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·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. TIle potential use 
for rice hulls as gas producer fuel to operate small diesel and gasoline engines 
is indicated by the number of small rice miIls 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 5 horsepower. 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 bec(l.use 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 che.mical 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 perfonnance of a 5 hp. single cylinqer, 
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 uatch-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. ll1ese 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 ~park 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 incre~se 

• Briggs and Stratton 5 hp Gasoline Engine Specifications 

Model 
Type 
Rated HP 
Displacement 
Bore 
Stroke 
Compression Ratio 
Connecting Rod 

132432 
0111-01 
3.7 kW (5 hp) @ 3600 rpm 
206 cc (12.571 in3) 
61.0875 mm (2.5625 in) 
61.9125 mm (2.4375 in) 
6.2 to 1 
98.4250 mm (3.8750 in)· 



with increasing compression ratio. At lower compression ratios, 
improvements in imep will dominate, while at higher compression mtios, the 
fmep begins to offset gains in imep. Increasing compression mtio 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 
engine performance. 

A new 5 hp. engine with the standard 6.2 compression mtio 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 compress~on 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 I 

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/m3 (102 Btu/ft3) and ranged from 3652 to 3877 kJ/m3 (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 Ipm 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 i 

13.5% at 2600 rpm and nearly 19% at 3600 rpm. Similarly, the increase for " 

I ( 



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 5 hp Briggs and Stratton engine. This compression ratio 
gave the best engine-gas producer perfonnance in tenns 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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'CEESAPPROACli·TO TECHNOLOGY ASSESSMENT 
'. ' ~ . ; . . 

. , , 

o 'IDENTIFY PROMISING NEAR TERM TECHNOLOGIES WH~C~ 

0' ARE PRESENTLY UNEXPLOITED 
OR UNDEREXPLOITED 

o COULD HAVE LARGE IMPACT IF 
SUCCESSFULLY DEVELOPED 

o CARRY OUT IN .. DEPTH TECHNICAL p ECONOMIC~:;AND 
INSTITUTIONAL ANALYSIS 

o OUTREACH TO POTENTIAL PRODUCERS AND POTENTIAL USERS 



'CENTER FOR ENERGY AND ENVIRONMENTAL S'IUU1~:; 
TECHNOLOGY ASSESSMENT ACTIVITIES 

, , 0·' , STEAM-US ING TECHNOLOGIES FOR. SUGAR. FACTORI'ES'i{ 
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o NEW BUILDING COOLING TECHNOLOGIES 

, 0 ENERGY EFFICIENT FUELWOOD COOKING STOVES' 

o ADVANCED GAS TURBINES FOR 
~,,_ 'i 

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) 
.',," <,' • 
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RESOURCE' BASE, 

SITlJATION 

'Husk 

,·Small average millcapacity,(JTgabah/day) sev~rely:restrictson-site:~' 
husk supply '" ' , 

Cumulative supply of unused husks in many districts is adequate to'me~t 
small (600 K W) to larger(J • .5 M W) rice residue plant needs ,,', ~. 

Low competition for alternative uses (J 0-2.5 %) 

Neglible husk collection network exists 

Colle~tioi1 from mills by husk users (brickmakers, etc) 

A~equate st'raw available in fields, evenlfJ/2left on field,' 

, Existing cases offield collectlc)n extrerriely li~ited (pulp mills) , . . .... -

Conclusion: 

RISKS' 

Collection 01 nusK or ,straw mancll,tory tor stand-al::me systerps (1 • .5 MW 
still likely for integrated systems (600 t' W), 

Given low,er melting point of rice straw, systems shO'urd not presume 
mixed-fueJ possibility. ' 

Establishment of husk colJection ~nd transport system-

Collection may lower feedstock_ quality 

'Need consortia of 'miiJs or to identify large governfDent mill ;to rneet ~maU 
(600 K W) or lar~er (1 • .5 M W) .power pJant husk deman~ 



", .TECHNICAL .~ 

SITUATk)N .',' . 

. :'~"u.~.commercial rice residue power systems rangefrOm'I'ol24'f\.\~,"~H()1 
"systems of 600 KW for steam heat producton " ' '.,'. ',,' "", 

Due to average ml'! 
U.S. rice residue pow\ 

)f I T gabah/hr in Indonesia, currentscal~()i 
(stems too large for most nUlls: ' . ' , .' , 

Conclusion: 

RISKS, 

Downsizing of:U.S.commereial power system~'necessary >, 

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 coU~ction' 



SITUATION 

Models developed for 600 K Wand I.S M W systems 

Essential to financial feasibility are: 

Ash sales/market 

Operating days/load factor 

Electricity.price 

Husk price 

Fincancing terms (interesfhite~ disc:ounfrate)ciridcapltafcosts' 
, .,.,'. : '. ,. ....., " . " ~' . " . .'. . . : 

:onc1usion: 

Pre-feasibility models indkatesmaller scale system (600 K W) has 
lower unit costs and greater competitive range than larger system 
(J.S MW) 

Economics of the systems revolve arouno marKet lor asn, Size oj 
plant, operating days andelectricity price 

Ash market must be assured 

Husk transport network must'be feas,ibile. 
, . 

Guaranteed electricity prices-PCiY orta~~~o~t:ract 
Financing terms m~st be reaso~allle,\,b~i()~::,ave~~~e"*arke~:'~~te~'i6r' 
larger system" ,,: ' ,~' " 

Demand must exist foradequate'operating·'days" 
'. . .,';' . <". "", ~ '. .',' •. ' :', " \. < ••• .';. :: ~ 



ELECTRICITY PRODUCTION COSTS 
600 KW AND 1.5 MW SYSTEMS 
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600 KW AND 1.5 MW SYSTEMS 
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EL'EcTRICrrYPRODUCTION COSTS BY ANNUAL OPERATING DAYS 
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EXECUTIVE SUMMARY 

This report responds to a Congressional request for an assessment of "appropriate 
incentives for private sector participation and the feasibility of an Energy Guaranty 
Program modeled on AI.D:s Housing Guaranty Program." Of specific interest to the 
Congress, and consequently of this report, is the possible role that AI.D. might play in 
facilitating developing country private-power projects: projects developed, owned and 
possibly 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 are 
formulating, and in some cases, implementing private-power policies. This introduction 
of 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 development 
and the expressed interest of private firms and developing countries, to date no private
power generation projects are yet firmly committed. Numerous barriers have 
discouraged 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 policy 
initiatives are needed. Currently, neither A.l.D., nor any other U.S. agency, has specific 
programs devoted solely to private power projects. AI.D. has, however, devoted 
considerable resources to the subject through its development assistance and economic 
support programs to provide technical assistance, policy studies and conferences, as well 
as 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 Stat4!s. (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 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.LD. 
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 to 
improve 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 a 
limited number of successful pilot investment projects in ALD.-assisted countries that 
can serve as models for future investments on a broader scale. 

Options available to ALD to accomplish this goal are the following: 

Improve the Policy and Institutional Climate for Private Investment 

Option 1: Country-Specitlc Private-Power Strategies 

To help create more favorable investment environments for private power in 
developing countries, ALD. 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) 
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Facilitate Project Development 

Option 2: Private-Power Data Base 

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

Option 3: Definitional Missions and Trade Conferences 

In collaboration with TOP and Commerce, ALD. could increase the number of 
definitional 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, AI.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 TOP 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 Teehnology and Environmental Assessment Program. 

This option would provide resources for assessments of innovative energy 
technologies that are applicable to private-power projects and for assessments of 
the 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,on 
loans made by private U.S. financial institutions to finance private-power 
projects either through the bost country government or utility (Housing 



iv 

G'laranty Model) or directly to private developers (E.'Cimbank Loan Guarantee 
m Idel). (page 33) . 

Option 8: Direct Energy Loan PrognJ.m 

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

Option 9: Energy Grant and Export Credit Program 

This option would build upon existing legislative and regulatory authority to 
combine AI.D. grant and export credit funds with Eximbank "war chest" funds 
for more affirmative government action for international procurements where 
U.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 for 
private-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 that 
could provide assistance to the parties in private-power contract negotiations. 
(page 42) 

Provide Training on Private-Power Development 

Option U: Private-Power Training Program 

ALD. would create a Private-Power Training Program targeted toward 
government officials, state utility officials and businessmen from developing 
countries and toward businessmen in the U.S. power industry. (page 45) 
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'Coordinate and Target U.S. Government EtTorts 

Option 13: Private-Power Task Force 

A special Private-Power Task Force under the leadership of AI.D. would be 
established to develop a coordinated approach to the private-power potential ill 

, developing 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, ALD. would initiate a clarification of 
trade and aid policies of the U.S. govenunent 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 Pilot 
Program would be set up to concentrate U.S. government resources on a few 
targeted 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 

This report responds to a Congressional request for an assessment of "appropriate 
incentives for private sector participation and the feasibility of an Energy Guaranty 
Program modeled on AI.D.'s Housing Guaranty Program." Of specific interest to the 
Congress, and consequently of this report, is the possible role that A.I.D. might play in 
facilitating developing country private-power projects: projects developed, owned and 
possibly 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 are 
formulating, and in some cases, implementing private-power policies. This introduction 
of private-market forces into what has traditionally been an exclusive government 
domain offers two much needed bent;fits: 

• competition and its resul tant 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 development 
and the expressed interest of private firms and developing countries, to date no private
power generation projects are yet firmly committed. Numerous barriers have 
discouraged or prohihited private investment in the power sectors of developing 
countries. These include the following: 

• 

• 

• 

• 

• 

institutional arid 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 policy 
initiatives are needed. Currently, neither AI.D., nor any other U.S. agency, has specific 
programs devoted solely to private power projects. AI.D. has, however, devoted 
considerable resources to the subject through its development assistance and economic 
support programs to provide technical assistance, policy studies and conferences, as well 
as prefeasibility and feasibility studies. Some of these have beell carried out in 
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collaboration with other agencies, esp,!cially 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) 

Muitilateral 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 to 
fa~ilitate 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 tas~ 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 ALD. 
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 to 
improve 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 a 
limited number of successful pilot investment projects in AI.D.-assisted countries that 
can serve as models for fu·ture investments on a broader scale. 

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

Improve the Pollcy and Institutional Climate for Private Investment ' 

. 
Option 1: Country-Specitlc Private-Power Strategies 

To help create more favorable investment environments for private power in 
developing countries, AI.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) 
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. Facilitate ProjeCt Development . 

. Option 2: Private-Power Data Base 

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

Option 3: Definitional Missions and Trade Conferences 

In collaboration with TOP and Commerce, A.I.D. could increase the number of 
definitional 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.LD. could 
establish this program to assist companies on targeted projects to obtain 
information and technical assistance on potential mf.Lfket opportunities, 
government policies, and regulations, business assistance programs and contacts 
in developing countries. (page 19) 

Option S: Private-Power Fer.sibility Study Program 

In collaboration with TOP 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 bas a competitive edge. (page 23) 

Option 6: Innovative Technology and Environmental Assessment Program 

This option would provide resources for assessments of innovative energy 
technologies that are applicable to private-power projects and for assessments of 
the environmental effects of projects to minimjze adverse impacts. (page 24) 

Option 7: Energy Loan Guarantee Program 

Under this option the Agency would provide a full guarantee against default on. 
loans made by private U.S. financial institutions to finance private-power 
projects either through the host country government or utility (Housing 
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'Guaranty Model) or directly to private developers (Eximbank Loan Guarantee 
'model). (page 33) , 

Option 8: Direct Energy Loan Program 

Ucder this option the Agency would provide direct loans to private sector firms 
for private-power projects in developing countries, either directly or through 
financial intermediaries. (page 36) 

Option 9: Energy Grant and Export Credit Program 

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

Option 10: Energy Equity Program 

This option would use U.S. funds act equity or to guarantee equity funds for 
private-power projects in developing countries through any of four mechanisms: 
venture capital loans, direct equity purchac;e 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 cons~ltants that 
could provine assistance to the parties in private-power contract negotiations. 
(page 42) 

Provide Training on Private-Power Development 

-Option U: Private-Power TraiDing Program 

A.I.O. would create a Private-Power Training Program. targeted toward 
government officials, state utility officials and businessmen from developing 
countries and toward businessmen in the U.S. power industry. (page 45) 

leO 
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Coordinate and Target U.S~ Government EtTorts 

Option 13: Private-Power Task Force 

A special Private-Power Task Force under the leadership of A.I.D. would be 
est.ablished to develop a coordinated approach to the private-power potential in 
developing 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 or u.s. Trade and Aid Policy 

Through the Private-Pow(~r Task Force. A.I.D. would initiate a clarification of . 
trad~1 and aid policies of the U.S. government as they relate to private;.power 
genel:ation in developing countries. (page 52) 

Op,Uon 15: Private-Power Pilot Program 

Under the auspices of the Private-Power Task Force. a Private-Power Pilot 
Program would be set up to concentrate U.S. government resources on a few 
targeted proje(.1s 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 

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

Interest in private power is proceeding rapidly. Pakistan, the Philippines, Indonesi~ 
Jamaica, the Dominican RepUblic, Costa Rica, Brazil, Turkey, and other countries are 
formulating, and in some cases, implementing private-power policies. This introduction 
of 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 development 
and the expressed interest of private firms and developing countries, to date no private
power generation projects are yet firmly committed. Numerous barriers have 
discouraged or prohibited private investment in the power sectors of developing 
countries. These include the following: 

• institutional and policy barriers, 

• weak domestic economies, 

• . political risk, 

• techIDcal risk, 

• financial risk. (page 2) 

To overcome these barriers a range of U.S. and host-country government policy 
initiatives are needed. Currently, neither AI.D., nor any other U.S. agency, has specific 
programs devoted solely to private power projects. AI.D. has, however, devoted 
considerable resources to the subject through its development assistance and economic 
support programs to provide technical assistance, policy studies and conferences, as well 
as 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 
Barn: 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.LD. 
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 to 
improve 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 a 
limited number of successful pilot investment projects in ALD.-assisted countries that 
can serve as models for fu.ture investments on a broader scale. 

Options available to ALD to accomplish this goal are the following: 

Improve the Polley 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, ALD. 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) 
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Facilitate Project Development . 

Option 2: Private-Power Data Base 

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

Option 3: Definitional Missions and Trade Conferences 

In collaboration with TOP and Commerce, ALD. could increase the number of 
defmitional 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, ALD. 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: Prlvate.Power Feasibility Study Program 

In collaboration with TOP 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 energy 
technologies that are applicable to private-power projects and for assessments of 
the environmental effects of projects to minimize adverse impacts. (page 24) 

Option 7: Energy Loan Gusrantee Program 

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

Option 8: Direct Energy Loan Program 

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

Option 9: Energy Grant and Export Credit Prognun 

This option would build upon existing legislative and regulatory authority to 
combine AI.D. grant and export credit funds with Eximbank "w~ chest" funds 
for more affirmative government action for international procurements where 
U.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 for 
. private-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 that 
could 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 toward 
government officials, state utility officials and businessmen from developing 
countries and toward businessmen in the U.S. power industry. (page 45) 
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. 'Cbordinate 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 be 
established to develop a coordinated approach to the private-power potential in 
developing 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 or U.S. Trade and Aid Policy 

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

Option IS: Private-Power Pilot Program 

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


