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The Renewable Nonconventional Energy Project was a Jjoint effort of
USAID and the Royal Thai Government to reduce Thailand's dependence on
imported energy through the development and application of renewable
enérgy resources, to arrest environmental degradation and to create
oppcrtunities for jncreasing rural income. Project began in 1979 and
ended in 1984, The interim evaluation was performed in September 1982,
This s the final impact evaluation which was doie during October, 1986

under contract Mo. PDC-00C0-I-00-4105-00 (U.S. members) and Contract No.
398-0249-5-00-6074-00 (Thai).

The Evaluation Teams considered each of the 14 component parts of
the Prgject. 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 vajuable as lessons
for future activities.

Of the fourteen comronents that cemprised the project as
implemented, four were found already to have had significant beneficial

impacts - and continuing impact - on the welfare and economy of rural
Tnailand. These were:

- Regional Energy Centers, Microhydropower, Improved Cooking
Steves and Village Woodlots.

Wori on five others was found to have significant potential impact
on both the rural and national economies: - National Erergy Information
Center, Energy Master Plan, Yillage Surveys, Improved Charcoal Production
and Solar/Wind Resource Assessment.

By far the most impressive consequences of the Renewable
Nonconventional Energy Project are the results of the efforts in
microhydropowar, improved cooking stoves, and village woodlots,

Lo N —

=

- EVARCLTIN =TS

1. Ivaluasirm Yean

S £ A i sracs Murber CR Coract Cost &2 Sozze <<
Nz ALSiTimeion m Pave = — (=3) ot
. Dr. Norman L. Brown ISTI Consultant PDC—OOOO—I-OO—&lOS—Od}Approx. " PDS
- Dr. Marcia M. gowen ISTI Consultant PDC- 0000-I-00-4105-00 $45,927 PDS
Dr. Chalio Buripakdi Srinakharinwirot J

University 498-0249-5-00-4105-00 Actual

S 4,877 PDS
2. Miseden/CLfire Profeamicnal 3. Bormowes/Gramtee Proiessicnal

Staff Perwon Dmyn (estimate) 30 Staff Serparfayn (essimace) _ 3()

——




AlLD. EVALUATION SUMMARY ParT Il

— enp 3 mages OViS
T ARy OF DIAIIATION FOODKS, COCIISISS AD AEMETTAISS (T aor o eed Ta 3 pages =
vT iddvens =i fnllowing Loomsl

=2}

Name OFf mission cr cZZice

Pursose of activicy (ies) evaluatad '
Pu—ose of the Zvaluzcion and Mechodelegy Used
Tindings andé Conclusicms

Recommendcdatious

Lessons lezzmed

00 00O0DO

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 rescurces. 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
Thal 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 purnose of the evaluation is to assist the RTG and USAID Mission
to:

A. assess the achieverents 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 techrologies and information
generated by the project are influencing energy consumption
patterns of the people involved, especially the social impact on
rural villagers.

Nate =hig summasy —Torarads




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 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 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, Conc]usioqi:

The majority of the Project components achieved the goals and seem
well worth the financial investment. Those few components that resul ted
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.
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The National Energy Information Center has been organized and
equipped, and is functioning. It staff has bken increased, its
data base enlarged, and it is to become a part of the Energy
Policy and Planning Division of the National Energy
Administration.

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
woodlots,

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

planning.

Under the Yillage Survey component, valuable data have been
collected that will continue to be useful for future stud7es.
The collection includes valuable information on housenold fuels,
industrial fuel use, agricultural practices, water supply,
specific fuel characteristics, and market data,

Four Microhydroelectricity installations were completed in
isolated areas. Hydroelectricity is fiot 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 Tikely to be served by the national grid
in the foreseeable future may not loom jarge 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 nave acquired skills - organizational,
financial, managerial, technical, mechanical - whose value is
difficult to overestimate. Furthermore, the results of activity
under this component have stimulated greater investment in small
hydroelectric installations on the part of the Royal Thai
Government, and have helped stimulate a domestic industry in
manu facturing the necessary equipment.
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Water-1ifting 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 villagrs of an onerous task.

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 negtiating with
a commercial firm to produce biogas from industrial waste water,

The Solar Thermal Processes activity resulted in the performance
of experiments on solar-drying techniquas 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 simificant impact
in Tnailand, and does not seem likely- to have in the future.

Biomass Gasification is an existing commercial operation in
Thailand that could prcbably benefit from some continued
research. Under this component, research and development were
conducted at three universities, comparing the economic e
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 of this technology. in Thailand and ~
elsewhere. .

Work under the Village Woodlot component was carried out by the
Royal Forest Department, with over one millioh 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 where 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.

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

13.

14,

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. This
development has sparked the 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.

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

Experiments were performed on pyrolysis of rice husks that
provided useful information by use of which the process can be
evaluated. Pyrolysis of »ice husks is not seen as a useful
techrology, particularly in view of the more practical
gasi.ication prozesses 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 cook ing
stoves and tree planting, but of public awareness of the
intardependence 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 househoid - and rural - energy activities in
each model. Improved data collection, through the NEIC, should
be undertak »n,
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Village Survey -- Data collected during the project should be
made more available, and useful, by reorgarization 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-punping schemes should be pursued by the Government only

after careful economic and technical comparisons among all
systems available. The World Bank/UNDP Solar Pumping 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
environmental policies, NEA should encourage the use of solar
crop dryers only for industries where they are currently
commercially viable. Without stricter and enforced government
standards on the quality of dried foods, interest in this
process and possible expoi't markets are not likely to exnand.
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 cunsider 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.
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- Improved Charcoal Production -- NEA and RFD should accelerate
discussions already under way regarding definition of legal
charcoal production and sale, giving particular attention to
Tinking 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 ‘o
insure that its Center for Solar and Wind Calibration has
adequate staff and data-collection and analysis capabilities *o
meet national needs.

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

6. Lessons Learned:

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 (Cocking stoves) or not be continued
for the time being (Pyrolysis of Rice Husks).

A1l the findings and recommendations would benefit future
development of renewable energy fields,

~

~
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I. Executive Summary

A. Conclusions

Tre Impact tvaluation team corsidered each of the component parts of

the Renewabie Nonconventional Energy Froject. The majority of tne components
acnieved wnat they nad set out to acnieve, with some naving current and/or
potentiai benerits that seem well worth tine financial investment in this
project. Those few components that resuited in decisions to scaie down aoais
or not to proceed, or failed to meet intitiai guals, were vaiuabie in tne
fessons they provided for future activities.

.
i.

(A

The National Energv Information Center has besn orgdnized and
equipped, and is functioning. 1ts staff has been increased, its gata
base enlarged, and it is t¢ become a part of the Energy Pulicy and
Flanning Division of the National Znergy Administracion.

Four Regional Energy Centers have been created, staffed, and
equipped, and have been doing excellent work disseminating
information developed during the project and since. Worksnops and
training sessions have been held on fabrication and use of improved
cooking stoves and improved charcoal kiins, and on planting and
caring for seediings in village and private woodlots.

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

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 fueis, industrial fuel
use, agricuitural practices. water supply, specific fuel
cnaracteristics, and market data.

Four Microhydroelectricity installations were compietec in isoiated
areas. fydroelectricity 1s not oniy gconomicaliy mere practicai than
diesei-generated eiectricity in these situations, it is also
financially more attractive to tine poorer residents of the viilaaes
served than grid power, in those cases where tne Provincial
Electrical Authority 1ine has reached some of those same villages.
while the electricity supplied by these installations to viliages
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 electricai 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 -
organizationai, financiai, managerial, technical, mechanical - whose
value is difficuit to overestimate. Furchermore, the results of
activity under this component nave stimujated greater investment in
small hydroeiectric installations on the part of the Royal Thai
Government, and have helped stimuiate a domestic induscry in
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manuracturing the necessary 2quipment,

Water-lifting demonstrations tock place, with mixed resuits that
nonetheless contained valuable lessons. Whiie the windmill pumping
project Failed because of mechanical problems and inadequate )
involvement of the villagers, a photcvoltaic water-pumping
installation has demonstrated its technical practicality in relieving
villagers of an onerous task.

Under the Biomethanation Systems component, a study of biogas from
industrial wastes was conducted, with the result that several aicohol
distilleries are investigating the feasibility of chese instailations
%o treat their waste streams. In addition, the Nacional Eneray
Administration is neqotiating with a commercial firm to produce
biogas from industrial waste water.

The Solar Thermal Processes activity resulted in the performance of
2Xperiments on solar-grying techniques as planned, with results that
provided a better understanding of the economic feasibility and the
marketinc procliems invoived. Ir view ot current CUST3, Soiar crop
Jdrying nzs not nad significant firpact in Tnailand, and woes rnoc iesm
Iikely to have in the future,

Biomass Gasification is an existing commercial 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 techniques. Twelve units of various sizes were
built and operated ana the information gatnered has improved the
knowledge base for expanded industriai use of this technology in
Thailand and elsewhere.

Work under the Village Woodlot component was carried sut by the Royal
Forest Department, with over one miilion trees planted in seven
Provinces. Many private plantaticns have sprung up, stimulated by
the project, and trees have been pianted in Aome gardens, aiong fence
rows, and between paddy fields. forests are growing wnere none grew
before, and cnere is a new appreciation of tne envirormental vajue
of these trees amona many rurai resident:s. The nunber of trees veing
planted is stiii rising, and the oniy preoiems seem to ve tne
uncertdinty of ownership riants ana tne evencual use of the trees,

Charcoal production tzchniaues iave been investivatea and
improvements instituted £0 increise the erficiency or production. As
a resuit of promoticn and training beaun undger tne oroject and sciii
continuing, private sroducers are Starting co construct tne improved
kiins.

in cooperation with the Nationai Lieray Aaminissration, cre xovaij
Forest Department succzeded in deveicping an imoroved cooking stove
shat uses more than twenty-riwe per cent less cnarcoai - Fifcy oer
SENT (€3S aCording to the miny users interviewed - than cne
Eragitionai moaei in use in Tnaiiand.  The wosid-rusied scove
deveioped under this crciact ras a.g even dreater 2rriciency
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improvement over its traditional counterpart., This development nas
sparked the creation of viiiage groups - most of which are owned and
operated by women - that are manufacturing and seiiing the new
scoves, the adoption of the new design by manufacturers of -
traditional stoves, and the organization of a new company devoted to
manufacturing, and improving the desian of, the new stove. Several
thousand of the new stoves have aiready been sold, and the proygnosis
for acceierated saie 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 dissemination of the new model.

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

Experiments were performed on pyrolysis of rice husks that provided
useful information oy use of wnich the process can pe evaiuated.
Pyrelysis of rice husks is net seen as a usefui technoiogy,
particuiarly in view of the more practical gasification processes
that exist, anc the succassful briquetting of tne husks that has been
developed, -

-

O SUMBArize:

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 rurai Thailand. These

were:

Work on

Regional Energy Centers

Microhydropower

Improved Cooking Stoves

Viliage Woodlots

five others was found to have significant potential impact on both

the rural and national economies:

- Mational Energy Information Center
- tneray Master Plan Support

- Viilage Surveys

- Improved Charcoai rroguction

- Soiar/Wind Resuurcs Assessment.

By "ar the most impressive consequences of khe Rznewabie Noncoaventionai
Lneray Project are tne resuits of tne erffores in micronyaroeiectricity,
improved <ouking stoves, and viiisge woedlces.



B. Recommendations

The impact evaluation resuited 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 cearch queries, establish links to other
energy-reiated data bases in Thailand, and institute procedures to

encourade 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 cookiny
stoves and tree pianting, but of public awareness of the
interdependence among cooking, charcoai production, and
deforestation.

Energy Master Plan -- The Nationai Eneray Administration (NEA) should
continue to use cthe models developed unaer the project, expanding on
ine househoia- and rural-snergy activities in eicn medel. Linproved
Jeta coilection, tnrouan the NZIC, snould oe undercacen.

Village Survey -- Dzta collected during tne project shouid be made
more available, and useful, by reorcanization and publication by the
NEA. Additionally, NEA shouid 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 scme the the cooperatively run microhydroelectric
installations. The NEA should assist the cooperatives in devising a
more appropriate form of financial accounting.

water-Lifting Technolegy -~ Further photovoltaic or windmill
water-oumping schemes snouid be ocursued by the Government only after
caretul economic and technical comparisons among ali systems
availaoie. The World Bark/UNDP Solar Pumping Fieid Manual is a
useful tool for such comparicons.

Biomethanation Systems -- Review uf tne commercial proposai for
treatment ¢f industrial wastes, with Diogas as a usefui by-product,
bv a disinterested outside expert should ve seriously considered cy
MEA. future communitv biomethanation systems should e undertaken
only with assurznce of pubiic undersctanding and wiilingness of
viilacers to parcicivate.

Solar Thermal Processes -- Pending <nanges in ereray-oricing anqg
envircnmental poiicies, NEA snouid =ncourace tne use »r soiar crop
dryers oniy for inqustries wnere they <ra currentiy commerciaiiv
viable, Without striccer, and enforced, dovernment ssandary on e
quality of ariea rovas, iaterest in this process ang possibie =xporc
narkets cra rot Licely to expand.  For tovacco curing, NEA Couid
358ist Dy encouraaing researcn un reducing the cosc of systems that



displace fuei wood or iignite,

Biomass Gasification -- NEA should consider continuing support for
researcn on some gasification technologies, and on improving the
thermal efficiency of rice-nusk gasification. The PEA could nelp
accelerate private initiatives in this field by relaxing its rules
against purchasing eiectricity generated by tne 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 diological diversity, and improving
extension services to tne villages and private tree growers.

Improved Charcoai Production -- NEA and RFD should acceierate
discussions already under way resarding definition of Teqal charcoal
preduction and saie, giviag particular attention to linking
production with fuel-wood plantations. Improved coordinacion, by the
two agencies, c¢f prcemotion efforts under this activity and tne
cocking-stove and woodiot activities is the pest way of nulEipiying
oensfits under eacn of tnese programs and decreasing defarestation
pressures from ruel-wood use.

Improved Cooking Stoves -- In view of the important commercialization
achievements or the stove development under this project, the
Government should continue supporting this program Dy soliciting
outside support, ir necessary, identifying adcitional marketing
arrangements, and encouraging viilage manuracturing groups by
providing managerial and organizational assistance.

Solar/Wind Resource Assessment -- NEA shouid continue to review
budget requests of the Meteorniogical Department of Thailand to
insure that its Center for Solar and Wind Calibracion has adequate
staf¥ and data-coilection and -analysis capabilities to meet nazional
needs.

Pyroiysis of Rice Husks -- Continued support of pyrciysis projects
aimed at commercialization is not r2comnenceu.



I1. Introduction

The Renewable Nonconventional Energy Project (493-0304), a joint
effort of the U.S. Agency for International Development (USAID) and the Royal
Thai Government (RTG), was designed to reduce Thailand's dependence on
imported (fossii-fuel) energy through the development and application of
Thailand's rencwable-energy resources, arrest environmental degradation
caused by deforestation, and create opportunities for increasing fncome in
rural areas. Project activities began in 1981 and ceased in 1984 at the
scheduled (extended) Project Assistance Completion Date (PACD). Although an
interim evaluation of the project was performed in September, 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, primariiy because
the development and/or appiication of many of these components was not
ach;ev:? until 1984. This report presents the result of that final impact
evaluation.

A. Purpose of the Evaluation

The purzose of this evaluation, as detaiied in the Scope of Work (Annex
1) is to assist poth USAID and the RTG in six major ways:

1. Assess 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 cosmericalizaton and dissemination and future
active roles of already established institutions.

4. Assess any environmental and ecological impacts from the adopted
project activities.

5. Explore beth private- and public-sector activities to determine if
deveiopment activities are being undertaken and, where undertaken,
evaluate the magnitude and quality of the implemeating agency's

- activities, A similar search will be made of private industry and
private individuals, to the extest they can be {dentified, in order
to determine now private-sector investments are now being made for
developing energy applications.

6. Make recommendat!ons concerning additional or alternative uses of the
information and/or the generation of additional informaton or
activities for possibie future applications.



B. Methodoloay

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 specialist, and a social
scientist. (See Annex 1.) The team began its work by reviewing the project
files, documents, and reports made available by USAID. These were
supplemented by other proiect-related documents obtained from other sources
(e.9., RTG, universities, the Focd and Agriculture Organization - FAO) during
the course of the evaluation.

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
and other organizations whose input was feit to be pertinent.

rield interviews were then held with directors and staff of Regional
Energy Centers (RECs) (part of the project's institutional develeopment),
orivate manufacturcrs of equipment developed under the project, villagers,
owners of private woodiots, and university investigators invoived in
project-coitponent 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 heid with USAID personnel
in both Bangkok and Washington.

C. Background

Planning for the Renewable Nonconventional tnergy project began in
1978 with approval of the Project Identification Document. Following a
detailed project-cesign 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 $1,010,300 from the United
Nations Develcpment Programme (UNDP) and the Asian Development Bank for the
development of an Energy Master Plan.

There folliowed a series of delays that, as the September 1982
Evaluation stated, “were the resuit of a number of factors, including waiting
periogs 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
coordinating and technical services to the RTG implementing agency (the
Mationai Epergy Administration - MEA), the Project Coordinator provided by
the Contractor set up activity in Thailand, and the RTG set up an
administrative system to work with both USAID and the Centractor.
Preparation of work pians was begun late in 1980, but actual substantive
activity did not begin until the first quarter of 1981, when work on project
components bsgan.



Tne 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.

0. Summary of the Project Paper -

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

Institutional Development:

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

- Estabiishment of six Regional Znergy Centers tc provide regional
focal points for energy data collection, project implementation, and
technology and information dissemination.

- Asseasment 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 in energy technologies, specifically, at
the outset,

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

+ 4+ + + +

-

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

+

pre~feasibility/feasibility studies of micro-scaie
renewable-enerygy ailternatives

survey of rural energy use

studies of village resources

feasibility studies of village (micro-scale) energy systems
staff support

trairing

2nergy conservation

+ + 4+ + + +
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fural Orienced Technoloaies
- Biomass. conversion

+ improved cooking stoves

biomethanation (bioagas)

improved charcoal production

pyrolysis of agricultural residues

energy conservation for small industry
incearation of biomass-conversion systems

+ + + + +

- Microhvdropower

Solar drving and distillation

Water 1ifting, including:

+ wind
+ Di04as
+ photovoitaics

Vitlage woodicts

. A1l of these activities were.to invoive comprzhensive economic and
social analyses, with particuiar 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 changed. Thus, by the PACD, the
components actually involved in implementation were:

Nationai Energy Information Center

Regionai Eneray Centers (four - scaied down from 3ix)

Eneray Master Plan Support

Yiilage Survey f{dealing only with renewable-eneray sources)
Micronvdroelactric Svstems

Water-Liftina Technoioay

siomethanation Systems (Industrial Biocas - drogged arter initiai
stuay)

solar-Thermal Processes temphasis on crop drving, with some work on
discillation)

oiomass Gasirication iwood, charcoai, rice husk)

viilaae Woodiots

Improved Charcoal Production

tmproved Cooking Stoves

J0iar/Wind Resource Assessment

Pyrolvsis of Rice Husks

SemD O m

x
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II1. Findings

A. National Enerqy Information Center
1. Background

Though technically established before the Grant Agreement for this
project was executed, the Mational Energy Information Center (NEIC) received
its largest boost from the Renewable Nonconventional Energy Project. <(reated
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
aggoplanning. The NEIC received four-year funding under this project in
1930.

2. Achievements

With this supoort, and with the technical assistance provided under
the project, NEIC estaplished procedures to ¢reate and maintain a modern
information-handling system. It updated and combired 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 beccme a part of NEA's Energy
Policy and Planning Division under a new reorganization. Finally, supported
by USAID funds, NEIC purchased and installed 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), and a considerable
number of energy reports” (between 2,000 and 3,000). Limited budgets and
staff restricted the information services available. With the advent of
USAID funding, "a new dimensicn was given to the development and growth of
the afore-mentioned 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 petroleun.
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4. Factors that heiped or hindered

Without 3 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 aiready in existence within the Thai Government," project personnel
had to "acquire approvais through bureaucratic channels which caused
considerable delays, particularly in the process of the acquisition of new
materials. °[2]

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

5. Results and Conclusions

There is no doubt that the consolidation of existing information
¢ollections and facilities has eliminated unnecessary dupiication, and that
the expansion of the informarion base has great potential benerfits for users
of the NEIC. Nevertheless, the lack of the capacity to link their data base
electronically with other data bases in Thailand, such as the Renewable
Energy Resource Information Center (RERIC) at AIT AND EBIS, severely limits
NEIC's usefulness. (The arrangement with EBIS was a temporary 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 *internal®
(i.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 eiectronic information excnange. There is evidence
3iso that some university users feel it {s 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 in the data base is created by lack of data,
information, and case histories from the Regional Energy Centers.

Wnat is clear 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 combined 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 recrganization,
when it will be made part of the Policy and Flanning unit in the Office of
the Prime Minister,



6. Recommendations

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

b. Electronic information-transfer 1inks - by dedicated line, if
necessary - should be established by NEIiC with other important, related
computerized data banks, such as RERIC at AIT, and EBIS at ESCAP. If NEIC is
concerned about sensitive data bearing on national policy or security, that
material can be protected rrom unauthorized access by suitable programming.
Other information, however, shouid be freelv and easily availabie.

C. NEA should establish procedures for a reqular 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, biomethanation, charcoal, all applications of solar
energy, uses of biomass, and micrchydroelectricity.

REFERENCES
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8. Regional Energy Centers

1. Background

The Project Paper called for the establishment of six Regional Energy
Centers (RECs). The Work Plan approved on January 11, 1382 provided for only
four centers, however, but noted that two more centers were to be established
by 1986, two years beyond the PACD.

2. Achievements

The four RECs established under the project, located in Phitsanulok,
Maha Sarakham, Nakhon 3i Thammarat, and Ratchahuri, 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 cockstoves;

- thirteen training sessions for cookstoves;

- eight workshop/traininrg sessions (with the RFD) on planting and
caring for seedlings of rapidly growing tree species; and

- seven training sessions on construction and use of {mproved charcoal
kilns ;

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,
soiar-thermal technoiogies (crop drying, water heating, and distillation),
the use of photovoltaics (for Tighting, domestic water supply, battery
charging, and vaccine refrigeration), and biomethanation.

3. Impact and Benefits

Detafled discussion of the economic, social, and environmental
penefits of each of these achievements will be found in tne sections on those
specific project comconents. They are noted here, however, because the RECs
have played a major role in achieving these benefits. The frequent presence
of the REC staff in the villages during perindic visits for promotion,
training, or in response to rzquests for assistance, and their work on
village projects have peen the principal aspects of that role.

The RECs have been responsibie for the establishment of commercial
manuracture of improved charcoal cookstoves - by villace groups, individual
village entrepreneurs, established manufacturers of traditional stoves, and
at least one large manufacturer estadolished specifically to fabricate and
market these stoves. They have accomolished this by virtue of
demonstrations, traiaing, providing consul%ant services to manufactures, and
by providing initia! markets for the new products. Their promotion of this
technology has resulted in the sale (and use) of several thousand of these
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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 offorts of the RECs and the RFD in promotion,
training, and distritution of seedlings. While the use of improved charcoal
kilns has been slower to catch on than the cookstoves or the tree plantings,
several commercial charccal manufacturers have adopted the new designs.

4. Factors that heiped or hindered

The accomplishments of tnis project component have been impeded by
the implementation delays experienced under the project. Tne earliest REC to
be comoleted, at Maha Sarakharm, was actually started (FY 81) before USAID
funding was available through NEA. Nevertheless, this center was not
completed until FY 83 with a starting staff of two. The last to be
compieted, at Nakhon Si Thammarat was finished in 1985, long after the PACD,
and although construction of the REC at Ratchaburi was completed in April,
1984, its equipment did rot arrive until the foilowing November. Thus,
construction, staifing, and equipping of the Regional Energy Centers have
been completed for oniy 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 responsibiiities and
delayed arrival of equipment that had been ordered under the pruject. (At
least one of the RECs resorted to making much of its Furniture in its own
workshop. )

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

The establishment of the RECs in each of the regions of Thailand
seems to have had a definite benericial impact on public awareness of energy
issues, and is beginning to have an influence on energy-consumption patterns.
lts mere presence in the villages during periodic educational or training
visi{s or for maintenance or repair of renewaple-energy installations, is
im7?rtant in demonstrating the Government's commitment to long-term rural
welfare.
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6. Recormendation

Though budgetary problems may make it difficult, the NEA should give
serfous 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 1inks among cooking, deforestation, and
charcoal production. The measure of success in carrying out this
recosmendation 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, is the extent to which this effort decreases the rate of
deforestation. '
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C. Enerqgy Master Plam Sectoral Energy Planning Models

1. Background

An important component in Thailand's energy policy analysis is the
deveiopment of energy planning models. In 1980, development of an Energy
Master Plan of Thailand (EMP) was undertaken by NEA under the sponsorship of
the Asian Development Bank (ALB) and the United Nations Development Program
(UNDP). The major objective of the £MP was to provide NEA with the capaci ty
to conduct "macro-energy planning and prepare a long-range, sector-wide
energy plan for Tnailand.*[1]). Two goals of the EMP were to assist in
devising appropriate policies that would both reduce petroleum dependence and

improwe energy management.

In 1980, UYSAID assistance from the Renewable Nonconventional Energy
Project was used to suppiement efforts of the EMP in the rural and
renewable-energy areas. The original project paper called for
prefeasibility/feasibility studies of renewable-energy alternatives,
rurai-energy surveys, cetailed village-resource studies, and feasibility of
village energy systems. However, the work plan wisely narrowed the scope to
cencentrate 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 submodel) for the EMP; and

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

2. Achievements

Deveiopment of each model required defining and programming the
relationships 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 - develcped by NEA);

- Household Energy Model (Meta Systems, Inc.);

= Rural Community Deveicpment Model (NEA).

All models developed under this compcnent were built to be used
independently, as well as to be able to be incorporated into the EMP. Each
model used dptimization techniques, usually linear programming, to maximize
income or minimize energy costs.
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3. [Impacts and Benefits

Development of these models has been important to NEA in terms of
increasing their capacity for systematic analysis of energy relationsnips at
the macro and sectoral leveis, and providing a basic frameéwork that can be
used for focussing on future data needs. Tne primary contribution from the
NEA/USAID component was to provide support for NEA to focus more closely on
rural energy sectors, which often receive iittle attention in national eneray
modelling and planning. Tne development of more complete EMP submodels also
ailowed more in-depth analysis of these sectors and the disaggregation of the
tMP.  The advantage of having separate submodeis is that it saves computer
time and allows for greater detail in each subcomponent. The usefulness and
meaningrulness of the resulis, thus, is improved.

Through the deveiopment of these models, NEA also had a systematic
checkiist of Jaca needs. As a result of defining their data needs, NEA has
oeen abie to improve, and focus more closeiy their 1385 rura) eneray survey,

4. Factors That Helped Or Hindered

Time Timitations meant that certain submodels (Urban Heusenoid and
Tertiary submodels) were never completed by the end of the project. Anotner
major constraint in the testing of each submodel and its ultimate usefulness
as a policy-making tool was the iack of adequate data. At the time of the
project, most rural energy data could not be readily used because they were
either hignly aggregated or too csite specific. Data from the other
components ¢f the project, such as the Rural Energy Surveys, and Baseline
Energy Surveys, in combination with otner secondary sources, helped overcome
this constraint for NEA to some extent. NEA has not realized the potential
of tne models, however, because of their high data requirements.

5. Conclusions

By the ead of the project, the contribution of the NEA/USAID
submodels to general eneray planning in Thailana was an important first step
towards better poiicy analysis of rural-cneray issves and interactions
between national- and rurai-eneray issues. {evelopment of these modeis
producea a systematic outline of rural-energy reiationships and pointed to
important data requirements. 3econd, this compouent gav2 NEA tne opportunity
to define and expand its data hase better and improve qata-coijection
techniques. ilodel testing helped point cut areas of dara strenaths and
We3AKNEeSSES.  AS 4 consedquence of the project, NEA concucted furtrer
rural-eneragy surveys in 1985 to improve their dava and orovise time-series
information,

specifically che results from these modeis providza MEA with
insishts on rejaticnships between energy demand, income-distribution impacts,
enerdy-supoly constraints, and opcimat conversion-tecanclogy priorities in :
the rural areas at the housenoid and community leveis. The revised Rural
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Energy Use model has pointed to the need for greater concern regarding forest
depletion and the impiementacion of fuelwood plantations. The &P submodeis
have shown tne energy conservation potential in the textile and paper
industries. The Household Energy iodel can show the scarcity values
(imoiicit costs or shadow values) For resources and tecnnologies related to
energy use in the rurai areas. Tnese values are extremely impertant to
understanding consumer behaviour and setting pricing priorities. Aithougn
the Rural Communtity Development model was only appiied to two viilages, both
cases showed the reiationships to income generation and eneray-svstem
adoption. As a consequence of this modeiling effort and the success of othier
project components, rural energy planning has received greater attention and
amphasis in the Sixth Five-Year Plan.

6. Recommendations

Tnese energy planning modeis are extremely impertant to Thailang s
2Nerdy and resource-use planning.  Almost all modeis will reguirs some
iEprovements to incraase creir accuracy and potential uss. Jplificaiiv, WEA
snouid endeavor o improve rnese mouels in the Feliowing areas:

- the collection of data on nousenoid =nerugy demand to wdtain
energy-price and -income eiasticities througn otner types or
econometric models; ’

- systematic establishment of data banks for ail modeis;

- expansion of household and rural-community activities in each model;
and

- greater in-house (HEA) training on modellina.

Data collection by NEA could be improved throudn use of the Reaional
tnergy Centers (RECs), which have access to viliage-Tevel eneruy suppiy and
demand information, Since tney have carried out secnnolcgy-reiated surveys,
some starf a4t the RECs have the necessary trainiug in survev tecnniques and
the RECs would only require additional staf? and Support from NEA For
development of a cuestionnaire. Consumer bLehavior ror rura) RLETAY TESOUrces
nas peen found to te difficuit to predict From enerdy-oricing szudies,
however, {2] partiy vecause thie models used sre nci responsive to the Fack
Enat many rural fusis are fres,  Tnerefore, efforss by NEY musc rocus on tnose
NEY resources that are critical to rural energy use, sucn as fuelwuod and
crarcoal, and sheuld try to determine implicit prices as proviued v tne sume
of the models.

rinally, tne National Eneray Information (encer shouid use its
computer for systematic compiiation and orqanization of eneray cata. Tnis
would increase use of the cencer and create 2 focus for enery intormacion in
tne countrv. Financial support tor energy modeiiing, as w2ii as instruction
for NEA staff in these tecnniques, miuht be provided throuan regionai eneray
prodrams, such as those of the Association of Southeass Asian Nations (ASZAN)
or tne Worid Bank's tconomic (evelopment Instituce.
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D. Village 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 encrgy technuloyies; Transition Surveys, to
collect data on the process of fntroducing such technologies and testing them
on the site; and Evaluation Surveys, to assess the results of the 1ntroducton
of the new technologies in relation to the general economic and social
conditions of the viilages.

2. Achievements

The Baseline and Transition Surveys were successfully conducted,
aithough with overlapping of time and agencies responsible for conducting
them. The Evaluation Survey, however, was not carried out, except for some
informal component-spucific evaluations made by each team. {An Interim
Evaluation of the cverall project, however, was conducted in 182 by
Cevelopment Sciences Inc. for USAID/Bangkok and the National Energy
Administration. )

a. Baseline Survevs

The main national Baseline Surveys were conducted primarily in
1980-1981 by the Coordinating Contractor with research teams from
Chulalongkorn University Sucial 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, Songkhia, Chantaburi,
Roi Et, Udon Thani, and Chiang Mai. Parts of the Baseline Surveys (for the
microhydroelectric instailations and windmill and photovoltaic water Tifting)
and the main Transition Surveys were carried out by NEA in 1983-1934. The
purpose of the surveys was to provide general data on village activities
involving energy use. The data were intended for use in selecting sites
where technologies wouid be introduced and in comparing with data to bu
obtained after installation of the systems. Also, it was hoped that each
component team wouid use the data for the design and implementation of the
systems under the project.

The Baseline Surveys contained data on the foilowing topics:

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

- Industry -- fuel use, level of production, production costs, labor
productivity, production technology, 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 heldings,
use of agrochemicals and. equipment, extent and methed of irrigation,
yields, residues (for information on potential availability of
biorass resources for energy conversion and location of village
woodlots);

- Fueis — 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, allocaticn, 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 instalied in villages not
included in the main Saselire Survey, it was nescessary to conduct additional
Baseline Surveys. These were done in 1983 and 19€4 for fifteen villages in
four provinces (Yala, Chiang Mai, Sakon Nakhon, and Wakhon Ratchasima) at the
same time as the Transition Surveys for these villages were being carried
out.

b. Transition Survevs

The Transition Surveys were carried out by NEA and were intended to
record data on changes and probiems that might occur during the
implementation of each technoiogy-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 estabiishing a pattern of cwnership, administration,
and dissemination of the system.

The survey was normally conducted in the period of two £o three weeks
preceding the implementation, and lasting until two to three w~eeks after the
implementation. A transition survey was done for each of the following
components: Village Woodlots, Microhyarceleciricity, Water Lifting (windmill
and photovoitaic), and two non-USAID-supported community Divgas digesters.

3. Impacts and Benefits

The cdetailed study of secondary data at the preparation stage for the
Easeline Surveys contributed significantiy to :he identification of regions
where certain sources of energy were iocated, generally providing a firm
statistical basis for what was otherwise f2lt to be "common knowiedge." It
was found that the Scuth had surficient +ind 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 tcpography suitable for microhydroelectricity, and
trees to be used in charcoal production; and the Central plains were good for
cultivation of lowland crogs. These findings were useful for the general
planning of types of energy systems to be introduced in each region.

Compiicatirng the evaluation of the benefits of the Village Survey
component, however, is the 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 in two stages. Staue one was the preliminary presentation of data
in a fourteen-volume report.[1] Stage two was a more detailed analysis in a
thres-voiume series prepared as part of the Energy Master Plan component. [2]
Subsequent selections of implementation 3ites were in some of the sampled
provinces: Chiang Mai for microhvdroelectricity and RECs; Roi Et and 3i Sa
Ket for woodlots, although not necessarily in the actuai villages surveyed;
and one sampied villace was selectad for woodlot imolementation. (The
Yi1iage Woodlot team aiso conducted a sociolouicai survey invoiving soine 440
‘nterviews in the provinces of reha sarakham, Roi Ct, “Yasotnon ang 3i 3a
Ket. }[3]

Aithough the timing of trne 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 changes associated with
project implementation, in most cases the surveys were cenducted
simultaneousiy with tne instaliations of the systems. Mevertheless, the
survey resuits were frequently directly nelnful to the
technoiogy-implementing teams, in suggesting desireable cnanges in the
implementation schemes.

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 :zhe Viliage Surveys was exceilent, as was
the cesian of the instruments to cover topics of importance to the
anticipated implementations of the 2nergy systems. Realization of benefits
from the surveys could nave peen significantly improved, nowsver, if tnere
had Ceen greater coordiration Letween the Village Surveys component and the
other components. Coorcination was inadequate partly because the
orjqanization of tre other comporients was delayea, wnich in turn resulted from
the delay in starting the overali project. At the same time, the survey
component had to proczed to the field work wnen the enumerators, wno were
university students, were avaiiabie, i.e., during the summer vacation.
rurtnermore, the inadequate cooraination meanc thac che survey <ould have
been desidned in such a wav to make its results more userui for the cneray
Master Plan.
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: In addition to inadequate coordination, a further probiem with the
Village Survey component was the gathering of information (primarily related
to agricuitural creps) that was not relevant and therefore 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 erergy system would be viable only where the villagers
participate in its planning and installation, and maintain and operate it
themseives. 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 seiecting 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
iastrumented. 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 weil as between this component and the others, is largely
responsible for having reduced the value of the surveys. MNevertheiess, these
surveys resulted in a valuable data collection and represent a major
accomplishment of this project.

The impacts and benefits from the Village Surveys were evident in the
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 is stiil possible.

6. Recommendations

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

To be able to comrare the baseline data with post-experiment data for
each piiot project, NEA should conduct an evaiuaticn survey three to five
years after the PACD. By that time, changes and impacts of each component
will be mre observable. Topics to be included in the proposed evaluation
survey should reflect those in the 3aseline surveys, so as to allow useful
comparisoa. '
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E. Microhydroelectricity

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
turbine/generator equipment;

- Establishing a technical, administrative, and anmalytical capacity for

planning and implementing development of microhydropower potential in
Thai land.

It soon became apparent that ten installations constituted an overly
aimbitious goal in view of tne time, Funds, and personnel available, and in
the event, four installations were completed by th2 PACD. Taree of the
installations - at Xam Pong, Mae Ton Luang, and Huai Pui - were for the
eiectrification of villages, while the fourth (Bo Kaeo) was primarily
intended to supply power to a tin-mining operation.

Before ~onstruction started, NEA required that each village agree to
form a cooperative with equal shares per household to help manage the systenm.
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
reguiations were modified by MEA, 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 materfal 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 compieted during the preject. In
acdition, however, a fourth and largely unexpected achievement can be
cregited to this effort - the strengthening of the spirit of cooperation
among the villagers who became involved in these projects by their
participation in tne cooperatives <hat were formed for the construction,
operation, maintenance, and repair of the systems, and for the coilection of
rees and tne application of funds to village development projects.
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The =valuation 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-suprorted) 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 kK. 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 mushrocm project
nearby that requires 2.2 kW (7 kW peak starting power). Only one
operator i3 needed to operate the system.

~ Hae Ton Luang -- (USAID-supported) Consists of a 35-kW cross-flow
turbine coupled to a three-phase, 380-volt, 50-Hz generator (est. 40
kKVA). Construction started in April 1383, and installation was
completed in June 1984. The system serves 125 housenolds, 392 people
(thr2e villages are in the service area), and has two operators.

- Huai Pui — (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 housenolds (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
1384 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 also visited Pang Bong, 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 1383. It serves 3§
households in six villages (population 149) and has two operators.] =~

The fourth USAID-supported installation, which the evaluation team
was mot able to visit because of weather conditions, is at Bo Kaeo, where two
100-kw turbines supplied power for a tin-mining operation (that ceased
operation shortly after the installation of the nydroelectric system), and
incidentally to four villages of 226 households, witn a population of 1,723

All of these systems except 8o Kaeo were constructed by voliunteer
village labor, 3nd are operated intermittently, generaily only through the
night. Variations seemed to be from the period 16:0¢ to 08:00, to the period
i8:00 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 systems; and (3) creating
an {ndigenous microhydraulic-turbine/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 savings have been realized, development funds have been
created, and financial cooperation skills in the villages have increased.

3. Impacts 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
teievision sets (disdlacing battery charging). Electric-powered wood-working
equiprent is now being used in the villages supplied by the Kam Pong and Huai
Pui installations, and the latter supplies vaccine rerrigeration For two
clinics that serve the seven villages. In addition, a cold-storaye unit that
is uzed at a Royal mushroom-growing project near Kam 2ong is also powered by
the system. Villagers using eleciricity From the Huai Pui system also
benefit from the use of several individual domestic refrigerators and a
comeunally owned electric pump that suppiies 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. Nevertheiess, the USAID-supported effort is
certainly responsible for a surge in both the number of these systems and the
rate at wnich tney are being built. From the AID perspective, the Micro/Mini
Hydroelectric Project (493-0324) owes its genesis to the design and
initiation of the Renewable Nonconventional Energy Project. Ffrom the
perspective of the NEA engineering staff, the situation has changed from one
nf annuai budgets insufficient to permit the construction of ail 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 tne RTG of the economic and social benefits
of these systems.

Environmental: Aside from the temporary disturbance to the
eavironment caused bv the construction of the diversion weir, neadrace, 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-o7-the-river® systems), downstream water flow has not been affected -
except for the region from the weir to the powerhcuse, vhere the river flow
:-4s diminished by the amount diverted, and that only during operation of the
system. The permanent visible civil works - only the weir, powerhouse,. and
access road, 1n most cases - have not significantly affected the environment.
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
is rarely 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 frem tne four projects, which affect the national
welfare, are listed below.

- Financial feasibility -- The financial criterion for public-sector
investment has teen to minimize costs by selecting the least-cost
option. In a 1981 financial feasibility study, NEA estimated the
enerqy-production costs of micrchydroeleciric units and diesel
generators to be Baht 1.66 (US$0.07) and daht 2.82 (U3¢0.12) per kkh,
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 microhydroeiectric 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 Xaeo project. Table E-1 provides
benefit-cost ratios in terms of discounted cash flows. (See Annex 3
for spreadsheets, based on NEA's financial data.)
Microhydroelectricity is always more competitive than diesel
electricity.

~ Economic feasibility -~ Besides the positive net financial benefits
t> the government from these micronydroeiectric systems, the
viilage-lighting projects had imporiant econcmic and sociai-weifare
impacts. Unfortunately, the NEA report [1] did not elaborate on such
costs and benefits in their economic sections. For example, the
villagers' contributions in kind to building and maintaining the
microhydroelectric installations were omitted. At each site,
villagers contributed iabor and most of the materiais for
construction and infrastructure, saving MEA substantial costs in view
of the terrain and climatic conditions. Since such in-kind data
existed only for Kam Pong (23 per cent of totai costs, in-kind plus
cash). an average - perhaps conservative - 25-per cent factor is used
for Mae Ton Luang and Huai Pui. Aithough the village labor



contribution should be shadow valued, data on total iabor value and
sizes of the labor force for construction were not availabie. 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 diesei-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).

- Foreign-exchange savings -- Total discounted foreign-exchange savings
in terms of displaced diesel fuel over the project 1ife (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
deiivered price for diesel fuel in remote villages (9 to 15
Baht/liter rather than the fiqure of 6.7 Baht/liter 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 diese] fuel at
these sites, they are indicative of substantiai net gains. Putting a
premium on jocal energy diversification is impossisle, but
nonetheless is important in analysis of rural eiectrification.

- Reduction in operatiors and maintenance (C&M) costs of
microhydroelectricity -- A reduction in 08M costs for
microhydroelectric installations was achieved by training local
operators and using local manufacturers 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 oroduce
microhydraulic turbines and generators. One company, which has the
capacity to build systems up to 2,500 kW, may exvort micrechydraulic
turbines and generators to Laos. Also, a local machinery factory in
Chiang Mai, which has worked with MEA, supplies
microhydraul ic-turbine parts For kthe project, althouch it has no
2Xport capability. As a resuit, Thailand no longer imcorss units
smaller than 2,500 ki from their former suppliers, Japan and China.

At the village level, both communities and indiviaual housenolds have
been affected by the projects. The microhydruelectricity projects have had
seven major economic impacts.

- Kerosene fuel savings -- Most households deperd orimarily on
agricultural carnings, with chewing tea the orimary source of income
(Table £-2). (Annual income data for Huai Pui appear quite Tow. ) A
conservacive 2stimate of fuel expenditures snows :hat fuel expenses
account for two per cant, one cer cent, and seven ver cent of annual
aross incomes for Kam Pong, Mae Ton L.ang, and Huai Puf househoi ds,
respectively, with lighting costs accounting for approximacely two
per cent, one per cent, and six per cent of gross income,
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~espectively. Thus, fuel expenditures appear to be not significant,
althoudh lignting is the major cash end use (Tabje E-3). The
substitution of microhydroelectricity for kerosene lighting and
diesel -generated or battery-powered electricity created net cash
savings for many individual households. According to the =vajuation
team's iimited discussions with household members in the three
villages, average housenold electricity bills ran from 25 to 40
Baht/month (300 to 1,000 Baht/year). In comparison, NEA data from
Table E-3 show that annual 1ighting expenditures for Kam Pong, Mae
ion Luang, and Huai Pui averaged 651 Bant/year, 692 Baht/year, and
362 Baht/year, respectively. Many housenolds appeared, however, to
be saving far more than these average NEA figures. Thus, most
householias probably had fuel cash savings amounting to as much as
twice their previous annual fuel bills. Besides these financiai
benefits, women felt tney saved money - certainiy che opportunity
costs invoived in going to market to purchase kerosene.

Income generation -- Economic gains redarding housenuid-income -
ueneration are less visiple and have not yet been gquanciried, buc
tney do, or pocentiaily my, exist. For exampie, eimceric ifancing
has not only Tingroved the quaiity of iiant, it has aiso ectended nhe
hours during tie evening that housenolds can process chewing tes. As
no comparative before and after data exist, tne magni tude of this
effect is unknown, though it may be small in casnh terms.
Better-quality liahting nad 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 Royai 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 housenolds may have occurred from the use of local
materials ana labor for construction and implementation of
microhydroelectric instailations r=lative to diesel -generated
electricity or extension of the urid. Since all households
participating in the project agresd co provide one worker per
household during construction, this mav have resuited in income
tosses in terms of Foreqone earnings. in juestioniag nousenoid
representatives and NEA staff, the evaiuation ceam noted several
aspects of tne project approach that were intended to minimize tnis
00ssibility. First, construction was schedu}ed during orfr seasons,
alzhougn it extended beyond of F-season months in Auai Pui. 3econd,
if a housenoid did not want to provide iabor, it could pay ror a
replacement iaborer at an averade daily rate of 30 to 40 Baht in some
viilaages. or provide a lump-sum payment, For exampie 5,000 5ant in
Kam Pong and Mae Ton Luaag (3,300 8ant ir paid in instailments of 50
Bant/month). iany women (fifty percent of the work rorce) and some
cnildren helped in construction, whicn suggests treir opportunicy
Costs were seen to be the lowest for the nousenoiq.
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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 viliagers benefitted
from the project. Since cash is a 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-aione diesel system requires significant cash
payments from the village for construction, equipment, fuel, and
repairs. From the households' perspective, althougn the
microhydroeiectric project involved in-kind costs {labor and
materials), thevy 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 1ine from the main transmissicn line to the viilage.
Since villagers wno had the choice chose to go with
microhydroelectricity ard appeared quite satisfied, the =ccnomic and
Financial tenerits apparentiy outweighed their econcmic ana Financial
costs.

-~ Benefits from eiectrification -- The social benefits of
nigrer-quaiity lishting, and the use of radios, television receivers,
ang video-casette decks, though not easiiy quantifiable, were
extremely important to the viliagers' sense of participation in
overali development.

- Cooperative revenues -- Although the team was unable tc see all
records, it was reported that collection rates were quite high (in
most cases LU0 per cent), which ceems true in view of RTG's auditing
of cooperative accounts. A simple comparison of exrected annual
revenues to NEA's (high) projected 084 costs suagests that annual
revenues snould cover costs (Table E-4}. In fact, the systems have
exverienced to date only minor expenses that were not covered under
the warranty, such as in Mae Ton Luang where repairs. costing 6,000
Baht were paid for out of a development fund of 18,C00 3aht. Gtner
(&M costs include operators' salaries (from 500 to 1,000
Bant/month/person for iwo hours work per day), tne ger-diem €Xpenses
of operators wno attend the NEA training <ourse at Chiang iMai
University, and in some viliages the crovision of free alectricity to
cooperative counci' members (Kam Pong), and operators (kam Pong and
iMae Ton Luangj. 1In all :ases, the Fund snouia oe abie to cover tnese
0&M costs.

As a result of the success ¢f the projeccs, ali viilages nad
experienced otner households' or viliages' wanting to join their
system. [n Kam Pong and Mae Ton Luang, possible late mempership fess
ranged from £, 300 to 3,300 Baht/housenoid. In sone viilages,
payments could be made in a lump sum or iastallments. These
renalties were perceived as a means of compensaticn for the
opportunity cosis of tnhe original labor and materiais as weil as a
wdy to increase the development fund. wnere excess
2lectricity-veneration capacity exists, as in kam Pong and Mae Ton
Luang, the marginai costs to tne cooperative of extension to a new
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heusenold or village is quite Tow. Significant net gains may be
realized by the cooperative through extension of the system. If all
participants (original and late) benefit equally from cooperative
dividends or from any development project, late comers may receive
higher individual returns.

In some cases, the money collected by the cooperatives from
membership fees, share sales, and user fees (universally Baht 2/kwh,
with a Baht 10/montn minimum) is accumulating, with no decisions yet
as to its use. In otner cases, the funds have been used for road
improvements in the villages, and in one case (Huai Pui) a portion
was spent for roofing for a village library.

- Income distribution -- Cooperative members in Kam Pong, Mae Ton Luang
and Huai Pui evidently took into consideration a househoid's capacity
to pay and contribute labor. For instance, older residents and
peorer households often received concessionary terms, althouan the
detaiied extent and nature are unclear. In Huai Pui, wnere PEA is
now extending the grid, the rich are opting to join tne grid as thev
can arford sucn cests, while the poor families are remaining witn the:
micronydroelectric system. This will .Jiminish the excess cemand o
Huai Pui, and will result in additional benefits of the
microhydroelectric project to the poor.

Finally, it must be noted that one of our interviews elicited the
tatement that tne viliagers are weli aware of USAID's support, aporeciate
hat support, and feel that it will help "bring prosperity, "

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

Financial Economic
gaht (1,000) saht (1,000)
NPV(b) JIRR{(c) . NPY(b) IRR(c)
Kam Pong 3,531 d) 2,862 0.62
Mae Ton Luang 2.91! [d) 2,371 0.57
Huai Pui 4,212 (d) 3,649 0.74
Notes:
a. Compares diesel-z2lectric savings to micronhydroelectric

costs.

b. Net Present Vaiue (NPV): Assumes 20-vear project 1ife,
and 15-per cent discount rate.

c. Internal Rate of Return (IRR).

d. Internal Rate of Return cannot be given since annual
net cash flows are always poskive.
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Table E-2. Household Average Annual Income and Expenditures for
Microhydroelectric Projects (Baht/household)

Income Patterns Kam Pong Mae Ton Luang Huai Pui

Gross Income 36,043 60, 468 19,092
Expendi tures 26, 904 £2,570 18,359
Net Income 9,139 7,898 233

Source: Reference i

Table E-3. Village Househoid Average Annuai Fuel Patterns for
Microhydroelectric Projects

Xxam Fong Mae Ton Luana Huai Pud
Fuel Use Quantity Cost Quantity  Cost Quantity  Cost
(Baht) (Baht! (Bant)
Kerosene (liters) 69.8 629 - 76.9 692 34.8 306
Lianting 69.8 629 76.9 692 - -
Benzene (liters) 34.3 39 - - 49.6 56.3
Lighting 3.4 4 - - - -
Transport 30.9 35
Diesel (iiters) 2.2 i8
Lighting 2.2 18 - - 99.38 831
Fuelwood (m3)
chewing Tea 14.0 - 18.3 - 13.8 36
Processing 7.6 - 10.6 - - -
Couking 5.3 - 4.9 - - -
Heating 1.1 - 4.7 - - -
Charcoal (kq) - - - - 190 39

Note: Assumes fuel prices are: Kerosene is 9 Baht/liter, benzene is 11.4

Eant/1iter, diesel fuel is 8 Bant/liter, fuelwood is 250 3aht/m3, and
charcoal is 9.2 dant/kg in 2984 prices. Source: Reference .
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Table E-4 Estimated Revenues and Operational Costs for
Village Microhydroelectric Projects

Kam Pong Mae Ton Luang Huai Pui
Number of
Households: 118 230 250
| e total 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: Rererence 1. :
Notes:

3. Assumes average monthly electric biil 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 rerlect installation of
enly one 20-kiW generator. Note that with iastallation of the
second generator, reverues would probably double, witnh costs
increasing only sligntly because the cest of all of e civil
works have already been Included. Thus, Net Revenue for Kam Pong
would very likely be positive.

4. Factors That Helped Cr Hindered

It is apparent from the achievements of this project component that
the impacts seem uniformly positive. Nevertheless, it is also clear that ]
these benefits could have been somewhat more widespread, through construction
of additional microhydroelectricity projects, 1f the overall project had been
organized more swiftly and greater funding and a larger engineering staff had
been available. That NEA has benefitted from the experience gained under
this project component is shown by its more positive responses to pudget
requests for such installations.

5. Results and Conclusions

Comnunity participation in construction of :hese installations, and
the community involvement in their management, operation and ~aintenance, and
in handling the funds have combined to foster a spirit of cooperation among
the viilagers, 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
agreed upon throughout tne projest, such as the establishment of membership
fees, costs of shares in the cooperatives, penalties for households or
villages that joined after construction, payment of compensation for not
contributing iapor, and the collection and management of electricity
revenues.
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The three village electricity projects discussed have had very
positive net econumic 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
microhydroelectric installations in the North primarily affected two groups -
the government or public sector and the individual viilager or community.

Tne national gains have been the creation of more financially self-reliant
energy systems, development of 3 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
gencration, 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 electrificaticn. While the villages
use only a small percentage of Thailand's total energy demand, the positive
economi¢ feasibility and village-level benefits of such rurai projects are
important in view of a ten-per cent growth in househoid electricity demand
projected by the World Bank.[2]

A unique component of the microhydroeiectric schemes was the
formation of village cooperatives 7o construct, administer, and maintain the
projects. In addition to the social gains mentioned, positive economic
flmpacts on the community attributable to these cooperatives appear to be the
estapiishment of a village development fund from electricity revenues,
increased community financial and entrepreneurial awareness and planning, and
concessions for individual income-level constraints.

In summary, total national and villiage 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 impiementation in FY 1387. 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
nigher by the World Bank), and an increasing scarcity of indigenous,
nonrenewable fuels such as natural gas and lignite {2], appropriate
microhydroelectricity investments appear to be an important component in
Thailand's rural energy future.

6. Recommendations

A limiting factor to more financially efficient use of these systems
ic PEA's policy regarding arrangements fcr selling excess electricity back to
the grid. Presently, if the grid comes near villages with microhydroelectric
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, unciear policies limit the national ana private economic benefits
that could be gained through more flexible private zlectricity-generation
- poiicies. NEA should clarify these policies to permit sell-back arrangements
for excess electricity to encourade private-sector iavestments, which appear
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non-existent at present. Also, NEA should promote rural industries for
electrified villages to increase income-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. [t should 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 Technoloay

The purpose of this component was to demonstrate and test the
feasibility of the use of wind energy, biogas energy, and solar-electric
(photoveltaic) energy to pump the required water. It was based on the
desirability of low-1ift pumping from the water table, which is a meter or so
below 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 oremature 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 the
planned 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
photovoltaic system.

1. Solar Water Pumping

a. Background
Ban Tha Yiam

A 700-watt solar water-pumping system was installed in the village
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 tne villagers, and includes a 10-m3 storage tank

that is connected by pipe to four gravity-fed 1.5 m3 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 seaied well 18 meters deep. Prior to the installation of this
system, dcmestic water was ootained from tne same well, via a hand pump, and
from two cther wells situated outside the village in opposite directions -
one a half kilometer away and the other at a distance of one xilometer.

The system is shut down about twice a year for repairs to the pump
shaft - a problem inherent in the 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 viilage. Heretofore, the
village headman notifiea the REC of breakdowns by letter, reporting that this
Nas meant a lapse of five days before the arrivai of the technician. This
period will be shortened in the future, however, since tne headman has now
been advised to communicate with the REC by telegram from the nearby town.
Ouring outages, the viliage residents return to their former custom of
fetching water from tne 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 in
Nakhon Ratchasima Province. This system was intended to rovide irrigation
water from an existing reservoir to supplement water supplied by the Bistrict
Irrigation Office pumping station, since only about one-third of the village
households benefitted from the latter. After the installation of the solar
pump, the construction of the irrigation canal was prevented by "some
conflicts in land ownership*[2] - apparently, one farmer refused t. allow his
land to be used for the canal. NEA reports that, as a resuit, the solar
pumping 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 soiar water-pumping system in Ban
Tha Yiam was successful in the long run. This system provides clean water,
reduced collection time for villagers, and has reduced water shortages in the
village. In contrast, no long-term achievements were realized at Ban Sukon

because of the lack of sccial agreement over water distribution and land-use
access.

¢. 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 of
their ?ives. 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 it means that there is a water source close to
every house. The system permits them to store water for use when the pump is
shut off (generally at 16:08). Nevertheless, they understand the need for
conserving 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 exverience gained by NEA
in planning and designing the system, and the benefit to future projects by
recognition of the importance of ascertaining land ownership and obtaining
binding agreements on land-use rights, in advance.

Econemic: - In terms of economics, the financial analysis by NEA
showed that the benefit-cost ratio for the Ban Tha Yiam system, and
(expecteda) for Ban Sukon, were 0.49:1 and 0.42:1, respectively. In order for
the 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 2y 60 to 70
per <ent [Z], an unreasonable hope in the near term. Thus, from a private or
Public-sector investment perspective, such water-1ifting systems Jo not make
financial sense.



-4 -

social: - As mentioned above, villagers in Ban Tha Yiam benefitted
from the pumping system in terms 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 system. However, negative socfal impacts occurred at Ban
Sukon as a resuit 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 mjor obstacle to acceptance of the Ban Sukon project was the
lack of sufficient attention to the sociological problems inherent in the
particular situation. In a situation where cooperation was crucial to the
instailation, the project was doomed to failure without advance commi tment to

participation by the parties involved.

e. HResults and Conclusions

the solar pumping system at Ban Tha Yiam is certainly supplying a
service to the villagers that is useful and that improves the quality of
their lives. With its low benefit-cost ratio (0.42:1), however, it is
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 competitive:.

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

f. Recommendations

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 Pumping Field Manual, originally published by the
World Bank with UND® financing and now available from the Intermediate
Tecnnology Development Group in London, would be helpful in determining such
justification. Any planned use of the equipment intended for the Ban Sukon
project should also be done ia this context. ‘

2. Windmill Water Pumping

a. Background

As part of the project objective of demonstrating technologies aimed
at improving irrigation-water supply for Thai farmers, NEA instalied three
windm11s at Ban Samoh (Tambol Ta-Tong, Amphoe Raman) in Yala Province. Two
of the windmills were Jesigned and manufactured by a Bangkok company that
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markets windmilis in Thailand. The third was designed by the regional
representative of Volunteers in Technical Assistance (VITA), who was resident
in Bangkok at the time, and fabricated locally. The First two were
essentially conventional multiblade horizontal-shaft turbines, one being a
10-ft. diameter "bicycle-wheel" turbine, the other a 14-ft. fan-wheel with a
larger number of (and smaller) blades than the standard American-type
windmill, which it resembles. Each was coupled to a single-stroke 7.5-cm
piston pump with a 7.5-cm stroke, mounted in a dug well with a water table at -
4.5 meters depth. The VITA windmill (also a horizontal-shaft machine) was a
6-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 a
6-inch PVC pipe that led to a small reservoir. The windmills were installed
in 1982 with the help of labor contributed by ten to fifteen villagers, who
worked 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, NEA reported that, 'The wind turbine pumrping system experienced some
prebiems in maintenance, since most villagers in the projact were rather busy
== and so less care was given to the installed windmills. "[4] In fact, as
far as can be ascertained From interviews at the site, all - or at least some
~ of the windmills operated for only two years. Ouring that time two crops
of watermelon were irrigated and harvested. Some time thereafter, although
the sequence is not clear, the windmills ceased to function, and heavy rains
during the dry season - when the windmill irrigation would presumably have
been needed - delayed the planting for the third crop. This croo was
eventually lost. In any event, the windmills were completely inoperative
after 1984,

when the evaluation team visited the site, only one of the multiblade
windmiils was actually there; it was rotating, the pump rod was functioning,
but no water was being pumped. (Since the adjacent weils snowed an adequate
water level, one assumes the pump was not working.) The second multiblade
turbine (plus gear box) had been removed, for eventual repair that may or may
not take place, leaving only a rusting tower. The VITA-designed windmill and
1ts associated ladder pump were a shambles, some of the blades broxen, others
missing.

field interviews showed that, on the whole, the villagers view the
project as a government project, really do not want to undertake repairs, and
are not interested in reclaiming the land involved, whicq was not considered
usefui land in the first place.

C. Impacts and Benefits

The windmiil-water 11fting experiment in Yala has not had any
significant benefits. A temporary economic benefit for the two-year
cperation of the project came from the watermelons. sweet corn, cucumbers,
and string beans that were harvested successfully on iand irrigated by the
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windmills. The project had apparent]z been helpful to ?oorer farmers who had
. received one to two rai of the irrigated lands. The vi lagers had not
invested {n establishing and maintaining the system, however, as it was
viewed as a government project. The lack of enthusiasm for investing in
repair may also be related to the fact that this land was originally Timited
to use by the poorer farmers in the community who could not invest in such
repairs. The two profitable crops may have represented a windfall.
Temporary improvement of the land from irrigation increased the productivity
and value of the land. Previously, other government projects, such as
grazing-land improvement, had failed due to the lack of participation by the
villagers in using the lands for grazing.

d. Factors That Helped or Hindered

It is clear that the poor design of the windmills - and perhaps of
the pumps - bears a significant share of the blame for the failure of this
project. Such technical design problems, the alternative demands on the NEA,
and the location of the site ijtseif compounded the monitoring difficulties
For the system. However, the major obstacle to success was tne lack of an
orjenized social sysiem for management. Such a System was ne2ded to deal
with zquitable distribution of water among users, and maiatenance and repair
of the equipment. Because of his time constraints, the village headman was
unabie to provide the necessary coordination role for the project.

The location, mix of crops, and land quality of the site aiso
hincered 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 iimited degree, the dismal
financial realities of the system gave no economic incentives for more
village participation and responsibility towards the system. NEA reported a
benefit-cost ratio of 0.81:1 for the windmill when compared to a diesel .
water-pumping system.[5]. Diesel pumps provided by other government agencies
appeared to be preferred by the villagers over. investing in repairing the
windmills,

e. Conclusions

The windmiil water-1ifting system in Yala province stopped
functioning primarily because it lacked a village management system, it
needed better integration of appropriate land-use practices, was difficult
for NEA to support adequately, and was econcmically infeasibie as a private
venture. A cooperative management organization was neeced to designate who
should look after the system, to handle water distribution, and to provide a
maintenance fund. One man volunteered his time to try Lo make the system
succassful, but was not naid for his efforts and was unable %o organize the
users. The water lifted was not equitabiy distributed to the users - those
closer to the well received more than those located far from the ~ater
Source. Repairs could not pe carried out by the viilagers, in distinction to
the case of the micronydroelectric systems, because ‘here was no collection
of revenue from users for a maintenance fund. Aico, ootimal land use of the
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public lands is another issue that affected the project. The water-11ifting
system should have been more closely integrated with the existing
agricultural system of rotating vegetable crops with rice production.

This type of project could benefit From the viilage-cooperative and
self-sufficient design model established in other components such as the
microhydroelectricity-generation systems. It is evident that windmill
water-1ifting systems have their unique technical probiems 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, wouild
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
viliagers should be carefully designed into the project.

f. Recommendations

Future consideration of windmill water-pumping systems by NEA, or any
other RTG agency, shculd be made in the context of the criteria outlined in
the Solar Pumping Field Manual mentioned in the preceding discussion of Solar
Water Pumping. ' :
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G. Biomethanation Systems

1. Background

The project design discussed the production and use of biogas from
animal wastes (manure) {n rural Thailand, noting the resources available, and
suggesting the investigation of the potential of communi ty-scale systems.
when the project was underway, however, the focus shifted, and in 1983 NEA
conducted a feasibility study of biomethanation systems using waste from
agro-industries. This component was purely a technical- and
financial-feasibility analysis, including some laboratory experiments, and
did not include any field implementation.

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

Each of the community digesters was 20 mS in volume, with
administration and constructon costs covered by MEA, while the villagers
provided labor and some materials. The gas produced by these digesters,

about 0.3 m3/m3 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 a
time, the NEA and CUSRI monitoring teams found that neither system was in
operation within a year after construction was completed.

The study on biomethanation based on industrial waste-water streams
was cqmpleted before the PACD and was used subsequently as a basis for a
Further study, as noted in Section 5.

3. Impacts and Benefits

Since both community systems were abandoned, there were no lasting
economic, social, or environmental impacts or benefits from this experiment,
The information gained by che monitoring teams may prove beneficial in their
future professional activities, however.

The study of industrial biomethanation resulted in a further study
i1Section 5 below).
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4. Factors That Helped or Hindered

Though details 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 instaliation, villagers apparently stopped
supplying dung to the piants 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 1ighting) were not -
sufficient to offset the households' opportunity costs involved in
collecting and transporting dung. Most households switched back to
kerosene or other 1ighting alternatives rather than continue
operation of the biogas systems.

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

The combination 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. Resuits and Conclusions

The primary obstacle blocking successful continuation of the
community biomethanation project was the conflict between perceived direct
ccsts and benefits and the indirect social costs and benefits of
biomethanation systems. This conflict led to a lack of viilage 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 benerits such as improved health
through sanitary treatment of waste materiais; and (d) the nonquantifiable
benefits of better-quality lighting. Such benefits, most of which are not
directly received or easily perceived by viilagers, were simply outweighed by
individual opportunity costs invoived in csllection 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 :o estimited costs of capital plus operations
and maintenance for biomethanation plants of various sizes. Based on a
simple (i.e., nondiscounted) payback perisd, 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 i) years, assuming a ten-per cent nominal
interest rate. Jince this analvsis was based on theoretical cost-curve data
from U.S. systems (both diesel and biometnanation), 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
industriai waste water, by the Beigian firm Biotim, in collaberation 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, puip and paper processing, and alcohol distillery wastes - to
displace up to thirty per cent of the industries' diesel fuel. It should be
noted, however, that the financial analysis of each system compared only
biogas capital-investment costs to the value of the dispiaced ciesel fuel.
This approach suggested that anaercbic processing of alconol wastes is the
most financialiy attractive option, with a simple payback period of 2.1 years
at most. In recalculations made by NEA that corrected for neqlected OAN
costs of the biomethanatitn system, the system based on alcchol waste still
seemed the most Financially attractive option amona the Five industries. [t
is not clear, however, that all 04" costs (e.4., ¢ost of disposal of tne
digested studee; have vet been taken into ac-ount.

As a airect result of tnis latest study, ncwever, tweive distilleries
in Thailand reportedly have expressed to NEA their interest in producing
bivgas in conjunction with waste-water treatment. According to NEA, Thai
Aicohol may agree to pay for the construction of a biomethanation system in
coliaboration with Biotim. Since high capital-investment costs may make
private financing difficult to obtain, indirect subsidies from NEA, in the
form of a decreased import tax on equipment and the provision of soft loans
for energy investments, may neip to encourage installation of these
fnaustrial biomethanation systems.

The USAID-supported project thus directly contributed to future work
by NEA that may lead. indirectly, o the privatization of biogas-energy
production by important industries in Thailand. If successftul,
biomethination systems based on industrial waste-water streams may have
important privace-sector financial benefits as well as pesitive national
sConomic and envircnmental impacts.

6. Recommendations

In view of the pctential interest on the part of Thai industry in
NEA's participation in piomethasation based on distiliery wastes, NEA would
be srucent to have a disinterested autside expert review the results of tche
Biocim s%udy before taking further action.

Before any further involvement in community bivmethanation system,
NEA should ascertain n aavance that village cooperation #will te sustained,
and that the direct ana inairect denefits of tre system are appreciated oy
the garticipants and justify their <ontinued conperation,



H. Solar Thermai Processes

1. Background

The project desian discussed the use of the sun's thermal eneray for
forced-convection crop arying, natural-convection crop dryine, distillation,
refrigeration, and process heat.[1] Both crop drying and distillation were
Se2n as techniques that shouid be disseminated to tne viliage ieveil, and
Orocess neat was seen as potentialiy useful to rurai indusery.

Refrigeration. on the other hand, having been mentioned in & 1ist of
solar-thermal processes, received no further attention in trie Project Paper,
except For a note tnat storing soiar energy as "cold" is a pessipiiity.[2]
With a drant of scme $50.000, Kina Mongkut's Inscitute of Te<nnology Thonburi
(KAITT) set out to examine ail fise sub=components, and imorove the
TELANVioGies wikre possiole. Park of the work was perform2d under
supcontracts with Chiang Mai Universirty and Sei iakharinwirot iiniversicy gt
Phitsanulok,

2. Achievements

Accompiishments under this component included the construccion and
testing - in both the jaboratory and the field - of natural-cenvection
cabinet dryers, forced-convection hut dryers, and solar stiiis. The use of
solar-thermal energy for process heat tock the form or forcec-convection
solar-heated air to assist in tobacc) curing, to economize on the use of
liquid propane gas (LP3). Agricultural crops and other foods tested under
the project included lonuan, banana, pepper, fich, pbeef, coconut cnips, and
tobacco.

Some investigaticn took place on the utiiity of solar stills in rural
areas, but it was concluced that =he cost of khis technique was much areater
tnan the use of chlorine compounds, and therefore would not be adopted.

In a somewnat similar fashion, soiar refrigeration was nor
stanificantly investigated, in view of the fact ihdt =xperience nad srown
tnat Fisnermen (for wihom che idea had originally been sugcested) prerferred to
purchase ice from conventicnal ice-making commerciai supeiiers, according to
NMITT investigators.

3. Impacts and Benefits

No econumic impacts on Thailand <an te directiv atcriouted co enis
component. jnese Systems were never commerciaiizea and, in face, generaiiy
were found to pe financiaily unacceptabiz tu commercial proaucers. Cespize
the unravorible economics of these svstems. research carriea on arter USALD
runding enged nas concentrated on Jeveioping new, more financiaiiv attractive
svscems,
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Three separate soiar trermal Processes were tested under tis
project, naturai-conveccion cabinet drying, forzed-convection hut drying, and
soiar-assisted curing of tobacco izaves. Al SYSTEMS were demonscration
projects and none was commercialized. In the first system, a variety of
agricultural products was dried in the solar cabinets to compare production
costs and product quality to current market aiternatives. The results of tne
research sned 1ight on several =conomic aspects of the dryers. Tne foilowing
six findings are the most critical to the issue of adoption of the system oy
the private sector and its displacement of either non-renewabie or
wood-derived fuels.

- Relative Costs of Energy Production -- [n the final report by ’MITT
" {3]. the costs of production for the solar cabinet dryers, using
different coverings (alass or plastic) with air neaters, were
US$0.025/kkn and $0.032/khn, respectively. Wwitheut sir neaters, unit
costs rell to U333.019/kWh and $0.025 far dryers wiih aiass or
plastic covars, ressectively,  In comparison, izcoricicy Costs for
drying systems were estimaced at U530, 0757k, wiich suaaesteq
BleCtric drying was up tw tnres times mere epensive chan S0iar
deving,  Tn veaiitv. most Comperciai PoadUCEes A0 ann gse
2icTricicy; iasceau, cney simply air-ary enz prodault.  Tnus, e
comparison snouid be becwesn air and solar drying, for tnose crops
for whicn air drying is acceptable.

- Investment Costs -- The initial costs of che solar arving system were
simply too high for most producers to give serious consideration to
investing in soiar dryers as compared £o simpie air darying.  for
example, cabinet aryers with glass covers cost over 4,000 Bant (3],
whereas a producer using air drying oniy invests in trays and a
frame, usually costing iess tnan 1,000 Baht. 3ince production of
several oroducis was highly seasonai, lasting uniy two to four
months. low utilization rates existed. Compined with tne nian
investment <osts, this created high unit <osts. wnich added to tne
infeasipility or the systems, As mencioned below. recent researcn on
multivie-product drysrs should heip S0 incresse utiiizacion rates and
POSSiDly decrease unit cousts.

- Product Mix and Quality -- The resecarcners decerminey crac
ST E=Eraduct dryers were £oo exuensive.  Current reseircn af cer
USALD funding enced has concentraced on uSing a mix of aiun-eecurn
Products, <Such as peanuts or Soyceans, w~ith other crops.  eresencly,
this recearch is being carried ouc by NHITT with Austrsiian
assistance. As it is in the initial Stages, oSt acd 4o nuc =xisc.
Redarding product auality, che producers didg not reporc any
stunificanc increase in quaiity witn toe sojar VIS, L TACT, o
users diq not 3Ippear co care for the quality of cne drieq pananas
using tne seiar urvers.(4] A sociai venefi: of sciar arving is
improved senitacion of the product. parcticutariv for drieq risn,
anere DUT reporrtealy s useq by some proqucers.  However. sucn
Oenerfizs cannot be easily capcureq Oy the investur cnrouun prica
discrimination.  Toe <MITT seam feic rnac if ciuncer Proguet=yuaiticy
stannarus exisced. sclar arvers couid be 3 competinue option ror
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sroaucers.  Also if product sanitacion improved, a larger export
market for dried meats and vegetables might exist in Asia.

- Scale Economies and Product Type -- Large producers were apparentiy

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, researcners were
desianing larger solar dryers. This shift in production size
probabiy rerlects tre abiiity of larger producers. in contrast to
small producers, to finance the high investment costs but does not
necessarily reflect decreases in unit costs.

- Income Distribution Effects -- At oresent, dried-food Progucers cover
a range of income Tevels and sizes of operation. As noted above,
current rinancial constraints of these systems favor iarger
producers. [f tiahter neaith controls were enforced, the smaiier
producers would crobaoly '¢se the most relative to otner oroducers.

- Commercialization -- Bezause of the high investment COSts, rew
producers invested in these systems. However, the resesroners
reported that some large-scaie vegetable preducers near dangkok, and
food-erocessing factories producing papayas, longans, and
chrysanthemum cea, were intereseted in tne systems.

Similar to natural-convection cabinet dryers, forced-air convection
dryers were not commercially viable. These aryers were used to dry rice but
their high initial costs. short seasonal use (two to four months in most
regions), and iimited improvement in product quality /ten per cent price
facrease) resuited in marginal financial benefits to the farmer. These
benefits are offset at present by the niyh investment costs ang required
changes at tne miils in labor skiiis and use. Currentiy, KMITT is working
with Austraiian assistance on larver forced-air dryers that combine storage
with drying and increase tre number of crops processed.

The solar-assistad tobacoo-curing component also was not comnerciaily
viable compared to alternative energy sources. As meaticneg in the
tecnnoiogy section, tne system dispiaced apout twenty-five per cent of the
€Nersy requirements for an LPG system. Tnis is one of tre musk expensive
rue's presentiy used for drying tobacca.  In view of £ae reporte| ZIEray
COSTS rer different fueis (Tapie A-l), the soiar-assiscec systen siwply couid
not compete with cneaper aiternatives :uch &5 fueiwood or vianite.  Tnese
relative marker prices, though, do not refiect uctuai wcanrcicy values for
fuelwooa or the envircnmental costs associated with Tianice use, suin as iana
reclamacion and air pollution, However. unless such cOsts are ‘nternaiized
into she market throuan envirommental protection and earorcement, 3 391ar-LiG
system cannot comopete witn current alternacives, dEspite tne important s$ociai
beneritcs,
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Table H-1. Regortad Energy Production Costs for

voacco Curing (Dried Leaf)

tuel Bant/ka
LPG, Fuel 0Qil 12
Solar/LPG 7
Lignite 3-4
Fuelwood 2 -3

4. Factors That Helped or Hindered

The major institutional, or administrative obstacle to the progress
of work under this subcomponent was the delay in commencing the work. Thne
iead team at KMITT reported that some two and one-haif vears passed cerfore
fundina and Final approval of their pianned work was received - thus, oniy
one and ¢ne-hair years were avaiiable for actuai jaboratury and rieid
testing,

in addition, che major obstacle o commercial adoption of Fne
RRCAnTOues iavestidated nas been the existence of cneaper ditercatives For
drying products and the lack of enforceaple nealth standards.

S. Results and Conclusions

The solar thermal processes developed with USAID funding were
primarily prototypes with a research focus on fieid testing but not broad
dissemination for commercial use. This component successfully provided a
bettzr understanding of the economic feasibility and potential marketability
OF tnese processes. It did not achieve commercialization of the 3ystems but
this was not an original project objective. 1z aid prouvide institutionai
knowiedue about the financial conskraincs of che Systems. Resear:n inco
tnes2 Systems provided insisnts into the ractors to wake the SYSTems
Financially and economicaliy attractive. whije these SYStens Couid provige
mrportant sociai benefits, often in terms of eavironmzntal impacts, 1o
rinancial incentives exist for tne Private Sector to sériousiv wunsider
PavesEment i1 sucn Systems.  Fur chese reasons, the Solar cnerma SYSTEmS
Nave nad no major econemic impacts on Thaiiand because of fiws jowsr ieul] ve
LCSTS of alternative eneray syscems.

6. Recommendations

Uatii cnanges in reiacive eneray prices or 2nvirommencsi poiicies
occur, soiar-chermai cystems snouic pe 2UCOUNGUEd ONiy FOr industri=s or
dreds wnere rney are commerciaiiy viapie. Aiso, fucure researcn snouid
CINCENTrate on SysStems wnosSe Fueis or input proaucts can SUCCHESITYI Y Compene
#ith otner eneray systems.  Juch 3ystems inciuce nuicipie-proquct caninet
APYErS And 301ar-assisted Ccuring Systems tnac Jispiace Fueiwood op Piunire,
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I. BIGMASS GASIFICATION

1. Background

Biomass gasification technologies have been used in various forms for
three hundred years.[1] Interest in biomass energy in recent decades is
associated with difficuity in obtaining fossil fueis. Application of biomass
energy in remote areas for agricultural gevelopment or mining industries and
for replacing fossil fuels in times of scarcity, such as during the second
Norld War, are most common. Historicaily, gasification has been
skilled-labor intensive and problematic because of difficulties with
purifying gasses.

In the wake of dramatic increases in fossil-fuel prices and
asscciated attitudes about fuel scarcity n the 1970's, experimenting with
biomass gasification technology that could use focally avaiiable resources
was fncluded as a component of the Renewable Nonconventional Energy Project
fa Thailand. The primary fueis considered were wocd, charcoal, corn cobs,
and rice husks. Other agricultural residues such as =orn stalks, bagasse,
cotton, cassava staiks, and coconut shells were also of inzerest because of
their abundance.

2. Achievements

A Biomass Gasification Group was formed, with project support, at
Chulalongkorn University, suppported by collaboration with researchers at
Chiang Mai and Prince of Songkhla Universities. It was establ{shed under the
project to assess the status of gasification technologies, ccmpare economic
Feasiblity of the technology, investigate local application of this
technology, and design relevant prototype gasifiers refiecting this
preliminary research. At the end of the project, twelve gagifiers with
capacities of five hundred watts to twenty-five kilowatts unger five major
dasification system types had been constructed and tested to some degree,
Some of these systems were still in development, but others rad already been
well tested and one had undergone fieid testing.

Literature review and experimentation were cenductec with a Focus on
fixed-Ded technology using wood and charcoal. Fluidized-bed kacnnologies
were aiso compared and gasifiers that had specific applications but did not
exist elsewhere were constructed and tested. This research stimulated
further design efforts in gasirication technology throughout the course of
the project.

A useful, well written report was produced under the project.



-53 -

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 case
studies and experiences in the Philippines and Brazil. The project has
identified priorities for future research and a strategy for implementing
technologies through a proposal for a Gasification Technology Development
Center. The World Bank has conducted preliminary studies of rice-husk
gasifiers in Thailand as part of the UNDP/World Bank Gasifier Monitoring
Program and has proposed developing a scope of work for data collection and
initial monitoring of these systems to be carried out by NEA.

In the context of reducing fossil-fuel consumption and improving

;ow-cost energy avaiiablity for rural populations, the direct impacts are
imi ted.

4.  factors That Helped or Hindered

This project component established a network of people, including
administrative support staff, to design a work plan, impiement case~study
research, and conduct laboratory and field experimentation. The major
obstacle to greater impact of the Biomass Gasification component may have
been 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 general
research workplan made it difficult to maximize the achievements of research
for any one appiication 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
in quality facilities by excellent research metnodolcgy which exhibits
ingenuity and commitmert.

The potential exvansion of this technology has been enhanced by the
studies conducted under the USAID-supported activity. The gasification
component did not contribute significantly to the immediate reducsion of
fossil-fuei consumption, but comtributed to the awareness of the potential of
aiternatives to conventional power production. This information has not been
adequately packaged or promoted to stimulate significant adoption of gasifier
technology developed under the project.



In specific industrial applicatiuns where biomass is generated as a
by-product, or where direct combustion of biomass must be more efficient or
regulated, biomass gasification is a 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 in small-scale
implementation are not yet attractive .

6. Recommendations

NEA should consider continuing support for research on fluidized-bed
technology to improve the thermal efficiency of rice-husk qasifier 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
in close proximity to a source of rice husks.

NEA should also support research on development of a safe, simple,
inexpensive gasirier that improves the combustion efficiency of, and reduces
atmospheric pollutants produced by direct combustion of biomass Fueis. This
research should include economic comparisons of the ccsts and benefits of
gasigication relative to improvements in combustion efficiency of direct

uraing.

Finally NEA should accelerate its discussions with PEA on the issue
of 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,
in large industries with solid biomass-waste streams.

EBoth 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.[13,[2] According to remote sensing information and analysis of RFD
data, this is much less in the Northeast (only about 12 per cent),
particularly the area referred to as Thung Kula Ronghai (Land of Tears),
which is primarily in Roi £t 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 provice an
integratzd approach to alleviating the pressure on natural-forest reserves
and other forested areas scattered among villages and between agricultural
lands, caused by wooa-fuel harvesting. They also have tne potential of
making cnarcoal use more efficient and thus less time consumirng, more
convenient, and cleaner. Tne successful promulgation and integration of
these three approaches should encourage the use of indigenous 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 in the Northeast has

been estimated to be more than 10.3 million m3.g3] At the time of the
Project Design, this was estimated to be up to 99 per cent of the wood demand
in the region. At the-end of the preject, NEA estimated total demand

throughout the country to be approximately 40' million m3, representing 75-80
per cent of all uses of wood.{4] Charcoal accounts For approximately 40 per
cent of wood-fuel energy consumpticon, but about 55 per cent of roundwood used
for energy. This represents a loss in the cenversion of fuelwood to energy
that is accepted in return for the conveniences of using charcoal instead of
Fuelwood. Charcoal use is increasing in relacion to fuelwood because of
these conveniences.

A conservative estimate of the sustainablz supoly of round wood for
fuel, based on calculations of available forest resources from a number of

sources, is 5.3 million m3. This yield can be exoected to decline as the
growing stock is reduced and the demand for fuelwood rises in proportion to
popuiation increase. tconomic status and cultural traditions dictate that
wood will continue to be the most widely utilized cooking fuel. Tnere is a
gap between potential production of existing forests and demand for fuelwood;
other products are in demand in addition to the pressure from agricul tural
iand expansion.

The efficiency of the traditicnai bucket-type stove (tao ung lo) is
approximately 8 to 14 per cent for fuelwood [5],[4] and 20 per cent for
charcoal.[4] The stoves are inexpensive and cookina nabits have developed
around their use. Househoids in the Northeast have had L3Sy access to
filelwood from land-clearing residues left from expansica of agricul tural land
S0 grow kenaf, and from nearby forest reserves. In some .-~eas of the



Northeast this availablity stiil ecists; however, scarcity is evident,
especiaily in the Tnung Kula Rongnai area. Travelling further to get woud
consumes time that couid be used for working, and might involve not oniy
expense for transportation put aiso the risk of being arrested for illegal
‘harvesting,

Regardless of the figures used to estimate fuslwood consumption
trends, it is apparent that any improvement of <he technology of wood-fuei
utilization wili nelp reauce 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 sustainabie supply of wood
fuei. The improvement of charcoal kilns and stoves for domestic use also nas
& beneficial impact on the forest-resource base of any country where fuelwood
15 a source of energy, in addition to direct advantades to the rural
popuiation.

Tre price of charcoai and tne distance peopie must travel to coliect
Firewnod have both been increasing steadiiy in recent decadss. As tnis trend
continues without restocking fuelwocd resources, there comss a il wile
FUETWO0Q Bropiems are acute, wnen GELIErTA¢ Conking fuel becomes 3 major task
of daily 11fe and consumes a significant so-tivd ur Touseioid fncome,  Tneougn
£asn 2utley or ioss of work time. This stage has no: yet peen reached in
Thaiiand, altnougn Forecasts predict it will napp2n in the next five to ten
years.[6],{7],[8] Other sources of cooking fuei, such is LFG and
electricity, are still relatively expensive when compared to charcoal and
require expensive initial outlays for equipment.

Use of charcoal has increased recencly in proportion to fueiwood
because of its convenience and the fact that jt produces less smoke, althougn
it is more expensive and contains less heating value than the wond from which
it is mace. LPG stoves are becoming more prevalent in urban areas and where
income is higher, which suayests that economics i3 an important force
controlling the choice of cooking fuels. Traditional ceoking habics are
important considerations in deveiocment of alternative Cooking technoloyy.
Even slignht physical changes in devices ray influence acceptence. Jince
ariiling is popular, fueis must be compacible with taste. It is likely tnat
in the roreseeabie future most of tne rura) popuiation wiil concinue to use
wood in some form for cookina. w1l or these Facters point to the need for
more efficient use of wood Fuels.

“ne Improved Cooking Stove component aimed at assessing current stove
design and sought to improve the desi¢n to raise its chermal efficiency. The
Improved Charcoal Production omporent of the project aimed at assessing
current charcoai xilns being used in Thailand, improving on these where
possibie, and starting a program of promoting new designs and techniques for
this 2quipment tnrough demonstration and training. Like the Village Woodlot
<omponent. these components were deveioped on 1 good existing research pase
and provided imgortant informacicn far rurther development. NEA and RFD aiso
fmpiemented trainiag courses and 3isseminaceq the medirieg Stoves ang kiins.
ine procuction or Arotocvpe stoves and Kilns that are more srficient cnan sne
traditionai types attracred privace SNCTEPEneurs interested in idapting
2xperience gained from che Project o COmMErciai encerprises.
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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 in the discussion on village woodlots, are not likely
to be able to supply the demand for charcoal; furthermore, these plantations
will provide products other than charcoal.
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J. VILLAGE WOCDLOT

1. Background

The Village woodlot component focussed on the Northeast, particularly
in the 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 sait production occurs on open lands in some
areas. Precipitation comes in oniy one season, causing temporary flooding,
and the rest of the year is hot, 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).[1]

Seven tree species were originally considered for use in the wocdlots
- Leucasna leuccceonaia, Acacia auriculiformis, A. catechu, Casuarina
equisitifolia, C. jungnuhniana, and Eucalvptus camaidulensis. Eucalyptus
camaldulensis, thought oy many to be a "wonder tres, ' was selected for the
vitlage-woodlot plantations because of its ability to tolerate the stressed
eavironmental condikicns of the targetted area.[3],[4] Alse, it grows
quickly in the early establisiamenc period, which is important in competition
with weeds and for protection against mecranical damage. Ffurthermore, fast
growth is an important feature in demonstrating 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 pase.'[2] The objectives of the Village Woodlot
component were:

- to provide a sustained supply <f wood Fuel for both woodlot owners
and non-woodlot owners;

- to lessen the pressure resulting from the cutting of trees in the
natural forests and il1licit cutting of trees on public lands in
general; '

- to create employment opportunities and increase income for rural
Families;

- to deveiop techriques to be used as an importart first s:ep towards 3
countrywide scheme: and

- to stimulate interest in tree farming by demonstrating the benefits
derived from such development. [2] '

Work under this component began with a series of surveys, data
collection and anaiysis, and securing approval for use of public iands.
Concurrently, a »lan for implementation was Formuiated based on evaiuation or
the fnformation being ¢ollected.
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2. Achievements

The Village Woodlot component of the project was carried out by the
Royal Forest Department (RFD) in collaboration with NEA. It established
community woodlots in seven provinces in the Northeast, including the Thung
Kula Ronghai, most of which is in Roi 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 in the Northeast -
Kalasin, Khon Kaen, Maha Sarakham, Roi Et, Si Sa Ket, Surin, and Yasothin.
The sites selected for planting were predominantiy on cormuni ty-controlled
land (about 36 per cent). This land was generally in very poor condition,
having been used for sporadic wood-fuel gathering, grazing, or cultivation of
some crops by villagers. In addition to the primary focus of establishing
plantations on community land, seedlings were aisc distributed to temples,
schiools, and private households. Finally, seedlings distributed to
individuals were pianted along fences, in hedgerows, between rice paddies,
and around their houses.

The seediinas in community wocdlots were planted by hired iabor
foilowing a short training workshop on the essentials of estabiishing a
plantation. Trees were planted in woodlots under this project according to
the RFD recommendation - two meters apart in rows separated by four meters,
so-called 2 x 4 spacing. This is equivalent to 1,250 trees/hectare, or
something 1ike 1,200,000 trees.[3] This spacing has the advantage of being
able to accomodate intercropping, and in many pilantations arrangements were
made to allow for this "alley-cropping” agroforestry system. After the trees
zere planted, weeding and general maintenance were carried out in varying

egrees,

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. In addition to the fieid surveys
and attitude surveys, an extensive educational and training program was
carried out via radio, television, and printed materials. [4]

3. Impacts and Benefits

General: - The major impact of the village-woodlot comconent 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 seem like
mich in a nation-wide context. Nevertheless, it is indeed impressive to see
furests where none grew before, and rows of tail, slim trees separating paddy
fields, alony fences, and surrounding village houses, as one drives through
the Mortheast, North, and Central Regions. It is more impressive when one
realizes tnai these tress are at most Four years old.

{ There are anecdotal reports from the RFD to the effect that there
are approximately S500,00C rai (80,000 hectares) of E. camalduiensis planted
in Thailang, on both public and orivate lands, including cthe land planted
_under the project. At least one of those private woodlots was among the
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plantings observed by the evaiuation team. While some of those plantations
are said vo pre-cate the project, apparently most of them coincide with the
onset 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 interesting
socio-economic studies and has stimulated debate among a wide variety of
agencies.[?],[8%,[9],{10] The experience gained from the activities under
this component has been used in developing many new projects. Some notable
examples are:

- The FAQ has implemented a two-year Regional Wood Energy project that
expands on the USAID project results and will use some of the
fFacilities provided under that project.

- Tne World Bank is considering implementation of a fuelwood-production
cemponent of 3 wooc-energy project in the Northeast.

- Donor agencies from the United States (USAID), Australia (ACIAR),
Denmark (DANIDA), Sweden (SIDA), Canada (IDRCY, Japan (JiCA), and the
Asian Development Bank and the UNDP (plus several non-government
agencies) are all involved in forestry and fuelwood projects in
Thailand. These include projects that have direct relationships to
the USAID/NEA project, or have research agendas that wili 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 and
seedlings, and is continuing to develop the charcoal-kiln project

(9.¥.).

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

- Kasetsart University is directly involved with many fuelwood and
sociai-rorestry research activities whose development was, to some
extent, based on this project. iIn pursuing these activities,
Kasetsart University has seen working dicectly with FAO, ADB, ACIAR,
USAID, and the Worid Bank.

- Private enterprise has used the resuits of technical studies and the
overail experience under this ccmponent 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.

Socfal: - The sociological impacts and benefits are significant and
fnvolve 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 woodlots, and aetermining how to distribute any benefits gained. This
situation is further complicated by the fact that some viliagers are so taken
with the wonder of a forest where none grew before - some told the evaluation
texm that they had never seen a forest before - that they wisn to xeep the
trees undisturbed for their arandchildren.

An acditional social impact of the woodlots has been the
‘reguiarization” of the use of public lands. In many cases, the community
lands planted in woodlots 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 n 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 is a valid
concern, as no major harvesting has occurred.

Ancther important aspect is that the eucalyntus plantings on temple
and school Tands have won tne endorsement of these two social institutions.
Education programs have been designed around the school weodicts that have
involved students fn free 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 rzspect in the community. Both institutions have helped to encourage
tree-planting programs and to allay fears villagers have had about the RFD's
taking control of iocal community lands. This part of the program will
continue to have benefits into the future.

Finaily, it must be noted one of the important benefits of this
project <omponent is the shift in the relationship between the RFD and
villagers. As a result of the involvement of the RFD asd viliages in this
woadlot activicy, the relationship nas evolved From being generally
adversarial to being much mere cooperative. This positive cnange in the
RFD's role ana villagers' perception of the RFD is critical to sustainable



- 62 -

forest management.

Environmental: - There has been an aesthetic and environmental
improvement to previously marginal land. The trees stabilize soil and
provide shade and protection from the wind. There is a reported moderation
in microciimate near a school with a small woodlot of its own, but in close
proximity to a larger woodlot, located in a particularly flat barren area, as
a result of the woodlots there. Some people interviewed expressed a desire
to keep their woodlots as public parks, and there is a renewed interest in
community land use as a result of the program.

On an individuai level, villagers are more conscious of the value of
trees as an environmental enhancement. Aside from the new appreciation of a
forest that has already been mentioned, there is a trend toward planting
trees on their own lands and around their nouses. This trend is so strong
tnat one of tne RECs reports that eucalyptus seedlings are teing stolen from

some nurseries - a striking measure of the impact of this project component.

Economic: - In terms of =conomic impacts, the issue of product choice
and end use is imporant, and certainly will continue tc be in future
fuelwood-estabiishment scremes. The choice of Eucalvyptus camaldulensis #as
based on stress-tolerance characteristics, rather than optimal end-use
cnaracteristics. Wwhile trimmings and by-products of the eucaiypts could be
used for fueiwood, it is apparent from the team's discussions with villagers
that of those who are considering harvesting 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 puip. 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 30 Baht/pole and wood for pulp brings 28C to 420
Baht/m3. Villagers prefer to collect fueiwood 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 FAQ.[11],[12]

Private interest is strong, as notad above. At the Regional Energy
Centers and Provincial Forestry OFfices, tne demand for free seealings by
individuals and communities arparently always exceeded the supply. Also, it
ippears that many househoids are willing to pay for the seedlings because the
Forest Industry Organization sells seediings and commercial nurseries nave
developed. Although interviews with owners of private woodlots were 1imited,
such people expressed interest in selling the trees for poles or pulp, and
only a few mentioned charcoal production. It is interesting to note that
many private plantings appear to have teen estaplished 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 or
in-xind value if the trees are used. Private income was qaineda by those who
were paid for planting on public lands and also oy househoids that received
free seedlincs. Positive benerits 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
fn using the wood for charcoal or for developing a fund for a school-lunch
program. As there are no income-biased restrictions on obtaining seedlings
for private plantings, and no significant financial canstraints, the only
limitation on the potential benefits derived from piivate use is the size of
1andho1di ngs.

4. Factors That Helped or Hindered

The major obstacles to realization of economi: benefits from the
village woodlots has been the failure to identify markezs before - and since
- the trees were planted, and the uncertainty about ownersnip and harvesting
rights.

The plantations that were estabiished have a roczation aqe of five to
eignt years. To cate, almost five years after pianting many stands, there
hes been no management 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 recommenced for many areas of Thailand,
and now they can be seen growing in small stands such as village woodlots, as
hedge rows and fences, between rice paddies, and randomly olanted in home
qardens.

Initially, it appears that proliferation of zucalvptus wiil surely
reduce pressure on natural-forest reserves and provide acceszible
good-quality fueiwood for the rural nopulation. 9n <loser inspection,
however, it is apparent that standard silvicultural systems for rucalyptus,
which would inherently provide a continuous source of fuelwood and other
products, are not being followed. Removal of poor stems, or thinning in any
form is not apparent. In fact, it appears that there is as vet no use of
eucalvptus for fuel anywhere in Thailand. Some viliagers wno were
interviewed regarded the woodlot trees as a preserve because the RFD planted
them, and they were reiuctant to cut them. Instead, they continue to gather
wood for all purposes illegaily from the forest reserves, or from remnants of
the natural forest that remain interspersed i1n zhe paddy. The trees planted
in individual gardens and aiong paddy dikes were consicered 3s ornamentai.



Village-wecodlot planting has been shown to be technically feasible.
Examples of interest in the wood-energy component results are encouraging and
many plantations are growing well. In addition to the woodlots planted
directiy under the project, eucalyptus seedlings have been planted at a rapid
rate throughout the country under other related projects and independent
enterprises.

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

rResearch has surpassed implementation of resesrch results to a point
wnere political, legal, and social factors have become criticsl aspects of
achieving the objectives of alternative-eneray develooment with fuelwood
plantations. Therefore a concerted effort to disseminate and preserve the
knowiedge gained through the project is recessary, by invoiving villagers,
entreceneurs, and administrators in the tractical implemertation 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 in the next one to six
years. It is unclear to villagers, village headmen, and tambol council
members, however, what should be done with the stands. Ffurthermore, 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 se=m to have been
strengthened.

The project went as far as establishing stands and disseminating
seedlings, but adequate traiaing in forest management, basic forestry
extension in areas such as harvesting and transportation, and rorest-products
utilization have not been successfully provided.

The percaption among viliagers is that eucalyptus will eventually
grow to the size of the indigenous dry dipterocarp species if allowed to grow
long encugh, and that poorly growing stems are the result of poor care and
not genetic cnaracteristics. According to village representatives
interviewed during this evaluation, the primary markets envisaged for
eucalyptus growing in community woodlots do not include fuelwood or charcoal.
There is, nowever, an impression that pulp markets will increase dramatically
in tne near future and that eucalypts are good for furniture ang
construction. It snould be noted, nevertheless, that other recent studies
fndicate that charcoai production is also a desired use at the village
level.[11],(7],(8], [13]
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In general, the perception of temple abbots and teachers involved in
the project is more varied than that of villagers or village representatives.
Some felt the trees would provide money for community development, either
througn saies for charcoal production or other forest-product markets. These
participants have taken some lead in encouraging their communities to plant
trees; the extent of their knowledge, however, is limited and there are
misconceptions among these groups about silvicultural prescriptions and
market potential for the trees.

6. Recommendations

Subsequent development projects in tne use of wood energy can rely on
the expertise of Thai researchers, but the institutional support for
implementing effective wood-energy development may require the support of
private enterprise. Alternatively, estanlishment of a group specifically
organized to integrate social and technical disciplines of forest and energy
sciences mignt be considered.

As eucalvptus stands planted under this and other projacts mature,
the RFD, in collaboration with the NEA, shouid take the initiative in
exploring markets fer this resource. The opportunity to use these trees for
a variety of purposes, if well planned, will provide an incentive for rural
communities to practice forestry. Forestry is an option for land use like
grazing or rice farming. In order to make it worth while, it has to be the
best 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. If
tree species can be grown on this marginal land with minimum effort and
provide useful products, including income and environmental improvements,
then forestry will sell itself. At this point, market development is far
behind development of the woodlots.

Furthermore, before people can be expected to make rational decisions
about the disposition of trees on village woodlots, the iand-tenure situation
must be clarified. Peopie must feel they have control of their land, even
community land, in order to be able to decide for themselves that trees are
the best option. In order for this to be the case, not only is market
deveiopment essentiai, but land- and tree-ownership questions must be
setiled, or popular participation in cemmunity-woodlot schemes is doomed from
the start. Tne RFC, on behalf of the Covernment, must take steps to clarify
this situation.

The RFD should investigate the use of other species ror large-scale
planting in Thailand to avoid the dangers inherent in large plantings of a
single species, These risks include jnsect infestation, such as the psylid
infestation that has seriouslv damaged much of the Leucaena leucocephala
stock in the Philippines and Indonesia, or attack 0y pathogenic fungi. Other
species of strass-tolerant trees are suitable for planting in villages in the
Thung Kula Ronghai region. where conditions are more favorable, a wide
variety of improved indigencus species resistant to loca) pests and already
known in Thailand can be plantzd. As a source of fueiwood, a tree that
pollards well - resprouts easily ~hen the top branches are pruned - mignt be
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oetter than eucalyotus, since the branches can be used as fueiwood 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 c¢lear lumber, and
sunlignt is allowed to reach the forest floor, which provides potential for
agroforestry and silvipastoralism (grazing under the trees). There is little
incentive to prune Eucalyptus camaldulensis because of its ]ow value as saw
timber.

Diversity is a safeguard against market fluctuation and the risk of
natural disaster. Intercropping of several species of trees in one stand, or
planting different types of stands, provides the opportunity to harvest
several products and cuitivate others simultaneously. Diverse plantings are
more adaptabie to intensive management such as that found in typical
home-garden systems. Like the natura! forest system, mixed <ropping also
makes more efficient use of light. Some species are snade tolerant and can
be estaclisned under fast-grewing species; when the upper-canopy trees are
narvested, the understory will be released for accelerited arostn.  rinally,
different specizs frequently create different demands on soil nutrients and
water at different periods of their 1ife 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 tne
activities under its silviculture and land-development divisions to
incorporate the recommendations of excellent research results that already
exist, into program design and follow-up. In addition, cooperation among
RFD. NEA, ard 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 subdivisions
of RFD, plus socioeconomic disciplines. Furthermore, the work of donor
organizations should be coordinated to maximize the usefulness of these
projects and avoid unnecessary dupiication of resources.

These considerations present options for ruture woodlots and overail
reforestation programs tnat RFD shoula consider. Nevertneless, existing
¢ucalvptus stands must be managed For best production and use. Specific
recommendaticns will be found in the annex to this section.

[More detailed discussion and recommendations will be found in Annex
4.]
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K. Charcoal Production Imorovement

1. Background

The project design looked to improve charcoal production techniques
s 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 in April 1982
and, though USAID support terminated at the PACD, continues under the RFD
with support from FAQ. The project supported the establishment of & Charcoal
Research and Training Center in Saraburi Province that is now being used in
conjunction with the FAQ project.

2. Achievements

According to the NEA's final report,[1] the objectives of tnis
componeint were to:

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

= study all charcoal production technologies in Thailana and some from
abroad, .

- develop improved charcoal kilns and production 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, except
for promotion and extension of the improved kilns. However, NEA and RFD have
. continued work on charcoal-production improvement since the end of the
project and are currently in the process of promoting 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;

- evaiuation of thirteen techniques of charcoal production;

- testing and comparing different kilns For charzoal yieids and
quality;

- improving firing methods ind kiln constriuction;

- nine promotional training programs for 307 trainees from
rural-development organizations, villages, and charcoal
manuracturers;

- the estaoiishment of the CHarcoal Research Canrer; and

- three training sessions it the Center, for trainers, on the
construction and use of improved kilns.



3. Impacts and Benefits

general: - By the end of the project, there were minimal impacts on
rural energy use. The potential beneficial impacts for Thailand were the
deveiopment of imoroved production techniques and the collection of better
data on the charccal system. There was limited effect on rural energy use
since only a Timited amount of kiln promotion and relativeiy 17¢tle extension
had been conducted by the end of the project.

Technical impacts of this component relate o existing kiln
operations and new instaliations. The Center's research on firing techniques
provides scientific information that is correlated to basic indicators of
kiin efficiency. These indicators, such as smoke color and chimney
temperature, tell the operator what is nappening inside the kilan. By
centrolling temperature and air intake, the oparator may monitor the quality
and quantity of charcoal being produced and minimize tiring time,

Econemic: - The economic impacts of improved char:oal -praduction
techniques seem to Se¢ minimal at present because of cneaper altzrnatives
avaiiabie to small oroducers, and most ‘mportantiy, tne reguletions regarding
tharcoal oroduczion. The NEA Figures and our field aotes suagest that their
medium-sized improved kilns (§ and 20 mJ) have payback periods between one
and three years, depending on the increases in charcoal 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 0 1ow.
Similarly, large commercial producers using manarove and rubber trees for
charcoal export, as in the South, use larger kiins than NEA modeis that are
similar in design, so that tney may nave iittle incentive to adopt these
modeis. Besides these financial considerations, present restrictive
charcoal-producticn laws are the main reason oroducers may not adopt the
techinically improved kilns. 3Some producers may be overcoming these
restrictions by obtaining licenses.

4. Factors That Helped or Hindered

The promotion and implementation of the charcoal-production prouram
would have beenhelped significantly by changes in regulations cencerning
cnarcoal production. The laws that presently covern cnarcoal proguction
innibited the active participation in tne project {data collection, .
development of techniques) by mosc charcoai-kiin operators since they operate
‘1legally, &s the iaws now stand. The entire network of charcoal production
from harvesting to consumer is supject to iliegal activities. This fact
seriously impaired the reliability of the RFD charcoai survey and the data
coliected. Althougn these laws are impcrtant Lo environmencal protection,
their existence has reduced the effectiveness of promoting che larcer (8- and
20-m3) kilns designed under cne project. The laws governing production and
distribution of charcoai 4re currentiy under review tv RTG in oraer to
prcmote better charcoai-preduction methods. 'where cammercial cnarcual
oroduction does occur under |icense, sucn as the mancrove-wuod Kilns in ne
south, Kilns quite simiiar 5o tne USAID-deveioped xiins are aiready in use,
Thus, the incentives ror acoption appesr minimai.



5. Results and Conclusions

The charcoai-production component efforts have continued with the
support of NEA and FAO. A workshop sponsored by FAO will take piace October
27-Noveinber 7, 1986 at the Charcoal Research Center established under the
project at Sarapuri, with attendance by people from throughout Asia. The
World Bank is currently considering use of the USAID project results in
implementing a fuelwood ereray project in Thaiiand; training courses for over
three-nundred participants have encouraged the construction of thirty-four
kilns for demonstration; and consulting services provided by NEA continue.
Although the commercial-scale kilns mignt be difficult to adopt, the small

(2- and 8-m3) kilns have application at the household level witnout hindrance

With continued efforts by NEA, and support fFrem FAO, adaitionai
benefits might be realized. Siace the end of tne project, NEA nas developed
a computer model for charcoal production costs that alicws the aetermination
of fu2lwood requirement an! necessary piantation 3ize based upon kiln size
ard cnarcoal prices. during the project, rew data =«istey az NEA on most
Factors related to wood-plantation and charcoal -proauction costs. Data
gathered bv NEA and RFD under the prcject, however, nhave made nis modei
useful to NEA's extension efforts. This model promises to be aaditionally
useful in providing more reliable information to potential charcoal
manufacturers. Results from the model clearly show that wood-production cost
is the critical factor in positive returns from charcoal production.

6. Recommendations

In order to disserinate the charcoal-kiln technology ceveloped under
the project to commercial operators effectively, reguiations must be altered
to provide a mechanism for iegal sales of the charcoal producad. NEA and KFD
are aware of this need and discussicas on possibie changes have occurred.

One consideration might be that RFY or NEA issue licenses only to those who
produce charcoal in approved kilns and who have Fuelwood piantations. This
wouid provice an incentive for using more afficient technoicgies and
sustainabie fuelwood management. For village charcoal preduction, NEA and
RFD might consider Forming cooperative svstems based on the traditional
practice where villagers take rice to a mili and pay for miiing,

A second criticai factor to consider in charcoal-production promotion
s the linking of charcoal making with sustainable fuelwood production. NEA
and RFD snouid collabov-ce to ensure that charcval-production technoiogy
¢raining oy NEd's Regional Eneray C2nters is presented tugether with
information from RFD on arowing trees for fuelwood. Commerciai production
irom nearoy ruelwood plantations reduces the cost of harvest and
transpertaticn, and generaily makes more afficient loadiug of kiins possibie
because of uniform, straignt stems. This coordination of efforts can g0 botn
ways: NEA can use RFD support on itz charcoal-production ertension efforts
and RFD can rely on help from NEA a. =stablisned fuelwood piantations.  witn
this fn ming, & cemonstration Kiln rould te set up Dy NEA neae une or she
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existing community, wat, and/or school woodlots, fired with thinnings from
the trees.

Although NEA has made substantial progress in understanding 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 kila for community use, accurate 2stimation of potential
needs of the village must be obtained, calculations of conversion from
avaiiable species to charcoai should be made, and equitable arrangements for
selling charcoal decided. The involvement of NEA and RFD staff will be
essential to fraining ana menitering producers. Awareness of alternative
market vaiues for Eucalyptus versus the price of fuelwoed anc charcoal on the
open market is essencial. Information disseminated from the Forest Products
Research Division of kFD or the Forest Industry Crqanization wouid ie
beneficiai. Repianting new wooqints, intensifying management of 2xisting
stands, and incorporating agroforestry alternatives by the RFD is essential
as well. The RECs, because of their location and contacts witn villagers,
could act as the coordinating arm of-such efforts.

REFERENCES

1. National Eneryy Administration, 1684. Charcoal Production Improvement
for Rural Development in Thailand. Bangkok: NEA
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L. Cooking Stove Imorovement

1. Background

The project paper recoanized the important role that cooking fuel
plays in Thailand's total energy consumption. As the NEA stated in its
report on this project component [1]:

“Energy for household cooking in Thailand depends
largely on biomass mainiy in the form of wood and charcoal.
The annual consumption of both fuels in terms of solid wood
is_approximately 40 miliion cubic meters, with an estimated
vaiue of well over 7.5 billion Baht. If this guantity of
wood fuel were to be provided by commercial fuels such as
kerosene, LPG and LNG, tne national spending on such imports
would be at least threc times higher. Furthermore, many
probiems would exist both with effectively distributing tnese
forms of enercy to rurii 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 75-30 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 is likely 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 residug) for becter fuel efficiency and ease of operation;

- to establish improved stove producticn tecnniques suitable For
smali-scale rural industries;

- to disseminate information, technology and/or improved hardware to
stove users, manufacturars, and the general oubiic; and

- £ increase the number of trained perconnel and instituticnal
research racilities for futurce campaigns iavestigating efficient
biomass cooking stoves.

’

2. Acnievements

Tne research and development werks on improving biomass-fuel cooking
stoves was carried out by the RFD in cooperation with rhe NEA, with
dissemination of the new stoves - information on the stoves. training, and
the stoves themselves - peing primarily the responsipility of the REC3. Al
of tne cbjectives iisted were achieved,
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Work uncer tnis compenent began in March 1582 and ended 4t the PACD,
the end of Octoter 1384. In that relatively brief period, commercial stoves
of traditional desian 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. Tne researcn was quite sophisticated and demonstrated
t?at, with some basic modifications, the traditional stove can be made more
efficient.

The outceme of the development work was a charcoal stove whose heat
efficiency was 26 per cent higher than the average commercial traditional
modei, i.e., for the same heat output to the pot (working results) it used
about 78 per cent of the amount of charcoal used by the traditional stove.
The wood stove produced by this effort has an efficiency as much as 58 per
cent higher than the traditional model. The improved rice-nusk stove nad
twice the efficiency of the average commercial modeis.

[Note: Analysis of the data reported by NEA (Raf. 1, Table
7.Z) indicates there has been some confusicn in the
efriciencies reported for the new stoves. The data Show
efficiency of heat use for the various models, whicn is ag
much as 34.2 per cent for the new stove. This is to De
‘compared to an average efficiency of heat use of 27 per cent
for the traditional, commercial charcoal stove. This is a
gain of almost 27 per cent in the efficiency with which the
heat from the charcoal is used. Thus, a given weight of
charcoal will provide 1.27 times the amount of heat in the
new stove that it will in the old stove. Therefore, for the
same amouat of heat output, one needs use cniy {/1.27 or
about 78 per cent as much charcoal as needed for the old
stove modei. The confusion stems from the fact tnat the
34-per cant figure is often referred to as meaning "more
efficient. "]

In aadition to the "naraware’ achievements, aine training and .
promotion proarams on the imoroved stove were carried out among villagers in
various parts of ctne country before the PACD.

3. Impacts and Benefits

General: - This report would not be complete without noting the
excellence of the research anc development work performed under tnis project
component. The report submitted to NEA by “he RFD team invuivea in tnis work
contains a wealth of information on the testina and desian of charcoal, wood,
and rice-husk scoves. The care and detail with which the testing was done,
the stove cesigns which were prepared, ina the fabricating macninery and
qevices that werz desianed and built constitute a modei uf scientific and
endineering ‘nvestigation. The devices developed by the team rour use py tne
village manuracturing groups that came intc existence as a result of this
2ffore ripreseat appropriute technoiogy at its oest.
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Although it is too early to say that the improved stove is peing
accepted ali over Thailand, available evidence and the team's observations
indicate that this is in the process of happening. It should be noted,
hewever, 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 viliage groups that have sprung up to manufacture
. these stoves. Women were Li'c major, if not soie, participants in all of the
groups interviewed. Furtheriore, since women are mainly responsible for the
cooking, they will benefit mast in improved health as a result of the more
efficient combustion of charcoai in the improved stove model.

The group stove-fabrication activity has provided productive

?mp}oyment to villagers during the period of reduced activity in tne rice
ields.

Economic: - By the end of the project, the implementaticn and
commerciai promocion of improved stoves had only tegun. Two years later,
there i3 evigence that tne new stove may be gaining popularity and an
increasing, thouyh stiii smail, snare of the commercial stove market. By the
end of the project, most of the information gained was on users’ prererences
- notably in favor of the charcoal bucket stove and the woud stove (without
chimney). Witn continued effort since 1984 by NEA tnrough 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 indiviaquals, commercial manufacturers, and
cooperatives shows important economic potential. By training this diverse
aroup of producers, tne potentiai income-generaticn benefits nave been spread
to a broader base than would have been the case by concentration only on
commercial manufacturers. While the viliage cooperatives and individual
Producers expressed the belief that eventually adequate profits will be
realized, they have different income and time constraints, thus iess
Flexibility, than commercial producers. For exampie, such producers find
distribution aifficult and ooviously depend primariiy on NEA's purchasing
arrangements.  Stove production for such producers is highiy seasonal - when
Farming chores do not ake priority. It provides part-time wark and
discrecionary income. As was noted above, participation by women and men in
“he cooperatives or village yroups appeared equal, with some aroups being
made up completely of women.

Besides private individuals or village cooperat;ve groups, the third
aroup of producers, commercial Thai stove manufacturers, ar2 ilso producing,
and in some (ases redesigning, the cnarcoal stove. In particular, one stove
manuTacturer has invested mucn time and effort in changing the stove design
£9 jower costs and make production reaaily availabie to vitlagers. Qther
manuracturers aiso are changing the bucket and increasing insulation
materials to lower total ccsts. Wni'e most 3tove maanfacturers continue to
pProduce trad:tional stoves, they nope to expand their sales of the improved
stoves in the fucure. ‘
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Cur 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 preduction costs and profit margins is given, based on
discussions with four private commercial manufacturers and several
cooperatives (or, perhaps more accurately, village groups). The
important factor is that the profit margin on traditional (Chi nese)
mod2ls is reportediy only about 1 to 2 Baht/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 {Bant/stcve)

Component New Traditional(a)
Buck=t S -
Labor 9 - 20 -

Ciay lirer & Grate J - ¢ -

Jther Material(o) 1 -

Total Production 39 - 5 15 - 16
Profit 18 - 31 1 - 2

NEA Wholesale/Retail 70

Commercial Wnolesale 75 - 85{c) 6 - 18

Commercial Retail 80 - 150(d) L

Notces:

a. For chinese model.

D. I?c1udes materials such as rice husk, sand, cem:nt, and/or
clay.

¢. One commerciil manufacturer with an adaptation cf the JEA
design produced stoves for 100 Baht/stcve in 1436, put has a
newer 19387 version that can oe soid for 35 Baht/stove.

d. Hiah price reflects Bangkok sales.

- Relative stove prices and market size -- Altnough such profit margins
favor improved-stove production, the price of the NEA ieproved stove
is over three times the cost of traditional stoves (20 to 25 Baht for
the traditional model vs. 70 to €5 3aht for the new mocei’. Thus,
sales of traditional stoves vastly outnumeer improvei-stove sales,
making net revenues less ror the latter. Hewever. privaze saies have
slowiy increased cver time, leading commercial proaucers to be
optimistic. Perhaps tne price differzntiai apprepriacely reiects
actual willingness to pay, in view of Letter stove quality.
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- Product quality -- The stove reportedly is significantly better than
tre traditional modei in terms of longer 1ife (one.to two years
compared to six months to a year), better materials and insuiation,
and fuel savings (see fcotnote in the Achievements section). While
more experience 15 neeced to confirm this iaformation, botn buyers
and 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 smali individuai
producers and village groups, this aspect may be critical to their
commercial survival, One manufacturer appeared wiiling to decrease
the profit margin if assured larger guaranteed sales t> a commercial
wholesaler. NEA's policy to guarantee purchases, and its spreading
of quotas among producers, appears to be critical to reducing
produczrs’ risk surficiently for them to decide to entzr tne market.

4. Factors That Helped or Hindered

AS has be=n noted elseshere in this report, it is our feziing thac
more attention to integration of the promotion of improved stoves with the
charcoal-production activity and the viliage woodlots wouid 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 is Eeing successfully produced by the
private sector. NEA has quite effectively and actively transferred stove
manuracturing to this secter. Although widespread dissemination has not been
achieved to date, and long-term commercialization is not yet asscred, the
S19ns Jare quite positive. The serious efforts Oy scme manufacturers to
imerove NEA's design suggests strong interest from the orivate sector in this
comporient.  Fuel savings are another major achievemnt; wnether 22 per cent,
as the NEA reports, or S0 per cent, as villavers cldim, this means users have
racovered the nigher initial investment costs in tne new over :ne traditional
stove in anywhere from two to three months.

gesides encouragement of a commercial improved-stove industry, other
‘nafrect benefits of the project are improved iabor skills and wages to stove
workers. Workers earn about 70 to 100 Baht/day for the nev stove as compared
ko 50 Bant/day for old stoves. Participation by women, regional export of
the stoves (to Burma), and its desian and fuel 3avings “haz may potentially
decrease pressure on fuelwood use are other positive impacts. if fuel-use
figures are accurate, then the new stove may be the most important component
of the project in terms of reducing forest-use pressure. Also, households
«11% save a significant poriion of their charcoal expenses.
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This component is a highlight of the project. Many acnievements have
resulted arter USAID funding, attesting to the RTG's strong supgort for and
belief in this effort. If the commercialization is successful and

widespread, this component wiil affect a large sector of the rural and urban
population.

6. Recommendations

In view of the important commercialization achievements of the stoves
d2velorment, we strongly recommend that the RTG continue supporting this
program, Since tne proqgram appears to be at a critical stage, continued RTG
ang donor-agency budget support is needed, although not necessarily in large
amounts. In order for cooperatives, village groups, and other producers to
increase their direct sales, NEA should devote attention to developing either
more wnolesaizrs or cther mar<eting alternatives. NEA, or £ne Cooperatives
Promotion Department could provice additional assistance to the village
Jroups by heiping them with accounting methods. Stove rromotion through
reiatad RTG projects, such as tne Accélerated Rural Developrent project,
cemmunicy dezvelopment, and RFG secdling-distrioution centers is neeqed.  Tnis
could easiiy and rapiaiy incresse public awar2ness ac minisai coscs co the
jevernment.  Witn eichty per cent of Thailand (the rurai popuiation)
dependent on cooking stoves, this program could be highly successfui in terms
of individuai user, producer, and national benefits.

REFERENCES

1. National Energy Administration, 1584. Improved Biomass Cooking Stove
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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]

Tne 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 ,

- to ¢valuate the data collected to determine the potential engineering
usefulness of solar and wind enerygy.

2. Achievements

After a resource-assessment pian for solar and wind energy was
deveioped, 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. 1 for locaticn 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 was given to government
officials from MET, the Uepartment of Science Service, Electricity Generating
Autnority of Thailand (EGAT), and NEA. Also attending were representatives
from KMITT and the Thailand Inscitute of Scientific and Technolocical
Research (TISTR), with ozservers from MET, NMITT, and AIT.(2] Tris tvpe of
eraining has continued since the PACD. The data coliected under tne project
wers processed and analyzed at SMITT and AIT, ana the resuits made availabie
1n two publications. [3],[4]

3. Impacts and Benefits

since work on the solar- and wind-energy assessment aid not beain
until some time in 1983, (5] it is not clear if :he resuits of the
measurements played a role in tne seiaction of sites rfor the pnotovoitaic ang
windmiil water-lirting systems. The ata ccllected, nowever, are a vaiuabie
addition to Thailand's information base on it3 metevroivaical
cnaracteristics. They will no doubt contribute o “uture gecisions reqarding
siting of systems to expioit soiar and wind eneray ang to inaiyses of weathner
conditions in Thailand.
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) . The establishment of the Center for Solar Radiation and wind
Calibration has made availabie to the Meteorology Department and other
organizations in Thailand an institutional base for standardization «Ff
instrumental measurements, which will make future data collections more
reliable.

4.  Factors That Helped or Hindered

There is no doubt that technical assistance provided under this
project was instrumental in assuring that the Center was sroperiy equipped
and in helping to set up calibration techniques and data-analvsis procedures.
Tzmporary dataloager problems, however, caused scme delay in daza collection
ang anaiysis. Finaily, limitacions in funding and in staff positions are
rep?gged to have hampered the Cantar’;s activities, ang 7 coutinue Lo do
0.

5.  Results and Conclusions

The Salar/Wind Resource Assessment component represencs a successful
undertaking to improve the meteorological anaiysis cavapiiity of Thaiiand.
It has established a new and modern system of measurement, data recording,
and data analysis that is capable of generating information on solar- and
wind-energy resources that is needed for future eneray planning in Vhailand.
In addition, the information is and will continue to be usefui co other
sectors, such as the maritime and construction industries and agricuiture.

6. Recommendations
NEA should continue to review buaget requests of MET on behajf of the

Center, to fnsure that the staff and data-coilection and analysis
capaoilities remain adequate to meet the national needs.
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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 poteatial market for rice-husk char brijquette. TISTR designed
and built two experimental pyrolyzers that provided valuable data, and
designed a system that could neip meet the energy needs of small to
redium-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 compiicated 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 converted pack to ali diesel at the end of the
Froject. This suggests the opporsunity costs of a combined pyrolysis/diesel
system are top hiah.

the charred rice husks produced from pyrolysis were formed into
charcoal briquettes.  Howevar, the quaiity of inese by-preducts was inferior
o «<harcoal producsd by a far less complicated and cneaper rice-nusk
briquerting method also developed by TISTR. From tne rice miller's
perspective, investing in the simpler briquetting equipment has a shorter
payback period than inveszing in pyrolysis. It was repcrted that several
~ice miils and sawmilis have invested in such biquetting equipment, so the
commercial adoption of such systems appears to be a more attractive metnod of
rice waste disposal than pyroivsis.

Because of the nian fechnical skills required for ueerating and
maintaining the system, rize millers Jic nor want to spare their workers for
traiaing and operating such syscems. Also, high labor Jdemands during the
rile processing season limitea the zime availaoie for operating the syscems.,
[t apparently is an opportunity cosc issue, i.2., the millers simpiy rfeei che
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benefits do not warrant the opportunity costs given other alternatives for
energy and use orf rice by-products.

4, Factors That helped or Hindered

Although this component's objectives were achieved, 1n that the
studies were performed and the 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 tre point of view of the
rice-mill owners to justify ooth the investment in this complex equipment and
the diversion of the labor nesded to operate it - the opportunity costs of
the labor were too great.

. sults and Conclusions
5. Results and Conclusi

ine project demonstrated the actuai costs of Pyroiysis and provided
knowiedge regaraing key ractors related to successful commercialization.
Research on briquetting methods, made concurrentiy by TISTR with other
runding, showed such methods were commercially superior to rice pyrolysis
by-products.

Pyrolysis systems, although financially attractive when compared to
oil systems, at present are noc commercially acceptable. Thus. this
component has had and will probabiy not have any direct economic impacts
other tnan pointing to alternative, iess costly mechods of waste uce.
furthermore it is the opinfon of both TISTR and this avaluation team that the
much simpler gasification process is to be preferred for conversion of rice
husks, particuiarly since use for the pyralytic 0ils nas not yet been
getermineq, and the pyrolytic char is not as usaful in briquette Form as
bricuettes made from rice husk directly.

6. Recommendations

Continued support of oyrclysis projects is .ot recommended ifF the
objective is conmercialization. Other cnedper ang iess complex enerqy
Systems exist. If research continues, it shoula rocus on requcing equipment
and laber costs. To nandle waste materials, promotion of the simpier rice or
waASTe Driguetcing Systems appears to be a Tor: commerciaiiy vi oie and

sociaily eff’cient aiternative to oyroivsis.
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ANNEX 1

SCOPE OF WORK FOR FINAL EVALUATION

Renewabie Nonconventional Energy Project

Project No. 493-0304
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Accordingly, at the :nd of the project there should coincide a testad
selection nf 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 18, 1978 and
the original project assistance completion date (PACD) was July 1, 1984,
However, it was extended for four months. The major activity during the
extension period was to complete the brochures, the component's
accomplishment reports, and the overall project accompl iskment report.

The project underwent an interim evaluation in Septamber 1382 and
resulted in reorganizing the Project Coordinator's role and redesigning
some project components to focus on resaarch development and viilage
implementaticn (where possible).

[I. PURPOSE OF THE EVALUATION:

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

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

8. examine the degree to which the technologies and information
generated by the project are influencing energy consumption
natterns of the people involved, especially the social impact an
rur2l villagers.

C. address what technologias developed under the project have
proven to have hignh potential 7or commercialization and
dissemination and future active roles of already establisned
institutions.

0. assess any environmental and ecological impacts from the adoptad
nroject activities.
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E. explore both private and public sector activities to determine
if development activities are being undertaken and, wnere
undertaken, evaluate the magnitude and quality of the
implementing agency's activities. A similar search will be made
of pfivate industry and private individuals, to the extent they
can be i‘antitied, in order to determine how private sector
investments are now being made for developing energy
applications.

F. make reccmmendations concerning additional cr aiternative uses
of the information and/or the generation of additicnal
information/activities for possible future applications.

IIl. BACXGROUND

Energy is a key element in any effective rural development sirategy, and
this is specifically acknowledged in the Country Develorment Strategy
Statement (C0SS):

"As modern agricultural techniques become more widely adoptad, rural
Thajland will exert increasing demand for energy in the form of
fertilizer, irrigation pumping, traction, crop procsssing, transportaticn
to market, etc. Much of this demand will be basec on petroleum as the
anergy source unless positive steps are taken to introducz alternatives.
Subs=antial investment in a national rural electric sys:am, which is a
major objective of the RTG, will create a future relianca on increasingly
expensive petroleum imports.

The energy demand for agricultural production purposes #i11 be additive
to the needs of rural areas for cooking, lighting and otner amenities.
The demand for wood and charcoal for ccoking in particular is already
seriously iffecting forest areas and cculd threaten tne ecological systzm
on which Thailand's rural davelooment is basaed if problems of sustaired
usage of these renewable resources are not promptly addressed.
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‘AID proposes assisting the RTG to reduce {ts dependency an imported
energy sources by developing and introducing alternative energy

resources.."

The Renewable Nonconventional Energy Project was a product of that
Mission strategy.

IV, WORK STATEMENT:

(A} Project Comporents to be studied:

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

1. Natiomal Energy Information Center Natioral Energy Administration

2. Regional Energy Centers N

3, Energy Mastar Pian Support "

4. Village Survey v

S. Micro Hydro Technology “

6. Water Lifting Tzchnelogy "

7. Industrial Biogas "

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

9. B%omass Gasification Chulalongkora University (CU)

10, Yillage Woodlats Royal Forest Depar<ment (RFD)

11. Charzoal Improvement !

12, Cocking Stove Improvement "

13. Solar/Wind Resources Assesument Metsorological Department
(MET Dent.)

14, Pyroiysis of Rice Husks Thajland Institute of

Scientific and Technological
Research (TISTR)



(8). Key Questiors:

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 abave.

1.

Wnich are potentially most cost-effective (based on analysis of
time, effort and resource requirements of each technology)?

Is there evidence of accaptance and utilization, by a
well-defined clientele group, withcut airect subsidies?

What components appear to have relatively high deveicpment
impact in terms of its potential for widespread use, and
reduction of Thailand's dependence on fossil fuel.

Is the institutional base now in place sufficient to carry on
the work of promoting renewable energy tachnologies in the
villages?

Are there any identifiable soccial or ecological problems
attached to the various renewable energy tachnologies?

What project benefits are likely to be sustained after donor
funding ends?

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 te facilitate continued
long-term impact?



8.

9.

10,

11.

provide:

il.
ii).

iii).

1.

159 -

How were the {nterests and role of women taken into account at
the design and appraisal stages? Did their participation or
non-participation affect project achievements.

Were-gender-specific data available or have they been developed
since? How has such data been used in goal setting and resource
allocation?

What are the effects (impacts if available), positive or
negative, of the proect concepting wemen's accass to production
inputs and markets, division of workloads, income, education and
training, role in household and community, and health conditions?

Though the initial envirommental examination was negative, did
experience show that there were impacts during implementation?

The Evaluation Team is to investigate those questions and

findings - (facts)
conclusions =~ (underlying reasaons)

reccrmendations - (how protlems may be solved and by
whem).

METHCOS AND PROCEDURES:

Review of Project literature -- existing rsporis, previous
evaluation report, monitoring reports, croject files, etc. wnica
are available at USAID Office of Enginezring and NEA.

Bangkok intarviews with the project component team leaders, NEA
and USAID concerred.

Fiald interyiews with chiefs of the regional energy cantars,
manufacturers, rice mill owners, benefited viilagers, etc.

Trips to Bangkok CU, KMIT, TISTR, eic. renewahle esnergy
demonstration park to observe pilot installations under the
project.
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§. Trips to rural regions to observe energy facilities under the
project.

VI. TEAM COMPOSITION:

Energy Expert:

The candidate should be an American citizen with experience as a USAID
avaluation team leader. Tne team leader wili be responsible for assuring
that the final report answers each of the questions in this scope of work
and meets USAID evaluation repert criteria. In adaition, the team leader
will coordinate activitiss of the other team mempers. The Cnergy
Expert's experience should include project management of renewable energy
systems, energy technology assessments, environmental impact assessments,
power plants, industriai wastes, and energy facility sitings.
Recommendations must be implementable. They should be keved towards
cissemination and premotion of renewable energy activities as well as to
developing RTG institutional capacity to perfcrm and sustain energy
nolicy planing and furtner implementation. The Energy Expert/Team Leader
will be contracted for a total of 8 weeks. A PSC is praferable.

Energy Economist:‘

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
sreliminary econemic assessments to datermine wnich are potentially most
cost-effactive. The purpose of the evaluation raised in Section Il and
IV will also be addressed by the Econcmist. Tne Energy Economist will oe
contracted for a total of 8 weeks. A PSC is graferable.

Sccial Scientist:

<

The Social Scientist should be a Thai citizer residing in and with
cansiderable experience in Thailand. The Social Scientist will be
expected to visit as many villagers and manufacturers as possible. The
recommendations and findings should include an evaluation of the social
impact of the technologies af the project activities on the villacers,
social benefits, ralas of women, atc. and the attitude of the beneficiary
villagers towards the renewable energy tachnologies. The Social
Scientist will be contracted for a totai of 8 weeks.

YIl. REPORTING AND DESRIFING:

1). After a ara?t report has been prepared by the team, an Evaluation
Summary Part I and Fart II will te orenared Dy the team.

2). The drar* report will be submitied o USAID three working days before
an oral presentation to USAID.



3).

4).

5).

5).
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After the oral presentation the team will prepare a final version.
30 copies will be reproduced.

The report will follow the format: Findings, Ceonclusions,
Recommendations as described above in para IV (6).

Final payment will be contingent upon delivery to USAID of the
accepted final report.

The Final Repert must contain the Scope of Work, a description of the
methodology used, and a bibliography of materials consulted.
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EVYALUATION TEAM SCHEDULE

An {1lustrative work.schedu1e is listed below:

Week cne

Week two

Weak thres

Bangkok
- review of project literature

- meet with project component team leaders, NEA and USAID
concerned.

(Some pilot activities at CU, KMIT, TISTR, MET Dent.,
atc. will be visited when the team is there).
Northern rfield trip (fly to Chiang Mai)

- visit micro hydro. installations (Chiang Hai)

- vyisit some solar dryers for tobacce, agri-cropé
(Chiang Mai and Phitsarulok).

- visit Fnitsanulok Regional Energy Centar

Central field trip (by car)

- vwisit TISTR pyrolytic converter at a rice mill (Saraburi)
- visit RFD Charcoal Improvement Center. (Saraburi)

- vyisit Ratchaburi Regional tnergy Center and private
cooking stoves manufacturers.



Week four

Week five

Week six

Weak saven

Week eight

0/ENG:1/16/86
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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 1ifting at Sakon Nakhon.
Bangkck

- review of preliminary findings

‘= meatings with RTG and USAID officials

Southern field trip (fly tc Hat Yai)

- vyisit gasifier for electricity generation at Hat Yai
(Songknla)

- visit water 1ifting for irrigation by windaills (Yala)
8angkok

- Preparation of final report and submission of draft
evaluation report to USAID.

Bangkok

- ccmpletion of final evaluation report and oresantation
of findings and reccmmendations to USAID and RTG.
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ANNEX 3

MICRCHYDROELECTRICITY COMPARED TO DIESEL-ELECTRIC GENERATION:

KAM_PONG: ECONCMIC ANALYSIS
FINANCIAL ANALYSIS

HUAI PUI: ECCNCMIC ANALYSIS
FINANCIAL ANALYSIS

MAE TON LUANG: ECONOMIC ANALYSIS

FINANCIAL ANALYSIS



[ak FONG MICRD-HYDRO VERSUS DIESEL ELECTRIC GENERAT 10
FINANCIAL ANNLYSIS
(* 1000 Baht, 1984 prices)

BEMEFITS (D1ESEL SAVINGS) COSTS (MICROHYDRO)

veear Cap— Fuel 0%l Total FV’ Cap— Labor 0%t In— Total FV E-C v Sum FV

ital Ben. Een. ital Eind Costs Costs . i—-C_C |l %
) 212 &L95 79 986 857 356 29 37 0 A22 Sb7 5441 191 421
ot 21z &5 79 984 745 X84 29 27 0 22 319 S64 427 17
3 =12 L9S 79 84 448 354 29 z7 0 422 277 564 71 1238
4 212 &HPS 79 9ab4 S44 2846 29 =z O 422 241 64 I23 1410
) =12 &5 79 Q86 490 354 29 37 0 N22 210 S64 RO 1891
& 212 LSS 7 Fuh 426 354 29 37 0 122 182 S&4d 244 2135
7 >212 a98 7% 984 271 56 29 =7 0 422 159 Sa44 212 2347

8] 212 493 79 784 I22 354 29 7 0 422 139 S6A 1841 2531
9 212 b95 79 986 280 356 29 7 0 422 120 S64 160 2692
10 212 &5 79 206 214 256 29 37 0 422 104 Séad 129 2831

11 212 &9 79 986 212 356 29 37 0 22 91 S61 121 2952
j2 212 695 79 9Bs 184 s56 29 37 ) 422 79 G54 105 T0S5E

X il B 495 79 7236 1460 86 29 x7 0 422 49 D64 2 X1a9

14 2312 6935 79 286 139 156 29 X7 0 N2z &0 Ged Elo
15 212 &95 79 984 121 AT 29 7 0 422 52 gé64 &2
1& 212 LG 7% 7836 103 3548 249 =7 ) 422 45 GHhH4a Ha
17 212 oY ] 79 786 92 156 29 37 ] 22 39 5464 &2
310 =12 &L 79 Q04 2 3564 29 X7 0 122 x4 S&4a 46
1o =1z &H95 79 90846 &9 X356 29 X7 1 N22 E0 G641 40
260 212 &H&95 7% 984 HO 394 29 7 0 12 26 561 4
MV = 4350 Froject NFV= AR |

Forelgn Exchange Savinas IRR= ERR

Nssumes diecsel price 9 Baht/liteh, discount rale is 15%4.



HUAI FUI MICRO-HYDRO VERSUS DIESEL ELECTRIC GENERATION
ECONOMIC ANALYSIS
(' 1000 Raht, 1984 prices)

RENEFITS (DIESEL SAVINGS) COSTS (MICROHYDRO)
Year Cap— Fuel 0%M Total F\' Cap=- Labor O0&M In— Total FV E-C F\ " Sum FV
ital Een. Fen. 1tal Kind Costs Costs B-C B-Cc
1 1689 847 a1 2617 2276 2972 20 44 74= 779 I2B6 —-1162 —-1010 —-1010
= 0 847 81 9228 702 0 20 44 0 &4 18 asa &S4 —3E56
5] 0 847 g1 928 &10 0 20 44 0 b4 42 B&4 T-1~ 3 212
4 0 847 g1 228 531 0 20 44 0 &4 Zh Bs4 494 704
S Q 847 ai 228 161 0 20 44 0 &4 32 B&4 430 1134
b6 0 847 81 28 401 0 20 44 0 64 27 B&4 374 1510
7 0 BaA7 g1 228 x49 0 20 44 Q &4 24 8464 325 1838
8] 0 847 81 928 30X 0 20 44 0 64 21 844 2% 2117
9 0 B8a7 91 920 261 0 20 44 0 b4 18 B&64 2446 23LE
10 ] 847 B1 228 229 0 20 44 0 bH4 14 864 214 28574
11 0 8a7 81 226 199 0 20 44 0 b4 14 8464 186 2762
2 0 Bna7 g1 221 173 0 20 44 0 641 12 B64 162 2924
1Z 0 847 81 920 151 ] 20 44 ] &4 10 861 140 Z0h4
14 ] 47 81 228 131 0 20 44 ] & ? B&4 22 Z186
S 0 847 B1 228 114 O 20 44 0 &4 8 B&4 106 Z293
14 0 847 81 228 99 (] 20 44 0 &4 7 B&4 2  Z3EBS
17 0 847 81 G224 24 0 20 44 0 44 1) B6LA BO 445
18 ) 847 81 220 75 0 240 44 0 A4 S 864 70 E53ES
14 ) 8A7 81 228 &S 0 20 44 0 b4 4 €464 &1 2596
20 0 847 81 9208 57 0O 20 44 0 &1 4 864 53 Zaa9
NFV= 5301 Froject NFV= 3649

Foreign Eiichange Savings IRR= 0.74

Asuwumes diesel 9 BRaht/liter, shadow wage factor 0.465%, discount rate is 15%.



Year

1

-y
-~
.

-

1

[ =4

J
&
7
3
7
101
il
1.2
173
14

15
14
17
149
1

2400

BENEFITS

Cap—
it.al

217
217
217
217
217
217

e

LA )

217
217
217
217
=17
217
217
217
217
217
A8 W
=17

27

Hi-\V=

HUAI FUI MICRO-HYDRO VERSUS DIESEL ELECTRIC GENERATION
FINANCIAL ANALYSIS

(DIESEL
Fuel 0%
347 01
a47 at
8a7z f11
Qa7 g1
847 al
a47 a1
847 81
aa7 g1
847 a1
Qa7 a1
aa7 o1
247 A1
847 a1
847 13}
847 f1
a47 31
47 01
3417 81
a7 a1
ta7z G31
SE01

(' 1000 Baht,

SAVIN
Total
Ben.

1145
1145
1145
1145
1145
1145
1145
1143
1145
1145
1145
1145
1145
1145
1145
1145
1145
1145
1145

1145

GS)
FV
Een.

996
86b4
73X
655
549
495
4Z0
74
xZz3
28%
24646
214
184
162
141
122
104
93
g0
70

Foreign Exchange Savinags

1984 prices)

CasTs

(MICROHYDRO)

Cap— Labor Q%Fi

ital

398

98

3298
98
398
398
290
96
374
298
1908
98
98
KANC)
3908
398
98
BATAE )
=98
398

20
20
20
30
SR
X0
X0
X
IO
30
20
30
30
=0
20
0
20
0
20
X0

449
24
a4
44
44
44
34
44
44
44
q4
a4
41
44
a4
a4
aa
a4
44
a4

Aasumes diesel 9 BahL/liter, discount rate is 15%4.

In-
Kind

0
(3]
)
R
]
()
* O
0
]
()]
(N]
O
0
(3
O
0
]
()}
)
Q)

Total
Casts

472
472
472
472
472
a72
472
472
472
472
472
472
472
472
472
472
472
472
472
472

Froject

v
Casts

410
x57
210
270

- DRE,

ot ed
204
177
154
134
117
101
08
77
67
=8
S50
a4
5Ac)
33

29

NFV=

IRR=

E~-C

&73
L7358
673
&73
&732
&73
&73
&73
673
&73Z
673
&7
&73
&72%
&73
&73Z
&73
&7%
bH7E
b73

4212

ERR

FV
B-C

505
509
442
205
335
291
283
220
1914
166
115
126
109
95
ax
72
bE
54
a7
a4

Sum [V
B-C

583
1094
15%h
1921
22856
2547
2000
TO20
3211
2E77

TE D

DACRU PP
24408
E757
za52
IS
4007
a04L9
1124
4171
212

- 9% -



MAE TDN LUANG MICRD-HYDRO VERSUS DIESEL ELECTRIC GENERATION
ECONOMIC ANALYSIS
('1000 Baht, 1984 prices)

BENEFITS (DIESEL SAVINGS) COSTS (MICROHYDRO)
Year Cap— Fuel D%M Total ‘FV Cap~ Labor O%M In- Total FV E-C FV Sum IV
ital Ben. Een. ital : Kind Costs Costs E-C -C
1 1532 594 77 220% 1?2146 2577 16 42 444 3279 2851 —-10746 -Q35 =935
2 0 594 7 471 S07 0 16 42 0 bl = 44 A1Z 141464 -471
3 0 594 77 &7 1 441 0 146 42 ] b2 38 &13 JO3Z ~-&68
) 0 594 77 b7 1 384 0 14 42 0 o8 I3 &13 x5 202
o’ 0 594 77 &7} 334 0 14 42 0 a8 - 29 . b61Z% . 205 sB0
& 0 a9 77 &71 200 0 16 + 42 0 o8 28 &173 265 5E
7 0 594 77 671 282 0 16 42 0 o8 22 o613 231 1O0Z
3 0 594 77 &7 1 219 0 146 42 0 o8 19 b1k 201 1204
7 0 594 77 &7 1 191 0 146 42 0 s8¢ 14 &H13Z 174 1450
10 0 L5994 727 &7 1 146 0 14 42 0 o9 14 L5132 152 1410
It 0 594 77 &7 1 144 0 14 12 0O ] 2] 12 H13 132 1742
122 0 s94 77 &71 125 0 14 42 0 &3 11 13X 115 1856
1 0 S594 77 &7 1 109 0 14 42 0 S0 Q &H13 100 1954
14 O 594 77 &71 95 () 146 a2 Q S8 a 613 az 2017F
a O G994 7?7 671 B2 0 146 12 0 S8 7 613 75 zZ118
16 0 594 77 &7 1 72 0 ib nz 0 &8 & H1ZE bé 2104
17 0 S94 77 h71 &2 G 14 42 0 58 5 613 a7 2241
18 () 594 77 671 54 0 146 42 0 ]3] g &1Z 50 2290
12 ) a4 77 671 17 0o 14 42 ] S8 4 &L13 s 2R3
20 0 594 77 671 41 4] 16 12 O 58 4q 513 =7 2271

Froject NFV= 2371

MFV= 3718
IRR= 0.57

Fareign Eixchanqe Savings

Asaumes diesel 9 laht/liter, shadow wage factor of 0.465, discount rate is 15%Z.



“Year

9
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4
T
11
1
14
1S
16
17
L)
19
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MAE TON LUANG MICRO-HYDRD VERSUS DIESEL ELECTRIC GENERATION

BEMNEFITS
Can— Fuel
iLtal

2039 594
2035 S24
208 594
205 8?4
205 594
208 S99
205 S924
2095 594
205 3924
205 5974
Z05 5994
205 S94
205 S941
205 &S94
05 S91
205 S94
205 S94
205 S94
205 S94
205 594
Mf-V== 3718

('1000 BRaht,

0%l Total

77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77

-r
'

77

Ben.

874
v7é4
876
874
B7&
874&
074
874
B74
B7&
a74
874
874
a7é&
176
0746
87é
874
D76
0746

FIMANCTAL ANALYSIS

(DIESEL SAVINGS)

Fu

Ban._"

762
&H2
576
S0l
432h
X779
29
284
245
217
188
164
142
124
108
4
a1
71
&2

54

Forelgn esichange Savings

Nssumes diesel price 9 Baht/liter,

COSTS

1984 prices)

(M1CROHYDRO)

Cap— Labor DO%M

ital

45
Zq5
xq5
345
345
=45
245
345
345
345
T45
Z245
35
45
295
45
45
245
TS

X435

discount

24 q2
24 a2
24 42
24 a2
29 2
24 42
24 42
24 12
24 s
24 42
24 142
24 42
24 42
24 q42
24 12
24 @
24 42
24 P
24 2
24 &2
rate is

In—,

Kind

0
0
0
)
¥
W)
(X]
()]
0
0
0
(¥]
0
0
0
(]
0
)
()
Q)

Tatal
Casts

411 -

111
411
411
911
411
411
411
411
211
111
411
411
411
411
411
111
411
411
411

Fraoject

FV
Casts
57
311
270

235

et

204
178
155
134
117
102
a8
77
b7
8
S 1
a4
38
X

29
25

NPV=

IRR=

4465
465
465
445
445
465
4865
4465
465
4455
465
4465
165
1465
4465
445
1465
4865
4465
44865

2911

ERR

FV
B~GC

4041
x52
I0b6
244
271
201
175
192
122
115
100
a7
74
&4
a7
S0
a3
=8

28

Sum'PV
B-C

014}
756
1042
1328
1549
1740
1925
2007
2219
2324
2974
252
2596
2642
2719
2749
CEI2
2050
202
2911

- 00T -



KaM FONG MIRCO-HYDRD VERSUS DIESEL ELECTRIC GENERATION

ECONDMIC ANALYSIS
(' 1000 Raht, 1984 prices)

GENEFITS (DIESEL. SAVINGS) COSTS (MICROHYDRO) .
Year Cap— Fuel 0% Total Fv Cap— Labor 0O%:M In— Total FV EB-C FV Sum FV
ital Den. Ben. ital Kind Caosts Costs B-C B--C
] 1Su2 &L95 79 2X54 20149 2657 - 19 27 803 IS5 E089 —1142  —1010 —1010
@ 0 6985 79 774 88 [t 19 37 o Sb a2 718 sS4  —~-447
g 0 695 79 774 S09 0 19 37 0 56 27 718 A72 &
4 ) LIS 79 774 4% 0 19 x7 0 ] 32 716 411 414
) 0O &5 79 774 =zBS 0 19 27 0 Sé z8 718 =57 774
& 0 &5 79 774 238 0 19, z7 0 sS4 7 24 718 11 104
7 i) &95 79 774 291 0 19 37 0 Sb 21 718 270 1354
£ ) 695 79 774 257% 0 19 37 0 S 18 718 235 1949
& 0 &95 79 774 220 0 19 37 0 Sé 14 718 2019 17G=
10 0 &L95 79 774 191 0 19 37 0O Sb 14 718 176 1v/1
11 0 &95 79 774 146 0 19 37 0 Sb 12 718 154 2125
Lz 0 L5 79 774 145 Q 19 37 0 S 10 718 12 2250
1= 0 &L95 79 774 124 <) 19 37 0 Sb - 9 710 117 2376
14 0 LG 79 774 109 0 19 3 0 S6 g 718 102 2470
15 0 &L95 79 774 95 0 19 37 O S& 7 718 Ba 2544
4 [y L9935 79 774 az 0 19 37 ] G4 & 718 77 Z4HA3
17 0 L5 79 774 72 0 19 37 0 sS4 8 718 H7 2710
1n 0 &95 79 774 1296 0 19 X7 0 S6 q 718 aSn 2748
14 ] &95 79 774 S 0 19 37 0 Sa 4 7108 S0 2818
20 0 &H95 79 774 L 47 0 19 X7 ) Sé6 Z 7 1€l a4 2842
NIFV= #HZG50 Froject NFV= 2862

Foreign Eixchange Savings IRR= 0,462
Ausumes diesal price 9 Baht/liter, shadow wage factor .65, discount rate is 15%.,
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ANNEX 4

WOODLOT 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 Enought, even among educated professicnals, is that
the oils of eucalyptus leaves are poisonous; another is that they are
allelopathic, i.e., eroduce chemicals that inhibit or prevent growth of other
species; and a third is that 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 snori
rotations of fast-growing species without replenishing soil nutrients do have
a long-term negative effect on productivity, and eucalypts do compete for
witer resources.  Alley-cropping experiments in agroforestry tria.s
(planting tetween rows of trees}, however, show the limiting factor For crop
production to be lignz competition after tnree years ia 2 x 4 spacing with no
“thinning or pruning, with these other concerns not emerging as siynificant
factors in eucaiypz Systems. {1]

The Market for Eucalyptus

Charcoal and Fuelwood -- Although Eucalyptus camaldulensis is
perceived to be a "miracie tree" of sorts because of its aplity to grow in
extremeiy poor conditions, the association of this species with charcoal
production has not been made yet in Thailand. In general, however,
Eucalyptus camaldulensis ranks well with other fast-growing species for
charcoal production: it is reasonably dense; the stems grow straight, which
allows for easy stacking in kilns; it has no thorns, unlike some fueiwood
species; and it burns uniformly as charcoal.[2],[3] Perhaps the best energy
use for eucalyptus is as fuelwood or charcoal, in smali industries such as
pottery manufacture,[4] According to one report, eucalvotus wood does not
have a gooa reputation For cooking pecause it imparts a ctaste to arilled
food, a common part of Thai cuisine.[5]

Pulp -- Eucalyptus czmaldulensis is not a valuable species for pulp,
being used primarily for procuct:on of cardboard, a relatively Tow-value
product. At present, there is a primary orocassing “acility being
constructed near Bangkok that reportedly wili purcnase eucalvprus for puip
expert. The Phoenix miil in Khon Kaen reportedly is buving some eucalypt§
for pulp, presumabiy to renlace kapok, whnich is apparenciy no longer readily
available near the plant. Additional mills for primary processing and
subsequent export to paper piants in Japan and Taiwan are proposed.  Some
round wood is also being 2xported to these countries for paper production.
Lxport requlations are teginning to be relaxed and taxes reduced for some
forest products, to stimuiate private market development. Harvesting and
cransportation costs may preclude profitabie sales of trees to miiis that are
far from the woodiot, and although Future mills are ceing discussed, it is
unlikely that the prices for fiber for caraboard proaucsion wiii increase
dramaticaily.
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~Poles and Lumber -- The market for construction poles in many areas
of Thailand {s currently giutted by an overabundance of Casuarina
junchunniana. This species was promoted in similar fashion to Eucalyptus in
tne past, essentially as a cash crop to replace rice during a perioq of Tow
pricas for rice. Although Thailand is the world's largest exporter of rice,
agroforestry systems have been re-adopted to diversify agricultural products
to promote economic stabiity and ensure food supply for the farmer. It
should be noted that Casuarina species grow extremely well in sandy soils and
Fix atmospheric nitrogen, which enhances chemical properties of poor soils.
Seed selection programs for Casuarina have been quite good, producing
high-quality, uniform stands througnout the central region and providing many
applications for rehabilitation of unproductive sites throughout the ccuntry.
Tne density of Casuarina wood makes it an excellent species for charcoal
production as well as ror poles, including piiings, scaffolding and teiepnone
poles. There is very littie market development for Casuarina, nowever, and
many farmers who adcpted RFD programs for planting rnese tress ravoctedly
Feei they are "stuck" with che trees. Cement poles are afzen less expensive
tnan wood, they are stronger and do not rot.

Fiderboary -- Pernaps tre test iaqustrial use of euAlvptus is ror
Fiverboara. Jeher species of eucalypts sucn as £, deaulota are pecter ror
plswood and Fiber board, but do not grow as well under water stress. Quality
of wood {s not a major consiceration in fiberboard preduction, GQlue and
pressure create structural strength in fiberboard and tnerefore any species
that binds well with glues is satisfactory. Eucaivptus is easy to chip, and
it is not so dense as to make fiberboard excessiveiy heavy, Fiberpoard is
not in high demand at present, but «ith a decrease in availaplity of timber
species, the price of finished lumber is increasing dramatically, and
fioerooara could serve as a good supstitute. E. camaidulensis does not make
particuiarly good furniture cr other saw-timber proaucts, because the grain
is twisted; this makes it hard to work witn and causes considerable change in
shape and size as the wood dries. This species, therefore does net nave 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 cuitivated for
¢ shurt period and left o grow, essentizily unmanaged. Rotation periogs ror
fuelwocd are mucn shorter inan for sawlogs. With eucalvptus the rocacion
period ranges frem ‘our to eight years, deperding on tne e=na sroauct and tne
site conditions. Concurrent use of the iand ‘or interiropping derermines the
Spacing of rows in a tree piantation. The RFD and ocher organizations have
done much research on these variaoles and the resui=s of their experience
snould 2e cenveyed to tne viilage ievel,

ine viilagers of Tnailana are industrious ond inncvative ang, |ike
mos: farmers {n developing countries, nave a gocu dractical <nowiegae or
agricuiture tnat is the resuit of generations of =«oerience. The compiex
hom: garden, rica-paddv management, aquacui ture, and aarororestry systems are
exampies of common practices in Thailanc that nave geveiceed From lung
experiznce. roresc management, on the octher nand. #ith cthe exception of
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fruit trees, has traditionally meant eitner resource extraction (similar to
mining} or <onservation through enforcement. Thai villagers, thererore,
cannot be expected to have the same practical knowledge of tree-plantation
manadement techniques, "particularly with exotic speciesh as tney nave of

e

agricultural systems - thus tne need for the RFD and ot

r concerned

organizations to transiate the results of their research and experience to
the village level.

Although management of any forest sténd, whether natural or of human

origin with exotic species, requires knowledge of site-specific conditions
and a socioeconomic analysis of local attitudes and market conditicns, a fow
generaiizaticons can be made on the basis of experience gained frcm tne
village-woodlot activity of the USAID/NEA project.

Seed selection is a prime prerequisite to successful impiementation
of any plantation program. The stands established uader the project
show wide variation in form and vigor, which indicates that the
seed-screening process should be improved. Four seeq sources -
r2tfora Austraiia, and sesd orchards in 3i Sz Xet, Surin. and Chiang
Mai - were used by the RFD. The RFD snouid consider Sesking otner
S0Urces to ensure seiection rfrom ecotypes adapted to the stressed
environmental conditions and site characterictics 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 te isolated to prevent oreeding with
poor stock, and clones, mostly cuttings, snould De obtained from the
best trees. Nurseries with seed stock appropriate for eacn distinct
set of environmental conditions could then be established in the
regicns that have those conditions.

in addition to seed selecticn and vegetative propagaticn efforts,
removing poor stems from existing woodiots will heip produce more
productive stanas. This will reduce competition for lignt, soil
nutrients, and water with the other trees and otner crops in the
understoiry; it will provide a continuous supply of wood for fuel or
other use; and it will estaplish an uneven-aged manacement system
that avoids the need to harvest ail the trees in a woodlot at the
same time. This ba3ic management system must be understocd by the
villagers involved in woodlot-development projects.

In the absence of pruning or thinning, intarcropoing is likeiy to be
productive for only two years in stands witn 2 ¢« 4 spacing. The
third and pernaps tne rourth years wili often o< good for sowing
arasses or lequmes (e.a., Guinea grass, signal grass, or Hamataj.
Where it {s desirable, taro, pineappie, Sweet potate or uther
shade-toierant Crops can pe jrown under tne tr=es. After four vears,
thinning the stand to remove poies and Fueiwoou wiil open the Canopy
to reiease the growing stock of trees and ali for more grcund-crop



- 106 -

procuction. Experiunce nhas shown that stands witn intercropping grow
becter than those wic.out, as a result of cultivation, whicn improves
the physical characteristics of the soil to permit increased aeratioi
and water avaiiabiiity.

- In terms of biomass production for fuelwood, close spacing (1 mx 2 m
or ¢ x 2) with a four- to five-year rotation period is pest. For
intercropping systems, spacings as much as 2 m x 8 m are preferrecd,

- Experiments have shown that coppice production of eucalvptus in the
second rotation produces approximately three times the volume of
wood produced in the first rotation, wnen the best three shoots are
selected. Acacia, Peltophorum, and Leucaena produce similar voiume
ratios in tne second rotation, but in tnese cases, five stems should
be seiected. In the third rctation, yieids are only adout nalr of
the first rotation for all of these species; <nerefore oniy two
rotations shoula be expected frem one planting. (14]
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AMNEX 5

ORGANIZATIONS AND INDIVIDUALS VISITED AND INTERVIEWED

. In cathering material for this

evaluation, the mempers of the team

visited numerous project implementation sites, government agencies, and

private manufacturing facilities; heid
participants, government officers, and

discussions with university project
village officials; ana interviewed,

private entrepreneurs, village residents, and members of viliage
coogeratives. This annex presents a tabuiar summary or tne people involved,
(Full names and titles are given, wnere known. In Some" cases, oniy one name

was known to the team, ]

Abbreviations used: (iU Chiang Mai Lniversicy
CUSKI Chulalongkorn Universicy 3ocial Research
Institute
FAQ Food and Agriculture Organization

15TFRA Institute of Scierce ang Tecnnoiogy ror

Promotion of Rural Areas
(Srinaknarinwirot Liniversity)

KMITT King Mongkut's [nstitute of Tecnnology
Thonburi

MET Meteorologicai Department

NEA National Energy Aaministration

NEIC National Energy Information Center

PTC Phanomprai Trading Corporation

REC Reqional Enerqy Center

RFD Reyal Forest Lepartment

SiU srinakharinwirot University

TISTR Thaiiand Institute of Scientific and

Technological Researcn

omponent Individual draanization
Administration Frapath Premmani
Jelretary Generaij NEA
Or. Frathet Sutabutr
Deputy Secretary Gen=raij HEA

Jompongse {nantavorapap
Director Tneray r&D Division NEA
Or. Prida Wibulswas

Team Leader (Solar

nermal j NITT

Or. Arnon Chomcharn
Team Leader (3tove, Charcoai)  FAl
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NEIC

REC

Eneray Master Plan

Village Survey

i crohydroelectricity

Water Lirting

Biodas
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Ms. Nonglak Boonjawatn
Team Leader
Dr. Prida Wibulswas
Team Leader (Solar Thermal)

Pairach Woravech
Team Leader
Wisit
Head, REC, Phitsanulok
Dusit
Head, REC, Maha Sarakham
Pairach Sithiaumnuay
Head, REC, Nakon Sithammarat
Uthai Bhurigongsatorn
REC, Nakon Sichammarat
Sonasak
Head, REC, Ratchaburi
Suthep Liamsiricharcen
Engineer (microhvdroelectric
instaliations)
Or. Arovon Chomcharn

Kriengkorn gejraputra
Team. Leader
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Team Leader

Or. Amara Pongpanich
Consultant

Or. Charit Tingsabach
Consultant
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Secretary Generai
Suthep Liamsiricharoen
Emgineer
Chartdanai Chartpclrak
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Or. Oran Ratanaprakarn

Team Leader
Ousit
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consul tant
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Team Leader
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NEA

NEA

NEA
NEA

KHITT

NEA
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Head, REC, Mana 3arakham
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Oirector Energy Research
Division

Dr. Sakarindr Bhumiratana
Consul tant

Wisit
Head, REC, Phitsanulok
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Project Administraror
Or. Krissanapong Kiratikara
Project Co-Administrator
Or. Somchart Soponronnarit
Asst. Professor
Or. Ratana Jiraratananon
Asst. Professor
Or. Sakarindr Brumiratana
Assoc. Professor
Or. Norkhun Sit:zhipong
Lean, Faculty of Engineering
Assoc. Prof. Bonchob Sudaprasert
Director, Institute of Science
and Technology for Promotion
of Rural Areas (Phitsanuiok)
Asst. Prof. Watanaponasa
Ueputy Director, ISTPRA
Rurydee Cninthanasonthi
Asst. Vice President for
Academic Affairs, Phitsanulok
Campus

Or. Morkhun Sitthipona
dean, Faculty of Engineering

Kamoi Pragthong

Team Leader (National Forest

Land Management Division)
Wisit

dead. REC, Phitsanuiok
Ruana Chai :

REC, Phitsanuiok
Manaf

Asst. Provincial forestry

f ficer (Kok Phee Ba)
Ousit

Head, REC, Mana Saraknam

NEA

NEA
KMITT
NEA

KMITT
KMITT
KHITT
KMITT

KMITT

ity

SNU
SN

SNU

CHMy

AN
=
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NEA

)
-
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NEA
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Or. Pitaya Petmak
Division of Silviculture
fochin
Asst. to Dr. Pitaya
Cor Veer
Sociologist
Raj Gujeral
Oirector, Regional Wood Energy
Project
Or. Suree Bhumibnamon
"Assoc. Professor, Facuity of
Forestry
Or. WNarong 5risawas
Oirector, Sociology 3Subcompo-
nent, Faculty of Sociai
Sciences
Masakazu Kashio
Forestry Officer
Dr. Bunvong Thaiutsa
Facultv of Forestry
Khongsak Pinyopusarerk
Research Coordinator, Central
Forest Research Laboratory
and Training Center

Or. Aroon Chomcharn
Team Leader (RFD)

Suthi Harnsongkram
Director, forest Products
Research Division (Ret.)

Or. Aroon Chomcharn
Team Leader (RFD)

Wisit

Head, REC, Phitsanuiok
Bunyat

Engineer (ex-RFD)
Vinai
mn e e
Rebin A, AcQusen

Partner
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Marketing speciaiist, partner
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Ms. Soranee Sangmit
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