n was made for their future 
participation, although some level of participation can be expected on a case by case 
basis. 

Combining external and internal capital flows still leaves a substantial shortfall of 
funds -- $350 million for the low growth scenario and $1,065 billion for the high growth 
scenario -- needed for new generating capacity. 

3. IMPORTANCE OF THIRD WORLD POWER DEVELOPMENT TO THE 
UNITED STATES 

The power situation in developing countries directly concerns the United States in 
several ways: 

Foremost is a humanitarian concern foi the living conditions of'people in 
these countries, their employment opportunities, and prospects for achieving 
sustainable economic development. 



• 	 As an essential ingredient for economic growth, sufficient supply and
 
efficient use of electric power is critical in the efforts of the U.S. to
 
encourage developing countries to shift from aid recipients to trading
 
partners.
 

Power shortages that have induced public demonstrations and riots have 
sociopolitical implications affecting the.stability of governments and their 
ability to respond to citizen needs. 

The power market in developing countries provides a major opportunity for 
U.S.suppliers of equipment and services to increase their export sales. 

Importance for U.S. Trade 

The Committee on Appropriations specifically asked for an analysis of the potential for 
U.S. technologies and services to address the power problems of developing countries. 
The 	report projects the total export market for power generation, transmission and 
distribution equipment and related services to range from $367 to $908 billion over the 
next twenty years, depending on the growth scenario. The largest equipment 
submarkets will be for boilers, steam turbines, and hydroturbines; the largest service 
submarkets will be in construction and project management. 

The 	competitiveness of U.S. suppliers in the power industry, however, has dramatically 
declined in recent years. U.S. exports now repnrsent less than 10 percent of the total 
power generation exports to developing countries, down from 17 percent just 5 year ago 
and down from over 20 percent In the late 1970's. With the inclusion of transmission 
and distribution equipment, total U.S. power industry exports to developing countries 
are currently below the $2 billion mark, compared with Japanese exports to developing 
countries of $3.7 billion. 

If current trends persist, the U.S. share of developing country power market sales will 
be limited to about 5 percent of the estimated export potential through the end of the 
century. Reversing the trend is possible if incentives can be developed to assist U.S. 
suppliers. Also, because of a weakened dollai, U.S. products are becoming more 
competitive with equipment sold by European and Japanese manufacturers. The 



restric,ted availability, of,export financing for U.S. companies, however, remains 'a
 
problem.
 

The U.S. position could also be improved by targeting incentives toward those 
technologies and services where U.S. suppliers have a competitive edge, such as high­
temperature gas turbines, coal emission control, atmospheric fluidized-bed boiler 
systems, transmission and distribution equipment, conservation equipment and services, 
and end-use efficient electrical equipment and devices. Furthermore, US. has an edge 
in project management services and in independent power production through 
renewable and cogeneration technologies due to our recent domestic experience with 
these under the Public Utility Reform and Pricing Act (PURPA). 

Ifthe declining trend in market share is reversed, the report projects that U.S. 
suppliers could secure 8 percent of the export market through the year 2008, or from 
$46.4 to $62 billion. 

4. STRATEGIES FOR POWER SUPPLY IMPROVEMENT 

Given that the traditional approach to electric power shortages, i.e. expansion of 
generating capacity, is not sustainable, what strategies can developing countries pursue? 

Policy Approaches 

Policy reforms can play a major role in improving the quality of electricity supply, 
increasing the efficiency of electricityuse, and alleviating adverse environmental, 
impacts. 

,rcng l. Electricity prices in many developing countries are 
administered prices fixed by the government to achieve sociopolitical and 
equity, as well as,economic objectives. Consequently, artificially low 
electricity prices result in excessive and wasteful consumption patterns. 
Developing countries need to find politically acceptable approaches to 
raising prices to reflect the true capital.and operational costs of supply. 

Enerzy Conservation Policy. Few developing countries have adequately 
considered the substantial impact that enacting energy conservation policies 
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and strategies can have on providing additional power while reducing the
 
need for expensive new generating capacity. Conservation policies on the
 
generation, transmission, distribution and end-use of electricity should be
 
-developed and enacted.
 

Private-Sector Participation Policy. In almost all developing countries the
 
private sector plays little or no role in the power sector. Policies to increase
 
private-sector participation can inject much needed competition,
 
appropriate pricing, efficient management, and private financial investment.
 

Environmental Policy. Developing countries will have to confront the
 
critical issue of environmental degradation resulting from activities in the
 
power sector. Explicit policies for environmental protection should be
 
adopted that set forth goals for environmental protection and enhancement,
 
and procedures for evaluating impact and weighing trade offs.
 

Institutional Approaches 

Existing institutional structures in most developing countries are not well matched to 
the present and future power situation, which will require innovative approaches, an 
emphasis on conservation, involvement of the private sector and more efficient 
operation. Approaches to institutional development in developing countries will be 
needed in the following areas: 

Utility management improvemets. System planning should recognize the 
importance of adequate training and staff development, and of rational 
management objectives based on efficiency and productivity. 

Privatizationof parastatal utility functions. Privatization of existing and 
future generating, transmission and distribution activities offer opportunities 
for significant improvements. 

Research and development. The use of innovative, environmentally 
acceptable technologies will require an'indigenous capacity for research and 
development. 

/9/
 



* Stren hening power-sector financing institutions. Given the shortage of 
capital attention should be paid to developing specialized, domestic and 
foreign sources of financing for the power sector. 

* Strenbhening institutions related to conservation and end-use efficiency.
Within the context of a national energy conservation policy, developing 
countries need to establish an integrated approach combining engineering, 
management and financial aspects of electricity conservation and end-use 
efficiency. 

Technological Approaches 

Increasing efficiency and power output can be achieved by technological improvemen 
in the power sector, as discussed below: 

0 	 Powerplant performance improvement. Significant improvements in the 
order of magnitude of 10 percent in power plant performance can be 
accomplished through cost effective plant rehabilitation and improved 
operation. 

0 	 Transmission and distribution loss redution. Technical fixes, which do not
 
require advanced technologies, and attention to the theft problem can
 
significantly reduce transmission and distribution losses at relatively
 
insignificant expense. 

o 	 End-use efficiency_ improvement. The introduction of recent improvements
in motors, lighting, air conditioning and refrigeration can, it is estimated, 
reduce end use consumption of electricity by up to 30 percent. 

Load aIn developing countries where peak demand grows atconsiderably faster rates than average load, load management -- reduction 
of peak loads, development of off-peak loads and the transfer of loads from 
on-peak to off-peak periods --presents an attractive opportunity for 
reducing the need for additional generating capacity. 

Cogenerati.n. Combining the generation of thermal energy and electricity
allows industrial and large commercial users to use the waste heat from 



3di 

power generation for process or other thermal needs and reduce their total, 

energy costs. 

New generation technolozies. There are a wide variety of conventional and 
nonconventional generation technologies that can be used in developing 
countries to reduce environmental impacts, to utilize indigenous fuel 
resources and to use renewable resources. 

Private-Sector Approaches 

Directly involving the private sector in the power development of Third World 
countries offers promising solutions to solving the power problems. The private sector 
has greater incentive and ability than the public sector to manage and operate
efficiently and productively. Also, the private sector has potential access to private 
sources of financing that are unavailable to the state-owned utilities. In the limited
 
instances where private companies are generating and selling power in developing
 
countries, there is clear evidence of their greater efficiency and reliability. 

Impact on Power Sector Expansion Requirements 

To assess the impact of nongeneration approaches to the power-sector problem, the 
repor, analyzes specific, achievable performance goals for electric utilities and 
electricity consumers in developing countries. It appears quite feasible to achieve the 
following: 

10-20 percent improvement in plant capacity; 

Reducing transmission and distribution losses from 25 percent to 15-20 
percent; and 

Improving the end-use efficiency of electrical equipment and devices by 20­
30 percent. 

In contrast to the current trend projection discussed in earlier, the alternative scenarios 
that emphasize conservation can reduce the need for additional generation capacity to 
1,000 to 1,760 GW. 



Role of A.I.D. In Alleviating Power Shortages 

The U.S. Agency for International Development should play a pivotal role in assisting
developing countries to alleviate their electric power problems. Building upon its 
extensive experience, the Agency can make substantial contributions in the following 
areas: 

Policy Dialogue 

*" Pgijin y. A.I.D. should focus its activities to induce pricing reform 
policies that reduce or eliminate uneconomic pricing and alleviate current 
and future demands for power. 

* Conservation policy. A.I.D. should assist developing countries to develop
and implement national energy corervation plans that address generation, 
transmission and distribution, and ad-use consumption of power. 

S Private-sector policy. AI.D. should expand its current efforts to encourage
the implementation of polici .s and practices that assist private-sector 
participation in the power sector. 

" Environmental policy. AI.D. should assist developing countries to develop, 
adopt and implement systematic policies, standards and practices for 
environmental management for power-sector activities. 

Institutional Improvements 

A.I.D., through the technical expertise it has available and the its proven ability to 
provide effective training, should focus particular attention to improving the electric 
utility institutions in developing countries. The Agency should concentrate its resources 
on the following: 

* Improving utility management 

" Assisting in privatization of parastatal utility functions 

* Supporting research and development 



* .Strengthening power-sector financing institutions 

Assisting institutions involved with conservation and end-use efficiency 
improvements 

Technology Transfer 

A.I.D. should take the lead in coordinating federal activities to promote technology
options in which U.S. businesses have special capabilities, such as power plant
rehabilitation, transmission and distribution loss reduction, load management, 
cogeneration, conservation and end-use efficiency improvement, and environmental 
:ontrols. 

Private-Sector Development 

A.I.D. should pursue various strategies to induce private-sector participation in the 
power sectors-of developing countries. These are briefly outlined in this report and 
more fully discussed in the companion report on "Options to Increase Private 
Participation in Electric Power Development in A.I.D.-Assisted Countries." Initially, 
M.D. should focus on removing the policy and institutional barriers to private-sector
participation in the power sector and on assisting the implementation of a limited 
number of potential projects to provide some actual experience with this innovative 
approach. 
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vest operations, to reduce k,ses, and improve quality 
of their crops. The structured training and research are 
tailored to specific needs of participants so that they 
may better solve postharvest problems in developing 
coup neles. 


The faculty includes full-time scientists inthe area
of processing, with emphasis on rice and forages, and 
several cooperating specialists from various depart-
ments and research stations. The Division draws upon
the .:xperience of personnel in the LSU Agricultural 
Center and others with broad international experience 
for its short- and long-term training programs. 

Facilities for research and training in postharvest 
technology are available at the Department of Agri-
cultural Engineering and other units of the LSU Ag-
ricultural Center. A complete laboratory for grain 
quality work is available. This laboratory is equipped 
with rice grading equipment recommended by the U.S. 
Department of Agriculture; various types of moisture 
evaluation systems; typical grain processing equip-
ment; precision apparatus for testing mechanical prop-
erties; and apparatus for cooking, texture evaluation, 
and color analysis. Special equipment for processing 
oriented research applications such as parboiling, con-
tinuous steaming of grain, and grain drying are also 
available for use by trainees of the Division. 

Several items of equipment such as a microww'e 
moisture determination system, a color sorter for 
grains, and a complete integrated small scale rice mill 
are included for procurement by the Division. 
Research 


Research activities, recently completed and on-
going, include: 
* On-farm rice drying energy evaluation studies. 
* Parboiled rice drying, utilizing microwave energy. 
* Rice drying-a generalized drying model develop-

ment and deep-bed simulation. 
* High temperature drying and tempering effects on 

parboiled rice quality. 
Laboratory evaluation of rice parboiling methods for 

developing countries. 
* Study of rice bran removal and color relationships.
* Mechanical and chemical conditioning treatments to 

accelerate drying of forages. 
* Evaluation of changes in storage in mechanically 

formed hay packages. 
* Evaluation of chemical treatment of low quality for­

age for quality enhancement. 
* Chemical preservation of high moisture forages. 
Training 

Training programs at the Division include: 
*Short-term training programs in all postharvest
 

phases of grain crops; cleaning and sorting; grain 
drying; storage and pest control; grain pretreatments; 
milling; grading and quality control; handling; post­
harvest phases of forages such as mechanical and 
chemical conditioning; drying; and preservation. 

* 	Long-term degree programs in the Department of 
Agricultural Engineering (MS and Interdisciplinary 
PhD). The areas of research that students may work 
in include: engineering aspects of processing; ma­
terials handling; crop drying; storage of grain crops; 
processing equipment; by-product utilization; grain 
properties; computer application/simulation; and 
rice/grain technology. In the area of forages, stu­
dents/trainees may be involved in chemical/mechan­
ical conditioning of forages; mechanical drying; 
quality enhancement of low quality forages; and-.. 
preservation of high moisture forages. 
The training programs, both short- and long-term, 

are specifically designed for host country applicability 
in order to provide the highest level of competence to 
trainees relative to problems likely to be encountered 
in developing countries. Research projects and prob­
lem areas from host country situations are the guide
in formulating graduate study programs in the long-

term category. 
For training costs, assistance, and other relevant

details, please request information from: 

Postharvest Technology Division 
International Programs
Louisiana State University Agricultural Center 
P.O. Box 16090
Baton Rouge, Louisiana 70893 
USA
 

International Programs 
Macon D. Faulkner. Director 'rINTERNATIONAL 

Louisiana State University Agricultural Center 
H. Rouse Caffey, Chancellor 

The Louisiana State University AgriculturalCenter follows a 
nondiscriminatorvpolicy in programs and employment. 

Postharvest
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PROGRAMS
 

LOUISIANA STATE UNIVERSITY AGRICULTURAL CENTER 



Postharvest Technology Division 
Louisiana State University
Agricultural Center 

The importance of rice and other cereal grains to 
the people of the world is well established, but in-
creasing populations, especially in developing nations, 
place a great burden on the farming community. Im-
proved postharvest techniques deployed along with im-
proved quality and yields ofcrops will greatly alleviate 
hunger and food shortages, because controlling post-
harvest losses increases food availability. Rice has 
been singled out as the crop that would benefit most 
from programs to reduce postharvest losses. Based on 
estimates made by the International Rice Research In-
stitute (IRRI), 1.3 billion people get more than half 
their food energy from rice. 

Louisiana State University (LSU), during tle last 
several decades, has been involved in worldwide ag-
ricultural research, training, and extension programs 
associated with rice and other subtropical crops. To 
strengthen this ongoing commitment the LSU Agri-
cultural Center established the Postharvest Technology 
Division of International Programs to develop insti-
tutional and human resource skills in the area of rice 
and other subtropical crops. This division will com-
plement well established programs in production of 
these crops by concentrating its activities on the post­
harvest aspects of rice, cereal grains and forages, crops 
common to Louisiana and many developing nations, 

The Louisiana State University System 
and the LSU Agricultural Center 

Louisiana State University System, a comprehen, 
sive university, is the land-grant university in Loui-
siana. The System is comprised of eight campuses
located throughout the state. The campus entrusted 
with development of agricultural programs in the state, 
in conjunction with the U.S. Department of Agricul-
ture and other agencies, is the LSU Agricultural Cen-
ter, situated in Baton Rouge. 

The LSU Agricultural Center is responsible for 
statewide research and extension functions of the LSU 
System. International Programs is one of the principal
units of the Center, along with the Louisiana Agri-

cultural Experiment Station and the Louisiana Coop-
erative Extension Service. Since the College of 
Agriculture, a uni! of LSU in Baton Rouge, and theLSU Agricultural Center occupy the same'campus, 
many of the Center's scientists hold joint appointments 
from both. 

. l. 1 

LSU Agricultural Center 
and International Proqrams 

The University has more than 30 years experience 
in international programs. International programs im­
plemented by the LSU Agricultural Center relate to 
many technical specialties. The Center has been in­volved internationally in institution building, partici-
pant training, and technical consultations in areas such 
as agricultural engineering, agricultural economics. 
management, agronomy, animal science, entomology, 
and horiculturc. 

The Center's scientists have served several coun-
tries, including Malaysia. Venezuela, Nicaragua, In­
donesia, India, and Guyana. Many short-term 
programs have been completed in the Philippines, 
Thailand. Burma, Bangladesh. El Salvador, and Bra­
zil. Some of the more recent work has been undertaken 
in Liberia, Sierra Leone, and Belize. The Center has 
committed a large qualified staff to service programs
aimed at international agricultural development, 

Louisiana has been a leading rice re--gion of the 
United States for almost i00 years. The LSU Agri­
cultural Center operates the largest and oldest rice re­search station in the United States. The Louisiana Rice 
Research Station, headquartered at Crowley, serves as 
a major source of research information for rice growers
throughout the world. The international rice training 
programs at Crowley provide training to participants 
from many rice growing countries. The Agricultural
Engineering Dcpartment of the LSU Agricultural Cen­
ter, situated in Baton Rouge, is actively involved in 
rice postharvest research. The 'LSU Dryer" or con­
tinuous flow rice dryer, developed in this department, 
is now in use all over the world. The Center has es­
tablished the Postharvest Technology Division to de­
velop expertise in similar technology through research 
and structured training. 

The primary objectives of the Division are training
and research in postharvest technology of rice, cereal 
grains, and forages; more specifically the specialized 
training of country personnel, assisting the faculty in 
solving postharvest problems, and conducting adaptive
and applied research in postharvest technology of 
grains and forages. The Division also augments the 
current grain and forage postharvest technology pro­
grams of the Department of Agricultural Engineering 
and other departments of the Center. The main thrust 

*­
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of the Division's programs and activities is to 
strengthen the capability of personnel from develor'ng
nations who are involved in grain and forage por ar­
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RICE RESIDUE UTILIZATION
 

TECHNOLOGY MARKET PROSPECTS:
 

U.S. AND OVERSEAS
 

January 28-29, 1988
 
Louisiana State University Agricultural Center
 

Baton Rouge. Louisiana
 



AGENDA 

Thursday, January 28
 
Morning Session: "U.S. technologies andthe scenarioindevelopingnations"(sessionmoderator:
 

Dr. Lakshman Velupillai, L.S.U.) 

8:30 	 Welcome Address 

8:45 	 "The universityrole in integratingresidue 
utilizationintopostharvestsystems" 

9:00 	 "Howdoes the U.S. privatesector interact 
with the goalsof the US. foreign assistance 
program?" 

9:30 	 "Thepotentialofagriculturalresidue 
utilization technology in improvingeconomies" 

10:00 	 "RiceResidue Utilization - The U.S. commercial 
offerings and new resources" - a video 
presentation. 

Dr. H. Rouse Caffey, Chancellor, 
LS.U. Agricultural Center 

- Mr. Macon D. Faulkner, Vice-
Chancellor ard Director, 
International Programs,
L.S.U. Agricultural Center 

- Dr. James Sullivan, Director, Office of 
Energy, Science &Technology Bureau,
U.S.A.I.D., Washington D.C. 

- Mr. John Shields, Manager, 
Office of Agricultural & Chemical 
Development, Tennessee Valley
Authority, Muscle Shoals, AL 

-Postharvest Technology Division, 
L.S.U. Agricultural Center, Baton 
Rouge, LA 

10:30 COFFEE BREAK **Displays bypa'ticipatingcompanies/institutions** 

10:45 	 Technologies in the making. new possibilities
(a)Rice branas apotentialsourceof higher 
value chemicals. 

(b)Gas turbinecogenerationwith agricultural 
residues 

(c)Gasificationofrice hulls 

11:15 	 "The developingcountry environment 

-.risks andconstraints 


l.11:45 Discussion 

12:15 	 LUNCH 

- Dr. Robert Sayre, Research Chemist, 
Food Quality Research Unit WRRC, ARS 
USDA, Albany, CA. 

- Dr. Eric Larson, Princeton University, NJ 

-Dr. John Goss, University of 
California, Davis, CA 

Dr. Marcia Gowen, Bioenergy Systems & 
Technology Project, Office of Energy, 
'cience & Technology Bureau, U.S.A.I.D., 

bashington D.C. 



Thursday, January 28th oensr aJ vent seon4 o At .t 

Afternoon Session: "The dynamics of creatingconsortia/joint ventures" (session moderators: Dr.Joseph

Roftheli, TVA &Ms. BetsyAmin-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 Nye

The two groups will participate separately, one as a consortium and the other as a joint venture, 
addressing the following issues: 

(a) What the U.S. industry has to offer in terms of technology. 
(b) What is promising in the research areas? 
(c) What are the international markets? 
(d) What are the risks and constraints? 
(e) How do we finance & support international ventures? 

4:30 Preparationofsummary offindings by group spokespersonandthefacilitator 

5:00 Reception -L.S. U.AgiculturalCenter 

Friday, January 29
 
Morning Session: "Groupsession findings,next steps?"
 

8:30 Presentationof "consorium"groupsummary -Mr. Willis Noan4 President,AgilectuicPower 
Partners,Ltd., Lake Charles,Louisiana. 

8:50 Presentationof joint venture"group summary 
Baton Rouge, Louisiana. 

9:10 Generaldiscussion: 
I. Summary of risks & constraints 
II. What are the next steps? 

10:15 COFFEE BREAK 

10:30 Summary Comments 

10:50 Summary comments 

11:15 "Optionsforfuture use ofPL 480funds" 

12: :Conclusion 

-Mr.Keith Lanneau,Presiden4Helix International, 

- Mr. Jack Williamson, 
U.S. Trade and Development 
Program, International Development 
Cooperation Agency, Washington D.C. 
- Mr. John Aldonas, Office of 
Deputy Director for Government 
Affairs & Business Development, 
Overseas Private Investment Corp., 
Washington D.C. 
- Mr. Robert Bostick, International 
Affairs Specialist, PL480 Program, 
Office of Management and Budget,
Washington D.C. 

http:U.S.A.LD
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