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I. lExecutive Summary 

:,A.:I 
 Conclusions 

Siii-.im Ev1at on'.team considered each of the component parts of 
>., the 	Renewable Nonconventional Energy Project. The mnajori ty',of thie components
>, .' a chieved what they had set out to achieve, with some having current and/or

.potential benefits that seem well worth the financial investment in thisproject. Those few components that resulted indecisions to scale down goalsor not to proceed, or failed to meet intitial goals, were valuable inthe
lessons they 	provided for future activities. 

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

4" 2. Four Regional Energy Centers have been created, staffed, and 
equipped, and have been doing excellent work disseminatina
 
information developed during the project.and since. Work.5hops and
 
training sessions have been held on fabrication and use of improved

cooking stoves and improved charcoal kilns, and on planting and
 
caring for seedlings in village and private woodl"ts.
 

. 

4 : 3.. 	 Support for the Energy Master Plan has helped to develop e"Onoic
 

models that have already been found useful in nationai piannino.
 

4. 	 Una'er the Village Survey component, valuable data riave oeer, ,:oliec eothat will continue to be useFul For future studies. ,Tie ciiection 
includes valuable information on household Fuels, indu. riai fuei
 
use, agricultural practices, water supply, specific fuel
 
cnaracteristics, and market data.
 

5. 	Four Microhydroelectricity installationswere completed in isoiateo
 .. complete i.is 
areas. Hydroelectricity is not only economically more practical 

notonl iin~ r 	 inrelc 
than
 

diesel-generated electricity in these situations, itisalso

financially more attractive to the poorer residents of the villagies

served than grid power, in those cases where the Provincia' "
 
Electrical Authority line has reached some of those same villayes.

While the electricity suppiieo by hese installations co viii
 

4 otherwise not likely to b served by the nationali arid in he",
foreseeable future may not loom large in the national economy, the 
benefits far outweigh the electrical energy produced. Besides 
providing the benefits of electricity to 'isolated villages, the
installations have fostered a cooperative spirit that is having
benefici-al effects on broader vi age development problems. Byvirtue .of their participation in construction of the installations,
and the cooperatives they have formed to operate, maintain, andrepair the complete systems, the villagers have acquired skills
organizational, financial, managerial, technical, mechanical - whose
value isdifficult to overestimate. Furthermore, the results of

actilty under this component have stimulated greater investment in

smalhydroelectric installations on the part of the-Royal Thai
 

Govr~nment, and have helped stimulate a domestic industry in
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nufctuingthenecessaryeupet
 

~il,-dI 


intaltinhas demonstrated its technical practicality in> reieving.
 

'r-- ~e*ctf ause ,of,mechanical problems and i, nadeqjuate 

. t.4. 4 n.W . 2..distill1eries arei :inVesii ati ng the feasi biIi ty of theseOtraini~wseseas Irst.all]ations 
to tra hi asesras 
 n addi tion,i the National Ener,.yAdmi ni strati on issnegoti ati ng witha coimerci a1 Firm to produce: fromii~i bioqas industrial waste water. 

- .8. The Solar Th~ermal Processes activity r'esulted in,the performance of 
• '--.: ' experiments on solar-dryi ng techniqUes as planned, with resul ts thati.. pro(vided instalatioemonsrated itehal practicalitysa hasbetter understanding of feasibilityinhrelievingthethe economic and 
.!: "marketing problems involved. In view. of current costs,, solar crop
;: drying has not had significant impact .in Thailand, and does not seem 

i~~~ikely to have in the: future,- - , 

:i~i I 9. Biomiss Gasification is an existiny corercial .operation. in Thailand
tnat'coul 'proabl 
 beei Fro Sor" continued resear'ch.i Unlder this 

component, researchaddvlpetwr.. bioca armnd ria odce a hreeenerst wae waer.umnversties,comparing theeconomicfeasibility and the... ahsessi-


r"i i: "6.~/ ~~ t~ of various techniques. .Twelve units of variousulit and operated the inormation sizes Wrtand qathered hasimproved therkowledqe base forexpanded industrial prom s d in 
Thailansan elsewhert. 

70. Work under the Village oodlot component wascarried out by the Roal
lelhaveua
toinethe futurees
Forest Department, with over one million trees planted inseven
 

- Provinces. Many privat~e plantat'ions have sprungithe projec, and rees have up, stimulated by.en planted in home gardens, alonlfence 
tows,tr between paddy fields. Forests are rowing were none Qrewreis nebefore tn a weciation of the environmental value.of theSetreesamongxplanted many rural s ofis stillarising, residenit The number treesbengand iqhe see thbeuncertain aof ownership only problems terihtsano theenmcfasibiltnthe at 

1.iCharcoal iproduction techniques havebeen i nvest aed andoprtoi inT 
could sprob
improvaet increase the effciency ofproduction iAs 

aesult po c anddrainin egun under the projec and stil.
inuini, cprivane producers are starti ng to. consrut the improved 

Tilnsd al swe 

onwih he Naional 
Forest Department, wh vdedndevelopiong tir proved cooking sove , 

10. Wor t Energ Admi nstration, the Royal 

Provinces m tanweria plataity ive n e scharcalng ffty er 
oyu sies. hnerviewed he e i-than reespladitonte is del i isein a hed ol . lTheswdueed sove 
aereslte o promotn ad t ian even greater effiiency andill 
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improvement over: its traditional counterpart.ic se 	 hashukent 
sparkethe creation of viilage groups most of whicanare 	 owned ndS.d~S operated, bywom'enuthat.are manufacturing and selliigthenew

___stoves,,thel adoption of the, new, design by manufacturers of 
tadtioalystoves and the moregn ,prac'i a new company de dsto 
manu acturing, and i provingthe design of, the new stove. Several 
thousand of"the 'new stoves have already been sold, and the prognosisfor accelerated sale ispromising. Public interest inthe 	new stoves
 
seems to be growing, and the WorldBank is preparing a major effortto accelerate and expand dissemination of the new model. 

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

14. Experiments were performed on pyrolysis of rice husks that provideduseful information by use of which the process can be evaluated.
Pyrolysis of rice husks isnot seen as a
useful technology,

particularly inview of the more practical gasification processes
that exist, and the successful briquetting of the husks that has been 
aI hevelopod.
 

To-summxarize:
 

Of the fourteen components that comprised the project a-, implementea,
four were found a] ready to have had si gni fican pbeneficial imlpa:Ls - aridcontnuin impac - on the we Fare and conomy of rural Tese: 	 Thaianu.were: 

-Reqional Energy Centnrs
 

-Mi crohyaropower 

- improved Cooking S)toves 

- Village Woodlots 

Work on five others was found to have significant potential impact on both

the rural and national economies:
 

- National Energy Information Center 

- Energy Master Plan Support 

- Village Surveys 

- Improved Charcoal Production 

- Solar/Wind Resource Assessment. 

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

...... .. 'Q 	 . .. . . -i, 
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B. Recofrmnhdations 

~The impact evaluation-resulted in a series of' recomrmendations to the ~ Government. that can be'summiarized as follows; 
-

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


... 

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

stoves and tree planting, but of'public awareness of the
 
interdependence among cooking, charcoal production, and
deforestation.
 

- Energy Master Plan -- The National Energy Administration (NEA) shouldcontinue to use the models developed under the project, expanding onthe household- and rural-energy activities ineach model. 
 Improved

data collection, through the NEIC, should be undertaken.
 

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

i Microhydroelectricity --
The Provincial Eletricit. ,uAhoritv (PEA)- . and the NEA should accelerate the pace of their PoC'; di5cuss' ns to
permit sell-oack arrangements for electricity prouic--d 
,vthe,private
 
sector, including some the the cooperatively ruit micronvdroelectric
 
installations. The NEA should assist the cooperatives in devising a
 
more appropriate form of financial accounting.
 

- Water-Lifting Technology -- Further photovoltaic or windmill

water-pumping schemes should be purs.ued by the Government only after

careful economic and technical comparisons among all systeirisavailable. The World Bank/UNDP Solar Pumping Field Manual 
isa
 
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 should be seriously considered byNEA. Future community biomethanation systems should be undertaken
only with assurance of public understanding and willingness of
villagers to participate. 

Solar Thermal Processes -- Pending changes inenergy-pricina andenvironmental policies, NEA shou'd encourage the use of solar crop
dryers only for industries where they are currently commerciallyviable. Without stricter, and enforced, government standard on-the 
qua-'ity of dried foods, interest in this process and possible export
markets are not likely to expand. For tobacco curing, NEA couldassist by encouraging research on reducing the cost of systems that 



displace fuel wood -or I nite 

...o.ass Gasi fication NEA should consider continuing support forresearch onrsome gasification technologies, andon improving theth'ermnalefficjency.-of-rice zhusk -gas-iffication.__The-PEA coul d-hel p~#
accelerate pri vate initiatives in this field by relaxing its ruies' 

.
 against purchasing electricity generated by the private sector. 
Village Woodlots The Royal Forest Department (RFD) should take theinitiative in exploring markets for trees being grown on woodlots,

clarifying land-tenure and tree-ownership rights, investigating theuse of other species to create biological diversity, and improvingextension services to the villages and private tree growers.
 

-Improved 
 Charcoal Production -- NEA and RFD should accelerate
discussions already under way regarding definition,of 
legal charcoal
 
production and sale, giving particular attention to linking
production with fuel-wood plantations. Improved coordination, by the
 
two agencies, of promotion efforts under this activity and the
cooking-stove and woodlot activities isthe best way of multiplying

benefits under each of these programs and decreasing deforestation
 
pressures from fuel-wood use.
 

- Improved Cooking Stoves -- Inview of the important commercialization
achievements of the stove development under tnis project, 
the
 
-overnment shoula continue supportiny .nis program by solii ri'y
' 
; outside support, if necessary, identifying additioiaiaraKttin
 
arranQHirents, and enr.ouragi nq vi llacqe 'aufatturi 
rig roups by"
providinQ manacerial and organizational assistance.
 

- Solar/Wind Resource Assessment -- NEA shouid continue to review 
buoet requests of the Meteorological Departffent (i Thailand toinsure that its Center for Solar and Wind Calibratior, has adequatestaff and data-collection and -analysis capabilities to meet natioiial
 
needs.5
 

Pyrolysis of Rice Husks 
--Continued support of pyrolysis projects

aimed at comfrercializabion is not recoffaiended.
 

; !
 ,
 * 55::55) J 5, , S "5 ',; 5. ".J 5".  .
 . . . : - : 
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II. Introduction 

The Renewable Nonconventional Energy Project (493-0304), a joint
effort of the U.S. Agency for International Development (USAID) and the Royal
Thai Government (RTG), was designed to reduce Thailand's dependence on 
imported (fossil-fuel) energy through the development and application of 
Thailand's renewable-energy resources, arrest environmental degradation
caused by deforestation, and create opportunities for increasing income in 
rural areas. Project activities began in1981 and ceased in 1984 at the 
scheduled (extended) Project Assistance Completion Date (PACD). Although an 
interim evaluation of the project was performed inSeptember, 1982, the final 
evaluation of the impact of the project was delayed until 1986, to allow time 
for the effects of the project components to became clear, primarily because 
the development and/or application of many of these components was not 
achieved until 1984. This report presents the result of that final ipact 
eval uati on. 

A. 	Purpose of the Evaluation
 

The purpose of this evaluation, as det.ailed Inthe Scope of Work (Annex 
1) isto assist both USAID ano the RTG Insix major ways: 

1. 	 Assess the achievements of project outputs and measure the 
degree to which the project purpose ano 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 commericalizaton and dissemination and future
 
active roles of already established institutions.
 

4. Assess any environmental and ecological impacts from the adopted

project activities. 

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

6. Make recomnendations concerning additional or alternative uses of the
 
information and/or the generation of additional informaton or
 
activities for possible future applications.
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B. hethodol oy 

The evaluation team, ably assisted by USAID/Thatland's Office of
 
Engincering 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 project-related documents obtained from other sources
 
(. RTG, universities, the Food and Agriculture Organization - FAO) during

the course of the evaluation.
 

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

Field interviews were then held with directors and staff of Regional
Energy Centers (RECs) (part of the project's institutional development),
private manufacturers of equipment developed under 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 invoived in
 
project implementation. Finally, discussions were heid with USAID personnel
 
inboth Bangkok and Washington.
 

C. Backgrouod
 

Planning for the Renewable Nonconventional Energy project began in
 
1978 with approval of the Project Identification Document. Following a
 
detailed project-design phase, final authorization was granted July 31, 1979,
 
and t',-Grant Agreement between USAID and the RT( was signed August 16, 1979.
 
This provided for $5,000,000 ingrant funds from the U.S. Government plus

$3,149,900 from the RTG, with an additional $1,010,000 from the United
 
Nations Development Programe (UNOP) and the Asian Development Bank for the
 
development of an Erergy Master Plan.
 

There followed a series of delays that, as the September 1982
 
Evaluation stated, 'were the result of a number of factors, including waiting

periods associated with the RTG budget process, and the ccmplex 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 technicel services to the RTG implementing agency (the

National Energy Administration - NEA), the Project Coordinator provided by
 
the Contractor set up activity inThailand, and the RTG set up an
 
administrative system to work with both USAID and the Contractor.
 
Preparation of work plans was begun late in 1980, but actual substantive
 
activity did not begin until the first quarter of 1981, when work on project
 
conponents began.
 

http:project-compone.nt


The Project Assistance Completion Date (PACD), June 30, 1984, was 
extended to October 31, 134 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. Sumwary of the ProJect Paper 

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

use of proven 
Each of these activities 

Insti tutional Development: 

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

- Establishment of six Regional Energy Centers to provide regional
focal points for energy data collection, project imleentation, and 
technology and information dissemination. 

- Assessment of renewable and non-renewable (energy) resources, 
iicluding not only 'solar, biomass, and micro-hydro energy,' but also 
Si _:.te, tar sands, and oil-shale reserves and geothermal-energy 

- Monioring of developments in energy technologies, specifically, at 
the outset,
 

+ solar-thermal energy conversion 
+ biomass-energy conversion 
+ oil-shale uses and applications 
+ photovoltaics 
+ wi nd-energy conversion 

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

+ pre-feasibility/feasibility studies of micro-scale 
renewable-energy alternatives 

+ survey of rural energy use
 
+ studies of village resources 
+ feasibility studies of village (micro-scale) energy systems 
+ staff support
 
+ training 
+ energy conservation 
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Rural Oriented Technolocies
 

- Biomass conversion
 

" improved cooking stoves
 
+ biomethanation (biogas) 
+ improved .harcoal production 
+ pyrolysis of agricultural residues 
+ enerqy conservation for small industry
+ integration of biomass-conversion systeni 

* - Microhydropower 

- Solar dryinq and distillation 

- Water lifcinq, includina: 

+ wi nd 
+ biogas 
+ phetovolitaics 

- Villaoe woodious 

All of th,.se a.:tivities were to invoive coaipreriersiv- ecoromi ,no
.o,:i analyses, with particular attention to 
 the status oQ women as affected 
D\ oroiect activicy. 

in the evtnt, riowever', ds tne proiect proca eir:. )h ,.,r
ut.
 
r,,r,
nflts were dropped and otrers changed. Thus. bv the PAL,, the 

L,..lr..u~ets actual]v involved in implemenitation erC:
 

A. Notional Enerqv Information Center
 
B. Reqional Enerqy Centers (four - scaled down rrcm six; 
C. Energv Master Plan Support
D. Village Survey (dealinq only with renewable-energy sources)

L. Micronydroeiectric Systems 
F. Water-Liftina Technoloqy

G. Biomethanation Syste (Industrial BioQas - dr'oppeo after- iniziai 

study)
H1. Solar-Thermal Processes (tmphasis crop Orvin, 5o.rron with e work on 

distillationi 
I. Biomass Gasification (wood, charcoal, 
rice husk)

3. Villaqe Woodlots 
K. Improved Charcoal Production
 
L. improved Cookinq Stoves
 
M. Solar/Wind Resource Assessment
 
N. Pyrolysis of Rice Husks
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A. National Energy Information Center 

1. Background 

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

2. Achieveents 

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

3. Imacts 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, "anew dimension 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 petroleum. 
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4. Factors that helpad or hi ndered 

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

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

5. Results and Conclusions
 

There isno doubt that the consolidation of existing Information
 
collections and facilities has eliminated unnecessary duplication, and that
 
the expansion of the information base has great potential benefits for users
 
of the NEIC. Nevertheless, the lack of the capacity to link their data base
 
electronically with other data bases 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 aive NEIC access to tne rest of that data bank.) Users of NEIC's data
 
base, reported to be cetween sixty and seventy per Pmonth, 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 Monkhut Institute of Technology, Thonouri (KMITT), for
 
example, has a direct computer link to the AIT data base, while the NEIC is
 
not equipped to handle electronic information exchange. There isevidence
 
also that some university users feel it is easier to contribute information
 
to the NEIC than to obtain itfrom 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 iscreated by lack of data,
 
information, and case histories from the Regional Energy Centers.
 

What isclear is that organization of the NEIC, the consolidation of
 
collections and facilities, the larger and better trained staff, and the
 
installation of the HP 3000/40 minicomputer have 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 isbeing recognized inan impending reorganization,
 
when itwill be made part of the Policy and Planning unit inthe Office of
 
the Prime Minister.
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6. RecoImendations 

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

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

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

REFERFJCES 
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S. Regional E'erw Centers 

1. Background 

The Project Paper called for the establishment of six Regional Energy
Centers (RECs). The Work Plan epproved on January 11, 1982 provided for only 
four centers, however, but noted that two more centers were to be established 
by 1986, two ye&rs beyond the PACD. 

2. Achievemnts 

The four RECs established under the project, located in Phitsanulok, 
Maha Sarakham, Nakhon Si Thammarat, and Ratchaburi, were all visited by the 
evaluation team. They all have developed alternative-energy priorities for 
their region9. They nave collected survey data and have served as trainin9
 
centers and dissemination centers - in a broad sense, providing extension
 
services. Among them, the RECs have held: 

- four workshops on improved cookstoves; 
- thirteen training sessions for cookstovesi 
- eighit workshop/training sessions (with the RFD) on planting and 

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

kilns 

While their activities have focussed on improved cookstoves, improved 
charco& production, and village woodlots, they have also demonstrated, 
adopL;.d, and di ssemi nated i nformati on on wi ndmi 11 water-pumpi ng, 
solar-thermal technologies (crop drying, water heating, and distillation), 
the use of photovoltaics (for lighting, domestic water supply, battery 
charging, and vaccine refrigeration), and biomethanation. 

3. IqEact and Benefits 

Detailed discussion of the economic, social, and environmental 
benefits of each of these achievements will be found in the sections on those 
specific project components. 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 periodic visits for promotion, 
training, or Inresponse to requests for Fssistance, and their work on 
vi 1 age projects have been the principal aspects of that role. 

The RECs have been responsible for the establishment of commercial 
manufacture of improved charcoal cookstoves - by village groups, individual 
village entrepreneurs, established manufacturers of traditional stoves, and 
at least one large manufacturer established specifically to fabricate and 
market these stoves. They have accomplished this by virtue of 
demonstrations, training, providing consultant services to manufactures, and 
by providing initial markets for the new products. Their promotion of this 
technoloqy 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 contined efforts of the RECs and the RFD in promotion,
training, and distribution of seedlings. While the use of improved charcoal 
kilns has been slower to catch on than the cookstoves or the tree plantings,
several commercial charcoal manufacturers have adopted the new designs. 

4. Factors that helped or hindered 

The accomplishments of this project component have been iTpeded by
the implementation delays experienced under the project. The earliest REC to 
be completed, at Maria 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 
co pleted, at Nakhon Si Thaw'narat was finished in 1985, long after the PACD, 
and although construction of the REC at Ratchaburi was completed inApril, 
1984, its equipment did not arrive until the followina November. Thus, 
construction, staffing, and equipping of the Regional Energy Centers nave 
been completed for only between one and two years. 

5. Results and Conclusions 

The decision to .onfine the project activity to four RECs w.as wise in 
view of the delays that plagued project implepentation; 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, interms
 
of unavailability of sufficient staff to meet their responsibilities and
 
delayed arrival of equipment that had been ordered under the project. (At
 
least one of the RECs resorted to making much of its furniture in its own
 
workshop.)
 

In spite of the delays that impeded the initial activities of the
 
RECs, their achievements are impressive. Itseems 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 ineach of the regions of Thailand 
seems to have had a definite beneficial impact on Public awareness of energy 
issues, and isbeginning to have an influence on energy-consumption patterns. 
Its mere presence inthe villages during periodic educational or training
visits or for maintenance or repair of renewable-energy installations, is 
important in den.nstrating the Government's commitment to long-term rural 
welfare. 
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6. Recomendat on 

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

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

1. Background 

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

In 1980, USAID assistance from the Renewable Nonconventional Energy
Project was used to supplement efforts of the EMP In the rural and 
renewable-energy areas. The original project paper called for 
prefeasiDility/feasibility studies of renewable-energy alternatives,
 
rural-energy surveys, detailed village-resource studies, and feasibility of
 
village energy systems. However, the work plan wisely narrowed the scope to 
concentrate on:
 

- support of further development of the Rural Energy Use submodel and 
other sLj1models (transportation, electricity, trie teAtile industry, 
paper industry, and the Urban Household submodel)'for the EMP; and 

- development of micro-level energy models for the r'ral-cormnunity and 
nousehold levels. 

2. Achievements 

Development of each model required defining ana 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 Systens, Inc. );
 
- Improvements on the ElP submodels (transportation, electricity,


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

All models developed under this component were built to be used
 
independently, as well as to be able to be Incorporated into the EMP. Each 
model used optimization techniques, usually linear programing, to maximize 
income or mi nimlze energy costs. 
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3. Impacts and Benefits 

Development of these models has been important to NEA n terms of 
increasing their capacity for systematic analysis of energy relationships atJiteuacro-an-sectoral 2-evel s --and -provi di ng -a- aic- rmwr 
usfied for focussing on future data needs. The primary contribution from theNEA/USAID component was to provide support for NEA to focus more closely on
rural energy sectors, which often receive little attention in national energymodelling and planning. The development of more complete EMP submodels also
allowed more in-depth analysis of these sectors and the disaggregation of' the 
EMP. The advantage of having separate submodels isthat itsaves computer

time and allows for qreater detail ineach subcomponent. The usefulness and 
meaningfulhess of the results, thus, is improved.
 

Through the development of these models, NEA also had a systematic
checklist of data needs. As a result of definlng their data needs, NEA has 
been able to improve, and focus more closely their 1985 rural energy survey. 

4. Factors That Helped Or Hindered 

Time limitations meant that certain submodels (Urban Household and 
Tertiary submodels) were never completed by the end of the project. Another 
major constraint in the testing of each subodel and its ultimate usefulness
 
as a policy-making tool was the lack of adequate data. At the time of the
 
proJect, most rural energy data could not be readily used.because they were
 
either highly aggregated or too site specific. Data from the other
 
componentsEnergy Surveys,of theinproject,co such as the Rural Eneray Surveys, and Baselineith
 

combination th other secondary sources, helped overcome

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

5. Conclusions 

Bythe end of the project, the contribution of the NEAUSAID
 
submodels to general energy planning inThailand was an important first step

towards better policy analysis of rural-energy issues and interactions
 
between national- and rural-energy issues. Development of these models
 

* Yproduced a systematic outline of rural-energy relationships and pointed to

important data requirements. Second, this component gave NEA the opportunity

to define and expand Its data base better and Improve data-collection
 
techniques. Model testing helped point out areas of data strengths and
 

i iweaknesses. As a consequence of the project, NEA conducted further
 
rural-energy surveys in 1.985 to 
improve their data and provide time-series 
information.
 

Specifically, the results from these models provided NEA with
insights, on relationships between energy demand, Income-distribution impacts,
energy-supply constraints, and opti'mal conversion-technology priorities in
the rural areas at the household and community levels. The revised Rural 
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Energy Use model has pointed to the need for greater concern regarding forest 
depletion and the implementation of fuelwood plantations. The EMP submodels
have shown the energy conservation potential in the textile and paper
industries. The Household Energy Model can show the scarcity values
(implicit costs or shadow vor nd techno g.eresurces Q 
energy use inthe rural areas. These values are extremely important to
 
understanding consumer behaviour and setting pricing priorities. Although
the Rural Coruuntity Development model was only applied to two villages, both 
cases showed the relationships to income generation and enerqy-system
adoption. As a consequence of this modelling erfort and the success of other 
project components, rural energy planning has received greater attention and 
emphasis inthe Sixth Five-Year Plan. 

6. Recommendations
 

These energy planning models are extremely important to Thailand's
 
energy and resource-use planning. Almost all models will require some 
improvements to increase their accuracy and potential use. Specifically, NEA 
should endeavor to improve these models in the following areas: 

_ - the collection of data on household energy demand to obtain 
* energy-price and -income elasticities throuqh other types or
 

econometric models; 
- systematic establishment of data banks for all models; 
- expansion of housenold and rural-corunitby activi.ie-s in eaci mo"'ie 

and
 
- (ireater in-house (NEA) training on modelling.
 

Uata collection Dy NEA could oe improved throuqn use or tere, ion ,Eeryr Centers (RECs), which have access to village-level energy suppiy ano 
demand information. Since they have carried out technology-related surveys, 
some staff at the RECs have the necessary training in survey techniques aod 
the RECs would only require additional staff and support from NEA for 
development of a questionnaire. Consumer behavior for rural energy resources 
has been found to be difficult to predict from energy-pricinq studies, 
however, [2) partly because the models used are not responsive to the fact 
that many rural fuels are free. Therefore,efforts by NEA must focus on those 
key resources that are critical to rural energy use, such as fuelwuod and 
charcoal, andtshould ry to determine implicit prices as provided by the sofme 
of the models. 

SFinally, the National Energy information Center should use its 
computer for systematic compilation and organization of energy data. This 
would increase use of the center and create a focus for energy information in 
the country. Financial support for energy modelling, as well as instruction 
for NEA staff inthese techniques, mlght be provided through regional energy 
programs, such as those of the Association of Southeast Asian Nations (ASEAN)orthe World :Ba n k 'sEcon omi c Development :Institlut~e. ' ':r'r 
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0. Vi11age Surveys
 

1. Background
 

The village survey component was originally designed to comprise
three phases: the Baseline Surveys, to describe the conditions invillages

prior to the introduction of new energy technologies; Transition Surveys, to

collect data on the process of introducing such technologies and testing them 
on the site; and Evaluation Surveys, to assess the results of the introductcn 
of the new technologies in relation to the general economic and social 
conditions of the villages.
 

2. Achievements
 

The Baseline and Transition Surveys were successfully conducted,
 
although with overlapping of time and agencies responsible for conducting

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

a. Baseline Surveys
 

The main national Baseline Surveys were conducted primarily in
 
1980-1981 by the Coordinating Contractor with research teams from
 
ChulalonaKorn University Social Research Institute (CUSRI), Chian Mai 
Uni versity, and Khon Kaen University as consul tant.s. They investigated abot 
1900 housenolas from fifty villages in ten selected provinces: Petchaburi,
Nakhon Ratchasima, Si Sa Ket, KUn Phaeng Phet, Lampang, Songkhla, Chantaburi, 
Roi Et, Udon Thani, and Chiang M&ai. Parts of the Baseline Surveys (for the 
microhydroelectric installations and windmill and photovoltaic water lifting) 
and the main Transition Surveys were carried out by NEA in 1983-1964. 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 would be introduced and in comparing with data to De 
obtained after installation of the system. Also, it was hoped that each 
component team would use the data for the de-sign and implementacion of the 
systems under the project. 

The Baseline Surveys contained data on the following topics: 

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

- Industry -- fuel 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 holdings, 
use of agrorhemicals and equipment, extent and method of irrigation, 
yields, residues (for information on potential availability of 
biomass resources for energy conversion and location of village 
woodlots); 

- Fuels -- moisture content and calorific value (from measurements on 
approximately 1,000 samples at Kasetsart University School of 
Forestry), prices, yields, locations, uses, preparation, conversion,
 
and distribution;
 

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

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

Since some of the planrned systems were installed in villaces not 
included in the main Baseline Survey, it was nescessary to conduct additional 
Baseline Surveys. These were done in 1983 and 1984 For fifteen villages in 
four provinces (Yala, Chiang Mai, Sakon Nakhon, and Naknon Ratchasima) at the 
same time as the Transition Surveys for these villages were being carried 
out. 

b. Transition Surveys 

The Transition Sur'veys were carried out by IEA and were intended to
 
record data on changes and problems that might occur during the 
implementation of each technology-related 7omponent. This included 
information on: 

- availability of village labor for construction; 
- availability of villagers to be trained tooperate, use, and maintain 

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

and dissemination of the system. 

The survey was normally conducted in the period of two to three weks 
preceding the implementation, and lasting until two to three weeks after tne 
implementation. A transition survey was done for each of the following 
components: Village 6oodlots, Microhydroeletricity, Water Lifting (windmill
and photovoltaic), and two non-USAID-supported cormunity biogas digesters. 

3. Iacts and Benefits 

The detailed study of secondary data at the preparation stage for the 
Baseline Surveys contributed significantly to the identification of regions
where certain sources of energy were located, generally providing a firm 
statistical basis for what was otherwise felt to be "common knowledge.w It 
was found that the South had sufficient wind energy for the windmill water 
lifting; the Northeast possessed potential resources of biomass materials, 
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such. as agricultural and animal wastes, for energy conversion; the North had
 
both water resources and topography suitable for mi.crohydroelectricity, and 
trees to be used in charcoal production; and the Central plains were good for 
cultivation of lowland crops. These findings were useful for the general 
planning of types of energy systems to be introduced ineach region.
 

Complicating 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. Stage one was the preliminary presentation of data
 
ina fourteen-volue report.[1] Stage two was a more detailed analysis ina
 
three-voiume series prepared as pare of the Energy Master Plan componentj2]

Subsequent selections of implementation sites were insome of the sampled

provinces: Chianq Mai for microhydroelectricity and RECs; Poi Et and Si Sa
 
Ket for woodlots, althouqh not necessarily 4n the actual villages surveyed;

and one sampled village was selected f~r woodlot implementltion. Jhe
 
Village Woodlot team also conducted a socioloqical survey invoivina some 4,10
interviews in tne provinces of Maha Sarakham, Roi Et, ;asotorn and Si Sa 
Ket. )[3] 

Altnouqn tne timino ef the aduitiona Baseire Surveys ano the mair,
Trani tion Surveys conucted by tre NEA team was orig inallv i nterue, ;o hel p
estblish a basis for site seiection and to follov crarices associated with 
project imp!ementation, in .,r cases the surveys were conduc'te 
simultaneously wirn ;ne irns. otion. of -he syc;ems. Nerzheess he 
survey results hNere rr ue iirectly nepfuI to the 

_techno oy-impieMenZirnI tte .. in suGoestin desireabie chanqes in the 
imerr,entation schemes, 

Long-term impacts .:3, cenefits from the Baseline and Transition
Surveys are possible, aepera-,g on how the existing data files and reports 
are utilized.
 

4. Factors That Helped or Hindered 

The conceptualization of the Village Surveys was excellent, 
as was 
the desiqn o, the instruments to cover topics of importance to the 
anticipated implementations of the energy systems. Realization of benefits 
from the surveys could have been significantly improved, however, ifthere
 
had been greater coordination between the Village Surveys component ano the
 
other components. Coordination was inadequate partly because the
 
organization of the ,ther components was delayed, which inturn resulted from
 
the delay instarting the overall project. At the same Lime, the survey

component had to proceed to the field work when the enumerators, who were
 
university students, were available, L,, during tne summer vacation. 
Furthermore, the inadequate coordination meant that the survey could have 
been designed insuch a way to make its results more useful for the Energy 
Master Plan. 
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In addition to inadequate coordination, a further problem with the
Village Survey component was the gathering of information (primarily related 
to agricultural crops) 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-relieaice." The assumption was that a

newly introduced energy system would be viable only where the villagers
participate in its planning and installation, and maintain and operate it 
themselves. Both the Baseline and Transition Surveys therefore tried to get

at data that would Indicate degrees of participation and readiness among

villagers to operate and nintain the. systein. 
 This focus of the Surveys

proved very useful for selecting some of the sies and monitoring the

installations, as well as maintaining the Installed energy systems. 

The Villacbe Surveys comporenet was expertly conceived, de-signed, and 
instrumented. It covered the three important stages of technology

introduction: Baseline, Transition, and Evaluation Surveys, although the
 
last one was not carried, out. The problem of coordination, both witnin the 
component as well as bet~veen this component and the others, islargely
responsible for having reduced the value of the surveys. Neverthele-s, these 
surveys resulted in a valuable data collection and represent a major
accompiishment of this project. 

The impacts and benefits From the Village Surveys *ere evident in the
selection of tecnnology 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 Fkr the Energy Master Plan. Future use of 
the collected data is still possibie. 

6. Recomendatl orm 

NEA should make the data collected inthe Baseline Surveys more
 
accessible and available than ispra-ently the case, particularly For use by

RECs, NEA planning bodies, other government agencies, and interested
 
researchers and students. NFIC snould reorganize, store, and publish the 
data. 

To be able to compare the baseline data with post-experiment data for
each pilot project, NEA shou)d conduct an evaluation survey three to five 
years after the PACD. By that time, changes and impacts of each component
kill be more observable. Topics to be included in the proposed evaluation 
survey should reflec those in the Baseline surveys, so as to allow useful 
comparison. 
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E. Mi crohydroelectri ci ty 

1. Background 

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

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

- Creating a domestic capacity For production of standard
 
turbi ne/generator equi pment; 

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

Itsoon became apparent that ten installations constituted an overly

ambitious goal in view of the time, funds, and personnel available, and in 
the event, four installations were completed by the PACD. Three of tne
 
installations - at Kain Pong, M,ae Ton Luang, and Huai Pul - were for the 
electrification of villages, while the Fourth (Bo Kaeo) was priimrily
intended to supply power to a tin-mining operation. 

Before construction started, NEA required that each village agree to 
form a cooperative with equal shares per household to help manage the system.
,icccrding to regulations of the Ministry of Agriculture and Cooperatives, tne 
establishment of a cooperative meant that at least fifty per cent of the 
households had agreed to participate in the NEA project. Some of these 
regulations were modified by NEA, however, to suit the conditions of each 
project. In all cases, tbe village cooperatives own forty per cent of the 
system, based on labor anc material contribution. The village snare 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. Ach evewnts 

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

- Kam Pon -- (USAID-supported) 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 kW. Construction started inJanuary 1983 and 
installation was completed in December 1983. There has been only a 
one-week outage since, for bearing and shaft repair. The system 
supplies 118 households, 790 people (there are seven villages in the 
service area), and the cold-storage unit at a Royal mushroom project 
nearby that requires 2.2 kW (7kW peak starting power). Only one 
operator is needed to operate the system. 

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

- Huai Pui -- (USAID-supported) Consists of a 50-kW cross-Flow turbine 
coupled to a three-phase, 380-vol t, 50-kW, 50-Hz generator. 
Construction started inMay 1983, and installation was completed in 
June 1984. Power generated serves 700 households (there are 5even 
villages inthe service area), and the system has three operators and 
one secretary. (Note: The village headman from Pan Pa Yaeng stated 
that 700 households, participated in the seven villages served. The 
1984 NEA rFeport [1], however, gives the seven villages as having 
1,094 householas, with a population of 4,261. The difference, while 
not clearly ascertained, islikely to be the households that chose 
not to partici pate.) 

(The team also visited Pang Bong, which was not constructed under this
 
project. Itconsists of a 12-kW cross-flow turbine with associated diversion
 
weir and headrace. Construction was completed in 1933. Itserves 39
 
households insix villages (population 149) and has two operators.]
 

The Fourth USAID-supported installation, which the evaluation team
 
was not able to visit because of weather conditions, isat Bo Kaeo, where two
 
100-kW turbines supplied power For a tin-inining operation (that ceased
 
operation shortly after the installation of the hydroelectric systLem), and
 
incidentally to four villages of 226 households, with a population of 1.723.
 

All of these systems except 8o Kaeo were constructed by volunteer 
village labor, and are operated intermittently, generally only through the 
night. Variations seemed to be from the period 16:00 to 08:00, to the period 
18:00 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 indigenous 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
 
television sets (displacing battery charging). Electric-powered wood-working 
e'quipment is now being used in the villages supplied by the Kam Pong and Huai 
Pui installations, and the latter supplies vaccine refrigeration for two 
clinics that serve the seven villages. In aduition, a cold-storage unit that 
is used at a Royal mushroom-growing project near Kam Pong is also powered by 
the system. Villagers using electricity from the Huai Pui system also 
benefit from the use cf several individual domnestic refrigerators and a
 
communally owned electric pump that supplies drinking water from a weil.
 
Furthermore, their cooperative has installed a public address system to
 
fact Iitate announcements oy the vi Ilage headran.
 

In all cases, women have playcd a significant role in the process, 
from supplying up to fifty per cent of the labor, to menbership in the 
cooperati ve councils.
 

Institutional: The initiation of Thailand's microhydroelectric (and
 
minihydroelectric) systems prodates (1963) trie activity under the Renewable
 
Nonconventional Energy Project. Nevertheless, the USAID-supported effort is
 
certainly responsible for a surge in both the number of these systems and the 
rate at which they 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. From the 
perspective of the NEA engineering staff, the situation has changed from one 
of annual budgets insufficient to permit the construction of all the systems 
requested, as it was before the USAID-supported project, to one wnere 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 icrohydroelectric systems and received funds for 
ten. ) The track record of results under this project is credited for having 
played a role in recognition by the. RTG of the economic and social benefits 
of these systems. 

Environmental: Aside From the temporary disturbance to the 
environment caused by the construction of the diversion weir, headrace, and 
penstock, the adverse environmental impact of these systems has been minimal. 
Since no dam and water storage are involved (thesne are essentially 



'run-of-the-rlver' system), downstream water flow has not been affected 
except for the region from the weir to the powerhouse, where the river flow 
-isdiminished by the amount diverted, and that only during operation of the 

system. The permanent visible civil works - only the weir, powerhouse,, and 
access road, in 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 ':he government

is rarely financially cost-effective, in that revenues 3eldom 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 findinqs from the four projects, which affect the national 
we) fare, are Iisted bel ow. 

- Financial feasibility -- The financial criterion for public-sector
investment has been to minimize costs by selecting the least-cost 
option. In a 1981 financial feasibility study, NEA estimated the 
energy-production costs of microhydroelectric units and diesel
 
generators to be Baht 1.66 (US$0.07) and Baht 2.82 (US$0.12) per kWh,
 
respectively. At that time, extension of the grid to remote villages

had been decided against as too costly, ranging as it does from
 
200,000 to 300,000 Baht/km (US $10,000 to 15,000/km), depending on
 
site conditions. After, choosing three sites, NEA began construction 
of the micronydroelectric units in 1983. At that time, no in-depth 
cost comparisons had been made between micronydroelectric and 
diesel-electric systefs. Rather,. those villages were chosen that had
 
requested microhyroelectric units and had aaequate water supplies.
Based upon a mix of actual and estimatea average annual costs, the 
final NEA report for the micronydroelectric systems caicua&ted 
benefit-cost ratios for microhydroelectricity compared to
 
diesel-generated electricity of more than 1.8:1 for all village 
projects and 3.6:1 for the Bo Kaeo project. Table E-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. 

Econonic feasibility -- Besides the positive net financial benefits 
to the government from these microhydroelectric systems, che 
village-lighting projects had important economic and social-welfare 
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 labor and most of the materials for 
construction and infrastructure, saving NEA substantial costs inview 
of the terrain and climatic conditions. Since such in-kind data 
existed only for Kam Pong ('.3 per cent of total costs, in-kind plus 
cash), an average - perhaps conservative - 25-per cent factor is used 
for Mae Ton Luang and Huai Pui. Although the village labor 
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respectively.- Thus, fuel expenditures appear to be not significant,
although lighting is the major cash enderage .. use (Table E-3). The.....
substitution of microh ydroelectricity for

....
kerosene lighting and __-.--- - diesel -generated- or- battery powered-electrici-ty-creat-d-ftheVf'shsavings for many individual households. According to the evaluation

team's limited discussions with household members in the three.villages, average household electricity bills ran from 25 to 40
Baht/month (300 to 1,000 Baht/year). Incomparison, NEA data from
Table E-3 show that annual lighting expenditures For Kam Pong, Mae
Ton Luang, and Huai Puil averaged 651 Baht/year, 692 Baht/year, and
362 Baht/year, respectively. 1.Many.househo1ds appeared, however, to
be saving far more than these average NEA figures. Thus, most
households probably had fuel cash savings amounting to as much astwice their previous annual Fuel 
bills. Besides these financial
 
benefits, women felt they saved money 
- certainly the opportunity
costs involved ingoing to market to purchase kerosene. 

- Income generation -- Economic gains regarding household-incore 
generation are less visible and have not yet been quantified, but

they do, or potentially may, exist. For'example, electric lighting

has not only improved the quality of lignt, ithas also extended the
hours during the evening that households can process chewina tea. As
 
no comparative before and after data exist, the magnitude of this
 
effect Is unknown, though it may be small incash terms.

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

Also in the Kam Pong village, as a result of excess capacity at the
 
plant, a cold-storage unit has'been installed at 
the Royal Proje-ct's
niushroom-gro ing facility. 
 This cold storage will decrease losses,

extend the growing period, and increase household incomes.
 

- Economic costs from construction -- Possible economic (in-kind)

losses to households may have occurred from the use of local
 
materials and labor for construction and,implementation of

microhydroelectric insta.l lations relative to diesel-generated

electricity or extension of the grid. 
Since all households
 
participating inthe project agreed to provide one worker per
household during construction, this may have resulted inincome
 
losses interms of foregone earnings. Inquestioning household

representatives and NEA staff, the evaluation 
team noted several
 
aspects of the project approach that were intended to minimize this
possibility. First, construction was scheduled during off seasons,

although itextended beyond off-season months inHuai Pui. Second,

ifa household did not want to provide labor, itcould pay for a
replacement laborer at an average daily rate of 30 to 40 Baht in some

villages, or provide a lump-sum payment, For example 3,000 Baht 
 in

Kam Pong and Mae Ton Luang (3,500 Baht ifpaid ininstallments of 50
Baht/month). Many women (fifty percent of the work force) and some

children helped inconstruction, which suggests their opportunity
 

Cr costs were seen to be the lowestn i i for the household. ." / 

, ee, . .... ,:,. :.,. €er~ s 
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- Net-economic gains due to the use of microhydroelectricity ratherF>a diesel or grid-electric generation -- While in-kind costs
occurred,in net terns:(in-kind plus cash) most villagers benefitted 
from the, Projec.-S$i-ncesash'i s.-aimaj-or.,-constrai nt-i nhs _

.villages, the chpice fmicrohydroelectricity over diesel- or'grid-supplied electricity allowed villagers to trade off sei 'vices in
kind for cash. Astand-alone diesel system requires significant cash 
payments from the village for construction, equipment, fuel, andrepairs. 	 From the households' perspective, although the
microhydroelectric project involved in-kind costs (labor and
materials), they saved significant cash outlays that would'have been 
incurred with a diesel system. .For grid extension, villages~ with low
 
energy demand must pay For forty per cent of the cost of the 
distribution line from the main transmission line to the village.
Since villagers who had the choice chose to go with 
microhydroelectricity and appeared quite satisfied, the economic and
financial 	 benefits apparently outweighed their economic and financial 
costs. 

Benefits from electrification -- The social benefits of* 
-

;higher-quality lighting, and the use of radios, television receivers,

and video-casette decks, though not easily quantifiable, were
 
extremely important to the villagers' sense of participation in
 
overall development.
 

" 	Cooperative revenues -- Al though the team was unable to see all 
records, itwas reported that collection rates were quite high (in
most cases 100 per cent), which seefs true in view of RTG's auditin

* 	 = of coopera.tive accounts. A simple comparison of expected annual
 
revenues to NEA's (high) projected O&M costs suggests that annual
 
revenues should cover costs (Table E-4). In fact, the systems have
 
experienced to date only minor expenses that were not covered under

the warranty, such as inMae Ton Luang where repairs, costing 6,000

Baht were 	paid for out of a development fund of 18,000 Baht. Other
 
O&M costs 	include operators' salaries (from 500 to 1,000

Baht/month/person for two hours work per day), the per-diem expenses
of operators who attend the NEA training course at Chiang Mai 
University, and insome villages the provision of free electricity to 
cooperative council members (Kam Pong), and operators (Kam Pong and
Mae Ton Luang). In all cases, the fund should be able to cover these
 
08'1 costs.
 

As a result of the success of the projects, all villages had
experienced other households' or villages' wanting to join their 
system. InKam POng and Mae Ton Luang, possible late membership fees
ranged from 2,500 to 3,500 Baht/household. In some villages,
payments could be made in a lump sum or Installments. These 
penalties were perceived as a means of compensation for the
opportunity costs of the original labor and materials as well as a 
way to i ncrease the development fund. Where excess 
electricity-generation capacity exists, in Kam Pong.and Mae Tonas 
Luang, the marginal costs to the cooperative of extension to a new 
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household or village isquite low. Significant net aains may be
realized by 	the cooperative through extension of the'system. Ifall
 
participants (original and late) benefit equally From cooperative

dividends or from any development project, lace comers may receive
 
higher individual returns.
 

Insome cases, the money collected by the cooperatives from
 
membership fees, share sales, and user fees (universally Baht 2/kWh,

with a Baht 10/month minimum) is accumulating, with no decisions yet

as to its use. Inother cases, the funds have been used For road

improvements inthe villaaes, and inone case (Huai Pui) 
a portion

was spent for roofing for a village library.
 

- Income distribution -- Cooperative members inKam Pong, Mae Ton Luang
and Huai Pui evidently took into consideration a household's car.city
to pay and contribute laoor. For instance, oider residents and
 
poorer households often received concessionary terms, although the

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

can afford such costs, while the poor families are remaining with the

mcrohydroeiectric system. This wiil diminish tne excess aemana in 
Huai Pui, and will result inadditional benefits of the
 
microhydroelectric project to the poor'.
 

Finally, itmust be noted tnat one of 
our interjiews eiicitea tne
statement that the vil;agers are well 
aware of dJSAIDs' support, appreciate
tha6t support, and Feel 
that itwill help "Dring prosperity."
 

Taole E-1. 	 financial and Economic Discounted Cash Flow Analyse:_
for Microhvaro versus Diesel Electri.- Qeneration(a 

Financial Economic 
Baht (1,000) 

.NPV(b) IRR(c) -

Baht (1,000) 
NPV(b) IRR(c) 

Kam Pong 
Mae Ton Luang 
Huai Pui 

3,531 
2.911 
4,212 

(d) 
(d) 
(d) 

2,862 
2,371 
3.649 

0-62 
0.57 
0.74 

Notes: 
a. Compares diesel-electric savinas to mi crohydroelect
 

costs.
 
b. Net Present Value (NPV): Assumes 20-year project li
 

and 15-per cent discount rate.
 
c. Internal Rate of Return (IRR).

d. Internal Rate of Return cannot be given since annua
neit r~ah flnwq Aroa nlw;4u nnc4-i,,-. 
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Table E-2. Household Average Annual 
Income and Expenditures for

Microhydroelectric Projects (8aht/household)
 

Income Patterns Kam Pong Mae Ton Luang Huai Pui
 

Gross Income 36,043 60,468 19,092
 

Expenditures 26,904 52,570 
 18,859 

Net Income 9,139 7,898 233 

Source: Reference I 

Table E-3. 
Village Household Average Annual Fuel Patterns for 
Mi crohydroel ectri c Pro jects 

Fuel Use 
Kam Ponq 

Quantity Cost 
Mae Ton Luanq

Quantity Cost 
Huai Pui 

Quantity Cost 
(Baht) (Bant) (Baht) 

Kerosene (liters) 
L i qht1 ng 

.69.8 
69.8 

629 
629 

76.9 
76.9 

6%2 
69 

3. 
-

306 

erzene (i iters' 34.3 39 - - 4.6 56.3 
- ,,htinq 3.4 4 - -
i-ansport 30.9 35 

_ 

[,esel (liters) 2.2 18 
Lighting 2.2 18 - - 99.8 831 

Fuelwood (m3 ) 

Chewing Tea 
Processing 

14.0 
7.6 

-
-

19.3 
10.6 

- 13.8 
-

36 
-

Cooking 5.3 - 4.0 - -
Heating 1.1 - 4.7 - --

Charcoal (kq) 190 39 

Jote: Assumes fuel prices are: 
 Kerosene is 9 Baht/iiter, benzene is 11.4
 
aht/liter, diesel fuel is 8 Baht/liter, fuelwood is260 Baht/m 3, and

:harcoal 
is 0.2 Baht/kg in 1984 prices. Source: Reference 1.
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Table E-4 Estimated Revenues and Operational Costs for 
Viii age Mi crohydroel ectri c Projects

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

---------------- 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: Reference 1. 
Notes: 
a. Assumes average monthly electric bill is30 Baht/montn/housenold.

b. Based upon NEA's estimate (19384) of 3 per cent of capital expen

ditures. 
Kam Pong's data are adjusted to reflect installation of
orly one 20-kW generator. Note that with installation of the
second generator, revenues would probably double, with costs
increasing only slightly because the cost of all of the civil
works have already been included. Thus, Net Revenue for Kam Pong
would very likely be positive. 

4. Factors That Helped Or Hindered 

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

5. Results and Conclusions 

Community participation in construction of these installations, andthe community involvement in their management, operation and mai ntenance, and
inhandling the funds have combined to foster a 
spirit of cooperation among

the villagers, impart new and valuable skills, and to generate involvelent

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 the project, 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 labor, and the collection and management of electricity 
revenues. 
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The three village electricity projects discussed have had very
positive net economic benefits. (Unfortunately, the potential industrial 
benefits of the Bo Kaeo project were never realized because the mine closed 
shortly after the Installation was completed.) The economic impacts of

microhydroelectric installations inthe North primarily affected two groups

the government or public sector and the individual villager or community.

The national gains have been the creation of more financially self-reliant
 
energy systems, development of a local microhydroelectric manufacturing base
with export potential, and electrification of areas that would otherwise not 
have received electricity for several years. At the village level,
households have benefitted in terms of fuel savings, limited income
generation, and the development fund, but they also incurred high in-kind 
costs. Impacts could be enhanced in future projects through concurrent
promotion of industrial use with village electrification. While the villages 
use only a small percentage of Thailand's total energy demand, the positive

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

A unique coffvonent of the microhydroelectric schemes was the
 
formation of village cooperatives to construct, administer, and maintain the
 
projects. In addition to the social gains mentioned, positive economic
 
impacts on the community attributable to these cooperatives appear to be the 
establishment of a village development fund from electricity revenues,
increased coiiunity financial and entrepreneurial awareness and planning, and 
conce3sions for individuai income-level constraint3. 

In suirnary, total naLional and viilage benefi s appear to be quite
positive at present. Indeed, these conclusions are supportea by the RTG,
since microhydroelectric projects account for fifty per cent of NEA's 
renewable-erergy budget going to field impleoerntat'on inFY 1967. NEA hopes
to construct ten new projects per year. 

In view of high expected growth rates for rural electricity demand
(estimated at 7 to 8 percent per annum between 1984 and 1991 by NEA, and 
higher by the World Bank), and an increasing scarcity of indigenous,
nonrenewable fuels such as natural gas and lignite [2], appropriate

microhydroelectricity investments appear to be an important component in 
Thailand's rural energy future. 

6. Recommndations 

A limiting factor to more financially efficient use of these systems
is PEA's policy regarding arrangements for 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, unclear policies limit the national and private economic benefits
that could be gained through more flexible private electricity-generation
policies. NEA should clarify these policies to permit sell-back arrangements
for excess electricity to encourage private-sector investments, which appear 
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non-existent at present. Also, NEA should promote'rural industries for 
electrified villages to increase 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. It 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 memrbers.
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F. Water Lifting Technology 

The purpose of this component was to demonstrate and test thefeasibility of the use of wind energy, biogas energy, and solar-ele'-tric
(photovoltaic) energy to pump the required water. It was based on the.
desirability of low-lift pumping from the water table, which Is a
meter or so
below the level of the cropland inmany parts of Thailand. The project papernoted that, "This water can be used to help avoid the effect of delayed
rains, monsoon drought and premature drying of rice fields [and] --
expand dry reason irrigation from existing rivers and streams.... "[1). The
study designed by NEA added the use of a gasifier-engine/pump system to the
planned demonstrations. By the PAC) however, field experiments involved onlyphotovoltaic water pumping and windmill water puning. The evaluation team was able to visit the sites of the windmill experiment and the only operating
photovoltaic system. 

1. Solar Water Poing 

a. Backqround
 

Ban Tha Yiapw 

A 700-watt solar water-pumping system ,as installed in the village
Ban Tha Yiam, in Sakon Nakhon Province, inDecember 1963. (1,was

subsequently increased to 840 watts peak). 
 The system was built with
 
voiunteer labor, suppii-a by the villagers, and inciuoes a 10-,m3 storage tank 

3that is connected ov pipe to four cravity-fed 1.5 m distribution tanks 
scattered throuqhout, the village. (Though the system fs reported to ie
equipped witn a piston pumfp, 
 a screw pump isactually being usea. ) The
 
system supplies water for dri6king and cooking to 61 households (about 350

people) from a 
sealed well 18 meters deep. Prior to the installation of this
 
system, doestic water was obtained from the same well, via a hand pump, and
from two other wells situated outside the village inopposite directions 
one a half kilometer away and the other at a 
distance of one kilometer.
 

The system isshut down about twice a 
year for repairs to t(ie pump
shaft - a problem inherent inthe instability of such a long rotating shaft.
Repairs are performed by & mechanic from the Mana Sarakhain REC, with parts
supplied by the REC and labor supplied by the village. Heretofore, the
village headman notified the REC of breakdowns by letter, reporting that this
has noeant a lapse of five days before the arrival of the technician. This

period will be shortened inthe future, however, since the headman has now

been advised to commiunicate with the REC by telegram from the nearby town.During outages, the village residents return to their former custom of
fetching water from the two wells outside the village - without the option ofusing the village well, which is no longer equipped with a hand pump. 
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Ban Sukon:
 

A 4300-watt pumping systen was installed inBan Sukon, a village in
Nakhon Ratchasima Province. 
This system was intended to provide irrigation
water From an existing reservoir to supplement water supplied by the DistrictIrrigation Office pumping station, since only about one-third of the villagehouseholds benefitted from the latter. After the installation of the solar
 
pump, the construction of the irrigation canal was prevented by "someconflicts in land ownership'[2] - apparently, one farmer refused to allow hisland to be used for the canal. NEA reports that, as a result, 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 solar water-pumping system inBan
Tha Yiam was successful inthe long run. 
 This system provides clean water,
reduced collection time for villagers, and has reduced water shortages in thevillage. In contrast, no long-term achievements were realized at Ban Sukon

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

c. Impacts and Benefits 

General: - The residents of Ban Tha Yiam are pleased with the solarpumping system because of the improvement Ithas meant inthe quality oftheir lives. They emphasized that the water is clean now that the well issealed and protected from surface water. They appreciate -,he four
distribution tanks because itmeans that there isa 
water source close to
 every house. The system permits them to store water for use when tne pump is
shut off (generaJly at 16:00.). Nevertheless, they understand the need forconserving water. Obviously, the occasional breakdowns enhance theirappreciation 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 decidedlynegative. The only benefits to be seen would be the experience gained by NEAin planning and designing the system, and the benefit to future projects byrecognition of the importance of ascertaining land ownership and obtaining

binding agreements on land-use rights, in advance. 

Economic: - In terms of economics, the financial analysis by NEAshowed that the benefit-cost ratio for the Ban Tha Yiam system, and(expected) for Ban Sukon, were 0.49:1 and 0.42:1, respectively. In order forthe solar systems to break even with a diesel pumping system, NEA calculatedthat the cost of the solar array plus the motor/pump should fall by 60 to 70 per cent [2], an unreasonable hope in the near term. 
Thus, from a private or
public-sector investment perspective, such water-lifting systems do not make
financial sense. 
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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 social impacts occurred at Ban

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

d. Factors That Helped or Hindered
 

The major obstacle to acceptance of the Ban Sukon project wi- tnelack of sufficient attention to the sociological problems inherent ii theparticular situation. In a situation where cooperation was crucial to the
installation, the project was doomed to failure without advance conitment to
 
participation by the parties involved.
 

e. Results 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 inthe 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 competi ti ve. 

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

f. Recomendations
 

The evaluation team recommends only that the RTG pursuenot 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 UNDP financing and now available from the.Intermediate
 
Technology Development Group in London, would be helpful 
in determining such
justification. 
Any planned use of tne equipment intended for the Ban Sukon
 
project should also be done in this context.
 

2. Winii11 Water Pumping
 

a. Background
 

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

windmills at Ban Samoh (Tambol Ta-Tong, Amphoe Raman) i.n Yala Province. Two

of the windmills were designed and manufactured by a Bangkok company that
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markets windmills in Thailand. The third was designed by the regional
representative of Volunteers in Techinical 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.
 

D. Achievements
 

The actual achievements of this project component were minimal. In
1984, NEA reported that, 'The wind turbine pumping system experienced some
problens inmaintenance, since most villagers inthe project were rather busy


and so less care was given to the installed windmills."[4] Infact, as
 
far as can be ascertained from interviews at the site, all or at least some
-

- of the windmills operated for only two years. During that tikr two crops
of watermelon were irrigated and harvested. Some tim, thereafter, although
the sequence is not clear, the windmills ceased to function, and heavy rains 
durinq Ie dry season - when the windmill irrigation would presumably have 
been ,:-_ ed - delayed the planting for the third crop. This crop was 
event:.-,ii lost. In any event, the windmills were completely inoperative 
after i 5,. 

,hen the evaluation team visited the site, only one of the multiblade
 
windmills was actually there; 
itwas rotating, the pump rod was functioning,

but no water was being pumped. (Since the adjacent wells showed 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 
its associated ladder pump were a shambies, some of the blades broken, others 
missing. 

Field interviews showed that, on the whole, the viilagers view the 
project as a government project, really do not want to undertake repairs, and 
are not interested in reclaiming the land involved, wnich was not considered 
useful land in the first place. 

c. Imoacts and Benefits 

The windmill-water lifting experiment in Yala has not had any
significant benefits. A temporary economic benefit for the two-year
operation of the project came from the watermelons, sweet corn, cucumbers,
and string beans that were harvested successfully on land irrigated by the 
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windmills. The project had apparently been helpful to poorer farmers who hadreceived one to two ral of the irrigated lands. The vi lagers had notinvested in establishing and maintaining the system, however, as it was
viewed as a government project. The lack of enthusiasm for investing inrepair may also be related to the fact that this land was originallv limited
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 iand. 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 isclear 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 itself compounded the monitoring difficulties
 
for the system. However, the major obstacle to success was the lack of an

organized social system for management. Such a system was needed to deal
with equitable distribution of water among users, and maintenance and repair
of the equipment. Because of his time constraints, the village headman was
unable to provide the necessary coordination role for the project. 

The location, mix of crops, and land quality of the site also
hindered long-term success. Previous government projects on the public land
had reportedly failed because of their distance from the village ano the poor
quality of the soils. Finally, to a ixre limited degree, the disrmal 
Financial realities of the system gave no economic incentives for more
village participation and responsibility towards the system. NE! reported a
benefit-cost ratio of 0.81:1 for the windmill when comoared to a dieselwater-pumping system.[5]. 
 Diesel pumps provi ded by other government agencies

appeared to be preferred by the villagers over investing in repairing the 
windmills. 

e. Conclusions 

The windmill water-lifting system In Yala province stopped

functioning primarily because itlacked a 
viliage management system, it

needed better integration of appropriate land-use practices, was difficult
 
for NEA to support adequately, and was economically infeasible as a private

venture. 
A cooperative management organization was needed 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 to make the system
successful, but was not paid for his efforts and was unable to organize the
 users. The water lifted was not equitably distributed to the users - those
closer to the 'well received more than those located far from the water
 
source. Repairs could not be carried out by the villagers, in distinction to
the case of the microhydroelectric systems, because there was collectionno 
of revenue from users for a maintenance fund. Also, optimal land use of the
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public lands is another issue that affected the project. The water-lifting
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 village-cooperative andself-sufficient design model established in other components such as the
microhydroelectricity-generation systems. It is evident that windmill 
water-lifting systems have their unique technical problems that require

either close supervision and local training or highly reliable, relatively
self-sufficient designs. The establishment of a cooperative or usermanagement system, as a prerequisite for implementing such a p oject, would 
also ensure long-term user support. Close attention to land-use practices

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

villagers should be carefully designed into the project.
 

f. Recommendations
 

Future consideration of windmill water-pumping systems by NEA, or any
other RTG agency, should be made inthe context of the criteria outlined inthe 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 fromanimal wastes (manure) in rural Thailand, noting the resources available, andsuggesting the investigation of the potential of community-scale systems.When the project was underway, however, the focus shifted, and in 1983 NEAconducted a feasibility study of biomethanation systems using waste 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 ccmunity-scale diqesters were constructed by NEA in1982
in villages inRoi Et and Si Sa Ket Provinces. Thoug, they were not

supported by project funds, funding from the USAID project was used in1983
to help monitor corinunity acceptance and the impact of these systems.
Monitoring teams 
included NEA staff merbers and social scientists from
Chulalongkorn University Social Research Institute (CUSRI).
 

Each of the community digesters 20was m in volure, vitnadministration ana constructon costs covered by NEA, wnile the v'llagers

proviaed labor and some materials. 
The gas produced by these digesters,


3about 0.3 Mi/m digester volume daily, was used only for household lightiPg
for about three hours in the evening. 

2. Achievements
 

Although the two community digesters were cuilt and operated for atime, 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 completed before the PACD and was used subsequently as a basis for a

further study, as noted inSection 5.
 

3. Imp)acts and Benefits 

Since both community systems were abandoned, tiere were no lastingeconomic, social, or environmental Impacts or benefits from this experiment.The information gained by the monitoring teams may prove beneficial in their

future professional activities, however. 

The study of industrial biomethanation resulted in a further study
(Section 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 sixmonths or so after installation, villagers apparently stopped
supplying dung to the plants except when they wanted lighting forspecial occasions, because daily collection and transport, involving
distances up to one kilometer, reportedly represented too much effort
for only about three hours of lighting. Thus, individual .household
 
benefits (kerosene fuel savings and better-quality lighting) were not
sufficient to offset the households' opportunity costs Involved in
collecting and transporting dung. Most households switched back to
kerosene or other lighting alternatives rather than continue
 
operation of the biogas systems.
 

- Proximity to electricity grid -- Proximity to the grid seemed to leadthe villagers to believe that grid extension was a near-future

possibility. The power line, however, arrived long after the bioqas

systems were abandoned.
 

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

5. Results and Conclusions 

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

inmaintaining a functioning system.
 

Potentially, the use of biogas digesters includes: 
 (a)direct
household-fuel and Indirect national foreign-exchange savings from the
displacement of a nonrenewable energy source; (b)an indigenous resource for
imported Kerosene; (c)nonpriced social benefits such as imnproved healththrough sanitary treatment of waste materials; and (d)the noriquantifiable
benefits of better-quality lighting. Such benefits, most of which are not
directly received or easily perceived by villagers, were simply outweighed by
individual opportunity costs involved incollection time and labor.
 

The economic section in the NEA study of industrial biomethanation
 
systems consisted of financial analyses, based on U.S. data, comparing costs
of expected diesel-fuel savings to estimated costs of capital plus operations

and maintenance for biomethanation plants of various sizes. 
 Based on a
simple (i.e., nondiscounted) payback period, the feasibility study concluded
 
that a 5,000- 3 digester was the smallest financially feasible size with an
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seemed the most Financially'attractive option arong the five industries. 
isnot clear, however, that all O&M costs (e , cost of disposal of the 

It 

digested sludge) have yet been taken into account.
 

As a direct result of this latest study, however, t4elve distilleries

inThailand reportedly have expressed to NEA their interest inproducing
bioaas in conjunction -itn wastle-water treatment. According to NEA, ThaiAicohol may agree to pay for the construction of a biomethanatiori system in
collaboration with Biotim. Since hiqh 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 tne provision of soft loans

for eneray investments, may help to encourage installation of these' 

2. -; Industrial biorrethanation systems. 

The USAID-supported project thus directly contributed to 
future work
by NEA that may lead, indirectly, to the privatization of biogas-energy

production by important industries inThailand. 
Ifsuccessful,

biomethanation systems based on 
industrial waste-water streams may have

important private-sector financial benefits as well 
as positive national
 
economic and environmental impacts.
 

.: ;6. Recommendations 

In view of the potential interest on the part of Thai industry inNEA's participation inbiomethanation based on distillery wastes, NEA would
be prudent to have a disinterested outside expert review the results of the
Blotim study before taking further action. 

Before any further invol vement in commnunit y bi omethanati on system,
NEA should asc rtain in advancethat village cooperation will be sustained,and that the direct and indirect benefits of the system are appreciated bythe participants and justify their continued cooperation. 
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Three separate solar thermal processes were tested under this
project,,natural-convection cabinet drying, forced-corvection hut drying, and 

eproects- and 'hoe was criiercalize. In the first system, a variety ofagiricultural products was dried inthe solar cabinets to compare prcduction
costs and product quality to current market alternatives. The results of the
research' shed 	light on several economic aspects of the dryers. 
 The following
six findings are the.'most critical to the issue of adoption of the system bythe private sector and its displacement of either non-renewable or 
wood-der ved fuels.
 

' 
Relative Costs of Energy Production -- in the final report by KMITT.3], the costs of production for the solar 	cabinet dryers, usingdifferent coverings (glass or plastic) with air heaters, wereU0.025/kWh and $0.0321kWh, respectively. Without air heaters, uitcosts fell to U50.019/kWh and $0.025 for dryers with glass orplastic covers, respectively. in comparison, electricity costs foraryiny svster were estimated at U u.075/kWh, which suggestedelectric drying was up to three timres more expensive than solardrying. in reality, most conrrvrcial producers do not useelectricity; insceaqd, they simply air-dry the product. Thus, thecomparison srould be between air and solar drying, for those crops
for which air drying is acceptable. 

- Investment Costs -- The initial costs of the sular ,Jrying system weresimply too hiyh for most to toproducers give sr'ivus considerationinvestina in solar arers a. ompared to simple air dr'yiny. ForexampiVX caDinet dryers wicn glass covers cost river 4,000 ant 
wnereas a proaucer using air drying only invesus in trays and aframe, usually costing less than 1,000 Bant. Since prod"ctior, orseveral products was nignly seasonal, lasting o c wO'to fou"rwanths, low utilization rates existed. Combined with the hiohinvestment costs, this created high unit costs, wnich added o tneinfeasibility 	of the systems. 
 As mentioned below, recent research onmultiple-product dryers should help to Increase utilization rates and

possibly decrease unit costs.
 

- Product Mix and Quality -- The researchers determined thatsingle-product dryers were too expensive. Current research afterUSAID funding 	enced has concentrated on using a mix of hih-returnproducts, such as peanuts or soybeans, with other crops. Presentiy,

this research Isbeing carried out by KMITT with Australian

assistance. 
As itis in the initial stages, cost data do not exist.
;-* 	 Regarding product quality, the producers did not report anysignificant increase in quality with the solar dryers. In fact, someusers did not appearto care for the quality of the dried bananasusing the solar dryers.[4] A social benefit of solar drying Isimproved sanitation of the product, particularly for dried fish,where DDT reportedly isused by some producers. -However, suchbenefits cannot be easily captured by the investor through price 

. !discrimination. The KMITT team felt thatif tighter product-qualtity

standards existed, solar dryers could be a competitve optign for
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Table H-1 	 Reported EnergyProduction Costs for
 
Tobacco-Curing (DriedLeaf)
 

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

4. Factors That helped or Hindered 
The major institutional, or administrative obstacle to the progressof work under this subcomponent was the delay in corroencing the work. The


lead team at KMiTT reported that some two and one-half years passed before
fundin and final approval of their planned work was received - thus, only

one and one-half years were available for actuai laboratory and field

testing.
 

;I Tn addition, the major obstacle to commercial adoption of the
.echniquest investiQated has been the existence of cheaper altetriativts for
arying products and the lack of eriforceaole health standards.
 

5. Results 	and Conclusions
 

The solar thermal processes developed with USAW fudina werepfr:.iiarily prototypes with a resear:cr, focus on fit1c tescinq but not or, A,3I-ssemIliationfot, comnerciai use. This component successfuil y provided abetter unoerstarni na o the economic feasibility and potential mar. bil tyorthese prucesses. i;did not achieve coInsirrcialization of the svL-stis outthis was riot an ori.inal project objective. It did provide nscitoiait1(aknowiedge about the financial constraints of the systems. Researcrh iitothese systefs provided insights into the factors to make the sys5tms

financially 	and economically attractive. 
 While these 	systems could provide

irnportant social 
benefits, often interms of environmental impacts, ro
financial incentives exist for the private sector to seriously consider
Investment insuch systems. For these reasons, the solar thermal syster

have had no 	major,economic impacts on Thailand because of Oie lower relative
costs of alternative energy sy-te.s.
 

6. Recommendations 

Until changes inrelative energy prices or environmental policies
occur, solar-thermal systems should be encouraged only for industries or
 areas where they are commercially viable. 
Also, future research should
 
concentrate 	on systems whose fuels or 
input products can successfully compete
with other energy systems. Such systems include multiple-product cabinet
dryers and solar-assisted curing systems that displace fuelwood or lignite.,
 

Jp0 
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I. BIOMASS GASIFICATION
 

1. Background
 

Biomass gasification technologies have been used invarious forms for
three hundred years.C1] Interest inbiomass energy inrecent decades is
associated with difficulty inobtaining fossil fuels. 
 Application of biomass
 energy inremote areas for agricultural development or mining industrics and
for replacing fossil fuels intimes of scarcity, such as during the second

World War, are most common. Historically, 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
associated attitudes about fuel scarcity inthe 1970's, experimenting with
biomass gasification technology that could use locally available resources
 
was included as a component of the Renewable Nonconventional Energy Project

inThailand. The primary fuels considered were wood, charcoal, corn cobs,
and rice husks. Other agricultural residues such as corn stalks, bagasse,

cotton, cassava stalks, and coconut shel.ls were also of interest because of
 
their abundance.
 

2. Achievefk-nts
 

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. Itwas established under the

project to assess the status of gasification technologies, compare economic
 
feasiblit- of the technology, investigate local zopiication of tni3

technology, and design reievant prototype gasifiers reflecting this

preliminary research. At the end of the pro,iect, twelve gasifiers 0ith
 
capacities of five hundred watts to twenty-five kilowatts under five major
gasification system types had been constructed and tested to some degree.

Some of these systems were still in development, but others had already been
 
well tested and one had undergone field testing.
 

Literature review and experimentation were conducted witrh a focus on
Fixed-bed technology using wood and charcoal. Fluidized-bed technologies

were also compared and gasifiers that h.ad specific applications but did not
 
exist elsewhere were constructed and tested. 
 This research stimulated
further design efforts ingasification technology throughout the course of
 
the project.
 

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

http:years.C1
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3. Impacts and Benefits 

As a result of the achievements of this component, viable technologychoices~have-been-presented--for7-rural -energ -applications where-,fossi P'fuelsare expensive, biomass is available,"and electricity use is not feasible. 
-

Knowledge of the potential for gasifiers in small industrial and individualuse is improved by information collected under this component local case
studies and experiences 
on 


in the Philippines and Brazil. The project has

identified priorities for future research and
A a strategy for implementingtechnologies through a proposal for a Gasification Technology Development
Center. The World Bank has conducted preliminary studies of rice-huskgasifiers in Thailand as part of the UNP/World Bank Gasifier MonitoringProgram and has proposed developing a scope of work for data collection andinitial monitoring of these systems to be carried out by NEA. 

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

4. Factors That Helped or Hindered 

This project component established a network of people, including

administrative support staff, to design a work plan, implement case-study

research, and conduct laboratory and field experimentation. The major
obstacie to greater impact of' the Biomass Gasification component may have

been the starting point for the program. Experience ingasifier research
indicated that the most appropriate application of the technology was in
specific, and usually priva.te, commercial industries. Adopting a general
research workplan made itdifficult to maximize the achievements of research

For ani one application in tne time allocated. 

5. Results and Conclusions 

The gasification componentiof the project increased awareness of this

technology and also established communication between groups working on
gasification in the private, academic and government sectors. Experimental
data generated from the prototype gasifiers has been collected and analyzed
inquality facilities by excellent research methodology which exhibits
 
ingenuity and commitment.
 

The potential expansion 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" reduction of
fossil-fuel consumption, but contributed to-the awareness of the potential ofalternatives to conventional power production. This information has not beenadequately packaged or promoted to stimulate significant adoption of gasifier

technology developed under the project.
 

http:priva.te
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In specific industrial applications where biomass is generated as aby-product, or where direct combustion of biomass must be more efficient orregulated, biomass gasification isa good alternative for energy production
in Thailand at this time. Because of inexpensive access to electricity
through the grid and gasifier operation difficulties, which makes gasoline ordiesel 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-bedtechnology to improve the thermal efficiency of rice-husk gasifier system.More efficient systems would make investment inthis 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 gasifier that improves the combustion efficiency of, and reduces
atmospheric pollutants produced by direct combustion of biomass fuels. 
 This
 researcn should include economic comparisons of the costs and benefits of
gasification relative to improvements incombustion eficiency of airect
 
burning.
 

Finally NEA should accelerate its discussions with PEA on the issue
of permittinq excess electricity from co-generation units to be sold to PEA.
This would be an i.centive to t le use of qasifier systems, where appropriate,
in larae industries with solid biomass-waste streams.
 

Both these reconmTerndatons fall within the scope of the proposed
Gasification Technology Development Center. 
 Therefore, we recooiend that NEA
give serious consideration to seeking funds to support the establishment of
this proposed Center as the locus of the research recomnmended.
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Introduction to Discussions of Village 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 20-25cent.[1],[2] According to remote 
per

sensing information and analysis of RFDdata, 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 Et Province. 

Three components of the Renewable Nonconventional Energy Projectfocussed on wood energy: Village Woodlots, Charcoal Production Improvement,
and improved Cooking Stoves. 
Together, these components provide an
integrated approach to alleviating the pressure on naturali-forest reserves
and other forested areas scattered among villages and between agricultural
lands, -a6ed by wood-fuel harvesting. They also have the potential of
making charcoal use more efficient and thus less time consuming, moreconvenient, and cleaner. 
The successful promulgation and integration of
these three approaches should encourage the use of indigenous 
renewable
 resources for rural energy neeus 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.[3] At ofthe ti,e theProject Design, this was estimated to be up to 90 ,:-er cent of the wood demaniwn the region. At the-end of the project, NEA e.timated total demand 
throughout the country to be approximately 40' million m3 representlig 75-80,per cent of all uses of wood.[4] Charcoal accounts for approximately 40 percent of wood-fuel energy consumption, but about 55 per cent of roundwood use
for energy. This represents a loss in the conversion of fuelwood to energy
that isaccepted in return for the conveniences of using charcoal instead of
fuelwood. Charcoal use is tncreasing in relation to fuelwood because of

these conveniences. 

A conservative estimate of the sustainable supply of round wood for
Fuel, based on calculations of available forest resources from a number of
 
sources, is6.3 million m3
 . This yield can e expected to deciine as the
growing stock is reduced and the demand for fuelwood rises in proportion to
population increase. 
Economic status and cultural traditions dictate that
wood will continue to be the most widely utilized cooking fuel. 
 There isa
gap between potential production of existing forests and demand for fuelwood;
other products are in demand in addition to the pressure from agricultural

land expansion.
 

The efficiency of the traditional bucket-type stove (tao ung 1o) is
approximately 8 to 14 per cent for fuelwood [5],[4] and 20 per cent forcharcoal. [4] The stoves are inexpensive and cooking'habits have devel opedaround their use. Households in the Northeast have had easy toaccessfuelwood from land-clearing residues left from expansion of agricultural landto grow'kenaf, and from nearby forest reserves. In some areas of the 
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'i.iNortheast
this avanlalitystillPexist5; however, scarcity isevident,

:especiall
-ithehung Kula Ronghai area. Travelling further to get wood consumes time that couid be used'for working, and might involve not only

foro
expns 	 teri~sk of beng,arrested--or- -1egarvestFng
 

Regardless of the Figures used to estimate fuelwood consumption
trends, itgis apparent that any improvement of the technology of wood-fuel

Uutilization will help reduce pressure on the ntural-forest resources used
for wood energy. The Village Woodlot component of the project was designed,
basically, to address this issue by providing a sustainable supply of' woodfuel. The improvement of charcoal kilns and stoves for domestic 'use also has 
a beneficial impact on the forest-resource base of any country where' fuelwood
'isa source of energy, inaddition to direct advantages to the rural 
population.
 

The price of charcoal and the distance people must travel to collect
Firewood have both been increasing steadily in recent decades. As this trendcontinues without restocking fuelwood resources, there cores a time whenfuelwood problems are acute, when gathering coukinq fuel becoies a major task 
of daily life and consumes a significant portion of household income, through
cash outlay or loss of work time. This stage has not yet been reacned illThailand, althouqh forecasts predict it will happen in the next fiv to ten
vears.[6],[7],[8] Other sources of cooking fuel, such as LP6 cind 
e iectri city, are sti11 relati vely eApensive wrien compared to cIhrcoai afr(,
require expensive initial outlays for equipiment. 

Use of charcoal has increased recentiv in propotiv.a r. f,&luod
-ecause ,w its converience ana the fact that it produces .ie SII., al triuunIt 1'r:s 	 moreexpensi ve arid contai ns less heati ni ai ue than the word f tor wh i;n 
i r is 	made. LPG stoves '&re becomina more prevdient in urban a ,,id wiere
i ncome is higher, which sucyests tnht econoomics is an important
controlling the choice of cooking fuels. 	

oice 
Tradicional cookii(i habits are

important considerations in development of alternative cooking technology.

Even slight physical changes in devices may influence acceptance. Since
grilling is popular, fuels must be compatible with taste. It is likely that
in the foreseeable future most of the rural pop~latfon will continue to use
wood in some form for cooking. 'All of these factors point to the neea for
 
more efficient use of wood fuels. 

S 	 -l The Improved Cooking Stove component aimed at as~ssi n current stove 
design and sought to improve the design to raise its thermal efficiency. The
 
Improved Charcoal Production component of, the project aimed at 
assessing
current charcoal klns being used in Thailand, improving on these where 
possible, and starting a 
program of promoting new designs and techniques for
this equipment' through delonstration and training. Like the Village Woodlot 
component, these components were developed on a good existing research baseand provided important information for further development. NEA and RFD alsoimplemented training-courses and ,disseminated the modified stoves and kilns.
The production of prototype stoves and kilns that' are more efficient than thetraditi onal types attracted private entrepeneurs interested in adapting
experience gained from the project~to commercial enterprises. 
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Improved stoves, improved charcoal production, and provision of
inexpensive wood through the Village Woodlot concept combine to provide a
coherent program for reducing the rate of use of natural 
forest resources for

cooking. Unfortunately, the situation is not that simple. 
Wood-fuel
plantations, as noted inthe discussion on village woodlots, are not likely
to be able to supply the demand for charcoal; furthermore, these plantations
will provide products other than charcoal.
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AJ. VILLA SE WOOOLOT 

1. 	 Background 

The 	Village woodlot component 'focussed on the Northeast, particularly

~AAin the Thung Kula Rongtiai area of this'region, where the soils and climatic
conditions are very poor. 
'The 
 soils are saline to the extent that 

commercial, chemical-grade salt production occurs on open lands Insome areas, Precipitation comes in only one season, calusing temporary flooding,
and 	the rest of the year is hot, or very hot and dry. This area isalso 
reporte to have the highest per capita Fuelwoodconsumption in the country
(1.42 m3/year versus a national average of .445 a/year).(I] 

Seven tree species were orgnally considered for use in the woodlots 
-Leucaena leucoce hala, Acacia auriculiformis, A. catechu, Casuarinaeuisitifoisia, C. iun huhniana and 	Et camadulensis. Eucalyptus

.camaldulensis,
thouht by many to be a "wonder tree," was selected for the
village-woodlot plantations because of its ability to tolerate the stressed
environmental conditions of the targetted area.[3],[4] 
Also, itgrows
quickly inthe early establishment period, which is important incompetition

with weeds and for protection against mechanical damage. Furthermore, fastgrowth isan important feature indemonstrating forestry programs to
villagers.
 

The goal of this project component was to "develop greaterinstitutional capablity inthe culture of plants for fuel and to support

tnose social functions wnich foster riie maintenance and impr'oement of fuel:rops and of a 
wood resource base."[2] The objectives of the Vliaqe Wooalot 
component were: 

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

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

*: " 	to create employment opportunities and increase income for rural
 
families;
 

- to develop techniques to be used as an Important first step towards a
countrywide screeme; 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 analysis, and securing approval for use of public lands.
Concurrently, a plan for implementation was formulated based on evaluation of
 
the information'being collected.
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2. Achievements
 

The Village Woodlot component of the project was carried out by the
Royal Forest Department (RFD) incollaboration with NEA. Itestablished
community woodlots inseven provinces inthe Northeast, including the Thung
Kula Ronghai, 
 ost of which is inRoi Et Province. Although reports vary,
official count of the area planted between 1981 and 1984 is approximately

5,000 to 6,000 rai (800 to 960 hectares), with about one million seedlings
distributed. 
These were planted in seven Provinces in the Northeast -
Kalasin, Khon Kaen, Mata Sarakham, Roi Et, Si 
Sa Ket, Surin, and Yasothin.
The sites selected for planting were predominantly on community-controlled

land (about 86 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. 
Inaddition to tre primary focus of establishing
plantations on community land, seedlings were also distributed to temples,

schools, and private households. Finally, seedlings distributed to
individuals were plantea along fences, inhedgerows, between rice paddies,

and around their houses.
 

The seedlings incommunity woodlots were planted by hired labor

following a 
short training workshop on the essentiais of establishing a
plantation. 
Trees were planted in woodlots under this project according to
the RFD recommendation  two meters apart inrows separited by four meters,
so-called 2 x 4 spcinq, 
This isequivalent to 1,250 tr.ees/hectare, -r

scmetning liKe 1,200,000 trees.[3] 
 This sp3cinq has the advanta(le c(,beinq
able to accomodate itorcropping, and in many plantatirons arrange7-ents were
 ma . to al]ow For this, "alley-cropping" agroforestry system. 
Ar'er zne t-'ee_
*,ere p,rced, weedinj and general maintenance were ,.r.rried out in varvinq

Oecr es.
 

in cooperation with NEA, the RFD held ei ht workshop/trairino

sessions for the Provincial Forest Rangers who acted as planting tecnnicians,

and others who assisted in this project. In addition to the field surveys
and attitude surveys, an extensive educationa1 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 component of the
project is tne effect it has had on stimulating tree plantings in Thaiand.

The 1,200,000 trees planted in woodlots during this project may not seem like
much in a nation-wide context. Nevertheless, it is indeed impressive to see
forests where none grew before, and 
rows of tall, slim trees separating paddy
fields, along fences, and surrounding village houses, as one drives through

the Northeast, North, and Central Regions. 
It is more impressive when one

realizes that these trees are at most four years old.
 

[There are anecdotal reports from the RFD to the effect that there
 are approximately 500,000 rai 
(80,000 hectares) of E. camaldulensis planted
in Thailand, on both public and private lands, including the land planted

under the project. 
At least one of those private woodlots was among the
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plantings observed by the evaluation team. W1hile some of those plantations
are said to pre-date the project, apparently most of them coincide with theonset of this project so that the general uniformity of age is the 
same. ][5],[6] 

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

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

- The World Bank isconsidering implementation of a fuelwood-production
 
component of a wood-energy project in the Northeast. 

-
Donor agencies from the United States (USAiD), Australia (ACIAR),

Denmark (DANIDA), Swecen (SIDA), Canada (IDRC), Japan (JICA), and the 
Asian Deveiopment Bank and the LUJDP (plus several non-government
aqencies) are all involved in Forestry ano fuelwood projects in
 
Thailand. These include projects that have direct relazionships to
 
the USAiD/NEA 'roiect, or have research agendas that will further the
 
ongoing activities begun under tha. project. 

- The National Energy Administration of has cortinued to develop
activities egun under this 2omponent, in addiHon to the other 
wood-energy components o, the Project. The budget for the Maha
 
Sarakham REC continues to provide funding for growing trees.
 
Furtnermore, NEA has neld workshops, distributed stoves and
 
seedlings, and iscontinuing to develop the charcoal-kiln project

(q.v.). 

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

- Kasetsar: University isdirectly involved with many fuelwood and 
social-forestry research activities wnose deveiopment was, to some
 
extent, oasea on this project. In pursuing tnese activities,
Kasetsart University has been working directly with FAO, ADB, ACIAR,

USAID, and the World Bank.
 

- Private enterprise has used the results of technical studies and the
 
overall experience under this component of the project for further
 
development and direct implementation of the technologies developed

under this component.
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The woodlots have not contributed to the wood-fuel supply as yet;
their establishment, however, hag provided villagers with short-term jobs,
some training on planting techniques, increased awareness about Forestry and
conservation issues, and many choices about how to utilize this renewable
 
resource to generate benefits For the community.
 

Social: - The sociological impacts and benefits are significant and
involve changing attitudes, new uses of public lands, and new problems
calling for solutions. With this eucalyptus species having an optimum
rotation cycle of five years, the older woodlots will 
soon reach the stage
where they should be harvested. 
The village or tambol councils that have
putative jurisdiction over these woodlots, however, are all 
uncertain not
only of ownership and harvesting rights, but of how the trees should be used.
These councils are facing a difficult situation that is new to their
experience, one that involves ascertaining the right to control, exploring
and comparing alternative uses for the trees, deciding on further development
of thie woodlots, and determining how to distribute any benefits gained. 
 Fhis
situation is further complicated by the fact that some villagers are so taken
with the wonder of a forest wnere none grew before 
- some. told the evaluation
team that they had never seen a forest before - that they wish to keep the
 
trees undisturbed for their grandchildren.
 

An additional social 
impact of the woodlots has been the
"recularization" of the use of public lands. 
 !nmany cases, the corunity
lands planted Inwoodlots were formerly used by only a few individuals for
grazing livestock or qrowing some crops. 
 This was a prcuctive use, but tne
land being used inthis manner was not availaole r.o the rest orf the
cornunity. The establishment of the village wcs.dlot, Dy 
 eS IOr)c-Q trie land
to comunal use, removed it from this ad hoc activity. There h1as rer
concern that viilagers who previously used the coff.unity jard for grazing
their animals and growing some crops would be relinquisring a necessary part
of their incore potential, 
and chat by being planted with r.ret,;s, the land
would no longer be productive. It is not yet clear ifthis i..
a valid
 
concern, as no major harvesting has occurred.
 

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

Education programs have been designed around the scrool woodlots that have
involved students intree planting and maintenance. This has stimulated
interest of parents to 
the extent that they have been requescirc; seejli ngs
and more information. 
 The temples also have a rnijor etuctiorai role and
command respect inthe community. Both institutions have helped to encourage
tree-planting programs and to allay fears villagers have had about the RFD's
taking control of local community lands. 
 This part of the program will

continue to have benefits into the future.
 

Finally, itmust be noted one of the important benefits of this
project component isthe shift in the relationship between the RFD and
villagers. As a result of the involvement of the RFD and villages inthis
woodlot activity, the relationship has evolved from being generally
adversarial 
to being much more cooperative. This positive change in the
RFD's role and villagers' perception of the RFD iscritical 
to sustainable
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forest management.
 

Environmental: -
There has been an aesthetic and environmental
improvement to previously marginal land. 
 The trees stabilize soil and

provide shade and protection from the wind. There is a 
reported moderation

inmicroclimate near a school with a 
small woodlot of its own, but inclose
proximity to a larger woodlot, located ina 
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 isa 
renewed interest in

community land use as a result of the program. 

On an individual level, villagers are more conscious of the value oftrees as an environmental enhancement. Aside from the new appreciation of a
forest that has already been mentioned, there isa trend toward planting
trees on their own lands and around their houses. This trend isso strong
that one of the RECs reports tnat eucalyptus seedlings are being stolen from
 some nurseries - a 
striking measure of the impact of this project component.
 

Economic: - In terms of economic impacts, the issue of product choiceand end use is important, and certainly will continue to be inFuture
fuelwood-establishment schemes. 
The choice of Eucalyptus camildulensis was

based on stress-tolerance characteristics, rather 
 nan optimal ena-use

characteristics. While trimmings nindby-products of the eucalypts could beused for fuelwood, itisapparent from the team's discussions with villacers

that of tnose wno are considering harvesting the trees, most ao not plan to use them for fuelwood. Ratner, tney want to use them for construction
(village or zommercial sale), charcoal procuction, or paper pulp. Theseplans reflect the fact that eucalypts have higner opportunivy vaies than for

fuelwood use. For example, wholesale markeu returns for fueiwooc are 225 
Baht/m 3, poles sell for 80 baht/pole and wood for pulp brinqs 280 to 420


3Bahti . Villagers prefer, to collect fuelwood From natural forests rather
than use their plantings for fuelwood or, 
pernaps, even charcoal production.

Such responses are substantiated by village surveys conducted by CLISRI 
and
 
the East-West Center, and by FAO.[11],[121
 

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

Centers and Provincial Forestry Offices, the demand for free seedlings by
individuals and communities apparently always exceeded the supply. Also, it
 appears that many households are willing to pay for the seedlings because the
Forest industry Orqanization sells seedlings and co'Tirwrciai nurseries have
developed. Altnougn interviews with owners of private woodiots were limited,
such peopie expressed interest inselling 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 been established and maintained by
 
women. 

Since the plantifgs are still immature, the actual income gains
cannot be quantified at present. The project will give the village income or
in-kind value if the trees are used. Private wasincome gained by those who were paid for planting on public lands and also by households that received
:ree seedlings. Positive benefits will also result directly from)ublic-school, wat, and communal plantings. However, many communal-woodlot 



6
 

schemes displaced the previous users of the public lands who often grew crops

or grazed cattle. These people have definitely lost income or in-kind 
benefits. Some projects tried to compensate for such losses by allowing
intercropping for the initial years and later permitted grazing, particularly'
for lower-income households. School officials interviewed expressed interest

in using 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 constraints, the only
limitation on the potential benefits derived from private use is the size of 
1andhol di ngs. 

4. Factors That Helped or Hindered 

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

The plantations that were established have a rotation age of five to
 
eight years. To date, almost five years after planting many stands, there
 
has been no management plan developed for the stands. Before they were
planted, there was no significant market analysis for eucalyotus and the,'e 
was little consultation with villagers about the purpose of the plantations.
No extension program was effectively associated witn the project. No 
thinning has been done. These factors have severely reduced the impact of
 
the program.
 

5. Results and Conclusions
 

Eucalyptus species have been recommended for many areas of Thailand,

and now tney can be seen growing insmall stands such as village woodlots, as 
hedge rows and fences, between rice paddies, and randomly planted in nome 
gardens. 

Initially, it appears that proliferation of eucalyptus will surely
reduce pressure on natural-forest reserves and provide accessible 
good-quality fuelwood for the rural population. On closer inspection,
however, it is apparent that standara silvicultural system for eucaiyptus,
which would inherently provide a continuous source of fiuelwood and otner 
products, are not being followed. Removal of poor stems, or thinning inany
form is not apparent. In fact, itappears that there isas yet no use of
 
eucalyptus for fuel anywhere inThailand. Some villagers who were
 
interviewed regarded the woodlot trees as a preserve because the RFD planted

them, and they were reluctant to cut them. Instead, they continue to gather

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

in individual gardens and along paddy dikes were considered as ornamental.
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Village-woodlot planting has been shown to be technically feasible.
 
Examples of interest inthe wood-energy component results are encouraging and
 
many plantations are growing well. In addition to the woodlots planted

directly under the project, eucalyptus seedlinrg 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 isnecessary if the
 
experience gained is to have an impact on trends in natural-resource
 
utilization. At this time, technology isavailable to int-:oduce innovative
 
and comprehensive wood-energy programs ineach of the regions inThailana.
 
.Each region ana, in fact, each village, has unique economic and social
 
requirements. Adaptations of technology can easily contribute to these
 
requi rements. 

Research has surpassed implementation of researcn results to a point

where political, legal, and social factors have become critical aspects of
 
achieving the objectiyes of alternative-energy development wit 'Ifuelwood
 
plantations. Therefore a concerted effort to disseminate and preserve the
 
knowledge gained through the project isnecessary, by involving villagers,
 
entrepeneurs, and administrators in the practical implementation of the
 
results of this researcn. If the concepts are not accepted by the users of
 
wood energy, the tecnnoogy will not be efficiently utilized.
 

W'ith optirum condition-, a siqni'icant numDer c' stands establisred
 

under tne project will be prcducino marketable timber intne next one to siA
 
year-. it isunclear to villagers, villaQe hekaeCin, and tambol council
 
members, however, what shouid be done witn the scanos. Furthermore, it is
 
not apparent tnat eithe:r tne RFD or NEA has a r irm policy on this issue. 
Marke'. aeveloprent is lacking and integration of -ooalot projects with the 
char,:oa-proauction improvement and cnarcoal-stove develo~irent activities,

whicn was not adequate ouring the project, does not seem to nave beer,
 
streo :henea.
 

The project went as far as establishing stands and disseminating
 
seedlings, but adequate training in forest management, basic forestry

extension in areas such as harvesting and transportation, and forest-products

utilization have not been successfully provided.
 

The perception among viliagers is that eucalypts ,,,i evenzklally 
crow to the size of tne indiqenous ,iry diprerocarp species ifallowea to grow
long enough, and that poorly growing stems are the result of poor care and 
not genetic characteristics. According to village representatives
Interviewed during this evaluation, the primary markets envisaged for 
eucalyptus growing incomunity woodlots do not include fuelwood or charcoal. 
There is,however, an impression that pulp markets will increase dramatically

inthe near future and that eucalypts are good for furniture and
 
construction. Itshould be noted, nevertheless, that other recent studies
 
indicate that charcoal production isalso 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 ismore varied than that of villagers or village representatives.

Some felt the trees would provide money for community development, either
 
through sales for charcoal production or other forest-product markets. These'

participants have taken some lead inencouraging 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. Recomendations
 

Subsequent development projects inthe use of wood energy can rely oil
 
the expertise of Thai researchers, but the institutional support for
 
implementing effective wood-energy development may require the support of

private enterprise. Alternatively, establishment of a group specifically

organized to integrate social and technical disciplines of forest and energy

sciences might be considered.
 

As eucalyptus stands planted under this and other projects mature,

the RFD, incollaboration with the NEA, should take the initiative ir
 
exploring markets 'or this resource. The opportunity to use these trees for
 a variety of purposes, ifwell planned, will provide an incentive for rural
 
coffmunities to practice forestry. Forestry is an option for land ;se like
grazina or rice farming. In order to make itworth while, ithas to be the
 
best option for the labor required and the land resource. Inmost. cases,

land to be used for forestry is not suitable for uses other than grazing. If

tre" s#ecies can be grown on this marginal land with minimum effort ana
 
prow'.e useful products, includino income and environmental improvements,

then Forestry will sell itself. At this point, market dtveloprment is Far 
Lehind jevelopirent of the woodlots.
 

Furthermore, before people can be expected to make rational decision
 
about the disposition of trees on 
village woodlots, the iand-tenure situatio
 
must be clarified. People 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. Inorder for this to be the case, not only ismarket
 
development essential, but land- and tree-ownership questions must be
 
settled, or popular particibation incomrnunity-woodlot schemes isdoomed fro(

the start. The RFD. on Denalf of the 5overrment. must raKe st-,sto c.'ari fy
this situation. 

The RFD should investigate the use of other species for large-scale

planting inThailand to avoid the dangers inherent in large plantings of a

single species. These risks include insect infestation, such as the psylid

infestation that has seriously damaged much of the Leucaena leucocephala

stock inthe Philippines and Indonesia, or attack by pathogenic fungi. Othei
 
species of stress-tolerant trees are suitable for planting invillages in th(

Thung Kula Ronghai region. Where conditions are more favorable, a wide
 
variety of improved indigenous species resistant to local pests and already

known inThailand can be planted. As a source of fuelwood, a tree that
 
pollards well - resprouts easily when the top branches are pruned - might be 
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better than eucalyptus, since the branches can be used as fuelwood without
 
damaqing 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 ruelwood,

the bole (trunk) of the tree becomes more valuable as clear lumber, and
 
sunlight isallowed to reach the forest floor, which provides potential for
 
agroforestry and silvipastoralism (grazing unoer the trees). There is little
 
incentive to prune Eucalyptus camaldulensis because of its low value as saw
 
timber.
 

Diversity is a safeguard against market fluctuation and the risK Of
 
natural disaster. Intercropping of several species o, trees inone stand, or
 
planting different types of stands, provides the opportunity to harvest
 
several products arid cultivate others simultaneously. Diverse plantings are
 
more adaptable to intensive management such as that found in typical

home-garden systems. Like the natural forest system, mixed cropping also
 
makes more efficient use of liqnt. Some species are shace tolerant and can
 
be established under fast-growing species; when the upper-canopy rrees are
 
rarvested, the understory will be released for accelerated growth. Finally,

different species frequently create different denisnas on soil nutrients and
 
water at different perioas of their life cycles. 1herefore, d''e-sity of
 
siecies places less stress on iand resources.
 

Successful continuation of the vilge-woodlt component of the 
project depends on extension services. PFD should endeav(;r to intearate t-ie 
-ctivities under its sillvi culture and Iand-deve oment divisions ,o
incorporate the recomrendations of excellent research results that aready
exist, into progran aesign and follow -up, in addition, cooperation arrng
RFD, NEA, and tne universities would greatly strengthen forestry sector. 
For forestry to o~e properly incorporated into village systeims, agrororestry
shouid 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 duplication of re.s-ources. 

These considerations present options for future woodlots and overall 
reforestation programs tnat RFD should -onsider. Nevertneless, existing
eucalyptus stands must e managed for bebu procuction ar,d use. Specific
recommendations will be founa inthe annex to this section. 

[More detailed discussion and reconiendations will be found inAnnex
 
4.]
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K. Charcoal Production Improvement
 

1. Background
 

The project design looked to improve charcoal production techniques 
as a means of reducing charcoal prices, conserving wood supplies, using
forest resid,,es and reforestation wastes, and providing an expanded revenue
 
source for r ral areas.(1] This project component was begun inApril 1982
 
and, though L AID support terminated at the PACD, continues under the RFD

with support from FAO. The project supported the establishment of a Charcoal
 
Research and Training Center inSaraburi Province that isnow being used in

conjunction with the FAO project. 

2. Achievements
 

According to the NEA's Final report,[1] the objectives of this 
component were to:
 

- publish a country status report on charcoal production, demand, and 
suppiy inThailand; 

- study all charcoal production technologies in Thailand and soire from 
abroad, 

- aevelop improved charcoal kilns and production techniques, 
-
promote and extend improved charcoal production technologies, 
- and increase cnarcoai research faiV~ies and sra1r. 

This component fulfilled all ,bJective!: >/ the end of the project, exceptfor promotion and extension of the improve ins.I However, NEA and Pm have 
continued work on charcoa -producti on i mproveaent rince the end of theproject aod are currently in the process of promoting the improved kiins 
through the RECs.
 

In terms of project output, the specific achievements include:
 

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

distribution, and consumption in Thailand;
 

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

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

rural-development organizations, villages, and charcoal
 
manufacturers;
 

- the establishment of the CHarcoal Research Center; and
 
-
three training sessions at the Center, for trainers, on the
 
construction and use of improved kilns.
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3. Inacts and Benefits 

General: - By the end of the project, there were minimal impacts or
 
rural energy use. The potential beneficial impacts for Thailand were the
 
deveiopment of improved production techniques and the collection of better
 
data on the charcoal system. There was limited effect on rural energy use 
since only a limited amount of kiln promotion and relatively little extension 
had been conducted by the end of the project. 

Technical impacts of this component relate to existing kiln
 
operations and new installations. The Center's research on firing techniques
provides scientific information that is correlated to basic indicators of 
kiln efficiency. These indicators, such as smoke color and chimney
temperature, tell the operator what ishappening inside the kiln. By

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

ana quantity of _harcoal being produced and minimize firing time. 

Economic: - The economic impacts of improved charcoal-production

techniques seem to be minimal at present because of cheaper alternatives
availabie to small producers, and most importantly, the regulations recarding
charcoal production. The NEA figures and our field notes suggest that their
 
medium-sized improved kilns (8 and 20 m3 ) have payback periods between "ne
and three years, depending on the increases in cnarcoal produc-ion that are 
realized (five to sixteen per cent). Individual hou.eholds, noever, may nrt 
invest innewKilns because present methods and fuel costs are so low.

Similarly, large cormercial producers using manqrove and rubber trees for
char:oai export, as in tne South, use larger ki iis th&fn 'EA models Unat ar;a
sirmi ar in design, so chat tney may nave little incentive to jdupt t ese
modeis. Eesides tnese financial considerations, present restrictive 
charcoal -production laws are the main reason producers may not adopt the
technically improved kilnis. Some producers may be overcoming these
 
restrictions by obtaining licenses.
 

4. Factors That Helped or Hindered 

The promotion and implementation of the charcoal-production program
would have beenhelped significantly by changes inregulations concerning
charcoal production. The laws that presently qovern charcoal p.'uuc~icn
inhibited the active participation in the project (aata collection,
 
development of techniques) by most charcoal-kiln operators'since tney operate

illegally, as the laws now stand. 
 The entire network of charcoal nroduction
 
from harvesting to consumer is subject to illegal activities. This fact
 
seriously impaired the reliability of the RFD charcoal survey and the data
 
collected. Although these laws are important to environmental protection,

their existence has reduced the effectiveness of promoting the larger (8-and
 
20-m 3 ) kilns designed under the project. The laws governing production and

distribution of charcoal are currently under review by RTG inorder to
 
promote better charcoal-production methods. Where commercial charcoal 
production does occur under license, such as the mangrove-wood kilns inthe
 
south, kilns quite similar to the USAID-developed kilns are already inuse.
 
Thus, the incentives for adoption appear minimal.
 



- 70 

5. Results and Conclusions 

The charcoal-production component efforts have continued wi h the 
support of NEA and FAO. A workshop sponsored by FAO will take place October
 
27-November 7, 1986 at the Charcoal Research Center established under the

project at Saraburi, with attendance by people from throughout Asia. The
 
World Bank is currently considering use of the USAID project results in

implementing a fuelwood energy project inThailand; training courses for over
 
three-hundred participants have encouraged the construction ,J thirty-four

kilns for demonstration; and consulting services provided by NEA continue. 
Although the coanercial-scale kilns might be difficult to adopt, the small
 
(2-and 8-m3) kiins have application at the household level without hindrance
 

Witn continued efforts by NEA, and support from FAO, additional
 
benefits might be realized. Since the end of the project, NEA has developed
 
a computer model for charcoal production costs tnat allows the determination 
of fueiwood requirement and necessary plantation size DaseO upon Kiln size 
and charcoal prices. During the prcject, few aata existed ac NEA on most 
factors related to wood-plantation and charcoai-production costs. Data
 
cathered Dy NEA and RFD uncer the project, howeer, have m3de this model
useful to NEA's exrension efforts. This rr)nael promises to Le additionaliy
user:.Ji in oroviing more rel'able informatior, to potential charcoal
manufacturers. Results from the model cleariy show tnat wood-production cost
is the critical .actor in positive returns from chatcoal production. 

6. Reconendations 

In order to ai sseminate the charcoal-kiln tecnriology developed under
the project to commercial operators effectively, regulations must te alterea 
to provide a mechanism for legal sales of the cnar-coal proauced. NEA and RFD 
are aware of this need and discussions on possioie changes have occurred.
 
One consideration might be that RFD or NEA issue licenses only to those who 
produce charcoal inapproved kilns and who have fuelwood plantations. This
would provide an incentive for using more efficient technologies and 
sustainable fuelwood management. For village charcoal production, NEA and 
RFD might consider forming cooperative systefrs basea on the traoitional 
practice where villaqers take rice to a njill and oay for milling. 

A second critical factor to consider incharcoal-production promotion

isthe linking of charcoal making with sustainable fuelwood production. NEA
 
and RFD should collaborate to ensure that charcoal-production technology

training by NEA's Regional Energy Centers is presented together with
 
information from RFD on growing trees for fuelwood. Commercial production

from nearby fuelwood plantations reduces the cost of harvest and
 
transportation, and generally makes more efficient loading of kilns possible

because of uniform, straight stems. This coordination of efforts can go both 
ways; NEA can use RFD support on its charcoal-production extension efforts

and RFD can rely on help from NEA at established fuelwood plantations. With 
this inmind, a demonstration kiln should be set up by NEA near one of the
 

http:user:.Ji


existing community, wat, and/or school woodlots, Fired with thinnings from
 
the trees.
 

Although NEA has made substantial progress in understandinq the
 
system of fuelwcod/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 NEAand 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 tne designs developed under the USAID project. 
 In
 
order to 
operate a kiln for community use, accurate estimation of potential

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

available species to charcoal should be made, and equitable arraraerrnts for 
selling charcoal decided. The involvement of NEA and RFD staff will 
be
 
essential to training and monitoring producers. 
 Awareness of alternazive
 
marKet values for Eucalyptus versos the price of fuelwood and chtarcoal on the
 
open market is essential. information disseminated from the Forest Products
 
Researcri Division of RFD or the Forest inaustry Orgarizatir would be
beneficial. Replanting new woodlots, intensifying nianaqemenr of existirq
stancs. and incorporating agroforestry aiternativ7s by the RFD isessential 
as well. The RECs, because of their lccation and contacts with villaqers,
could t as tne coordinatina arm of such efforts. 
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L. Cooking Stove Improvement
 

1. Background
 

The project paper recognized 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 inThailand depends

largely on biomass mainly in the form of wood and charcoaL
 
The annual consumption of both fuels interms of solid wood
 
is approximateiy 40 million cubic meters, with an estimated
 
value of well over 7.5 billion Baht. if this quantity of
 
wood fuel were to be provided by commercial fuels such as
 
kerosene, LPG and LNG, the national spE.ding on such imports
 
would be at least three times higner. Furthermore, many

probiers would exist both with effectively distributing these
 
forms of enerqy to rural areas, as well as with its
 
prohibitive cost.
 

Statistics on wood consumption of the country reveal 
crat the use of wooo for fuel isapproximately 75-60 per cent 
-)f all uses 'witn such purposes as conrstruction and 
industrial applications comprising the remainder). This 
consumption ratio inaicates that the country's depf.ndence on 
wood ruei is i.eI ,o persist for a lona time to coiTe. 

Tne ojectives of tnis project component were:
 

- to investigae tre performance of existiria stoves currently used in
 
Thai iand.;
 

- to make necessary improvements on each type or stove (charcoal, wooc6,
 
and crop residue) For better fuel efficiency ana ease of operation;
 

- to establish improved stove production techniques suitable for
 
small-scale rural industries;
 

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

- to increase the number of trained pesonIel and institutional
 
research faciiities for future campaigns investiiating efficient
 
biomass cooKina stoves.
 

2. Achievements
 

The research and development works on improving biomass-fuel cooking
 
stoves was carried out by the RFD in cooperation with the NEA, with
 
dissemination of the new stoves - information on the stoves, training, and
 
the stoves tnemselves - being primarily the responsibility of the RECs. All
 
of the objectives listed were achieved.
 



,viN u r lviiUi ; umponen uoegan in march 19 6Zand ended at the PACD,
the end of October 1984. In that relatively brief period, commercial stoves
 
of traditional design were collected and tested, new stove designs were
 
tested a,,d a prototype selected, the prototype was subjected to detailed
 
testing and improvement, and many prototype stoves were fabricated for
 
training classes. The research was quite sophisticated and demonstrated
 
that, with some basic modifications, the traditional stove can be made more
 
efficient.
 

The outcome of the development work was a charcoal stove whose heat
 
efficiency was 26 per cent higher tnan the average corrmercial traditional
 
model, i.e., for the same heat output to the pot (working results) it used 
abcut 78 per cent of the aount of charcoal used by the traditional stove.
 
The wood stove produced by this effort has an efficiency as muhi as 58 per

cent higher than the traditional model. The improved rice-iusk stove had
 
twice the efficiency of the average conriercial models.
 

[Note: Analysis of the data reported by NEA 'Ref. 1, Table 
7.2) indicates triere has been some confusion in the 
efficiencies reported for the new stoves. The data show
 
efficiency of heat use for the various mydels, 4hich is as 
much as 34.2 per cent for the new stove. This is t, be 
compared to an average efficiency of heat use uf 27 per cent 
for the tradit~onal, .cormerciai .cnarcoai srote. Tni . is a
gain of almost 27 per cent in the efficiv witn ,nicn the 
heat from the charcoal is usec. Thus, a given ,iticrt of 
charcoal wil" provide 1.27 tirrk-s cthe -ri'.,nt o re-. ;n the 
new stove that it oil in the o".] SCove. Therefo ror Fe 
sane amount of heat output, one iee,15 use on"Iy i/i.27 ur 
.,Cout 78 per cent as much charcoal as needed for W.he old 
stove model. The confusion stems from the fact that tr,e 
34-per cent figure is often referred to as rmeaning "more 
efficient. "I 

In addition to the "hardware" achievements, nine training and
promotion programs on the improved stove were carried out amonq villagers in 
various parts of the country before the PACD. 

3. Impacts and Benefits 

General: - This report would not be complete without noting the 
excellence of the research and oevelopment work perFormed under this project

component. The report submitted to NEA by the RFD team involved in this work

contains a wealth of information on the testing and design of charcoal, wood,

and rice-husk stoves. 
The care and detail with which the testing was done,

the stove designs which were prepared, and the fabricating machinery and
 
devices that were designed and built constitute a model of scientific and
 
engineerinc investigation. The devices developed by the team for use by the

village manufacturing groups that came into existence as a result of this
 
effort represent appropriate technology at its best.
 



Although it is too early to say that the improved stove is being

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

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

Social: - One of the benefits of this activity has been the
 
involvemen, of 
women in the village groups that have sprung up to manufacture
 
these stoves. Women were the major, if not sole, participants in all of the
 
groups interviewed. Furthermore, since women are mainly responsible for the
 
cooking, they will benefit most in improved health as a result of the more
 
efficient combustion of charcoal in the improved stave model.
 

The group stove-fabrication activity has provided productive

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

Economic: - By the end of the project, the implementation and
 
commercial promotion of improved stoves had only begun. Two years later,

there is evidence that tne new stove may be caining popularity arid an 
increasing, though still small, share of the conmercial stove market. By the 
end of the project, most of the information gained was cn user5' preferences
- notably in favor of the charcoal bucket stove ana the wood stove (without
criimney). With continued effort since 19&4 by NEA trirough the Reqional
Enrrergy Centers, stove users and stove manuf acturlrs have b')Ii Zr i ,eu. 

The trainino (J many qroups rid ivi ,ais r, r,)' Cr,a I v ri : . e

improved charcoal stove, ana the diffusion ,)f Dor, sk i s an(
zne the 
improve, crarcoal stove to pri vate inoividua i, corTrciai manufacturers, anocooperatives snows important economic potential. By t:ainir, mhs c1verse 
group of producers, tne potential income-genertion betefirs have teein prea:
to a oroader pase than would nave teen the case by cojicentra:ion oniv on 
commercial manufacturers. While the village cooperatives and indiviuual
 
producers expressed the belief that eventually adequate profits will be
 
realized, they have different income and time constraints, thus less
 
flexibility, than commercial producers. For example, such producers find
 
distribution difficult and obviously depend primarily on NEA's purchasing

arrangements. Stove production for such producers is highly seasor,1a 
 - when

farming chores do not take priority. It proviaes part-tIme orK arid 
discretionary income. As was noted above, partcipation by woTen and men in 
tne cooperatives or village groups appeared equal, with some groups Deing

made up completely of women.
 

Besides private individuals or village cooperative groups, the third
 group of producers, commercial Thai stove manufacturers, are also producing,

and in some cases redesigning, the charcoal stove. In particular, one stove
 
manufacturer has invested much time and effort in changing the stove design

to lower costs and make production readily available to villagers. Other
 
manufacturers also are changing the bucket and increasing insulation
 
materials to lower total costs. 
 While most stove wanufacturers continue to
 
produce traditional stoves, they hope to expand their sales of the improved
 
stoves in the future.
 



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

- Profit margins and cost structures -- In Table L-1, a range of 
estimated production costs and profit margins is given, based on 
discussions with four private comiercial manufacturers and several 
cooperatives (or, perhaps more accurately, village groups). The

important factor is that the profit margin on traditional (Chinese)
models is reportedly only about I 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 (Baht/stove)

Component 
 New 	 Traditioral(a) 

Bucket 
 25
 
Labor, 	 9 - 20 
Clay liner & Grate 	 3 - 6
 
Other Materiai (b) 	 I
 
Total Production 	 39 - 52 15 - 16 

Profit 	 18 - 31 1 -

NEA Whoflesaie, etaii 70 
Commercial 
ConVTercial 

Wnolesaie 
Retail 

75 
80 

- 35(c) 
- 150(d) 

i6 
20 

-

-

i6 
2E; 

Notes: 
a. For chinese model. 
b. includes materials sucri as rice husk, sana, cerrorrt, a"di:J 

clay. 
c. One commercial manufacturer with an adaptation of the NEA 

desian produced stoves for 100 Baht/stove in 1986, but has a 
newer 1987 version that can be sold for 85 Baht/stove. 

d. High price reflects Bangkok saies.
 

Relative stove prices and market size -- Aitriough such profit margins
favor improved-stove proauction, the price of the NEA improved stove
 
is over three tirris the cost of traditional stoves (20 to 25 Baht for
 
the traditional model 
vs. 70 to 85 Baht for the new model). Thus,

sales of traditional stoves vastly outnumber improved-stove sales,

making net revenues less for the latter. However, private sales have
 
slowly increased over time, leading commercial producers to be 
optimistic. Perhaps the price differential appropriately relects 
actual willingness to pay, in view of better stove quality.
 



- Product quality -- The stove reportedly is significantly better than

the traditional model interms of longer life (one to two years

compared to six months to a 
year), better materials and insulation,

and fuel savings (see footnote inthe Achievements section). While
 
more experience isneeded to confirm this information, both 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 small individual
 
producers and village groups, this aspect may be critical 
to their
 
commercial survival. One manufacturer appeared wiliing to decrease

the profit margin if assured larger guaranteed sales to a connercial
 
wholesaler. NEA's policy to guarantee purcriases, and its spreading

of quotas among proaucers, appears to be critical to reducing

producers' risk sufficiently for them to decide to enter the market.
 

4. Factors That Helped or Hindered
 

As has been noted elsewhere in this report, itisour feelina that
 
more attention to integration of the promotion of improved stoves with the
 
charcoal-procuction activity and toe village woodiots wouid have helped all
 
three efforts.
 

5. Results and Conclusions
 

By tne PACD the project had essentially achieved the development of
 
more efficient ana socially acceptable stoves. As a result of cotiniued
 
efforts oy the RECs ano INEA, the stove isbeing successfully oroduced by the

private sector. NEA has quite effectively and actively transferred stove
 
manufacturing to 
this sector. Although widespread dissemination has not been
 
achieved to date, and long-term comerciaiization isnot yet assured, the
 
signs are quite positive. The serious efforts by some manufacturers to

improve NEA's design suggests strong interest from the private sector inthis
 
component. Fuei savings are another major acnievement; whether 22 per cent,
 
as the NEA reports, or 50 per cent, as villaqers claim, this means users nave

recovered the hiqner initial 
investment costs inthe new over the traditional
 
stove inanywhere from two to three months.
 

Besides encouragement of a commercial improved-stove industry, other
indirect benefits of the project are improved labor skills and wages to stove

workers. Workers earn about 70 to 100 Baht/day for the new stove as 
compared

to 50 Baht/day for old stoves. Participation by women, regional export of

the stoves (to Burma), and its design and fuel savings that 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 
will save a significant portion of their charcoal expenses. 



This component is a highlight of the project. Many achievements have

resulted after USAID Funding, attesting to the RTG's strong support for and

belief inthis effort. Ifthe commercialization issuccessful and

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

6. Recomendations 

Inview of the important commercialization achievements of the stoves
development, we strongly recommend that the RTG continue supportinq this 
program. Since the program appears to be at a critical stage, continued RTG
and donor-agency budget support is needed, although not necesiarily inlarge

amounts. inorder for cooperatives, village groups, and other producers to

increase their airect sales, NEA should devote attention to developing either
 
more wholesalers or other marketing alternatives. NEA. or the Cooperatives

Promotion Department could provide additional assistance to 'he villaue
 
groups by helping them with accounting methods. Stove promotior thruugh
related RTG projects, such as the Accelerated Rural bevelopment proiect.
coirmunity development, arid RFD seedlin-distribuiiin cenuers is needed. This
could easily and rapidly increase public awareness ar minima costs cc, the 
government. Witn eighty cent of Thai ianaper (the rural po pulatio)
aepenaent on 
COOKinq stoves, this program could be highly successful in terirr

of i ndi'vid ;&l user, proau-:er, arid national Den its. 
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M. Solar/Wind Resources Assessment 

1. Background 

This project component aimed at providing assistance to the RTG in 
evaluating the potential For exploitation of Thailand's solar- and 
wind-energy resources. USAID support was to "provide the foundation for
 
sound technical, economic and social decisions."[1]
 

The implementing agency for tnis component was the Meteoroloqical
 
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 evaluate the data collected to determine the potential engineering
us.efulness of solar and wino ener'y. 

2. Achievements
 

After a resource-assessment plan for solar a id wind energy was 
developea, the Center -or "oar and Wino Calibration 'as escablisnea &; tne 
6anq Na M'eteorological &ice, about ten kilometers from te MET heaa off'ice. 
With technical assistance under tre proiect, irstrur-rnt- were specifizd, 
pu-crasec. set up, a'ria ca5r,ratec. en sati-ns wer ;sTa ;i ished ror. )inu 
e a&5ur r rit, aru Six r, t 5o r radia ir, (". ee , , i r ]cI ion r 
nf'. i aui stati.oris. Trnee sta-ios are u p Ir J'Uu r&-x;i 10

of ind- v;,iual Jata ,irtS ana intecgrateu ues, ,;iti ul i0 supplyva an," a o 
aata. 

Under the project, a training course was giver to aoernment
 
officials from MET, the Department of Science Service, Electricity Generating

Authority of Thailand (EGAT), 
and NEA. Also attending were representatives
from KMITT and the Thailand Institute of Scientific and Technoloqical
Research (TISTR), witn orbservers from MET, Mi"TT, and AiT.[2] This type of 
training has continuea since the PACD. The aata collected under the project 
were processed and analyzed at KMIITT an AiT, aria thle results made availI&ie 
in two puDlicati,)ns. [3], [4]
 

3. Impacts and Benefits 

Since work on the solar- and wind-energy assessment did not begin

until some time in 1983,[5] it is not clear if the results of the
 
measurements played a role in the selection of sites for the photovoltaic and
 
windmill water-lifting systems. The data collected, however, are a valuable
 
addition to Thailand's information base on its meteorological

characteristics. They will no doubt contribute to 
future decisions regarding

siting of systems to exploit solar and wind energy and to analyses of weather
 
conditions in Thailand. 
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The establishment of the Center for Solar Radiation and Wind
 
Calibration has made available to the Meteoroloqy Department and other
 
organizations inThailand an institutional base" For standardization of

instrumental measurements, which wili make future data coilectiulis more
 
reliable.
 

4. Factors That Helped or Hindered
 

There is no doubt that technical assistance provided under this
 
project was instrumental inassuring that the Center was properly equipped

and inhelping to set up calibration techniques and data-analysis Proceouies.

Temporary datalogger problems, however, caused some deay in data collection 
and analysis. Finally, limitations in funding and in staff positions are 
reporteo to have hampered the Center's activities, and to continue to do
 
so.[5]
 

5. Results and Conclusions
 

Tne Solar/Wind Resource Assessment component represents a successfa
underta;ing to improve the meteorolo. ical analysis capablity" of Thailand.
It ras established a new ard fmogern system or 1reasurement, da'x r ezr]ic, 
anc aata auaivsi5 that is capale of 9eneratiro inrforn6tion or _Yjr'- ankjqinn-eieray resources that is needed for future tneray plarning in Thailand. 
Ttl ,i:]ition, the informatlor *s -nd eill c-oritinat to r. ue u ,. 

CFsut.ntre mari i,;imese, 5.., as &CCri 7,truCr.iv indu ri-. &ItI i t,JPe. 

6. Recomimennoaions 

NEA should continue to review bjdet requests of MET on behalf of the
 
Center, to insure that the staff and aata-collection and analysis

capabilities remain adequate to meet the national needs.
 

REFERENCES
 

1. National Energy Administration, 1984. Solar and Wind Energy Resource
 

Assessment for Thailand. Bangkok: NEA. p.22.
 

2. Ibid., p.85, and interview with Component Team Leader.
 

http:truCr.iv


- 80 

3. 	Suwantrakul, B.; Watabutr, W.; Sitathani, K.; Tia, V.; and Nampraki, P.,
1984. Solar and Wind Energy Potential Assessment for Thailand.
 
Bangkok; Meteorological Department.
 

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

5. 	 I,iterview with Component Team Leader, September 16, 1986. 



8] 

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 Forpromoting 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 u5t inrce
mills and the potential market for rice-husk char briquette. TISTR designed

and built two experimental pyrolyzers that provided valuable data, and
designed a system that could help meet the energy neeas of small to 
medi um-si ze ri ce mi Is. 

3. Impacts and Benefits 

General: - The researcr res-.ltea in 9as-puri~icatiur. ie:'T.rI, :ctnave Dbeen adoptea Dy qasi fier manufacturer i r Thai anu. fr ',Ke,t,.nnical :uopo,"t y the Energy Research Divisiun of Ti .-.,s r Liurnu 
•n araivsi3 or pyro'ivsi s ind experience in c.nstru( Jor, _1: ",
,poIicaDle to 6 wiae range of eneo.y -tecnno,o,'v rese-rcn. 

Ecrnomic: - n terms of a'terrintive ,'pp: rL,; i - creo S:f,'Iy K)re e pensive or oper.tion&; v more Corn. ica.eu :r,: - -T v
sucn as qasifiers and diesel gereratrc.rs. TiSTh showed vositive io,, :ialgains (iRR = 57 per centi for coup~ing a pyroiyzer with a,e-fu& system.However, the rice millers converted back to all diesel at tre enc (uf tneproject. This suggests the opportunity costs of a combined pyroiys'sidiesei 
system are too high.
 

The charred rice husKs produce( from pyrol i were forrrd into
cnarcoal briquettes. However, the a,al ity of tnese Dy-ro'u'.; rfer,s 
to crarcoal oroducec Dy a ar less ccmplicated arnc creaPer 
briquetting methocialso oeveluped by TiSTR. From tne rice iiier s
perspective, investing in the simpler briquetting equipment nas a shorter

payback period than investing inpyrolysis. Itwas reported that several
rice miils and sawmills have invested insuch biquetting equipment, so the

commercial adoption of such systenrs appears to be a 
irrvre attractive method of
 
rice waste disposal than pyrolysis.
 

Because of the high technical skills required for operatina and
maintaining the system, rice millers did not want to spare their workers for

training and operating such system. 
 Also, high labor demands during the
rice processing season limited the time available for operating the systems.

Itapparently is an opportunity cost issue, i.e., the millers simply feel the
 

http:gereratrc.rs
http:ie:'T.rI
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benefits do not warrant the opportunity costs given other alternatives for
 
energy and use of rice by-products.
 

4. Factors That Helped or Hindered
 

Although this component's objectives were achieved, in 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.

prices were depressed during the years that the project was 

Rice
 
in pr-ogress,


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

5. Results and Conclusions
 

The project demonstrated tne actual costs of pyrolysis and provided
knowleage regarding key factors related to successful cofrfTerciaiization. 
Research on oriquectin methods, rrade concur-tentiy by TISTR with other
funding, snowed sucr, metnods were commercially superior to rice pyroiysis
u'/-or oducts. 

systemG,Vyoiysi5 al thouqq inanci 3, 1' attractivt A,'ner, cmrr, are(i to
oi systems, at present are not comrercial Iy a:ceptaole. Thus, tn i 
cron,,nc has hac ar.(,c wi I probably noc riade .any airect ecvnomic impacts
Q'ner tnar, pointing to alternative, ie's costiv metnods of waste use.Furthermcre it is the opinion of both TISTR an, tnis evaluation team. cnat themuci simpler qasification process is to De preferred for conversion of rice 
husks, particularly since use for the pyrolytic oils has not 
yet been
 
determined, ,dthe pyrolytic char is not as 
useful in briquette form as
 
briquettes made fropi rice husk directly.
 

6. Recorrmendations 

Continued support of pyrolysis projects is not recommended if the
objective is commercialization. Other cheaper and less complex energy

systems exist. If research continues, it should focus on reducing equipment

and labor costs. To handle waste materials, promotion of the simpler rice or
waste briquetting systems appears to be a more comrrercially viable and
 
socially efficient alternative to pyrolysis.
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ANNEX I
 

SCOPE OF WORK FOR FINAL EVALUATION 

Renewable Nonconventional Energy Project
 

Project No. 493-0304
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SCOPE OF WORK FOR FINAL EVALUATION
 
Renewable Nonconventional Energy Project
 

Project No. 493-0304 

I. ACTIVITY TO BE EYALUATED:
 

The Renewable Nonconventional Energy Project was conceived by the Royal 

Thai Government (RTG) and the United States Agency for Internatonal 

Development (USAID) with the aim to reduce Thailanc's dependency on 

imported energy resources by developing and introducing alternative 

energy resources. For RTG implementing Agencies see Section I"WCRK 

STATEMENT.
 

LSAID awarded a five year five million dollar grant to Thailand for the 

development of rene,.aie nonconventional energy resources with an amount 

of 3.' million dollars e; -,alent frcm RTG contribution. The Project has 

two ccmplemenzary and reinforcino themes: 

The First: is an irs-i:uzional develor,?,en: component. This ccmpcnent, 

haYr, o-c ter-ii impi caziors, inc~r-oraes sup-crz for four cistinc., but 

reIa e- ac-ivi:tes: assistance es in ,.n: r,.aI rgy( in a-6li a 1 e 

!nformation and Documentation Cen:er and four Regioral Erergy Centers, 

(2) assessme.Int of renewable energy sources such as wind ana zoiar, 

biomass, etc., (2) sFpor: of RTG capacity for monitoring of 

technological clhanges in rural energy utilization and (4) villace and 

rural enery da-a collection, development of energy ccnserva.:ion 

guidelines, staff suocort and training into the Thai Energy .aster Plan 

Study. 

The Second: involves carrying out a series of tests and adaptations of 

renewable energy techrclogies, which will be carried on at tne same t'me 

that the work of institutional and data base development goes forward. 
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Accordingly, at the end of the project there should coincide a tested
 

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

institutional base to implement them within the framework of a broader 

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

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

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 accomplishment report. 

The project underwent an interim evaluation in September 1982 rd 

resuited in reorganizing the Project Coordinator's role and redesigning 

prcject components to fccus on research 0evelopment and villagesom,,e 

implemenzatic., (where possible).
 

1I. PUPCSE OF THE EVALUATION: 

The purpose of the evaluation is co assist the RTG and USAi& Iisson to:
 

A. assess the achievements of project ouz.uts and measure the 

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

have been realised. 

B. examine the degree to which the technologies ana intronazion 

generated by the project are influencing energy consump-ion 

patterns of the people involved, especially the social impact or 

rural villagers. 

C. address what technologies developed under the project have
 

proven to have high potential for comnercialization and
 

dissemination and future active roles of already established
 

institutions. 

D. 	 assess any envirorental and ecological impacts from the adopte( 

project activities. 
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E. 	explore both private and public sector activiti.es 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 reccmmendations concerning additional cr alternative uses 

of the information and/or the generation of additio.al 

information/activities for pcssible future applications. 

III. BACKGROU-IC 

Energy is a key elemenz in any effective rural oevelopmenr s-a:eSy, and 

this is specifically ackncwledgec in the Country Civelcpmenz Strategy 

Stazement (CDSS): 

'As modern acricultural techniqLes" become more widely adopt.d, rural 

Thailand will exer- increasing demand for energy in zne form1 of 

fertilizer, irrigation pumping, traction, crop processing, transortaticn 

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

energy source unless positive steps are taken to introduce alternatives. 

aSubstantial investment in a nat.oral rural eiect-Ic sys:emI, wnicn is 

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

expensive petroleii imports. 

The energy demand for agricultural production purposes will be additive
 

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


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

seriously affecting forest areas and could threaten the ecological system
 

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

usage of these renewable resources are not promptly addressed.
 

http:additio.al
http:activiti.es
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AID proposes assisting the RTG to reduce its dependency on 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 Ccmonents to be studied: 

The evaluation sccpe of work will cover several components of zne Project: 

1. Natioral Energy Infcrmation Center 	 National Energy Administration 

2. -eaional F rgy Centers 

3. Energy ?aster Plan Support 

YMil e Survey 

8. 	')Oier Thr~er-ai Processes Ki-ng Mongku t s Instit'ute of 
Technology (KrTT) 

9. Bicmass Gasif~ication 	 Chulalongkorn University (CU) 

10. 'villace Woodiots 	 Royal Forest 0e;ar rt (RF) 

11. Charcoal _7nprovement 

12. Cooking Stove improvement 

13. 	Solar/Wind Resources Asses-ment Meteorological Department
 

(MET Dept.)
 

14. Pyrolysis of Rice Husks 	 Thailand Institute of 
Scientific and Technological 
Research (TISTR) 



(B). 	Key Questions:
 

in addition to the assessments and examinations listed in Part TI
 

Purpose of The Evaluation, following are some illustrative questions to
 

be answered for each of the components listed above.
 

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

time, effort and resource requirements of each technology)?
 

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

well-defined clientele group, wi-nout iirect subsidies? 

3. 	 What components appear to have relatively high deveiopment 

imnact in tears of its pozenzia for widesoreac use, ad 

rediuction cf Thailard's ce:ence,::e on fossil fuel. 

4., 	 Is the institu-ional base ncw in -lace suffi cienz to carry on 

the work of prcmotin; renewaole eerv technologies in ine 

villarges?
 

5. 	 Are there any idenzifiabie social or ecclogical problems 

attached to the various renewable energy tecnnologies? 

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

funding ends? 

7. 	 What local institutional capacities (managemenz, technical, 

financial, provisions for maintenance and the replacement of 

capital equipment) are being developed to continue project
 

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

What policy conditions are required to facilitate continued 
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8. 	How were the interests and role of women taken into account at,
 

the design and appraisal stages? Did their participation or
 

non-participation affect project achievements.
 

9. 	Weregender-specific data available or have they been developed
 

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

allocation?
 

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

negative, of the prcect concepting women's access to production
 

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

training, role in household ana community, arn healith conditions?
 

11. 	 Though the initial enviro,-mental examination was nEgative, did
 

experience snow that there were impacts auring -imlementation?
 

The "valuation Te am is to investi cae t.h ose quesz:"crs anc
 

provide:
 

i.finaings - (facts) 

ii). 	 conclusions - (underlying reasons)
 

iii). 	 recommendations - (how problems may be solved and by 
whcm). 

METHCDS AND PP.CCEDURES:
 

1. Review of Project literature -- exiszing repor:s, Previcus
 
evaluation report, monitoring reports, project files, etc. which
 
are available at USAID Office of Enginearing and NEA.
 

2. 	Bangkok interviews with the project component team leaders, NEA
 
and USAID concerned.
 

3. 	Field interviews with chiefs of the regional energy centers,
 
-manufacturers, rice mill owners, benefited villacers, etc.
 

4. 	Trips to Bangkok CU, KMIT, TiSTR, etc. renewable energy
 
demonstration park.to observe pilot installations under the
 
project.
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regions to observe energy facilities under the
5. Trips to rural 

project.
 

VI. TEAM COMPOSITION:
 

Energy Expert: 

citizen with experience as a USAIDThe 	 candidate shculd be an American 
leader. The team leader will be responsible for assuringevaluation team 

that the final report answers each of the questions in this scope of work 
In 	dai-ion, the team leacer
and meets USAID evaluation report criteria. 


will coordinate activities of the other team members. The Energy

Expert's experience should include project management o. renewable energy 

systems, energy technology assessments, envircnmental impact assessments, 
power slants, incustrial wastes, ana energy facility sitirgs. 

Reccmmendations must be implementable. They shcuid be keyed towards 
aciii,'47es as weI as todissemination and promotion of renewable enerc 

developing RTG institu-ional capacity to perfcrm anc sustain energy 
The 	Energy Ex:ert/Te.--i Leader

policy Planirng arc fur:,ner imDl eentati cn. 
will be fcr a toral 	 A PSC is preferable.concracze- of S weeks. 

Energy Econmist: 

The canCidate shculi be an American :itizen wi:h erien- in 
in tecnnoiogies ce i eC :o c mparative analyses of inves -en-s enery 

Eoncmist crepare os Toil. T e = " wil: .... i adiIl ; ' : f o sreduce,p,-l,'-im de-e;:cencen ,- ,,y on imcortedassessmen-s "o CCe _. :n re i c m arer O- 'n-z, ,,o,,om, 	 . . . wn,. ; r 

7Tcost-effective. The purpose of the evaluation raised in Section anC 

IV will also be adcressed by the Economist. The Energy Economist wil be
 

contracted fur a total of 8 weeks. A PSC is preferable.
 

Scciai Scientist: 

The Social Scientist should be a Thai citizen residing in and with 
The 	Social Scien-ist will
considerable exper.ence in Thailand. 	 be
 

expected to visit as many villagers anc -..anufact.,rers as pcss b;b. Tne 
an ev a-uati Tn o te sociali ncrecomen dati ons ar fi nci .gs shoul u 

impact of tne technologies the attitude of the bereficiaryof the project activities or. the villagers,
social benefits, roles of women, etc. and 

villagers towards the renewable energy technologies. The Social
 

Scientist will be contracted for a total of 8 weeks.
 

VII. 	 REPORTING AND DEBRIFING:
 

After a draft report has been prepared by the team, an Evaluation
1). 

Sun iary Part I and Part II will be prepared by the team. 

2). 	The draft re ort will be submitted to USAID three working Gays before
 

an oral presentation to USAID.
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3). After the oral 

30 copies will 

presentation the 

be reproduced. 

team will prepare a final version. 

4). The report will follow the format: Findings, Conclusions, 

Recommendations as described above in para IV (6). 

5). Final payment will be contingent upon delivery to USAID of the 

accepted final report. 

6). The Final Report must contain the Scope of Work, a description of the 

methodology used, and a bibliography of mat-rials consul-t-. 
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EVALUATION TEAM SCHEDULE
 

An illustrative work schedule is listed below: 

Week one Bangkok 

- review of project literature 

- meet with project component team leaders, NEA and USAID 

concerned.
 

(Scme pilot activities at CU, XMIT, TISTR, MET Cept., 
etc. will be visited when the team is there). 

week two Norzhern fiela trip (fly to Ch4ang Pai) 

- visit micro hydro. ins-:alla:icns (Chiarg Hai) 

- visit scme solar dryers fc r :Jbaccc, a ri-crops 
(Chianc Mai aid Phizsarulok,. 

- visit Phltsanulok Regional E.nergy Center 

Week three Centra] field trip (by car) 

- visit TISTR pyrolytic corverzer at a rice mill (Saraburi) 

- visit RFD Charcoal Improvement Center. (Saraburi) 

- visit Ratchaburi Regional Energy Center and private 

ccoking stoves manufacturers. 



Week four Northeast field trip (fly to Khon Kaen) 

- visit M'aha Sarakham Regional Energy Center. 

- visit Woodlot activities in 

Roi Et and Si Saket. 

Khon Kaen, Maha Sarakham, 

- visit 'cooking stoves manufacturers 

support by Australian and German). 

in Roi Et (financial 

- visit solar cell water lifting at Sakon Nakhon. 

Week five Bangkok 

- review of preliminary fiiings 

- meetings with RTG arc USA:D officials 

Aeek six Scuthern field trip (fly to Hat Yai) 

- visit casifier for electricity ceneration 

(Songkhla) 

a: Ha Yai 

- visit water lifting for irrigation by windmills (Yala) 

Week seven Bangkok 

- Preparation of final report 

evaluation report to USAID. 

and submission of draft 

Week eight Bangkok 

- completion of final evaluation report and presentation 

of findings and recommendations to USAID and RTG. 
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ANNEX 2
 

IMPACT EVALUATION TEAM MEIBERS
 

Norman L.Brown, Ph.D. 
Washington, DC 

(Renewable-energy specialist) 

Marcia Gowen, Ph.D. (Energy Economist) 
East-West Center 
Honolulu, HA 

Chalio Buripakdi, Ph.D 
Srinakharinwirot University
Bar, kOK 

(Sociolugist) 

Ki-tland Ml.Barker, MFS 
Wirrock international 

(Forestry speciadist) 

.osslyn, VA 
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ANNEX 3
 

MICROHYDROELECTRICITY COMPARED TO DIESEL-ELECTRIC GENERATION; 

KAM PONG: 	 ECONOMIC ANALYSIS 
FINANCIAL ANALYSIS 

HUAI PUI: 	 ECONOMIC ANALYSIS 
FINANCIAL ANALYSIS 

MAE TON LUANG: 	 ECONOMIC ANALYSIS 
FINCIAL ANALYSIS 



KAH :'ONG HICRO-HYDRO VERSU!; DIESEL 

FINANCIAL ANALYSIS 
I'1000 Baht, 1984 prices) 
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HUAI PUI MICRO-IIYI)rO VI-RSUS DIESEL ELECTRIC 3ENERATION 
ECONOI'I C tNALYSIS 

1d00 L'9itl 17,94 pr i cot3) 

DENEFI'-rs (DIESEL GAV I NGS) COSTS (1'1 CROHYDIRO) 

Ye.ir Cap- Fuel lAM To al FV Cap- Lab or D'I in- Total FV P-C FV Sum :'V 

it.a 1 Den. Den. iLal I"ind CosL Costs 1B-C B-C 
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847 F I 928 702 0 1 - 64 40 064 6'1 -7*356 
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4 0 847 F 1 928 5.-I ) 2F3 44 ' 64 36 64 494 706 

5 u. 847 BiI C20 161 0 20 4 C) 61 .2 864 4-0 113.6 

6 j F847 01 928 401 0 41 64 061 15120 0 647 374 

7 ) 047 01 920 .49 0 20C) 14 U 61 24 064 321

0 C) 17 0 1 928 303 0 20 44 0 64 "I 864 203 2117 

9 a 913 264 0 0 44 C) 64 18 861 246 2 -"017 920 
I C 047 ) I 2 229 : 44 0 1 064 214 2., 762') 64 
1i [047 (31 920 179 20 '1 0 64 14 861 186 2762 

12 0647 81 92U 173 )0 4,1 C 64 12 864 162 2921 

3 ) 847 91 728 151 C)0 2. 14 64 1':) 064 110 3064 
I4 U M147 01 921 131 0 20 44 C) 6.1 9 864 122 3186 

. 8 928 114 0 2: 4114 611 8 864 106 3:"3047 01 
6 847 [ 1 928 99 0 20 Il 0 61 7 B64 92 3:3*85 

17 847 01 928 6 0 20 44 C) 61 6 861 80 3'165 

C) 847 9210 75 C) )0 ,l C) 64 5 861 70 . 5 50 	 11 
19 C) 017 I1 928 5 0 2 0 44 U 64 '1 0611 61 3596 

20 - 817 R11 9,21-1 " 57 20 4' Ul 64 4 064 53 3649C) 	 C 

I\IF'V = 5.:-)1 Pro ec t N'FV= 7649
 
Fo-irei'gn Exchange Savings IRR= 0.74
 

('--.;es dietsel 9 DabtL/litLer: -hadow -aqi? fc LiP 0.c5x-., discount raLe is 15%. 



HUAI PUI HICRO-HYDRO VERSLIS DIESEL ELECTRIC GENERATION 

FINANC I AL ANAIYS I S 

('lOc0) DahL. 19134 prices) 
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i La 1 
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PV 
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U 

C 
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2 
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4 0 
357 
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3 I 
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1091 
1,.5 

1217 047 81 11515 55 391B 0 14 0 472 270 673 -. 05 1921 

5 
6
.7 
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f] 1 
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81 

1145 
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398
90 
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3 
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14 

0
"0 
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-.. 
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-673 
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3r5 
29 1 
25.f... 

2256 
2547 

1 
9-

10 

2 .7 
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017 
817 
F47 

11 
1 

0i1 

1145 
1115 

1 1.'15 
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35 

: 
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C0 

l 

i4 I 
A14 
'1t 

Ci 
0 
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'172 
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117 
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6737 
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(21 3020:' 
191 3211 
166 7/ 

11 217 817 01 1115 246 :91 11 4 '172 1C)1 673 1,15 3522 

12 217 817 81 1.145 214 9.] 4 717-2 08 673 126 361A 

1-3 217 847 5 t 1115 186 -fl '1l 0 472 77 673 109 3757 

14 
15 
1. 
17
10 

217 
217 
2"147847 
217
17 7 

8.147 
847 

817
,17 

01. 
H1 
-1 
31
[1 

1 

1145 
1115 
1115 
1145
1115 

162 
141 
122 
106
93 

9 
'90 

71] 
91]

19 

n 
3
30 

41 
1011 

44 
14
41 

C) 
C) 
0
0 

4172 
'172 

472 
472
'172 

67 
58 

50 
14A
38 

673 
673 

673 
673
673 

95 
83 

72 
63
54 

2 
393z5 

40 0 7 
01169
1-1 

1'? 
20 

217 
,17 

847 
17 

[31 
8 1 

1115 
1115 

[80 
70 

I?.'1 
...9t-

.. CI 
30 

14, 
14 

0 
0 

1727' 
'17" 

.. 
29 

673 
673 

17 
11 

4171 
/1212 

NI:= 5.i' Pro. ecL NFV 4212 

Foreign E:.change Savings IRR= ERR 

ISLIIIIS diese1 9 LfahL/liter, disCOLnt rate is 15%. 



MAE 1l1 LUANG MICRO-IIYI)IRD VERSIS DIESEL ELECTRIC GENERATION 
ECOI'.JM tC ANALYS I S 

(' I0:00 Dahl., 1904 prices) 

BEENEFITS (DIESEL SAVINGS) COSTS (MICROHYDRO) 

Year' Cap- Fuel O1 ToLal PV Cap- Labor O?'M In- ToLal F*V E-C PV SUm FV 

iLa1 Den. Ben. iLil Kind Costs Cost.s B-C S-C 

1 1532 594 77 222"C. 1916 2577 16 42 644 2851 -10761279 -935 -95 
2 0 594 77 671 C5? , 16 ,12 C 58 44 613 164 -471 

C) 594 77 671 1-17 16 12 C) SF j o 61
C ) 594 77 671 1411 C) 16 42 C) 58 3a 613 3

5 ' 594 77 671 3.34 C' 16 12 C') 5 29 613 1305
 

6 , 594 77 67 1. 29C 0 16 ' E128 25 6 13 265 0!5T 

7 Cl 594 77 671 252 C) 16 1 C' 50 22 613 2-1 I.,13 

o o 594 77 671 219 C) 16 )' 50 19 613 " 1 12,01 
'C ') 594 77 671 191 il 16 42 ') 50 16 6 1.3 171 1,150 

S591 77 67 1 163 I 2 C) 59 14 613 152 16 t: 
CC) 594 77 671 1,14 C 16 ,12 C 58 12 613 132 17,12 

12 0 594 77 671 125 0 16 42 0 5B 11 613 1 15 1B56 

1C 5'9) 77 1. 16 C- 9 10.,1 671 C'1? 12 58 613 

.1140 5 9 i 'I 6 71 9 5i.) 1 6 /O 12 5 0 6 1 3 l '7 ."- .

15 u 591 77 671 0.2 '. 16 '12 C 58 7 613 75 2110 
16 i_ 594 77 U/ I 72" ui 16 12 ,1 5 6 613 66 21"' 

17 (:C 594 77 671 0 ".' 16 2-6 C1 57 22..1 

18 ') 5,4 77 671 54 ) 42 C) 2621:0 

19 C 594 77 671 '17 C' 16 12 ') 58 4 613 13 2 '' 

2' )i 594 77 671 .111 16 12 0 58 4 613 37 2371 

IIF'V= 3710P Fr o.j e(: t I\IF-V= 2371
 

I:orvign E::change Savings IRR= 0.57
 

0SE-.IiIIw2S diie.-Iel 9 r1ah1./liLer, slhadJL,' waqe factor of i. 65. discoLinL raWL is 15%. 
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-'. 594 /7 0i75 11'1 .5 -.)1 -1 i4 11 77 A65 n07 2- 1 
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17 
")i' 
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59 -
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77 
77 

1376 
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94 
81 I" 24 

1 
'2 0 

11 
41112 

44 
38 
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50 
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2769 
241 

1 H.j 594 77' 076 71 .- 2 41 " 411 .. 465 Z8 " '-"l 

19 .),- 594 77 076 6235 42 0 'Il 29 '165 ... -112 

21) 2115 5941 77 076 51 345 24 ' I 4 11 2 5 465 28 2911 

NF'V= .718 Proj ect NFV= 2911 

Foreign exchanre Savings IRR= ERR 

A_,iumes diesel pr ir. 9 'aht/liter, discnLlnt rate isE. 15%. 
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ANNEX 4 

WOO)LOT MANAGEENT 

[Note: The followin, cumments are a synthesis of discussions 
held by Mr. Barker wiith officials of the Royal Forest 
Department and wi.th foresters and other individuals from
 
other agencies with experience inThailand.]
 



WOOGLOT MANAGEMENT
 

General
 

There isa perception that eucalyptus has harmful effects on soil.
One commonly encountered thought, even among educated professionals, is that

the oils of eucalyptus leaves are poisonous; another isthat they are
alleliopathic, i.e., produce chemicals that inhibit or prevent growth of other

species; and a third isthat they make the soil 
sour, or acidify the soil.
These Derceptions, which are found among foresters and engineers as well 
as
lay persons, have not so far been borne out by experiment. Repeated short
rotations of fast-growing species without repienishing soil nutrients lo have 
a long-term negative effect on productivity, and eucaiypts do compete for 
water resources. Alley-cropping experiments inagroforestry trials
(planting between rows of trees), however, show the limiting factor for cropproduction to be light competition after three years in2 4 spacinq with nox

tnin nin or pruning, with these other concerns 
not tirirying as siAniricAnt 

.i,7.c rs ineucalypt systems. [1] 

The Market for Eucalyptus
 

Cbarc ai and Fuelwood 
-- Althouqh Euca votus caraiduiensi- isper,-ei ec to be a miracle tree" of sorts because of iCS aDi ty to grow ir,
extrem-ly 'oor corditions, the association of this species witn cna,-:D1';.JL.c:ir'. has not been marde yet in Thailand. in 9eneral. h.e. r 

,a 

Eucaiv,,ous camalaulensis ranks well with otner fut-:4rowi;, species
cr,arcoai production: it isreasonably dense; the stems arow straiqnt, wnicn
al,.os for easy stackina in kilns, it has no thorns. unlike some fuelwo,)a

-peies; and it burns uniformly as charcoal.[2],[3] Perhaps the best ererayuse ror eucalvotus is as Fuelwood or cna-coai, in smali industries sucn aspo7.T.ev'l annuracure.[4] 
According to cne report, :u.aivotus wood does not
 ra,,t &ooo reputation for cooking because it imparts a tasre to
fooa, a comnon part of Thai cuisine.[5] 

gri I-ed 

Pul_-- Eucalyptus c3maldulensis is not a vdluable species fr," ouir,.
 beirr juse primariIy for prouct ion of carbuara, a relativeily bow-vaiue
 
proouct. At oresent. there isa prixnarv proces ina Faci i ir.,rei, 
c rst1ru,_c e1 'edr Ba&rIJKok that ryr-e2 wi i i _ur!rase euc-.j vr)r:j: :- p,1 ,
e_1XP . The Phoenix mi if n Knon Nanri reportealyis Cuy- ny ,,. Cuc i ,Lfor puip, presumably to replace kapok, whicn isapparently nu lonei reaaily

availabie near the plant. 
 Additional mills for primary processing and
subsequent export to paper 
 lants injapan and Taiwan are proposed. Some
round wood isalso being exported to these countries For paper production.

Export regulations are beginning to be relaxed and taxes reduced for some
forest products, to stimulate private market development. Harvesting and
transportation costs may preclude profitable sales of trees to mills that are
far from the woodlot, and although Future mills are being discussed, it is
unlikely that the prices for fiber for cardboard production will increase
 
dramati cal 'Iy.
 



Poles and Lumber -- The market for construction poles in many areas
 
of Thailand is currently glutted by an overabundance of Casuarina
 
junonuhniana. 
This species was promoted in similar fashion to Eucalyptus in
 
the past, essentially as a cash crop to replace rice during a period of low

prices 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 stablity and ensure food supply for the farmer. 
 It
 
should be noted that Casuarina species grow extremely well in sardy soils and
 
fix atmospheric nitrogen, which enhances chemical properties of poor soils.
 
Seed selection programs for Casuarina have been quite oood, producing

high-quality, uniform stands tnrougnout the central region and provi di nQ rrny
applications for rehabilitation of unproductive sites throuchout the country.

The density of Casuarina wood makes it an excellent species for charcoal 
production as weil 
as for poles, including pilings, scaffolding and telephone
poles. There is very little market development for Casuarina, however, ano
 many farmers wno adopted RFD programs for plantini these trees reportedly

feel they are "stuck" with the trees. Cement poles are often less expensive 
than wood, they are stronger and do not rot. 

Fiberboard -- Perhaps the best industriai ue of euca1y[CuC is for 
Fiberboard. Otrier species of eucalypcs such as L. Gequipta are cer for 
olywood and fiber Doara, but do not zrow as well unoer water stress. 0ual 
or wooa is not a maj,)r consioeration in 'iberboard prducti on. 631 e anu 
pressure create structral strenrjth in fioer'Loa: ano :rrerore .nv specie

well u Y. istnat Dincs with glues -sUCfaco1r "1 esvvu crip, nc' 

it is nct so dense as to m.e ficerrord eocessi'ev rLevy. .er oarc 
)z In rniqn aema .ndat prteE n,"nt, bu-. witr a 'va , , 7ere:seV , 

Selc, me:o price or F'"ssre, umnwer is ncr einu 26r :i- :-,v.
D OardCoI serve as a aooa sucsti tute. E :ara u&-,i S es -r ,1

pafr aor iry good frurni tre .)r Gtner sa,-tminDer :'Utu,S, LQe:.u ,e orainis tw I S d]; tnis ,TiKeS itr n r Co WCTK tr;i n &:l- -nr] in, 
snape 3n size as tre wood dries. This species, ro , t-re -Joe-_, r1 
hiur: a value ror tnese uses as :)amb,)o, rattan, or )trier sp-cies of trropicai 
nardwoods.
 

Management of Plantations 

Currently, the existing stands of eu(:&cv/tus rlave beer, cuitivstea for 
a short Deriod and left to grow, essentially unmraec. R.-.,tati,.n cri..s r
rueiwood are mucr shorter tran for Wi ~-,,-,_sa*l ous. iv . -e- r rhieon
period ranges from four to ei,4nt years, ,Jeperiiny ,.gn trne en,.o proja]t and the 
site conditions. Concurrent use of tne land for intercropping aecermines tne
spacing of rcws in a tree plantation. Tne RFD and otner organizations have
done much research on these variaoles and tne results of tneir experience
should be conveyed to the village level.
 

The villagers of Thailand are industrious and innovative and, like 
most farmers in developing countries, have a good practical knowledge of
agriculture that is the resuit of generations of experience. The complex

home garden, rice-paddy management, aquaculture, and agroforestry systems are 
examples of common practices inThailand that have developeda from long

experience. Forest management, on 
the other hand, with the exception of
 



fruit trees, has traditionally meant either resource extraction (similar to

mining) or conservation through enforcement. Thai villagers, therefore,
 
cannot be expected to have the same practical knowledae of tree-plantation

management tecnniques, particularly witrh exotic species. as 
trey have of

agricultural systems  thus the need for the RFD arid other concerned
 
organizations to translate the results of their research and experience to
 
the village level.
 

Although management of any forest stand, whether natural 
or of human
 
oriQin with exotic species, requires knowledQe of site-specific conditions
 
and a socioeconomic analysis of local attitudes and market ondicions, a few 
generalizations can be mace on the basis of experience gained from tne
 
village-woodlot activity of the 
JSAID/NEA project.
 

- Seed selection is a prime prerequisite to successful implementation

of any plantation program. The stands establisred under the project
show wide variation in fornm and vigor, whicr indicates that the 
seea-screeninq process De improved. st--dshould Fuur sources -
Petfora Austraiia, ano seed orcriarcs in Si Sa Ket, Surirn, an Chiana
Mai - were usea Dy the RFD. Tre RFD src;uid consiaer seekino other 
sources to ensure selection from ecotypes EcapteJ tc. tne sctressec 
environmental conaitions ani ite tratrnr'acterinsexi )twhere 
tnese woooiots are esc.tarniishec. n is is a fnet-ce-..sry Flr'scondiiori to 
5rvl v&l , vijor, an( Uri f:orm ':r, *nTr. 

Thi s 'recondi t :.- m oir weli me t 1jsi t:re :' t ,:e .' no s sr '. 
under :rne pr i,:. i00e ;e .rC - rl ,Ce 0OO(1 .0!"' . 

inT 1, jire tuat U.2 :ock is ar.j ,..', n, in-q . rv.
5eCo)rill-eier : i ur, prcQen Y u , .tec Ir,ou -- u pr .-ver: ureUi r . 
poor stock, ano :1ones, mcst y :.Jtti ruiu. d ut_ )L)taineu froi ;ne
est trees. Nurser-es wi fth stcc approprcidte "or eacn oisci nc: 

set )f environmental conditions c,:.id ten be "stai-1stied in the 
regions that nave trose conditions. 

In adaition to seed selection and vegetative propagation efforts,
removing poor Ftems from existing woodlots will help produce more
productive stands. Tnis will reduce competition for ]iqnu, soil 
nutrients, and water with the other trees and other crops 
in trie 
uncerstory; it will provide a continuous supply of wood For fuel 
or
 
other use; an. it will establish an uneven-aged manayerent system

that avoids tre need to harvest all trie trees in a woolot at tr-e
 
same time. 
 This basic manageent system must be understood by th , 
villagers involved in woodlot-development projects.
 

in the absence of pruning or thinning, intercropping is likely to be
 
productive for only two years in stands with 2 x 4 spacing. 
The
 
third and perhaps the fourth years will often be good for sowing
 
grasses or legumes (e.g., Guinea grass, signal grass, or Hamata).
Where it is desirable, taro, pineapple, sweet potato or other 
shade-tolerant crops can be grown under the trees. After four years,

thinning the staiiu to 
remove poles and fuelwood will open the canopy

to release the growing stock of trees and all 
for more ground-crop.
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production. 
Experience has shown that stands with intercropping grow
better than those without, as a result of cultivation, which improves
the physical characteristics of the soil to permit increased aeration
and water availability. 

- In terms of biomass production For fuelwood, close spacing (Im x 
2 mi
 
or 2 x 2) with a four- to five-year rotation period is best. For

intercropping systems, spacings as much as 2 
m x 8 m are preferred.
 

- Experiments have shown that coppice production of eucalyptus in -,hesecond rotation proauces -pproximately tnree times the volume ofwood produced in the first rotation, when the best three shoots are 
selected. Acacia, Peltophorum, and Leucaena produce similar volume
ratios in the second rotation, but in these cases, five stems should 
be selectea. in tre third rotation, yields are only about haif of
the first rotation for all of these species; therefore only two 
rotations should be expected from one planting.[14] 
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ANNEX 5
 

ORGANIZATIONS AND INDIVIDUALS VISITED AND INTERVIEWED
 

In gathering material for this evaluation, the members of the team

visited numerous project implementation sites, government agencies, and
 
private manufacturinq facilities; held discussions witn university project

participants, goveinment officers, and viV.ue officiais; and interviewed. 
private enItrepreneurs, viiiaye resiaents. and members of villaye
cooperatives. Tnis annex presents a CaDuiar sumniary of tre peurile involved.
 
[Full names and titles are qiven, where known, in some cases, only one name 
was known to the team. 

Abbreviations used: CMU 
C'US~i 

Chianq Mai University 
Chul al or'4j'orn Univ:versCy Social Research 

insti cute 
FAG Foud &nd A'ricui ure Oroanization 
iSTPRA institute of 3cie)-ce ana Te.:nnoiovai Fo, 

Frowiotor, of Pural Areas 
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