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The Renewable Nonconventional Energy Project was a joint effort ofUSAID and the Royal Thai Government to reduce Thailand's dependence on
imported energy through the development and application of renewable 
energy resources, to arrest environmental degradation and to create
 
oppcrtunities for increas-ing rural 
income. Project began in 1979 and

ended in 1984. The interim evaluation was performed in September 1982.
This is the final impact evaluation which was 
 done during October, 1986under contract No. PDC-0OCO-I-O0-4105-O0 (U.S. members) and Contract No.
398-0249-S-00-6074-00 (Thai). 

The Evaluation Teams considered each of the 14 component parts of
the Project. It was concluded that the majority of the components

achieved the goals, with some having current and/or potential benefits
that are worth the financial investment in the project. Those few
 
components which failed to meet initial goals were 
 valuable as lessons
 
for future activities.
 

Of the fourtPen components that comprised the project asimplemented., four were found already to have had significant beneficial
impacts - and continuing impact - on the welfare and economy of 	rural 
Thailand. These were: 

- tvRegional Energy Centers, Microhydropower, Improved Cooking

Steves and Village Woodlots. 

Work on five others was found to hrve significant potential impacton both the rural and national economies: - National Energy InformationCenter, Energy Master Plan, Village Surveys, Improved Charcoal Production
and Solar/Wind Resource Assessment. 

By far the moet impressive consequences of the Renewable
Nonconventional Energy Project are the results of the efforts inmicrohydropower, improved cooking stoves, and village woodlots. 
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PART IIA.I.D. EVALUATION SUMMARY 
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1. 	Name of Mission: USAID/Thailand
 
"Renewable Nonconventional Energy Project: Impact
 
Evaluation, Dec. 30, 1986"
 

2. 	 Purpose of activity(ies) evaluated. 

The Renewable Nonconventional Energy Project was conceived by the
 
Royal Thai Government (RTG) and the United States Agency for
 
International Development (USAID) with the aim to reduce Thailand's
 
dependency on imported energy resources by introducing alternative 
energy resources. The project has two complementary and reinforcing 
themes: 

The first: is an institutional development component. This 
component, having long term implications, incorporated support for 
four distinct but related activities: (1)assistance in establishing 
a National Energy Information and Documentation Center and four 
Regional Energy Centers, (2) assessment of renewable energy sources 
such as wind and solar, biomass, etc., (3) support of RTG capacity 
for 	monitoring of technological changes in rural energy utilization
 
and (4) village and rural energy data collection, development of 
energy conservation guidelines, staff support and training into the 
Thai Energy Master Plan Study. 

The Second: involves carrying out a series of tests and adaptations 
of renewable energy technologies, which were be carried on at the 
same time that the work of institutional and data base development 
went forward. 

3. 	Purpose of the Evaluation and Methodology.
 

The 	 purpose of the evaluation is to assist the RTG and USAID Mission 
to:
 

A. assess the achievements of project outputs and measure the 
degree to which the project purpose and end-of-project-status 
have been realised. 

B. 	examine the degree to which the technologies and information
 
generated by the project are influencing energy consumption
 
patterns of the people involved, especially the social impIct on
 
rural villagers. 
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C. address what technologies developed under the. project have 
proven to have high potential for commercialization and
 
dissemination and future active roles of already established 
institutions.
 

D. 	assess any environmental and ecological impacts from the adopted 
project activities. 

E. 	 explore both private and public sector activities to determine
if development activities are being undertaken and, where 
undertaken, evaluate the miagnitude and quality of the 
implementing agency's activities. A similar search will be made 
of private industry and private individuals, to the extent they 
can 	 be identified, in order to determine how private sector 
investments are now being made for developing energy 
applications.
 

F. 	make recommendations concerning additional or alternative uses 
of the information and/or the generation of additional 
information/activities for possible future applications. 

Methodology
 

The 	evaluation team, assisted by USAID/Thailand's Office of

Engineering and its Program Office, ,consisted of an energy
specialist, an energy economist, a forester and wood-products use 
specialist, and a social scientist. The team began its work by
reviewing the project files, documents, and reports made available 
by USAID and other related documents from other sources. 

Interviews were held in Bangkok with National Energy
Administration (NEA) officials, project-component team leaders and
others who were involved in implementation of project components,
and specialists from universities. 

Field interviews were then held with directors and staff of
 
Regional Energy Centers (RECs), private manufacturers of equipment
developed under the project, villagers, owners of private woodlots,
and university investigators involved in project-component research 
and development. Site visits were made to a variety of field 
installations of energy facilities accomplished during the project
or as a result of the project activities, and to villages involved 
in project implementation. Finally, discussions were held with 
USAID personnel in both Bangkok and Washington. 

4. 	 Conclusions: 

The majority of the Project components achieved the goals and seem
well worth the financial investment. Those few components that resulted 
in decisions to scale down goals or not to proceed, or failed to neet
 
intitial goals, were valuable in the lessons they provided for 	 future 
activities.
 



1. The National Energy Information Center has been organized and
 
equipped, and is functioning. It staff has bben increased, its
 
data base enlarged, and it is to become a part of the Energy
 
Policy and Planning Division of the National Energy
 
Administration.
 

2. 	Four Regional Energy Centers have been created, staffed, and 
equipped, and have been doing excellent work disseminating 
information developed during the project and since. Workshops
and training sessions have been held on fabrication and use of 
improved cooking stoves and improved charcoal kilns, and on 
planting and caring for seedlings in village and private 
woodl ots. 

3.-Support for the Energy Master Plan has helped to develop 
economic models that have already been found useful in national
 
planning. 

4. 	Under the Village Survey component, valuable data have been
 
collected that will continue to be useful for future stu'dies.
 
The collection includes valuable information on household fuels,
 
industrial fuel use, agricultural practices, water supply,

specific fuel characteristics, and market data. 

5. 	 Four Microhydroelectricity installations were completed in 
isolated areas. Hydroelectricity is iot only economically more 
practical than diesel-generated electricity in these situations, 
it is also financially more attractive to the poorer residents 
of the villages served than grid power, in those cases where the
 
Provincial Electrical Authority line has reached the village.
 
While the electricity supplied by these installations *to
 
villages otherwise not likely to be served by the national grid
 
in the foreseeable future may not loom large in the national
 
economy, the benefits far outweigh the cost of,electrical energy
produced. Besides providing the benefits of electricity to 
isolated villages, the installations have fostered a cooperative
spirit that is having beneficial effects on broader village

development problems. By virtue of their participation in 
construction of the installations, and the cooperatives they 
have formed to operate, maintain, and repair the complete 
systems, the villagers have acquired skills - organizational, 
financial, managerial, technical, mechanical - whose value is 
difficult to overestimate. Furthermore, the results of activity
under this component have stimulated greater investiiient in small 
hydroelectric installations on the part of the Royal Thai 
Government, and have helped stimulate a domestic industry in 
manufacturing the necessary equipment. 



6. 	Water-lifting demonstrations took place, with mixed results that
 
nonetheless contained valuable lessons. While the windmill
 
pumping project failed because of mechanical problems and
 
inadequate involvement of the villagers, a photovoltaic
 
water-pumping installation has demonstrated its technical
 
practicality in relieving villagers of an onerous task.
 

7. 	Under the Biomethanation Systems component, a study of biogas 
from industrial wastes water was conducted, with the result that 
several alcohol distilleries are investigating the feasibility 
of these installations to treat their waste streams. In 
addition, the National Energy Administration is negotiating with 

- a commercial firm to produce biogas from industrial waste water. 

8. 	The Solar Thermal Processes activity resulted in the performance 
of experiments on solar-drying techniques as planned, with. 
results that provided a better understanding of the economic 
feasibility and the marketing problems.involved. In view-of
 
current costs, solar crop drying has not had sicnificant impact 
in Thailand, and does not seem likely,.o have in the future. 

9. 	 Biomass Gasification is an existing commercial operation in 
Thailand that could probably benefit from some continued 
research. Under this component,, research and developient were 
conducted at three universities, comparing the economic 
feasibility and assessing the status of various techniques. 
Twelve units of various sizes were built and operated and the 
information gathered has improved the knowledge base for 
expanded industrial use uf this technology-in Thailand and 
elsewiere. 

10. 	Work under the Villa Woodlot component was carried out by the
 
Royal Forest Department, with over one millioi trees planted in 
seven Provinces. Many private plantations have sprung up, 
stimulated by the project, and trees have been planted in home 
gardens, along fence rows, and between paddy fields. Forests 
are 	growing Wi.ere none grew before, and there is a new
 
appreciation of the environmental value of these trees among 
many rural residents. The number of trees being planted is 
still rising, and the only problems seem to be the uncertainty 
of ownership rights and the eventual use of the trees. 

11. 	Charcoal production techniques have been investigated and 
improvements instituted to increase the efficiency of 
production. As a result of promotion and training beaun under 
the project and still continuing, private producers are starting 
to construct the improved kilns. 
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12. 	 In cooperation with the National Energy Administration, the 
Royal Forest Department succeeded in developing an improved
cooking stove that uses twenty-five per cent less charcoal 
fifty per cent less according to the many users interviewed 

-


than the traditional model in use in Thailand. The wood-fueled
 
stove developed under this project has an even greater
efficiency improvement over its traditional counterpart.
development has sparked the 	

This 
creation of village groups - most of 

wnich are owned and operated by women - that are manufacturing

and 	selling the new stoves, the adoption of the new design by

manufacturers of traditional stoves, and the organization of a 
new company devoted to manufacturing, and improving the design
of, the new stove. Several thousand of the new stoves have 
already been sold, and the prognosis for accelerated sales is
 
promising. Public interest in the new stoves 
seems to be

growing, and the World Bank is preparing a major effort to 
accelerate and expand dissesmination of the new model.
 

13. 	An assessment of solar and wind resources has been performed and
the 	data collected will be useful for some time. 

14. 	Experiments were performed on pyrolysis of rice husks that
provided useful information by use of which the process can be 
evaluated. Pyrolysis of rice husks is not seen as a useful
 
technology, particularly in view of the more practical
gasi 	:cation processes that exist, and the successful
briquetting of the husks that has been developed. 

5. 	 Recommendations: 

The impact evaluation resulted in a series of recommendations to 
the Government that can be summarized as follows: 

National Energy Information Center -- The NEIC should take steps
to respond more rapidly to search queries, establish links to
other energy-related data bases in Thailand, and institute
procedures to encourage a regular flow of information to the 
Regional Energy Centers.
 

Regional Energy Centers -- The staff of RECs should be increased 
to permit greater promotion not only of developments in cooking
stoves and tree planting, but of public awareness of the 
interdependence among cooking, charcoal production, and 
deforestation. 

Energy Master Plan -- The National Energy Administration (NEA)
should continue to use the models developed under the project,
expanding on the household - and rural - energy activities in 
each model. Improved data collection, through the NEIC, should
 
be undertak.n.
 



Village Survey --	 Data collected during the project should be 
made more available, and useful, by reorganization and 
publication by the NEA. Additionally, NEA should conduct a 
survey within the next three years to assess impacts that may 
become more apparent by then. 

Microhydroelectricity -- The Provincial Electricity Authority 
(PEA) and the NEA should accelerate the pace of their policy
 
discussions to permit sell-back arrangements for electricity 
produced by the private sector, including some by the 
cooperatively run microhydroelectric installations. The NEA 
should assist the cooperatives in devising a more appropriate 
form of financial accounting. 

Water-Lifting Technology -- Further photovoltaic or windmill 
water-pumping schemes should be pursued by the Government only 
after careful economic and technical comparisons among all 
systems available. The World Bank/UNOP Solar PLmping Field 
Manual is a useful tool for such comparisons. 

Biomethanation Systems -- Review of the commercial proposal for 
treatment of industrial wastes, with biogas as a useful 
by-product, by a disinterested outside expert shculd be 
seriously considered by NEA. Future community biomethanation
 
systems should be 	 undertaken only with assurance of public 
understanding and 	willingness of villagers to participate. 

Solar Thermal Processes -- Pending changes in energy-pricing and 
o 	 environmental policies, NEA should encourage the use of solar 

crop dryers only for industries were they are currently 
commercially viable. Without stricter and enforced government
standards on the quality of dried foods, interest in this 
process and possible export markets are not likely to expand. 

U3 	 For tobacco curing, NEA could assist by encouraging research on 
reducing the cost of systems that displace fuel wood or lignite. 

- Biomass Gasification -- NEA should consider continuing support 
for research on some gasification technologies, and on improving 
the thermal efficiency of rice-husk gasification. The PEA could 
help accelerate private initiatives in this field by relaxing 
its rules against 	purchasing electricity generated by the
 
private sector. 

- Village Woodlots -- The Royal Forest Department (RFD) should 
take the initiative in exploring markets for trees being grown 
on woodlots, clarifying land-tenure and tree-ownership rights, 
investigating the use of other species to create biological 
diversity, and improving extension services to the villages and 
private tree growers. 



Improved Charcoal Production 7- NEA and RFD should accelerate
 
discussions already under way regarding definition of legal 
charcoal production and sale, giving particular attention to 
linking production with fuel-wood plantations. Improved 
coordination by the two agencies of promotion efforts under this 
activity and the cooking-stove and woodlot activities is the 
best way of multiplying benefits under each of these programs 
and decreasing deforestation pressures from fuel-wood use. 

Improved Cooking Stoves -- In view of the important
commercialization achievements of the stove development under 
this project, the Government should continue supporting this 
program by soliciting outside support, if necessary, identifying 
additional marketing arrangements, and encouraging village

manufacturing groups by providing managerial and organizational 
assistance.
 

Solar/Wind Resource Assessment -- NEA should continue to review 
budget requests of the Meteorological Department of Thailand to 
insure that its Center for Solar and Wind Calibration has 
adequate staff and data-collection and analysis capabilities to 
meet national needs. 

Pyrolysis of Rice Husks -- Continued support of pyrolysis
projects aimed at commercialization is not recommended. 

6. Lessons Learned:
 

GU The evaluation has examined the degree to which the technologies and 
information generated by the Project are influencing energy consumption 

>patterns of the people involved especially the social impact on rural 
villagers. The evaluation has also addressed what technologies developed
under the Project have proven to have high potential for 
commercialization and dissemination. The active roles of already

established institutions were also investigated such as Cooking Stoves,
Village Woodlots, Micro Hydropower and Regional Energy Centers. In the 
meantime it recommends what technologies be integrated (Woodlot, Charcoal 
and Cooking stoves), be continued (Cooking stoves) or not be continued 
for the time being (Pyrolysis of Rice Husks). 

All the findings and recommendations would benefit future 
development of renewable energy fields. 
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I. 	Executive Summary
 

A. 	 Conclusions 

The 	impact Evaluation team considered each of 
the 	component parts of
the 	Renewable Nonconventional Energy Project. 
 The 	majority of trie componetsachieved what tney hao set out to achieve. somewith havino current aid/orpotential 
benefits that seem well worth the financial investment in triis
project. Those few components that resulted in decisions to scale down ooais or not to proceed, or failed to meet intitial goals, were valuable in the 
lessons they provided for future activities.
 

1. 	The National Energy Information Center has been orodnized and
 
equipped, and is fun':zionina. Tts staff has beern increased, 
 its 	oatabase enlarged, and it is to become a part of the Enerqy Policy andPlanning Division of the National 
Energy Administration.
 

2. 	Four Regional Energy Centers have been created, staffed, and
 
equipped, and have been doing excellent work disseminating

information developed during the project and since. 
Workshops and
training sessions have been held on fabrication and use of improved

cooking stoves arid improved charcoal kiins, and on planting and

caring for seedlings in village and private woodlots.
 

3. 	Support for the Energy Master Plan has helped to develop economic

models that have already been found useful 
in national planning.
 

4. Under the Village Survey component, valuable data have been collected

that will continue to be useful 
for 	future studies. The collection
includes valuable information on household fuels, industrial fuel 
use, agricultural practices, water supply, specific fuel 
cnaracteristics, and marker oata. 

5. 	Four Microhydroelectricity installations were compieted in isolated
 
areas. Hydroelectricit. is not oniy economically more practical thari

diesel-generated electricity in these situations, it is also
financially more attractive to the poorer residents of the villages

served than grid power, in those cases where the Provincial
 
Electrical Authority line has reached some of those'same villages.
While the electricity supplied by these installations to viliaces

otherwise not likely to be served by the national 
qrid in the

foreseeable future may not loom large in the national economy, the

benefits far outweigh the electrical energy produced. Besides
providing the benefits of electricity to isolated villages, the
 
installations have fostered a cooperative spirit that is having

beneficial effects on broader village development problems. By
virtue of their participation in construction of the installations,

and the cooperatives they have formed to operate, maintain, and

repair the complete systems, the villagers have acquired skills 
-
organizational, financial, managerial, technical, mechanical 
- whose
value is difficult to overestimate. Furthermore, the results of
activity under this component have stimulate qreater investment insmall hydroelectric installations on the part of the Royal Thai

Government, ,nd have helped stimulate a 
domestic indusrry in
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manufacturing the necessary equipment.
 

6. 	Water-liftinc demonstrations took place, with mixed resuits that

nonetheless contain.J valuable lessons. 
 While the windmill pumping

project failed because of mechanical problems and inadeuate
 
involvement of the villagers, a photovoltaic water-pumping

installation has demonstrated ics technical practicality in relieving

villagers of an onerous task.
 

7. 	Under the Biomethanation Systems component, a study of biogas from

industrial wastes was conducted, with the result that several alcohol
distilleries are investigating the feasibility of these installations
 
to treat their waste streams. In addition, the National Energy

Administration is negotiating with a commercial firm to pr.oduce
bioqas from industrial waste water.
 

6. 	 The Solar Thermal Processes activity resulted iii the per-ormance ofexperinent:s on solar-Grying techniques as planned, with results that
proviaed a better understindino of the economic feasibility and themarket-Inc problems nvolivedj. I. view of current custs, soiar crop
dryiig nj.-: not had sio iuificant firp.ct i-: Thailand, an'd uots rt .em 
likely to haie in the uture,
 

9. 	Biomass Gasification is an existing coirmerciai operation in Thailand

that could probably benefit from some continued research. Under this
 
component, research and aevelopment were conducted at three 
universities, comparing the economic feasibility and assessing the
 
status of various tecnniques. Twelve units of various sizes were

built and operated ana the information catnered has improved the
knowledge base for expanded industrial use of this technology in

Thailand and elsewhere.
 

10. 	Work under the Village Woodlot component was carried out by the Royal
Forest Department, with over one million trees planted in
seven

Provinces. 
Many private plantations have sprung up, stimulated bythe project, and trees have been olianted in -noire oarderis, aiuno fence 
rows, and between paddy fields. Forests are orowir:o wnere none yrewbefore, and there is a new apprecia.ion of the environmental valueof these trees among many rural residents.. The nuriiber uf brees e'einy
planted is still rising, andI the oiiy prcoic.ms seem to oe tne 
uncertainty of ownership riphts ano mcie eventual ue orrhe trees. 

11. 	Charcoal production techniques iave been itnvestiuaeat id 
t.o nc. the eirfriciency or 	 As 

a resuit of prormotion and traiii;ia beaun unuer tne oroiecu an(o Sdillcontinuing, private ;roducers 

improvements instituted increase h 	 production.o 

.re t.ic,rciQ t.o tconstru(c rne iinpr'ove,
kiins.
 

12. 	 In cooperation with the Nationai Eerov Aumini':ratlon. cre RovaiForest Oeparrmnt 3ukctlcc;eaea in dev.iopi:io an imoroved cooking stove"hat 	uses more than cwentv-riv- per cenc less Cnar.coai - irty oer 
.:enc less aczoraina co the riny users i nterviewea - tari trieti aoitionai &oeinuse 	in Thailamj. Th.e -ui;i-ruCeieu scove
deveiopeo unoe," chi-- pro.iect nas 	ai even yr.earer erricienc, 

http:prcoic.ms


improvement over its traditional counterpart. This development has
sparked the creation of viila~e groups - most of which are owned and
operated by women - that are manufacturing and seling the new 
stoves, the adoption of the new design by manufacturers of 
traditional stoves, and the organization of a new company devoted to 
manufacturing, and improving the design of, the new sove. Several
 
thousand of the new stoves have alreaay been sold, and the prognosis

for accelerated sale is promising. Public interest in the ;ew stoves
 
seems to be growing, and the World Bank is preparing a major effort
 
to accelerate and expand dissemination of the new model.
 

13. 	An assessment of solar and wind resources has been performed and the 
data collected will be useful for some time. 

14. 	Experiments were performed on pyrolysis of rice husks that provided

useful information by use of which the process can be evaluated. 
P/rolysis of rice husks is not seen as a useful technoiogy,
particularly in view of the more practical gasificaton processes
that exist, anc the successful briquetting of the husks that has been 
deve IoPJ.-


To surftuirize: 

Of the fourteen components that comprised the project as implemented,
four were Found already to have had significant beneficial impacts - and 
continuing impact - on the welfare and'economy of rural Thailand. These 
were:
 

- Re3ional Energy Centers
 

- Microhydropower
 

- Improved Cooking Stoves
 

- Village Woodlots
 

Work on five others was found to nave significant potential impact on both 
the rural and national economies: 

- National Energy information Center 

- Energy Master Plan Support 

- Viilace Surveys 

- improved Charcoal ProGuction 

- Soiar/Wind Resource Assessment. 

By lir the mo.st impressive consequences of he Renewable Nonconventionai
Ener.y Proiect are tne results or trMe efforrs in micronvaroeiectri,. i,
improved ..'OoKina coves, and viliQ-ane woelccs. 
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B. Recommendat.ons 

The impact evaluation resulted in a series of recoirmndations to the 
Government that can be sufmarized as follows: 

- National Energy information Center -- The NEIC should take steps to
respond more rapidly to search queries, establish links to other
 
energy-related data bases in Thailand, and institute procedures to
 
encourage a regular flow of information to the Regional Energy
 
Centers.
 

- Regional Energy Centers -- The staff of the RECs should be increased
 
to permit greater promotion not only of developments in cooking

stoves and tree pianting, but of public awareness of the
 
interdependence amonq cooKing, charcoal producHion, and
 
deforestati on.
 

- Energy Master Plan -- The National Eneray Administration (N'EA) should
continue to use che models developed uncer the proje,.t, expandina onthe househoi-o- and rural -eneray accivities in eicn model. linproveu,ILta ci lection, tnrourh the iJIC, -zhoul oc '-n.ier'ta . n. 

-Village Survey -- Oata collectea during tne project houid be made 
more available, and useful, by reorQanization and publication by the

NEA. Additionally, NEA should conduct a survey within the next three
 
years to assess impacts that may become more apparent by then.
 

- Microhydroelectricity - The Provincial Electricity Authority (PEA)
and the NEA should accelerate the pace of their policy discussions to
permit sell-back arrangements for electricity produced by the private

sector, including some the the cooperatively run microhydroelectric

installations. The NEA should assist the cooperatives in devising a
 
more appropriate form of Financial accounting.
 

- Water-Lifting Technology -- Further photovoltaic or windmill 
water-pumping schemes should be pursued by the Government only after 
careful economic and technical comoarisons amonq all systems
availaible. The World Bank/UNDP Solar Pumping Field Manual 
is a
 
uieful tool for such comparisons.
 

- Biomethanation Systems -- Review of the comrmercial proposal For 
treatment of industrial w.stes, with biogas as a usef.i Dv-proauct,

by a disinterested outside expert should oe 
-_eriouslyconsidered cy

NEA. Future community biomethanation systems should )e undertaken
 
only with assurance of public underscanaing and willinyness of
 
villacers co parcipate.
 

- Solar Thermal Proces_es -- Pendin 9 :nanaes 'n er.ery-orici ny an(
environmentai policies, NEA snouhi encourace ne use )rsoiar crop
dryers oniy ,o,' ( IQustries *nero they :r'e,-urre,,ltv ,'1(,mer(i'Iv
viable. it.our stric:er, and enforce.. overnmerc s,.andr(u .n re
quality of: rie rooos, interest in this process -na po.)ie,expurc
,narkets rot i,ei Y to expand. ;or tooacCo ,ur ino, N'EA ,:uuid'o 

assist by encoura,4inaresearcn un reducing tne Cost of systems thaC 
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di spl ace Fuei dood or igni te. 

- Biomass Gasification -- NEA should consider continuing support for 
research on some gasification technologies, and on improving the 
thermal efficiency of rice-husk gasification. The PEA could help
accelerate private indtiatives in this Field by relaxing its rules
 
against purchasinq electricity generated by ;he private sector.
 

--Village Woodlots -- The Royal Forest Department (RFD) should take the 
initiative in exploring markets For trees being grown on woodlots,
clarifying land-tenure and tree-ownership riqhts, investigating the
 
use of other species to create bioloqical diversity, and improving

extension services to the villages and private tree crowers.
 

- Improved Charcoal Production -- NEA and RFD should accelerate 
discussions already under way regarding definition of legal charcoai 
production and saie, giving particular attention to linKing
production with Fuel-wood plantations. improved coordination, by the 
two agencies, or promotion efforts under this activity ard the
c3oking-stove .and woodlot activitles is the best way o,' mAl1ipilin
oereeits under eacn o- tnese proorams and decreasin de..rresrztiun 
preisures ,rom ruel-wood use. 

- Improved Cooking Stoves 
-- In view of the important coirercialization
 
achievements of the stove development under this pro.ject, the
 
Government should continue supporting this program oy solicitinu
 
outside support, if necessary, identifying adoitional marketing
 
arrangements, and encouraging village manufacturing groups by
providing managerial and organizational assistance.
 

- Solar/Wind Resource Assessment 
-- ,4EA should continue to review
 
budget requests of the Mereoroiogical Department of Thailand to 
insure that its Center for Solar and Wind Calibration has adequate
staff and data-coilection and -analysis capabilities to .neet na'ionai 
needs.
 

- Pyrolysis of Rice Husks -- Continued support of pyroi ysis projects 
aimed at coinmerci.alization is not reconnenoeu. 



II. Introduction 

The Renewable Nonconventional Energy Project (493-0304), a joint

effort of the U.S. Agency for International Development (USAID) and the Royal

Thai Goverrment (RTG), was designed to reduce Thailand's dependence on
 
imported (fossil-fuel) energy through the development and application of 
Thailand's renewable-energy resources, arrest environmental degradation
caused by deforestation, and create opportunities for increasing income in 
rural areas. Project activities began In 1981 and ceased in 1984 at the 
scheduled (extended) Project Assistance Completion Datb (PACD). Although an 
interim evaluation of the project was performed inSeptember, 1982, the final 
evaluation of the impact of the project was delayed until 1986, to allow time 
for the effects of the project components to become clear, primarily because 
the development and/or application of many of these components was not 
achieved until 1984. This report presents the result of that final impact 
eval uati on. 

A. Purpose of Lthe Evaluation 

The purpose of this evaluation, as detailed inthe Scope of Work (Annex 
1) -isto assist Doth LUSAID and the RTG in six major ways: 

1. Assmes the achievements of project outputs and measure the
 
degree to which the project purpose and end-of-project-status have
 
been realised. 

2. Examine the degree to which the technologies and Information 
generated by the project are influencing energy-consumption patterns 
of the people involved, especially the social impact on rural 
villagers. 

3. Address what technologies developed under the project have proved to 
have high potential for comericalizaton and dissemination and future
 
active roles of already established institutions.
 

4. Assess any environmental and ecological impacts from the adopted

project activities. 

5. Explore both private- and public-sector activities to determine If 
development activities are being undertaken and, where undertaken, 
evaluate the magnitude and quality of the implementing agency's 
activities. A similar search will be made of private industry and 
private individuals, to the exteft they can be Identified, inorder 
to determine how private-sector investments are now bei ng made for 
developing energy applications.
 

6. Make recommendations concerning additional or alternative uses of the 
information and/or the generation of additional informaton or 
activities for possible future applications. 
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B. Methodolo~j 

The evaluation team, ably assisted by USAID/Thailand's Office of 
Engineering and its Program Office, consisted of an energy specialist, an 
energy economist, a forester and wood-products use special ist, and a social 
scientist. (See Annex I.) The team began its work by reviewing the project 
files, documents, and reports made available by USAID. These were 
supplemented by other project-related documents obtained from other sources 
(q., RTG, universities, the Food and Agriculture Organization - FAO) during 
the course of the evaluation. 

Interviews were held in Bangkok with National Energy Administration 
(NEA) officials, project-componnt team leaders and others who were involved 
in inplementation of project components, and specialists from universities 
and other organizations whose input was felt to be pertinent. 

r'ield interviews were then held with directors and staff of Regional 
Energy Centers (RECs) (part of the project's institutional development),

private manufacturers of equipment developed under bhe project, villagers, 
owners of priva e tfoodlot.s, a: d university investigators involved in 
project-component research and development. Site visits were made to a 
variety of field Installations of energy facilities accomplished during the 
project or as a result of the project activities, and to villages involved in 
project implementation. Finally, discussions were held with USAID personnel 
in both Bangkok and Washington. 

C. Backround 

Planning for the Renewable Nonconventional Energy project began in 
1978 with approval of the Project Identification Document. Following a 
detailed project-design phase, final authorization was granted July 31, 1979, 
and the Grant Agreement between USAID and the RTG was signed August 16, 1979. 
This provided for $5,000,000 in grant funds from the U.S. Government plus
$3,149,900 from the RTG, with an additional $1,010,000 from the United 
.Nations Development Programme (UN P) and the Asian Development Bank for the 
develop ent of an Energy Master Plan. 

There followed a series of delays that, as the September 1982 
Evaluation stated, 'were the result of a number of factors, including waiting 
periods associated with the RTG budget process, and the complex approval 
processes for component work plans."[1] During this period, AID also 
selected and negotiated with a consulting firm to provide a variety of 
coordi nating and technical services to the RTG implementing agency (the
Nationai Energy Administration - NEA), the Project Coorainator provided by
the Contractor set up activity in Thailand, and the RTG set up an 
administrative system to work with both USAID and the Contractor. 
Preparation of work pians was begun late in 1980, but actual substantive
 
activity did not be-gin until the first quarter of 1981, when work on project 
co-vonents began. 
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The Project Assistance Completion Date (PACD), June 30, 1984, was
 
extended to October 31, 1984 to permit the completion of some of the
 
development begun under the project, and to allow time and funds to complete

training, to hold the final workshop, and print the final accomplishment
 
reports.
 

D. Smry of the Prolect Paper 

The original project design (2],[3] was based on two major activities 
- it.titutionai development and acceleration of the use of proven 
cost-effective energy echnologies in rural areas. Each of these activities 
involved several components:
 

Institutional Development: 

- Establishment of a National Energy Information and Documentation
 
Center to be a central source of energy-related information in
 
support of RTG energy policy and planning.
 

- Establishme.nt of six Regional Energy Centers to provide regional

focal points for energy data collection, project implementation, and
 
technology and information di ssemi nati on. 

- Assessment of renewable and non-renewable (energy) resources, 
including not only 'solar, biomass, and micro-hydro energy,' but also 
lignite, tar sands, and oil-shale reserves and geothermal-energy 
potential. 

- Monitoring of developments inenergy technologies, specifically, at
 
the outset,
 

+ solar-thermal energy conversion
 
+ bioinass-energy conversion
 
+ oil-shale uses and applications
 
+ 	photovoltaics 
+ wind-energy conversion 

- Support for Thailand's Energy Master Plan, including:
 

+ 	pre-feasibility/feasibility studies of micro-.cale 
renewable-energy alternatives 

+ 	survey of rural energy use 
+ 	studies of village resources 
+ 	feasibility studies of village (micro-sca'e) energy systems 
+ 	staff support 
+ 	training 
+ 	energy conservation 

http:Establishme.nt


,Aural OrientH.i Technoloits 

- Biomass.conversion
 

" improved cookinq stoves
 
+ biomethanation (ibioaas) 
+ improved cnarcoal production
" pyrolysis of agricultural residues
 
" eneray conservazion For small industry
 
+ incegration of biomass-conversion systems 

- Mi crohydropower 

- Solar dryinq and distillation 

- Water ii fti no, i ncl udi ng: 

+ wi nd 
+ biooas 
+ phoCoVoi Cai:s 

- Village woodlots 

All of these activities were.to involve compr--hensive economic and
social analyses, with particular attention to the status of 
women as affected
 
by project activity.
 

In the event, however, as the project proaressed, some of the
 
components were dropped and others chanced. 
 Thus, by the PACD, the 
components actually involved in implementation were: 

A. 	National Eneroy Information Center
 
B. 	 Regional Ener.y Centers (four - 3ca;ed down from six)
C. 	 Eneray Master Plan Support
D. 	 Vi 1ace Survey "deal i no only with renewable-eneray 5ources'i 
E. 	Microhdroelectric Systems
 
. Waer-Lifi n Technoioay

6. 	 6ioiT thariatiori Systems (Industrial Sioas - dropped ari:er iniiai 

H. 	 Solar-Thermal Processes temphasis on crop Irvilu, with some work on 
disci IIation) 

I. 	Siomass Gasification (wood, charcoal, rice huskl
 
J. 	 Villaae Woodlots 
K. 	improved Charcoal Production
 
L. 	 improved Cookina Stoves 
M. 	 SoiariWind Resource Assessment 
N1.Pyrolvsis of Rice Husks
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III. Findi ngs 

A. National Energy Information Center 

1. Background 

Though technically established before the Grant Agreement for this 
project was executed, the National Energy Information Center (NEIC) received 
its largest boost from the Renewable Nonconventional Energy Project. Created 
November 21, 1978 (subsequent to PID approval) by Cabinet decision, the NEIC 
was designed to be a central source of information to support energy policy 
and planning. The NEIC received four-year funding under this project in 
1980.
 

2. Achievements 

With this support, and with the technical assistance provided under 
the project, NEIC established procedures to create and maintain a modern 
Information-handling system. It updated and combined existing collections of 
the NEA Regulatory Division and the NEA library. It increased its staff from 
the original three to eighteen, and enlarged its information base by 
cooperative arrangements with the Asian Institute of Technology (AIT) and the 
ESCAP Bibliographic Information System (EBIS). In addition, by virtue of the 
expansion of its activities, the NEIC is to become a part of NEA's Energy
Policy and Planning Division under a new reorganization. Finally, supported 
by USAID funds, NEIC purchased and instal led a Hewlett Packard HP 3000/40 
minicomputer to handle its expanding information base. 

3. Impacts and Benefits 

Prior to USAID funding, the NEIC consisted of the Regulatory 
Divison's collection of electrical safety standards and other data, and the 
NEA's library of "engineering textbooks, a few serial titles (received and 
kept for the most part by the Directors of the Divisons), ana a considerable
 
nmber of energy reports" (between 2,000 and 3,000). Limited budgets and 
staff restricted the information services available. With hhe advent of 
USAiD funding, "a new dimension was given to the development and growth of 
the afore-entiuned collections - a slow but definite entrance into the world 
of specialized information centers."[1] 

Perhaps not surprisingly, in view of Thailand's overall energy
 
problems, the NEIC reports that although a substantial portion of the 
requests for information concern renewable-energy issues, the majority of 
requests concern petroleum. 



4. Factors that helped or hi ndered 

Without a doubt, the USAID funding is responsible for the NEIC's 
current capabilities. Nonetheless, the NEIC staff feels strongly that the
USAID conditions For expenditure of project (grant) funds hindered progress. 
By requiring 'that expenditures of grants should proceed according to the
 
system already in existence within the Thai Government," project personnel
had to 'acquire approvals through bureaucratic channels which caused 
considerable delays, particularly in the process of the acquisition of new 
materi al s. 0[2] 

In this post-project period, some users feel that the NEIC's services 
would be more widely used - and useful - if NEIC were to advertise its 
services, provide conuter links, and facilitate information retrieval from 
its database.
 

5. Results and Conclusions 

There is no doubt that the consolidation of existin, information 
collections and facilities has eliminated unnecessary duplication, and that 
the expansion of the information base has great potential benefits for users 
of the NEIC. Nevertheless, the lack of the capacity to link their data base 
electronically with other data bases inThailand, such as the Renewable 
Energy Resource Information Center (RERIC) at AIT AND EBIS, severely limits 
,NEIC's usefulness. (The arrangement with EBIS was a tenorary one, allowing
only a one-way storage of information from NEIC in EBIS's data bank. It did 
not give NEIC access to the rest of that data bank.) Users of NEIC's data 
base, reported to be between sixty and seventy per month, are 'internall 
(Q.e.. NEA personnel) or from the universities. It is not clear, however,
how many university users there are, or how useful the NEIC has actually been 
to them. King Mongkhut Institute of Technology, Thonburi (KMITT), For 
example, has a direct computer link to the AIT data base, while the NEIC is 
not equipped to handle electronic Information exchange. There is evidence 
also that some university users feel Itis easier to contribute information
 
to the NEIC than to ootain it From the system. Certainly, the speed with 
which the system responds to search queries leaves something to be desired. 
Finally, a serious gap inthe data base iscreated by lack of data,
 
information, and case histories from the Regional Energy Centers.
 

What isclear is that organization of the NEIC, the consolidation of
 
collections and facilities, the larger and better trained staff, and the
installation of the HP 3000/40 minicomputer have conined to give Thailand an 
energy information center with enormous potential benefits to Thailand and 
its ASEAN partners, in facilitating the flow of energy information. It 
potential contribution is being recognized in an impending reorganization,
when itwill be made part of the Policy and Planning unit in the Office of
 
the Prime Minister. 
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6. Recomndations 

a. NEIC clearly should update the data-base programming to speed up
the system's response to search queries. 

b. Electronic information-transfer links - by dedicated line, if 
necessary - should be established by NEiC with other important, related 
computerized data banks, such as RERIC at AlT, and EBIS at ESCAP. If NEIC is 
concerned about sensitive data bearing on national policy or security, that 
material can be protected from unauthorized access by suitable programming.
Other information, however, should be freely and easily available. 

c. NEA should establish procedures for a regular flow of information 
from the RECs to the NEIC. This should include survey data, operating
statistics, case histories, and any other pertinent information bearing on 
woodlots, cookstoves, biomethanatlon, charcoal, all applications of solar 
energy, uses of biomass, and microhydroelectricity. 

REFERENCES 

1. Nationel Energy Administration. 1984. The Establistmment of the 

Thailand Energy Information Center in Thailand. p.32. Bangkok: NEA. 

2. Ibid., p.33. 
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B. Regional Energy Centers 

1. Background 

The Project Paper called for the establishment of six Regional Energy
Centers (RECs). The Work Plan =proved on January 11, 1982 provided for only 
our centers, however, but noted that two more centers were to be establ Ished 

by 1986, two years beyond the PACD. 

2. Achievnts 

The four RECs established under the project, located in Phi tsanul ok,
Maha Sarakham, Nakhon Si Thammarat, and Ratchp"uri, were all visited by the 
evaluation team. They all have developed alternative-energy priorities for
their regions. They have collected survey data and have served as training
centers and dissemination centers - in a broad sense, providing extension 
services. Among them, the RECs have held: 

- four workshops on improved cookstoves;
 
- t-hirteen training sessions for cookstoves;
 
- eight workshop/training sessions (with the RFD) on planting and
 

caring for seedlings of rapidly growing tree species; and 
- seven training sessions on construction and use of Improved charcoal 

klIns 

While their activities have focussed on improved cookstoves, improved
charcoal production, and village woodlots, they have also demonstrated,
adopted, and disseminated information on windmill water-pumping,
solar-thermal technologies (crop drying, water heating, and distillation),
the use of photovoltaics (for lighting, domestic water supply, battery
charging, and vaccine refrigeration), and biomethanatlon. 

3. Impact and Benefits 

Detailed discussion of the economic, social, and environmental 
benefits of each of these achievements will be found inthe sections on those
 
speci fic project components. They are noted here, however, because the RECs 
have played a major role in ac-ieving these benefits. The frequent presence
of the REC staff in the villages during periodic visits for promotion,
training, or In response to riuests for assistance, and their work on 
village projects have been the principal aspects of that rola. 

The RECs have been responsible for the establishment of commercial 
manufacture of improved charcoal cookstoves - by village groups, individual
 
village entrepreneurs, established manufacturers of traditional stoves, and
 
at least one larqe manufacturer estaolished specifically to fabricate and
 
market these stoves. They nave accomolished this by virtue of
demonstrations, training, providing consultant services to manufactures, and 
by providing initial markets for the new products. Their promotion of this 
technology has resulted in .hesale (and use) of several thousand of these 



stoves. Production rates are rising and at least one manufacturer has 
produced a modified version with the same efficiency and (presumably) life,
but with a lower manufacturing cost. 

The Eucalyptus woodlots (forests, really), fence rows, windbreaks,
and household plantings that can be seen throughout much of Thailand owe 
their existence to the combined efforts of the RECs and the RFD in promotion,
training, and distriLtution of seedlings. While the use of improved charcoal 
kilns has been slower to catch on than the cookstoves or the tree plantings,
several commercial charcoal manufacturers have adopted the new designs. 

4. Factors that helped or hi ndered 

The accomplishments of this project component have been impeded by
the implementation delays experienced under the project. T'he earliest REC to 
be conoleted, at Maha Sarakharm, was actually started (Ff 81) before USAID 
funding was available through NEA. Nevertheless, this center was not 
completed until F 83 with a starting staff of two. The last to be 
completed, at Nakhon SI Tharniarat was finished in 1985, long after the PACD,
and although construction of the REC at Ratchaburi was completed in April, 
1984, its equipment did not arrive until the following November. Thus,
construction, staffing, and equipping of the Regional Energy Centers have 
been completed for only between one and two years. 

5. Results and Conclusions 

The decision to confine the project activity to four RECs was wise in 
view of the delays that plagued project implementation; the fourth center was 
completed only shortly before the (extended) PACD. Delays continued to 
hamper full operation of two of the four RECs even after the PACD, in terms 
of unavailability of sufficient staff to meet their responsibilities and 
delayed arrival of equipment that had been ordered under the project. (At
least one of the RECs resorted to making much of its furniture in its own 
workshop.)
 

Inspite of the delays that impeded the initial activities of the
 
RECs, their achievements are inpressive. It seems clear that even more would 
have been accomplished by his time if they had been able to get an earlier 
start.
 

The establishment of the RECs ineach of the regions of Thailand 
seems to have had a definite beneficial impact on public awareness of energy
Issues, and isbeginning to have an influence on energy-consumption patterns.
its mere presence inthe villages during periodic educational or training 
visits or for maintenance or repair of renewaDle-energy installations, is 
important indemonstrating the Government's commitment to long-term rural 
welfare. 
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6. Recouendation 

Though budgetary problem may make it difficult, the NEA should give
serious consideration to increasing the staff of the RECs by at least 25 per

cent. This would permit the RECs to expand their activities in promoting the 
improved charcoal stoves and tree planting, in particular, and in educating
rural residents in the intimate links among cooking, deforestation, and 
charcoal production. The measure of success in carrying out this
 
recommendation will be the increase in number of stoves manufactured and sold 
(and used), the number of trees planted, and the number of charcoal 
manufacturers who adopt the improved techniques. The basic overall measure 
of course, isthe extent to which this effort decreases the rate of
 
deforestation.
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C. Ener Master Plan: Sectoral Enerqy Planning Models 

1. Background 

An Important component in Thailand's energy policy analysis is the
development of energy planning models. In 1980, development of an Energy
Master Plan of Thailand (EIIP) was undertaken by NEA under the sponsorship of
the Asian Development Bank (AC8) and the United Nations Development Program
(UNOP). The major objective of the EMP was to provide NEA with the capacity
to conduct "macro-energy planning and prepare a long-range sector-wide 
energy plan for Thailand.'(1]. Two goals of the EIP were to assist in
devising appropriate policies that would both reduce petroleum dependence and 
I qxro energy management. 

In 1980, USAID assistance from the Renewable Nonconventional Energy

Project was used to supplement efforts of the EMP in the rural and
renewable-energy areas. The original project paper called for
prefeasibi Itty/feasibi lity studies of renewable-energy alternatives,
rural-energy surveys, detailed village-resource studies, and feasibility of 
village energy systems. However, the work plan wisely narrowed the scope to 
concentrate on:
 

- support of further development of the Rural Energy Use submodel and 
other submodels (transportation, electricity, the textile industry,
paper industry, and the Urban Household subwodel) for the EMP; and 

- development of micro-level energy models for the rural-community and 
household levels.
 

2. Achievements 

Development of each model required defining and programming therelationships In each sector, and obtaining data to test the models. The 
models developed under this component include

- Rural Energy Use Model (Meta Systems, Inc.); 
- improvements on the EMP submodels (transportation, electricity, 

textile and paper industry - developed by NEA); 
- Household Energy Model (Meta Systen, inc.);
 
- Rural Community Development Model (NEA).
 

All models developed under this component were built to be used

independently, as well as to be able to be incorporated into the Ei. Each
model used .optimization techniques, usually linear programming, to maximize
income or minimize energy costs. 



3. linpacts and Benefits 

Development of these models has been important to NEA in terms of
increasing their capacity 
for systematic analysis of energy relationships at
the macro and sectoral levels, and providing a basic fram6work that can be

used for focussing on future data needs. 
 The primary contribution from the

NEA/USAID component was to provide support For NEA to Focus more closely onrural energy sectors, which often receive little attention in national energy
nodelling and plannina. The development of more complete EMP subndels also
ailowed more in-depth analysis of these sectors and the disaggregation of the
EMP. The advantage of having separate submodeis is that itsaves computer

time and allows For greater detail ineach subcomponent. The usefulness and
 
meaningfulness of the results, thus, is improved.
 

Through the development of these models, NEA also had a systematic
checkiist of da:a needs. As a result of definino their data needs. NEA has 
oeen able to improve, and focus more closely their 1985 rural energy survey. 

4. Factors That Helped Or Hindered
 

Time limitations meant that certain submodels (Urban Household and
 
Tertiary submodels) were never completed by the end of the project. 
 Another
 
major constraint in the testing of each submodel and its ultimate usefulness
 
as a policy-making tool was the lack of adequate data. At the time of theproject, most rural eneray data could not be readily used because they were
 
either hignly aggregated or too site specific. Data From the other
 
components of the project, such as the Rural Energy Surveys, and Baseline
 
Energy Surveys, incombination with other secondary sources, helped overcome

this constraint for NEA to some extent. NEA has not realized the potential
of the models, however, because of their high data requirements. 

5. Conclusions
 

By the end of the project, the contribution of the NEAiUSAID 
submodels to general eneray planning inThai lana was an important first seep
towards better policy analysis of rural-eneray issues and interactions 
between national- and rurai-energy issues. Development uf these models
producea a svstematic outline of r'iral-energy relationships -1nd pointed toimportant data requirements. Second, this component cave NU tne opportunity
to define and expand its data base better 3nd improve oaca-coiiection
 
techniques. 
Model testing helped point out areas of Jara 3trengths and
weaKnesSes. As a corsequence of the project, NEA concucted .Lrtrer 
rurai-enerqy surveys in1985 to improve their dai;a and crovi:,e time-series 
i nformat ion. 

Specifically he results From these modeis provideo NEA -withinsi.hts on relationships between energy demand, income-distribution impacts.
energy-supoly constraints. and opdima' conversion-cecnnol)rv priorities in
the rural areas at the housenoid and (:ommunity levels. The revised Rural 
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E.ergy Use moiel has pointed to the need For greater concern regardino Forest
depletion and the imp ementation of fuelwood plantations. The Ei',P submodeis
have shown the energy conservation potential in the textile and paper
industries. The Household Energy Model can show the scarcity values
(imlicit costs or shadow values) For resources and technolooies related to 
energy use in the rural areas. These values are extremely important to

understanding consumer behaviour and setting pricing priorities. Aithough
the Rural Co'rnuntity Development iodel was only applied to two villages, both 
cases showed the relationships to income generation and enerciv-svstem
adoption. As a consequence of this modelling effort and the'suc:ess or other
project components, rural enerqv planning has received yreater attention and
 
emphasis in the Sixth Five-Year Plan.
 

6. Recommendations
 

These energy planning models are extremely important o Thailarno s
eneiay ana resource--use plannina. Aln)st all am)d 1s will requIfre Soii
iip,'ovements to increase rr:eir acuurcy and potential u )pe.i fi:aiI v. NEA
should endeavor zo 'enprove cncse rn~u, i n the fcl .wi % are3 

- the collection of data on nousehoid energy demand to obtain 
energy-price and -income elasticities througn other types or 
econometric models; 

- systematic establishment of data banks for ail models; 
- expansion of household and rural-comnnunity activities in each model; 

and
 
- greater in-house (NEA) training on modeliinq.
 

Data collection by NEA could be improved throuuh use o 
the Reaional

Energy Centers (RECs), which have access to viliaae-level energy supply and
 
demand information. 
 Since tney have carried out technolk gy-reiated surveys,
some staff t the RECs have the liecesary traini na in survey t.ecnrliques aridthe RECs would only require additiunal staff dm support From ,JEA f'r 
development of a auest.ionnaire. Consumer behaviur for r,iai oer:Cry resources
has been ,:-ouid to bt di ficuiit to presdict F;r'm eneruy-pricion X,.;udies,
however, '2) partly oecau-se the ;rKdels used --re nct reporsivi co he rakC
trlat many rural Futis are free. Therefore, e.fort s bv NE-A mu~z rcCos on tnose 
key resources that are critical to rural enerqy use, sucn as rueiwuo and
crarcoai, and shuid try to derermine impi icit prices as proviceQ ov Ine sume 
(if the models. 

Finally, the National Eneruy information Center should use its 
cumputer for systematic compilation .and oraanizat-,)n of enerc9 cara. This
would increase use cof 
 the center and create a focus For eneray information in

the countr,,. Financial support tor energy modeiiiia, as weli as instruction 
For NEA staff in these tecnniques, might be provided tnrouin reionai erleray
programs, such as those of the Association of Southeas.; Asian Nations (ASEAN)
or the World Bank's Economic Development institute. 
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0. Villaqe Surveys 

1. Background 

The village survey component was originally designed to comprise
three phases: the Baseline Surveys, to describe the conditions in villages
prior to the introduction of new energy technouloges; Transition Surveys, to
collect data on the process of introducing such technologies and testing them 
on the site; and Evaluation Surveys, to assess the results of the introducton
of the new technologies in relation to the general economic and social 
conditions of the villages. 

2. Achievemnts 

The Baseline and Transition Surveys were successfully conducted,

although with overlapping of time and agencies responsible for conducting

themq The Evaluation Survey, however, was not carried out, except for some
informal component-specific evaluations made by each team. (An Interim
Evaluation of the overall project, however, was (onducted in 1982 by
Development Sciences Inc. for USAID/Bangkok and the National Energy
Administration.) 

a. Baseline Surveys
 

The main national Baseline Surveys were conducted primarily in

1980-1981 by the Coordinating Contractor with research teams from 
Chulalongkorn University Social Research Institute (CUSRI), Chiang Mai
University, and Khon Kaen University as consultants. They investigated about
1900 households from fifty villages in ten selected provinces: Petchaburi,
Nakhon Ratchasima, Si Sa Ket, Kam Phaeng Phet, Lampang, Songkhla, Chantaburi,
Roi Et, Udon Thani, and Chiang Mai. Parts of the Baseline Surveys (for the
microhydroelectric installations and windmill and photovoltaic water lifting)
and the main Transition Surveys were carried out ov NEA in198J-1934. The 
purpose of the surveys was to provide general data on village activities 
involving energy use. The data were intended for use inselecting sites
where technologies would be introduced and in comparing with data to b
obtained after installation of the system. Also, it was hoped that each 
component team would use the data for the design and implementation of the 
systems under the project. 

The Baseline Surveys contained data on the following topics:
 

- Cooking -- fuel selection and consumption, foods consumed, stove 
design and use (for information on household fuel use); 

- Industry -- fuel ise, level .)f production, production costs, labor 
productivi ty, production tecnnolo y, marketing of inputs and outputs,
financing (for information on industrial fuel efficiency and
 
pricing);
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- Agriculture-- crops, planting cycle, land tenure, size of holdings,
use of agrochemlcals and. equipment, extent and method of irrigation,
yields, residues (for information on potential availability of 
biorass resources for energy conversion and location of village

woodlots);
 

- Fuels - moisture content and calorific value (From measurements on 
approximately 1,000 samples at Kasetsart University School of

Forestry), prices, yields, locations, uses, preparation, conversion,
and distribution; 

- Water supply -- location of source, allocation, level of consumption,
uses; and 

- Markets - prices of major fuels, appliances, industrial products and 
sources of Fuels sold. 

Since some of the planned systems were Installed in villages not 
included in the main Baseline Survey, itwas nescessary to conduct additional 
Baseline Surveys. These were done in 1983 and !-%4 for fifteen villages in
four provinces tYala, Chiana Mai, Sakon Nakhon, aid :akhon Ratchasima) at the 
same time as the Transition Surveys for these villages were being carried 
out. 

b. Transition Surveys 

The Transition Surveys were carried out by NEA and were intended to 
record data on changes and problems that might occur during the
 
implementation of each technology-related component. This included
 
information on:
 

- availability of village labor For construction;
 
- availability of villagers to be trained to operate, 
 use, and maintain 

the installation; and 
- information on establishing a pattern of ownership, administration,

and dissemination of the system. 

The survey was normally conducted in the period of two to three weeks
preceding the ifplementation, and lasting until two to hree weeks after the
implementation. A transition survey was done for each of the following
components: Village Woodlots, Microhyaroelecricity, Water Lifting (windmill

and photovoltaic), and two non-USAIC-supported community biogas digesters. 

3. Impacts and Benefits 

The detailed study of secondary data at the preparation stage For the
Baseline Surveys contributed significantly co Vhe identification of regions
where certain sources of energy were located, generally providing a Firm 
statistical basis For what was otherwise Felt to be. 'common knowledge." It 
was found that the South had sufficient vind energy for the windmill 
water
 
lifting; the Northeast possessed potentiai resources of biomass materials,
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such. as agricultural and animal wastes, for energy conversion; the North had

both water resources and topography suitable for mi.crohydroelectricity, and
trees to be used in charcoal production; and the Central plains were good forcultivation of lowland crops. These findings were useful for the general
planning of types of energy systems to be introduced in each region. 

Complicating the evaluation of the benefits of the Village Survey

component, however, isthe fact that political criteria often determined the

selection of many of the sites for project implementation, rather than the
 
results of the surveys.
 

The main data from the National Baseline Surveys were analyzed by the
 
contractor intwo staaes. 
 Stage one was the preliminary presentation of data
ina fourteen-volume report.(1 Stage two was a
more detailed analysis ina

three-volume series prepared as part of the Energy Master Plan component.J2]
Subsequent selections of implementation sites were in some of the sampled
provinces: Chiang Mai for microhydroelectricity and RECs; Roi Et and Si SaKet for woodlots, although not necessarily inthe actual villages surveyed;

and one sampled villa-e was selected for woodlot imolementation. (The
Village Woodlot team also corducted a socioloiicali survey invo:vinq some 440
"nterviews in the provinces ;e izaai2ararham. %i Et, Y'3otnon an a
Ket. )[3] 

Although the timina of tre additional Baseline Surveys and the main

Transition Surveys conducted by the NEA team was originally intended to help

establish a 
basis for site selection and to follow chanqes associated with
 
project implementation, inmost cases the surveys were conducted
 
simultaneously with the installations of the systems. 
 Nevertheless, the
 
survey resuits were frequently directly helpful to the
 
technoiogy-implementing teams, in suggesting desireable cnanges in 
implementation schemes. 

the
 

Long-term impacts and benefits From the Baseline and Transition
Surveys are possibie, depending on how the existing data files and reports
 
are utilized.
 

4. Factors That Helped or Hindered
 

The conceptualization of ;he Viliage Surveys was exceilent, as was
the cesion of the instruments to cover topics of importance to the 
anticipated implementations of the enerqy systems. Realization of benefits
from the surveys could nave been significantly improved. however, ifthere
had teen greater coordination between the Village Surveys component and the 
other components. Cooraination was inadequate partly because theorganization of tre other components was delayea, wnicl in turn resuited from 
the delay instartini the overali project. At the same time, the survey

component had to proceed to 
the field work when the enumerators, who were

university students, were avaiiabie, i.e., durina the sumer ,vacation.
rurtnermore, the inadequate cuoraination meant that tne survey could have
been designed in sucn a way to make its results more useful for the Enery
Master Plan. 
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In addition to inadequate coordination, a further problem with the
Village Survey component was the gathering of information (primarily related 
to agricultural crcps) that was relevant and thereforenot not subsequently

used under the project.
 

5. Results and Conclusions 

One major theme around which the Surveys component was built was the 
concept of "participation and self-reliance.' The assumption was that a
newly introduced energy system would be viable only where the villagers
participate in its planning and installation, and maintain and operate it 
themselves. Both the Baseline and Transition Surveys therefore tried to get

at data that would indicate degrees of participation and readiness among

villagers to operate and maintain the system. 
This focus of the Surveys

proved very useful for selecting some of the sites and monitoring the
 
installations, as well as maintaining the installed energy systems. 

The Village Surveys component was expertly conceived, designed, and

i.strumented. It covered the three important stages of technology
introduction: Baseline, Transition, and Evaluation Surveys, although the
 
last one was not carried out. The problem of coordination, both witnin the 
component as well as between this component and the others, is largely
responsible for having reduced the value of the surveys. Nevertheless, these 
surveys resulted ina valuable data collection and represent a major
accomplishment of this project. 

The impacts and benefits from the Village Surveys were evident inthe 
selection of technology for each region, selection of sites in some cases,
and assistance to the implementation process in each site. In addition, some
results of the surveys were useful for the Energy Master Plan. Future use of 
the collected data isstill possible.
 

6. Reconendations 

NEA should make the data collected in the Baseline Surveys more 
accessible and available than ispresently the case, particuiarly for use by
RECs, NEA planning bodies, other government agencies, and interested 
researchers and students. tJEIC should reorganize, store, and publish the 
data. 

To be able to comrare the baseline data with post-experiment data for
each pilot project, NEA should conduct an evaiuation survey three to Five 
years after the PACD. By tnat time, changes and impacts of eacan component
will be D)re ooservable. Topics to be included in the proposed evaluation 
survey should reflect those inthe Baseline surveys, so as to allow useful
 
comparison. 
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E. Mi crohydroel ectricity 

1. Background 

In designing the Renewable Nonconventional Energy Project, USAID had 
three goals in mind for the Microhydroelectricity component: 

- Assisting up to 10 villages to develop hydropower resources for 
productive purposes; 

- Creating a domestic capacity for production of standard
 
turbi ne/generator equipment; 

- Establishing a technical, administrative, and analytical capacity for 
planning and implementing development of microhydropower potential in 
Thai land.
 

Ic soon became apparent that ten installations constituted an overly
arbitious goal inview of tne time, funds, and personnel available, and in
the event, four installations were completed by the P.CO. Three of the 
installations - at Kam Pong, Mae Ton Luang, and Huai Pui - were for the
electrification of villages, while the fourth (Bo Kaeo) was primarily
Intended to supply power to a tin-mining operation. 

Before construction started, NEA required that each village agree to
form a cooperative with equal shares per household to help manage the system.
According to regulations of the Ministry of Agriculture and Cooperatives, the
establishment of a cooperative meant that at least fifty per cent of the
households had agreed to participate in the NEA project. Some of these
regulations were modified by NEA, however, to suit the conditions of each 
project. In ali cases, the village cooperatives own forty per cent of the 
system, based on labor and material contribution. The village share of
electricity revenues remained with the village to provide for repair and
maintenance, with any funds left over to be used for other village
development projects. 

2. Achievements 

These goals have clearly been achieved in the experience gained with,
and the results of, the Four installations completed during the project. In
acdicion, however, a fourth and largely unexpected achievement can be
creoited to this effort - the strengthening of the spirit of cooperation
aTiong 'he villagers who became involved in these projects by their 
participation in the cooperatives :hac were formed for the construction,
operation, maintenance, and repair of the systems, and for the collection of
Fees and the application of funds to village development projects. 
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The evaluation team was able to visit three of the four installations 
completed under the project, plus one other of similar size, design, and
 
execution. The technical achievements were:
 

- Kam Pong - (USAID-supFrted) Consists of a 20-kW pelton turbine 
coupled to a three-phase, 380-volt, 25-kVA, 50-Hz. generator. The 
system provides for a second unit of similar characteristics, For a 
total of 40 kM. Construction started in.January 1983 and
 
installation was completed in December 1983. There has been only a
one-week outage since, for bearing and shaft repair. The system
supplies 118 households, 790 people (there are seven villages in the 
service area), and the cold-storage unit at a Royal mushroom project
nearby that requires 2.2 kW (7 kW peak starting power). Only one 
operator is needed to operate the system. 

- Mae Ton Luang -- (USAID-supported) Consists of a 35-kW cross-Flow 
turbine coupled to a three-phase, 380-volt, 50-Hz generator (est. 40 
kVA). Construction started inApril 1983, and installation was
 
coimleted in June 1984. The system serves 125 households, 392 people
(three villages are inthe service area), and has two operators.
 

- Hual Pul - (USAID-supported) Consists of a 50-kW cross-flow turbine 
coupled to a three-phase, 380-volt, 50-kW, 50-Hz generator.
Construction started in May 1983, and installation was completed in
June 1984. Power generated serves 700 households (there are seven 
villages in the service area), and the system has three operators and 
one secretary. (Note: The village headman from Ban Pa Taeng stated 
that 700 households, participated in the seven villages served. The 
1984 NEA report [1], however, gives the seven villages as having
1,094 households, with a population of 4,261. The difference, while 
not clearly ascertained, is likely to be the households that chose 
not to participate.) 

[The team ilso visited Pang Song, which was not constructed under this

project. It consists of a 12-kW cross-flow turbine with associated diversion
weir and headrace. Construction was completed in 1983. It 39serves 
households insix villages (population 149) and has two operators.]
 

The fourth USAID-supportea installation, which the evaluation team 
was not able to visit because of weather conditions, isat Bo Kaeo, where two 
100-kW bt'rbines supplied power for a tin-mining operation (that ceased 
operation shortly after the installation of the hydroelectric system), and 
incidentally to four villages of 226 households, with a population of 1,723.
 

All of these system except Bo Kaeo were constructed by volunteer
 
village labor, and are operated intermittently, generally only through the

niat. Variations seemed to be From the period 16:00 to 08:00, to the period
i8:UO to 12:00, as in the case of Huai Pui. 
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NEA's three major economic objectives for installing
microhydroelectricity in remote regions were: (1) fostering local 
participation and long-term financial responsibility For energy systems; (2)
reducing operation and maintenance costs for these systemis; and (3)creating
 
an indigenous microhydraulic-turbi ne/generator manufacturing base for future
 
export to the Asia-Pacific region. All these objectives have been extremely
successfully met. In addition, households have saved fuel expenses,
foreign-exchange savi ngs have been realized, development funds have been
created, and financial cooperation skills in the villages have increased. 

3. I acts and Benefits 

Social: In all of the villages visited, the electricity supplied by
the microhydroelectric installations is being used to operate lights
(displacing kerosene), for cooking (rice), and to operate radios and
 
television sets (di -lacing battery charging). Electric-powered wood-working
equipfrent is now being used in the villages supplied by the Kam Pong and Huai
Put installations, and the latter supplies vaccine refrigeration for two 
clinics that serve the seven villages. Inaddition, a cold-storatle unit that
 
is i sed at a Royal -m-shrooimgrowing project iear Kam ?ong is also powered by
the system. Villagers using electricity from the Huai Pui system also 
benefit from the use of several individual domestic refrigerators and a
 
communally owned electric pun that supplies drinking water from a well.
Furthermore, their cooperative has installed a public address system to 
facilitate announcements by the village headman. 

In all cases, women have played a significant role in the process,
from supplying up to fifty per cent of the labor, to membership in the 
cooperative councils.
 

Institutional: The initiation of Thailand's microhydroelectric (and
minihydroelectric) systems predates (1963) the activity under the Renewable 
Nonconventional Energy Project. Nevertheless, the USAID-supported effort is
certainly responsible for a surge in both the number of these systems and the 
rate at wich they are being built. From the AID perspective, the Micro/Mini
Hydroe!ectric Project (493-0324) owes its genesis to the design and
initiation of the Rr.ewable Nonconventional Energy Project. From -he 
perspective of the NEA engineering staff, the situation has changed From one 
of annuai budgets insufficient to permit the construction of all the systems

requested, as it was before the USAID-supported project, to one where budgets 
are now increased to provide for a larger number of systems than the staff
 
has requested. (For FY 86, the NEA headquarters staff in Chiang Mai 
requested Funds for five microhydroelectric systems and received funds For 
ten.) The track record of results under this project is credited for having
played a role in recognition by the RTG of the economic and social benefits 
of these systems.
 

Environmental: Aside from the temporary disturbance to the 
environment caused by the construction of the diversion weir, headrace, and
 
penstock, the adverse environmental impact of these systems has been minimal. 
Since no dam and water storage are involved (these are essentially 
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"run-of-the-river' systems), downstream water flow has not been affected 
except for the'region from the weir to the powerhouse, where the river flow 

;1s diminished by the amount diverted, and that only during operation of the
systenL The permanent visible civil works - only the weir, powerhouse,. and 
access road, in most cases - have not significantly affected the environmeut. 
One beneficial environmental consequence of the Huai Pui project, for 
example, has been the use of the tail water for irrigating vegetable crops in 
fields that are downstream of the powerhouse and above the river level. 

Economic: The provision of rural electrification by the government
israrely financially cost-effective, in that revenues seldom totally cover 
costs. Typically, it is undertaken to improve social welfare while also 
minimizing costs, as in the case'of these microhydro electric systems. Five
major economic findings from the four projects, which affect the national 
welfare, are listed below. 

- Financial feasibility -- The financial criterion for public-sector
investment has been to minimize costs by selecting the least-cost 
option. In a 1981 financial feasibility study, NEA estimated the 
energy-production costs of micrehydroelec.ric unitz- and diesel 
generators to be Baht 1.66 (US$0.07) and 8aht 2.82 (US$0.12) per kWh,
respectively. At that time, extension of the grid to remote villages
had been decided against as too costly, ranging as it does from 
200,000 to 300,000 Baht/km (US $10,000 to 15,000/km), depending on 
site conditions. After choosing three sites, NEA began construction 
of the microhydroelectric units in 1983. At that time, no in-depth
cost comparisons had been made between microhydroelectric and 
diesel-electric systems. Rather, those villages were chosen that had 
requested microhydroelectric units and had adequate water supplies.

Based upon a mix of actual and estimated average annual costs, the 
final NEA report for the microhydroelectric systems calculated 
benefit-cost ratios for microhydroelectricity compared to 
diesel-generated electricity of more than 1.8:1 for all village
projects and 3.6:1 for the Bo Kaeo project. Table E-! provides
benefit-cost ratios in terms of discounted cash flows. (See Annex 3 
for spreadsheets, based on NEA's financial data.)
icrohydroelectricity is always more competitive than diesel 

electricity. 

- Economic feasibility -- Besides the positive net financial benefits 
to the government from these micronydroelectric systems, the 
village-lighting projects had important economic and sociai-welfare 
impacts. Unfortunately, the NEA report (I] did not elaborate on such 
costs and benefits in their economic sections. For example, the 
villaaers' contributions in kind to building and maintaining the 
microhydroelectric installations were omitted. At each site,
villagers contributed labor and most of the materials for 
constr'jction and infrastructure, saving MIEA substantial costs in view
of the terrain and climatic conditions. Since such in-kind data 
existed only for Kam Pong (23 per cent of total costs, in-kind plus

cashl. an average - perhaps conservative - 25-per cent factor isused
 
for Mae Toti Luang and Huai Put. Although the village labor
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contribution should be shadow valued, data on 
total labor value and

sizes of the labor force for construction were not available. Since
 
NEA attempted to start construction in the off season, when
 
agriculture work was lagging, one can hope such opportunity costs
 
were not high. On dieset-fuel savings, NEA Figures did not account
 
For mechanical unreliability of diesel installations, which at some
 
remote sites should require the installation of a second, back-up

generator. With these social costs and benefits taken into account,

microhydroelectricity still is far more attractive than
 
diesel-electric generation (Table E-1).
 

- Foreigm-exchange savings --
Total discounted Foreign-exchange savings

in terms of displaced diesel fuel over the project life (20 years)
 
are 3,238,000 Baht, 3,718,000 Baht, and 5,301,000 Baht For Kam Pong,

Mae Ton Luang, and Huai Pui, respectively, based upon the actual
 
delivered price For diesel Fuel 
in remote villages (9 to 15 
Bahtiliter rather than the figure of 6.7 .aht/iiter as used by NEA).
These numbers are suggestive, in that they are estimates of possible
diesel costs. However, in view of the hich costs of diesel fuel at
these sites, they are indicative of substantia, net Qains. Puttinq a 
pr mium on local energy diversfication is impssitle, but 
nonetheless is important in analysis of rural eiectrification. 

- Reduction in operations and maintenance (C&M) costs of 
microhydroelectricity -- A reduction in OSM costs For 
microhydroelectric installations was achieved by training local 
operators and using local rianufacturers For equipment and parts.
 

- Promotion of local microhydroelectric equipment manufacturers --

Dependence on locally produced equipment and materials For the major

components helped develop such an industry in Thailand. 
For example,

two Thai machine manufacturers in Bangkok now can produce

microhydraulic turbines and generators. 
One company, which has the
 
capacity to build systems up to 2,500 kW, may exoort microhydraulic

turbines and generators to Laos. Also, a local machinery factory in
 
Chiang Mai, which has worked with NEA, supplies

microhydraulic-burbine parts for Ine project, althouch it has 
no
 
export capability. As a result, Thailand no 
longer impor;s units
 
smaller than 2,500 kW from their Former suppliers, Japan and China.
 

At the village level, both communities and indivicual households have
 
been affected by the projects. The microhydroelectricity projects nave had
 
seven major economic impacts.
 

- Kerosene fuel savings --Most households depend primarily on 
agricultural earnings, with chewing tea the primary source of income
 
(Table E-2). (.Annual income data For Huai Pui appfar quite low.) A
 
conservative estimate of fuel expenditures snows 
.hat ,uel expenses

account or two 
per cent, one per cent, and sevei uPr cent of annual
 
aross 
incomes For Kam Pone, Mae Ton Liang, and Huai Pu4 households,

respectiveiy, with lihtina Costs accounting for approximately two
 
per cent, one Per cent, and six per cent oi gross income,
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eespectively. Thus, fuel expenditures appear to be not sionificant.

*1lthouch liahting is the major cash useend (Table E-3). the
substitution of microhydroelectricity For kerosene licjhtinq anddiesel-generated or battery-powered electricity created net cash

savings for many individual households. According to the evaluation
team's limited discussions with household members in the three

villages, average household electricity bills ran from 25 to 40

1aht/month (300 to 1,000 Baht/year). In comparison, NEA data from

Table E-3 show that annual lighting expenditures for Kam Pong, Mae

Ton Luana, and Huai Pui 
averaaed 651 Bant/year, 692 Baht/year, and

362 Baht/year, respectively. 'Many households appeared, however, to

be saving far mwre than these average NEA figures. Thus, most

householas probably had fuel 
cash savings amounting to as much as

twice their previous annual fuel bills. 
 Besides these Financiai

benefi ts, women fel t they saved money - certainly the opportunity
costs i nvoived in going to market to purchase kerosene. 

- Income generation -- Economic gai ns reyardi ng houseriulud-i come
.Qeneration are less visible ,anl have not yet been quancifieu, buc
';hey do, or pocentiai iv .ay, exis. For exapp-e, ei .,ri, 1iarinu
hias not only iinproved the quaiity of itii int, h,,s also C.(teiueJ rr.hours durinq the evening that households can process chewinci tea. As 
no comparative before and after data exist, the maanitude of this 
effect is unknown, though itmay be small 
in cash terms.

Better-quality lighting had positive real benefits to 
the processors.

Also in the Kam Pong village, as a result of excess capacity at the
plant, a cold-storage unit has been installed at 
the Royal Project's

mushroom-growing facility. 
 This cold storage will decrease losses,

extend the growing period, and increase household incomes.
 

- Economic costs from construction -- Possible economic (in-kind)losses to households may have occurred from the use of local
 
materials ana labor for construction and implementation of

micruhydroelectric installations relative to dieSel-qenerated
electricity or extension of the orid. SnInce all househoids
participatinq in the project agreed oneco provide wurKer per

household durina ,:onstruction, this may have resulted in in:one

iosses in terms of Fore,4one earninas. in :ues..,niag nouseroid
representatives and NEA taff, the evaluatiun cec(m loted severai 
aspects of the proJect approach that were intenceu ,o mininize tnis
possibility. Fir3t, construction was scheduled during off -.easons,
although it extended beyond off-season months in Huai Pui. Second,
if a household did not want to provide iabor. it :oiui oay for areplacement laborer at an average daily rate of 30 to 40 Baht in some

villaaes, or provide a lump-sum payntnt, for exampie 3.000 .aht in
Kam Ponq and Mae Ton Luacq (3.5OU Baht ir paid in instailments of 50

Bahtimonth). Many women (fifty percent of the work ror,:e) ana 5ome,:nilaren helped in construction, whicn suqests cheir opportunic'
 
costs were seen 
to be the lowest for the nousenoia.
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- Net economic gains due to the use of microhydroelectricity rather 
than diesel- or grid-electric generation -- While in-kind costs 
occurred, in net terms (in-kind plus cash) most villagers benefitted 
from the'pruject. Since cash isa major constraint in these
 
villages, the choice of microhydroelectricity over diesel- or
 
grid-supplied electricity allowed villagers to trade off services in
 
kind For cash. A stand-alone diesel system requires significant cash
 
payments from the village for construction, equipment, Fuel, and
 
repairs. From the households' perspective, although the
 
microhydroelectric proJect involved in-kind costs (labor and
 
materials), they saved significant cash outlays that would have been
 
incurred with a diesel system. For grid extension, villages with low
 
energy demand must pay for Forty per cent of the cost of the
 
distribution line from the main transmission line to the viilaqe.

Since villaqers who had the choice chose to ao with
 
microhydroeiectricity and appeared quite satisfied, 
 the ec, nomic and
financial .3enefits apparently outweighed their econcrmic ano financial 
costs.
 

- Benefits From electriFication -- Tihe social benefit.s of 
higher-quai'i.y lihting, and the use of radio5, ;eeV si ,n receivers,
aila video-casette decks, though not easi;y quantifiable, were 
extrerely important to the villagers sense of participation in
 
overall development.
 

- Cooperative revenues --Although the team was unable to see all 
records, it was reported that collection rates were quite high (in 
most cases 100 per cent), which seems true inview of RTG's auditing
of cooperative accounts. A simple comparison of expected annual
 
revenues to NEA's (high) projected OM costs suggests that annual
 
revenues should cover costs (Table E-4). 
 In fact, the systems have
 
experienced to date only minor expenses that were not covered under
 
the warranty, such as inMae Ton Luang where repairs, costing 6,000

6aht -were paid For out of a development Fund of 13,00 Saht. Other
 
C&M costs include operators' salaries (From 500 to 1.000
 
Eant/monthiperson for two hours work per day), tne per-diem expenses
of operators who attend the NEA traininq course at Chianq Mai 
University, and insome villages the provision .)f Free electricity to 
cooperative counci! members iKam Pong), and operators (Kam PonQ and
 
Mae Ton Luanc'). inall .:ases, the fund ,houi(o )eabie to cover 
rnese
 
08M costs.
 

As a result of the success f the projec-s, ali viilayes had
 
experienced otner hou.eholds' or villages' wanting to join their
 
system. InKam Pong and Mae Ton Luang, possible lare memoership Fees
 
ranged from 2,560 co 3,500 Baht/househoid. Insone villages,
 
payments could be made ina lump sum jr insrallments. These
 
penalties were perceived as a means of compensation for the
 
opportunity costs of tne oriainal I.aor and materials as well as a
 
way zo increase the development fund. 'here excess
 
electricity-oeneration capaci-ty exists, .as in Kam Ponq and Mae Ton
 
Luani, the marainai costs co cne cooperative of extension ro a new
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household or villaqe isquite low. SigniFicant net gains may be
realized by the cooperative through extension of the system. 
IF all

participants (original and late) benefit equally from cooperativedividends or From any development project, late comers may receive
hiaher individual returns. 

In some cases, the money collected by the cooperatives frommembership fees, share sales, and user fees (universally Baht 2/kWh,with a Baht 10month minimum) Is accumulating, with no decisions yet
as to its use. Inother cases, the funds have been used For road
Improvements in the villages, and inone case (Huai Pui) a portion

was spent for roofing for a village library.
 

- Income distribution -- Cooperative members inKam Pong, Mae Ton Luangana Huai Pui evidently took into consideration a househola's capacity

to pay and contribute labor. 
 For instance, older residents and
 poorer households often received concessionary terms, althouQh the

detailed extent and nature are unclear. 
 In Huai Pui, wnere PEA is
 
now extending the grid, the rich are opting to 
join bne grid as they

can afford sucn costs, while the poor amilis are reininirq with tinemicrohydroelectric system. This will jiminisn the excess uemand in
Huai P'ji, and will result in additional benefits of the 
microhydroelectric project to the poor. 

Finally, itmust be noted that one of our interviews elicited the tatement that tne viliaqers are well 
aware of USAID's support, appreciate
hat support, and feel 
that itwill help "bring prosperity."
 

Table E-1. Financial and Economic Discounted Cash Flow Analyses
for Microhydro versus Diesel Electric Generationla) 

Financial Economic 
6aht (1,000) Baht (1,000)


.NPV(b) -IRR(c) NPV(b) IRRicc
 

Kam Pong 3,531 (d) 2,862 0.62
Mae Ton Luang 2.911 (d) 2,371 0.57

Huai Pui 4.212 (d) 3,649 0.74 
No tes: 

a. Compares diesel-electric savings to inicronydroelectric
 
costs.
 

b. Net Present Value (NPV): Assumes 20--iear project life,
and 15-per cent discount rate.
 

c. Internal Rat-e of Return (IRR).

d. internal Rate of Return cannot be given since annual 

net cash flows are always postive. 
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Table E-2. 
 Household Average Annual Income and Expendibures for
 
Microhydroelecjric Projects (Baht/househol d)
 

Income Patterns Kam Pong Mae Ton Luanq Huai Pui 

Gross Income 36,043 60,468 19,092 

Expenditures 26,904 52,570 18,359 

Net Income 9,139 7,898 233 

Source: Reference 1 

"able E-3. Village Household Average Annual Fuel Patterns for
 
Mi crohydroel e-tri c Projects 

Kam PFon Mae Ton Luar~n Hui PuiFuel Use Quantity Cost Quantity Cost Quancity Cost 
(Baht) ' O 
 (Baht
 

Kerosene (liters) 69.8 629 76.9 692 34.8 306 
Lig9hting 69.8 629 76.9 692  -


Benzene (liters) 34.3 39 -  49.6 56.3
 
Lighting 3.4 .
4 ..
 
Transport 30.9 35
 

Diesel (liters) 2.2 8
 
Lighting 2.2 18  - 99.8 831
 

Fuelwood (Q)

Chewing Tea 14.0 - 19.3 3.8
- 36 
Processing 7.6 - 10.6 - -
Cooking 5.3 - 4.0 -

Heating 1.1 - 4.7 
 - -

Charcoal (kq) - - 190 39 

Note: Assumes fuel prices are: Kerosene is9 B3ahtiliter, benzene is 11.4
 
BahtIlIter, diesel Fuel is8 Baht/liter, fuelwood is280 3ahN, and

charcoal 
is0.2 8aht/kg in "984 prices. Source: Reference 1. 
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Table E-4 	 Estimated Revenues and Operational Costs For 
Vi llaqe Microhydroelectric Projects

Kam Pong Mae Ton Luang Huai Pui
 
Number of
 
Households: 118 
 230 	 250
 

otal Baht/yr------------


Revenue (a) 42,480 82,800 90,000
 

Costs (b) 65,840 66,068 	 74,060 

Net Revenue - 23,360 16,732 15,940
Source: Reference 1. 
Notes: 
a. Assunes average monthly electric bill is 30 Baht/month/household.

b. Based upon NEA's estimate (1984) of 3 per cent of capital expen

ditures. Kam Pong's data are adjusted to reflect installation of
only one 20-kW generator. Note that with installation of the 
second general or. revenues would probably double, with costs

increasing only .ilightly because the cost of all of ti:e civil
 
works have already been Included. Thus, Net Revenue for Kam Pong

would very likely be positive.
 

4. Factors That Helped Or Hindered 

It is apparent from the achievements of this project component thatthe impacts seem uniformly positive. Nevertheless, it is also clear that
these benefits could have been somewhat more widespread, through construction
of additional microhydroelectricity projects, If the overall project had been
organized more swiftly and greater funding and a larger engineering staff hadbeen available. That NEA has benefitted from the experience gained underthis project component is shown by its more positive responses to budget
requests for such installations. 

5. Results and Conclusions
 

Community participation inconstruction of t-hese installations, andthe community involvement in their management, operation and -sintenance, and
in handling the funds have combined to foster a spirit of cooperation among
the villagers, impart new and valuable skills, and to generate involvement
 
with community development projects.
 

The development of the cooperatives also appears to have increased
 
villagers' 	financial skills. 
A variety of factors had to be discussed and
acreed upon throughout the project, such as the establishment of membership
fees, costs of shares In the cooperatives, penalties For households or 
villages that joined after construction, payent of compensation For
contributing labor, and the collection and iranagement of electricity 

not 

revenues. 
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The three villace electricity projects discussed have had very
positive net economic benefits. (Unfortunately, the potential industrial 
benefits of the Bo Kaeo project were never realized because the mine closed 
shortly after the Installation was completed.) The economic impacts of 
microhydroel ectric i nstal1ations in the North primarl1y affected two groups 
the government or public sector and the individual villager or community.
The national gains have been the creation of more financially self-reliant 
energy systems, development of a local microhydroelectric manufacturing base 
with export potential, and electrification of areas that would otherwise not 
have received electricity for several years. At the village level,
households have benefitted in terms of fuel savings, limited income 
generation, and the development fund, but they also incurred high in-kind
 
costs. Impacts could be enhanced in future projects through concurrent 
promotion of industrial use with village electrification. While the villages 
use only a small percentage of Thailand's total energy demand, the positive

economic feasibility and village-level benefits of such rural projects are
 
important in view of a ten-per cent growth inhousehold electricity demand 
projected by the World Bank.[2] 

A unique component of the microhydroelectric schemes was the 
formation of village cooperatives .o construct, administer, and maintain the 
projects. In addition to the social qains mentioned, positive economic 
impacts on the community attributable to these cooperatives appear to be the 
establishment of a village development fund from electricity revenues,
Increased communi ty financial and entrepreneurial awareness and planning, and
concessions for individual Income-level constraints. 

In summary, total national and vil'.age benefits appear to be quite
positive at present. Indeed, these conclusions are supported by the RTG,
since microhydroelectric projects account for fifty per cent of NEA's 
renewable-energy budget going to field implementation in FY 1987. NEA hopes
to construct ten new projects per year. 

In view of high expected growth rates for rural electricity demand 
(estimated at 7 to 8 percent per annum between 1984 and 1991 by NEA, and 
higher by the World Bank), and an increasing scarcity of Indigenous,
nonrenewable fuels such as natural gas and lignite (2], appropriate
microhydroelectricity investents appear to be an important component in 
Thailand's rural energy future. 

6. Recommndations 

A limiting factor to more financially efficient use of these systems
isPEA's policy regarding arrangements for selling excess electricity back to 
the grid. Presently, if the grid comes near villages with icrohydroelectric
installations, no set rules exist to sell the excess supply to PEA. Although
NEA and PEA are aware of this situation and apparently are discussing the
 
issues, unclear policies limit the national ana private economic benefits 
that could be gained through more Flexible private .zectricity-generation 
poiicies. NEA should clarify these po1hcies to permit sell-back arrangements
for excess electricity to encourage private-sector investments, which appear
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non-existent at present. Also, NEA should promote rural industries For 
electrified villages to increase tncome-generation benefits and general
productivity of rural areas.
 

Although collection rates for the users of the cooperative

microhydroelectricity installations seem to be satisfactory (100 per cent as
 
reported), the Ministry of Agriculture and Cooperatives should devise a more
 
appropriate form of financial accounting. itshould be simpler, more
 
straightforward, and more easily understood by the villagers. In addition,

the Ministry should provide practical training to the treasurer/accountants
of the cooperatives to help prevent errors and mistakes that might lead to 
disputes among the members. 
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F. Water Lifting Technology 

The purpose of this component was to demonstrate and test the
feasibility of the use of wind energy, biogas energy, and solar-electric
(photovoltaic) energy to pump the required water. It was based on the
desirability of low-lift pumping from the water table, which is a meter or sobelow the level of the cropland in many parts of Thailand. The project paper
noted that, 'This water can be used to help avoid the effect of delayed
rains, monsoon drought and premature drying of rice fields --- [and]
expand dry reason irrigation from existing rivers and streams.... "(1]. The
study designed by NEA added the use of a gasifier-engine/pump system to theplanned demonstrations. By the PACD however, field experiments involved only
pnotovoltaic water pumping and windmill water pumping. 
The evaluation team
 
was able to visit the sites of the windmill experiment and tne only operating
photovol baic system.
 

1. Solar Water Pumping 

a. Background
 

Ban Tha Yiaft 

A 700-watt sol ar water-pumpi ng system was instal led in the vi 1lage
Ban Tha Yiam, in Sakon Nakhon Province, in December 1983. (It was
subsequently increased to 840 watts peak). The system was built with 
volunteer labor, supplied by the villagers, and includes a 10-m 3 storage tank 

3that is connected by pipe to four gravity-fed 1.5 m distribution tanks
scattered throughout the village (Though the system is reported to be
equipped with a piston pump, a screw pump is actually being used.) The 
system supplies water for drinking and cooking to 61 households (about 350
 
people) from a 
sealed well 18 meters deep. Prior to the installation of this 
system, domestic water was ootalned from the same well, via a hand pump, and
from two other wells situated outside the village in opposite directions 
one a half kilometer away and the other at a
distance of one kilometer.
 

The system Is shut down about twice a year For repairs to the pump
shaft - a problem inherent inthe instability of such a long rotating shaft.

Repairs are performed by a mechanic from the Maha Saraknam REC, with parts
supplied by the REC and labor supplied by the village. Heretofore, the

village headman notifiea the REC of breakdowns by letter, reporting that this
has meant a lapse of five days before the arrival of the technician. Thisperiod will be shorzene1 in the future, however, since tne headman has now
been advised to communicate oith the REC by telegram from the nearby town.
During outages, the tillage residents return to their former custom of
fetching water from te two wells outside the village - without the option of
using the village well, which, is no longer equipped with a hand pump. 
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Ban Sukon: 

A 4300-watt pumping system was installed in Ban Sukon, a village inNakhon Ratchasima Province. 
This system was intended to provide irrigation
water from an existing reservoir to supplement water supplied by the DistrictIrrigation Office pumping station, since only about one-third of the villagehouseholds benefitted from the latter. After the installation of the solar 
pump, the construction of the irrigation canal prevented by "somewas
conflicts in land ownership'[2] - apparently, one farmer refused t. allow hisland to be used for the canal. NEA reports that, as a result, the solarpumping system was removed and is in storage, awaiting an appropriate use. 

b. Achievements 

In both villages, the systems were installed and proved to be
technically feasible. However, only the solar water-pumping system in BanTha Yiam was successful in the long run. This system provides clean water,reduced collection time for villagers, and has reduced water shortages in thevillage. In contrast, no long-term achievements were realized at Ban Sukon
because of the lack of social agreement over water distribution and land-use
 
access.
 

c. Impacts and Benefits
 

General: - The residents of Ban Tha Yiam are pleased with the solar
pumping system because of the improvement It has meant in the quality oftheir lives. They emphasized that the water is clean now that the well is
sealed and protected from surface water. They appreciate the four
distribution tanks because itmeans that there isa 
water source close to
 every house. The system permits them to store water For use when the pump isshut off (genera~ly at 16 0). Nevertheless, they understand the need forconserving water. Obviously, the occasional breakdowns enhance their
appreciation of this convenient water supply  and *solar energy is free!" as
 
the headman enthusiastically explained.
 

As for the Ban Sukon installation, the overall impact was decidedly

negative. 
The only benefits to be seen would be the experience gained by NEAin planning and desiininq the system, and the benefit to future projects byrecognition of the importance of ascertaining land ownership and obtai ni ng
binding agreements on land-use rights, in advance. 

Economic: - In terms of economics, the financial analysis by NEAshowed that the benefit-cost ratio for the Ban Tha Yiam system, and
(expecteo) for Ban Sukon, were 0.49:1 and 0.42:1, respectively. In order forthe solar systems to break even with a diesel pumping system, NEA calculated
that the cost of the solar array plus the motor/pump shouid fall jy 60 to 70 
per cent (2], an unreasonable hone inthe near term. Thus, from a private or
public-sector investment perspective, such water-li fti ng systems dio 
not make
 
financial sense. 
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Social. - As mentioned above, villagers inBan Tha Yiam benefitted
from the pumping system interms of improved water quality and decreased time
required for water collection. The water-pumping system stimulated greater

cooperation among the villagers and provided more equitable water allocation
than the previous systenL However, negative social impacts occurred at Ban

Sukon as a 
result of the denial by one farmer of land-access rights for the
water-distribution system. This disagreement prevented the community at

large from receiving any irrigation benefits.
 

d. Factors That Helped or Hindered
 

The major obstacle to acceptance of the Ban Sukon project was the
lack of sufficient attention to the sociological problems inherent inthe
particular situation. Ina situation where cooperation was crucial to the
installation, the proJect was doomed to failure without advance commitment to

participation by the parties involved.
 

e. Results and Conclusions
 

The solar pumping system at Ban Tha Yiam iscertainly supplying a

service to the villagers that isuseful and that improves the quality of

their lives. With its low benefit-cost ratio (0.42:1), however, itis

doubtful that its cost can be justified, compared to other systems, even in
the near future. 
Its value lies in the lessons learned - technical and

sociological  that may be useful if and when the costs of such systems

become competitiv .
 

The Ban Sukon attempt provided a valuable lesson in the importance ofadvance preparation of community participation.
 

f. Reconmendati ons 

The evaluation team recommends only that the RTG not pursue further
solar water-pumping systems unless the particular site conditions justify the

investment. The Solar Punpiang Field Manual, originally published by the
World Bank with UNDP financing and now available from the Intermediate

lecnnology Development 6roup inLondon, would be helpful 
indetermining such
justification. 
Any planned use of the equipment intended for the Ban Sukon
 
project should also be done in this context.
 

2. Windmill Water Pumping
 

a. Backqround 

As part of he project objective of demonstrating technologies aimed
at improving irrigation-water supply for Thai 
farmers, NEA installed three

.indmills at Ban Samoh (Tambol Ta-Tong, Amphoe Raman) inYala Province. Two
of the windmills were J.signed and manufactured by a Bangkok company that
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iTarkets windmilis inThailand. The third was designed by the regional

representative of Volunteers inTechnical Assistance (VITA), who was resident
in Bangkok at the time, and fabricated locally. The first two wereessentially conventional multiblade horizontal-shaft turbines, one being a10-ft. diameter "bicycle-wheel" turbine, the other a 14-ft. fan-wheel with alarger number of (and smaller) blades than the standard American-type

windmill, which it resembles. Each was coupled to a single-stroke 7.5-cmpiston pump with a 7.5-cm stroke, mounted in a dug well with a water table at4.5 meters depth. The VITA windmill (also a horizontal-shaft machine) was a6-m diameter [3] (or 4-m, according to the REC representative at the site)multiblade turbine, with 20 bamboo blades, coupled to a ladder pump in a6-inch PVC pipe that led to a small reservoir. The windmills were installedin 1982 with the help of labor contributed by ten to fifteen villagers, whoworked for twelve days carrying the equipment from the road and erecting it. 

b. Achievements 

The actual achievements of this project component were minimal. In
1984, EA reported that, 
 "The wind turbine pum ping system experienced someproblfe.s in maintenance, since ,most villagers in the projec were rather busy-- and so less care was given to the installed windmills. "[4] in Fact, asfar as can be ascertained from interviews at the site, ail - or at least some 
- of the windmills operated for only two years. During that time two crops
of watermelon were irrigated and harvested. Some time thereafter, althoughthe sequence is not clear, the windmills ceased to function, and heavy rains
during the dry season - when the windmill irrigation would presumably havebeen needed - delayed the planting for the third crop. This crop was
eventually lost. 
 In any event, the windmills were completely inoperative

after 1984. 

When the evaluation team visited the site, only one of the multibladewindmills was actually there; it was rotating, the pump rod was functioning,but no water was being pumped. (Since the adjacent wells showed an adequatewater level, one assumes the pump was not working.) The second -ultibladeturbine (plus gear box) had been removed, For eventual repair that .may or maynot take place, leaving only a rusting tower. The VITA-designed windmill andits associated ladder pump were a shambles, some of the blades broren, others 
mi ssing. 

Field interviews snowed that, on the whole, the villagers view the
project as a government project, really do not want to undertake repairs, andare not interested In reclaiming the land involved, whict was not considered
useful land in the first place. 

c. Imrpacts ard Benefits 

The windmill-water lifting experiment in Yala has not had anysignificant benefits. A temporary economic benefit for the two-yearoperation of the project came from the watermelons, sweet corn, ,:ucumbers,
and string beans that were harvested successfully on land irrigated by the 
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windmills. The project had apparently been helpful to poorer Farmers who hadreceived one to two rai of the irrigated lands. The villagers had notinvested in establishing and maintaining the system, however, as it wasviewed as a government project. The lack of enthusiasm for investing inrepair may also be related to the fact that this land was originally limitedto use by the poorer farmers In the community who could not invest in suchrepairs. 
The two profitable crops may have represented a windfall.

Temporary improvement of the land from irrigation increased the productivityand value of the land. Previously, other government projects, such asgrazing-land improvement, had failed due to the lack of participation by thevillagers in using the lands For grazing. 

d. Factors That Helped or Hindered 

It Isclear that the poor design of the windmills - and perhaps ofthe pu'-ps - bears a significant share of the blame for the failure of thisproject. Such technical design problems, the alternative demands on the NEA,and the location of the site itself compounded the monitoring difficultiesFor the system. However, the major obstacle to success was the lack of an or anized social system for ninagement. Sucn a system was need.Jed to dealwith equitable distribution of water among and mainteniance andusers, repairof the equipment. Because of his time constraints, the village headman wasunable to provide the necessary coordination role for the project. 

The location, mix of crops, and land quality of the site alsohindered long-term success. Previous government projects on the public land
had reportedly failed because of their distance from the village and the poor
quality of the soils. Finally, to a more limited degree, the dismal
financial realities of the system gave no economic incentives for more
village participation and responsibility towards the system. NEA reported abenefit-cost ratio of 0.81:1 for the windmill when compared to a diesel
water-pumping system. (5]. Diesel pumps provided by other government agenciesappeared to be preferred by the villagers over investing in repairing the 
dindmills. 

e. Conclusions 

The windmill water-lifting system In Yala province stoppedfunctioning primarily because it lacked a village management system, itneeded better integration of appropriate land-use practices, was difficultfor NEA to support adequately, and was econcmically infeasible as a private
venture. 
A cooperative management organization was neeced to designate whoshould look after the system, to handle water distribution, and to provide amainte.ance fund. One man volunteered his time to try i.o make the system
successful, but was not paid for his efforts and was unable to organize the
 users. 
 The water lifted was not equitably distributed to the users - those

c!oser to the well received more than those located far from the 
 a1ater
 
source. 
Repairs could not oe carried out by the vilagers, indistinction to
the case of the micronydroelectric sy.;rens, because there was 
no collection

of revenue from users for a maintenance fund. Also, ootimal land use of the
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public lands isanother issue that affected the project. The water-lifting

system should have been more closely integrated with the existing

agricultural system of rotati ng vegetable crops with rice production.
 

This type of project could benefit from the viilage-cooperative and

self-sufficient design model established inother components such as the

microhydroelectricity-generation systems. 
It isevident that windmill

water-lifting systems have their unique technical problems that require

either close supervision and local training or highly reliable, relatively

self-sufficient designs. The establishment of a 
cooperative or user
 
management system, as a prerequisite for implementing such a project, would

also ensure long-term user support. Close attention to land-use practices

and optimal crop mix can increase village participation and income benefits
 
to the users. Finally, economic incentives for continued support by

villagers should be carefully designed into the project.
 

f. Recommendations
 

Future consideration of windmill water-pumping systems by NEA or any

other RTG agency, should be made in the context of the criteria outlined in
the Solar Pumping Field Manual mentioned in the preceding discussion of Solar
 
Water Pumpi ng.
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G. Bo
1etnation Systems
 

1. Background 

The project design discussed the production and use of biogas fromanimal wastes (manure) in rural Thailand, noting the resources available, andsuggesting the investigation of the potential of community-scale systems.When the project was underway, however, the focus shifted, and in 1983 NEAconducted a feasibility study of biomethanation systems using waste fromagro-industries. 
This component was purely a technical- and
financial-feasibility analysis, I ncl udi ng some 1aboratory experiments, anddid not include any field implementation. 

Two large community-scale digesters were constructed by NEA in 1982invillages inRoi Et and SI Sa Ket Provinces. Though they were not
supported by project funds, funding from the USAID proJect was used in 1983to help monitor community acceptance and the impact of these systems.Monitoring teams included NEA staff members and social scientists fromChulalongkorn University Social Research Institute (CUSRI). 

3Each of the community digesters was 20 m in volume, withadministration and constructon costs covered by NEA, while the villagersprovided labor and some materials. 
The gas produced by these digesters,

about 0.3 m3/n3 digester volume daily, was used only for household lighting
for about three hours in the evening. 

2. Achievements 

Although the two community digesters were built and operated for atime, the NEA and CUSRI monitoring teams found that neither system was
operation within a year after construction was completed. 

in 

The study on biomethanation based on 
industrial waste-water streams
was cojnple-ted before the PACD and was used subsequently as a basis for a

further study, as noted inSection 5.
 

3. Impacts and Benefits 

Since both community systems were abandoned, there were no lastingeconomic, social, or environmental impacts or benefits From this experiment.The information gained by the monitoring teams may prove beneficial in theirfuture professional activities, however. 

The study of industrial biomethanation resulted ina further study

(Section 5 below).
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4. Factors That Helped or HI ndered 

Though detalis on the community systems are quite sketchy,
discussions with NEA pointed to socio-economic factors rather than technical
problems to account for the failure of both systems. 

- Individual effort (opportunity costs) vs. benefits -- Within six 
months or so after Installation, villagers apparently stopped

supplying dung to the plants except when they wanted lighting for

special occasions, because daily collection and transport, involving
distances up to one kilometer, reportedly represented too much effort
for only about three hours of lighting. Thus, individual household
benefits (kerosene fuel savings and better-quality lighting) were not
sufficient to offset the households' opportunity costs Involved in 
collecting and transporting dung. Most households switched back to

kerosene or other lighti ng alternatives rather than conti nue 
operation of the biogas systems. 

- Proximity to electricity grid -- Proximity to the grid seemed to lead
the villagers to believe that grid extension was a near-future 
possibility. The power line, however, arrived long after the biogas
systems were abandoned. 

The conbination of the costs in terms of effort, limited benefits,
and the possibility of future connection to the power grid seems to have 
persuaded the villagers to wait for an alternative lighting and
 
electrification option. 

5. Results and Conclusions 

The primary obstacle blocking successful continuation of the
community biomethanation project was the conflict between perceived direct 
costs and benefits and the indirect social costs and benefits of
biomethanation systems. This conflict led to a lack of village cooperation
in maintaining a functioning system. 

Potentially, the use of biogas digesters includes: (a) direct
household-fuel and indirect national foreign-exchange savings From the 
displacement of a nonrenewable energy source; (b)an indigenous resource for

imported kerosene; (c) nonpriced social benefits such as improved health
through sanitary treatment of waste materials; and (d) tne nonquantifiable
benefits of better-quality lighting. Such benefits, most of which are not
directly received or easily perceived by villagers, were simply outweighed by
individual opportunity costs involved in collection time and labor. 

The economic section in the NEA study of industrial biomethanation 
systems consisted of financial analyses, based on U.S. data, comparing costs

of expected diesel-fuel savings to estimated costs of capital plus operations
and maintenance for biomethanation plants of various sizes. Based on a
simple (i.e., nondiscounted) payback period, the feasibility study concluded 
that a 5,000-m3 digester was the smallest firancially Feasibie size with an 
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acceptable payback period below 10 years, assuming a 
ten-per cent nominal

interest rate. 
 3ince this analysis was based on theoretical cost-curve data
from U.S. systems (both diesel and biomethanation), the results should be

viewed as suggestive, at best.
 

As a consequence of this preliminary study, the Government of

Belgium, in 1985, supported a more extensive study of producing biogas from
industrial waste water, by the Belgian firm Biotim, incollaboration with
NEA. In its report to NEA, Biotim analyzed the technical and economic

feasibility of using five waste streams 
- from tapioca-starch manufacture,
fruit canning, pulp and paper processing, and alcohol distillery wastes 
- to
displace up to thirty per cent of the industries' oiesel Fuel. It should be
noted, however, that the financial analysis of each system compared only

biogas capital-investment costs to the value of the displaced ciesel 
fuel.
This approach suggested that anaerobic processing of alcohol wastes is the
most financially attractive option, with a 
simple payback period of 2.1 years

at most. Inrecalculations made by NEA that corrected for, neiglected
,osts of the biorethanatin sys:em, the system based on alcohol 

W&I1
 
waste still


seemed the most financialy attractive option amona the Five industries. It
is not clear, however, that all 0&'1 costs (e.u., Ca.st of disposal of the
digested sludge., have yet been ta'ken into account. 

As a airect result of this latest study, however, twelve distilleriesinThailand reportedly have expressed to NEA their interest inproducing

bioqas in conjunction with waste-water treatment. Accoraing to NEA, Thai
Alcohol may agree to pay for the construction of a biomethanation system in

collaboration with Biotim. Since high capital-investment costs may make
private financing difficult to obtain, indirect subsidies from NEA, inthe
form of a decreased import tax on equipment and the provision of soft loans
 
for energy investments, may neip to encourage installation of these
 
Inaustrial biomethanation systems.
 

The USAID-supported project thus directly contributed to future workby NEA that may lead. indirectly, to the privatization of biogas-energy
production by important industries in Thailaand. IFsuccessful,

biomethaination systems based on industrial 
waste-water streams may have
important private-sector financial benefits as well 
as pcsitive national

economic ara environmental impacts. 

6. Recommendations
 

In view of the potential interest on the part of Thai industr,/ inNEA's participation in biomethanation based on distillery wastes, NEA would
be irucent to have a disinterested outside expert review the results of the 
Biocim study before taking further action.
 

Before any further involvement incommunity biomethanation system,
NEA snould ascertain inauvance that village cooperation will be sustained,
and that the direct and inairect benefits of the system are appreciated oy

the participants and juetify thei, 'nntinued cooperation. 
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H. Solar Thermal Processes 

I. Background 

The project design discussed the use of the sun's thermal energy forrorced-convection crop crying, natural-convection crop dryina. distillation,,efrigeration, and process heat.[1] 
 Both crop drying and distillation were 
seen as techniques that should be disseminated to the vilaoe level, andprocess heat was seen as potentially useful to rurai industriy.
Refriqeration. on the other hand, havinq been mentioned in a list of
solar-ithermal processes, received no further attention inthe Project Paper,except for a note tnat storirna solar energy as "cold" isa pc3sibiiiby.[2]
With a orant jf some $50.000, Kii f;onakut's institute of Te.nnolooy Thonburi
,M.IITT, set out to examine ai FIse 5ub-coinponenits. and improve the
.ecnnuiocies where possiole. Par, of the work was perForme..d undersijbcontract-S with Chiang Mai Universiry and Sri NiaKhar inwi rot ir. i,ersi cv cI. 
hi tsanulok. 

2. Acnievements 

Accomplishments under this component included U'he co,.truccion andtesting - in both the laboratory and the field - of natural-,.unve .4.iori
cabinet dryers, forced-convection hut dryers, and solar stiiis. 
 The use of
solar-thermal eneray for process heat took the form of Forcea-convection
 
solar-heated air to assist in tobacco curina, to economize on tne use of
liquid propane cias (LPG). Agricultural crops and other foods bested under
the project included loncan, banana, pepper, Fish. beef, coconut cnips, and 
tobacco.
 

Some investigration took place on the utiiity of solar stills in ruralareas, but it was concluced that the cost of this kechnique was much creater 
tnan the use of chlorine compounds, and therefore would not be adopted. 

in a somewhat similar Fashion, solar refr..eratiorn was nor.sianFiiicantly investigated, in view :)e the fact %hatexperierice nau ;rownthat Fisrnermen ior whom &e idea had orig;,nal iv bten su cestedi pr'rerrei topurchase ice from conventional ice-maeifrg comnerciai sup iers, 6ccor'aina to
OMIT" i nvestiiators. 

3. Impacts and Benefits 

No econumic impacts on Thailand :an be direcriv arcriouce co cr~iscomponent. These systems were never conmerci.i.izea and, in Facc, yeneraiiywere Found to be financia i;)unacceptabieto commerciaI proiuc:ers. CUespi ethe unfavorabie economics of these yseirs. research carreo oil after ,.5,Funain1 enoec nas concer,rrat-a on tieveiopin new. more financiIiiy itrctiviesyst~ems. 
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Three 5eparate solar tiermal processes were t5estei uncier tnisproject, .aturai-conveccion cabinet dryino, rorced-convection hut dryiny, andsolar-assisted curing of tobacco ieaves. All systems were demonstrationprojects and none was commercialized. In the first system, a variety of
agricultural products -was dried inthe solar cabinets to compare production
costs and product quality to current market aiternatives. The re-ults of the
research sned light on several economic aspects of the dryers. 
 The Foilowiny
six findings are the most critical 
to the issue of adoption of the system bythe private sector and its displacement oF either non-renewabie or 
wood-deri ed fuels.
 

- Relative Costs of Energy Production -- inthe firal report by iMIiTT
(3]. the costs of production for the solar cabinet dryers, usinadifferent coverings (alass or plastic) vith air beaters, wereUS'.025/kWh and SO.02/kWh, respectively. Witioot air neaters, umccosts fell to U3JO. 019/kWh and $0.025 :.)r drvers wii:h oiass orplastic covers, resoectively. in comparison, ccrici v costs for . dryini systems were estifraced at 0J2:O. u75ik.44. ,ruich suolestea
electric uryirg was up r. cnree times rre p,ereiv, r .o, so cir 
j(r'.: i I . I i ' by. most c.)inmerci.ii ,"'uu "'i ,io :i,,r . .r'icicv./i sisceau, cnecrity simply air-3ry prwiuo:, Thus, rl'.comparison should be becween air aiti solar dryir.i, .,r tnose crops
for which air drying is acceptable. 

- Investment Costs -- The initial oosts of che solar, ar'ina system weresimply too high For most producers to give serious consideration toinvesting in soiar dryers as compared to simpie air urying. For

example, cabinet cryers with glass covers cost over 4.000 Baht [3],whereas a producer using air drying only invests in trays ana aframe, usually costing Jess tnan 1,000 Baht. Since production ofseveral product-s was highly seasonal, lasting Uinly two to Fourmonths, low utilization rates existed. Combined with the niohinvestment cots, hi created hiah unit costs. wnich auded to theinfeasibility of the systems. As mentione'i below. recent researcn onmultiple-product dryes should heip t.o increa5e ut.ilizacion races andpossibly decrease uni custs. 

- Product Mix and Quality -- The restarcners u'termineu rra
siniie-prnduct urvers too e.were f'-xen's .urrernr r'eer,:n . rr
USAID Fundina enced as concentraced on us ir, a mix "'hi.n-verurIorproducts, sucn peirnuts soyceans, ny,as or vith ocher crops. "Presei
this research is beina carried Ouc by Ni',ITT witn Aucrii. nassistance. As it is in the initial stages, cost 'iaca (io uc flxi st.
Regardiny product ojal i y, :he producers dio nor report anysioniri:ant increase in quaiity wicni t:ne soiar, iie . . -,,,users dia not 3ppear co care for the quaii ty of rne ,Jrie oananas
usina tne 5oiar urers.(4] A sociai ueneiT-f so ar urvirluimpr)ved 'sanitacion ,;r the product. particuariv 

is 
r r ,Jriej ri-sn,wnere DOT reporrelv use, by some proauer. ruwtver.H. sucn

bene.i-s zannot be easily capcureu Dy the invescr cnrouyn price
discrirni natci on. ni ;,ITT :ean ft;c rnac if riunrer, Pr,'(JJLUt-',ai ciC'i.tarirarijs exi.icea1. :61ar tirvers :0'1 .oum ot oi 


http:u75ik.44
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proucers. Al.o if proGuct sanitation improved, a larger export
market for dried meats and vegetables might exist inAsia. 

- Scale Economies and Product Type --
Large producers were apparently
the most interested group of possible investors. For exampie,
Bangkok vegetable growers and some food processing factories had
expressed interest in the dryers. As a 
result, researchers were

desiganing larger solar dryers. 
 This shift inproduction size
probably reflects tr.e ability of larger producers, incontrast to 
small producers, to finance the hiqn investment c,)sts but does not
necessarily reflect decreases in unit costs. 

- income Distribution Effects -- At present, dried-)ood producers cover 
a range of income levels and sizes of operation. As noted above,
current einancial constraints of these systems favor iarqerproducers. If weretighter heaith controls enfor,:ed, the smallerproducers would probaoly ;ose the most relative to ocrer Producers. 

- Commercialization -- be-.ause of the hiqh investment cOSts. few
producers invested in t'hese systems. However, the resesrners
reported that some large-scale vegetable producers Bangkok, aridnear 
Food-Processing factories producing papayas, longans, and
 
chrysanthemum tea, were intereseted inthe systems.
 

Similar to natural-convection cabinet dryers, forced-air convection
dryers were not commercially viable. These aryers were used to dry rice buttheir high initial costs. short seasonal use (two to four months inmostregions), and limit&j improvement in product quality ten per cent priceincrease) resuited in marginal financial benefits to the farmer. These
benefits are offset at present by the nigh investment costs and required

changes at the miils in labor 5kills and use. Currentiy, KMITT is workingwith Australian assistance on iaruer forced-air dryers that combine storagewith drying and increase tne number of crops processed. 

The solar-assisted tobac,:o-curiny component also mas not comnerdaiiv
 
iable compared tu al ternati 'e energy soure'. As me,)riCn:o ini the
technology section, the system displaced - uut twenty-'.e per' (.enc of tile energy requirements for an LP6 system. This is ure or :r:e mor. Cp.nsive

ruels presentiy used iOr drying tcLbacc. in view our, f r.por.t. e'Ierv 
costs :.cr diffirent fueis Taoie r-1), the soiar-assiscec sy.ce. si,,ipl ',C:uiJriot compete with cneaDer alternatives (ichfueiwood, or Theseas iiqite.relati e markert prices, though, do not reflect actuai ic.;'c c, vaiues For 
fuelwooo or the environmental costs associated with licjnke use. si,-ri as iaWarecla~mation and air pollution. However. unless suc:n c:osts are !nO.rniai izeuinto :he market throutn, environmental protection and enror(.emert, -system cannot compete with current alternacives. cespH-.e -ne imnportant social
 
beriefi its. 
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Table H-I. Reported Energy Production Costs For
 
Tobacco Curina iDried Leaf)


Fuel Bantlko
 

LPG, Fuel Oil 12
 
,olar/LPG 
 7
 
Lignite 3 - 4
 
Fuelwood 2 - 3
 

4. Factors That Helped or Hindered
 

The major institutional, or administrative obstacle to the progressof work under this subcomponent was the delay in cormnencing the work. Thelead team at M1IT reported that sone two arid one-hal F years passed beforeFundina and F nal approval of their planned work was re;civeii - thus, univ one and one-haiF years were available For actual laboratury and fieid 
tesIi n.a. 

in aud tion, re aior obstacl e Co (xinr.rc ial f r.headopc ior, .tcirniques i:iveSCiqac~ed nas been the exis.:iC: o, *;nea.r' ,i vtb -orrr:iC

drying products and the lack of eriforceaioie heal.th standards. 

5. Results and Conclusions 

The solar thermal processes developed with USAID funding were
primarily prototypes with a research Focus on 
field testina but not broad
dissemination for commercial use. 
 This component successfully provided a
better understanding of the economic feasibility and potential riarketability

of tnese processes. it aid not 3chieve c-.mme!cialization of the 3ystems but
this was not an 
oriyinai project objective. 1t aid provide institutionaiknowledoe about the financial constraincs of :he systems. Re-:.ear,:n
these .systems provfdeu into 'o 

ii€o 
i nsi .hi.s the racnors make cfl stt!in.sfinancially and economicali) attractive. 
 ohiie these systens ,:omiu pioviue

1'r1portant s(2 ai benefits, orten in terms of environroencal impclt5, 110rinanciai incenti v-. exist for cne private 5e,,cor co 3eriuu:3iv .;fSI(P~i"
i;iv"Snerit i'i sucn systefs. Fur chese reasonrs, tfhe r'cnerm.v,So], :rL$ nave nad no major t.,;)n.mi" impacts on Th-i.iian because . r;e o.,';, ,-.li 
t.csrs or .a1ternati ve enervy 'syscems. 

6. Recommendations
 

Unri 1 .:nanaes in rel ac ve enlerQy ori(.es or -fivir'onr clz.i i ies occur, soidr-cherinai systems snouic oe encourauy.,a only ror inuuotr'is o,"areas 4nere r.ney are coitmercia;iv viarie. Also. fucure researcn 5fouiQ,:z.n(.encrare on svsten~~ wfl~ eis or input proaduct5 can StCCCS~r'ii '/ ,:onLeCoicn otne:' eneray -iv.irems. 2uch Svscelt i rid uue ,liri p e-proujct .Di '1C 
.Jryers ano soi.r-mssiseu curing systems rnac ,Jipi,. rueowuci ,r i'iJi r.e.
 

http:t.,;)n.mi
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I. BIDMASS GASIFICATION 

1. Background 

Biomass gasification technologies have been used in various forms forthree hundred years.(1] Interest in biomass energy in recent decades isassociated with difficulty in obtaining fossil fuels. Application of biomassenergy in remote areas for agricultural development or mining industries andfor replacing fossil fuels in times of scarcity, such as during the secondWorld War, are most common. Historically, gasification has been
skilled-labor intensive and problematic because of difficulties with 
pur fying gasses. 

In the wake -ifdramatic increases in Fossil-fuel prices andassociated attitudes aL'out fuel scarcity in the 1970's, experimenting withbionass gasification technology that could use locally available resources was included as a component of the Renewable Nonconventional Energy Projectin Thailand. The primary fuels considered were wood, charcoal, corn cobs,
and rice husks. Other agricultural residues such as 
:orn stalks, bagasse,

cotton, cassava stalks, and coconut shells were also of int.erest because of
 
their abundance.
 

2. Achievements 

A Biomass Gasification Group was formed, with project support, atChulalongkorn University, suppported by collaboration with researchers atChiang Mai and Prince of Songkhla Universities. Itwas established under the
project to assess the status of gasification technologies, compare economic
 
feasiblity of the tednology, investigate local application of this
technology, and design relevant prototype gasifiers reflecting this
preliminary research. 
At the end of the project, twelve gasifiers withcapacities of five hundred watts to twenty-five kilowatts under five majorgasification system types had been constructed and tested to some degree.
Some of these systems were still in development, but others had already been
well tested and one had undergone field testing. 

Literature review and experimentation were conducted witbh a focus onfixed-bed technology using wood and charcoal. Fluldized-bed -scnnologieswere also compared and gasifiers that had specific applications but did notexist elsewhere were constructed and tested. This research stimulatedfurther design efforts in gasification technology throughout the course of 
the project.
 

A useful, well written report was produced under rhe project. 
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3. Impacts and Benefits 

As a result of the achievements of this component, viable technology
choices have been presented for rural energy applications where fossil fuels
are expensive, biomass is available, and electricity use is not feasible.Knowledge of the potential for gasifiers In small industrial and Individual use is improved by information collected under this component on local casestudies and experiences in the Philippines and Brazil. The project hasidentified priorities for future research and a strategy for implementingtechnologies through a proposal for a Gasification Technology Development
Center. The World Bank has conducted preliminary studies of rice-huskgasifiers in Thailand as part of the UNDP/World Bank Gasifier MonitoringProgram and has proposed developing a scope of work for data collection andinitial monitoring of these systems to be carried out by NEA. 

In the context of reducing fossil-fuel consumption and improvinglow-cost energy availablity for rural populations, the direct impacts are 
limited. 

4. Factors That Helped or Hindered 

This project component established a network of people, includingadministrative support staff, to design a work plan, implement case-study
research, and conduct laboratory and field experimentation. The major
obstacle to greater impact of the Biomass Gasification component may havebeen the starting point for the program. Experience in gasifier research
indicated that the most appropriate application of the technology was in
specific, and usually private, commercial industries. Adopting a generalresearch workplan made it difficult to maximize the achievements of research
for any one application in the time allocated. 

5. Results and Conclusions 

The gasification component of the project increased awareness of this
technology and also established communication between groups working on
gasification in the private, academic and government sectors. Experimental
data generated from the prototype gasifiers has been collected and analyzed

inquality facilities by excellent research nithodolcgy which exhibits
 
ingenuity and commitment.
 

The potential expansion of this technology has been enhanced by thestudies conducted under the USAID-supported activity. The qasi fication
component did not contribute significantly to the immediate reduction offossil-fuel consumption, but contributed to the awareness of the potential 
of
alternatives to conventional power production. This information has not beenadequately packaged or promoted to stimulate significant adoption of gasifier
technology developed under the project. 
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In specific industrial applications where biomass is generated aas
by-product, or where direct combustion of biomass must be more efficient or
regulated, biomass gasification isa good alternative for energy production

in Thailand at this time. Because of Inexpensive access to electricity
through the grid and gasifier operation difficulties, which makes gasoline or
 
diesel fuel worth the extra cost, other applications insmall-scale
 
Implementation are not yet attractive
 

6. Recowiendations 

NEA should consider continuing support for research on fluidized-bed
technology to improve the thermal efficiency of rice-husk gasifier systems.
More efficient systems would make investment in this equipment more
attractive, encourage its use in large rice mills, and, provide an
alternative to lignite or firewood to tobacco-curing installations that are 
inclose proximity to a source of rice husks. 

NEA should also support research on development of a safe, simple,

inexpensive gasifier that improves the combustion efficiency of, and reduces
atnospheric pollutants produced by direct combustion of binma:is Fueis. Thisresearch should include economic comparisons of the ccsts and benefits of
gasification relative to improvements in combustion efficiency of direct 
burning. 

Finally NEA should accelerate its discussions with PEA on the issueof permitting excess electricity from co-generation units to be sold to PEA.This would be an incentive to the use of gasifier systems, where appropriate,
inlarge Industries with solid biomass-waste streams.
 

Both these recommendatons fall within the scope of the proposed

Gasification Technology Development Center. Therefore, we recommend that NEA
give serious consideration to seeking funds to support the establishment of
 
this proposed Center as the locus of the research recommended.
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Introduction to Discussions of Viliage Woodlots,

Improved Charcoal Production, and Improved Cooking Stoves
 

In the mid 1940's, Thailand was approximately 60 per cent forested.

Clearing the forest for agriculture, timber export, and a variety of other

industrial activities has reduced this to approximately 20-25 per

cent.(1],(2] According to remote sensing information and analysis of RFD
 
data, this is much less inthe Northeast (only about 12 per cent),

particularly the area referred to as Thung Kula Ronghai (Land of Tears),

which is primarily in Rol Et Province. 

Three components of the Renewable Nonconventional Energy Project

'focussed on wood energy: Village Woodlots, Charcoal Production Improvement,

and Improved Cooking Stoves. Together, these components provide an

integrated approach to alleviating the pressure on natural-forest reserves
 
and other forested areas scattered among villages and between agricultural

lands, caused by wooo-fuel harvesting. They also have tne potential of

making charcoal use more efficie, and thus less time consumir;g, more
convenient, and cleaner. The successful promulgation and integration of

these 1hree approaches should encourage the use of i.digenous renewable
 
resources for rural energy needs and inhibit the switch to imported fuels
 
such as kerosene and liquid natural gas.
 

Total household fuelwood and charcoal 
demand inthe Northeast has 
been estimated to be more than 10.3 million m3.(3] At the time of theProject Design, this was estimated to be up to 90 per cent of the wood demand
W the region. At the-end of the pre-ect, NEA estimated total demand 
throughout the country to be approximately 40 million m3, representfrn 75-80 
per cent of all 
uses of wood.C4] Charcoal accounts for approximately 40 per

cent of wood-fuel energy consumptio". but about 55 per cent of roundwood used

for energy. This represents a loss in the conversion of fuelwood to energy

that isaccepted in return for the conveniences of using charcoal instead of

fuelwood. Charcoal use is increasing inrelation to fuelwood because of
 
these conveniences.
 

A conservative estimate of the sustainable supply of round wood for

fuel, based on calculations of available forest resources 
from a number of
 
sources, is6.3 million m3
 . This yield can be exoected to decline as the
growing stock is reduced and the demand For fuelwood rises in proportion to
 
population increase. 
Economic status and cultural traditions dictate that

wood will 
continue to be the most widely utilized cooking fuel. There isa
 
gap between potential production of existing forests and demand for fuelwood;

other products are indemand inaddition to the pressure from agricultural

iand expansion.
 

The efficiency of the traditionai bucket-type stove (tao ung lo) is

approximately 8 to 14 per :ent For fuelwood [5],(4] and 20 per cent for

charcoal.(4] The stoves are inexpensive and cookina ,abits have developed

around their use. Househoids inthe Northeast have had 
.asy access to

#ijelwood from land-clearing residues left from expansici of agricultural 
land
 
zo grow kenaf, and from nearby forest reserves. Insome .-eas uf the
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,ortheast this availablity still ei2s-tS; however, scarcity is evidet,

especiaily in the Thuno Kula Ronuhai 
area. Travellino further to get woud consumes time that could be used for working, and might involve not only

expense for transportation but also the risk of being arrested for illegal

harvesti ng.
 

Regardless of the figures used to estimate fuelwood consumption
trends, itisapparent that any improvement of the technology of wood-fuel

utilization will 
help recuce pressure on tre natural-forest resources used
For wood energy. The Village Woodlot component of the project was designed,
basicaily, to address this issue by providing a 
sustainable supply of wood
fuel. The improvement of charcoal kilns and stoves for domestic use also has
 
a beneficial impact on the forest-resourc-e base of any country where Fuelwood
is a source of energy, inaddition to direct a3ivantaues to the rural 
popui ati on.
 

The price of charcoal and tne dis&;-race people musc t'avel to coi iec:tfirewood have both been increasino steadily in recent je.ad.S. As thnis trend;:onrinues. wIthout restockiing fu.lwod re-source, the:'e ,:,',rus a i6ne wi,-.n.ue wooo pr'ouioems are acure. wneii atr'er -;nc,oie ,Jelro :Ilf, )nloe-majo ,. r(.s'r daily iife and cons.11es a -zianii:ant po-' oi ur ,-ioeiro1 J i,wm, trruuqncasn ,)utley or loss of work tire. This staqe has nou. yet been i,'ached in
Thailand, a]thougn forecasts predict i will nappen inthe uext fiw.y to ten 
years. [6],(7],[8] Other sources of CooKinq fuei, LPF
such as and
electricity, are still relativeiy expensive when compared 
to charcoal and

require expensive initial outlays for equipment.
 

Use of charcoal has increased recently inproportion to fuelwood
because of its convenience and the fact -hat it produces less smoke, althuuahIt is more expensive and contains less heating value than the wood from whichit ismace. LPG stoves are becoming more prevalent inurban areas and whereincome is hiaher, which suggests that economics i:5 an important Force
controlling ihe choice of cooking fuels. 
 Traditi,)nal cooking habits are
important considerations in deveiocment of alternative cUokinq tecnnoloqy.Even slight physic3l chanqes in devices :ray influence accept:ance. Ji ncegrillina is popular, fueis must be ,:oipacible with tast. It is likely that
inthe roreseeabie future most of tne rurai population wiil continue to usewood in sorer form for ,.ookina. m1 or rhese "'actors point to the nted for 
more efficient use of wood Fuels. 

The Improved Cooking "bove component aimed at asSe5sin current stovedesiqn and sought to 
improve the desben to raise is rthermal efficiency. The

Improved Charcoal Production component of the project aimed at assessirn 
current charcoai Kilns being used inThailand, improvinq on these wherePossibie, and starting a 
program of promoting new designs and techniques for.hisequipment through demonstration and training. Like the Village Woodlotcomponent. these ,.omponents were deveioped on a good existina research baseand provided important information for further development. N'EA and RFD alsoiripiemented trainiiag an. .isseminr,courses eo the ;ii.difiea -tuves anu ki"ins.The procluction r protioc'pe stoves 'nd kilns that are more -rficienr chan tnetraditionai 
types actr~cr.ea pri,.ace encrepeneurs i 1 r.sceu ihi ,Japti r'U
experieoce ,ained from the proje-.c to cormrrcial ti:erpr'iskn. 

http:actr~cr.ea
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Improved stoves, improved charcoal production, and provision of

inexpensive wood through the Village Woodlot concept combine to provide a
coherent program for reducing the rate of use of natural 
forest resources for

cooking. Unfortunately, the situation is not that simple. 
Wood-fuel

plantations, as noted inthe discussion on village woodlots, are not likely

to be able to supply the demand for charcoals furthermore, these plantations

will provide products other than charcoal.
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J. VILLAGE WOODLOT 

1. Background
 

The Village woodlot component focussed on the Northeast, particularly

inthe Thung Kula Ronghai area of this region, where the soils and climatic
 
conditions are very poor. 
The soils are saline to the extent that

commercial, chemical-grade salt production occurs on open lands in some
 
areas. Precipitation comes inonly one season, causing temporary flooding,
and the rest of the year ishot, or very not and dry. This area is also
reported to have the hignest per capita fuelwood consumption in the country

(1.42 m3/year versus a national average of .445 m3/year).(I]
 

Seven tree species were originally considered for use in the woodlots
 
- Leucaena leucoceohaa, Acacia auriculi formis 
A. catechu, Casuarina

equisitifolia, C. Junghuhniana, and Eucalyptus camaidulensis. Eucalyptus

camaldulensis, thought by many to be a "wonder tree.," 
 was selected for the
vil-lage-woodlot plantations oecause of its ability to tolerate 
he stressed
environmental condi.icns of the targetted area. [3], [4] Also, gt
orows
quickly in the early establismenc period, which is important in Competitionwith weeds and for protection against mechanical damage. Furthermore, fast
growth is an important feature indemonstrating forestry programs to 
viilagers. 

The goal of this project component was to "develop greater

institutional capablity in the culture of plants for fuel and to support

those social functions which Foster the maintenance and improvement of Fuel
 crops and of a wood resource base."[2] The objectives of the Village Woodlot
 
component were:
 

- to provide a sustained supply of wood fuel for both woodlot owners 
and non-woodlot owners; 

- to lessen the pressure resulting from the cutting of trees inthe 
natural forests and illicit cutting of trees on public lands in 
general:

- to create employment opportunities and increase income for rural 
F'arni l'es; 

- to develop techriques to be used as an important first step towards a
 
countrywide scheme: ana
 

-
to stimulate interest in tree farming by demonstratin the benefits

derived from such development. (2] 

Work under this component began with a series of surveys, data

collection and analysis, and securing approval for use of public lands.
Concurrently, a plan for implementation was formulated based on evaluation of
 
the 1nformation being collected.
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2. Achievements
 

The Village Woodlot component of the project was carried out by the
 
Royal Forest Department (RFD) incollaboration with NEA. Itestablished
 
community woodlots inseven provinces in the Northeast, including the Thung

Kula Ronghai, most of which is inRoi Et Province. Although reports vary,

official count of the area planted between 1981 and 1984 is approximately

5,000 to 6,000 rai (800 to 960 hectares), with about one million seedlings

distributed. These were planted in seven Provinces inthe Northeast -Kalasin, Khon Kaen, Maha Sarakham, Rol Et, Si Sa Ket, Surin, and Yasothin.

The sites selected for p1anti ng were predominantl y on communi ty-control led

land (about 86 per cent). This land was generally in very poor condition,

having been used for sporadic wood-fuel gathering, grazing, or c'iltivation of 
some crops by villagers. Inaddition to the primary Focus of establishing
plantations on conmnunity land, seedlings were aiso distributed to temples,
schools, and private households. Finally, seedlings distributed to

Iodividuals were planted along fences, in hedgerows, 
 between rice paddies,

-and around their houses.
 

fhe seedI inis i n coarnuni ty woodl ots were p1 anted by hired iabor
 
following a short training workshop 
on the essentials of establishing a
plantation. 
Trees were planted in woodlots under .his project according to
 
the RFD recommendation - two meters apart in rows separated by four meters,

so-called 2 x 4 spacing. This Isequivalent to 1,250 trees/hectare, or

something like 1,200,000 trees.[3] This spacing has the advantage of being
able to accomodate Intercropping, and in many plantations arrangements were 
made to allow for this "alley-cropping' agroforestry system. After the trees were planted, weeding and general maintenance were carried out in varying
degrees. 

In cooperation with NEA, the RFD held eight workshop/training
sessions for the Provincial Forest Rangers who acted as planting technicians,
and others who assisted in this project. Inaddition to the field surveys

and attitude surveys, an extensive educational and training program was

carried out via radio, television, and printed mateials.j4j 

3. Impacts and Benefits 

General: - The major impact of the villaae-wooalot component of the
project is tne effect it has had on stimulating tree plantings in Thailand.
The 1,200,000 trees planted in woodlots during this project may not likeseem
much in a nation-wide context. Nevertheless, it is indeed impressive to see
forests where none grew before, and rows of tail, slim trees separating paddy
Fields, alon9 fences, and surrounding village houses, as one drives through

the Northeast, North, and Central Regions. It ismore impressive when one
 
realizes tnal these trees are at most Four years old.
 

LThere are anecdotal reports from the RFD to the effect that there
 
are ipproximately 500,000 rai (80,000 hectares) of E. camalduiensis planted

in Thailana, on both public and orivate lands, including the lana planted

under the project. At least oae of those private woodlots was among the
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plantings observed by the evaluation team. While some of those plantations

are said to pre-date the project, apparently most of them coincide with theonset of this project so that the general uniformity of age is the 
same. ][5],(6] 

The Village Woodlot program has been the subject of many interestingsocio-economic studies and has stimulated debate among a wide variety ofagencies.(7],(8 (9], (10] The experience gained from the activities underthis component has been used in developing many new projects. Some notable 
examples are:
 

- The FAO has implemented a two-year Regional Wood Energy project that
expands on the USAID project results and will use some of the

facilities provided under that project. 

- The World Bank is considering implementation of a fuelwood-production
component of a w o-energy project in the Northeast. 

-
Donor aaencies from the United States (USAID), Australia (ACIAR),
Denmark (DANIDA), Sweden (SIDA), Canada (IDR('), 
 Japan (JICA.), and the

Asian Development Bank and the IJNOP (plus several non-government
agencies) are all Involved in forestry and fuelwood projects in
Thailand. 
These include projects that have direct relationships to 
the USAIDINEA project, or have research agendas that will 
further the
 
ongoing activities begun under that project.
 

- The National Energy Administration of has continued to develop
activities begun under this component, in addition to the other
wood-energy components of the project. The budget for the Maha
Sarakham REC -continues-to provide funding for growing trees. 
Furthermore, NEA has held workshops, distributed stoves andseedlings, and is continuing to develop the charcoal-kiln project 

- The Royal Forest Department has expanded its research and planting
program on fast-growing tree species. including soil studies and 
agroforestry and management trials. 

- Kasetsart University is directly involved with many fuelwood and 
socia;-forestry research activities whose development was, to some
 
extent, based on this project. in pursuing these activities,
Kasetsart University has ,een working directly with FAO, ADB, ACIAR,

USAID, and the World Bank. 

- Private enterprise has used the results of technical studies and the
overall experience under this component of the project for further
development and direct implementation of the technologies developed
under this component. 
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The woodlots have not contributed to the wood-fuel supply as yet;
tneir establishment, however, has provided villagers with short-term jobs,
some training on planting techniques, increased awareness about forestry and
conservation issues, and many choices about how to utilize this renewable
 
resource to generate benefits for the community.
 

Social: - The sociological impacts and benefits are significant and
involve changing attitudes, new uses of public lands, and new problems

calling for solutions. With this eucalyptus species having an optimum
rotation cycle of five years, the older woodlots will 
soon reach the stage
where they should be harvested. 
The village or tambol councils that have
putative jurisdiction over these woodlots, however, are all uncertain not
only of ownership and harvesting rights, but of how the trees should be used.
These councils are facing a difficult situation that is new to their
experience, one that involves ascertaining the right to control, exploring
and comparing alternative uses For the trees, deciding on 
further development
of the woodlors, and aetermining how to distribute any benefits gained. 
This
situation is further complicated by the fact that some villagers are so 
taken
with the wonder of a forest where none grew before  some told the evaluation
tean that they had never seen a Forest before - that they wish to Keep the
 
trees undisturbed for their c.randchildren.
 

An additional social impact of the woodlots has been the
"regularization* of the use of pibllc lands. 
 Inmany'cases, the community
lands planted inwoodlots were formerly used by only a few individuals for
grazing livestock or growing some crops. 
This was a productive use, but the
land being used in this manner was not available to the rest of the
community. The establishment of the village woodlot, by restoring the land
to communal use, removed it from this ad hoc activity. There has been
 concern that villagers who previously used the community land for arazing
their animals and growing some crops would be relinquishing a necessary part
of their income potential, and that by being planted with trees, the land
would no longer be productive. It is not yet ciear if this isa 
valid
 
concern, as no major harvesting has occurred.
 

Another important aspect isthat the eucalyptus plantings on temple
and school lands have won tne endorsement of these two social institutions.

Education programs have been designed around the school woodlots that have
involved students in tree planting and maintenance. This has stimulated

interest of parents to the extent that they have been requesting seedlings

and more information. 
 The temples also have a major educationai role and
command respect in the community. Both institutions have helped to encourage
tree-planing programs and to allay fears villagers have had about the RFD's

taking control of local community lands. This part of the program will
 
continue to have benefits into the future.
 

Finaily, itmust be noted one of the important benefits of this
project component is the shift inthe relationship between the RFD and
villagers. As a result of the involvement of the RFD and villages in this

woodlot activicy, the relationship has evolved from being generally

adversarial to being much more cooperative. This positive cnange in the
RFD's role ana villagers' perception of the RFD iscritical 
to sustainable
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forest management. 

Environmental: -
There has been an aesthetic and environmental

improvement to previously marginal land. The trees stabilize soil andprovide shade and protection from the wind. There is a 
reported moderation

in microclimate near a school with a small woodlot of its own, but in closeproximity to a larger woodlot, located in a particularly flat barren area, as a result of the woodlots there. Some people interviewed expressed a desireto keep their woodlots as public parks, and there is a renewed interest in 
community land use as a result of the program.
 

On an individual level, villagers are more conscious of the value of

trees as an environmental enhancement. Aside from the new appreciation of aforest that has already been mentioned, there is a trend toward plantingtrees on their own lands and around their houses. This trend is so strong
tiat one of the RECs reports that eucalyptus seedlings are being stolen from 
some nurseries - a striking measure of the impact of this project component.
 

Economic: - In terms of economic impacts, the issue of product choice
and end use is importlant, and certainly will continue to be in future

fuelwood-establishiaent scremes. 
 fhe choice of Eucalyptus camaldulensis oas

based on stress-tolerance characteristics, rather than optimal end-use
 
characteristics. While trimmings and by-products of the eucaiypts could be
used for fuelwood, it isapparent from the team's discussions with villagers

that of those who are considering haivesting the trees, most do not plan to
 use them for fuelwood. 
Rather, they want to use tnem for construction 
(village or commercial sale), charcoal production, or paper pulp. These
plans reflect the fact that eucalypts have higher opportunity values than for
fuelwood use. For example, wholesale market returns for fuelwood are 225 
Baht/m3, poles sell for 80 Baht/pole and wood for pulp brings 280 to 420
 
Baht/m3. Villagers prefer to collect fuelwood from natural 
forests rather
than use their plantings for fuelwood or, perhaps, even charcoal production.

Such responses are substantiated by village surveys conducted by CUSRI and
 
the East-West Center, and by FAO.(11],(12]
 

Private interest isstrong, as noted above. 
At the Regional Energy

Centers and Provincial Forestry Offices, the demand For free seealings by

Individuals and communities apparently always exceeded the supply. Also, it
 
appears that many households are willing to pay for the seedl ings because the
Forest industry Organization sells seedlings and commercial nurseries have

developed. Although interviews with owners of private wo)dlots were limited,
such people expressed interest in selling the trees For poles or pulp, and
only a few mentioned charcoal production. It Isinteresting to note that 
many private plantings appear to have been estaolished and maintained by 
women. 

Since the plantings are still immature, the actual income gains
cannot be quantified it present. The project will give the village income orin-kind value if the trees are used. Private income was gainea by those who 
were paid for planting on public lands and also by households that received
free seedlincs. Positive benefits will also result airectly from

public-school, wat, and communal plantings. However, many communal-woodlot
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schemes displaced the previous users of the public lands who often grew crops

or grazed cattle. These people have definitely lost income or in-kind

benefits. Some projects tried to compensate for such losses by allowing

intercropping for the initial years and later permitted grazing, particularly

for lower-income households. School officials interviewed expressed interest
 
in using tne wood for charcoal or for developing a fund for a school-lunch
 
program. As there are no income-bi ased restrictions on obtai ni ng seedl i ngs
for private plantings, and no significant financial constraints, the only

limitation on the potential benefits derived from p*'ivate use Isthe size of
 
landhol dings.
 

4. Factors That Helped or Hindered
 

The major obstacles to realization of economic benefits from the

village woodlots has been the failure to identify markens before - and since
 
- the trees were planted, and the uncertainty about ownership and harvesting

riqhts.
 

The plantations that were estabfished have a rozation -ae of five to
 
eight years. To dace, almost five years after planting many stands, there
 
has been no managemnt plan developed for the stands. Befcre they were
 
planted, there was no significant market analysis for eucalyptus and there 
was little consultation with villagers about the purpose of the plantations.
No extension program was effectively associated with the project. No
 
thinning has been done. These factors have severely reduced the impact of
 
the program.
 

5. Results and Conclusions
 

Eucalyptus species have been recommended for many areas of Thailand,
and now they can be seen growing insmall stands such as village woodlots, as
 
hedge rows and fences, between rice paddies, and randomly planted Inhome
 
gardens.
 

Initially, itappears that proliferation of eucalyptus will surely
reduce pressure on natural-Forest reserves aid provide :accesible 
good-quality fuelwood for the rural population. On closer fispection,
however, itisapparent that standard silvicultural systems for eucalyptus,

which would inherently provide a continuous source of fueiwood and other
 
products, are not being followed. Removal of poor stems, or thinning inany

form is not apparent. In fact, itappears that there isas vet no use of
 
eucalyptus for fuel anywhere inThailand. Some villagers who were
 
interviewed regarded the woodlot trees as a pre-erve because the RFD planted

them, and they were reiuctant to cut them. Instead, hey continue to gather

wood for all 
purposes illegaily from the forest reserves, or from remnants of
 
the natural forest that remain interspersed inThe paddy. The trees planted

inindividual gardens and along paddy dikes were considered 3s ornamentai.
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Vi lage-woodlot planting has been shown to be technical y feasi bl e. 
Examples of interest in the wood-energy component results are encouraging and
 
many plantations are growing well. In addition to the woodlots planted
directly under the project, eucalyptus seedlings have been planted at a rapid
 
rate throughout the country under other related projects and independent

enterpri ses. 

Continuation of the work begun under the project isnecessary if the
 
experience gained is to have an impact on trends in natural-resource 
utilization. At this time, technology isavailable to introduce innovative 
and comprehensive wood-energy programs in each of the regions inThailand. 
Each region and, in fact, each village, has unique economic and social 
requirements. Adaptations of technology can easily contribute to these 
requi rements. 

Research has surpassed implementation of researcn results to a point
 
wnere political, legal, and social Factors have becoae critical aspects of 
achieving the objectives of alternative-eneray develooment with fuelwood 
plantations. Therefore a concerted effort to disseminate and preserve the 
knowledge gained through the project isrecessary, by invoiving villagers, 
en trepeneurs, and administrators inthe ,ractical inplemertation of the 
results of this research. if the concepts are not accepted by the users of 
wood energy, the technology will not be efficiently utilized. 

With optimum conditions, a significant number of stands established 
under the project will be producing marketable timber inthe next one to six 
years. Itis unclear to villagers, village headmen, and tambol council 
members, however, what should be done with the stands. Furthermore, it is 
not apparent that either the RFD or NEA has a firm policy on this issue. 
Market development is lacking and integration of woodlot projects with the 
charcoal-production improvement and charcoal-stove development activities, 
which was not adequate during the project, does not seem to have be.n
 
strengthened.
 

The project went as far as establishng stands and disseminating

seedlings, but adequate training in forest management, basic forestry

extension inareas such as harvesting and transportation, and eorest-products
 
utilization have not been successfully provided.
 

The percaption among villagers isthat eucalyptus will eventually
 
grow to the size of the indigenous dry dipterocarp species ifallowed to grow

long encugh, and that poorly growing stems are the result of poor care and 
not genetic cnaracteristics. According Co villaqe representatives
interviewed during this evaluation, the primary markets envisaged for 
eucalyptus growing incommunity woodlots do not include fuelwood or charcoal. 
There is,however, an impression that pulp markets will increase dramatically

intne near future and th.it eucalypts are good for furniture and
 
construction. Itsnould be noted, nevertheless, that other recent studies
 
indicate tiat charcoai production isalso a desired use at the village
 
level. [i],[7], [8], [13]
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Ingeneral, the perception of temple abbots and teachers involved in
the project ismore varied than that of villagers or village representatives.
Some felt the trees would provide money for comunity development, either
through sales for charcoal production or other forest-product markets. These
participants have taken some lead in encouraging their comunities to planttrees; the extent of their knowledge, however, is limited and there aremisconceptions among these groups about silvicultural prescriptions and
market potential For the trees. 

6. Recomwndations 

Subsequent development projects in the use of wood energy can rely onthe expertise of Thai researchers, but the institutional support forimplementing effective wood-energy development may require the support ofprivate enterprise. Alternatively, establishment of a group specifically
organized to integrate social and technical disciplines of forest and energy
sciences might be considered. 

As eucalyptus stands planted under this and other projects mature,the RFD, in collaboration with the NEA, should take the initiative in
exploring markets for this resource. The opportunity to use these trees fora variety of purposes, if well planned, will provide an incentive for ruralcommunities to practice forestry. Forestry is an option for lared use likegrazing or rice farming. In order to make it worth while, it has to be thebest option for the labor required and the land resource. In most cases,land to be used for forestry is not suitable for uses other than grazing. Iftree species can be grown on this marginal land with minimum effort andprovide useful products, including income and environmental improvements,
then forestry will sell itself. At this point, market development is Far
behind development of the wo,dlots. 

Furthermore, before people can be expected to make rational decisionsabout the disposition of trees on village woodlots, the land-tenure situationmust be clarified. People must feel they have control of their land, evencommunity land, in order to be able to decide for themselves that trees arethe best option. In order for this to be the case, not only is market
development essentia;, but land- and tree-ownership questions must besettled, or popular participation incommunity-woodlot schemes is doomed fromthe start. The RFD, on behalf of the Covernnment, must take steps to clarify
this situation. 

The RFD should investigate the use of other species for large-scaleplanting in Thailand to avoid the danqers inherent in large plantings of asingle species. These risks include insect infestation, such as the psylid

infestation that has seriously damaged much of the Leucaena leucocephala

stock in the Phili,)pines and indonesia, or attack oy pathogenic fungi. Otherspecies of stress-tolerant trees are suitable ,or planting in villages in the
Thung Kula Ronghai region. where conditions are more favorable, avariety of improved indigenous species resistant 

wide 
ti loca, pests and alreadyknown in Thailand can be plantnd. As a source of FNeiwood, a tree that

pollards well - resprouts easily when the top branches are pruned 
- miqrt be 
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better than eucalyptus, since the branches can be used as 
fuelwood without
damaging the tree. There are many nitrogen-fixing trees, such as Leucaena 
species, that enrich the soil and require less fertilizer, and trees whose
shoots, leaves, and flowers can be used as food or animal 
fodder. In
addition to these uses, many trees are much more valuable timber species,
albeit slower growing. By the pruning of branches, to be used for fuelwood,
the bole (trunk) of the tree becomes more valuable as clear lumber, and
sunlight isallowed to reach the forest floor, which provides potential foragroforestry and silvipastoralism (grazing under the trees). 
 There is little
incentive to prune Eucalyptus camaldulensis because of its low value as saw
 
timber.
 

Diversity isa 
safeguard against market fluctuation and the risk of
natural disaster. intercropping of several species of trees inone stand, or
planting different types of stands, provides the opportunity to harvest
several products and cultivate others simultaneously. Diver3e plantings are
more adaptable to intensive management such as that found in typical
home-garden systems. Like the natural Forest system, mixed :ropping alsomakes more efficient use of light. 
 Some species are snade t:leranb and canbe estaclisned under fast-growing species; when the upper-canopy trees are
harvested, the understory wil be released for acceleri.ed jroitn. FinaIll,,different species frequently create different demands on soil 
nutrients and
water at different periods of their life cycles. Therefore, diversity of
species places less stress on land resources.
 

Successful continuation of the village-woodlot component of the
project depends on extension services. 
RFD should endeavor to integrate the
activities under its silviculture and land-development divisions toincorporate the recommendations of excellent research results that already
exist, into program design and follow-up. In addition, cooperation among
RFD. NEA, and the universities would greatly strengthen the forestry sector.
For forestry to be properly incorporated into village systems, agroforestry

should be included. This implies a coordination of activities of the
agriculture, water-resources, and soils-research divisions and subdivisionsof RFD, plus socioeconomic disciplines. Furthermore, the work of donororganizations should be coordinated to maximize the usefulness of these

projects and avoid unnecessary duplication of resources.
 

These considerations present options for future woodlots and overailreforestation programs that RFD shoula consider. 
Nevertneless, existing
eucalyptus stands must be managed for best production and use. Secificrecommendati,,ns will be found in the annex to this section. 

(More detailed discussion and recommendations will be found inAnnex
 
4.]
 

http:acceleri.ed
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K. Charcoal Production Imorovement
 

1. Background
 

The project design looked to improve charcoal production techniques

as a
means of reducing charcoal prices, conserving wood supplies, using
forest residues and reforestation wastes, and providing an expanded revenue
 source for rural areas.[1] This project component was begun inApril 
1982

and, though USAID support terminated at the PACD, continues under the RFD
with support from FAO. 
The project supported the establishment of a Charcoal
Research and Training Center in Saraburi Province that isnow being used in
conjunction with the FAO project. 

2. Achievements 

According to the NEA's final report,1] the objectives of this 
component were "o: 

- puolish a country stratus report cn charcoal production, demand, and
 
supply in Thailand; 

- study all charcoal production technologies inThailano and some from
 
abroad,
 

- develop improved charcoal kilns and proauction techniques,

- promote and extend improved charcoal production technologies,
 
- and increase charcoal research facilities and staff.
 

This component fulfilled all objectives by the end of the project, exceptfor promotion and extension of: the improved kilns. However, NEA and RFD have
continued work on charcoal-production improvement since the end of theproject and are currently inthe process of promotina the improved kilns 
through the RECs. 

In terms of project output, the specific achievements include:
 

- a substantial survey, conducted by RFD. on charcoal 
production,

distribution, and consumption in Thailand;
 

- evaluation of 
 thirteen techniques of charcoal production;
- testing and comparing different kilns for charcoal yields and 

quality;
 
- improving firing methods and kiln constriction;
 
- nine promotional training programs for 307 trainees from 

rural-development organizations, villages, and charcoal
 
manueacturers;
 

- the estaoiishment of the CHarcoal Research Center; and
 
- three training sessions it 
 the Center, for trainers, on the 

construction and use of improved kilns. 



3. Impacts and Benefits 

eneral: - By the end of the project, there were minimal impacts on
 
rural energy use. The potential beneficial impacts for Thailand were the

deveiopment of improved production techniques and the collection of better

data on the charcoal system. There was limited effect on rural energy use

since only a 
limited amount of kiln promotion and relatively l'ttle extension
 
had been conducted by the end of the project.
 

Technical impacts of this component relate to existing kiln

operations and new installations. The Center's research on 
firing techniques

provides scientific information that is correlated to basic indicators of

kiln efficiency. These indicators, such as smoke color and chimney

temperature, tell the operator what ishappening inside the kiln. By

controlling temperature and air intake, the operator may monitor the quality

and quantity of charcoal being produced and minimize tiring time.
 

Economic: - The economic impacts of improved char.,:oai-production
techniques seem to e mininal at present because of cneaper alt.ernatives.ivai*abte to small oroducer, and most 'nportantiy, t'ne r'-qulations reyaruiny
,:harcoai oroduc.Ion. The V&.A figures and our field -iotes suqcest that their 
medium-sized improved kilns (8 and 20 mi) have paybacK periods between one
and three years, depending on the increases incharcoal production that are

realized (five to sixteen per cent').- Individual households, however, may not
 
invest in new kilns because present methods and fuei costs are so low.

Similarly, large corrmercial producers using mangrove and rubber trees for

charcoal export, as inthe South, use larger kilns than NEA modeis that are
 
similar indesign, so that tney may have iittle incentive to adopt these

models. Besides these financial considerations, present restrictive
 
charcoal-production laws are the main reason producers may not adopt the
 
technically improved kilns. 
 Some producers may be overcoming these
 
restrictions by obtaining licenses.
 

4. Factors That Helped or Hindered
 

The promotion and implementation of the charcoal-production proyram

would have beenhelped significantly by changes inregulations concerning

cnarcoal production. The law that presently covern cnarcoa 
 prouuction

inhibited the active parricipation in the pro.iect (data collection,
development of techniques) by nosc charcoai-kiin operators since they operate
(ilegally, as the laws 
now stand. The entire network of charcoal production

from harvesting to consumer Issuoject to illegal activities. This fact
 
seriously impaired the reliability oe the RFD charcoal survey and the data

collected. Althougn these laws are 
important to environmenuai protection.

their existence has reduced the effectiveness or prowotin che larcer (8-and
 
20-m 3) kilns designed under -.
he project. The laws Qoverning production ana

distribution of charcoal ire currently under review Ly RT6 in )raer to
 
prcmote better charcoai-pr;duction methous. 'here c3mrerciai cnarciai
 
oroduction does occur under license, -uc.n 
as the ancrove-wuoJ kilns in ,rie
south, :ilns quite similar n e USAID-deveioped Oiins are aiready inuse.
Thus, the incentives for acoption appear minimai. 



5. Results and Conclusions
 

The charcoal-production component efforts have continued with the 
support of NEA and FAO. A workshop sponsored by FAO will take place October

27-Nove'nber 7, 1986 at the Charcoal Research Center established under the
project at Saraburi, with attendance by people from throughout Asia. The

World Bank iscurrently considering use of the USAID project results in
implementing a fuelwood eneray project inThailand; training courses for overthree-hundred participants have encouraged the construction of thirty-Fourkilns For demonstration; and consulting services provided by NEA continue.
Although the commercial-scale kilns might be difficult to adopt, the small

(2-and 8-rn3)kilns have application at the household level witnout hindrance
 

With continued efforts by NEA, and supp.rt from FAO, adlitional
benefits might be realized. Since the end of trie project, NEA has developed

a
comouter model for charcoal production costs that allows the :etermination
of Fuielwood requirement an,' neces.ary plantation .Bize based upon kiln size
ard charcoal Prices. During the ,oroject, rew data &ieuonaN,A mostfactors related to wood-plantation and ,:harcoal-procuc:jon costs. Data
gathered by NEA and RFD under the project, however, nave made :nis modeluseful to NEA's extension efforts. This model promises to be additionally

useful inproviding more reliable information to potential charcoal

manufacturers. 
Results from the model clearly show that wood-production cost
isthe critical factor inpositive returns from charcoal production.
 

6. Recommendations
 

Inorder to disseminate the charcoal-kiln technology ceveloped under
the project to commercial operators effectively, regulations must be altered
 
to provide a mechanism for legal sales of the charcoal produced. 
NEA and RFD
 
are aware of this need and discussions on possible chances have occurred.

One consideration might be that RFD or NEA issue licenses only to those who
produce charcoal inapproved kilns and who have Fuelwood piantiations. Thiswouid provice an incentive for usi:lq more efficient tecnnoicgies and
sustainabie fuelwood managerent. For village charcoal production, NEA andRFD might consider forming cooperative systenm based on the traditional

practice where villagers take rice to a mill and pay for miliir,q. 

A second criticai factor to consider incharcoal-production promotion

is the linking of cnarcoal nakina with sustainable fuelwood production. NEA
and RFD snould collabo-,e to ensure that charcoua-production technology
,raining oy NEA's Regional Eneriy Centers ispresented tuuether withinformation from RFD on 9rowing trees for Fuelwood. 
 Commerciai production

Irom nearoy ruelwood plantations reduces the cost of mar-vest andtranspettaticn, anid .eneraily makes more . ffciient loadiou of kirns possibie
because of uniform, straight stems. This coordination of efforts can 'oboth
ways: NE can use RFD support on its (:harcoai-production exrensio, efortsand RFD .an rely on help from F.A a. '.stablisned fuelwood piantations. With
this in inine, a cemonstration ki, n,'uid be set up by 'EA ;iear ),e o n 
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existing community, wat, and/or school woodlots, fired with thinnings from
 
the trees.
 

Although NEA has made substantial progress inunderstanding the
 
system of fuelwood/charcoal production, the team recommends that efforts by

NEA receive continued support for its extension of the program to rural
 
areas. Coordination of the fuelwood, kiln, and stove components appears to
be the best way of multiplying the benefits of each program and decreasing
deforestation pressure from fuelwood. 
We recommend, therefore, that the NEA
and RFD, using the RECs, do a demonstration project using eucalypts for Fuel,charcoal kilns designed under the project, and charcoal stoves from a local
 
stove manufacturer using the designs developed under the USAID project. 
In
order to operate a kiln for community use, accurate estimation of potential

needs of the villaqe must be obtained, calculations of conversion from

available species to charcoal should be made, and equitable arrangements for

selling charcoal decided. The involvement of NEA and RFD staff will be

essential to training and monitoring producers. 
 Awareness of alternative

market values for Eucalyptus versus the price of fuelwood aric charcoal 
on the
 open market isessential. information disseminated from t.re Foresv Products

Researn Division of RFD or the Fre-t Industry arqariz&a.ion wo Jd Le
beneficiai. Replanting new wooaiots, intensifyinig management jf existinq
stands, and incorporating agroforestry alternatives by the RFD isessential as well. The RECs, because of their location and contacts with villagers,

could act as the coordinating arm of-such efforts.
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L. Cooki na Stove improvement
 

1. Background
 

The project paper recognized the important role that cooking Fuel 
plays inThailand's total energy consumption. As the NEA stated in its 
report on this project component (1]: 

'Energy for household cooking inThailand depends
 
largely on biomass mainly in the Form of wood and charcoal.
 
The annual consumption of both fuels in terms of solid wood
 
is approximately 40 million cubic meters, with an estimated
 
value of well over 7.5 billion Baht. If this quantity of
 
wood Fuel were to be provided by commercial Fuels such as
 
kerosene, LPG and LNG, the national spending on such imports

would be at least three times higher. Furthermore, many
problems would exist both with effectively distributing these 
Forms of enercy to rural areas, as well as with its 
prohibitive cost. 

Statistics on wood consumption of the country reveal
 
that the use of wood for fuel is approximately 75-80 per cent
 
of all uses (with such purposes as construction and
 
industrial applications comprising the remainder). This
 
consumption ratio indicates that the country's dependence on
 
wood fuel islikely to persist for a long time to come."
 

The objectives of this project component were:
 

- to investigate the performance of existing stoves currently used in
 
Thailand;
 

- to make necessary improvements on each type of stove (charcoal, wood,

and crop residue) For better fuel efficiency and ease of operation;
 

-
to establish improved stove production tecnniques suitable ;:or

small-scale rural industries;
 

- to disseminate information, technology and/or improved hardware to

Stove users, imnufacturer-s, and the general pubiic; and
 

- to increase the number of trained personnel and institutional 
research facilities for future campaigns iivestigating efficient 
biomass cooking stoves. 

2. Acnievements
 

Tne research and development works on improvino biomass-Fuel cookin.
 
stoves was carried out by the RFD incooperation with rhe NEA, with

dissemination of the new stoves - information on the stoves, training, and

the stoves themselves - beina primarily the responsibility of che RECs. Ail
 
of tne objectives listed were achieved.
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Work under this componert began in March 1982 and ended at the PAC),

the end of October 1984. 
 In that relatively brief period, commercial stoves
of traditional design were collected and tested, new stove designs were

tested and a prototype selected, the prototype was subjected to detailed
testing and improvement, and many prototype stoves were Fabricated for

training classes. rhe researcn was quite sophisticated and demonstrated

that, with some basic modifications, the traditional stove can be made more
 
efficient.
 

The outcome of the development work was a charcoal stove whose heat
 
efficiency was 26 per cent higher than the average commercial traditional

model, i.e., 
for the same hear output to the pot (working results) itusedabout 78 per cent of the amount of cnarcoal used by the traditional stove.
The wood stove produc.il by this effort has an efficiency as much as 58 per
cent higher than the traditional model. The improved rice-nusk stove had

twice the efficiency of the average commercial modeis.
 

[Note: Analysis of the data reported by NEA (Ref. i, Table
7.2) indicates. :here has been s,).me contusivn in the

efticierncies reported For the new stoves. 
 The datz, shew 
efficiency of heat use for the various models, aswhi,:n is
much as 34.2 per cent For the new stove. This is to be
-compared to an averauce efficiency of heat use of 27 per cent 
for the traditional, commercial charcoal stove. This isa
gain of almost 27 per cent in the efficiency with which the
 
heat from the charcoal isused. Thus, a given weight of
 
charcoal will provide 1.27 times the amount of heat in the
 
new stove that it will inthe old stove. Therefore, For the
 
same amount of heat output, one needs use cniy l/1.27 or

about 78 per cent as much charcoal as needed For the old
 
stove model. The confusion stems from ;he fact tnat the
 
34-per cent figure isoften referred to as meaning "more
 
efficient. "] 

Inaodition to the "haraware" achievements, nine training andpromotion programs on the imoroved stove were carried out among villagers in
various parts of tne country before .he PACO. 

3. Impacts and Benefits 

General: - This report would not be complete without noting the
excellence of the research and development work performed under ihis project
component. The report submitted to NEA by the RFD t1eam invoiveG in this work

contains a wealth of Information on the testing and desirn of charcoal, wood,

and rice-husk stoves. 
The care and detail with wnich the testina was done,

the stove cesigns which were prepared, ina the Fabricating Macni ner;, and

Ievices that *er- desioned and built constitute a model uf 3cientiFic and
enoineer, nQ .nves.ioation. The devices developed by the Ieam for use by thevillage nantifacturing groups that came into existence as a result ,)f this
effort r:prese:r aopropriAte technoiogy at its jest. 

http:produc.il
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Although it is too early to say that the improved stove is being

accepted all 
over Thailand, available evidence and the team's observations
 
indicate that this is inthe process of happening. It should be noted,

however, that this evaluation did not constitute a detailed enough market
 
survey of enough users to provide a firm statistical basis for this opinion.
 

Social; - One of the benefits of this activity has been the

involvement of women in the village groups that have sprung up to manufacture
 
these stoves. Women were LkXmajor, if not sole, participants inall of the 
groups interviewed. Furtheri,.ore, since women are mainly responsible for the 
cooking, they will benefit most inimproved health as a result of the more 
efficient combustion of charcoal in he improved stove model. 

The group stove-fabrication activity has provided productive

employment to villagers during the period of reduced activity inthe rice
 
fields.
 

Economic: - By the end of the project, the implementation and
commerciat promotion of improved stoves had only begun. 
 Two years later,
there i3evience that tne new stove may be gaining popularity 3rid an
increasing, though stiii small, snare of the commnercial stove market. By the
end of the project, most of the information gained was on users' preferences
- notably in favor of the charcoal bucket stove and the wood stove (without
chimney). With continued effort since 1984 by NEA through the Regional
Energy Centers, stove users and stove manufacturers have been trained.
 

The training of many groups and individuals in fabrication of the
improved charcoal stove, and the diffusion of both the skills and the
 
improved charcoal stove to private indivicuals, comercial manufacturers, and

cooperatives shows important economic potential. 
 By training this diverse
 
group of producers, the potential income-generation benefits nave been spread

to a 
broader base than would have been the case by concentration only on

commercial manufacturers. While the village cooperatives and individual

producers expressed the belief that eventually adequate profits will be
 
realizeo, they have different income and time constraints, thus 1ess

flexibility, than commercial producers. 
 For example, such producers find
 
distribution aifficult and ooviously depend primarily on NEA's purchasing

arrangements. Stove production For such producers ishighiy 
easona - when 
farminu chores do not take priority. It provides part-time work and
discretionary income. As was notea above, participation by womnr .and men in

.he cooperatives or village groups appeared equal, 
with some groups being

made up completely of women.
 

Besides private individuals or village cooperative group5, the third 
group of Froducers, commercial Thai stove ma;ufacturers, are also producing,

and insome cases redesigning, the cnarcoal stove. Inpar-icular., one stove 
manu acturer has invested mucn time and effort inchangino the atove design
to lower costs and make production reaaily available to villaqers. Other
manufacturers also are changing the bucket aid increasing insularinrl
materials to lower total costs. 
Whi'e most stove maisfactmrers continue to
produce tradtional stoves, they hope to expand their sales of the improved

stoves inthe future.
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Our discussions with all types of manufacturers indicate that a
variety of commercial incentives exists to stimulate expansion. 
These are:
 

- Profit margins and cost structures -- In Table L-1, a range of
estimated production costs and profit margins isgiven, based on
discussions with four private commercial Manufacturers and several

cooperatives (or, perhaps more accurately, village groups).

important factor is that the profit margin 	

The 
on traditional (Chinese)


models isreportedly only about I to 2 Saht/stove as compared to 18 
to 31 Baht/stove for the new NEA charcoal stove.
 

Table L-1. 	 Reported Production Costs, Profit, and Retail Prices for NEA
 
Improved Versus Traditional Charcoal Stoves
 

Cost 
 Cost (Baht/stcve)

Compnent 	 New Traditional (a)
 

Bucket 	 ,5 -

Labor 	 9 - 20 
 -

Clay 1iner &Grate 3 - 6 -
Other Material (b) 1 
Total Production 39 52 -	 15 16
 

Profit 
 18 	 - 31 1 - 2
 

NEA 	Wholesale/Retail 70
 
Commercial Wholesale 
 75 - 85(c) 15 - 18 
Commercial Retail 80 - 150(d) 20  2
 

Notes:
 
a. 	For chinese model.
 
b. Includes materials such as rice husk, sand, cement, and/or


clay.
 
c. 	 One commerci.il manufacturer with an adaptation cf the ;JEA

design produced stoves for 100 Baht/stove in V-36, Dut has a newer 1987 version that can oe sold for 85 Eahr/stove.

d. 	 liah price reflects Bangkok sales. 

- Relative stove prices and market size -- Al ougLh 3uch profit margins
favor improved-stove production, the price uf the ,JEA inpproved stove
isover three times the cost of traditional .,toves (20 Co 25 Baht for
the 	traditional model vs. to 85 3aht the70 for new mocei,. Thus,
sales of traditional stoves vastly outnumoer improve-j-3tove sales,makina net revenues less for the latter. ,cwever. pri /ate sales have 
slowly increased over time, leading coffem.rcial proaucers to beoptimistic. 
 Perhaps the 	price differentiai appropriately relects
 
actual willingness to pay, in view of better stove quality.
 

http:commerci.il
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- Product quality -- The stove reportedly issignificantly better than 
the traditional model interms of longer life (one.to two years
 
comparea to six months to a 
year), better materials and insulation,
and fuel savings (see footnote inthe Achievements section). While more experience is neeoed to confirm this information, both buyersand manufacturers indicated that they believed such advantages exist. 

- Marketing and promotion --Most producers interviewed expressed the
desire that NEA give attention to more promotion and better marketing
arrangements to speed up market diffusion. For small individuai 
producers and village groups, this aspect may be critical 
to their
 
commercial survival. One manufacturer appeared willing to decrease

the profit margin if assured larger guaranteed sales to a commercial
 
wholesaler. NEA-s policy to guarantee purchases, and its spreading

of quotas among producers, appears to be critical to reducinq
producers' risk sufficiently for them to decide to enter tne market.
 

4. Factors That Helped or Hindered 

As has been noted elsewhere in this report, it is our fteiing that 
more attention to integration of the promotion of improved stoves with the 
charcoal-proauction activity and the viliace woodlots would have helped all 
three efforts.
 

5. Results and Conclusions 

By the PACD the project had essentially achieved the development of more efficient and socially acceptable stoves. As a result of continued
 
efforts by the RECs and NEA, the stove isbeing successfully produced by the
private sector. NEA has quite effectively and actively transferred stove

manufacturing to this sector. Although widespread dissemination has not been
achieved to oae, and long-term commercialization is not yet assured, the

sips are quite positive. The serious efforts by seine manufacturers to
improve NEA's design suggests strona interest From r~he private sector in this 
,:omporent. Fuel savings are another major achievepw.nt; whether 22 per cent,as the NEA reports, or 50 per cent, as villagers c6 im, this ,feans users haverecovered the nigher Initial investient costs in zn. ntjw ovtr :r;e traditional 
stove in anywvhere from two to three months. 

,esides encouraqement of a cormmercial improved-stove industry, otherndiect benefits of the project are improved iats)r skills and wages'to stove
workers. Workers earn about 70 to 100 B.ht/dav for the iiew stove as compared
ho 50 Bant/day for old stoves. Participation by women, regional export ofthe stoves (to Burma), and its design and fuel 
savings tha., may potentially

decrease pressure on Fuelwood use are other positive impacts. if fuel-use
 
figures are accurate, then the new stove nay be the most important component

of the project in terms of reducing forest-use pressure. Also, households
 
4il1 save a significant port-ion of their charcoal expenses. 

http:achievepw.nt
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This component is a highlight of the project. 
 Many acnievements have
resulted after USAID funding, attesting to the RTG's strong support for and
belief in this effort. Ifthe commercialization is successful and
widespread, this component will affect a 
large sector of the rural and urban
 
population.
 

6. Recommendat ons
 

inview of the important commercialization achievements of the stoves
development, we strongly recommend that the RTG continue supporting this
 program. 
Since the program appears to be at a critical stage, continued RTG
and conor-agency budget support isneeded, although not necessarily inlarge
amounts. inorder for cooperatives, village groups, and other producers to
increase their direct sales, NEA should devote attention to developing either
.oore 
holesaiers or other marxeting alternatives. NEA, or tne Cooperatives

Promotion Oepartment could provice additional assistance to the villagegroups by heipinq them with accounting me;hods. Stove promoTior, .,hruahrei ted RTG projects, such as tne Accelerated Rurai Development p,uj'ect,::.,nnuni ;y developiient, and RFD sedlirq-Jistri>tion ,:ercer is f-ettu. Ti is
could easi'y and rapiaiy increase public awareness at minilii costs to one,;overnment. With eichty per cent of Thailand (the rural 
population)

dependent on cooking stoves, this program could be highly successful in terms

of individual user, producer, and national benefits.
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M. Solar/Wind Resources Assessment 

1. Background
 

This project component aimed at providing assistance to the RTG in
 
evaluating the potential for exploitation of Thailand's solar- and

wind-energy resources. USAID support was to 
"provide the foundation for

sound technical, economic and social decisions."1]
 

The implementing agency for this component was the Meteorological

Department of Thailand (MET). The objectives were:[1]
 

- to establish a 
Center for Solar Radiation and Wind Calibration with
 
capability of continual measurement and calibration and maintenance
 
of the necessary instruments; and
 

- .oevaluate the data collected to determine the potential engineering

usefulness of solar and wind energy.
 

2. Achievements
 

After a resource-assessment plan For solar and wind energy was
 
developed, the Center for Solar and Wind Calibration was established at the

Bang Na Meteorological Office, about ten kilometers from tne MET head office.
 
With technical assistance under the project, instruments were specified,

purchased, set up, and calibrated. Ten stations were established for wind
 
measurement, and six for solar radiation. 
 (See Ref. I For location of

individual stations.) 
 These stations are equipped for continuous recording

of indiviaual data points and integrated values, and are continuing to supply

data.
 

Under the project, a training course oas given to government
officials From MET, the Depar~ment of Science Service, Electricity Generating

Authority of Thailand (EGAT), and NEA. 
Also attendinq were representatives
from KIfl and the Thailand Inscitute of Scientific and Technoilocicai 
kesearc'i (TISTR), with ocservers Fr-)m MET, 01TT, and AIT. [2J T.is Cpe Or
training has continued since the PACD. The data collected under tne project
were processed and analyzed at KMITT and AIT, dflG the resuits inade av-,ilabie
intwo publications.[3],[4]
 

3. Impacts and Benefits
 

:;lnce work on the solar- and wina-energy assessmenc (.,id nut begin

until some time in 1983,[51 it isnot clear if 'he results or the
 
measurements played a 
role inthe seiection of sites for the pnotovoltaic anu
windmill water-lifting systems. The Jata ccilected, nowever, are a vaiuabie
 
addition to Thailand's information base on its aeteuroIoqical

cnaracreristics. They will rio rioubt contrlbuce zo uture lecisions reyariing

sling or 
systems to expioit solar and wind ener,.y na to .naiyses or ,.-atrher
cond ions inThailand. 
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The establishment oF the Center for Solar Radiation and Wind
Calibration has made available to the Meteorology Department and other
organizations in Thailand an institutional base For standardization (.
instrumental measurements, which will make future data collections more
 
rel iable.
 

4. Factors That Hel ped or Hi ndered 

There isno doubt that technical assistance provided under this
project was instrumental inassuring that the Center was properly equipped
and inhelping to set up calibration techniques and data-analysis procedures.
Temporary datalogger problems, however, caused some delay indasa collection
 ana anaiysis. Finally, limitations in fundinq and instaff positions are
reported to have hampered the Center s activities, anra ! coiitinue i;o do
so4(5] 

5. Results and Conclusions
 

The Solar/Wind Resource Assessment component represercs a successful
undertaking to improve the meteorological analysis cao&viiity of Thailand.It has established a new and modern system of measurement, data recording,
and data analysis that iscapable of generating information on solar- and
wind-energy resources that is needed for future energy planning in Thailand.Inaddition, the information Is and will continue to'be useful to other
sectors, such as the maritime and construction industries and agriculture.
 

6. Recommendations
 

NEA should continue to review buoget requests of MET on behalf of the
Center, to Insure that the staff and data-coilection and analysis
capaoilities remain adequate to meet the national needs.
 

REFERENCES
 

I. National Energy Admini.strition, 198,1. 
Solar and Wind Energy Resource
 

Assessment for Thailand. Eangkok: 
NEA. P.22.
 

2. !bid., p.85, aiid interview w;th Component Team Leader.
 



- 80 

3. Suwantrakui, 8.; Watabutr, W.; Sitathani, K.; Tia, V.; 
and Nampraki, P.,

1984. Solar and Wind Energy Potential Assessment for Thailand.
Bangkok: Meteorological Department. 

4. Exell, R.B. and Sulsawat, Dusadee, 1984. Solar and Wind Energy Data of
 
Thailand, 1983. Bangkok: Meteorological Department. 90 pp. 

5. Interview with Component Team Leader, September 16, 1986.
 



N. Pyrolysis of Rice Husks
 

1. Background
 

The objectives of this component were to study existing literature
 
and examples of pyrolysis technology, determine application of this

technology (including socioeconomic evaluation) and formulate a plan for

promoting pyrolysis of agricultural residues, particularly rice husks.
 

2. Achievements 

Under a contract with the Thailand Institute of Scientific and

Technological Research (TISTR). NEA supported a study of energy use in rice

mills and the potential market for rice-husk char briquette. TISTR designed

and built two experimental pyrolyzers that provided valuable data, and
 
designed a 
system that could help meet the energy needs of small to
 
rredium-siZe rice mills.
 

3. Impacts and Benefits 

General: - The research resulted in gas-purification designs that

have been adopted by gasifier manufacturers in Thailand. Furthermore,

technical support by the Energy Research Division of TISTR has produced both
 
an analysis of pyrolysis and experience in construction techniques that are
 
applicable to a wide range of energy-technology research.
 

Economic: - In terms of alternative options, pyrolytic systems are
simply more expensive or operationally more complicated trat alternatives
 
such as gasifiers and diesel generators. TISTR showed positive Financial
 
gains (IRR = 
57 per cent) for coupling a pyrolyzer with a diesei-fuel system.

However-, the rice millers corvertea back to ali diesel at the end of the

proj.ect. 
 This suggests the oppor~unity costs of a combined pyrolysis/diesel
 
sys:em are too high.
 

The charred rice husks produced from pyrolysis were forued into
charcoal briquettes. However, the quai ty of ti by-products infer'iorofntece was 
to ,:;.ar,'oai produced by a far less complicated arid cneaper rice-nusk 
briquetting method also developed by TISTR. From the rice miller's 
perspective, investing in the simpler briquetting equipment a shorterhas 
payback period than inves~inq inpyrolysis. itwas repcrted that several
 
rice mil1s and sawmills have invested in such biquettin9 equipment, so the
 
comnmercial adoption of such systena appears to be a 
more attrac-ive inentod of
 
rice waste disposal than pyrolysis.
 

Because of the hign technical skills required for vperatin9 ana

maintalning the system, rice millers Jid not snarewant to their worktrs for 
trai.ing and op.ating such syscems. Also, hiqh labor Jermauus during the
ri:e processing sHason limitea tne :ime availaole for operaing the sysceres.
Itapparently i an opportunity cosC issue, i.e., the millers 3impiy .ei che
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benefits do not warrant the opportunity costs given other alternatives for
 
energy and use of rice by-products.
 

4. Factors That Helped or Hi ndered 

Although this component's objectives were achieved, In that the
studies were performed and tne design accomplished, the hoped-for impact did
not materialize. The complex pyrolysis process requires many steps that

should be attended to by one skilled laborer and one or two helpers. 
Rice
prices were depressea during the years that the project was in progress,

making it difficuit for mill owners to afford capital investments. Finally,
although the studies showed a net financial benefit from the savings in
diesel fuel, the revenue was not sufficient from the point of view of therice-mill owners to justify ooth the investment in this complex equipment and
che diversion of the labor needed to oper.-te it
- the opportunity costs of
 
che labor were too great.
 

5. Results and Conclusions 

The project demonstrated the actuai 
costs of pyroiysis .nd provided
knowiedge regaraing key factors related to successful coa.vercialization.
 
Research on briquetting methods, made concurrently by TISTR with other

funding, showed such methods were commercially superior to rice pyrolysis

by-products.
 

Pyrolysis systems, althouqh financially attractive when compared to
oil systems, at present are not commercially acceptable. Thus, this

component has had and will probably not have any direct economic impacts
other tnan ointing to alternative, less costly met.hods of waste use.
Furthermore it is the opinion of both TISTR and this evaluation team that themuch simpler gasification process is to be preferred for conversion of rice
husks, particularly since use for the pyrolytic oils nas not yet been
 
ceterminea, and the pyrolytic char is 
not as useful in briquette Form as 
briquettes made from rice husk directly. 

6. Recommendations 

Continued support of pyrolysis projects is .ior refomwended if theoojective is ,:onrciaiization. Other cnedper ana less compltx energysystem exist. if research continies, it shoula focus on reaucino equipment
and labor costs. To nandle waste materials, primotion of the simpier' 'ice ,)rwaste bri':4etc;'nq systems appears beto a Tpor: commerciaiiy .i oie and 
socially eff'cient aiternative to pyroiysis. 
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ANNEX 1
 

SCOPE OF WORK FOR FINAL EVALUATION
 

Renewable Nonconventional Energy Project
 

Project No. 493-0304
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,nd of the project there should coincide a tested
Accordingly, at the 


selection of rural renewable energy applications as well as the data and 

institutional base to implement them within the framework of a broader 

RTG energy policy. The Project Grant was signed on August 16, 1979 and 

the original project assistance completion date (PACO) was July 1, 1984. 

for four months. The major activity during theHowever, it was extended 

extension period was to complete the brochures, the component's
 

project accomplishment report.
accomplishment reports, and the overall 


The project underwent an interim evaluation in September 1982 and
 

resulted in reorganizing the Project Coordinator's role and redesigning
 

project components to focus on research development and village
some 


implementation (where possible).
 

II. PURPOSE OF THE EVALUATION:
 

The purpose of the evaluation is to assist the RTG and USAID Misson to:
 

A. assess the achievements of project outputs and measure the
 

degree to which the project purpose and end-of-project-status
 

have been realised.
 

B. 	 examine the degree to which the technologies and information 

generated by the project are influencing energy consumption 

patterns of the people involved, especially the social impact on 

rural 	 villagers. 

C. 	 address what technologies developed under the project have 

proven to have high potential for commercialization and 

dissemination and future active roles of already established
 

institutions.
 

tne adopted
0. 	 assess any environmental and ecological impac-s from 


project activities. 
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E. explore both private and public sector activities to determine
 

if development activities are being undertaken and, where
 

undertaken, evaluate the magnitude and quality of the 

implementing agency's activities. A similar search will be made
 

of private industry and private individuals, to the extent they 

can be i!e.ntifred, in order to determine how private sector 

investments are now being made for developing energy
 

applications.
 

F. make reccmmendations concerning additional or alternative uses 

of the information and/or the generation of additional 

informazion/activities for possible future applicatiors. 

III. BACKGROUND
 

Energy is a key element in any effective rural development strategy, and 

this is specifically acknowledged in the Country Development Strategy 

Statement (CDSS): 

"As modern acricultural techniques become more widely adopted, rural 

Thailand will exert increasing demand for energy in the form of 

transportaticnfertilizer, irrigation pumping, traction, crop processing, 

be based on petroleum as theto market, etc. Much of this demand will 


energy source unless positive steps are taken to introduce alternatives.
 

a
Substantial investment in a national rural electric sys-em, which is 


major objective of the RTG, will create a future reliance on increasingly 

expensive petroleum imports. 

The energy demand for agricultural production purposes will be additive 

areas for cooking, lighting and other amenities.to the needs of rural 


The demand for wood and charcoal for ccoking in particular is already 

seriously affecting forest areas and cculd threazen the ecological system 

on which Thailand's rural development is based if problems of sustaired 

usage of these renewable resources are not promptly addressed.
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.AID proposes assisting the RTG to reduce its dependency on imported 

energy sources by developing and introducing alternative energy
 

resources..l!
 

The Renewable Nonconventional Energy Project was a product of that
 

Mission strategy. 

IV. WORK STATEMENT:
 

(A) Project Camoorents to be studied: 

The evaluation scope of work will cover several components of the Project: 

1. National Energy information Center "aonal Energy Adrniistratiof 

2. Regional Energy Centers
 

3. Energy Master Pian Support 

4. Village Survey 

5. Micro Hydro Technology 

6. Water Lifting Techrclogy U 

7. industrial Biogas 

8. Solar Thermal Processes King Mongkut's Institute of 
Technology (KMIT) 

9. Biomass Gasification Chulalongkor. University (CU) 

10. Village Woodlots Royal Forest Department (RFD) 

11. Charcoal Improvement 
U 

12. Cooking Stove Improvement 

13. Solar/Wind Resources Assessment Meteorological Department 
(MET Dept.) 

Thailand Institute of
14. Pyrolysis of Rice Husks 

Scientific and Technological
 
Research (TISTR) 



(B). 	 Key Questions: 

In addition to the assessments and examinations listed in Part II,
 

Purpose of The Evaluation, following are some illustrative questions to
 

be answered for each of the components listed above.
 

1. 	Which are potentially most cost-effective (based on analysis of 

time, effort and resource requirements of each technology)?
 

2. 	 Is there evidence of acceptance and utilization, by a 

well-defined clientele group, withcu: alirect subsidies?
 

3. 	What components appear to have relatively high development
 

impact in terms of its potential for widespread use, and
 

reduction of Thailand's dependence on fossil fuel.
 

4. 	 Is the institutional base now in place sufficient to carry on 

the work of promoting rerewable energy technologies in the 

villages?
 

5. 	Are there any identifiable social or ecological problems
 

attached to the various renewatle energy technologies? 

6. 	 What project benefits are likely to be sustained after donor 

funding ends? 

7. 	What local institutional capacities (management, technical,
 

financial, provisions for maintenance and the replacement of 

capital equipment) are being developed to continue project 

benefits? Will they be in place once donor financing ends? 

What policy conditions are required to facilitate continued 

long-term impact? 
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8. How were the interests and role of women taken into account at
 

the design and appraisal stages? Did their participation or
 

non-participation affect project achievements.
 

9. 	 Were-gender-specific data available or have they been developed 

since? How has such data been used in goal setting and resource 

allocation? 

10. 	 What are the effects (impacts if available), positive or 

negative, of the proect concepting wcmen's access to production 

inputs and markets, division of workloads, income, education and 

c.omunity, health conditions?training, role in household and 	 and 

11. Though the initial enviror-nental examination was negative, did 

experience show that there were impacts during implementation?
 

The Evaluation Team is to investigate those questions and 

provide: 

i). findings - (facts)
 

ii). conclusions - (underlying reasons)
 

iii). reccanendations - (how problems ,may be solved and by
 
whom).
 

V. METHODS AND PROCEDURES:
 

1. Review of Project literature -- exiszing reports, previous 
etc. 	 whichevaluation report, monitoring reports, project files, 

are available at USAID Office of Encneering and NEA. 

2. 	 Bangkok intarviews with the project component team leaders, NEA 
and USAID concerned. 

centers,3. 	 Field interviews with chiefs of the regional energy 
manufacturers, rice mill owners, benefited villagers, etc. 

4. 	Trips to Bangkok CU, KMIT, TISTR, etc. renewable energy 
demonstration park to observe pilot installations under the 

project. 



to rural regions to observe energy facilities under the5. 	 Trips 

project.
 

VI. TEAM COMPOSITION: 

Energy Expert:
 

The candidate should be an American citizen with experience as a USAID 
The team leader will be responsible for assuringevaluation team leader. 


that the final report answers each of the questions in this scope of work
 
In addition, the team leader

and meets USAID evaluation report criteria. 
 The Energy
Will 	 coordinate activities of the other team members. 
include project management of renewable energyExpert's experience should 

systems, energy technology assessments, environmental impact assessments, 
wastes, and energy facility sitings.
power plants, industrial 


They 	should be keyed towards
Recommendations must be imolementable. 

of renewable energy activities as well as to

aissemination and promotion 
developing RTG institutional capacity to perfcr n and sustain energy 

policy planing and further implementation. The Energy Expert/Team Leader
 

total of 8 weeks. A PSC is preferable.
will 	be contracted for a 


Energy Economi st: 

The candidate should be an American citizen with experience in
 

ccmparative analyses of investments in energy technologies 
designed to
 

reduce dependence on imported oil. The Economist will prepare 
determine which are potentially most
preliminary econcmic assessments to 

cost-effective. The purpose of the evaluation raised in Section II and 

IVwill also be addressed by the Econcmist. The Energy Economist will be
 

a total of 8 weeks. A PSC is preferable.contracted for 

Social Scientist:
 

a Thai citizer residing in and withThe Social Scieitist should be 
The Social Scientist will be
 considerable experience in Thailand. 


villagers and manufacturers as possible. The
expected to visit as many 

and findings should include an evaluation of the social
recommendations 
impact of the technologies of the project activities on the villagers, 

social benefits, roles of women, etc. and the attitude of the 
beneficiary
 

villagers towards the renewable energy technologies. The Social
 
for a total of 8 weeks.Scientist will be contracted 

VII. REPORTING AND DE3RIFING:
 

been 	 prepared by the team, an Evaluation1). After a draft report has 
will 	be prepared by the team.
Summar Part I and Part II 

2). The draft report will be submitted to USAID three working days before
 

an oral presentation to USAID. 



3). 	After the oral presentation the team will prepare a final version. 

30 	copies will be reproduced.
 

4). 	 The report will follow the format: Findings, Conclusions, 

Recommendations as described above in para IV (6).
 

5). 	Final payment will be contingent upon delivery to USAID of the
 

accepted final report.
 

6). 	The Final Report must contain the Scope of Work, a description of the
 

methodology used, and a bibliography of materials consulted.
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EVALUATION TEAM SCHEDULE
 

An illustrative work schedule%is listed below:
 

Week one Bangkok
 

- review of 	project literature 

- meetwith project component team leaders, NEA and USAID 

concerned. 

(Some pilot activities at CU, KMIT, TISTR, MET Dept., 

etc. will be visited when the team is there). 

Week two Northern field trip (fly to Chiang Mai) 

- visit micro hydro. installations (Chiang Hal) 

- visit some solar dryers for tobaccc, agri-rops 

(Chiang Mai and Phitsarnulok). 

- visit Phitsanulok Regional Energy Center 

Week three 	 Central field trip (by car) 

- visit TISTR pyrolytic converter at a rice mill (Saraburi) 

- visit RFD Charcoal Improvement Center. (Saraburi) 

- visit Ratchaburi Regional Energy Center and private 
cooking stoves 	manufacturers. 
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Week four Northeast field trip (fly to Khon Kaen) 

- visit Maha Sarakham Regional Energy Center. 

- visit Woodlot activities in Khon Kaen, Maha Sarakham, 

Roi Et and Si Saket. 

visit cooking stoves manufacturers in Roi Et (financial
 

support by Australian and German).
 

visit solar cell water lifting at Sakon Nakhon.
 

Week five Bangkok 

- review of preliminary findings 

meetings with RTG and USAID officials 

Week six - Southern field trip (fly to Hat Yai) 

- visit gasifier for electricity generation at Hat Yai 

(Songkhla) 

- visit water lifting for irrigation by windmills (Yala) 

Week seven Bangkok 

- Preparation of final report and submission of draft 

evaluation report to USAID. 

Week eight Bangkok 

- completion of final evaluation report and presenation 

of findings and recommendations to USAID and RTG. 

0/ENG:1/1 6/86 
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ANNEX 2
 

IMPACT EVALUATION TEAM MEMBERS
 

Norman L. Brown, Ph.D. (Renewable-energy specialist)

Washington, DC 

Marcia Gowen, Ph.D. (Energy Economist) 
East-West Center
 
Honolulu, HA 

Chalio Buripakdi, Ph.D (Sociologist) 
Sri naKhari nwi rot IJni versi ty 
Bangkok 

Kirtland A. Barker, MFS 
 (Forestry specialist)
 
Winro:< international
 
Rossiyn, VA
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ANNEX 3
 

MICROHYDROELECTRICITY COMPARED TO DIESEL-ELECTRIC GENERATION: 

KAM PONG: ECONOMIC ANALYSIS
 
FINANCIAL ANALYSIS 

HUAI PUI- ECONOMIC ANALYSIS 
FINANCIAL ANALYSIS
 

'MAE TON LUANG: ECONOMIC ANALYSIS 
FINANCIAL ANALYSIS
 



IAM1FONG HICRO-1HYDRO VERSUS DIESEL ELECTRIC 

FINANCIAL ANALYSIS 

(1 10:1:-1 Baht, 1984 prices) 

GENERATION 

7r.Tar 
DENEFITS (DIESEL SAVINGS) 

Cap- Fuel O&M Total PV 
iBu Ben. Efen. 

Cap-
ital 

COSTS 
Labor 

(M1ICROHYDRO) 
OM. In- Total PV 

Kind Costs Costs 
EB-C PV 

I.'-C 
Sum PV 

1B-C 

I 

3 

5 

7 
11 
9 

1I: 
1 

ji 

13 
1 
15 
16 
1Y 

I 

212 

-2 
212 

1 
212 
212 
212 
212 
212 

21 
212 
212 
212 
2 12 
212 
12 

212 

If 12 
'4 

2(:-212 

695 

695 
695 

,95 
1195 
695 
6 9 
695 
695 
695 
695 

695 
695 
695 
695 
695 

619~5 
695 
615 

79 

79 
79 

79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 

79 

79? 
79 
79 

986 
906 
986 
986 
986 
9B6 
986 
906 
906 
9016 
986 
906) 
9136 
986 
906 
91]6 

986 

C906 
--

906 
9B6 

857 
745 
648 

564 
491) 
426 
371 
322 
200 
244 
2112 
1841 
160 
139 
121 
105 
92 

04, 
69 
60 

356 
356 
356 

.-'56 
356 
356 
356 
.356 
356 
356 
356 
356 
356 
356 
356 
356 

356 
:.56 
356 
.356 

29 
29 
29 

29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

37 

37 

37 
37 
37 

0 

) 

0 

0) 
1. 
) 

0 
0' 
: 

0 
0 
o 
0 
0 
0 

0: 
0 
0 

422 
-422 

A122 
42 
4122 
4'22 
422 
422 
422 
422 

22 
422 
422 
422 

-7,22 
422 

422 

'122 
'22 
'122 

.S67 
319 
277 

2.1 
21:f 
182 
159 
138 
120:1 
104 
91 
79 
69 
60 

52 
45 

39 

34-cc 

3: 
26 

564 
564 
564 
564. 
564 
5 6 
564 
564 
564 
561 
564 
5.51 
564 
56'4 

59 
1564 

56-1 
54 $156-44q 

564 
56,1 

491 
427 
371 

20'I 
244 
212 
18,1 
160 
1.39 
121 
105 
92 
B') 

AC 
52 
16 
,10 
31 

4'91 
917 

12130 
16 If') 
1891 
21:55 
2347 
2531 
2692 
2831 
2952 
3050I 
3 1.,19 

1' 

3291 
3359 

34 11 

3-157' 
3496 
3531 

0. 

II1FV= 435:) 
I-E-),-etgn E-:changi Savings 

Project N V 
IRR= 

3531] 
ERR 

tiS1,L,,,h,.clia.1 prl cc: 9 Bait/liter, discount rate is 15%. 



HUAI PUI MICRO-HYDRO VERSUS DIESEL ELECTRIC GENERATION
 

ECONOMIC ANALYSIS
 
( 1000 Baht, 1964 prices) 

IENEFITS (DIESEL SAVINGS) COSTS (0ICROHYDRO) 

Year Cap- Fuel O1I Total FV Cap- Labor O&M In- Total PV B-C PV SLIm PV 

ita I Ben. Ben. Ital Kind Costs Costs 11-C 9-C 

I 8b09 61 2617 2276 2972 20 44 743 3779 3266 -1162 -1010 -1I's)647 


2 0647 B1 928 71-12 0 20 44 A 64 48 (64 654 -356 

- 0 847 81 926 6 10 0 20 44 0 64 42 064 566 212 

4 :, 047 B1 928 531 0 21 44 ' 64 36 064 494 766 

5 847 B1 920 461 0 20 44 C 64 32 664 130 1136 

6 0 847 B1 928 40 1 I 2) 44 0 64. 27 864 374 1510 

7 0 047 BI 928 349 'J 2 0 44 64 24 664 325 1035 

a C 84q.7 F11 92610 313 0 20 44 '1) 64 21 664 283 2117 

y 
CC) 

047 
0q17 

91 
01 

920 
920 

264 
229 

0 
'I 

2 ) 
20 

44 
44 

C 
0 

64 
64 

16E 
16 

64 
"864 

246 
214 

2363 
2576 

II Bz047 81 9.2E 199 0 2) 44 0 64 14 864 166 2762 

12 ': 017 B1 92tJ 173 0 20 44 ': 64 12 864 162 2924 
13. ' 847 81 928 151 'j 20 44 0 64 10 064 140 3064 

I)4 47 Bi 928 151 0 21-1 44 0' 64 9 864 122 3106 

I a' 847 81 9-20 114 0 20 44 0 64 6 664 106 3293 

1 047 B1 9213 99 0 20 44 0 64 7 864 92 3385 

17 0 047 61 926 66 0 2C' 44 0 64 6 064 BC 3465 

1EE ' 647 B1 920 75 C) 21 44 6/-4 5 664 70 3535 

19 ' 817 B1 926 65 0 21' 44 C 64 4 664 61 3596 

0 7 81 92 57 0 2C' 44 C 64 4 864 53 3649 

I,-VJ 5301 Proect NPV= 3649 

Flrei'gn E::change Savings IRR= -. 74 

/1. ;!,uatL=es ,i:1esel 9 BahtLliter, shadow wage factor C.657., discount rate is 15%. 



HUAI FUI MICRO-HYDRO VERSUS DIESEL ELECTRIC GENERATION
 

FINANCIAL ANALYSIS 

S1',00-1 Baht. 19134 prices) 

Yoar 
BENEFITS (DIESEL SAVINGS) 

:ap- Fuel O&MdI Total PV 
i.Ia I BEan. Een. 

Cap-
ital 

COSTS 
Labor 

(MICROHYDRO) 
OI In- Total IV 

Kind Costs Costs 
B-C FV 

D-C 
Sum PV 

1-C 

1 

3 
'-

217 
I17 

217 
17 

847 
aIt7 

47 
047 

01 
8 1 
H 1 
11 

1145 
1145 
1145 
1145 

996 
866 
753 
655 

398 
396 
390 
398 

30 
3:) 
30 
30) 

44 
44 
44 
44 

(1 
C-
0 
0 

472 
472 
472 
472 

41i0 
357 
3 f' 
270 

673 
673 
673 
673 

585 
509 
442 
385 

565 
10194 
1536 
1921 

5 

11 
9 

217 
2-17 
217 
217 
.- 17 

847 
847 
847 
047 
847 

B 1 
£31 
01 
01 
01 

1145 
1145 
1145 
1145 
1145 

569 
495 
430 
374 
:325 

398 
3913 
390 
390 
390 

3') 
3,', 
30 
30 
3') 

44 
44 
44 
44 
44 

0 
0 
* 

0 
0 

,472 

472 
472 
472 
472 

235 
204-
177 
154 
134 

673 
673 
673 
673 
673 

335 
291 
253 
22:' 
191 

2256 
2547 
2flt'f) 
3026 
3211 

I 

i 
1:2 
13 
14i 
15 
i.{ 

/ 
1 
1 

2-

:2 17 
2 17 
-17 
217 

217 
217 
;17 
217 
11 

217 
i17 

047 
847 
017 
847 

EJ47 
847 
847 
847 
14*7 

847 
047 

61. 

0 1 
F31 
A1 
0 1. 
81 
01 
01 
El 1 
0l1 
0 1 

1145 

1145 
1145 
1145 
1145 
1145 
1145 
1145 
1145 
11'i5 
1145 

263 

246 
214 
166 
1&2 
141 
122 
106 
93 
80,' 
7,) 

398 
390 
398 
390a 
390 
390 
396 
396 
39fj 
.9B 
398 

30 
3(3 
3) 

:. 

3,C 
30 
30 
3 C. 
3 
3' 
30 

44 
41 

4 
44 
44 
4 
44 
44 
l'4 
44 
44 

0 
C' 

0 
0 
0 
0) 
'. 

0 
0 
0 

472 
472 
472 
472 
472 
472 
472 
472 
'72 
472 
172 

117 
101 
88 
77 
67 
58 
51' 
44 
30 
33 
29 

673 
673 
673 
is73 
673 
673 
673 
673 
673 
673 
673 

166 
1-15 
126 
109 
95 
63 
72 
63 
54 
47 
41 

3377 
3522 
31,40 
3757 
365f-o2 
-35 
40,7 
4(:,9 
4124 
'1171 
4212 

Ifl-Y= 53, 1 Pro.ject NPV= 4212 

F:tweiqn E::change Savings IRR= ERR 

AtISULIMU-i diesel 9 LahL/liter, disCount rate is 15%. 



MAE T1ON LUANG MICRD-HYDRO VERSUS DIESEL ELECTRaC GENERATION 
ECONOMIC ANALYSIS 

' i000 Baht, 1964 prices) 

Yealr 
BEINEFITS (DIESEL SAVINGS) 

Cap- Fuel O&!M Total PV 

ital Ben. Ben. 
Cap-
it~al 

COSTS (MICROHYDRO) 
Labor 0U1II In- Total 

Kind Cost.s 
PV 

Costs 
E-C PV 

B-C 
Sum PV 

B-C 

I r5:.2 594 77 2203 1916 2577 16 42 644 3279 2851 -1076 93 5 -935 

2 0 594 77 671 507 *: 16 42 0 58 44 6 13 464 -471 

3 0 594 77 6 1 441 4) 16 42 0 56 38 613 403 -68 

, 0 594 77 671 384 1) 16 42 0 58 33 613 35 1 2-(.3 

5 ,': 594 77 671 334 u 16 42 0 58 -29 613 305 5H0 

,3 '-. 594 77 671 29 0 0 16 42 ': 58 25 613 265 a,5...5 

7 0', 594 77 671 252 0 16 42 0 56 22 613 231 101713 

13 
9 

0 
0 

594 
594 

77 
77 

671 
671 

219 
191 

0 
0 

16 
16 

42 
42 

C 
0 

5B 
58 

19 
16 

613 
613 

201 
171 

1203f 
14,50 

i 594. 77 671 166 0 16 42 " 5 14 613. 152 161 

II 0 594 77 671 144 0 16 42 0 56 12 613 132 17,12 

12)' 594 '77 671 125 0 16 42 0 5B 11 613 15 1956 
0 594 77 671 11.)9 0 16 42 0 50 9 613 . 160 1956 

4I,1 1 594 77 671 95 0 16 42 0 5B 0 613 B 7 20,13 

I 
16'6 

1_1 
0 

594 
594 

77 
77 

671 
671 

02 
72 

6 
0 

16 
16 

42 
42 

0 
0 

58 
5 

7 
6 

613 
613 

75 
66 

211H 
21114 

17 0 594 77 671 62 6 16 42 0 50 5 613 57 2241 

18 0 594 77 671 54 ) 16 42 1:1 58 5 613 50 22296 

19 
-

1') 
0 

594 
594 

77 
7.7 

671 
671 

47 
.41 

: 
0 

16 
16 

42 
42 

0 
0 

58 
58 

4 
4 

613 
613 

43 
37 

233.-3 
:-71 

HFV = 3718 Pro.Jert NPV= 2371 

l:nh.Eign E:'changa- Savings IRR= 0.57 

('s_,a.ifns li _iel 9 Eaah.L/1 iLer, shadow Wage factor of 0.65, discount rat.e is 15%. 



IAE TON LUANG MICRO-IYDRO VERSUS DIESEL ELECTRIC GENERATION 
F I NANC I AL ANALYSIS 

(' IOt'oA BahL. 1984 prices) 

Ye,.ir 
BENEFITS (DIESEL SAVINGS) 

CaP- Fuel U&M Total 
iLal Ben. 

FV 
Ben. 

Cap-
ital 

COSTS 
Labor 

(MIICROIIYDRO) 
O&M In-. Total PV 

IKind Costs Costs 
E-C PV 

B-C 
SLm FV 

B-'.C 

Al 

£ 
7 
r! 
' 

1 
. 

t, 

17 
II 

19 
... 

)2115 
'714,15
.'. 
2a5 
--205 
25 
205 
2C'.5 
2:5 

2-2.5 
205 
. " 
S20I'5 
25.j 
45 

-_ 
T1 

;yi I_ 
2_5 
2C,= 

594 
594 
594 

594 
594 
594 
594 
594 
594 
.594 
594 
594 
594 
594 
594 
594 
594 
54 
594 
594 

77 
77 
77 

77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 

87 
1976 
676 

076 
876 
876 
076 
876 
876 
876 
076 
676 
876 
076 
076 
176 
676 
676 
076 
076 

762 
662 
576 

501 
436 
379 
329 
286 
24-79 
217 
18B 
164 
142 
124 
108 
94 
01 
71 
62 
54 

345 
345 
345 
345 
345 
345 
345 
345 
345 
345 
345 
3415 
345 
345 
345 
345 
345 
345 
345 
345 

24 
24 
24 
24 
24 
24 
24' 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

42 
42 
42 
42 
A24411 
42 
42 
42 
42 
42 
42 
42 
42 
42 
'12 
42 
42 
422 
4 2 
4,-

0 
0 
0 
:0 

u 
C) 
'. 
f 
0 
0i 
0 
0 
0 
1:1 
0 

I] 

4 11 
411 
411 
411 

411 
411 
411 
'111 
') 11 
411 
411 
411 
411 
411 
411 
411 
411 

.411 
411 

357 
311 
270 
235 
204 
178 
155 
134 
117 
102 
86 
77 
67 
56 
51 
44 
38 
3-
29 
25 

46,5 
'165 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 

404 
352 
306 
26 
2'1 
201 
175 
152 
132 
115 
100 
87 
76 
66 
57 

-13 
38 
33 
28 

4 M;, 
756 

1)62 
1328 
15:9 
1760 
193.5 
2f:107 
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ANNEX 4
 

WOOGLOT MANAGEMENT
 

[Note: The following comments are a synthesis of discussions 
held by Mr. Barker with officials of the Royal Forest 
Department and with foresters and other individuals from
other agencies with experience in Tnailand.] 
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WOODLOT MANAGEMENT 

General 

There is a perception that eucalyptus has harmful effects on soil.
One commonly encountered thought, even among educated professionals, isthat
the oils of eucalyptus leaves are poisonous; another is that they are

allelopathic, i.e.. produce chemicals that inhibit or prevent growth of other

species; and a third isthat they make the soil 
sour, or acidify the soil.
These perceptions, which are found among foresters and engineers as well 
as
lay persons, have not so 
far been borne out by experiment. Repeated short
rotations of fast-growing species without replenishing soil nutrients do have a long-term .negativeeffect on productivity, and eucalypts do compite Forwater resources. Alley-cropping experiments inagroforestry tria-s(planting between rows of treesi, however, show the limiting Factor For cropproduction to be iignt competition after tnree years in2 x 4 spacing with nothinning or pruning, with these other concerns not emerging as significant

factors in eucaiyp- systems.1]
 

The Market for Eucalyptus
 

Charcoal and Fuelwood --Although Eucalyptus camaldulensis is
perceived to be a "miracle tree" of sorts because of its aolity to grow inextremely poor conditions, the association of this species with charcoal
production has not been made yet inThailand. 
 Ingeneral, however,
Eucalyptus camaldulensis ranks well with other fast-growing species forcharcoal production: it isreasonably dense; the stems grow straight, whichallows for easy stacking inkilns; ithas no thorns, unlike some fueiwood
species; 
and it burns uniformly as charcoal. [2],[3] Perhaps the best energy
use For eucalyptus isas fuelwood or charcoal, 
insmall industries such as
pottery manufacture.[4] 
According to one report, eucalvotus wood does not
have a gooa reputation For cooking oecause it imparts a Caste to arilled

Food, a common part of Thai cuisine.(5] 

Pulp -- Eucalyptus camaldulensis is not a valuable species !or pulp,being used primarily eor proGuctlion of cardboard, a relatively low-valueproduct. At presenc, there is a primary orocessinq Facility bein9constructed near BangKok that reportedly wil purchase eucalvprus ror puipexport. The Phoenix mill inKhon Kaen reportedly isbuying some eucalyptsfor pulp, presumably to replace kapok, which isapparently no longer readilyavailable near the plant. 
Adaitional mills For primary processinq and
subsequent export to paper plants inJapan and Taiwan are proposeu.

round wood isalso being exported to 

Some
 
these countries for paper production.
Expurt regulations are beginning to be relaxed and taxes reoucea eor snmeforest proaucts, to stimulate private market developftnt. Harvesting and
transportation costs may preclude profitable sales of trees co 
miils thac arefar From the woodiot, and although future mills are beinq discussed, it isunlikely that the prices for Fiber for caraboard proouc:ion will increase 

'ramati cal Iy. 
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Poles and Lumber -- The market for construction poles inmany areas 
of Thailand Iscurrently glutted by an overabundance of Casuarina
 
junchuhniana. 
This species was promoted insimilar fashion to Eucalyptus in
the past, essentially as a cash crop to replace rice during a perioa of low

prices for rice. *Although Thailand isthe world's largest exporter of rice,

agroforestry systems have been re-adopted to diversify agricultural products

to promote economic stablity and ensure food supply for the farmer. 
 It

should be noted that Casuarina species grow extremely well insandy soils and

fix atmospheric nitrogen, which enhances chemical properties of poor soils.

Seed selection programs For Casuarina have been quite good, producing

high-cluality, uniform stands througnout the central 
region and providing many

applications for rehabilitation of unproductive sites throughout the country.

Tne density of Casuarina wood makes it an excellent species For charcoal
production as well 
as for poles, including pilings, scaffolding and teiepnone

poles. There is very little market development for Casuaria, however, and
 
many farmers who adcpted RFD programs For planting v.nese trees re!portedly

feel they are "stuck" winh che trees. Cement poles are of:ei less expensive
than wood, they are stronger anrd do not rot.
 

Fibe,'b,)ar -- Pernaps the best ;ngJustriai -ise of .iti s is r',,ViHoerboarao. Octher species of eucalypts sucn as E. dejulota are oecter fur
pl/wood and fiber boara, but do not grow as well 
under water stres.s. Quality

of wood i. not a major consiceration inFiberboard production. Glue and
 pressure create structural strength in Fiberboard and therefore any species

that binds well with glues issatisfactory. EucalvDtus iseasy to chip, and

itis not so dense as to make fiberboard excessively heavy. Fiberboard is
 
not inhigh demand at present, but with a decrease inavailablity of timber
 
spe.ces, the price of finished lumber isincreasing dramatically, and
fioertbara"could serve as a good substitute. 
E. camaidulensis does not make
 
particularly good furniture or other saw-timber products, because the grain

is twisted; this makes ithard to work witrn and causes considerable change in

shape and size as the wood dries. This .pecies, therefore does nvt have as

high a value for these uses as bamboo, rattan, or other species of tropical

hardwoods.
 

Management of Plantations
 

Currently, the existing stands of eucalyptus have been cultivatea for a short ptriod and left zo grow, essent'aily ur,naraged. Rotativn periods r0. 
iuelwood are much shorter tnan for sawloos. Wich eucalyptus the rocacioiperiod ranges From Four to eight years, ieperding on tne eno prooict &nd tne 
sit.e conditions. :oncurrent use of the land -or intercroppiny letermrints the
spacing of rows 
ina tree piartation. The RFD and ochcr oraanizarions nave
done much research on these variaoles and the resuilts ,fe their experlence
snould oe conveyed to tne village level. 

Tne villagers of Thailana are industri,.,us Qnd inrcvacive mo, iikemos' Farmers "idevelopina countries, have a gocu )ractiJ knowleuge ofaoricuit:ire tnac is the Z'esuit of generations or e.oerier,,e. The compiex
home. ,arden, rice-paijcl nanaqement, aquacuiture, an', aorurorestry sy tefl .3"e 
exampies or coumion pra:tices in Thailanc that have ,,eveioeL'C from lon1gexperience. Frest manag1ement, on the ocher riana. ,Itn che .xcevri,.1n or 
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fruit trees, has traditionally meant either resource extraction (similar to
 
mining) or conservation through enforcement. Thai villagers, therefore,
 
cannot be expected to have the same practical knowledge oF tree-plantation

management techniques,'particularly with exotic species 
as they have of
 
agricultural systems  thus the need for the RFD and other concerned
 
organizations to translate the results of their research and experience to
 
the village level.
 

Although management of any forest stand, whether natural 
or of human
 
origin with exotic species, requires knowledge of site-specific conditions
 
and a socioeconomic analysis of local 
attitudes and market conditions, a Few

generaiizations can be made on the basis of experience gained From the
 
village-woodlot activity of the USAID/NEA project.
 

- Seed selection is a prime prerequisite to successful implementation

of any plantation program. The stands established under the project

show wide variation in form and vicor, which indicates that the
 
seed-screening process should be improved. 
 Four seeo sour:-s -
P'tfora Austraiia, and seed orchards in Si Sa Ket, Surin. arid Chianq

Mai - were used by the RFD. The RFD shuula consider seekinr otrer 
sources to ensure selection from ecotypes adaptea to the stressed 
enviroiimental conditions and site characteristics that exist where 
these woodlots are established. This is a necessary precondition to
 
survival, vigor, and uniform growth.
 

This precondition might well 
be met by using the stands established
 
under the project, since they are themselves good sources of seed.
 
To insure that good stock is obtained, high-quality,
 
second-generation progeny should be isolated 
co prevent .reeding with
 
poor stock, and clones, mostly cuttings, snould be obtained from the
 
best trees. Nurseries with seed stock appropriate for each distinct
 
set of environmental conditions could chen be established in the
 
regions that have those conditions.
 

-
in addition to seed selection and vegetative propagation efforts,

removing poor stems from existing woodiots will heip produce more
 
productive stands. This will reduce comme-tition For light, soil
 
nutrients, and water with the other trees 
and other crops in the
 
understory; itwill provide a continuous supply of wood For fuel or
 
other use; and itwill establish an uneven-aged management system

that avoids the need to harvest all the trees in a woodlot at the
 
same time. Thin bd3ic management system must be understood by the
 
villagers involved in woodlot-development projects.
 

- in the absence of pruning or thinning, intercropoina is iikeiy to be
 
productive for only two years instands witn 2 x
4 spacing. The
 
third and pernaps the rourth years will often DC good For sowing 
qrasses or legumes (e.., (uinea grass, sionai grass. or Hainata;.

here it is desirable, taro, pineappie, swe'r pocato or other 
shade-toierant crops can be grown unoer the trees. After four years,
thinning the stana to remove poies and hueiwoou will open the canopy
to release the orowina stock of trees and all 
for more 9rcund-crop
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procuction. Experit.ce has shown that stands with intercropping growbetter than those wi.'out, as a result of cultivation, whicn improvesthe 	physical characteristics of the soil to permit increased aeration 
and 	water availability.
 

- In terms of biomass production for fuelwood, close spacing (Im x 
2 m
 or 2 x 2) with a four- to five-year rotation period is best. For
intercropping systems, spacings as much as 2 m x 8 m are preferred.
 

- Experiments have shown that coppice production of eucalyptus in thesecond rotation produces approximately three times the volume
wood produced in the first rotation, when the best three shoots 

of 
areselected. Acacia, Peltoohorum and Leucaena produce similar volumeratios in tne second rotation, but in these cases, lfive stems should 

be selected. in the third rotation, yields are only about naiF ofthe first rotation for all of these species; -herefore only two

rotations shoula be expected from one planting.[14]
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ANNEX 5
 

ORGANIZATIONS AND INDIVIDUALS VISITED AND INTERVIEWED
 

In oatherinq material for this evaluation, the memoers of the team
visited numerous project implementation sites, government agencies, and
private manufacturing facilities; held discussions with university project

participants, government officers, and villaye oficials; 
ana interviewed.

private entrepreneurs, villaqe residents, and members of village
cooperatives. This presentsannex a tabular surmary of tne peuple involved.(Fuli names and titles are qiven, where Known. in some cases, only one ,ame
 
was known to the team.]
 

Abbreviations used: CMU Chianq Mlai bnivtrsit,
 
CIJSRI Chulaionqkorn Universicy Social Pesear,.h
 

Institute
 
FAO Food and Ariculture Or'canizajoio 
I5TFRA Institute-r 'ci ce aria Tenroi, vy ror. 

Promotion of Rural Areas 
(Sri naknari nwi rot Uni versi t,'n

KMIrTT 
 King onkut's Institute or Tecnnology
 
Thonburi
 

MET Meteorologicai Department
 
NEA National Energy AGministration
 
NEIC National Energy Information Center
 
PTC Phanomprai Trading Corporation
 
REC Regional Energy Center
 
RFD Royal Forest &epartme.nt
 
SNU 3rinakharinwirot University,

TISTR 
 Thailand Institute of .kcientific and 

Technol ogical Researcn 

Component Individual ^)raanization
 

Administration Prapath Premmani
 
Ie,:retary Gerierai NEA
 

Dr. Prathet Sutabutr
 
Deputy Secretary 6enerai NEA
 

Sompongse Chantavorapap
 
Director Enerqy P&D Division NEA
 

Dr. Prida Wibulswas
 
Team Leader iSo lar Thermal J KMiTT
 

Dr. Aroon C'nomcharn
 
Team Leaier 1Stove. Charcoai FAO
 

http:epartme.nt
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NEIC 


REC 


Energy Master Plan 


Village Survey 

Mi crohyoroel ectri city 

Water Lifting 

Siouas 

Ms. Nonglak Boonjawatn
 
Team Leader 
 NEA
 

Dr. Prida Wibulswas
 
Team Leader (Solar Thermal) KMIITT
 

Pai rach Woravech
 
Team Leader 
 NEA
 

Wi si 
Head, REC, Phitsanulok NEA
 

Dusit
 
Head, REC, Maha Sarakham NEA


Pai rach Si thi aumnuay

Head, REC, Nakon Sithammarat NEA
 

Uthai Shuriponasatorn
 
REC, Nakon Sichammnarat NEA
 

Sonasak
 
Head. REC, Ratchaburi NEA 

Suthep Li amsi ri charcen
 
Entuineer (microhvdroelectric

ins tal atiuns) NEA
 

Dr. Aroon Chomcharn FAO
 

Kriengkorn eejraputra
 
Team.Leader 
 NEA
 

Ms. Vannipa Charoensuk
 
Team Leader NEA 

Dr. Amara Ponqpanich 
Consultant 
 CUSRI
 

Dr. Chari t Ti ngsabadh
Consultant CUSRI 

Prapath Premmuiar, 
Se:retary General NEA 

Suthep Liamsiricharoen 
Ermi neer i4EA 

Chartdanai Chartpcl rak 
Policy anti Pi.innin Divisioi NEA 

Dr. Oran Ratartaprakarn 
Team Leader 
 NEA
 

Dusit
 
Heau, REC, Maha Sarakham iNEA 

Dr. ;rida Wibuiswas
 
Consul tant KITT 

Prakarn 8uncnueydte
Team Leader 
 'EA
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Solar Thermal 
Processes 

Gasification 


Woodlot 


Dusi t 
Head, REC, Maha Sarakham 


Sompongse Chantavorapap
 
Director Energy Research 
Division 

Dr. Sakarindr Ehumiratana 
Consultant 

Wisit 
Head, REC, Phitsanulok 

Dr. 	 Prida Wibuiswas 
Project Administrator 

Dr. Krissanapong Kiraiikara
 
Project Co-Administrator 


Dr. Somchart Soponronnarit
 
Asst. Professor 


Dr. Ratana jiraratananon
 
Asst. Professor 


Dr. Sakarindr Bhumiratana
 
Assoc. Professor 


Dr. 	 Norkhun Si thipong 
Dean, Faculty of Engineering


Assoc. Prof. Boncnob Sudaprasert
Director, Institute of Science 
an Technology for Promotion 
of Rural Areas (Phitsanulok) 

Asst. Prof. Watanapongsa
 
Deputy Director, ISTPRA 


Ruryoee Chi nthanasonthi
 
Asst: Vice President For
 
Academic Affairs, Phitsanulok
 
Campus 


Dr. 	iorkhun Sitthipona 
Dean, Facul ty of Engi neeri ng 

Kanol Pragthong
 
Taeam Leader (National Forest 
Land Management Division) 

Wisit 
dead. REC, Phitsanuiok 

Ruang Chai 
REC, Phitsanuiok 

Manat
 
Asst. Provincial Forestry
 
OFficer (Kok Phee Ba) 


Dusit
 
Head, REC, Mana Saraknam 


NEA
 

NEA 

KMlITT 

NEA 

KMITT 

KMITT
 

KMITT
 

KMi7
 

KMITT
 

C'IU
 

SNU
 

SNU
 

SNJ
 

CMIJ 

RFD
 

NEA
 

NJEA 

RFD
 

NEA
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Charcoal 


Improved Stoves 


Solar.Wind Resource 
Assessmenr 


Dr. Pitaya Petmak
 
Division of Silviculture RFD
 

Yobhi n
 
Asst. to Dr. Pitaya RFD
 

Cor Veer
 
Sociolocist FAO
 

Raj Gujeral
 
Director, Regional Wood Energy

Project 
 FAO


Dr. Suree Bhumibhamon 
Assoc. Professor, Facuity of
 
Forestry 
 KU
 

Dr. Narona Srisawas
 
Director, Sociology Subcompo
nent, Faculty of Socia 
Sciences KU 

Mazakazu Kashio
 
Forestry Officer 
 FAO
 

Dr. Bunvong Thaiutsa 
Facul -v or Forestry KU 

Khongsak Pi nyopusarerk
Research Coordinator, Central
 
Forest Research Laboratory

and Training Center RFD
 

Dr. Aroon Chomcharn
 
Team Leader (RFD) FAD
 

Suthi Harnsongkram

Director, Forest Products 
Research Division (Ret.) RFD
 

Dr. Aroon Chomcharn
 
Team Leader (RFD) FAO
 

Wisit
 
Head, REC, Phitsanuiok NEA
 

Bunyat 
Enyineer (ex-RFD) PTC


Vinai RED 
Roi n A. McOueen 

Partner 
 PTC
 
Aroonwauee Smarnmi t 

Marketina speci aiist, partner PTC 
Zurat 

Phitsanulk Pvt. Mfr. 

Ms. oranee 3anqmi
Team Leaier ,ME-

Dusadee Sukawar 
Meteoroiogist HET 



Pyrolysis 


USAID/Thailand 


Supparuk
 
Enyineer 
 MET
 

Ms. Nara Pibakarnnop
 
Project Director TISTR
 

Ms. Sopeechada Teptaranon
 
(Alternative energy for
 
developing country) 
 TISTR
 

Ms. Sirikalaya Suvachittanont
 
(Energy conservation) TISTR
 

Sutiporn Chewasan
 
iAlternative energy and
 
iignite technology) TISTR
 

Chirasak Soonraud
 
(Energy management service
 
ror industry) 
 TISTR
 

Jonn W. Neave
 
Director, Office oe Engineering


Mintara Silawashananai
 
Engineer, Office of Engineering


Roger Montgomery
 
Evaluation Officer
 

Supanee Artachinda
 
Economist
 


