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THAILAND
 

RENEWABLE NONCONVENTIONAL ENERGY
 

PROJECT PAPER
 

1. 	 Suimmaf and Reccundations 

A. 	 Costs
 

The project total costs are as follows:
 

AID Grant - $5,000,000
 
UNDP " 710,000

ADB " .300,000

RTG Budget* - 3,149,900
 

Total - . 59-9o.
 

*(In US$ equivalent at US$1 - 020)
 

B. 	Purpose
 

The 	 project will assist the RTG work toward reducing
imported energy resources, arresting environmental degradationdue 	to deforestation, and creating increased income opportuni
ties in rural areas. This will be carried out through:
 

developing RTG institutional capacity to perform
and sustain energy policy planning. 

- introducing and testing renewable energy
technologies in rural areas, and 

- developing and testing techniques for disseminating
such technologies.
 

C. 	 Description
 

The project has two reinforcing components:
an institutional development emphasis ; and the testing, adaptation 	and dissemination of renewable energy technologies relating 
to rural needs.
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D. Analyses
 

The analyses in the project paper conclude

the project is technically, financially and socially 

that
feasible


and that planning is 
 sufficiently developed for implementation
 
to begin.
 

E. Imlementation 

The RTG acting through DTEC will be the Grantee.NMA, however, will be the primary managing and implementing
agency with participation of other RTG agencies and organizations 
as appropriate. 

F. Waivers 

Although most foreign exchange costs will be expendedin the US, the US may not in all cases be the appropriate
source for a given technology. Accordingly, Code 935 waivers
will be justified and issued on a case-by-case basis by-the USAID Dir
tor. Similarly, and particularly to encourage the development of a con
tinuing capability to support the technologies, it is proposed that
 
up to $500,000 may be expended in Code 941 count-ies.
 

G. Statutory Requirements
 

These have been met. See Annex II.
 

H. Issues
 

None.
 

I. Recommendations
 

That the project paper be approved. Further, that
in view of the experimental character of the project, the
large portion of technical assistance (est. $2.8 million)
and the substantial RTG contribution, it is recommended thatAID assistance be authorized under grant funding to the RTG. 

Note: The project reflects an RTG initiative with USAID.The work of project development, however, was provided main

assistance by an AID-funded team from META Systems, Inc.
Much of the substance of this pro-ect paper, including
annexes, includes or reflects material develoyed by the
META team. Further spec--ic attribution 4s not hereafter made. 
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-I. Project Background and Description
 

A. Background
 

Energy is a key element in any effective rural

development strategy, and this is specifically acknowledged

in the Country Development Strategy Statement (CDSS):
 

"As modern agricultural techniques become more
 
.widely adopted, rural Thailand will exert increasing demand

for energy in the form of fertilizer, irrigation pumping,

traction, crop processing, transportation to market, etc.

Much of this demand will be based on petroleum as the energy

source unless positive steps are taken to introduce alternatives. 
Substantial investment in a national rural electric system,

which is a major objective of the RTG, will create a future

reliance on increasingly expensive petroleum imports.
 

The energy demand fo,: agricultural production

purposes will be additive to the needs of rural areas for

cooking, lighting and other amenities. 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.
 

AID proposes assisting the RTG to reduce its dependency

on imported energy sources by developing and introducing

alternative energy resources .... " (p. 45) 

This Renewable Nonconventional Energy Project is
product of that Mission purcse. rormulating a program, however,

to deal with renewable energy opportunities must reflect the
 
following impacts and data d3.fficulties:
 

1. Imoacts of Rural Eneru Use Patterns
 

- Rural people have little perception of the urban,

industrial "energy crisis"; the rural crisis is one of
 
development. Energy responses, therefore, must address the

alternatives in terms of the imediate and tangible development

benefits for rural people.
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- The v~ilage poor and landless are the hardesthit. They have less access to wood fuels, residue and energy
for agricultural inputs. Any program with equity as well asdevelopment objectives must act to improve this access. 

- There are large inefficiencies in current
rural energy use, e.g., human effort in fuel gati ering, low
end-use efficiency in stoves, etc., and too lit. le energy usedin agriculture and craft work. Increased produ tivity can
achieved by the use of mcre energy. 

be 

- The environmnatal implications of current rural 
energy use are substantial, particularly soil depletion from
deforestation and non-return of nutrients. 

2. Data Difficulties
 

- There is a lack of reliable data to estimate 
crop and animal residues.
 

- There Lre inadequate forestry statistics for

fuel wood.
 

- There are pzoolems in existing consumption
studies. Frequently these do not use actual measurement but
 
rely on user estimates.
 

- There is a lack of information on residue to
production relationships.
 

- There are few measurements of heat value, ofmoisture content of residues, dung, or different wood fuels,
or of efficiency of end-use dev4.ces (scoves, kilns, etc.). 

- There are inadequate data on availability of 
fuel source to *ihe user.
 

- There is insufficient information on the resource balances involving fodder, fuel, construction material,

fertilizer, and their competition for residues,
 

Thts project has been designed to reflect the
complexities of rural energy use. to overcome scme of the data

difficulties, and to develop increased institutional capability

for meeting the energy requirements for development.
 

1C
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See also the discussions at Annexes III and IVrespectively for the Thai macro energy use picture and a villageenergy profile. The macro discussion is clear in the conclusionthat the bulk of Thai energy use is both rural and potentiallyfrom renewable energy sources. Similarly, the village profileidentifies the resource depletion implications of current energyuse in a Northeast village, and reviews potential alternative
applications to meet the requirement from renewable resources.Bot. the macro and village discussions are clear that thecurrent rural energy use is a major cause of resource depletion.But both also support the technological feasibility for development of the renewable energy alternatives which are the subject
of this project.
 

B. Description 

The project has two complementary and reinforcing
themes. First, and the longer item in its implications, is aninstitutional development component. This is designed toprovide the basis for development and implementation of acontinuing rural energy policy for Thailand. The secondcomponent involves carrying out a series of tests and adaptations
of renewable energy technclogies related to rural energy needs.This rural-oriented energy technologies component will be carriedon at the same tim as the work of institutional and data basedevelopment goes forward. Accordingly, at the end of the
project there should coincide a tested selection of rural
renewable energy applications and the data and institutional baseto implement them in the framework of a broader RTG energy
policy. 

t
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III. Detailed Description and Analysis 

A. Institutional Development 

This component incorporates support for four disttkctbut related activities: (1) inassistance establishing the
National Energy Information and Documentation Center and six
Regional Energy Centeris, (2) assessment of renewable and nonrenewable resources, (S) support of RTG capacity for monitoringof technological changes in rural energy, and (4) villageand rural energy data collection, development of energyconservation guidelines, and staff support and training, eachin context of the Thai Energy Master Plan (EMP) Study. 

1. National Energy Information and Documentation 
Center and Regional Energ Centers
 

The National Energy Information and Documentation
Center, Thailand (NEIDCT) will be established as a centralizedsource of energy information in support of RTG energy policy andplanning. Similarly, the six Regional Energy Centers (RECs)will provide an area focus for energy data collection, projectimplementation and information dissemination. The functions ofthe NEIDCT and RECs, as well as the plan for development andstaffing of these centers, are Jet forth in detail at Annex V. 

Briefly, the NEIDCT will be established over thefive years of this project with a total staff of approximately12 persons. Space will be required adequate to house 3-5,000
books, up to 200 journals, reading areas, storage for statisticalrecords, and facilities for a computer terminal. The six RECswill be on a correspcndingly smaller scale, with an expected
staff for each of six to seven persons, a small reference library,
vehicles or other transport and housing for staff. The first twoRECs should be established by the end of the second project year,
with all six in place by the end of the fourth year. 

Both the NEIDCT and the RECs will be part of theNEA. The NEIDCT, however, will perform a main role as a centerfor information fcr all RTG agencies 
- and the private sector concerned with entirgy questions. The RECs will incorporate morean extension capacity on the part of NEA, providing NEA with thefacility to carry out area data collection, disseminate information locally, monitor energy activities, and implement suchactivities directly through the RECs themselves:REC extension workers will be assisted in their activities by
other, existing NEA field workers, local universities, CD workers and US Peace
Corps volunteers, as well as other public and private conmunity workers. As
technologies are proven-in demonstration villages, such agents wil 
be given
 



short course training by NEA to enable them to assist in wider disseminatio
 
of the technologies.
 

2. Assessment of Renewable and Non-Renewable
 
Resources 

The resources assessment and analysis activitywill provide assistance in evaluating the potential for solar,biomass, and micro-hydro energy. Although data on theserenewable resources have been collected for years, onlyrecently has there been significant interest in their use.
In consequence, a great deal of existing information requiresorganization and analysis, in addition to the collection of newdata. As a necessary corollary to this renewable energy emphasis,
an assessment will also be carried out of the Thai reserves oflignite, tar sands and oil shale, and of geothermal energypotential. The two assessments are necessary to form the whole
 as a basis for development and implementation of RTG energypolicy. The assessments themselves provide this resource, but
equally important the activity will provide the vehicle fordevelopment of a capacity in NEA to carry out such assessments on a continuing bosis. The two assessments will be conductedin close coordination with the activity to be carried out insupport of the EMP, and much of the data collected will alsoprovide material for the specific. resource applications in therural oriented technologies component of this project. Annex VIsets forth a detailed discussion of the resources assessment andanalysis activity, which is briefly outlined below. 

a. Solar 

Solar energy is probably the most rapidlydeveloping technology field in the world. Actual solartechnologies cover a broad fromspectrum low-cost village-builtdryers to sophisticated high-technology power towers forelectricity generation. Each may have an enbrgy place inThailand but determining this first requires analysis of thepatterns of solar insolation and of the potential needs and uses. 

In the United States today, the two most
widely applied solar technologies are domestic water heating,which is of limited relevance to Thailand, and solar architecture,which is of great importance for Thailand given the increasing
magnitude of the air-conditioning load. Traditional Thai

architecture, like traditional architecture the world over, is
well-united to lccal climatic fsclar) conditions. On the otherhand, the present extensive Thai ccnstruction of internationalarchitecture type buildings requires massive energy inputs, and 
can only be feasible in an era of cheap oil. 
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Understanding of (solar) micro-climates inThailand is therefore necessary for better building design.is also relevant to a range cf other technologies that have 
It
 

differing roles to play in Thailand's energy future. Examples
are water lifting, medium and high-temperature industrial water
use, refrigeration, and electricity generation. There areaccordingly a series of design decisions to be made regardinguse of solar energy that depend on better knowledge of the
direct and diffuse components of solar radiation in Thailand. 

This work will continue data collection andanalysis tQ support already existing solar groups at Chulalongkorn University and King Mongkut's Institute of Technology.In addition to the relevance of solar energy for building
design, the focus will be on assessment of the solar energy
role in development of agriculture and small industry in rural
Thailand. 

b. Biomass 

The potential for utilizing biomass basedenergy alternatives can only he fully assessed on the basisof better information about potential sources - firewood, cropresidues and animal dung. This information must have nationaland regional statistical characterization; but also villagespecific characteristics are requiL.d for these sources. 

The effcrt will begin with review ofexisting infoi.ation including district and, where available,village agricultural production and animal population data.It will also review forest land use and land capability information. If current air photo-mosaics exist for selected villageareas, necesspry complementary ground fieldwork will be undertaken to allow better inference frcm crxcn cover and other data. 

Dependent on the review of existing information,alternative C...eldwork programs mey be undertaken, but the targetwill be to develop adequate infozmation for the following classesof information: 

(1) Production Estimates - Macro and microestimates of industrial and fuel wood production; estimates ofproduction of primary agricultural products and concomitant
agricultural residues. 
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(2) Residue Relations - Estimates of 
varia&-ons of residue withi crop species (e.g., HYV., floating 
or traditional rice), production/processing (mode of rice
 
milling); timber processing (generation of sawduste use of 
bark, branches, etc.). 

(3) Energy Content - Estimates of the 
heating values of residues, both laboratory-dry and at 
various moisture contents representative of typical use 
situations, for all major crop residues, forest species and
 
industrial wood byproducts, charcoal and animal dungs. 

(4) Availability of Source/Residue -
Estimates of actual availability of source/resIdue to potential 
users. 

(5) Efficlency of Fuel Use - Measurement of 
conversion efficiencies for typical stoves, braziers and other 
end-use devices, e.g., kilns. 

c. Micro-gydrr, 

This activity will review and draw together 
both for the North and other areas - collected data on micro-hydro
potential. This will include use of the NEA gauging station
 
data as well a other relevant material. The review will 
provide the basis for f..ld data collection and site inspections.
Both the information assembled and the analysis will be 
channeled into the total data.available to NEA, to be applied
both for broader planning purposes and in support of the specific
micro-hydro activity in the rural oriented technologies component
of the project. 

d. Ligniter Tar Sands, Oil Shale, Geothermal 

In an effort to alleviate dependence on imported

fuel, Thailand is continuing to explore, assess, and exploit its 
indigenous non-renewable energy resources. This activity is 
aimed at providing assistance in assessing and evaluating data 
on four sources which are already in various stages of development
lignite, tar sands, oil shale and geothermal. No assistance 
with actual exploration is involved. 

Lignite is currently being exploited in two 
regions, the North and South. The known deposits are of low to 
medium quality with low to medium heat values, high moisture 
content, and considerable ash and sulphur. Primary use 



(75 percent. in 1977) is for electric power generation. The
remainder is largely used in the tobacco curing, Lime, food,and rubber industries. Exploration for lignite has yet to cover many and of known isareas assessment areas incomplete.

Some work has been done by EGAT, MR, the

Defense Energy Department and Chiangmai University on tar sands 
which is primarily of long-term interest, but both oil shale 
and geothermal resources have had some investigat.ion.
Preliminary estimates of oil shale in the North are about

2500 million tons. A three year geologic program has been

completed and a program of drilling and analysis is continuing,
but only a porlion of the samples have been analyzed. 

Preliminary work indicates the location of a numbqr (over 40) of hot springs with temperatures from
40-1000c in Thailand. Some exploration work was carried outwith technical assistance from the Governzment of New Zealand
in 10 selected areas; additional work is to be dor-e by Thai
geologists. * Initial investigatuon suggests that the geothermal
sources may noct warrant development for power generaticn but
could possibly be viable for use in such applications astobacco curing. It is more l1,ke.'j, however, that geothermal
heat will be unable to compete w.th the use of Lignite or direct
solar (as tiat becomes available as a known technology). 

3. Energy Technologies Monitoring 

The energy techologies monitoring activity isdesigned to assist the RTG develop the capacity to keep abreast
of developments in the use of ncn-conventional energy resources.
It is expected that the emphasis on technolcqies will change
over the course of the project as Tha± needs are further
identified and as technology development proceeds. Activities
at the outset, however, are expected to encompass the following.
technology categories: 

Solar thermal electric technologies.
EGAT, Chulalongkorn University, and the
King Mongkut's Institute of TechnoloT 
are embarked on solar electric R&D 
programs. Coc;eration with work going 
on in other countries can help prevent
duplicaio, while fostering development
of solar collector technology that employs
Thai mater,.als and ingenuity- Closely
connected with th...a work w.ll be monitoring
of advances In collector design and fabrication 

NEA, EGAT, DMR, and Chiangmai University. 



with a view toward industrial use of
 
medium and high temperature heat. Related

also will be monitoring of advances in

solar refrigeration and solar thermal
 
water pumping.
 

Biomass conversion technologies.

Support elsewhere in this project is given to

demonstration of technologies that can be

cost-effectively justified for use in rural
 
Thailand today, but other biomass conversion
 
technologies are worth monitoring with a
view toward development of later pilot schemes: 
e.g., advanced pyrolysis, gasification, biomass
direct-fire generation, thermochemical produc
tion of methanol, fermentation production of
 
ethanol, fermentation production of ethanol,

fuel cells, and plant crops as hydrocarbon
 
sources. 

Oil shale uss and applications.

Although ei, loitation remains speculative

because of the unknown extent of the resource,
 
the economics of exploitation, and the
 
importance of the envixonmental effects of
 
oil shale developn,.ent, keeping abreast of the
 
technology is imp-ortant. Reevaluation of
priority will follow the assessment of resource 
availability (siee above). 

Photovoltaics.
 
Costs of solar cells are thought to be
 
nearing economic break-even points for many
applications. Because the next five years are 
likely to see solar calls widely used, it is

important that Thailand keep abreast of 
utilization and manufacturing technologies.
Photovoltaic technology is likely to increase

in priority over the course of the project.
 

Windpower.

It is conceivable that substantial electrical
 
power could come from offshore wind machines

in the Gulf of Thailand. Alternatively,
fertilizer (nitrogen) could be produced by
offshore wind machines. Given this extra
ordinary energy potential, coupled with more 
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limited possibilities for small scale wind 
electric generation in selected rural areas, 
Thai scientists and engineers will be 
supported in their effort to keep abreast of 
the latest developments of this technology.
This will complement an ongoing EGAT wind 
energy project with the Prince of Songkla 
University and King Mongkut's Institute of Technology.
 

4. Support of the EMP 

An *Energy Master Plan Study" (EMP) project,
sponsored by the UNDP and executed by the ADB is scheduled to 
start,later this year (1979) and be complated in 18 months. 
While \the Study addresses renewable resources and the supply
and consumption of energy in the rural areas, it is comprehen
sive in scope and the emphasis is necerisarilv on the formal or comercial
fuels sector.AID assistance in support of the EMP therefore essentially
 
supplements for-the renewable energy area, the data to be 
developed and assistance provideA under the EMP Study. Annex 
VZI attaches the terms of reference for the Study and sets forth 
in detail\the activities under this heading. These are briefly
outlined as follows: 

a. Pre-feasibility/Feasibility of Renewable
 
Energy Alternatives 

There are a number of possible renewable energy
based alternatives which are not part of the E4P or of the 
resources assessments of this prcject, but which could warrant 
preliminary analysis and, if positive, further investigation.
These include the following: offshore wind electric, alcohol 
from biomass, and direct fire or pyrolysis of biomass for power
generation. Other renewable energy alternatives may also be 
worthpreliminary investigation. If any of these appear economically
and technically attractive, they would be subject to further 
analysis such that their costs end performance characteristics 
could be defined to at least the prefeasibility level or better. 

b. Rural Energy Survey 

The importance of defining the characteristics 
of rural energy consumption is discussed at Annex III. As 
mentioned earlier, current estimates are quite uncertain, the 
last extensive survey having been done a decade ago. NEA will

undertake a major survey with follow-up investigations, as well 
as detailed studies of particular villages (see c. below).
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The survey will address in particular the distinction in 
patterns of energy use between domestic and industry/ 
processing activities in rural areas. The EMP Study is to 
provide technical assistance to NEA in the design and conduct
 
of sample surveys, and this activity will supplement that
assistance. 

c. Detailed Village Resource Studies
 

The discussion in Annex IV indicates that village 
energy systems are complex, many of the potential energy 
sources such as crop residues have alternative uses, there is 
seasonality of energy demand and supply, the dimensions/
constraints of animal and human labor are unclear, etc. 
In order to comprehend existing patterns of resource utilization 
and energy requirements sufficiently to design energy related 
intervention programs, detailed micro studies are required.
These studies will be aimed at preparing the baseline physical,
social and economic information for development of rural energy
strategies. A topology of villages will be developed and 
studies undertaken in representative villages with the view to 
defining village profiles.
 

d. Feasibility of Village Energy Systems 

This will be an analogy at the micro scale of the 
comprehensive analysis at the macro scale being undertaken in 
the EMP. The effort will examine the opportunities for different 
energy technologies to meet the current and projected future 
energy requirements of specific villages. The result of the
 
analysis will be energy technology plans for specific villages,

with representative plans developed for classes of village types. 

e. Staff Support 

The activity will ensure that data as it is 
developed under the components of this project are available 
to the EMP Study and conversely. The point is one of coordination. 

f. Training 

The longer term utility of the EMP will depend 
on the informed responsiveness with which it is adjusted to 
changing conditions and data. Toward this purpose two types
of txaining will be included under this activity: (1) long
term academic training in selected energy problems of relevance 
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to Thailand and (2) seminars, workshops and special courses
directed to energy policy, planning and management needs. 

g. EnerZy Conservation 

Energy conservation represents both in theimmediate and long term the most obvious and available mechanism
for efficient Thai use of energy, both renewable and nonrenewable. The rural-oriented technologies component of thisproject will include a specific working conservation activity
directed to small industry. Under this activity, however, NEA
will address the macro implications and requirements of acomprehensive conservation policy addressing all sectors,
but with a specific focus on renewable resources and measures
 
to reduce non-renewable resources depletion. The NEA will carry out a survey of conservation methods and technologies,

review these against the technical data being developedthrough the EMP, establish parameters for a conservation database and reach planning and policy recommendations for a general
Thai energy conservation program. 

B. Rural Oriented Technologies
 

This core component of the project is designed toaccelerate the use of proven cost-effective energy technologies
in rural areas. The objective is to test and adapt such
technologies, and develop and test techniques for disseminating
them, while the work of institutional development under Part Aabove goes forward. The end of project should see a coinciding
of developed institutional capability and data, with theavailability of tested rural energy applications, Together,
these should provide the threshold conditions for addressing
 
a whole front of Thai rural energy uses,
 

Technologies have been identified for inclusion

in this rural demonstration component according to responsiveness to certain criteria, i.e., the technology: (1) meets adevelopment need of the poor, (2) has a positive environmental
impact, (3) is low-cost and can be fabricated and maintainedwith local materials and skills, (4) has the potential forwide-spread, large impact, (5) is affordable and theoretically
controllable by individuals or by small groups of poor peasantsand the landless, (6) has the flexibility to adapt to differing conditions within Thailand and to changing conditions overtime, and (7) is cost-effective now or is expected to be soby the end of the life of this pro.ect, To :-he extent that a
few technologies have been included in the project without
meeting all the above criteria, it was because they compensate 
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by sincular advantages aga-.nst cther criteria. Except for
villagt. woodlots which will largely be the responsibility

of the RFD, the approach to technology dissemination will make

the six RECs the eventual focus of design selection, village

monitoring,demonstration, training and extension efforts.

As mentioned above, two of these will be established by the
end of the second project year, with two in place in each of the

succeeding two years. The activities, therefore, will not

wait for REC establishment but will proceed at the outset in
selected pioneer villages. Implementation and monitoring will

then be taken on by the RECs as they are established. Each ofthe technologies has a regional emphasis; for example, biogas in

the Northeast, micro-hydro in the North, and water lifting in
 
the Central area.
 

The project will not be research oriented, but will
foster selection and adaptation of existing energy device

designs. After selection of promising designs, pre-selected

villages will test the devices under purchase, operation, and

mintenance arrangements specified for each type of technology.

Monitoring of experience, conducted in such a way as to be

able to modify design, materials, or fabrication details to

make them more suitable for local conditions, will be conducted
 
over a period of two to three yeazs in the case of most technolo
gies. Once a design has proven itself in village use, training

of villagers, RTG field officers, entrepreneurs, and voluntary
organization village workers will proceed under REC auspices, and

with technical assistance as appropriate.
 

Five rural-oriented energy technologies have been

identified as being of particular significance for rural 
development in Thailand: biomass conversion; small-scale
 
(micro) hydropower; solar drying and distillation, solar process

heat; water lifting; and village woodlots. Within each of

these categories specific technology demonstration programs
will work with those technologies best meeting the above
criteria. Annexes VII - XII describe in detail the program

proposed for each technolcgy. 

The various devices to be tested will be purchased and manufactured
 
locally. They will be designed (or designs selected)on the basis of suitability

for later quantity production and marketing by Thai industry. Although the 



testing and introduction phases under this project may involve subsidizing the
 
costa to farmers and villagers of the new devices, continuation of subsidies is
 
not intended. Full commercialization will be encouraged as demonstrations succeed
 
and demand builds for the new devices.
 

1. Biomass Conversion
 
This activity will emphasize use of Thailand's abundant biomass
 

resources for small scale energy needs. The most cost-effective energy conversion
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innovations will be through more efficient utiliz on of existing resources
 
and (2) through the felopment of new energy sourcesWJch as currently wasted
 
agricultural residues. This biomass conversion activity has six components. (See
 
detailed discussion at Annex VIII.)
 

a. Improved Stoves
 

Since cooking represents about 80 percent
of the total energy consumed in rural areas, a program to 
improve stove efficiency would be especially attractive. Open
wood fires are typically five to 10 percent efficient; wood 
stoves may be 25-30 percent efficient. In any stove development 
program local cooking practices must be carefully studied to 
design appropriate and efficient stoves. Charcoal stoves also 
represent a major area for improvement because they are currently
only 15 to 20 percent efficient but widely used in the rural 
and urban areas. 

Such a stove development program would be
 
applicable to all of Thailand, rural and urban, and could have 
a more immediate impact on the fuel wood situation than any
other project conceived. The development and introduction of 
more efficient stoves can be accomplished in a matter of years 
not decades. Such a program, therefore, will provide short-term 
energy relief that will be complementary to other renewable 
resource programs. 

b. Biogas. 

Sixty-two percent of the water buffalo and 
44 percent of the cattle in Thailand are located in the 
Northeast. Accordingly, of all the alternate energy schemes 
considered for that region, there should be particularly

good potential in the production and use of biogas from
 
abundant and under-utilized animal wastes (see discussion 
at Annex IV of village resources). Also, successful biogas
plants have already demonstrated the process locally, and there 
appear to be few cultural restraints to its use. Because there 
are significant technical improvements in biogas production that 
have recently been developed, especially in the storage of 
biogas and avoidance of corrosion problems, any biogas program
should take advantage of these new developments. Moreover, the 
potential of community digesters should be investigated.
Because cost is of major interest, new design concepts will 
be evaluated for selection of appropriate, low-cost designs. 

c. Improved Charcoal Production 

Charcoal is utilized in both rural and urban 
Thailand and touches the lives of more Thais than any other 
fuel. A program to improve the conversion efficiency of 
charcoal kilns is seen as an immediate need because present
practice leaves considerable room for improvement. Further, 
the development of economical means for recovering logging
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residues and reforestatl.zn wastes us of special ccncern. 
Because charcoal making occurs both at a relatively small
scale, using family size rice hull or earth kilns, and at a
large scale appl±cable to 1ogging/reforestaioi. wastes,
this activity will involve appropriate efforts applicable

to these widely different activities, Such an activity
could provide an expanded revenue source for rural areas 
and benefit the entire country in reduced charcoal costs.
 

d. Pyrolysis of Agricultural Residues
 

While the Central region is the most 
prosperous area, its forest areas are furthest removed; it
will therefore face particular difficulties as firewood

supplies dwindle. Because charcoal is widely used in this 
region and because charcoal can be produced by pyrolytic
conversion of excess agricultural rest-dues, especially rice 
husks and straw, there is signit..cant pctent-.al for application
of this technology in the Centzal region. Not only would 
pyrolytic conversion of rice hulls and straw provide a source

of charcoal that could be briquetted for domestic uses or sold 
as an industrial fuel, but it wculd also produce an oil by
product that could be used as a kirosene substitute for 
domestic cooking or lighting: Excess Ci! could be sold as an
 
industrial fuel. Thc pyrolysis off-gas could also be used to
 
opetrate irrigat..on pumps or power village industry, 

Currently AD and the Government of Indonesia 
are involved in a technology c.cve iopment/demonstrat.ion program
involving pyrolysis of rice hulls. This Thalland activity
will take advantage of that program, which should be well
advanced by the timii th.s activ.y .s initiated. 

e, Energy Consevat.cn for Small Industr' 

Throughout Thalland there axe numerous smallindustries relying on petroleum, coal or firewcod. In selected
industries, such as ceramics, fuel costs represent 30 percent
of gross income and profit margins run only 10-15 percent.
The rapid escalation of energy costs :s having an adverse impact 
on many of these small businesses, thus there is demonstrated 
need for an energy conservation program applicable to these 
small industrses, The activLy would be in the nature of a 
technical assistance and informatlon ;rogram, involving workshops
with local L.ndustry throughout Thaiand. 

http:Consevat.cn
http:pctent-.al
http:reforestatl.zn
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f. Conversion System Integration 

na 
ionger range but potentially significantactivity the integration of various bioconversion technologieswill be examined for wide applicability of concepts to Thailand.This would include, for example, biogas digesters linked to
fish ponds and pig production; rice bran residue from ethanolfermentation as chicken feed, chicken manure as pig feed, pigmanure as biogas/fertilizer feedstock, biogas as engine fuel,
and 	waste heat for distillation of the ethanol. 

2. 	 Micro-Hydropcwer
 

Extensive areas 
of 	the North and smaller butsignificant sections of 	the South and Central regions have thenecessary conditions for hydropower: abundant rainfall transformed by undergroynd storage
Perhaps 	 into perennial flow in hill streams.100,000 km , or 20 percent of Thailand, is topographically,climatologically, and hydrologically attractiveof 	small-scale hydropower. for developmentDevelopment of the full potential ofsuch a dispersed resource
ly where 	

is out of the question. But, particularboth a need for power and a micro-hydro potential exist,this renewable resource is attractive. Per the 	discussion atAnnex IX, it is clear that micro-hydro for electricity generationis 	 currently cost-effective with diesel for any but the lowestload factors, and it is particularly applicable for the North.
 

program will be 
Under this activity, a pioneer micro-hydropowercarried out, and will invol,,re assisting up to10 villages to develop hydro resources for yroductil;e purposes.The 	turbines and most of the equipment will be manufactured in
Thailand. NEA already has 	the basis for a turbine testlaboratory and this project, will provide limited equipment toenable the laboratory to do hydraulic testing of turbines.
activity will be carried 	 Theout 	by NEA but in coordination with theProvincial Electricity Authority (PEA). 

The 	end of the activity should see a capacity forproduction in Thailand of standard turbine units, but moreimportant a tschnical/administrative/ccst blueprint for microhydropower activities to 	facilitate such developments in anincreasing number of the areas where conditions create the
potential. 

3. Solar Dry .ng and Dis-iia.on, Process Heat 
Average solar radiation in Thailand is reasonably
high, and while the climate has a strong seasonal nature, there
is 	 comparatively little variation in the amcunt of available 

http:Dis-iia.on


radiation. Thus there is usually adequate radiation over most 
of Thailand to run solar applications effectively. At the 
same time, solar radiation's greatest advantage as an energy
 
soturce is that it is available throughout the country, without 
need of a distribution system. It can be converted to usable 
energy directly where that energy is needed. Thus it offers 
a powerful potential for decentralized development. 

Annex X sets forth a detailed discussion of the
 
solar energy activity in this project, but briefly, it will 
have two elements. First, solar crop dryers and solar stills.
 
These are both examples of technologies that could be completely
 
crafted and used (and even refined) at the village level. 
Direct sun-drying of crops is currently the most common use 
of solar-energy in rural Thailand. Considerable losses, 
however, are estimated to occur with natural sun drying. In 
addition, there is a problem of drying the first rice crop 
during the wet season, when the grain has a high moisture 
content. Similarly, solar drying also represents a potential 
source for distillation of water for cleaner water or salt 
harvesting. For the latter, this tachnology could be particularly 
attractive in the coastal areas of the South, for example, where 
the wood fuel for charcoal is becoming increasingly more distant. 
For cleaner water, the health benefits are obvious.
 

The technologies for solar drying of foods and for 
solar distillation of water have already been proven. There is 
certainly room for further adaptation of existing designs to
 
specific Thai needs and conditions, and since the basic technology 
is simple and easy to understand, the villagers themselves 
will be able to best adapt the designs to their particular needs.
 
The main effort, therefore, will not be to further research the 
technology, but to spread an understanding of existing technology 
down to the village level. 

Second, there is also potential in Thailand for 
practical industrial application of solar process heat, both 
air and water systems. Many industries in Thailand use hot 
water or air in their manufacturing process, and many of these 
industries are already or could be located in rural areas or
 
rural-towns. Solar process heat, in fact, could offer some 
prospect of making it easier for small industries to relocate 
away from urban cenC.alized fuel and power sources. 
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The end of project should see a developed potentialfor widespread application of sclar drying technologies in ruralThailand. This should be coupled with at least a heightenedawareness in the rural industry sector of the potential for the use of solar energy in process heat, and at least the start of 
an expansion of the technology. 

4. Water Lifting Technologies 

Much of the increase in Thailand's agriculturalproduction over the coming decades will be from improvement of
yields on rainfed land. Irrigation development, however, will

remain a critical corollary component of the agricultural sector.
 

In many parts of the country, water is availablein abundance but a meter or so below the level of the cropland.This water can be used to help to avoid the effects of delayedrains, monsoon droughts and premature drying of rice fields toward
the end of the monsoon; it can expand dry season irrigation
from existing rivers and streams in many parts of Thailand,
and it can provide modest amounts of irrigation for Northeast
Thailand. See discussion of this activity at Annex XI. 

Pump irrigation does not require dams, massiveland acquisition, and complete canal systems. It can benefit a single household, a group of households, a village, or
 even larger groups, but it does not depend on establishment of a complex organizational structure for water management. 

At the present time, however, pump irrigation is held
back by the following disadvantages. 

(a) It consumes increasingly expensive, imported
fossil fuels. 

(b) It utilizes engine-pumps with relatively high
maintenance costs. 

(c) It is only economical at a scale (five horsepower and up; 70 rai or more) beyond the capability of the 
small farmer. 

Three technologies will be demonstrated in thisproject for lifting water: wind, biogas, and solar photovoltaic.Encouragement will be given to dissemination of other technologies
where appropriate: hydraulic ram, crop residue fired steamengine, animal power, and solar thermal, but emphasis will beapon the three most promising technologies. Wind, biogas and 
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solar photovoltaic energy in particular coincide in potentialwith the rural Thai renewable energy resource base. Atechnically and cost feasible. result for any one of the threetechnologies will have substantial implications for rural

deavelopment and basic needs requirements.
 

5. Village Woodlots
 

Estimates of the size of the present forest estate
of Thailand vary considerably, but there is no disagreement thatthe area is being rapidly reduced. The fact that the demandfor firewood continues to increase at the same tJime that
supply is dwindling and prices rising, alone provides substantialincentive for increasing wood supplies. But there is also anincreasing awareness of the environmental degradation resultingfrom depletion of forest cover, and that by itself should besufficient incentive. The activity which will be carried outunder this heading, therefore, responds to both issues. Fordetailed discussion of this program, see Annex XII. 

The technology exists for scientifically farmingand harvestin, wood from small village tree lots to sa-isfy villageneeds and produce a small surplus for sale. Thailand'b climateis also favorable for growing a nuimber of the fast growing species.
The number of potential social and technical variaf':ions callsfor the establishment of a number of pilot and demonstrationvillage woodlot projects. These can be expected to include useof village grazing land, village rural land, individual family
house lots, etc. The scale of the activity will be limited to

20 villages in two provinces of the Northeast.
 

The objectives will be to: a) provide a
sustained supply of wood fuel for both woodlot owners and non
woodlot owners, (b) lessen the pressures on cutting of treesin the natural forests and poaching of trees on public landin general, c) create employment opportunities and increased
income for rural families, d) develop techniques to be used as an important first staep towards a country-wide scheme, ande) stimulate interest in tree farming by demonstrating thebenefits which can come from such development. 

The activity will be carried out principally bythe Royal Forest Department (RFD) in coordination with NEA.Given the magnitude of the resource degradation issue - as well as the increasing pressure on available wood fuel  this
 
component has a major potential for contributing to the long
term Thai need for effective resources management. 
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6. Summary 

All the technologies proposed, with the possibleexception of solar photovoltaics for water lifting, meet thesocial/technical cost criteria set forth above. By and large,they are cost-effective, have a positive environmental impact,meet a development need of the poor, are controllable byindividuals or small groups of poor peasants, and have theflexibility to respond to differing conditions in Thailand.Most, however, require additional testing and adaptationsome
for use in Thailand. 

Despite experience in Thailand with some of the
technologies proposed for inclusion, none is in widespread
use for domestic, agricultural or industrial purposes today.
Each technology to some degree poses a different set oforganizational or social challenges to widespread diffusion.
In the case of some, such as micro-hydro, the problem is 
one of
maximizing utilization for village development. In the case ofothers, such as village woodlots, social, economic andorganizational issues will need to be tested. 
In fact, the
primary risks associated with pursuing these ral energytechnologies are organizational and social issues. 
 For these
reasons, the rural oriented technologies component of theproject has the dual objectives of testing and adapting thetechnologies for use in rural Thailand, and of developing andtesting techniques or methodologies for organizing their application and dissemination. 
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IV. Economic -Analysis Cost Effectiveness 

Annex XIII sets forth a 
each 

detailed economic analysis forof the rural oriented technologies (except for microhydropower which is examined separately at Annex IX). In
each case, it is concluded that application of the technology
can be cost-effective and economically feasible for Thailand,and in fact reflects a longer term economic imperative. Inaddition to the specific analyses at Annexes IX and XIII,however, there are broader economic arguments to be made in
support of the total project.
 

Underlying the economics of the project twoare majorand interdependent end goals: (1) conservation of forestand wood resources, and (2) greater input of useful energy
into rural areas for economic and social development. Benefits
of these types are often difficult to quantify. As a result,economic analysis of the proposed activities cannot in everycase provide quantification of costs and benefits. 

In Thailand, although no recent surveys have been undertaken, it is estimated that the largest energy source
heat or mechanical energy is 
for


wood .fuel either as fuel wood
(firewood) or charcoal. It constitutes about half of such
energy use. Th.e burden this demand onplaces Thai land's wood resources - forests and other tree areas - together with theincreasing need for agricultural landc is tremendous. As
escribed in the discussion at Annex III of Thailand's 
resourcebase, the forest areas are rapidly diminishing - what covdredover half of the kingdom less than a decade ago may cover onlya third or a quarter presently. This rate of depletion orexploitation has serious economic implications. 

The primary econom.c effects revolve around the loss of avaluable resource which provides fuel and a multitude of forestproducts, primarily logs and lumber. RUplacing the fuel withother sources would be both difficult and costly, with themost currently feasible alternative being liquid or gas petroleumproducts, materials which have an extremely high foreignexchange cost if imported and high opportunity costs if produceddomestically. The foreign exchange revenue lost from diminishingexports of forest products would also be great. In additionthere would be the domestic expense of higher building costsdue to higher cost of wood fromor having to use other buildingmaterials. Beyond these effects would be the opportunity costof not having maintained a renewable resource which would providea continual stream of valuable products for future generations. 
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The cost of replacing this resource would be extremely high.
The benefits of conservation of wood resources, therefore,
not only reflect the cost of immediate replacement, but also
the lost benefits of a well managed renewable resource. 

A secondary but no less important economic effect of

the depletion of forest resources arises from the fact that theyare crucial to the maintenance of Thailand's environment. Theimportance of upland forests to the overall quality of watersheds
is clearly recognized. The catastrophIc repercussions on lowland
delta area of deforestation has been evidenced elsewhere in
world - gradual destruction of lowland agriculture due to 

the 
siltation and flooding. Given the singular importance of

agriculture to Thailand's economy, a large benefit accrues from
 
this vital aspect of forest conservation. But since it is

difficult to quantity, no monetary benefit has been attached to

it. Neverthsless, this benefit underlies most of the programs

recommended in the project and adds an urgency to the implementa
tion of the project beyond the quantifiable economic benefits.
 

Another general benefit or goal of the project is to

increase the availability of useful energy in rural areas. 
This
 
energy could be applied to a wide set of tasks - pumping, crop
drying, water purification, lighting, heating, mechanization, 
etc.  which result in better living and health conditions.

Energy is an intermediate good in production or attainment of
 
a particular end; th.e dema~ad for energy is a derived demand.
 
The benefits from increased energy use can range from those

which are strictly economic in the case of pumping for irrigation,

to health in the case of cleaner water from solar distillation
 
or education through iighting. Energy is only one input into
the system, however, and the returns which are directlY
attributable to it cannot always be separated. 

All the technologies included in the project will yieldeconomic benefits in at least the above ways. In some cases,
using observable market or shadow pr-.ces, the economics can be
quantifiably evaluated, but in all cases benefits will accrue.

And these will principally affect the rural areas. 

The bemefits of more efficient wood utilization - improvedstoves, improved charcoal production techniques, conservation
in rural industries, use of logging and sawmill residues 
- are
 
clear: lower fuel costs and reduced depletion of forest reserves.
Given present efticiencies, the costs of increasing them by 50
 
to 100 percent will be small. Pyrolysis and biogas offer better
 
utilization of agricultural and an.mai wastes, not only

reducing wood fuel consumption but also providing new sources

of energy. 
These new sources could be used more eff.ciently
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and in a wider variety of ways than wood fuel or the original
residues. The costs of conversion equipment are not
 
insignificant but the benefits are appreciably greater. There
 
are also, of course, opportunity costs for the raw materials,


.however a significant portion of these materials are presently
underutilized. 

Solar, wind and micro-hydro provide sources of energy

at the local or village level. The possible benefits are
 
numerous: increased food storage ability, water pumping, solar
 
distillation for drinking water or salt harvesting, lighting,

heating, tobacco drying, etc. The costs are primarily for the
 
conversion technology and in most cases are already economic;

in other (e.g., photovoltaic) they should become economic or
 
obtainable by all economic classes in the near future as
 
research and development continues.
 

Summary 

This analysis and those set forth at Annexes IX and XIII
for the most part only address direct benefits accruing to the
 
user of the technology. No attempt has been made to measure
 
all of the societal benefits expected to result. Notwithstanding

this general unlerestimation of benefits, the analysis demonstrates 
that in principle each of the activities appears to be
 
economically viable. In comparing the attractiveness of
 
investments in nonconventional renewable, energy resource
 
technologies - including the costs of the institutional basis 
with investment in other sectors of the Thai economy, the
 
urgency and importance of the benefits and goals support the
 
activities outlined in this project.
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V. Social Analysis
 

The nature of Thai social and political structure does not 
pose major barriers to changing the efficiency and technologies
of the use of traditional fuel resources. Nor dces the culture
function as an impediment to the adoption of renewable resource
technologies not now commonly used in Thailand, or to the
conduct of the institutional development component of the project
which would create the ccnditions for such changes or adoption
of new technologies. However, in order to evaluate socio
cultural acceptability in more detail. the five rural oriented
technologies have been examined in terms of the following
dimensions: prdictable cuiuural barriers to acceptance,

likely pathways for diffusion, and probable incidence of social
and economic benefit likely to result frcm introduction and
 
utilization.
 

This analysis, including discussion cf the status of women,
is set forth in detail at Annexes XIV and XV. Annex XIV reviews
the analysis for the project generally; Annex XV discusseA the
village woodlots activity separately in view of the particular
issues which attach in the case of that program. Both analyses
discuss the social impllications and ccnc.ude as above that there 
are not major barriers to the changes cr inunovations envisioned

by this project. They do show, however, that the rural people

are the real implementing agents and ber.ef'.ciaries of the
project. In general, the conclusions show that the wide range
of technologies included for testing and adaptation in the
project will require a vari.ety of pathways in order to maximize 
utilization. This is no more than consistent with the innovative
 
and experimental character of the whole pro3ect.
 

The following is a brief summary of the social factors 
relevant to applying the principal rural-oriented technologies

included in the proJect,
 

A. Bicmass
 

There do not appear to be serious cultural impediments

to the adoption of the biomass technolcgies included in the

project. However, pathways for diffusion and probable incidence
 
of social benefits vary substantially.
 

Although bi-gas entails the handling of dung and the use
 
of the resulting methane gas principally for cocking, Thai
 
culture does not appear to preclude wide acceptance of the

technology. Instead pcssible barriers to its wide acceptance 
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include the fact that the decision to invest and maintain 
biogas facilities may - not necessarily be made by those most 
likely to benefit from the investment (women). Another 
possible barrier is need for arranging financing. Biogas
_technclogies diffusion will probably require Government or 
private voluntary organizatiorsmaking credit available and
will engage a need for community organization. Furthermore,
biogas will principally be suitable in areas with many animals, e.g.,

the Northeast.
 

Pyrolysis, on the other hand, is only usable in situations 
where large amounts of agricultural residues are available. 
It will therefore benefit rice mill or lumber mill owners 
rather than the small farmer, although the small farmer should 
eventually benefit from increased fuel supplies at reduced cost.

Improved energy efficiency in small industries will also benefit 
one rather small subgroup of the population -- those engaged
in small-scale industry in rural areas. However, the technology

is likely to pay for itself on a sustaining basis, and to the
 
degree to which it keeps these small businessedffrom .aqng ut 
of business, it will contribute to preserving off-farm economic 
activities in rural areas. 

The incidence of social and economic benefits deriving
from improving the efficiency of wood-burning stoves and from 
improved charcoal production techniques can be expected to be
 
widespread. Also, both appear likely candidates for commercial
 
marketing. Neither, however, is without potential difficulties.
 
In the case of the stoves, the decision to inve:3t in and
 
maintain them may not be maie primarily by those expected to 
derive primary benefits, the women charged with cooking responsi
bilities. Further, more efficient wood-burning stoves will reduce
 
or eliminate smoke now sometimes employed for preservation of 
meats. The extent to which this would be a constraint, however,
is probably limited, particularly if the alternative benefits
 
are clearly demonstrated. There do not appear to be any social 
constraints to improving techniques of charcoal production,
although an institutional constraint to dissemination of the 
technology is that most charcoal production is not legally
sanctioned.
 

B. Solar 

With the exception of solar tobacco curing, the solar 
technologies proposed are likely to benefit small farmers and
small agro-processors. The availability of solar dryers increases 
the possibility of growing cash crops, while the use of solar
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stills increases the possibilities for small farmers to
continue in the salt business against increasing fuel prices.

Solar dryers are also likely to improve nutrition through
better food preservation, while in the use of stills for
production of cleaner water, the health benefits are generally

r cognized among the rural population. Palatability may, how"
ever prove to be a constraint, and acceptance would require
time at least. The application of solar energy, on the other
hand, for industrial process heat use should engage no social
 
issues.
 

C. Micro-Hydro 

Although there are clearly no social constraints to
the use of electricity, community participation will berequired for development. Such involvement is always socialaissue, and the requirement is addressed in the criteria set
forth for selection of the pioneer villages (see Annex IX).
Such participation is a condition to selection and the benefits
should ensure that it is forthcoming. In general, to the degree
that micro-hydro is utilized for productive purposes, it can
be expected to benefit the entire community through increased 
economic activity.
 

D. Water Lifting 

With the exception of solar pumps, because they are not
divisible, most w,.ter lifting technologies will benefit larger
farmers. Assuming financing is accessible, solar pumps on the
other hand should benefit the smaller farmers. Water lifting
technologies will also only benefit farmers in those regionswhere water is already fairly accessible. Nonetheless, the
potential area of application and beneficiary population
both large, the benefits 

are 
are demonstrable, and the technology

is neutral.
 

E. Woodlots 

The establishment of village woodlots would benefit alarge number of poor people through increasing availability of
 a widely used fuel source. However, organizational and social

barriers will need to be overcome in order to make the
establishfent of village woodlots feasible. The testing of 
ways to do that is a main purpose of this experimental activity. 

Principal among these cbstacles are competing demand
for land use, the need to ensure cooperative village participa
tion, and the related necessity to organize equitably the
distribution of labor inDuts and benefits. Also, the long time 
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lag between initial investment in a village woodlot and har
vesting will undoubtedly deter some potential participants.
In addition, the woodlots program will require substantial 
technical advice and assistance if an unacceptable loss level 
which would act to defeat the purpose of the activity - is to

be avoided. This, in turn, will call for a large role by the
RFD and for close cooperation between the MD and other local 
RTG agencies working at the village level. 

If the program succeeds, the woodlots axe expected
to supply the needs of participants for wood fuel and to
yield a commercially marketable surplus, in addition to the
broader environmental profit to the country at large which
would accrue from spreading of the concept. Accordingly, while 
success will have to overcome recognized hurdles, they are not
insurmountable, and the potential benefits certainly merit 
the effort. 

In response to the need to find ways to address these
questions, the activity will probably test several approaches.
These are detailed as alternatives at Annex XV. In addition 
to the main community or village woodlot concept employing
public land, these include variations from the use of temple
land to growth on family house lots. It could even be that
 
tree growing diffusion among families in that way could have 
as large a long-term impact as the basic community concepts.
In any case, where feasible, all of the alternatives will be

tried. The lessons learned from the experiment may point the 
way to a more general response to the whole question of wood fuel
expansion and equitable income generation. 

F. Status of Women 

As pointed out in the discussion at Annex XIV, to 
understand the role of Thai women with regard to a particular
energy technology and locality, specific data would be required
in each instance. The data to be developed through the project,

and the project evaluations, will record much of this. At
this pcint, it is probably adequate to recognize that virtually
all the technologies addressed by the project involve the use
of energy by women. This is particularly true across the
whole range of activities concerned with cooking, but also 
includes crop drying, pumping of water for irrigation ordomestic use, etc. While women are acknowledged as playing an irtant
 
role in family decision-making,in order to enhance that role and encourage its
 
extension to Lhe selectfon of technologies beyond the home in 'reas affecting

their-lies, each activity needs to assure -hat women are involved 
as participants

in the testing and adaptation of the technologies. Also women
 
should be specifically included in the
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response groups for the data gathering effort across the 
whole project. It may be that one of the most effective ways
to ensure that this proves to be the case in each instance 
is to include women staff in the responsible RTG implementing
 
agencies. That is, therefore, a project recommendation and
 
will be reflected as the covenant in the project agreement. 

Summnarv 

In order to increase the chances that successful 
adaptations will result from the experimental activities 
in the project, a wide variety of technologies has been 
included. Each has its own social and organizational implica
tions. For this reason, the need to test and develop

techniques for diffusing the technologies, as well as testing
the concepts themselves, is a main project purpose. However,
while substantial attention needs to be focused on the 
issues of organization and diffusion, Thai culture does not 
by and large pose major barriers to acceptance of the 
technologies, and in no case are the impediments considered 
insurmountable. 
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VI. Financial Analysis
 

A. 	Introduction
 

The 	financial plan for the project is an aggregation

of the estimatsd financial requirements for the 13 individual
 
project components or activities plus the overall coordinating

consultant. Table 1 displays the plan by project component ant
 
category of assistance (e.g.,technical assistance, training,

equipment) whereas Table 2 displays the plan by category of

assistance by year. Together these summary tables provide the

information required for the project financial analysis.
 

The financial plans for each project component, broken

down 	by category of assistance by year, are provided at Annex XV!.
 

B. 	Foreign Exchange/Local Currency
 

The financial tables do not break down costs into

foreign exchange vs. local currency costs. However, with the

exception of the equipment category, the plannied breakdown is

clearly defined; all AID funding is for foreign exchange costs
 
except:
 

(1) 	 Consultant services from AT -.18 person
months for $54,000 total. Thai consultant 
services for village woodlots - 54 person months 

(2) 	 Local transportation by short term consultants 
on public carriers - amount undetermined but 
probably less than $25,000.
 

(3) Local subsistence (per diem) of short term
 
consultants. Although this item will be
 
disbursed in dollars, it will be used for the
 
most part by the consultants to purchase local
 
acccmmodations and food. Total amount is
 
estimated at $354,600.
 

(4) TraLning at AIT - 54 person months for
 
$27,000 total. 

(5) Workshops and other. These will be local costs mostly
f- establiihment of 4bodlot-,bit -als&rent of conferencef-a £iq:es • senogr---pi-cd-fvi-es. -- ns-latiori,.-............
 

duplicaticn, etc., incidential to the conduct 
of conferences for technology transfer in 
Thailand. Total amount is estimated at $234,000. 

°.-!
 



(6) 	 Equipment. Some items such as sclar cells 
and vehicles (trucks and jeeps) clearly 
are foreign exchange costs, However, wherever
 
feasible local fabricaticn is desired and is
 
built into the design of the project components,

The best present estimate is that about half of
 
the equipment budget of $1,039,500 will be
 
spent in local currency.
 

On the RTG side, all the financing will be for local 
currency costs except for participant travel. Although a large
portion of this $54,000 item may pay for travel on Thai 
International AirLines, it should be considered a foreign
exchange cost since it is for international travel. 

C. Basis for Cost Estimates
 

Most of the project components have well defined
 
plans for the activities that will be undertaken and thus
 
costing them is relatively straightforward. Plans for training

and equipment can be set forth with sme certainty but much of
 
the planning for technical assistance requirements to carry cut
 
even well defined activities effectively can only be considered
 
a best estimate at this time. In a project such as this,

much of the precise need and timing fzr needed consultancies
 
will become apparent only as the work unfolds; technical problems

requiring expert advice will occur during the selecticn and
 
design of various equipment items, breakthroughs in technology

will occur and priorities will change with improved data and
 
more knowledge. In the aggregate, the est..mates, derived
 
from the recommendations of energy exports, are sound and on
 
the conservative side (i.e., amply provided for;' Nevertheless,
 
flexibility will have to be expected in both timLng and among

the various components.
 

D. Cost Comoonents
 

U.S. consultants, both long and short term, are costed 
at $7,500 per month. This is based on assumed salaries of 
$3,000-4,000 per month and 100 percent cverhead rates. Airfares
 
are costed at $2,200 per round trip with allowance made for
 
travel of three dependents and household effects for each long 

term consultant. Wherever possible excursion airfares will be 



utilized for short te.rm consultants thus reducing the costs 
for this item. Per diem for short term consuitants is costed 
at $1,800 per month (S60x30 days), T.ai.n..-g is costed at 
$4,500 per mont,1 Ac-ual costs for this i-em may be icwer sa± ce 
much of the tralning -s cf the study tzur type and does not 
involve academi:. feee, Adequate estimates were made for equip
mant items.
 



Table I
 

PINANCIAl PLAN
 
BY PROJECT COMPONENT AND CATEGORY OF ASSIgTANCE
 

($1 000,8) 

TA 
AID FINANCED 

Training Equipment 
Workshops 
& Other 

Total! 
AID 

Total 
RTG 

TOTAL 

NE1DCT 116.4 75.5 - 191.9 148.0 339.9 
RECs 

246.0 - 246.0 1,395.6 1,641.6 

Resources Assessment 
Solar 150.5 148.5 70.0 - 369.0 47.3 416.3 

- Biomass 182.7 - 50.0 - 232.7 26.0 258.7 
- Mycro-ilydro 53.1 - - - 53.1 22.5 75.6 

- Lignite, Oil Shale 

Tar Sands, Geothermal 
298.8 162.0 15.0 - 475.8 27.0 502.8 

Energy Tech. Monitoring 198.7 216.0 50.0 - 464.7 120.0 504.7 
Energy Master Plan 282.2 270.0 2.0 554.2 135.3 689.5 

Rural OLiented 
- Biomass Tech. 

462.5 58.5 67.0' 65.0 653.0 442.2 1,095.2 
- Micro- Ilydro 101.3 13.5 170.0 13.0 297.8 202.2 500.0 
- Solar Drying & Dist. 

Process Ile8t 
96.9 - 15.0 - 111.9 43.2 155.1 

- Water Lifting 219.5 54.0 207.0 20.0 500.5 131.1 631.6 

- ViiJage Woodlots 210.5 18.0 72.0 136.0 436.5 318.0 754.5 
Cootdinating Consultant 366.4 - - - 366.4 91.5 457.9 
Contingency . 46.5 - 46.5 

1! 2739.5 940.5 1039.5 234.0 5000.0 3149.9 8149.9 



WaDie z 
FINANCIAL PLAN


BY CATEGORY OF ASSISTANCE BY YEAR
 

AID $ 

Technical Assistance

Long Term Consultants 
Short Term Consultants 
Travel & Transportation
Local Subsistence (per diem) 

Training 


Equipment and Materials 


Workshops 


Other 


Contingency 


SubTotal 


RTG 3 ($ equivalent) 

Salaies & Staff Related Costs 

Participant Travel 

Local Support k Subsistence 

Failicties & Construction 

otheg 

Sub Total 


TOTAL 


1 

85.5 
291.5" 
57.7 
66.3 

108.0 


152.5 


-


12.5 


-

774..2 

170.5 


18.0 


s.7 


28.5 


14.4 

240.1 


1014.1 


2 

291.0 
.602.5 

104.5 
140.1 

217.5 


556.5 


22.1 


-

389.6 


16.5 


30.3 


268.5 


56.0 

760.9 

2695.1 


PRWO 

3 

111.0 
370.0 
63.7 
84.3 

495.0 


275.5 


28.0 


36.25 


1463.75 

481.4 


18.0 


15.0 


235.0 


57.85 

807.25 

2271.0 


!T YEAR
 
4 

21.0 
273.5 
36.7 
66.3 

90.0 


30.5 


35.0 


44.8 


597. 

510.8 


1.5 


-

195.0 


69.4 

776.7 


1374"5 


5 

52.5 
8.8 

12.6 

30.0 


24.5 


10.0 


45.35 

46.5 

492.0 


-


-

72.95 

564.95 

795.2 


($1,000's)
 

TOTAL
 

508.5
 
1590.0
 
271.4 
369.6 

940.5
 

1,039.5
 

73.0
 

161.0
 

46.5 LA 

5000.0 

2,044.3
 

54.0
 

54.0
 

727.0
 

270.6 

3149.9 

8149.9
 

C 
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E. Contingency - Inflation 

The overall projected costs displayed in the financialplan appear to leave little Contingency out of the proposed$5.0 million grant, only $46,500. However, per the discussionabove, allowance for contingencies and inflation is built
into the cost component.. An element of contingency isinherent, for example, in the whole program for technicalassistance where the scheduling of work and costs is particularlyamenable to project control. In addition, actual salaries may average less than provided for, at least initially, and some consultants may be hired directly under personal servicescontracts eliminating the need for overhead. Thia, together withthe flexibility in the overall estimate for technical assistance,
provides adequate room for inflation and contingencies.
 

F. RTG Costs and Commitment 

The figures on the RTG side are based on estimates ofNEA and include salaries, travel and per diem costs at prevailingRTG scales. The rate used for participant travel is $1,500 perroundtrip based on fares available to the RTG on its own, and
other, international carriers. 

In a complex project such as this with a variety ofactivities and participants, it is difficult to capture fullyall RTG costs over the entire project period. The RTG costsshown tend to reflect only additional costs which are directlyattributable to the new, or at least newly defined, project
activities. Additional RTG support for the project will be
provided from existing and ongoing budgets of various departments. 

The RTG costs shown for the project will have toendure the RTG's regular annual budget review process.
However, with the participation of RTG planners in the project
design, and concurrence in the project by the Thai Bureau of
the Budget, Department of Technical and Economic Cooperation,
Civil Service Commission and other review agencies, there is aclear commitment by the RTG to provide the necessary budgetallocations to cover not only the costs identified in thefinancial plan but other costs which are likely to arise as well.The obligation to do so will be appropriately reflected in the
initial conditions precedent and in the covenants. Ih addition,energy and rural development, the key themes of this project,are of high priority to the RTG and there is reasonable certaintythat the RTG will provide all required support to ensure that
the AID inputs are fully productive. 

UI
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G. Reasonableness and Firmness of Costs
 

On the basis of the above analysis and discussions, 
USAID concludes that the anticipated costs of undertaking
the project are reasonable, are reasonably firm and that the 
financial planning for the project is adequate. 

3. Periodic Consultations
 

Notwithstanding the conclusion stated in Part 1II, G. 
above, the comments under Parte III.C. and III.F. make 
apparent the need.for periodic reviews of financial planning
to assure that it reflects current priorities and activity
needs as the project proceeds and to assure that appropriate

Thai budgetary action is being taken to support the proposed
activities. Thus, NEA with the help of the coordinating
consultant will undertake reviews at least annually and will 
consult with USAID in updating implementation and financial 
plans. Those plans will identify projected activities and 
their costs for each project component over the next year for 
which RTG budget is approved and for the following year for 
which RTG budget is requested.. 

Z. Disburseme-: Procedures 

Disbursement of foreign exchange for equipment and 
consultant services (from firms or individuals) will be
 
made directly to suppliers under USAID issued Direct Letters 
of Commitment. For local currency payments to AIT for sewvices 
and training, and possibly also to some local equipment
suppliers, a similar direct disbursement approach will be 
used. The remaining minor disbursements by USAID for local 
currency will be on an actual cost reimbursement basis to the-
RTG. Disbursement for participant training and ftr consultant 
services by USG agencies, i2 any, will be under standard, 
established AID procedures. Detailed instructions for each 
type of disbursement will be cove- -d in letters of implementa
tion. 

J. EMP Study
 

Tables 1 and 2 reflect the proposed AID assistance 
and related RTG budget._ Not included in the Tables, 
are the funds assigned to the EMP study__itself. . 
These total as follows: UNDP - $710,000; ADB . $300,000; and 
RTG - $130,000 equivalent. These figures are reflected in 
the overall project funding totals in the logica. framework 
(Annex XIX and project paper facesheet,
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V. Environmental Statement 

The whole premise on which this project rests is one of 
environmental improvement. There. is little question this in 
fact will be the result, and the PID on that basis was

accorded a negative IEE determination. The basic point of the 
project looks to a reduction in environmental degradation and 
a corresponding increase in the application of environmentally
protective technologies. 

This is obviously true of the range of activities 
associated with the institutional development component of the 
project, particularly the assessment of renewable energy
technologies and the development of a facility for monitoring
of energy technology progress. The project in this component

also acts to supplement the proposed EMP Study by addressing
in greater substance the whole range of renewable and rural 
energy alternatives, a component which in the longer term may be 
more significant in positive environmental terms than the 
basic reach oZ the EMP. (See Annex VII for scope of EMP Study:
which also calls for an assessment of environmental impact of
 
the program to be recommended by the Study.) Also, the
including in this project component of the assessment of non
renewable resources - e.g., lignite, tar sands, etc. - similarly
should provide an environmentally protective threshold for

decisions on the future exploitation of these resources. 

The second component of the project, rural-oriented
 
technologies, in each case is directed to activities which
have as their purpose the testing and encouragement of energy 
use compatible with positive environmental effects. This is
certainly true for the whole category of biomass conversion 
the design of new stoves, biogas use, more efficient production

of charcoal, the use of pyrolysis, the program for small 
industry conservation and the study of conversion system
integration. It is equally true for the related development
of water lifting technologies and the use of solar energy for 
crop drying, water stills and process heat. 

It also applies for the village woodlots program, which 
has the most immediate and compelling positive eirvironmental 
impact of all the activities addressed in the project. To 
tht extent this component is able to encourage the growth of 
local wood fuel supplies, displacing or retarding the present
rapid degradation of the forests - with results not only on the 
forest areas themselves, but with implications for watershed 
managemant, erosion, delta water flow, etc, - this element 
of the project can only have the most positive of environmental 
effects. 
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One area, however, in which project specific environmental
implications will need to be addres:sed is the micro-Eydro
activity. In principle this elememt also shares the purpose
of energy use compatible with environmental critetia. As eachof the 10 subprojects, however, are developed it will be necessary to look to the specific environmental effects of theparticular subproject. For each of them, therefore, environ
mental review will be included as part of the p.Pnning process.
 

In general, thereforp ,the environmental and ecological
effects of the project in each of its components can only beregarded as positive, reflecting both the immediate and longer
term. purpose of the design effort. 
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VIII. Implementation Arrangements 

A. Introducticn 

Detailed and specific descriptions of the activities
and actions required to implement the project components
are contained in the technical annexes (Annexes V-XII).
Schedules for the components are presented at Annex XVIUZ. 

Overall responsibility for managing the project

rests with NEA which will also have prime responsibility

for implementing certain project components. Implementa
tion of other components will be assigned by NEA to
other organizations either directly or through subcommittees or working groups. No single approach isappropriate for such a wide variety of subject areas
and types of activities; the approach taken in each 
case will be that most appropriate to the particular
situation.
 

Various organizations will work directly with NEA 
or will be represented on the subcommittees andworking groups. The more important participating
organizations are EC-AT (particularly in some elements
of the resources assessment and energy technologies
monitoring activities, DMR (resources assessment), RFD

(village woodlots), DOA, CDD, and variors universities.

DTEC and the coordinating contractor wi.l play important

supporting roles in arranging traiziing and technical
 
assistance and in procuring commodities.
 

B. Roles of Various Organizations 

1. NEA 

As overall manager of the project NV will be

responsible for providing leadership and momentum in

achieving the project purpose and for coordination
 
and control of project activities. The NEA Board,which includes representation of other agencies of the
RTG (see Anne., XVI1 ), will be the approval point for
changes in project priorities or overall plaas and for
resolving issues. Within NEA itself there will be

established a pro~ect management office and a project

manager appointed: Itwill be that person's responsi
b-.4lty to coordinate the work of various organizations,

to mn.tor a-d follow-up to assure that schedules are

adhered to and that work is carried out within the 
scope of approved plans, 



Within ,EA, the Regulatory Division will be
responsible for implementing the EMP support and 
the NEIDCT components of the project. The Technical
Division will be responsible for implementing the
RECs and the rural energy technologies activities. 
In addition, the Technical Division will be the 
principal NEA focus for the energy technologies
monitoring and village woodlots programs. The 
Investigation and Planning Division will be principally

involved in the resource assessments.
 

Obviously, coordination of such an'azay of
 
activities will be a large task. Fortunately,

however, the work under each of the components breaks
 
down into fairly straightforward steps. Also, the
 
interrelationships of one project to another should

be adequately addressed within NZA through the 
mechanism of the project management office, and with
 
the other involved agencies through the subcommittees
and working groups. Because the project is a response
to RTG initiatives in the first place, engaging the
 
participation of all of the agencies concerned, there
 
is already a working understanding of the -roject

activities among these agencies. In particular,

through its direct participation in the projrct

design, NEA has a developed appreciation for :he total

project concept and for each of the activities. It
 
also has good relationships with the other project

,participants; in the course of project design NEA 
established itself as the project leader and has won

the approval of the RTG Cabinet to continue this role. 

On general implementing capability, N A
 
currently has a total of 1,547 employees. These
 
include 590 Civil Service staff, 657 permanent employees

(regular RTG employees but without full Civil Service
benefits), and 300 temporary personnel. Most of the
professional and technical staff are Civil Service, but 
of the total 190 engineers assigned, 46 are among the 
temporary employees category. NEA expects to assign

existing professional staff to this project, but may

in addition recruit up to 20 new employees for this
 
program. .NEA's budget from the RTG increased from $5.88 
million (U.S. Dollars equivalent) inFY 1977 to $12.04-il-ion
 
in the current fiscal year. For FY 1980, NEA will--Yib-llo~iaEid
$30.2 million.
 

For both adequate budget and staff, there are
 
no issues axpected with respect to RTG approvals.

Assurances on both points will be reflected in the 
prc ect conditions precedent and in the covenants. 
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2. Coordinating Contractor
 

A coordinating contractor is needed to provide
a link between NEA and the US energy community. Theprimary role of the contractor will be to help identifyappropriate sources of technical assistance and training,to facilitate contacts in the US and to help makearrangements for study tours and for the timely provision
.of commodities and services. The contractor will alsoassist NEA in overall project management and will keepNEA and Thai scientists currently informed on energy
technology development3 in the 
US and elsewhere.
 

Current plans for this contract include situatingone consultant in Thailand for about 30 months beginningJanuary 1980 ,with 12 additional person months of short
term service in the US or Thailand over the life ofthe project. During the first year longthe term consultant is on board, a reevaluation will be made toconsider whether the long term consultant might better serve NEA and the project by being located in the Us'.and making periodic visits to Thailand. Budgeted funds
 
are sufficient in either case.
 

3. DTEC
 

DTEC will be the designated agent for offshore
procurement of all services and equipment except forthose which may be provided by USG agencies. Also itwill make arrangements for participant training, although
in this field it will share responsibilities with the
coordinating contractor, USAID and AID/W,OIT. 
DTEC, as
the agency officially designated by the RTG to receive
foreign grant assistance and under long established andunderstood P1O procedures, will be the point of fiscal
control for US grant funds made available to the RTG.It will participate in project evaluations. For inter
national travel of participants, DTEC will provide RTG
funds from a special account available for this purpose.
 

4. USAID and Other USG 

USAID will assist the RTG in project implementa
tion to the extent feasible, monitor the project, provide necessary AID approvals, participate in evaluations,

and generally perform all the functions normally

associated with an AID monitoring role.
 

Early arrival of the coordinating consultant is important sincethat person will help in identifying other consultants needed in the early
stages of various project activities. Prompt startup of support for theEMP is important because itmay contribute to the ADB/UNDP financed 

J-7 
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work on the EMP study. Therefore USAID and NFA have agreed that the

coordinating contractor should be handled as a 
direct USAID contract,
this being the most expeditious method. 

A USAID project committee has been appointed

to monitor the project. Given the complexity of the
 
activities and the probable requirement for close
 
support and monitoring, the USAID is establishing
 
a senior engineering position with specific responsibility for this project. The SPAR is in preparation

and MODE clearance has been secured. 
The candidate

is expected to be on board by September 1979, hich is
in the beginning stage of project implementation. This
 person will have monitoring responsibilities for the

USAID's remote sensing project as well as the energy

project, but it is expected that he will devote at
least 50 percent of his time to overseeing the imple'mentation of the energy project. 
He will be supported
in addition by two direct-hire Thai engineers, one of

whom is already on board. 

AID/W, ASIA/TR will provide general back
stopping for the project including liaison with the

US offices of the coordinating contractor and will
work and make arrangements with other USG agencies
such as USGS or DOE as may be necessary to secure

required services or support for the project from them.
AID/W, OIT will make training arrangements under
established PIO/P procedures when requested to do so.
 

C. Procurement
 

Offshore procurement by DTEC will be in accordancewith AID Handbook 11. DTEC is familiar with these AID
procedures and has successfully procured both services
 
(using an approved model contract) and equipment under
 
recent AID financed projects (e.g., TTMS and RuralPrimary Health Care). Contracting for the few (pro
bably five) long term consultants contemplatod will not 
present a workload problem. The number of short term
consultancies to be arranged is about However,100. many of these represent follow-up visits by individuals 
already contracted for, others will likely be provided

under the coordinating consultant contract and still

others will be arranged without direct DTEC involvement
under PASAs. Thus, with help from the coordinating
consultantthe total load, though heavy initially ismanageable by DTEC and will lighten considerably after 
the first year.
 

Contracts for services with individuals as well
 as with f.rms or educati4onal institutions are con
templated, depending on where the greatest skill
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and expertise is available. Besides solicitation

from sources known to the RTG, the coordinating
contractor and the USG, periodic public notice will
be made in the US of requirements for consultants. 
This will be in addition to the earlier advertisement 
for the coordinating consultant contract. These 
periodic notices will be placed in the Commerce

Business Daily or other publications. Minorities and* 
women will be specifically encouraged to participate

through firms or organizations so identified or as

individuals. In all cases, NEA or the implementing
organization designated by NEA will select or approve
the firms and individual consultants for the various 
assignments. 

Each designated implementing agency will handle 
its own procurement for Thai source commodities under 
established RTG procedures subject to review and
approval by USAID. Prior USAID experience has been

that standard RTG procedures conform satisfactorily
to AID Handbook 11 requirements. USAID intendes to handle procure
ment of the coordinating consultant under normal direct AID competitive 
contracting procedures. .
 

See Part IX.D. regarding waivers of U.S. source/origin re
quirements.
 
D. Schedule
 

As noted at the beginning of this Part, schedules 
for the individual project components are presented
at Annex XVIII, based on initial steps as follows: 

Grant authorization by AID Jun 79
 
Project agreement signed Jul 79
 
Selection of coordinating consultant
 

begins Aug 79
 
Initial conditions met Sep 79
 
NEA additional staff recruitment
 

begins Sep 79 
USAID project officer assigned Sep 79

NEA initiates preliminary survey Sep 79 
Coordinating contract signed Dec 79
 
Coordinating consultant on board Jan 80
 

Actual project =-plementation can begin in January
1980 and that is the date contemplated on the in
dividual schedules.
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Activities under all project components should be well underway by
 
July 1980. Allowing for two years of project experience, the first major
 
evaluation is scheduled for July 1982.
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IX. 	 Conditions Precedent, Covenants, Negotiating Status
 
and Waivers
 

A. Conditions Precedent 

To initial disbursement - designation of representa
tives and RTG assurance of adequate budgetary and staff support
for the project. 

To disbursement for technical assistance services 
satisfactory contractual a,:rangements.
 

To disbursement for training - training approved,

candidate selected and RTG funding arrangements completed.
 

To disbursement for local costs - agreement

on the estimated costs and components to be funded.
 

B. Covenants
 

- Assurance of continuing adequate budgetary and 
staff support for the project. 

- Agreement to consult with AID annually during the
project for the purpose of bringing implementation and 
plans up to.date. . . 

- Agreement to emphasize the recruitment and 
retention of women staff for work on project activities.
 

- Agreement to encourage the dissemination of 
rural renewable energy technologies successfully developed

by the project. 

C. Negotiating Status 

The project has been under intensive discussion with

NEA, NESDB, DTEC and other concerned RTG agencies since thebeginning of 1979. The project components themselves were
identified by the RTG participants as those which reflect
highest priority for Thailand in the field of renewable
nonconventional energy. The corollary assessment of non
renewable resources also represents an RTG priority and is 
a necessary component of a total resources evlaua~on. The

project paper has been reviewed by the RTG and there is 
agreement on all subszantive elements of the project,
including sharing of costs, the priorities identified in the 
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project and the conditions and covenants. USAID does not,

therefore, see any obstacles to or expect any delays in
 
execution of the project agreement.
 

D. Waivers 

Given the range of nonconventional technologies

addressed in this project, it is probable that the US will
 not in every case be able to supply the most appropriate

source of technical assistance. It could well be, for example,
that sources in Western Europe have much greater experience

in certain of the technologies. Higher conventional energy
costs have long provided a stronger incentive in Europe than
in the United States for experimentation with renewable nonconventional energy uses. Accordingly, as this project proceeds,there are expected to be instances where the most appropriatesource of advice, equipment or training could well be non-US.

Since the purpose of the project is to provide a resource for
 a range of the most efficient and innovative renewable

technologies, it would not consistent to restrict the source
of the technology if in fact the most appropriate experience

is not found in the US. 

In general, it is expected that most of the services,
equipment and training will in fact come from the US. 
 But in
order nor to constrain the technological reach or boundaries of
the project, 935 waivers will be issued by the USAID Director on-a case
by-case basis where the facts indicate that the US is 
not te appropriite
 
source. The total amount involved would not exceed $500,000 over the life

of the project. In each case when such non-US procurement is approved,

USAID will document the justification.
 

- Since the project will -also 'include the funding ofcertain costs in Thailand and Code 941 countries, use of the
grant funds for this purpose should also authorized. In

particular, the project will encourage local fabrication

wherever feasible as a way of ensur.ng a continuing capacity

to sustain the technologies involved. 
Also, in certain
 
instances it may be appropriate to support fabrication or
procurement in neighboring countries. 
Not only are there the

possible benefits of a spread effect involved, but also the
availability in the area, as cpposed to the US, of non-Thai 
resources is a better measure of the real cost of the
technologies and of their future potential. This category of
 expense in Code 941 countries is not expected to exceed $500,000 of the

total grant ov-er_"the life of the project. 

AID's usual policy of following host country contracting procedure

will be adhered to except for the coordinating contractor which will be a
 
direct USAID contract to assure prompt startup of these services.
 

http:ensur.ng
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X. Evaluation
 

Evaluation is threaded throughout the project and in fact

provides the substance of much of the work under the rural
 
oriented technologies activities. This component is based
 
upon initial surveys, selection of alternative designs,

identification of pioneer villages for the tests, and
 
follow-up through the course of adaptation and final recoumenda
tions. The establishing of base line data and the succeeding
 
process of evaluation are integral to each activity.
 

Similarly, the Institutional development component 
including the resources assessments, rural energy surveys,

village resource studies, energy technologies monitoring,

etc. - will also provida a continuing source of data. As
 
discussed at the outset of the project paper, all these activitie
 
should converge by the end of project to provide the RTG with
 
the institutional, technological and data base for renewable
 
energy planning and policies.
 

One principal point to be addressed in the annual evaluations
 
therefore, is the extent to which*these two components are in
 
fact on such a converging zourse. In end of project terms,

this is a main question. The annual evaluations will also addres
 
the general progress of the project in technology and
 
communications terms, and the need for revision of targets.
 

Given the tangible and immediate impact which should result
 
from reviews of the rural oriented technologies component, the
 
periodic evaluations will probably focus more on their progress

and problems, than on the institutional component. So far as
 
these rural oriented technologies activities represent the main
 
project effort to test and spread the use of renewable energy

technologies, they would be the core of the evaluation agenda.
 

Accordingly, the special evaluations will take place only

after the rural oriented technologies are substantially

underway. Therefore, although there will be prior annual

evaluations, the first in-depth review will not take place

until July 1982, i.e., two years after the activities have begun.
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The periodic evaluations and the 1982 evaluation should 
address, for example, the following: 

- general progress toward completion of the activities, 

- obstacles to attainment of objectives and alternatives, 

- new research and development data available from other
countries which affect the viability of the technology
being evaluated, 

- continuation of activities as planned, reorientation 
to meet changing circumstances, or termination, 

- postponement of activities until further information,
training, staff, or implementation capability can be 
attained, 

- reallocation of budget support among activities, 

involvement of women. 

The 1982 evaluation will be a key element in project
redesign where necessary. A similar in-depth evaluation will
 
also be scheduled for the end of project. The evaluations will
 
be joint RTG-AID, with the assistance of such expert technical 
advice as may be required. Funding in the project, both in 
the AID grant and the RTG budget, should be adequate to cove= 
costs of the evaluations.
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R 252324Z AUG 78 
IN SECSTATE WASHDC 
TO AIEMSSY BANGKOK 8519 .SCErIMV - 29 AUG 78 
UNCLAS STATE 217532 

SUBJT.: RENEWABLE NONCONVENTIONAL DMERGY PID (493-0304) 

REF: BANGKOK 21377; (B) STATE 178586
 

I. APAC REVIERFED PID AUGUST 21. A/AA/ASA,, M.H.B.ADLER, 
APPROVED PID WITH COMMENTS BELOW TO BE DEALT WITH BY
 
ENERGY TEAM AND IN PP PREPARATION. 

2. APAC STRONGLY SUPPORTS APPROACH TAKEN IN PID3
 
THAILAND HAS MAJOR ENERGY CONCERNS PROFOUNDLY AFFECTING
 
RATIONAL CAPABILITY TO LMPROVE QUALITY OF LIFE OF POOR
 
MAJORITY. A.I.D. UiELF IS APROPRIATE TO DEVELOP THAI
 
INSTITUT:ONAL CAPABILITIES TO EVALUATE AND IMPLEMENT BEST
 
APPROACHES TO ENERGY PROBLEMS.
 

3. APAC WAS CONCERNED THAT SOME PROPOSED SUBACTIVITIES
 
WOULD NOT, IN FINAL STAGES, PREDOMIYATELY BENEFIT THE
 
POOR MAJORITY. T71S CONCERN SHOULD NOT AFFECT SUBACTIVITIES
 
ASSISTING INSTITUTION BUILDING AND ANALYSIS OF NATIONAL
 
ENERGY SITUATIONS, BUT REQUIRES CRITICAL SCRUTINY OF
 
SUBACTIVITIES INVOLVING CONSTRUCTION OR DEMONSTRATION
 
ACTIVITIES NOT LIKELY TO BE REPLICABLE FOR THE BENEFIT OF
 
THE NEEDY. THIS CONCERN SHOULD BE EXPLORED WITH ENERGY
 
TEAM NEXT MONTH WITHOUT DELAYING THRUST TO LAUNCH
 
ANALYTICAL AND INSTITUTIONAL BUILDING EFFORTS.
 

4. IN FURTHER PROJECT DEVELOPMENT AND DISCUSSIONS WITH
 
ENERGY TEAM, MISSION SHOULD CONSIDER WHETHER FAA SECTION
 
103 FUNDS MIGHT NOT BE UTILIZED FOR SOME OR ALL OR
 
CONTEMPLATED ASSISTANCE. FAA SECTION 103(C) CONTEMPLATES
 
ASSISTANCE IN MEETING RURAL ENERGY NEEDS AND FAA SECTION
 
119 CONTEMPLATES 103 FUNDING OF ENERGY DEVELOPMENT FOR
 
RURAL AND SMALL 6CALE REQUIREMENTS.
 

5. ALL OF THESE FUNDING CATEGORIES WITHIN GENERAL A.ID.
 
POLICY CONCERN FOR ORIENTATION TO NEEDS OF THE POOR
 
MAJORITY AND ARE SUBJECT TO CONSTRAINTS IMPOSED BY FAA
 
SECTION 116 THAT A.I.D. ASSISTANCE BENEFIT THE NEEDY.
 

UNCLAS
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6. DEPARTMENT OF ENERGY (DOE) HAS ALSO PROVIDED COMMENTON PID (BEING POUCHED TO USAID). ENERGY TEAM WILL DISCUSS
DOE COMMENTS WITH RTG AND MISSION NEXT MONTH. 

7. AMONG DOE OBSERVATIONS ARE THAT SOME SUBACTIVITIES(E.G. GEOTHERMAL DEMONSTRATION PLANT) MAY BE MORE EXPENSIVE(DOLS. 5-10 MILLION) THAN PRELIMINkRY ESTIMATES AT PTD
STAGE. THIS RAISES QUESTION WHETHER THEY ARE 
 QTE LOW-COSTUNQTE ALTERNATIVES. SIMILAR EXAMINATION OF WORK OF OILSHALE AND TAR SAND GROUP MAY SUGGEST THAT VERY COSTLY 
DEVELOPMENT WORK NOW UNDERWAY IN WEALTHY COUNTRIES SHOULDBE COMPLETED AND EVALUATED BEFORE THAI ENTER VERY EXPENSIVEDEVELOPMENT AREA. 

8. DOE HIGHLY SUPPORTIVE OF EFFORT OBTIAN FULL PICTUREENERGY SITUATION. DOE SUGGESTS THAT DEMAND PICTURE ASWELL AS SUPPLY PICTURE BE EXAMINED. ALSO SUGGESTS
GENERALIZED ENERGY RESOURCES MAP MIGHT BE ASSISTED BY 
USGS. 

9. AID/W WILL EXPLORE POSSIBILITIES FOR DESIGN TEAM FOR
PP AND ADVISE SOONEST. CHRISTOPHER 

fIhlqw C 
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COUNTRY CHECKLIST 

A. 	 GENERAL CRITERIA FOR COUNTRY 

1. FAA Sec. 116. Can it be 
demonstrated that contem-

plated assistance will.
 
directly benefit the
 
needy? If not, has the
 
Department of State deter
mined that this government
 
has engaged in consistent
 
patterns of gross viola
tions of internationally
 
recognized human rights?
 

2. FAA Sec. 481. Has it,been 

determined that the govern
.ment of recipient country
 
has failed to take adequate
 
steps to prevent controlled
 
substances (as aefincd'by
 
the Comprehensive Drug
 
Abuse Prevention and Con
trol Act of 1970) produced
 
or processed, in whole or
 
in part, in such country,
 
or transported through such
 
country, from being sold
 
illegally within the Juris
diction of such country to
 
U.S. Government personnel
 
or their dependents, or from
 
entering the U.S. unlawfully?
 

3. 	 FAA Sec. 620(b). If assis-
tance is to a government, 
has the Secretary of State 
determined that it is not 
controlled by the interna
tional Communist movement?
 

4. 	FAA Sec. 620(c). If assis-
tance is to a govertt'ent, is 
the government liable as 
debtor or unconditional 
guarantor on any debt to a
 
U.S. cicizen for goods or 
services furnished or ordered 
where (a) such citizen has 
has exhausted available 
legal remedies and (b)debt 
is not denieu or contested 

A. 	 GENERAL CRITERIA FOR COUNTRI 

Ye. N 

No.
 

Yes.
 

No
 

by 	such government?
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5. 	 FAA Sec. 620()(1). If assis-
tance is to a government, has 
it (including government agen
cies or subdivisiolls) taken
 
any action which has the ef
fect of nationalizing, expro
priating, or otherwuise setz-
Ing o,,nership or control of 
property of U.S. citizens or 
entities beneficially owned 
by them without taking stops 
to discharge its obligations 
toward such citizens or en
tities? , I 

6, 	 FAA Sec. 620(a), 620(f); FY 

79, Anp. Act Se. i03,lN 

606. Is recipient country
 
a Communist couintry? Will 
assistance he provided to 
the Socialist Republic of 
Vietnam, Camhodia, Laos, 
Cuba, Uganda, Mozambique,
 
or Angola?
 

7. 	 FAA Sec. 620(1). Is recipi-
ent country in any way in
volved in (a) subverston of, 
or military aggression a
gainst, the United States or 
any country receiving U.S. 
assistance, or (b) the plan
ning of such subversion or 
aggress ion?
 

8. 	 FAA Sec. 620(j). Has the 
country permitted, or failed 
to take adequate measures 
to prevent, the damage or 
destruction, by mob action,
 
of U.S. property?
 

9., 	 F A Sec. 620(1). If the 
country has failed to in-
stitute the investment
 
guaranty program for the 
specific risks of expropri
ation, inconvertibility, or 
confiscation, has the AID 
Administrator within the 
past year considered deny..
 
ing 	assistance to such
 
jovernment for this reason? 

No.
 

No. No. 
o
 

(a) No. 

(b) No. 

No. 

The investment guaranty 
program -±s in effect. 



10. 	 FAA Sec. 620(o): Fisher-

men's Protective Act of 

1967, as amended, Sec. 5.
 
If country has seized, or 
imposed any penalty or
 
sanction against, any U.S.
 
fishing activities in in
ternational waters,
 

a. 	has any deduction re-'. 
quired by Fishermen's 
Protective Act been 
made? 

b. 	has complete denial 
of assistance been 
considered by AID ,, 
Administrator? 

11. 	 FAA Sec. 620(g): FY 79
 
App. Act Sec. 603.
 

a. 	 Ls ene government of 
the recipient country
in default for more than
 
six months on interest or
 
principal of any AID loan
 
to the country? 

b. 	Is country in default 

exceeding one year on
 
interest or principal
 
on U.S. loan under pro
gram 	for which App. Act
 
appropriates funds? 

12. 	 FAA Sec. 626'(s). Tf contem-
plated assistance is devel-
opment loan or from Economic 
Support Fund, has the Admin-
istrator taken into account 
the 	percentage of the coun
try's budget which is for 
military expenditures., the
 
amount of foreign exchange
 
spent on military equipment

'and the amount spent for 
the purchase of sophistiL.,-" 
cated weapons systems? . 
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No such seizures have taken 
place. 

(a) N/A. 

(b) Il/A. 

a. 	 No. 

b. 	No.
 

Development Assistance Grant
 
Funds are proposed. In any 
case, yes, as reported in 
annual report on implementation 
of Sec. 620(s). 
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13. 	FA. Sec. 620(t). Has the 

country severed diplomatic

relations with the United
 
States? If so, have they

been resumed and have new
 
bilateral assistance agree
ments been negotiated and

entered into since such 
resumption? 

14. FAA Sec. 62)(u). 'hat is 
the payment sixitits of the 
couatry's U.N. obligations? 
If the country is in 
were such arrearnges taker, 
Into account by the AID 
Administrator in deternIlnhig 
the current AID Operational
 
Year 	Budget?
 

15. 	 F.'vA Sec. 620A: FY 79 App.
Act. Sec. 607. Has the 
country granted sanctuary

from 	prosecution, to any

individual or group which 
has cm:mnLtted an act of 
terrorism?
 

16. 	 FAA Sec. 666. Does the 

country object, on basis of
 
race, religion, national
 
origin or sex, to the
 
presence of any officer
 
or employee of the U.S.
 
there to carry out econom

'Ic developnent progiar'i .
 
under FAA? 

17. 	 F.A Sec. 699,4370. 1las the 
country, after August 3,
1977, delivered or receivednuclear enrichment or reproceA
sing equipment. matarLals,'or 
technology, without specified
 

No. N/A.
 

Not 	in arrears.

i • 


Not to the knowledge

Of the 'Iiss on.
 

No.
 

No.
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arrangements or safeguards?
 
Has it detonated a nuclear
 
device after August 3, 1977,
 
although not a "nuclear
weapon state" under the
 
non-proliforation treaty?
 

B. 	FUNDING CRITERIA FOR COUNTRY FUNDING CRITERIA FOR COUNTRY
 

1. 	Development Assistance
 
Country Criteria
 

a. 	FAA Sec. 102(b)(4).. Yes. See PY 1979 CDSS.
 
Have criteria been


and toestablished 

taken into account
 
to assess conimitment 
and progress 9f coun
try in effectively.
 
involving the poor in
 
development on such 
indexes as: (I)in
crease in agricultural
 
productivity through
 
small-farm labor in
tensive agriculture
 
(2) 	 reduced infant 
mortality, (3)control
 
of population growth,
 
(4)equality of income
 
distribution, (5)re
duction of unemploy
ment, and (6) increased
 
literacy?
 

b. 	FAA Sec. 104(d). If The project is concerned with 
appropriate is this de- rural energy applications, 
velopment activity de- the lessening cost and 
signed to build motiva- increasing ease of which should 
tion for smaller families contribute to the objectives 
through modification of set forth in this section,
 
economic and social con- including problems of 
di ions supportive of the malnutrition, etc. 
desire for large families 
in programs such as edu
cation in and out of
 
school, nutrition, dis
ease control, maternal
 
and 	 child health ser
vices, agricultural pro
duction, rural develop
ment, and assistance to
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urban poor? Are prob
lems of malnutrition, 
disease, and rapid 
population growth ad
dressed by coordinated 
assistance? 

2. Economic Support Fund 
Country Criteria 

a. FAA See. 50MB. Has No, 
the country engaged 
in a consistent pat
tern of gross viola
tions of internation
ally recognized human 
rights? 

b. FMA Sec. 533(b). Will 
assistance under the 
Southern Africa pro
gram be provided to 
Mozambique, Angola,.. 
Tanzania, or Zambia? 
If so, has the Presi
dent determined (and 
reported to the Con
gress) that such as
sistance will further 
U.S. foreign policy 
interests? 

c. FAA S('c. 609. If com-
modities arc to be 

Commodities willbe included: 
for project purposes; this. 

granted so that sale is not a commodities for 

proceeds will accrue resale project as such. 
to the recipient coun- Limited resale will be to 
try, have Special.PAc-. serve project purposes 
count (counterpart) (e.g., emphasize local/villaL 

arrangements buen made?. ge responsibility). The 
proceeds to the RTG would 

d. FY 79 App. Act Sec. 113. only be a fractional portion 

Will assistance be pro- of the support the That 
vided for the purpose Government is already pro
of aiding directlY,the viding for this project. 

efforts of the govern
ment of such country to d. No. 
repress the legitimate 
rights of the popula
tion of such country 
contrary to the Univer
sal Declaration of luman 
Rizhts? 
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FAA Sec. 620B. Will 
security supporting as- N/A.
sistance be furnished to 
Argentina after September
 
30, 19787
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CIECKLIST OF STATUTORY CRITERIA 

PROJECT CHECKLIST
 

A. 	 GF.,IERAL CRITERIA FOR PR ECT A. 	 GENERAL CRITERIA FOR P.ROUECT 
1. 	FY 79 App. Unnumbered;
 

FM Sec. 653(b). sec,
 
634A.
 

(a) 	Describe how Corn-
 a)The project was not included
mittees on Appropri-
 in AID's. 197'9 Congressional
ation of 	Senate and 
 Presentation, although it
House have been or 
 does appear in AID's 1980
will be notified 
 C.P. Congressional notification
concerning the pro-
 of an FY 
1979 authorization
 
Jee;' 
 of 
the project will therefore
 

(b) is assistance within 	 be necessary.

b)assistance is
(Operational Year Bud-	

not within the 
FY 1979 	OYB.


get) country or interna
tional organization al
location reportcd to
 
Congress (or not more
 
than $1 million over
 
that figure)?
 

2. 	FAA Sec. 611(a)(). Prior to ,

obligation 	 The project incorporates ain excess of 
 component of$100,000, will there be (a) 	

pilot and 
demonstration activtii"engincering, financial, and 
 intended to
other plans necessary to carry test and adapt
rural energy technologiesout 	 the assistance and (b) as
a reasonably firm estimate of 

well as developing and
 
testing dissemination
the 	cost to the United States strategies andof the 	 techniques.assisteance? 
In 	this connection, the project
will generate 


engineering,
31 	 FAA Sez. 611(a)(2). If fur- financial and other studies
ther legislative action is 
 needed.

required w ithin recipient
 
country, uhat is basis for
reasonable expectation that 
 3.. 	 No further legislativ.e actionsuch action will be com- -

pleted in ti-me to permit
 
orderly accomplishme~nt of
 
purpose of the assistance?
 

4.~FMSc ~ f~)~ 4 Y79App.Act, Sec.101. If 
for 	water 
 N/A.
 
or water-reaLed re-Land 
source construction, has
 
the 	project met the stan
dards and criteria as per
 
re Principles and Stan
dards for Planning Water 



and Related Land Resources 
dated October 25, 1973? 

5. 	FAA Sec. 611a. If proj-
ect is capital assistance 
(e.g., construction), and
 
all U.S. assistance for
 
it will exceed $1 milliod, 
has Mission Director cer
tified and Regional As
sistant Administrator
 
taken into consideration
 
the country's capability
 
effectively to maintain
 
and 	utilize the project?
 

6, 	 FAA Sec. 209. Is project
susceptible of elcecution 
as part of a regional or 
multilateral project?
 
If so why is project not
 
so executed? Information 
and conclusion whether 
assistance will encourage
 
regional development pro
grams. 

7. 	 FAA Sec. 601(a). Informa-
tion and conclusions wheth 
project will encourage ef-
forts of the country to: 
(a) increase the flow of. 


international t.rade; (b) 
foster private initiative
and competition; (c) en-
courage development and 
use of cooperatives, credil 
unions, and savings and 
Ican associations; (d) dis. 
courage monopolistic prac-
tices; (e) improve techni
cal efficiency of industry, 
agriculture, and commerce; 
and 	(f) strengthen free
 
labor unions. 

8. 	 FAA Sec. 601(b). Tnforma--
ion and conclusion on how 

project will encourage U.S. 
private trade and investment 
abroad and how it will en
courage private U.S. parti
cipation in foreign ass is
tance programs (including
 
use of private trade chan
nels and the services of

U.S. private enterprise).
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N/A. 

No. The rest of the question;

is therefore not applicable.
 

Since this is essentially a pilot 
and 	demonstration activity the..
 
project will not in and of itself 
affect international trade br 
strengthen free labor unions),.
 
However, planned conservation
 
activities will improve efficiency.
Further, in experimenting with
 
different strategies and techni
ques for diffusing the technologies

the use of cooperatives and 
commercial marketing will be tried 
as well as alternative pathways. 

Host of the offshore pxocurement

financed under this project is 
expected to be from the United 
States. 
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9. FAA Sec. 612(h); Sec 636(h). 
Describe steps taken to as-
sure that, to the maximum 
extent possible, the coun-
try is contributing local 
currencies to meet the cost 
of contractual and other 
services, and foreign cur
rencies owned by the United 
States are utilized to meet 
the cost of contractual and 
other services.. 

10. 	FAA Sec. 612(d). Does the 

United States own excess
 
foreign currency and, if'
 
so, what arrangements have
 
been made for its release?
 

11. FAA Sec. 601(e). Will the 
project utilize competitive
 
selection procedures for
 
the awarding of contracts,
 
except where applicable
 
procurement rules allow
 

12, FY 79 Ann. Act Sec. 608. 
If assistance is for the 
production of any commod-
ity for export, E3 the 
commodity likely to be In 
surplus on world :arkcts 
at the time tne resulting
 
productive capacity becomes 
operative, and i such as

*- sistance likely to cause 
substantial injury to U.S. 
producers of the same, sim
ilar or competing co.,riodity? 

B. FUNOM':c CRITERIA FOR PROJECT 
1. Development Assis;tance 


Project Criteria 

a. FAA Sec. 102(b); ll;.. 
113: 2131 (1). i'.:tcnt to 
which activity will: (i) 
effectively ivolve the 
poor in development, by 
extending access to econ-
omy at local level, in-. 
creasing labor-Intensive 

The Thai Government contribution 
to the costs of this project will 
exceed 25 percent.' There are no 
U.S. owned local currenciau 
available for this nranet.-

No. N/A. 

Yes.
 

The 	project is not for this
 
purpose, The remainder of the
 
question is therefore not
 
applicable.
 

FUDIVGCRITRIA FOR PROJECT 

(i) 	 The instikdt'ion-building compo
nent of the project will not 
directly involve benefitor the 
poor although it will contribute
 
to increasing the availability 
of energy.in Thailand; however 
the rural technologies component
will involve the rural poor in 
testing and adapting technolo:00s 
as wall as in the means or
 

http:energy.in
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production and the use disseminating them in orderof appropriate techno- to improve Thailand's rurallogy, spreading invest- energy system and enhance 
ment out from cities to Thailand's.prospects forsmall towns and rural rural development. 
areas, and insuring wide
 
participation of the poor (ii) One of the strategies forin the benefits ot develop- the dissemination of rural 
ment on a sustained basis, eneigy tech'nologies which
using the appropriate U.S. 	 will testedbe is reliance
institutions; (it) h1elp 	 on cooperatives for diffu
develop cooperatives, es- sion as appropriate.
pecially by technical as
sistance, to assist rural (iii) This is essentially a self
and 	 urban poor to help help project involving a
themselves toward a better main Thai effort toward 
life, and otherwtse,qn- better use of renewable 
courage democratic private energy of Thai sources.

and 	local governmental in- (vi) The technologies involved,
stitutions; (iii) support-	 if proven practicable, will
the 	self-help efforts of 'help the role of women
developing countries; (iv) through less labor require-,
promote the participation 	 meats. 
of women in the national
 
economies of developing 	 A successful(v renewable ener
countries and the improve- gy program should lead to 
ment of women's status; and emulation in this region.
(v) utilize and encourage
 
regional cooperation by
 
developing countries?
 

b, 	FAA Sec. 1 L1,O3AL 104, 105,
 
106, 107. is assistance being
 
made available: (include only
 
applicable paragraph: e.g., 1,
 
2, etc.,--which corresponds to 
source of funds used. If more
 
than one fund source is used
 
for project, include relevant
 
paragraph for each fund source).
 

.(i)(103) for agriculture, rural (1) The program is designed
development or nutrition; if so 	 todirectly work with 
extent to which activity is increasing rural producti
specifically designed to In- vity through better use ofcrease productLvity incomeand 	 energy.
of rural poor; (103A) if for 
agricultural rusearch,.is full 
account taken of needs of
 
small farmers;
 

(2)(104) for population planning Neo.

under 104(b) or health under 104(c);

if so, extent to which ac
tivity emphasizes low-cost, in
tegrated delivery systems for
 

http:rusearch,.is
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health, nutrition, and family 
planning for the poorest peo
ple with particular attention 
to the needs of mothers and 
young children, using para
medical and auxiliary medical 
personnel, clinics, and health 
posts, commerciaL distribution 
systems and other modes of 
conmunity research;
 

(3)(105) for education, public 

jdministration, or human re-;
 
sources development; if so, 
ex
tent to which activity strength
ens nonformal education, makes
 
formal education more relevant,.
 
especially for rural fimimlies
 
and urban poor, or strengthens
 
manage!ent capability of insti
tutiens enabling the poor to
 
participate in development; 

(4)(106) for technical assis-
tance, energy, research, re
construction, aud selected 
development problems; If so, 
extent activity is:
 
(i) technical cuoperatiop 
and development, especially 
with U.S. privat! and voluntary, or regional and inter-
national development, organi-
zations; 
(ii) to help alluviate energy 
problem; 
(iii) resea'rcih into, and evalu 
acion of, econemic development
 
processes and techniques;
(iv) reconstruction after natu 
ral or manmade disaster;
(v) for special development 

problem, and to enable proper

utilization of earlier U.S.
 
infrastructure, etc., assis
tance;

(:i) for program of ,,rban de-
velopment, especially small
 
labor-intensivQ enterprises,

marketing systems, and finan
cial or other institutions to 
help urban poor participate
in economic and social develop
ment.
 

(5)(107) Is appropriate effort 

No.
 

No,
 

Yes. See below. 

No.
 

4) (11) The project is dire'ted 
to the better uOes of 
renewable energy at 
the rural level. 

Vn.
 

No.
 

No.
 

Mo. 

Yes..Development with 
application ot appropriate
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placed on use of appro-
priace technology? 

tachnology is the whole sub
stance of this project. 

c. FAA Sec. 110(a). Will 
the recipient country 
provide at least 252 of 
the costs of the program, 
project, or activity with 
respect zo which rte assis
tance is to be furnished 

Yes. See Part 
project paper. 

Vtof the 

(or has the latter cost
sharing requirement been 
waived under Sec. 124(d), for a 
"relatively least-developed" 
country)? 

d. FAA l10(b). Wilt grant 
capital assistance be dis-: 
bursed for project over more 
than 3 years? If so, has 
Justificatinn satisfactory 
to Congress been made,' and 
efforts for other financint 
or is recipient country
"relatively least developed?" 

This is not a project of capital 
assistance. The remainder,of 
this question is therefore not 
applicable. 

0. FAA Sec. 281(h). Describe 
extent to 'Ahich program 
recognizes the particular
needs, desires, and capac-
ities of the people of the 
country; utilizes the coun-
try's intellectual develop-
ent; and supports civic 

education and tralning in 
skIll3 roqgtired eor effec-
tive participation it 
governmcntal and political 
processe~s essential to 
sel,f-government. 

Insufficient renewable energy 
and the drain current fossil 
fuel imports place on the.Thai 
economy are serious constraint, 
to rural development. The'; 
pilot and demonstration activi
ties financed by this project 
will seek to alleviate this 
problez. All project conponent-. 
will be implemented by the 
National Energy Agency of the 
Thai governaent and other local 
institutions, such as the 
universities. 

AA Sec. 12(b). Does the 
activity give reasonable 
promise of contributing to 
the development of eonomic 

Yes 

resources, or to the increase 
of productive cap;icitices and 
seli-su.srainlig economic 
growth? 

2. Develorment Anssisr.irte 
Criteria (Lians Only_) 

Project 

(a) Fn% Sec. 122(b). Tfor aion 
and conclusion on capacity 
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of.the country to repay
 
the loan, includingj
 
reasonableness of repay
ment prospects.
 

(b) 	FAA Sec. 620(d). If as- N/As 
sistance is for any pro
ductive enterprise which 
will compete in the U.S. 
with U.S. enterprise, is
 
there an agreement by the
 
recipient country to pre
vent export to the U.S.
 
of more than 20% of the
 
enterprise's annual pro
duction during the life'
 
of the loan?
 

3. Project Criteria Solely for
 
Fconoaic Suppurt Fund • 

(a) 	FAA Sec. 53t(q). Will N/
this assistan:e support or 
promote economic or 
political stability? 
To the extellt possible 
does 	it retlect the
 
policy dirotions of 
section 102? 

(b) 	 F.AA Sec. 533. Will 
a:sistanco tinder this HIA. 
chapter be used for 
military, or paramili
tary 	activities?
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CHECK1I.IST OF STATUTORY CRITERIA
 

STANDARD ITEM CIIECKLtST 

A. -PROCUREMENT 	 A. PROCUREMENT
 

1. 	 FAA Sec. 602. Are there arrange- Yes. 
ments to permit U.S. smalt business
 
to participate equitably in the
 
furnishing of goods and services
 
financed? 	 A
 

2. 	FAA Sec. 604 (a). Will all commo- Yes.
 
dity procurement financed be from
 
the U.S. except as otherwise de
termined by the President or under
 
delegations from him? ,
 

3. 	FAA Sec. 6040('). If the cooperat- Yes.
 
tnS country discriminates against
 
U.S. marine isurance~companies,
 
will agreement require that marine
 
insurance be placed in the U.S. on
 
commodities financed?
 

4. 	 FAA Soc. 604(e,). I" ofrshore pro- Agricultural commodities or 
curement of .gricultural commodity products are not to be financed. 
or product is to be financed, is Therefore, the remainder of this 
there provision against such pro- question is not applicable. 
curement when the domestic price 
of such commodity is less than 
parity? 

5. 	 FAA Sec. 603(a). Will U.S. Cov- Yes, although it is not 
erranent excess person;i property expected to be practicable. 
be utilized t;'herever practicable 
in lieu of the procurement of new 
i tems? 

6. 	 FAA Sec. 603. Compliance with re- This requirement will be
 
quirement in Sec. 0e1(b) of the complied with.
 
Merchant Marine Act of 1936, as
 
amended, that JL least 50 per cen-.
 
tum of the gross tonnage of commo
dities (ccmputed separately for dry
 
bulk carriers, dry cargo liners,
 
ard 	 tankers) fill.inc,d :;h.tll be 
transported on privaLely owned U.S.
 
flat commerci. l vessels to the ex
tent that such ves:;els are avail
able at fair and reasonable rates. 
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7. 	FAA Sec. 621. If technical assist-

ance is financed, will such assist-

ance be furnished to the fullest 

extent practicable as goods and 

professional and other services
 
from private enterprise on a con
tract basis? If the facilities of
 
other Federal agencies will be
 
utilized, are they particularly
 
suitable, not competttive with pr.
vate enterprise, and made available
 
without undue interference with
 
domestic programs?
 

8. 	International Air Transport. Fair 

Competitive Practices Act, 1974. If
 
air transportation ol persons or
 
property is financed on grant basis,
 
will provision be made that U.S.
 
flag carriers will be utilized to
 
the extent such service is available?
 

9. 	FY 79 App. Act SVc. 105. 'Does the 
contract tor procurement contain a. 
provision authorizing the termina
tion of such contract for.the con
venience of the United States?
 

B. 	COiSTRUCTION 


1. 	FAA Scc. 6Ol(d). If a capital 
(e.g.., conlstrucciot) project, are 
engineering and proftssional ser
vices of U.S. firms and their af
filiate; to be used to the maximum 
extent consis.tent with the national 
interest? 

2: 	FAA Sec. 611(c). [f contracts for 

construction are to be financed,
 
will they be let on a competitive
 
basLs to maximum extent practicable?
 

3. 	FAA Sec. 620(k). If for con3truc-.. 

tion of productive encerprise, will
 
aggregace value of assistance to be
 

' 	furnished by the U.S. not exceed 
SO0 million? 

Yes. The use of other
 
Federal agencies will 
conform to the criteria 
listed. 

Yes.
 

Yes, they'will do so. 

B. 	CONST!RUCTtON 

N/A.
 

Yea.
 

No*
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1.: FAA Sec. 122(e). If development 
loan, is interest rate at least 

N/A. 

2% per annum during grace period 
and at least 3. per annum there
after? 

2. FAA Sec. 301(d). If fund is N/A. 
established solely by U.S. contri
butions and administered by an 
international organization, does 
Comptroller General have audit 
rights? 

3. FAA Sec. 620(h). Do arrange- Yes.. 
ments preclude promotin. or 
assisting the foreign aid proj
ects or activities of ComTuntst
bloc countries, contrary to the 
best interests of the.U.S.? 

4. FAA S4!-:.636(i). Is financing Yes. 
not permiitted to be used,.without 
waiver, for purchase, long-term 
lease, or exchange of motor ve
hicle manufacturcd outside the 
U.S. or guaranty of such trans
action? 

5. Will :rrangements .preclude use of None of the activities 
financing: Listed is involved *iti 

the project$ 
a. FAA Sec. 104(f). To pay for 
per~arrnioce of ,abortions or to 
motivate or coerce persons to 
practice aborLiols, to pay for 
performance of involuntary sterili
zation, or to coerce or provide fi
nancial incenttwQ. to iny person to 
undergo steriliz.ation? 

b. FAA Sec. 620(). To compensate 
owners for expropriated nationalized, 
property? 

c. FAA Sec. 660. To finance police 
training or other law enforcement 
'assistance, except ior narcotics 
pro rs ? 
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O. FAA Sec. 662. For CIA
 
activities?
 

e. FY79 App.Act Sec. 104s
 
To pay pensLons, etc.p for
 
military personnel?
 

•f. 	 FY79 App.Act Sec. 106.
 
To pay UN assessments? 

g. FY79 Api.Act Sec. 107,
 
To carry out provisions of FAA
 
Sec 209(d) and 251(h)? (Trans
fer to multilateral organizations
 
for lending.)
 

h. FY79 Ap Act Sec. 112. To
 
finance the export of nuclear
 
equipment, fuel, or technology or
 
to train foreign n3tionals in
 
nuclear fields?
 

I. FY179 Anp.Act Sec. 6L. To bo
 
used tor publicity or propaganda
 
purposes within U.S. not 
authorized
 
by Congress?
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MACRO ENERGY PICTURE
 

ENERGY -IN THAILAND 

Describing energy use in a geographic area can involve
 
several levels of analysis. The broadest perspective examines
 
all types of energy: radiation (insolation), chemical and
 
nechanical in all forms, both animate and inanimate. This
 
would involve determining total solar radiation or energy
 
striking the surface as well as the portion of this energy
 
captured by the system in the form of biomass or total plant 
productivity. This productivity is the source or basis for
 
transformation into human energy via food, animal energy and 
manure via fodder, fuel wood and charcoal via trees, and fuel
 
or char or industrial products via bagasse and other agricultural
 
residues from plants. These energy or fuel sources are being
 
generated on a continual renewable basis.
 

Other fuel sources represent the residue of past capturing
 
of solar energy hy biomass which are non-renewable: petroleum
 
or oil, coal, lignite and peat. Supplementing biomass 
production but still representing the conversion of solar 
energy is wind power due to atmospheric convections and water 
power due to the cycle of evaporation of surface water and 
condensation at higher elevations. In addition to solar 
energy there are other fundamental energy sources in the 
form of inorganic (chemical) matter and gravitation forces
 
such as inorganic fertilizers, radioactivity and geothermal
 
heat.
 

This larger perspective of fundamental energy sources
 
and the numerous transformations they undczgo provides a
 
unified system in which current problems interface:
 
human nutrition, agricultural productivity, forest land
 
productivity, land fertility, renewable versus non-renewable
 
energy potentials. In a country such as Thailand whose
 
agricultural and forest products are its largest resource,
 
such an analysis could provide insights into the relative
 
biomass productivity of different land uses and therefore
 
indicate present or upcoming problems as well as beneficial
 
directicas for land use development. An analysis on this
 
scale is not a part of this discussion, but the components of
 
this project should result in a major contribution to the
 
capacity of the RTG to address the total energy picture
 
at that level.
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The first perspective which will be quantified in this
discussion examines the energy flows which are one step away
from being transformed into mechanical work or useful heat.
The mechanical forms include human and animal work, combustion
or steam engines, and electric motors, whereas useful heat
represents cooking, drying and process heat applications.
The energy flows of this system can become quite complicated

and it is important to recognize the wide variation in
efficiencas of use of the various energy sources. 
 Furthermore

these efficiences or outputs of useful energy also depend on
the method or technology of energy utilization. An open
fire using wood for cooking may only provide five percent
of the total heat produced for food processing, whereas use of
an enclosed vented oven may quadruple the efficiency of use.
On the other hand, biogas or natural gas for cooking may be
as much as 40 percent efficient. 
This issue of efficiencies
is often overlooked in examining traditional energy systems
where the common remark is on the low level of energy used.
Often the problem is that lcw levels of useful energy are
captured; however, the gross input of energy can be extremely

high usually from non-commercial energy sources.
 

Table 1 presents the gross inputs or consumption of
-energyin Thailand for 1977; no accounting concerning

b .
 4 ciency of use has been attempted due to the variety of
 uses of each source and the differential efficiencies.
 

In the next section the source of these different

estimates are discussed. As can be seen, renewable energy.
sources 
(i.e.,all except petroleum, coal and lignite) account
for about 70 percent of the total. Although these sources
are generally considered to be renewable, in Thailand this is
only partially so due to several factors such as decreasing

soil fertility and deforestation.
 

The more commonly used version of energy consumption

tables contains only inanimate energy forms. 
 For some social
policy decisions it is quite clear that human energy and that
fraction of animal feed which is converted into human food
should be dealt with separately; however, in an analysis
of energy inputs for agriculture it is a crucial component
and is included above in Table 1 and discussed below. As for
animal feed which is converted into animal energy, its
exclusion from more common energy use figures is probably due
to the complexities of calculating it and the lack of
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Table I.,. Gross Energy Consumption -in .Thai-land,, 1977 

Energy Source Source for Amount Energy 0 
_lOi 2 kcal 

Petroleum products NEA 97.8 28
 

Hydroelectric
 
power 	 NEA* 10.2 3% 

Coal and Lignite 	 NEA* 2.3 it 

Bagasse 	 NEA quantity;

recalculated energy 9.9 3%
 
content
 

Paddy husk 	 assumed 25%,* 3.1 itutilization*
 

Human energy 	 human food - 1800 kcal/ 28.8 8% 

day/person * 

Animal energy 	 animal feed** 76.1 22%
 

Fuelwood and Openshaw 1972 FA2,
 
charcoal survey: 1970 use 116.5 34%
 

Total 344.7 100%
 

* National Energy Authority, Thailand Energy Situation '77 

•* For details underlying these estimates see below. 
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information on magnitude and different uses 
(agriculture,
transport, food) of this energy source. Nevertheless thisenergy use for transport or agricultural work represents an
energy demand which parallels the more easily quantified useof commercial fuels such as petroleum products for the sameactivities, although with significantly different efficiency
rates. The figure in Table 1 above for this element, andthe discussion below, reflect the limitations of current
available data.
 

Table 2 presents 

sources 

gross energy consumption for inanimateand compares the figures available in the NEAannual energy report to those estimated in the next section.
 

Table 2. Inanimate Energy Consumption in 
Thailand, 1977 

Energy Source Amount 101 2kcal Amount 101 2kcal 

NEA Figures META Team* 
Petroleum products 
 97.8 82% 
 978 41%
 
Hydroelectric power 10.2 8% 10.2 41
 
Coal &Lignite 
 2.3 2% 2.3 1% 
Bagasse 8.3 7% 9.9 4% 
Paddy husk 
 0.4 ) 3.1 it, 
Fuel wood 
 0,4 1%)
) ) 116.5 ** 

49%Charcoal 
 0.2 ) ) 

119.6 100% 
 239,8 100%

inmmum mnin 
 UMAin 
 niMmi
 

(per capita (1977 population of 44 million people):5.4Sxl06kcal)
 
M
NETA Systems AID-funded feasibility study team, April 1979.
 

• Estimated wood fuel use in 1970 by FAO study.
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ror tne fuelawhich are generally considered as commercial 
- petroleum products, hydroelectric power,.coal and lignite 
the consumption levels from the NEA report were used.
Practically if not all of this comercial fuel use passes

through the market place on a cash basis, and therefore,

recorded use is quite accurate. For the other fuels, their

supply is extremely decentralized, and their use as fuel occurs
 
at their source and generally does not pass through the market

place. Furthermore if such fuels are marketed, the consumption

is unrecorded. For these reasons, this fuel use can only be

roughly estimated. The most important problem in this area
 
concerns the-use of wood fuel; 
as can be seen in Table 2 the

difference between the NEA figures and those in the META team
 
report is extremely large. The figure used in the report was

t&*en from an FAO study by M. de Backer and K. Openshaw,

Timber Trends Study - Thailand (Project Working Paper,

Detailed Description of Survey and Results; 1972) which surveyed

wood use by all sectors and included a residential survey of
 
nearly 6,000 households.
 

Based on Table 2, potentially renewable energy sources

(i.e.,all except petroleum, coal and lignite) accounted for

about 60 percent of the total energy use in 1977, with fuel

wood and charcoal accounting for approximately one half.
 

Table 3 shows a sectoral breakdown of inanimate energy

use. Domestic energy use (cooking, lighting, heating, etc.)

is the largest demand sector, nearly consuming one half

of the total. The next largest is industrial use which accounts

for one quarter of total energy consumed. If animate energy

(human and animal) and chemical energy (fertilizer from both

organic + inorganic sources) were included, the agricultural

sector would increase significantly. Given the urban-rural

breakdown for-domestic wood fuel use 
(90:10 per de Backer and

Openshaw) and rough estimations of rural sectoral breakdowns,

it appears that rural energy use accounts for somewhat over

half of total inanimate (excluding chemical) energy use. If

animate and chemical energy use were included, the rural
 
energy-use would be well over half of total energy use.
 

Estimation of the Availability and Consumption of Traditional
 
Energy
 

This section will outline the method by which traditional
 
energy supplies and demands were estimated. The following

traditional energy sources will be discussed: 
 agricultural

residues (straw, paddy husk, bran, bagasse), animal energy,

animal residues, human energy and finally firewood and charcoal.
 



Table 3.a Sectoral Breakdown of Energy Use by Source in 1977(l12kcal) o0 

Consuming Domestic Industry 
 Transport 
 Agriculture Commercial, 
 Electric
Sector 
Service, Power Total 

Energy Cons truction. 
.OtherSource
 

Fuelwood/ 

charcoal 
 106.3. 8.9 1.3.Petroleum 116.5
 
- _ _ _ _ . _ _
products 
 1.9 18.0 40.4 
 10.7 
 7.0 
 19.9 
 97.8


Ilydrcdectric
 
power 


Bagasse 10.2 10.2 
9.9 


9.9 
Agricultural 
 1.6 
 1.
 
residues
 
(paddy husks)
 
Lignite 
 0.83 


1.2 
 2.1
 
Coal 


0.2
 

Electric 
power *16.3 20.0 
 .04 
 4.9 
 (31.3) 

Total* 116.2 59.4.nsadrw 40.4 10.8*) 481do ... 25% 13.3 (31L.3)*. 17% 1 min........ . 6% 240
4% -mimmim=1m-mnimmm- 1t0mminin 
* ColTens and rows do not sum exactly due to. rounding.The•se amounts were not part of the total. in order to avoid double counting,ao 


In determinj.g sectoral use of electric pwer,-generation, transmission akcal) were diut 'ibuted across the consumlnq..sector in proport----
other losse23x 

to electric power U e 0
 
, -. - -p uz= on E ele url p owe u~ . . 
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Agricultural ftsi'due s 

The availability.of agricultural residues was calculated
 
by the use-of several conversion factors which are needed
 
to estimate th4 production level of crop residues by crop and
 
then their energy content-. These factors represent averages
 
from actual measurements-reported in various parts of the
 
world. No studies-calculating these factors for Thailand have
 
been located at this time; therefore; the representative
 
factors in Table 4 were used. Due to the approximate nature
 
of these factors, they-were assumed to be the same for all parts
 
of Thailand though there are clearly regional variations.
 
However, the significant variation in cropping patterns across
 
Thailand result3 indifferent regional availabilities of
 
agricultural.residue resources. As a result, regional crop
 
production statistics were used; the most readily available
 
set were for the four major geographic regions: North, North
east, Central and South. This breakdown probably captures
 
the major geographic variations in residue availability;

however, there are instances where a more detailed examination
 
would be necessary. One example would be the case of the areas
 
where high yielding rice varieties, which produce significantly
 
less straw than traditional varieties, are used or are
 
introduced. Another example may be the difference between
 
Northeast farms which grow maize as a second crop rather than
 
cassava. Maize production provides significant residues whereas
 
cassava does not.
 

The Agricultural Statistics of Thailand, Crop Year 1976/77
 
report published by the Division of Agricultural Economics of
 
the Ministry of Agriculture and Cooperatives provides regional
 
crop production for paddy only. For the other major crops,

the META team relied on the work of Russell Brannon in Agricul
tural Sector Assessment - Thailand (January 1978) a report
 
prepared for AID. He calculated regional percentages of land
 
planted and of production for most crops using unpublished

agricultural data as well as regional yields. His results are
 
average for the period 1971 through 1975. In Table 5, the
 
amounts of residues were calculated by multiplying the regional
 
production figures by the ratio of residue to product factors
 
from Table 4. The energy content of the residues is the product
 
of the heat content and the amount of residue.
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Table 4. Conversion Factors Used in Traditional Energy Estimateg.
 

Agricultural Residues
 

Residue 
 Ratio of Redidue at Energy Content at

Field Moisture to 
 Field Moisture • 
Crop Production (LO kcal/metric ton)-

Paddy straw 
 2. 3.300
 

Rice husks 
 0.25 of paddy 3.300
 

Rice bran 
 0.05 of paddy 3.600 (0 moisture 
content)

Maize residuo. 
 2.5 3.300
 

kenaf stick 
 2. 
 3.300
 

bagasse 
 0.5 
 2.270 (50% moisture
 
Cassava 
 0" . content)
 

Animal Feed/Fodder Requirements
 

Ahimal Annual Energy Source .___.__ gequirement (106kcal) .rc 

tattle 
 5.2: X." Odend'hal (in West 
buffaid 8.3 Bengal) 

•.
 approx 1/3 cattle and
 
buffalo intake based
 
on relative weight of
 
animals presented in
 
biogas study by Applied

Scientific Research

Animal Residues Corporation of Thailand 

Knimal Annual MWure Production Energy Content . -* * (netrictans dry wgt/head) (0%moisture content) 
UK yw/ (106 kcal/metric..tons) 

tattle 1.00 3.6
 

Buffalo 
 1.25 
 3.6 

Pig .30 3.6 
rcwl .,005 3.6 



Table 5. Crop Residue Availability, 1976/77"
 

Region NORTH NORTHEAST CENTRAL SOUTIiResidue Energy WHOLE KINGDOM

Residue~1o6mton 1012kcal 10

Residue6mton 
Energy Residue Energy
101l2kcal 06 Residue Energy residue Energy
kcal 106mton 101 2kcal 10 6mton 1012kcal
 

Rice Straw 8.22 
 9.37 
 10.21 
 2.34 
 30.14
27.1 
 30.9 
 33.7 
 7.7 99.4
Rice Husks 1.03 1.17 
 1.28 
 0.29 3.77


3.4 
 3.9 
 4.2 
 1.0 
 12.4
Rice Bran 
 0.21 
 "" 0.23 0.26 
 0. 006
0" 0-.8 0.750-9 ... ;2 21.7 
Maize Stover 2.81 
 .87 
 2.00! 
 -6.69
 

W0.1 6.2. 6.6 226.6Kenaf Stick I036 - 0.37 
. * - 1.2 

Cassava -
ra -

3agasse 0,.90L 0.56 982
•2.0 1.3i 223 

- -
.2 .0 ' l 3 22-1 - 25.62S 4 

42.51,7-7 
 23-57' 
 2.69
42.5 53.0044.3 67.7 .8.9 
 163.4
 
yer capita** 
 4.62 
 2.94
(10bkcal)l 4.73 1.63 .3.71 

'I-r 'conversion I-ErcnesoFactors, see TabLe s. Also this able undei5stmates crop residuesin that it excludes some residues from tobacco, rubber and other agricultural products.'1 Using total population of 44 million people in 1977 with 32.5% f.. the Central region,
20.9% in the North. 34.2% in the Northeast and 12.4% in the SOAth.
 

" - - -----.. - ..'*0 ." ' 

"A
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The tot kavailabilty of a~ricultural residues is
about 160x10 
'kcal and the overall level of utilization
for this fuel implied by the energy consumed in Table 2(only inanimate energy) is about 8 percent. This figureis mostly likely lower than the actual use of crop
residues for fuel. 
 There has been reporting of some fuel
 
use of residues other than husks and bagasse such as corn
cobs; however, there is no way presently of estimating

this use. For bagasse the utilization rate implied by the
NEA figures is about 40 percent, For rice husks the level

of utilization was assumed to be about 25 percent rather

than that implied by the NEA data of 7 percent (276,000

tons out of total 3,770,000 tons). The revision is based on
observations in the Northeast and Central regions where rice

husks were used in charcoal, rice and brick production.
In charcoal production, husks were used to smother the initial

firing of the wood and many of them become charred in this
 manner; this method is a significant improvement over the
 
use of dirt which is often used in traditional charcoal
production. 
Husks are also used to fire bricks, and in rice
mills, and in addition the husk ashes are used as 
a raw

materials for additional bricks. The-utilization rate does
 
not assume that these practices are widely used in other
parts of the country. 
Another method of charcoal production

which may be common 4s first cnvering the burning wood with
 
leaves and then dirt.
 

The low utilization of crop residues for fuel is due to
their use as animal feed and fertilizer and to the current
availability of wood fuel, although given available informa
tion it is Cifficult to ascertain the relative importance
of these factors. 
 However, based on some calculations,

written reports and field observation, the level of crop

residue utilization is significant.
 

WitA regard to fertilizer use, straw is often plowed
into the soil as part of land preparation. More often it
 appears that the straw is burned and the ashes are spread

on the fifild. The degree of such occurrences is unknown.
With regard to use as 
animal feed, crop residues clearly

seem to be an i'ortant source. Animals feeding on straw

piles in fields and around l.:mes and cn the rice straw stubble
in fields are a common sight. There is also a good deal of

grazing on non-agricultural land and it is difficult to

determine the relative contrtut.L=n &f these two 
feed sources.
Nevertheless it is Possible to est-mate tte demand for animal
feed and compare it to the avaulabiiry of crop residues which
 
can be fed to animals.
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Using represertative figures for annual feed require
ments for different animals from elsewhere in Asia, the
 
demand for animal feed was estimated as shown in Table 6. 
These requirements estimates are based on amounts reported
 
in West Bengal and are slightly higher than other estimates.
 
It could be orgued that these figures should be raised for
 
Thailand. The information on the distributicn of livestock
 
across the four major regions was available in Brannon's
 
report (above)which had the same figures as the latest 
agricultural yearbook (1976/77), For cattle and buffalo, 
since their number fluctuates, an average for the years

1973-76 was used. For pigs there is a distinct downward
 
trend and therefore the 1976 population was used. Table 6
 
shows the estimation of animal feed requirements aid is the
 
basis for the amount used in Table 1, The results of
 
Table 6 indicate that pcssibly half of the applicable crop

residues are used as animal feed. It is difficult to
 
calculate a percentage because of the uncertainty concerning
 
the amount of feed consumed on pasture, or forest land.
 
It is clear from the results for the Northeast that this grazing

is necessary. The most significant conclusion which can
 
be drawn from these results is the clear evidence of surplus

residues in the North and Central regions and of a tight

supply in the Northeast. As will be discussed later in the
 
report, these conclusions have specific implications with
 
respect to energy technologies fzr the different parts of
 
Thailand.
 

Animal Energy
 

As menticned above, the animal feed requirement was used
 
as the gross indication of animal energy consumed in Thailand
 
bath for mechanical work and a transformation into human work
 
via food (see Table 1). There are several other ways in
 
which animal energy can be calculated. One alternative method
 
is estimation of the actual useful work perfor ed both in
 
transportation and in agricultural work (ie.,ploughing).

This amount of work is comparable with machine (tractor, truck)
 
energy use and the economic tradeoffs between these
 
technologies can be examined At this point no analysis of
 
this type has been Ferfozmed for Thailand although a limited
 
amount of data on buffalo-day agricultural requirements is
 
available. Such an analysis would prove useful in an
 
examination of traditional agricultural practices and of the
 
inputs requi:ed fcr its improvement,
 



Table 6: Animal Feed Requirements*
 
and Comparison with Crop

Residues Availability, 1976 


Animal 
 CATTLE 
 BUFFALO 
 PIGS

Number Feed 
 Number Feed 
 Number
Region 10 3 	 Feedhead 10 1 2 kcal 103head 10 1 2kcal 10 3 head 10 1 2 kcal 

North 
 979 
 1245 
 826
 
5.09 10.33 1.65 

Northeast 
 1927 
 3543 
 737
 
10.02 
 29.41 
 1.47 


Central 
 776 
 727 
 988
 
4.04 
 6.03 
 1.98
South 
 724 	 238 -. 4693.76 
 1.98 
 0.94 


Whole 4406 	 5753 
 3020
 
Kingdom 
 22.91 
 47.17 
 6.04 


Note: 	 It is important to recognize that some fraction of thefrom grazing on non-agricultural land. 

* Fowl were not included . 
** Total of only rice ,ztraw, rice bran, maize residue. 

t% 

ANNUAL TOTAL FEED CROP RESIDUE 
REQUIREMENTS 

(10 1 2 kcal) 
AVAILABILITY 

(10 1 2 kca1} 

17.07 37.1 

40.90 37.9 

12.05 41.2 

6.68 
7.9 

76.13 124.2 

feed req*ement is met 
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Animal Residues
 

Animal residues or manure i rarely used in Thailand for
 
fuel. Nevertheless a great deal of manure enters the energy
 
system in the form of chemical energy as fertilizer. At this
 
time there does not seem to be any estimate available as to
 
the extent of this use or as tz the effectiveness of its use.
 
However based on observaticns and qualitative statements in
 
rural village studies, there does appear to be a surplus
 
or a great deal of unused manure: Using the representative
 
conversion factors presented -n Table 4, the total availability
 
of dry manure is estimated in Tabl2 7. The total availability
 
of manure is approximately 45 x 10 kcal, wh'ch ignoring
 
collectability problems, per capita availability is equal to
 
about 20 percent of present per capita energy use of inanimate
 
energy, With at a minimum the nightly corraling of animals,
 
approximately half of the manure may be collectable for fuel
 
or other use, The Northeast with its large animal population
 
has the largest availability of manure, and therefore
 
would appear to be the most liKely target of prcgrams involving

its use. Presently there are several programs exploring the
 
use of manure as a source of bicgas with mixed success.
 
It may be that the major problem s the cost of the equipment
 
since surveys indicate that mcst peopie are willing to
 
collect and utilize the manu:e in this manner, However,
 
there does appear to be resistance to the use of human excreta
 
or night soil.
 

Table 8 estimates the pctentlal contribution of biogas
 
to Thailand's. and in particular the Northeast's, energy
 
supply. The fresh manure production per annum and gas
 
production per kilogram of fresh manure figures were taken
 
from a study by the Appiied Sclentic Research Corporation of
 
Thailand, Pre-Feaslhility of the Biogas Technology Application
 
in Rural Area.a or Thaianad Feruary 1979 , This study
 
rerices an NAS study and the E5CAP Bitgas Newsletter and
 
the unit gas production estimates are at expected current
 
yields; they do not reflect the upper theoretical yields.
 
The collectability percentages are merely rough estimates,
 
but intend to be somewhat practical.
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Table 7: Anima1 fesidue Availability, 1976
 
(dry; 0% moisture content) 
 0 M
 

H 

Regionnia Region4 NORTH NORTHEAST 
 CENTRAL 
 SOUTH 
 WHOLE KINGDOM
I 
nimal 106mton 1012kcal 

____ 

106,nton 1ol2kcal 1066mton 1 2kcal l06mton 101 2kcal 06mton 1012c
 
Cattle 
 0.98 
 1.93 


3.52- 6.94 
0.78 0.72 4.41
2.79 
 2.61 15.8(
 

Buffalo 
 1.56 
 4.43 
 0.91 
 0.30 
 7.19 
5.60 
 15.94 
 3.27 
 1.07 
 25.8S
Pigs 0.25S.2
 

08- ""08022 ,0"1.07
0.80 0.30 0.51
0.14 3.2E
0.91
Fowl 

0.08
n.a. 

n.a. 2 na. nn.a.0.29 n.a. n.a. 0.31 
1.13 

Tot~l * 2.79 6.66 1.99 . 1.16 12.82* 10.01 23.97 
 7.13 
 1 4.19 
 46.12
 
3r capita 
 1.09 
 1.59 
 0.50 

vaihbility 0.77 1.05
 
106kcal/yr) 0
 

• Regional totals do not sum to kingdom total because regional distribution of fowl population
was not comp)-ptaly available.
 

Note: 
 See Table 4.for conversion factors,
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Table 8i Potential Annual Yields.of Biolas from Animal Residues
 

3kg wet m biogas/ animal potential annualpercent manure/ kg wet 
 population biogas prgductionanimal collectable animal/year manure (06 M,) 

WHOLE KINDO 
cattle,
 
buffalo 50" 5045 .0467 10.16 1197
 
Pis 75% 1241 .0872 3.02 245
 

Chickens 757 
 34.2 .1215 49.9
 

1597
 

at 5000 kcal/m3 , total potential = 8.0 x 1012 kgal

annual p.r capita rural potential * = 0.22 x 105 kcal
 

NORTHEAST
 
cattle, 507. 
 5045 .0467 5.470 
 644
buffalo
 
pigs 75% 
 1241 .0872 .737 . 60 
chicken 757. 34.2 .1715 14.15 * 44
 

0 748
 

at 5000 kcal/m3, total potential - 3.74 x 1012 kcal
 
annual per capita rural potential * * 0.26 x 106 kcal 

'The urban rural breakdown is 17:83 for the entire country and 4:96 for theNortheast according to the World Bank country report.
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Thq table shows the biogas potential to be about8 x 1044kcal per year of which about 47 percent lies in the
Northeast. 

For the Northeast, this potential can meet nearly 10
percent of the total domestic use of fuel wood and charcoal

(per the FAO report above by de Backer and Openshaw

(see also discussion below)). 

Human Energy
 

As with animal energy there are several ways of determininc 
the use or output of human energy. However for the purposesof this discussion, one of the simplest was used for
primarily illustrative purposes: 
 total caloric intake.

Other methods, such as energy consumed in economic activity
or useful energy produced, were not considered due to their
complexity. The avei'age caloric intake was based on an
NESDB report on food and nutrition development. For the

estimate in Table 1, it was assumed that the total average
caloric intake was 1900 kcal per person daily and that 95
percen'- of this intake was met by non-meat and dairy sources.
The meat and dairy sources were excluded because these amounts
 are 
captured under the consumption bf animal energy.
 

Fuel Wood and Charcoal
 

As shown in Table 2, the largest discrepancy between
official figures and other sources occurs for the consumption
of fuel wood and charcoal. The forest resources of Thailand
 are very extensive, wood is widely available, and as a result
much of the wood consumed as fuel was collected by the actual
 consumer without 
due 

passing through the market place. Furthermore,to the nature of most wood collection and the informalsmall scale nature of fuel wood and charcoal marketing, recordsdo not reflect the majority of fuel wood and charcoal use.
 

** Subcommittee on Food & Nutrition Planning, NationalEconomic and Social Development Board in Cooperation withUSAID and UN International Childrens Fund, Technical
Information and Base-line Data for the Formuiat-on of

National Plan on Food & Nutr ricn Develooment -i977-r981),

February 1977.
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The primary alternative to the official figures is the
 
de Backer and Openshaw 1972 FAO Report to the 31overnment
 
of Thailand, Present and Future Forest Policy Goals:
 
A Timber Trends SuMdy 1970-2000 (No. TA 31561. The study

involved extensive surveying of both fuel and non-fuel wood
 
and estimated national wood consumption by use for 1970.
 
Of importance to this present discussion was the wood fuel 
survey which involved examining residential or domestic,
 
industrial and social services wood fuel use. The residential
 
survey sampled nearly 2400 rural households in 19 provinces
 
over the four major geographic regions of Thailand. It also
 
included 3550 urban households of which ne .:ly half were in
 
the Bangkok-Thonburi area, The sample ccnstitutdd about
 
0.05 percent of all rural households and about 0.25 percent

of all urban households. The results of the residential surve
 
are presented in Table 9.
 

Using the conversion factors of 0 6 metric ton per

cubic meter of roundwood equivalent de Backer and Openshaw)
 
and of 4.0 million kcal per metric ton of wood tequivalent

to 7200 Btu per pound), residential.or domestic wood fuel
 
use in 1970 amounted to 106.3 x l0"zkcal. De Backer and
 
Openshaw estimated industrial and service sector wood fuel
 
consumption in 1970 to be 3:7 and 0.56 million cubic meters
 
or 8.9 and 1.3 x 102kcal respectively.
 

Due to numerous uncertainties concerning the trend of
 
wood fuel use over the past eight years since the FAO study,

fuel wood and charcoal use were reestimated using the
 
per capita figures. Using a total p~.pulaticn of 44 million
 
people currently and the FAO per -ap;ta wood fuel use of
 
1.23 m3, present resident-al wood fuel use would be 130 x 1012
 
kcal. This is an increase of h-but 24 x 101 2Kca. which
 
represents a 10 percent increase in the total for inanimate
 
energy consumption for Thailand in 1977, solely due to
 
population growth. This new figure does not tak~e into
 
account several possibly significant trends. First of all
 
it ignores the increased percent of the country's population

in urban areas, which would lower fuel wood use and increase
 
charcoal use, Secondly, the net effect of the ssue of the
 
substitution between commercil fuels (LPG, kerosene) and
 
wood is unclear. Whereas the :eal growth of income in some
 
cases leads to increased use .:f :=rnerc:al fuels, the
 
significant increase in the ptsze cf these fuels has possibly
 

http:residential.or


ANNEX III
 
Page 18 of 20
 

Table 9: Results of FAO Residential Woodfuol Use Survey.
 

PER CAPITA ** 
(m3 per cipita) 

Reion 
 Wooduel 
 Fuelood 
 Charcoal
 
Rural 
 1.27 
 0.76 
 0.51
 

North 
 1.25 
 0.79 
 0.46
 
Northeast 
 1.35 
 0.95 
 0.40
 
Central 
 1.17 
 0.36 
 0,81
 
South 
 1.24 
 0.86 
 0.38
 

'Urban 
 1.00 
 7.. 0.11 
 0.89
 
Bangkok/
 
Thonburl 
 1.00 
 0.10 
 0.90
 
other urban 
 0.99 
 0.12 
 0.88
 

Total 
 1.23 
 0.67 
 0.56
 

Annual Consumption ot Wood Fuel, Total 1970 

(million n3 )
.Region 
 :Wooduel 
 Fuelwood 
 Charcoal
 
Rural 
 39.0 : 
• 
 23.4 
 15.6
 

North 
 9.5 
 6.0 
 3.5

Northeast 
 16.3 
 11.5, 
 4.8
 
Contral 
 8.2 
 2.5 
 5.7
 
South 
 5.0


rbn5.3 3.5 1.5
0.6 
 4.7
 
Bangkok/Thonburi 
 3.2 
 0.3 
 2.9
other urban 
 2.1 
 0.3 
 1.8
Total 
 44.3
P 24.0rage 92 ProJect Working Dccument; all uni= in roundwocd eq4iy4jejs;
 

20.3
 

** 
assumed 6.0-m3 R.E per metric ton of charcoal.This is the average for all hcuseholds whehaor consuming woodfuel or not.
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counteracted this possible income effect. Thirdly, the
 
effect of Government policies to protect forest land and
 
the effects of possible shortages due to deforestation are
 
also unclear.
 

Based on the FAO stidy, per .apita wood fuel use would
 
3
be 1.23 m or 2.95 c 100kcal. This level of household
 

fuel wood and charcoal use is in line with figures from
 
around the world as shown in Table 10. The figures in the
 
Table were calculated Osing different factors in some
 
cases which accounts for the difference between the figure
 
used for the Thailand national average and the one presented
 
above.
 



TABLE 1Q I 
(ANUAL PER 

|IOUSE3IOLD TRADITIONAL FUEL USE 
CAPITA ESTIHATft -- 10 9 JOULES) 

TotaI 
Traditional 

Firewood 
and Anlahl 

Agri-
cultural 

Eunnutr_ Locale Year 
Fuel Use 

(For 
Charcoal Misidue Residim 

Traditional Fuel Users Only)-

Dangladesh national 1973/74 2.56 .41 .77 1.38 
Gambia national 1972 17.3 17.3 
India- rural 1970 7.16 4.38 1.77 1.02 
Kenya 1960 10.9 10.9 

national 1974/75 8.5 8.2 .1 .2 
Nigeria 

Peru 

northern,urban 

national 

1972 

1976 

10.5. 

17.7 

10-5 

15.1 - 2.6 

n.a. 

-
Sudan vational 1964 14.2 14.2 

Tanzanlas rural8 n.d. 29.9 29.9 

national3 1961 12.3 12.3 
national 0 1970 23.2 23.2 

Thailand national 1972 14.2 14.2 

Uganda 1959 10.9 10.9 
Upper Volt rural 1977 4.2 2.3 1.9 

o 

Percent of
National 

Population 
Using Tradi-
tional Fuels 

91% 

99% 

Ltional 
Average 

Traditional 
Fuel U.se 

2.32 

99% 8.5 

60% 

99% 

10.8 

14.2 

99% 

.97% 

23.2 

13.8 

17he relationship between the national average for per capita traditional fuel use and the traditional fuel useraverage is based on the percent of the total population which uses such fuels. Specifically the national averagevhe product of actual Isuse estimates and the percentage of users. 
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MICRO ENERGY PICTURE
 

Village-Level Analysis in the Northeast 

Analysis of the social, economic and environmental aspects

of rural energy development will have both macro and micro
 
components. The analysis set forth in Annex III above
 
examines specific rural energy fields of opportunity in the
 
context of Thailand's overall rural energy requirements. This
 
micro analysis involves examination of a program in a specific
 
location within a particular set of macro conditions. These
 
levels intersect in that the macro analysis is based to some
 
degree on the micro with regard to the viability of the
 
individual investment. Therefore it is necessary to examine
 
and evaluate the feasibility and worthwhileness cf the proposed
 
technologies at the micro or, for the purposes of most of the
 
rural technologies addressed in the project, the village or
 
family level.
 

In order to provide a context for such analysis, a
 
representative village in the Northeast region of Thailand
 
was constructed from numerous scurces. This village is
 
representative in the sense that the per capita resource
 
endowments, land use patterns and general economic conditions
 
reflect f-hose for the Northeast in general. Therefore
 
much of the information used were aggregate figures for the
 
entire Northeast which were scaled down to village level
 
quantities. This aggregate data was supplemented by several
 
village level studies of locations in the Northeast as
 
well as elsewhere is the country.
 

For regional information the sources generally used were
 
the reports by Russell Brannon, A ricultural Sector
 
Assessment - Thailand (January 1978; and by tne World Bank,
 
Thailand: Toward a Development Strate$- of Full Participation,

A Basic Economic Report (September 1978), Also used were
 
several Agricultural Economics Research Bulletins prepared
 
by the Division of Agricultural Economics, MOAC as background

work for Thailand's Fourth Five-Year Agricultural Development
 
Plan (B.E. 2520-2524). The distribution of farm sizes is
 
based on data from the General Farm Survey 1973/74 by the
 
Division of Agricultural Economics, MOAC which was presented
 
in the Brannon report. The village level crcpp..ng pattern 
is based on information from all of these repcrts. 

X 
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Village level livestock population were derived from MOAC
and Brannon. 
Farm and household level information was
available from the studies by the Chulalongkorn University

Social Research Institute such as Village Khon -Kaen
- Social
and Economic Conditions cf a Rural Pcpuat-.ionn.N-rteas
Thailand by Amara Pongsapich with the coi.lbcration of
Jacques Amyot and Friedrich W. Fuhs (BangKck, 1976). Thisstudy surveyed village and household level data for four
villages in Khon Kaen province during the late 1960s.

Other descriptions of village life were also examined.
 

Northeast Village Model
 

This village has 105 families and a total population

of 677 people. 
At the center of town is the primary public
school and at the outskirts is the temple with adjacent land
and a rice mill with a 15 horse power desel engine capable

of milling 5-6 tons of paddy daily 
 Nearby 4s a small pond
used for fishing and drinking water, The 'qand surrounding

the village is of varying altitudes; the !cwlands being
primarily partitioned into rice paddies whereas the higher
land is used for uplisnd crops, There are scattered trees in
the fields and around homes. 
 At any time much of the farm !,and
lies a fallow; on some of the land brush and small trees
 are growing. In the dry season, rattle and buffalo graze on
the paddy stubble in the fields a.,d/cr piles of cut and
 
stacked rice straw.
 

Of the 105 households in the village, i00 are primarily

farmers while the remaining five Include the miller, two

teachers, a store owner and possibly a Government official.
The farmers can be divzded into three classes: poor, middle
and rich according to farm land and lv',estock resources.
 
The average household size for the village is nea.-ly 6.5
people. Slightly more than half of the families are nuclear
rather than extended; however, this varies over time as
families pass through the cycle of nuclear to extended to
nuclear as 
the family size expands when the children grow
up and their spouses, generally husbands, move in with the
family, and then contracts as the children and their spouses
set up separate households, Table 
1 shows the basic demographic
data along with average land and livestock resources by class. 
Average farm s-_ze is 20 ra .
 

With regard to agricultura! ,:cduticn,although rice

(glutinous with some ncn-glutincrus2 's the pr- ,a.Ly crop,
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Table 1. 	Village Demographic, Land and
 
Livestock -Resourcesby Class
 

PER HOUSEHOULD
 

Famil e person/ average .No. of Animals 
Class Inuolealexuiended hous-ehold farm Ize Cattle BurFalo Pig 

Non-agri

cultural 100% 0% 4 - - - 1. 

Poor 80% 20% 5 9.4 1 1 0 

Middle 50% 50% 6.5 25.4 1 2 0.25 

Rich 25% 75% 8.5 62.5 2 2.5 1. 

TOTALS
 

Number. oof Tt f Total number of animals 
Class households cersons Cattle Buffalo P 

Non-agri

cultura. 5 20 - 0 0 5 

Poor 23 115 216 0 23 0 

Middle 56 364 1400 56 112 14 

Rich 21 178 1313 42 53 21 

Total: 105 677 	 2929 98 188 40
 

* Net of two percent for household structures. 
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the principal upland crop varies depending on location in the
 
Northeast. In this village, as 
is typical of the Northeast,

there is no double cropping and all rice is rain-fed only.

Thecropping intensity (percent of farm land actually planted

or harvested) was assumed to be about 60-65 percent with

70 percent of the crop land planted with rice. The cropping

intensity was varied slightly by farm class, being higher for

the poor and lower for the rich. Despite the availability of

aggregate cropping pattern data for the Northeast, no detailed 
information was located cn how cropping patterns vary by

farm size. It was assumed that poor farms grow only rice,
that middle farms plant 80 percent of their farmed land with
rice, and that the rich farms plant slightly over half their
land with rice. 
 When a village level average is calculated,

the basic assumption of 70 percent of planted land in rice

is met. Table 2 shows the cropping patterns and the levels
 
of agricultural production for the different classes.

The yields per rai used were about 220 kg. rice, 1980 kg.

cassava, 340 maize and 150 kg. kenaf.
 

As can be seen from Table 3, the v-llage as a whole

produces a surplus of rice; however, on a class level some
transfer will be required, possibly in the form of income
for agricultural work or for services such as rice milling.

The level of this surplus reflects the fact that reportedly
the Northeast as a whole presently produces a five per-ent
surplus and that the farm househods must also supply the 
non-agricultural households which are about 25 percent of
 
the total households in the Northeast.
 

Table 4 examines the availability and demand for animal
 
feed. This situation could vary significantly depending

on location in the Northeast. V'Iages grow-.ng maize will
 
have an abundant source of feed from crop residues whereas
 
cassava or kenaf producing villages will require pasture land

off-take to supplement their supplies of paddy residues.
 

http:grow-.ng
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Table 2. Village & Class Cropping Patterns 

and A.ricultural Production
 

I. Cropping Pattern* 

Per Farm 	 Per Class
 

Cropinst land harvested(rai) land harvested(rai)
 
glal land(rai) intensity total paddy other No.of farms total. 2addv other
 

poor 9.4 70% 6.58 6.58 0 23 151.3 151.3 0
 

middle 25.4 65% 16.25 13.00 3.25 56 910.0 728.0 182.0
 

rich 62.5 60% 37.50 "19.76 17.74 21 . 787.5 72.6
 

Village totals: 105 1848.8 1294.2 554.5
 

Village cropping intensity : 63%
 

percent of land harvested 
in paddy 70% assumption based on 

NE cropping patterns 

I. Agricultural Production** (metric tons annually)
 

Per Farm Per Class
 

other other 
Class Add Cassava or maize or kenaf Paddy Cassava or maize of kenaf 

poor 1.45 0 0 0 33.3 0 0 0 

middle 2.86 6.45 or 1.09 or 0.49 170.1 361 61 28 

rich 4.35 35.2 or 5.96 or 2.70 81.3 739 125 

Village totals: 	 285. 1100 or 186 or 85
 

* 	 These cropping patterns do not take into account vegetable gardens. 
The "other" catagory for the NE could be cassava, maize or kenaf
 
depending on location and market conditions.
 

** 	 The yields were taken from Brannon for the NE they were assumed 
to be constant over farm size though there is some evidence that 
the smaller farms / higher yields. 

obtain 

c/) 
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Table 3. Village & Class Food Balances,(rice only"). 

Per Household Per Class 

la44Y net rice annual surplus(+,) net rice annual surplus(+)
vroduct~on avallability2 demand3 deficit(.)4 availability demand deficit(-)

Clais (tons) 
 (tons) (tons) (tons) (tons) (tons) (tons)
 

non-agri
cultural 0 0 
 0.66 - 0.66 0 3.3 - -3.3
 

poor 1.45 	 0.83 0.03
0.80 	  18.4 19.0 -0.6
 

middle 2.86 1.67 1.07 
 + 0.60 93.7 59.9 +33.8
 

rich 4.35 2.54 1.40 + 1.14 53...4 29.5 +23.9 

Vi1Tn S 165.5 111.7 + 53.8
 

1. Due to the varying availability of a second food crop and since

it appears that possibly 80 percent of a rural NE Thai caloric
 
intake is in the form of rice, a daily caloric intake of rice
 
was 	assumed to be 1600 kcal or one pound of rice daily. 
This

intake level amounts to .165 metric ton of rice per capita

annually; this figure nearly matches the average apparent

domestic per capita intake nationally over the past 10 years.

Although there are undoubtably variations in food and rice
 
consumption across 
class, this was not included due to lack of

specific data. 
Note in Annex III above, 1e NESDB nutrition study

caloric figure nationally was 1900 kcal per person, 95 percent

of which was from non-meat and dairy sources. This would be
 
comparable to the 80 percent/1600 kcal figure for rice for the

NE, taking account of a probable average lower than a national
 
figure.
 

2. 	Net rice availability is assumed to be the total amount of
 
rice produced on the farm (65"percent of paddy production)
 
ess 10 percent for losses and seed requirements.
 

3. 	Annual demand is .165 for rice per capita multiplied by

number of persons per household.
 

4. 	Surplus or deficit is net rice availability less annual demand.
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Table 4. Village and Class Annual Feed Balances
 

1. Viliage Feed Requirements
 

annual crop residue, Total feed
 
anima. intake/need eouivalent(tons) numberof herd demand (tons)
 

cattle 5.2 x 106kcal 
 1.6 	 98 
 157
 

buffalo 8.3 x 10kcal 2.5 
 188 470
 

pig 2 .:g 106kcal 0.6 40 
 24 

651 tons 
total annual 	feed
 
requirement
 

II. Village Feed Availability from Crop Residues
 

crop production residues: crop total crop 
crop I (tons) ratio residues (.Tns) 

paddy straw 285 2. 570 ) 
) 584 tons for
paddy bran 
 285 0.C5 14 ) cassava and kenaf 
) growing village 

maize residues 186 2.5 	 465
 
1049 tons for maize
 

growing villages
 

III. Village 	Balaned
 

A. For maize growing villages crop residues meet annual feed 

requirements.
 

B. For cassava or kenaf growing villages, a minimum of 67 tons of annual 0
"Ed-r-bu--l0ec~ 
"of d total req~imz -

..
must be met by 	offtake,from grazing or past.ure-land_
 

IV. 	 Household Feed Balances(includngcnlv~addv straw) 
annual feed on-farm rice straw shortage(-) or

class reouiremeni(tons)-- availability (tons) 
 surolus (+) (tons)
 

non-agri
cultural 	 only animals in this class are pigs owned by the miller
 

who feeds ther bran.
 

poor 	 2.5 
 2.9 + 0.4
 
middle 6.7 
 5.7 •
rich 10.0 
 8.7 	 -1.3
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These tables summarize the present agricultural situation
 
of this village. Although a detailed calculation of the
 
conditions of the village in the future was not undertaken,
 
some trends seem likely based on the results of the National
Crop Model of Thailand for the present A ricultural 
Development Plan. Two of the major pressures on the 
Northeast agricultural situation will be increasing population

growth and decreasing soil fertility. The forecasts for
 
1981 indicate decreasing rice yields and an overall decrease
 
in total crop income. The percent of land irrigated remains
 
low although there will be at least a doubling of that area.
 
The Northeast is expected to become a net importer of rice
 
to meet household needs. Therefore on the village level,

the rice surplus will decrease as the ratio of farmland to
 
population decreases. 
 The poor will need to earn more income
 
in order to be able to purchase rice. In general the per

capita availability of resources will be less.
 

With regard to the availability of wood fuel in the
 
Northeast, regional average would be misleading in light of
 
the wide variation in actual availability in different parts

of the Northeast. Whereas the northern and western parts of

the region still have forests, much of the rest has little
 
forest resources.
 

According to the 1972 FAO timber study of de Backer and
 
Openshaw, there were 7.8 million hectares of forest land in the
 
Northeast in 1970. The standing stock of these forests is the
 
lowest of any region of Thailand. Recalculating the FAO
 
figures to reflect both sawlog size and small timbe ,

Northeast forest land had on the average about 43 m per heitare
 
standing stock with an annual increment of only about 1.0 m
 per hectare. This compares to the reestimated country averages


3
of 71,5 and 1.8 m per hectare respectively. The total

Northeast demand for residential wood fuel in 1970 according

to the FAO study was 16.3 million cubic meters (11.5 fuel wood
 
and 4.8 charcoal). Comparing this demand with the total
 
annual increment of Northeast forests of about 8 million cubic
 
meters, and the infeasibility of meeting the deficit from
 
non-forest land, clearly indicates at least one motivation
 
for the apparent deforestation of this region. In fact
 
according to more recent statistics, the forest area of the
 
Northeast was reduced to 5.10 miil:on hectares in 1973
 
according to the Royal Forest Department.*
 

,404
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The sources of non-crop biomass for a village or
 
household in the Northeast accordingly appear to fall into
 
the following categories:
 

(i) forested public land 
(ii) deforested public land
 
(iii) private land
 
(iv) imported or purchased biomass.
 

The present level of information concerning the sources
 
of woodfuel is very limited. The FAO study had national
 
demand met by the annual increment of small size forest timber
 
plus a variety of other sources, such as from mangrove forests,

rubber plantations, removals by shifting agriculture, falling
 
losses off crows (falling timber tops), and production from
 
farmlands. The latter source, farmland productioO, was the
 
largest of these other sources at eight million m in 1970.
 
Given the total area of farmlands in 1970 of about 15.5 million
 
hectares, the average off-take was about 0.5 m per hectare
 
from farmland. No regional estimates of this off-take were
 
presented, but in light of the relatively low productivity

of Northeast forest land, for the purposes of this exeriise
 
it will be assumed that Northeast farmland yields 0.3 m
 
of wood fuel per hectare annually. For grazing or animal
 
feed purposes it will be assumed that deforested public land
 
and non-cropped private land yields one ton per hectare of
 
feed annually. This figure is meant to be conservative
 
to represent the fact that if such land were significantly
 
more productive it would be planted; however, no actual
 
figures concerning the productivity of this land were located.
 

Based on these estimates of useful biomass productivity,
 
the various land requirements involved in meeting domestic
 
wood fuel and grazing can be examined. First the resources
 
available from the village farmland will be summarized.
 
Non-cropped farm land amounts to 35 percent of total farm land
 
(after netting out 2 percent for household structures).
 

* 	 p.7 of Chapter 2 of Thailand's Fourth Five-Year Agricultural 
Development Plan B.E, 2520-2524 Guidelines prepared by 

sion of Agricultural Economics, MOAC (Agricultural

Economics REsearch Bulletin No. 114 August B.E. 2519).
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Therefore, about 1025 rai or 164 hectares of land is
 
available for some animal grazing with a potential yield of 
about 164 tons of feed annually; this amount appears to be
 
adequate to meet the feed requirements not met by rice straw
 
and bran. (From Table 4 for a cassava or kenaf producing
 
village, the minimum pasture land requirement was 67 tons.
 

On the household level, the middle and rich class
 
farms are able to supply themselves with adequate grazing
 
on their non-cropped land. The middle class farm would
 
have an annual yield of about 1.4 tons of feed for grazing
 
whereas their minimuia requirements wculd be about 1.0 tons
 
annually. For the rich farm, the annual yield of feed from
 
these lands would be about 3.5 tons and their minimum 
requirements about 1.3 tons. (See Table 4 above.) To the 
extent that deforested public lands are accessible, the 
availability of feed from grazing is even larger,
 

The balance between crop residues and pasture land as 
feed supplies and the demand for feed is quite sensitive to
 
a number of factors (in noa-maize producing villages). First
 
of all it must be recalled that feed requirements per animal
 
are based on studies in West Bengal and are most likely
 
underestimates of the actual requirements of Thai livestock.
 
A 10 percent increase in feed requirements would push the
 
minimum off-take required toward the limit of pasture land 
productivity. A second issue is the actual yiold of pasture 
land about which there is great uncertainty. Given the 
present conditions and the general trend of soil fertility 
in the Northeast, increased productivity per unit of land is 
not likely. The implications of this situation are that as 
both human and animal populations increase, the pressures for 
increased farm land will grow for not only increased crop 
production but also for increased pasture land. This system 
is sensitive to the relative growth rates of human and animal 
populations, land planted for rice and other crops, and 
cropping intensity. For example the taking over of pasture
land for cropping can either increase or decrease the 
availability of feed depending on the crop. Furthermore
 
forestation programs may reduce the availability of pasture
 
land unless alternative supplies of feed are ensured.
 

With regard to wood fuel, annual domestic lemand in the
 
Northeast according to the FAO study is 1.35 m per person;

therefore, the total model village aemand is 914-m 3 annually.

If the annual yield from farmland is 0.3 m3 per hectare,
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this source would contribute 141 m3 or abnut 15 percent

3
of the total demand. The remaining 773 m must be met by 

either forested public land or imported wood fuel. If this
 
amount was supplied by the annual increment of the forests,
 
about 770 hectare of forest would be needed; an area equal
 
to about 1.65 times the area of the village. For the
 
Northeast in 1970 forest land area was about 85 percent of the
 
farm land, and since forest land has been decreasing, this
 
ratio (1.65) of accessible forest to farm land is only
 
rarely available. The remaining options for wood fuel
 
supply are imports or deforestation. If total forest clearing
 
were practiced, about 18 hectares of Northeast forest land
 
would be deforested annually to meet village level requirements.
 

if 773 m3 of fuel wood were purchased at 060/m 3, the 
cost (046,430) would amount to about one-fifth of the value 
of the surplus rice produced (at PA/kg of rice), If a woodlot 
were to be established in this village, its size would have 
to be at least 47 hectares (assuming 16.5 m3 per hectare 
annually) which represents about 10 percent of the total village 
area.
 

Figure 1 presents a flowchart outlining the major resource
 
flows within the village. The quantities indicated are all
 
based on T&_les 1 through 4 and the accompanying text. The
 
circles in the figure represent opportunities for the
 
introduction of village-level energy technologies. Technology
 
A could be improved charcoal production, improved stoves,
 
a microhydro project or a village wocdlot. Technology B could
 
be biogas or pyrolysis (or even composzing). Technology C
 
could be solar pumping or solar drying. Because of the
 
diverse but interdependent use pattern of different resources,
 
the introduction of an energy technology will alter a
 
multitude of resource flows.
 

An example, the introduction of the pyrolysis of
 
agricultural residues,will be examined. A one ton per
 
day unit operating 150 days per year will require 150 tons of
 
residues annually: 70 tons of paddy husks and 80 tons of paddy
 
straw. Approximately 37.5 tons of charcoal and 22.5 tons
 
of pyrolytic oils will be produced. Figure 2 summarizes
 
the resource flows affected by the technology. Inputs for
 
pyrolysis divert 80 tons of straw from animal feed thereby
 
requiring 80 more tons of fuel from pasture laid. The
 
charcoal produced is equivaient to about 225 m of wood
 



Figure 1 t Village Energy-Related Resource Flowss. Northeast ThaLland 
energy (fuel) .dmsi ao
 

AIHouseholds: 	 105 families; 677 people I"--technlogydomestic, labor 
domesic lor for fuel Collection. ---ad-aE-me- labor supply
 

Publc. < agricultural labor supply
rivae drinking water, elc. 

-------- fuel use demand:.914 %noodPri-ate>-	 (cooking) 

waler, fuel (825 Jtvood) food intake: 112t. rice, meat, vegetables
-frest cosruto mateial 

(fish) 
 ofood
:165.5 tons rice. 
sands 	 transportatlon agricull r vegetables lo0 

foodso uwauershedl cah crops: 
- pastureland feed :67t. fiber, .. lOOt. cassava or
J < leather I 	 .- 186t. mize or 

__energy-_ 	 _ 85t. kenaf
 

surplus food (54t. rice 	 p40oiigs... 
I- aopo ."I
+ cash crops 

+ dom,|stic labor manure "eu 	 •
I supplie, --	 .. -L.-------.,,_._ ___.. .Cc, 

supplies.1- Crop processing: 
a p. li.e. rice -hreshIndrying.
Outideneragy Ice dranfitier 3ui 	 ~ a8huskings) -'-"l"o" II Ihemarkets 	 ' 584.t. strea, bran tcnlg 

neg coBtrcton aterial crop + residue 
°° ' '
 • I "	 d"°'°solar 

residues 	energy, i.. e 


fertilizer 
 drin
 
chemicalCultivated land' 1850 rai 

pesticides 	 
equipment, - food crops: rice, vegetables " 
energy i I" 

- Cash Crops. cassava or maize or kena I for growth, 
energy 	 "
 

- p residues 	 ",_ up 



ANNEX IV
 
Page 13 'of 15
 

(assuming 6m3/ton of charcoal) supplied for fuel to households.
 
This diminishes the fuel wo5?d required from the forest land
 
and private land from 825 mJ to 600 m4. Furthermdke
 
the pyrolysis unit required capital, but the pyrolysis oils
 
can be sold to outside markets which will generate cash income.
 
Overall with regard to material flows, the pyrolysis unit
 
reduces the need for forest resources at the expense of
 
increasing the need for pasture land or fodder. In turn
 
fodder could be provided on a more intensive basis by growing

leucena for fodder on remaining pasture land.
 

Another example is presented in figure 3 which outlines
 
the effects of the introduction of biogas plants. Yn this
 
case, biogas diverts the use of manure from direct use as
 
fertilizer as well as requires capital and labor from the
 
household. On the other hand the biogas units provide fuel
 
for the household, fertilizer and possibly pumping energy

for the croplend. In addition biogas dcrreases the demand for
 
wood from the forest land and also increases crop production,

thereby either raising cash income or reducing food purchases.
 

These example were provided in order to show how a 
detailed analysis of the resource flows in a village will 
apply in the evaluation of a new technology. 

v>~joq 
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ENERGY 
NATIONAL/INFORMATION AND DOCUMENTATION CENTER, THAILAND 

AND 
REGIONAL WRGY CENTERS 

A. 	 The National Energy Information and Documentation 
Center, Thai-land 

The National Energy Information and Documentation Center 
for Thailand (NEIDCT), will be developed and implemented over 
a period of five years. Its objective will be to establish 
a centralized source cf information on energy, on which 
various Government, semi-public and private bodies can draw, 
for preparing studies and conducting research needed for
 
planning and policy-malting activities.
 

The 	NEIDCT's responsibilities will include:
 

- collection, processing, and publishing accurate,
 
complete and up-to-date statistics on energy;
 

- designing a system to answer specific questions 
put forward by private and public sectors on
 
energy statistics and data.
 

Specific activities will be as follows:
 

(1) 	preparation of an inventory and analysis of the
 
need for data and information on energy, and
 
analysis of the available data sources as well
 
as the available data and selected documents;
 

(2) 	acquisition and processing of relevant data and
 
documents;
 

(3) 	development of an appropriate coding system for
 
the registration of data sources based on an
 
acceptabin standard;
 

(4) developmernt of questionnaires to be sent out
 
at regular irAtervals, the results of which would
 
be entered and stored on punched cards;
 

(5) 	development of computer programs for processing,
 
storing, and retrieving these data;
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(6) preparation and dissemination of publications
and reports derived from the data and documents;
 

(7) preparation and enforcement of legislative and
 
administrative measures for the reporting of
statistics on energy production and consumption
by individual firms.
 

The NEIDCT will be located at the National Energy Authority
(NEA) of Thailand. It will draw from relevant resources 
located at the Electricity Generating Authority of Thailand 
(EGAT), the National Statistical Office (NSO), the National 
Library, the Asian Institute of Technology (AIT) Library,
and the Renewable Energy Resources Information Center (RERIC)
at -AIT. 

During the initial period of its development the Center
 
will emphasize. the collection, storage, and dissemination of
 
data required specifically for rural energy.
 

The NEIDCT will require office space for a staff of five
 
to six persons during the first year. The staff ia anticipated
 
to grow to 10 persons by the fifth year. By the second year

the facility will require space to house 3,000-5,000 books,

100-200 journals, and approximately 50 linear feet of file
 
storage for statistical records. It will require a reading
 
room with space and furnishings suitable for 3-6 users, and
 
during the third year will require space for a computer

terminal and related reference materials.
 

The NEIDCT will not duplicate the RERIC at AIT. The
 
RERIC houses publications about renewable energy resources.
 
NEIDCT will house, primarily, statistical data and policy
related publications specifically related to Thailand's
 
national energy resources and policy administration.
 

Statement of Work
 

The NEIDCT program will be performed via eight major

task areas, as follows: 

Task 1. 	 Planning and Design of the NEIDCT. 

Task 2. 	Development of Procedures and Standards.
 

Task 3. 	Identification of Resources and Establishment
 
of Organizational Relationships.
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Task 	 4. Identification of Users and User Requirements. 

Task 	5. Selection of Resources.
 

Task 	6. Acquisition and Processing of Resources.
 

Task 	7. NEIDCT Services. 

Task 	8. NEIrCT Evaluation and New Activities.
 

The following task descriptions include (1) a summary
 
of subtasks to be performed, (2) the approximate period

of performance, and (3)anticipated reports and products.
 

Task 	 1. Planning and Design of the NEIDC. 

The specific plans for the NEIDCT will be
 
developed and described and its mission will be defined.
 
The NEIDCT will then be planned in detail. Subtasks to be
 
performed are described as follows:
 

1.1 	Development of NEIDCT Mission Statement.
 

1.2 	Establishment of Priorities Among Resources, 
User Groups, Services, 

13 	Determination of Rural Energy Information
 
Requirements.
 

1.4 	 Determination of Ancillary Energy
 
Information Requirements.
 

1.5 	 Preparation of a Detailed Plan for
 
Years 1-2, General Plan for Years 3-5. 
Initially this Task will require approximately
 
three months, but the substance will
 
continue thereafter as a general planning
 
activity.
 

The product of this Task will be a design
 
document with subsequent memoranda describing
 
additional detail or required modifications
 
to the original plan.
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Task 	 2. Development of Procedures and Standards 

Procedures and standards for the collection and 
reporting.of data will be developed. The procedures and
 
standards will contribute to the development of new
 
legislation related to data reporting. This work will be
 
performed according to the following 6ubtasks:
 

2.1 	Development of Procedures, Forms, and
 
Standards for Energy Related Data Surveying,

Collection, Analysis, and Reporting
 
(primarily NEA).
 

2.2 	Development of Procedures, Forms and
 
Standards for Energy Related Data Reporting

by Non-NEA Organizationst
 

2.3 	 Development of Procedures, Forms and
 
Standards for Data Bank Collection,
 
Analysis, and Description (e.g. data bank
 
from other Government agencies).
 

2.4 	Development oi Procedures, Forms and
 
Standards for Document Acquisition,

Analysis, and Description.
 

2.5 	 Procedures, Standards, and Forms for General
 
NEIDCT Management and Resources Control.
 

This Task will be emphasized throughout the first
 
and second project years, It will continue throughout the
 
project, providing a mechanism for new developments and
 
related requirements to be incorporated in a systematic
 
manner. 

The products of this Task will include (1) 
a
 
specifications document which details the procedures,

standards, and forms to be used within the NEIDCT; and
 
(2) memoranda describing requirements and recommendations
 
for legislation related to data collection and reporting.
 

Task 3. 	Identification of Resources and Establishment
 
of Organizaticnal Relationships
 

According to the results of Tasks 1 and 2 and the
 
mission scope and priorities estabi.shed therein, organizations

that can provide data and related administrative and
 
technological resources to the NEIDCT will be identified and
 
consulted. Inter-organizational agreements will be established
 
to ensure satisfactory exchange cf data and information, and
 
where required, appropriate re.mbursement.
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Inter-organizational relationships will be sought
 

with organizations such as the following:
 

-- Electricity Generating Authority of Thailand. 

-- Asian Institute of Technology. 

-- Thailand National Documentation Center, ASRCT. 

-- ESCAP/UN. 

-- National Library of Thailand. 

-- National Statistical Office. 

Organizations to be identified will include Government
 
and non-Government, Thai and non-Thai. 

The work will be performed via the following 
Subtasks:. 

3.1 	 Identification of Data Resources.
 

3.2 	 Identification of Document Resources.
 

3.3 	 Identification of Computer-Related Capabilities. 

3.4 	 Establishment of Agreements and Liaison with 
OrganizationsIdentified During Subtasks 3.1, 
3.2 and 3.3. 

3.5 	 Identification of Needs Not Satisfied by
 
Existing Resources.
 

This Task will be emphasized during the second and
 
third years, continuing throughout the project.
 

The products of this Task will include (1) lists
 
of organizations, their representatives, and mailirl''
 
addresses; and. (2)inter-organizational agreements executed
 
between the NEA and other organizations.
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Task 4. Identi-fication of Users and User Requirements 

Using the results of Tasks 1 and 2 as a guide, userswill 	be. identified._ described,, and-located. Their.requirements
will-be.-determined and, as. service, is provided. their satisfaction
will 	be.assessed. The work will be performed via the following

Subtasks: 

4.1 	 Identification of User Groups and Individuals.
 

4.2 	 Determination of User Requirements.
 

4.3 Assessment of User Satisfaction.
 

Subtasks 4.1 and 4.2 will be emphasized during the

second and third years. Subtask 4.3 will be emphasized after
 
the second year, continuing throughout the project.
 

The products of this Task will include (1) lists of
 
user organizations, individuals, and mailing addresses;

(2)reports resulting from user surveys; and (3)analysis of
 
user correspondence. and other user feedback, e.g., from
 
extension activities addressed in Task 7.
 

Task 5. Selection of Resources
 

Available data and information resources will be

-examined and. selection- of those relevant to tie mission of theNEIDCT. will be made. Selected resources will be further
screened to.determine those that should be acquired, processed,
and stored within the NEIDCT and those that should be recorded
and described and to which NEIDCT should make referrals only.
 

Subtasks to be performed are as follows: 

5.1 	 Screening Available Resources for Relevance. 

5.2 	 Screening Selected Resources for Acquisition 
vs Referral. 

This 	Task will begin in the third year and will
 
continue throughout tho project. 

Products will include (1)a report describing the
 
types of resources selected for acquisition vs. referral;.

and (2)a document which describes an NEIDCT directory of
 
referral resources.
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Task 6. Acquisition and Processing of Resources 

Data and document resources will be acquisitioned,
catalogued, controlled, analyzed, described, coded, stored,
 
retrieved, synthesized, and reported. Resource and user 
mailing lists and related correspondence will be managed and
 
controlled.
 

Subtasks to be performed on all resources, including 
data, documents, and referral resources, are as follows:
 

6.1 Implementation of Procedures for" Acquisitions. 

6.2 Acquisition.
 

6.3 Cataloguing and Control.
 

6.4 Analysis, Description, and Coding. 

6.5 Storage and Computation.
 

6.6 Retrieval, Synthesis, and Reporting. 

6.7 Mailing List Management. 

6.8 Correspondence Control.
 

This Task begins during approximately the third year

of the project and continues throughout.
 

Products will include (1) data banks, (2) a document 
collection, (3) referral directory file, (4) mailing list
 
files, and (5) correspondence control files.
 

Task 7. NEIDCT Services
 

The work performed for the preceding Tasks
will result in the production and dissemination of energy data 
and information services including publications, responses to
individual inquiries, special reports and data compilations,
and current information services. This Task will also include 
the production of extension services and related educational 
and promotional materials. 
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Jubtasks.will include the design, preparation, 

production, and dissemination or delivery of the following: 

7.1 	 Publications. 

7.2 	 Responses to Inquiries. 

7.3 	 Special Compilations and Reports 

7.4 	 Current Information Services. 

7.5 	 Library. 

7.6 	 Extension Activities., including:
 

7.6.1 	Promotional and .Educational Materials.
 

7.6.2 	Workshops, Seminars, Training Programs,
 
Exhibits.
 

This Task will begin during the fourth project year
 
and continue.
 

Products of this Task will include the following:
(1)annual reports, (2)promotional materials, (3)educationa
 
materials, (4) referral directories,. (5) statistical
 
compilations and reports, (6) bibliographies, (7) state of th
 
art reports, (8) special administrative reports, (9) response
 
to individual inquiries, (10) library catalogs, and
 
(11) 	bibliographies.
 

Task 	8. NEIDCT Evaluation and New Activities
 

The NEIDCT will be evaluated on a continuing basis.
 
New activities will be planned according to user needs in
 
relation to the availability of new resources and technologiei
 

Subtasks will include the following:
 

8.1 	Correlation of Results of User Needs/Satisfactio
 
Assessments with Resource Availability.
 

8.2 	Assessment of New Technologies, State-of-the Art 
of Energy Information Activities, New Informatios 
Resources. 
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8.3 	Design, Development, and Initiation of New
 
Activities.
 

This Task will begin during the last quarter of the
 
fourth nroiAnt-vaar and will continue.
 

Proaucts will include (1) quarterly reports of
 
NEIDCT progress and user assessments, (2) quarterly
 
reports on new resource and technology assessments, and
 
(3) proposals for new activities.
 

Management Plan
 

. The NEIDCT will be administered, managed, housed, and
 
staffed.by the NEA. The NEA will furnish the required
 
expertise related to energy and energy-related statistical
 
data. The NEA publishes annual reports and a monthly newsletter
 
on energy and related resources in Thailand. For these
 
publications the NEA collects and analyzes a wide variety of
 
data and information resources. It is proposed and recommended
 
that, for the following functions, additional support should be
 
obtained from other organizations. These functions are as
 
follows:
 

Information Center Design; Materials Selection and
 
Acquisition: The Asian Institute of Technology (AIT) Library
 
as recently developed the Renewable Energy Resources Information 

Center (RERIC). While the NEIDCT will have significantly 
different requirements and different activities from the RERIC, 
it will be advantageous to draw from AIT's experience and their 
tie-in with the energy information community. Also, AIT's 
expertise and experience in library and information science 
will be valuable to NEA. For example, it will be more 
economical to adapt coding and cataloging formats and standards 
which have been developed at AIT, and which conform te 
international standards, thfn it would be for NEA to develop 
new procedures. It will also have the eventual advantage of 
allowing NEIDCT and AIT to exchange data bases and.materials 
without c~stly conversions of data and programs. In addition, 
AIT has access to a number of computer programs which are free 
of charge via UN-related organizations. Installation of these 
programs at the NEIDCT computer facility would be feasible and 
result in an economical approach. 

It is therefore recommended that the NEA should engage
 
a team of information center specialists from AIT.
 

http:staffed.by
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Data Processing: The Data Processing Conter of Thailand,
National Statistical Office (NSO), presently provides limited

computer.services.to the NEA. 
The computer hardware and
software resources of the NSO are particularly well-suited tothe requirements of the NEIDCT. 
Also, the NSO computer facility
is located near the NEA. Therefore, it is recommended that theNSO's computer facility should be used to support the NEIDCT.
 

Educational and Training Extension Activities:. An important
activity of-te 
NEIDCT will be the education and training of user
 groups about the availability of energy information resources
and how to make the most effective use of them. 
The Electricity
Generating Authority of Thailand (EGAT) has been performing
similar educational extension services related to their technical
information center. It is recommended that the NEA should take
advantage of EGAT's capabilities, especially since the NEAand EGAT audience will be, in many cases, from the same user groups.
 

Personnel and Staz fing Requirements
 

The personnel estimated for NEIDCT are as 
follows:
 

Manager (Grade 7): The NEIDCT Manager's background should
include several-year- of wvernment experience, particularly
in agencies related to energy issues. 
 The Manager.should.have
knowlerge of. statistics and technical information, preferablywith some exposure. to automated data processing, It ispreferable that the Manager should have an appreciation for

serving and educating users of information services.
 

During the first and second project years the Manager will
Lc required full time. Thereafter, he will be required half-time.
 

Ener Subject Spcialist (Grade 6): The Energy SubjectSpecialist will require.knowledge about energy technology in theGovernment and particularly the regulatory setting. This personshould be drawn from NEA's present staff.
 

The Energy Specialist will be required on a one-fourth

time basis from the project's beginning.
 

http:computer.services.to
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Tech-nica.2 I-nformation Speci-al-iat .(Grade 6): The Technical 
Information Specialist. (TIS) will require experience in
statistical data systems and information retrieval systems.

Knowledge about energy data and familiarity with energy data
 
user groups is essential. The TIS will be required on a

full-to-half-time basis. 

Statistician (Grade 5-6): Present NEA Statisticians would
 
be preferable. The Statistician will be required.half-time. 
An alternate staffing plan is to employ Grade 5 and Grade 6
 
Statisticians on a one-fourth-time basis.
 

Librarian (Grade 4): The Librarian's background should 
include document.processing experience rather than conventional
 
library experience. 

The Librarian will be required on a half-to-full-time basis.
 

Library Technician (Grade 3): The Library Technician should 
be experienced in reference library work and should be skilled
 
in cataloging and document processing. Statistical data analysis

skills are preferable. 

Systems Analyst (Grade 5): The 'Systems Analyst should have
 
combined experience in statistical, management information, and
 
document retrieval systems. Library systems experience is
 
desirable.
 

The Systems Analyst will be required half-time. 

Computer Programmer (Grade 4): The Computer Programmer

requires experience similar to that of the Systems Analyst. 

The Cornputer Programmer will be required half-time.
 

Media Specialist (Grade 5) and Training SDecialist (Grade 5):
 

The Media and Training Specialists should be experienced in
 
conducting workshops, seminars, and training programs. They

should be familiar with presenting highly technical data and
 
information to a wide variety of user groups, with several levels
 
of sophistication.
 

These personnel will be required on a half-to-full-time
 
basis. 
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Trans-lators (two) (.Grade 4): The Translators should be
 
familiar. with NE S information and the. needs. of. the user
 
groups. Present NEA Translators are preferable.
 

The equivalent to one full-time translator will be
 
required.
 

Clerical Staff: As required.
 

B. The Regional Energy Centers
 

The Regional Energy Centers (RECs) are essential
 
components of a developing rural energy program for Thailand.
 
The RECs will provide a.fundamental area and rural outreach
 
capacity to NEA, a means of continuing in contact with rural 
energy needs and changes, and most importantly of providing 
a focus for information dissemination. They will function
 
as centers of energy data collection, will monitor and
 
follow-up on NEA-initiated rural energy programf5 ,and function 
as coordinating centers for 
 energy related activities
 
in their areas of responsibility.
 

The physical requirements for the RECs are limited. 
Essentially, they amount to land, office space and housing for
 
approximately six to seven staff.
 

The staffing of each REC will be along the following:
 

Chief of the REC (Grade 6): The Chief should have
 
experience generally in both management and in the subatance 
of energy questions.
 

Energy Technologists (2) (Grades 5-6): These will normally
be engineers, particularly with rural experience.
 

Energ Protectionists (2) (Grades 3-4) :These staff will
 
essentially function as technical development personnel, with an
 
emphasis on the uses of rural energy.
 

Extension Workers (2) (Grades 3-4): These personnel should 
be generalists (communication development type experience)
with a facility or experience in rural communications. 

Each REC will also have for equipment ae two-ton truck andtwo
 
jeeps,plus communications facilities (movie cameras, projectors,

video tapes etc.). These basic components will provide the
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working equipment for an outreach or extension program

in each area, but the job will essentially depend upon the
 
motivation of staff and clcse support by NEAo
 

Six RECs will be established. One each in the North and
 
Northeast respectively at Phitsanuloke and Maha Sarakham.
 
These will be the first two set up. They will be followed
 
by two each in the Center and South regions. The program calls
 
for establishing the first two RECs by the end of the second
 
project year, with two each (one Center and one South) in each
 
of the two succeeding years,
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RESOURCES ASSESSMENT
 

Introduction 

The program to be carried out under this heading will
 
directly complement and support the work being done under the
 
rural oriented energy technologies component of the project.
 
The latter will address and work directly with the potential
 
applications for biomass conversion, micro-hydropower, solar
 
dnergy and water lifting technologies, as well as with the
 
village woodlots activity. This resources assessment activity
 
will provide data under three of those categories - solar,
 
biomass and micro-hydro - which will supplement and provide
 
the context for the activity specific data developed through
 
testing of the applications for each technology. The body of
 
data assembled by NEA through this broader resources assessment
 
activity will become the recipient, in turn, of the information
 
from the rural specific activities.
 

As a necessary component of a total resources assessment,
 
this activity will also address the Thai reserves of oil shale,
 
tar sands, lignite and geothermal energy, This, together with
 
the renewable resources component , will add to the inforr.&tion
 
base for formulation and implementation of an RTG energy
 
policy. The assessments themselves actually assemble the data,
 
but equally as important is the longer term impact of the
 
activity in strengthening the capacity of NEA to conduct such
 
assessments on a continuing basis. This activity will alJo
 
directly contribute data to and generally be conducted ini close
 
coordination with the work being done under the Energy Master
 
Plan (EMP) and the component ofthis project in support of the
 
EMP.
 

I. Solar
 

Solar energy is one of the most rapidly developing technology
 
fields in the world today. The technologies cover a broad
 
spectrum from the low-cost, village-built dryers and stills of
 
this project under the rural-oriented energy technologies program,
 
to sophisticated, high-technology power towers for electricity
 
generation. Each may have its energy role to fill, but without
 
further analysis of the patterns of solar insolation and of the
 
potential needs and uses for solar energy, it is difficult to
 
select and design the technology,
 

In the United States today, the two most widely applied solar
 
technologies are domestic water heating, which is of limited
 
relevance to Thailand, and solar architecture, which is of
 
outstanding importance given the increasing magnitude of the
 
national air-conditicning load. Traditicnal Thai architecture,
 

) 7(..
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like traditional architecture everywhere, is well-united to
local climatic (solar) conditions. On the other hand,
international architecture, as applied in Thailand as well aselsewhere in tropical countries, requires massive energy inputsfor comfortable living and working. This approach can onlycontinue to be feasible in an era of cheap oil.
 

Understanding of (solar) micro-climates in Thailand is
 necessary to better building design. 
It is also of utility
to a range of other technologies that have differing roles to play
in Thailand's energy future. Examples are water lifting,
medium and high-temperature indust'rial water use, refrigeration,

electricity generation, drying of crops, etc. 
The long termdesign decisions to be made regarding use of solar concentrationdepend,however, on better knowledge of the direct and diffuse
components of solar radiation in Thailand. 
The role of the rural
oriented technologies component of this project in supplementing
this activity through direct testing and application is discussed
 
above.
 

In addition to development of new data, the work under
this heading will continue data collection and analysis to support
already existing solar groups at Chulalongkorn University and
King Mongkut's Institute of Technology. The focus will be on
assessment of the solar energy role in development of agriculture

and small industry in rural Thailand.
 

The activities generally.under this program will include:
 

-
Assess current and traditional architectural
 
concepts and the applicability of solar architecture.
 

- Identify needed instrumentation and analyses.
 

- Assist in development of data for and coordinate
 
solar component to the EMP.
 

- Procure solar and meteorological instrumentation.
 

-
Develop and assemble solar electricity generation

data, conduct analyses and computer simulation in
 
working with solar electric group.
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- Tour of one Thai expert to U.S. institutionsl 
e.g. Solar Energy Research Institute, Weather Service,
 
Universities of Colorado and Wisconsin to discuss
 
solar data collection and analysis.
 

- Tour of two Thai experts (from C.U. and K.M.I.T.)
 
to U.S. institutions involved in solar electric
 
generation.
 

- Participant training in solar assessment techniques.
 

II. Resource Assessment - Biomass
 

The potential for utilizing biomass based energy alternatives
 
can only be fully assessed on the basis of better information
 
about potential sources: firewood, crop residues, and animal
 
dung. This information must have national and regional statistical
 
characterization; but also village specific characteristics are
 
required for these sources.
 

The effort will begin with a thorough review of existing
 
information, including district and where available village

agricultural production and animal population data. This
 
initial effort will also review forest land use and land
 
capability information. If current air photo-mosaics exist
 
for selected village areas, necessary complementary ground
 
fieldwork will be undertaken to allow better inference from crown
 
cover and other data.
 

Dependent on the review of existing information, alternative
 
fieldwork programs may be undertaken but the target will be
 
to develop adequate information for the following classes of
 
information.
 

Production Estimates --Macro and micro.estimates of industrial
 
and fuel wood production. Estimates of production of primary
 
agricultural products and concomitant agricultural residues.
 

Residue Relations - Estimates of variations of residue
 
with crop species (e.g., HYV, floating or traditional rice),

production/processing (mode of rice milling); timber processing

(generation of sawdust, use of bark, branches, etc.).
 

Energ Content - Estimates of the heating value of residues,
 
both oratory-dry and at various moisture contents representa
tive of typical use situations. These estimates should be made
 
for all major crop residues, forest apecies, industrial wcod
 
byproducts, charcoal and animal dungs.
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Availabilit of Source/Residue - Estimates of actual 
avilability of source/residue to potential users. This 
availability can vary for any number of reasons: current 
practices regarding residue use, e.g.,field burning, selling
of surplus to other animal owners; grazing or stall/tethering,
animal husbandry practice and concomitant dung concentration; 
as well as spatial concentration or dispersal of wood fuel supplies. 

Efficiency of Fuel Use - Measurement of conversion 
efficiencies for typical stoves, braziers and other end-use
 
devices, e.g. kiln. (This will be coordinated specifically with
 
the village survey work under the EMP support component
 
(see Annex VII).)
 

The approach in this effort will be sequential, an initial
 
team should undertake the review discussed above. Subsequently
 
in consultation with those involved in other related project

activities they will formulate a detailed work program. 

III. Micro-Hydropower
 

The activities under this heading will form the backdrop
 
for the work to be done in the site specific micro-hydropower
 
component of the rural oriented technologies program. The
 
effort in this assessment effort will be to draw together 
both for the North and other areas - collected data on micro
hydro potential. This will include use of the NEA gauging
 
station data, as well as other relevant material.
 

The data review will provide the framework for yield data
 
collection and site inspections. All of this will be fed
 
into the total of micro-hydro information available to NEA,
 
both for planning purposes as well as to supplement the specific

micro-hydropower activity. The assessment will particularly
 
ensure that data for this area is available or included in the
 
EMP support component and the EMP itself.
 

The activity will involve limited short-term technical
 
assistance working directly with NEA.
 

IV. Lignite, Tar Sands, Oil Shale, Geothermal
 

In an attempt to alleviate dependence on imported fuel,
 
Thailand is continuing to explore, assess and exploit its
 
indigenous energy resources. This element is aimed at providing

assistance in the efforts to assess and evaluate four sources:
 
lignite, tar sands, oil shale and geothermal. No assistance with
 
actual exploration is involved,
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Lignite is current"j, being exploited in two regions,the North and South. The known deposits are of low to mediumquality with low to medium heat values (3-6000 heat/kg),high moisture content, coasiderable ash and sulphur. Theprimary use (75 percent in 1977) is for electric power generation.The remainder is largely used in the tobacco curing, lime, food,and .rubber industries. Exploration for lignite has yet to covermany areas and assessment of known isareas incomplete.
 

Little work has been done on tar sands which 
 is primarilyof long-term interest but both oil shale and geotlermal resourceshave had some investigation. Prelininary estimates of oil shalein the North are about 2500 million tons. A thro~e year geologicprogram has been completed and a program of drilling and analysisis continuing. Only a portion of the many samples have beenanalyzed. Preliminary evidence indicates oil contents of
7-10 percent, in some areas deposits are at very shallow depth,
i.e.,at less than 50 feet. 

Pr3liminary work indicates the location o. a number(over 40) of hot springs in Thailand with temperatures from40-1004c. Some exploration work was carried out with tec.hnical
assistance from the Government of New Zealand in ten selectedareas; additional work is to be done by Thai geologists. Initial
investigation suggests that the geothermal sources may not
warrant development for power generation but could possibly be
viable for use 
as - heat in such applications as tobacco curing.In the tobacco areas, fuel wood is becoming increasingly scarce.(It is more likely, however, that tobacco curing would turn to
lignite (which the industry is using already) or solar as
becomes available as a known application.) 
that
 

The effort will review existing data for each of the
resources, and assist in the design of a future program of
exploration, assessment, 4.d analysis with periodic technical
assistance following an initial review mission. 
Thai professionals
would be trained in various assessment and analysis techniques
both through on the job training and special courses designed to
address particular needs.
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TEM ENER(GY ZASTER 'PLAN 

A. Introduction
 

The Energy Master Plan (EMP) component of this project is
 
essentially a support activity. The EMP Study, financed principally

by the UNDP( $710,000) but also by the ADB ($300'000), and 
executed by the ADB, proposed a detailed and comprehensive energy

review with projections and recommendations up to the year 2000.
 
The Study is expected to start later this year (1979) and be
 
completed in 18 months. See EMP Study terms of reference as
 
attachment to this Annex.
 

The Study addresses all major energy areas, including non
renewable resources such as lignite, natural gas, oil shale, petroleum

and imported coal, and the renewable field as well. It specifically
 
covers supply and consumption of energy in the rural areas, including

assistance to NEA in design and conduct of sample surveys, and
 
assesses the status of non-conventional energy prospects.
 

The terms of reference note the non-conventional energy project

proposed to be provided by AID, that the project may develop

relevant information for the EMP Study, and tho EMP consultant
 
is enjoined to coordinate with the AID-financed .ctivity. The
 
requirement for coordination, however, is subject to the needs and
 
work schedule of the EMP Study and if results of the AID project

activities are not available within those schedule limits, the
 
terms of reference may be revised to enlarge the scope of the EMP
 
consultant for development of data under the non-conventional
 
energy heading. The terms of reference are specific in recognizing

that, whatever other sources of data may be available, the EMP
 
Study consultant is "primarily responsible" for satisfactory

conduct of the Study and for developing the required data.
 

B. EMP Support
 

Essentially, therefore, the extent to which the activities
 
being carried out under this project will furnish data to the
 
EMP Study is a matter of timing. The resources assessments and
 
rural oriented technologies activities under this project are all
 
directed to development of a greater depth and expanse of data
 
than looked to under the EMP Study. This project also includes
 
as a main activity, under the rural oriented technologies component,

the broadening of the experience base itself. All of this goes

well beyond the limits of the EMP Study, which clearly has a
 
different purpose - the development of a basic planning document
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or program against which later data and developments can be 
measured. 

Given the scheduled timing of the EMP Study and of the 
components of this project, the probabilities are that except
perhaps for limited early data assembled at the initial stages
of the activities, the components of this project will not
contribute much data or experience results to the EMP StudyA-."

That might change, of course, if the EMP Study were substantially
delayed or this project accelerated, but certainly neither is 
a
 reco mended course. Completion of the EMP Study as early as
possible should provide a main framework for the later development,
assessment and analysis of data - and the policy implications
thereof - under this project. Conversely, acceleration of the
work under this project would tend to defeat the purposes of the
project itself, the careful and thorough testing of energy

alternatives against the backdrop full renewableof energy 
assessments.
 

In thatcontext, therefore, this component is essentially
directed to support activities for the EMP Study, supplementing

the assistance being provided in certain areas under the Study.
It will also serve directly to coordinate and relate the work

being done under the components of this project and the conductof the EMP Study. To the extent that data is developed under 
either project, both will benefit.
 

1. Pre-feasibility/Feasibility of Renewable Energy Alternatives
 

There may be renewable energy alternatives not addressed

by the EMP Study, or by the resources assessments under this project,

which could warrant preliminary analysis, and if positive, further
 
investigation. 
Even in the case of such alternatives which are

covered by the EMP Study, the data base could in some instances
 
benefit from more detailed analysis or variations on the analysis.

This would also apply to the product of the resources assessments
 
under this project. In addition, the conduct of such analysds 
-

to pre-feasibility or feasibility level  would provide NEA with
 
an imnediately relevant training opportunity conducted in context
of a major energy technical assistance program under both the EMP 
Study and this project. 

2. Rural Energy Surveys
 

The EMP Study notes that the consultant will provide

technical assistance to NEA in the design and conduct of sample

surveys and studies of the rural energy situation. The rural energy
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component of the EMP Study itself is expected to take place
 
over the first eight months of the Study implementation. NEA
 
itself will do much of the data collection for thi, requirement.

Under this project, technical assistance will be provided to

supplement.that.being furnished under the EMP Study. This will
 
involve work with NEA in field-testing of survey methodologies,

designing additional survey work and programs, training on the
job, etc. The idea is to reinforce and assist in the development
of a capacity in NEA for continuing conduct of rural level survey

work, and actually to work with NEA staff in carrying out such
 
surveys over the project term. Some limited equipment may also
 
be included under this heading as specific needs are identified.
 

3. Detailed Village Resource and Energy Studies
 

In addition to the energy technology specific activities
 
under this project, and the energy specific focus of the EbP Study,

there is a complementary need to have more accurate

profiles of the village as an entity. A great deal of the data to
make up such profiles. would necessarily be a product of the other
 
components of this project, and of the work under this EMP Study,

but this activity could conform that data - supplementing it with

others - to construct micro or village profiles of energy resources
 
and demand. Village physical resources (e.g., land by capability

and use), capital resources (housing, equipment, etc.), demographic,

social and economic data, etc., in addition to direct energy

related information, would all become part of the profile. The
 
activity would look to the development of improved

baseline data at the village level for support and development

of rural energy strategies. The activity would be based on a
 
selection of representative vill.ges by area. The data developed

and the profiles constructed.may feed in information to the EMP
 
Study and certainly to the resources assessments components under
 
this project. Lirited technical assistance in study design and
 
periodic assistance in assessment, data review, etc.,would
 
be provided under this project.
 

4. Feasibility of Village Energy Systems
 

This activity will involve assisting NEA to develop a

methodology for assessing the feasibility of village energy systems.

Essentially, what this means is initiation of a procedure or
 
systematic way for examination of the alternative energy technologies
 
as they would apply to identified village needs, This would include
 
costing and working out the feasibility and implementation of the
 
selected technology in terms of specific village resources and
 

K(
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needs. The activity would involve an integration of data derived 
both from the EMP Study and from the other components of this 
project. As the village profiles under item 3 above became availa
ble, these would be incorporated in this procedure. The product
would be a series of representative energy plans at the village

level developed for classes or types of villages. In the later 
stages. of this activity, those classes or types would be set in the 
context of the village profiles above. The effort should result
 
in development of a methodology which would allow subsequent
village site specific energy feasibility reviews to be done as a
 
matter of routine and quickly. It would become a capacity of NEA,

ahd : would in turn reinforce the data base at the macro level 
on a continuing ba Is.
 

5. Staff Support During the EMP Study
 

This activity will ensure data as it is developed under
 
all of the components of this project are available to the FMP 
Study, where the schedule of the Study permits. It will also act
 
to channel to those components relevant information, findings,

recommendations, results, etc., developed by the EMP Study, is
 
it is carried out. This would involve providing consultant 
resources under this project to work with NEA to ensure an optimum

exchange and flow of data both ways and to assist in addressing
 
energy planning questions as they might develop through either
 
project. The point is one of coordination, to ensure to the
 
extent possible that the work of each, the Study and this project,

benefits the other and the total effort, and does so without
 
unnecessary duplication.
 

6. Training
 

Training is an essential component of the institutional
 
development aspects of this EMP support component. The longer

term utility of the EMP will depend to great extent on the informed
 
responsiveness with which it is adjusted to changing conditions
 
and data. To respond effectively will always require a mix of
 
technical and policy judgments, based on sound understanding

of the technologies and the issues. Iccordingly, two types of
 
training are proposed under this heading, both types limited in
 
amount but concentrated for effect.
 

The first would be a limited component of long-term academic
 
and specia1llzed technical training in selected energy problems of
 
particula= relevance to Thailand. The problems. could be on the
 
renewable resources side or non-renewable, although rural and
 
renewable needs will be given emphasis. Training would be at the 
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M.S. level at specially selected U.S. institutions, but the new
 
Energy Technolcgy Program at AlT is also an alternative.
 
Candidates would be selected from a range of disciplines 
engineering, eccnomics, statistics, computer programming,

planning, etc. - depending on the particular qualifications and

the role to be filled or substantive area addressed.
 

The second type of training will involve the conduct

of seminars, workshops and specially designed short courses,

each addressed to the policy,planning and management needs of
specific energy issues and alternatives. These will be particularly

designed to support the 
 utility of the EMP as a main planning

and policy mechanism for the RTGo Emphasis will be on the rural
and renewable energy side, but without excluding non-renewable
 
resource issues. Technical assistance under this heading will

largely come through the other components of this project,

but in some cases particular other consultant assistance may be

identified for a specific energy or policy issue which needs
 
address.
 

7. Energy Conservation
 

Energy conservation represents, both in terms of immediate

need and the longer term, a most apparent and available mechanism

for the efficient Thai use of energy, renewable and non-renewable.

This activity, accordingly, will assist NEA - in context of the

conduct of the EMP 
- in addressing the macro information and

requirements of a comprehensive conservation policy addressing

all sectors. There will be a specific focus on renewable
 
resources and measures to reduce non-renewable resources depletion.
 

In this activity, the NEA will survey conservation methods
 
and technologies, review these against the technical data being
developed through the EMP, establish parameters for a conservation

data base and reach planning and policy recommendations for a

general RTG energy conservation program.
 

Specifically identified technical assistance will be
provided to work with a designated conservation policy team in NEA.
 
The total activity should extend over about a year period in the
data collection, analysis and recommendaticns formulation phase.

The conservation planning facility thus developed would then
 
become a long-term resource of NEAI
 

Attachment: Terms of Reference fc: EMP Study 
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THAILAND: ENERGY MASTER PLAN
 

Terms of Reference
 

1. The Energy Master Plan (EMP) study will be
 
carried out within the framework of systems analyses

requiring integrated consideration of the various work
 
components or inputs. Whilst the terms of reference have
 
been arranged under different categories for presentational

convenience, the need 2or an integrated approach must be
 
kept in view at all times.
 

2. The ENP study will cover a period of 21 years,

viz., 1979-2000. The level of analyses and projections

for the period of(the)next few:years up to 1991 will be intensive
 
and detailed while that for the period after 1991 will be
 
broad and somewhat aggregative.
 

3. The Consultant will work closely at all the stages

of the work, with the counterpart support personnel from
 
the NEA and provide opportunities for their meaningful

participation in the EMP. The Consultant will make every

effort to draw on the energy sector work - ongoing and
 
accomplished - within and outside of NEA linaccomplishing

the Project; however, the Consultant ijill be primarily

responsible for the satisfactory completion of the Project

and for developing the necessary data.
 

A. Economic Studies
 

1. Review the recent economic growth experience and
 
the present economic situation of Thailand, with a view to
 
identifying major considerations and constraints that will
 
be relevant to the prospective growth of the economy.
 

2. Examine the projections of economic growth that
 
may be available in the light of the said considerations
 
and constraints and the stated socio-economic objectives of
 
the Government and develop necessary modifications.
 

3. Develop modified projections of the most plausible

growth scenarios for the years 1980-2000 in such disaggregated

form as will be necessary for the EMP study. This part of the
 
work will be done in close consultation with the National
 
Economic and Social Development Board (NESDB) and other
 
private and public agencies concerned with economic development

planning in Thailand.
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Examine currently available views and information

regarding the future supplies and prices of petroleum

imports for Thailand and specify appropriate assumptions to
 
be made in this regard for the EMP.
 

5. Taking into account such specified assunptions,

as well as the prospective energy and non-energy uses ofnatural gas and the national desire to conserve (non
renewable) resources, determine the value of natural gas

appropriate for consideration in the EMP analyses.
 

6. Standardize various parameters relevant to
 
developing cost estimates of alternative projects on a
comparable basis, viz., shadow prices, cost of capital, rates
 
of inflation, etc.
 

B. Analysis of Renewable Energy Alternatives
 

7. Examine the available data on energy consumption

and further supplement it with the studies and surveys
 
necessary to obtain information on the details of present

energy use. Those details would comprise, inter alia, the
 
amount, form and function of energy used in various economic
 
activities, including information on the mode and practice

of energy use, and price-consumption tendencies.
 

8. In the context of the above energy-usage analyses,

formulate effective demand management measures for: (a)

reducing avoidable energy consumption; (b) increasing efficiency

of energy used through improved practices; and (c)moderating

expansion of highly energy-intensive activities.
 

9. Formulate modified energy input requirements for

various economic activities and develop estimates of the
 
level and the composition of energy needs for the most plausible

growth scenarios.
 

10. Based on the needs of the projected economic growth

and its structure, estimate the non-energy demand for the
 
relevant energy resources.
 

11. Review available information on the supply and

consumption of energy in the rural areas, particularly the
 
energy supplies from non-commercial resources (e.g., firewood,

animal and agricultural wastes). To supplement this information,

assistance will be provided to the counterpart and/or relevant
 
Thai agencies in the design and conduct of sample surveys and
 
studies of the rural energy situation.
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12. Estimate the likely energy demand in the rural
 
areas in future years and assess the adequacy of the
 
existing non-commercial resources to meet the same. 
 In
 
the light of these analyses specify relevant implications

3uch as depletion of forests and increase in kerosene
 
demand.
 

C. Study of Supply Options
 

13. Review and examine the operations of the existing

production-distribution facilities and the related practices

of the energy supply agencies (power utilities,refineries,

etc.) with a view to assessing the possibilities of increasing

their efficiency.
 

14. Identify and formulate supply development and
 
improvement possibilities offered by individual sub-sectors
 
within the timeframe of the EMP, and develop an order of
 
magnitude of costs, probable sizes and time scales in the
 
manner suitable for comparative consideration. In formulating

such project possibilities, their interrelationship with one
 
another and their impact on other projects and sub-sectors
 
will be taken into account; similarly, sensitivity of their
 
economic attractiveness to selected variations in (the)world

oil prices will also be assessed in an indicative manner.
 

15. For the purpose of accomplishing the work in
 
paragraph 14 above, all available data, resource assessment
 
efforts, feasibility-type studies, engineering investigations

and project proposals for the various energy sub-sectors will

be studied. This will include, inter alia, examination of the
 
proposals/issues in individual sub-sectors as 
follows:
 

a. Hydroelectric Power
 

- Development of the more promising
hydroelectric projects indicated 
in the available studies. 

Possible development of the inter
country hydro-electric projects

for which a certain amount of
 
information is available and their
 
impact on the country's energy
 
supply situation.
 

- Prospects of mini-hydropower projects
for developing decentralized supplies
in the rural areas. 
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b. Petroleum 

- Examine the alternative power
generation plans and determine 
the most suitable plans for 
developing oil-based power

plants in the context of the
 
demand and the power system

characteristics of Thailand.
 

- Consider the need for additional
 
refinery capacity to meet the
 
pattern and size of the antici
pated oil product demand in the
 
next few years.
 

- Review the alternative possible
locations for such capacity
expansions and make recommenda
tions as to the most favourable
 
practicable locations.
 

- Determine the most suitable crude
 
or blend of crudes required to
 
meet the projected product demand
 
in the optimum manner.
 

- Review existing practices and 
technology in other countries,
resulting therefrom, recommend 
refinery pollution abatement and 
energy conservation equipment to 
be installe !. 

- Based on the longer term petroleum

product demand forecasts, determine
 
the optimum refinery expansion

schedule up to 2000 and provide NEA
 
the computer programs and LP models
 
used. (In the event this analyses

is decided to be carried out to the
 
feasibility stage for the selected
 
options, the necessary modifications
 
to the consulting seivices will be
 
discussed and finalized by the all
 
concerned, viz., the UNDP, the NEA,
 
the Consultants and the Bank).
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C. Natural Gas
 

- Examine the available explora
tion drilling results and
 
review estimates of gas
 
reserves to determine the
 
optimum offtake rates that
 
comply with good reservoir
 
maintenance practices. Also,
 
determine the volume of gas
 
reserves considered available
 
for planning purposes at this
 
stage.
 

- Consider possible feedstock and
 
energy uses of natural gas

consistent with the country's
 
order of priorities in the
 
field of energy and in the (area of)

socio-economic considerations.
 

- Assess the potential for energy 
use of natural gas in Thailand 
for e isting and planned industries 
and co -ider the most suitable mode 
for effecting it (e.g., pipeline
and LPG distribution, converc-on 
to power). 

- Consider possible plant/process
 
combinations for feedstock and
 
direct burning applications.
 

d. Lignite
 

- Review and assess seismic data and 
other information pre ently available
 
concerning Thailand' lignite deposits,

including the Mae Mol. mines and
 
formulate guidelines for the planning
 
of further development programs.
 

- Estimate the quantities of lignite
 
that could be mined ah Mae Sot for
 
power generation at a kWh cost not
 
exceeding that of a fuel-oil based
 
kWh cost.
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Consider possibilities of non
power uses of lignite in the light

of the experience of other countries
 
(such as smokeless briquettes for
 
cooking and heating purposes).
 

a. Imported Coal
 

- Consider the possibility of developing 
power generation facilities based on
 
the use of imported coal for the
 
purposes of diversifying the economy's

import dependence on oil. In the

light of experience of othen countries,

development of dual oil/coai-fired

plantc in the sizes of 600-1,000 MW
 
may be considered.
 

f. Nuclear Power
 

- Review and update the various existing

feasibility studies and technical
 
investigations of nuclear power plants

in Thailand in the light of recent

technological changes and developments.
 

- Review the possible impact on system
man&gement and system stability of

accepting nuclear power plant/s in

sizes of 600 MW and 1,000 MW.
 

g. Geothermal Power
 

- Review the available data on geothermal

investigations in Thailand with the
 
object of determining its potential

and to indicate the action needed to
 
realize the same.
 

h. Oil Shale
 

Review the existing or planned facilities
 
and available technology in other

countries for oil shale utilization, both

directly and for oil extraction.
 

14 i
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Review the available data on
 
the Ma. Sot deposits with a view
 
to estimating the oil shale
 
reserves by ranges of oil content
 
and consider the prospects of
 
their utilization.
 

i. Bagasse
 

- Assess the present practices in 
bagasse utilization with a view
 
to improving its efficiency of
 
use. Also, consider the possi
bilities for new applications
 
obtaining improved efficiency.
 

J. Power Alcohol (Ethanol)
 

- Consider the possibilities of
 
utilizing power alcohol as a
 
complement to fuel in Thailand.
 
In the light of these prospects,
 
assess the various raw materials
 
from which adequate quantities
 
could be produced.
 

k. Non-Conventional Energy Developments
 

- Assess the status of non-conventional 
energy prospects with particular
attention to'theirenewable energy
 
resources and the assessment of
 
relevant technologies. This will
 
include consideration of small
scale hydropower, biomass utilization
 
(especially agricultural and forestry

by-products), solar, wind and geothermal
 
resources. Based on work that may be
 
available in Thailand in this field
 
and taking into account the state of
 
relevant technologies, develop estimates
 
of the approximate energy supply potential

of non-conventional energy sources, and
 
indicate the timing of such development.

In this context, the technical assistance
 
in the field of non-conventional energy
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development expected to be
 
undertaken under USAID

assistance may make available
 
to EMP considerable amount of

relevant information. The
 
consultant will fully coordinate
 
his activities with these

efforts so long as pertinent to the
 
needs and the work schedule of

EMP. In the event that findings

of such studies do not become
 
available to the consultant at

the time required, the scope of

work for this purpose may be
 
revised in consultation with the

National Energy Administration
 
(NEA), UNDP and the Bank to meet
 
the needs of the EMP.
 

D. Environmental Impact and Institutional Arrangements
 

16. Assess the environmental impact of the recommended
 energy development program. The assessment should include
effects on air and water quality, and the effect of solid
waste generation, including hazardous and toxic materials.
The assessment should also address land use and population

relocation issues.
 

17. Develop, using the assessment described above, a
recommended set of environmental guidelines and regulations
designed to minimize the environmental impact caused by
implementation of the recommended energy development program.
The guidelines and regulations will apply to air and water
quality, solid waste, land use, and family relocation issues,
and will be applicabla to project site selection, design,
construction, and operation, as appropriate.
 

18. 
 Recomnend and develop terms of reference for any
environmental studies that should be performed in order to
assure the achievement of an acceptable level of environmental
quality during and following the implementation of the energy

development sequence.
 

19. With the view to ensuring adequate analyses and
monitoring of the energy sector issues(,jand programs to be
undertaken and for formulation of appropriate sector policies
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on continuing basis in the future, recommend the institu
tional arrangements and the framework that would be

required. In making these recommendations, detail

requirements of the irstitutional set-up proposed would

be worked out in 
terms of the type and size of manpower

required, expertise and training to be provided, computer

facilities, scope and functions, etc.
 

20. The recommended sector development plan will

require implementing a series of interrelated projects,

demand management measures, pricing changes, etc. 
To
 
ensure that these various actions are adequately coor
dinated, the conaultant will review the existing insti
tutional framework and arrangements of the energy sector
 
and recommend changes and modifications as necessary.
 

E. Evaluation of Energy Development Programs
 

21. Taking into account the economic studies, demand

analyses, and study of supply options referred to in A
 
through D above, develop a computer program which will
 
accept as inputs a number of selected economic growth

scenarios, a set of demand forecasts, a range of demand
 
management strategies, and several supply options. 
The
 
computer program will be designed to produce as output

alternative energy sector development plans based on

different input configurations. These sector development

plans will indicate the supply contribution by each energy

resource, including imports, and also the form and sector
in which energy will be constuned, the total energy costs,
 
energy import levels and the preferred sequence of developing

various investment projezts, together with their timing,

size, and costs.
 

22. Following development of the computer program,

select the input configurations to be used, and run the
 
program to obtain the outputs described above. The output

format is to be designed to allow easy comparison to be

made among different sector development plans.
 

23. Based on a review and comparison of the computer
assisted analysis, a program of action will be recommended
 
for energy supply development and demand management projects
in order to fulfill the stated objectives of the country's

energy policy. The trade-off involved (if any) in the

various objectives will be explicitly stated (e.g., rapid

utilization of non-renewable energy resources may have

different implications in the short run from those in the
 
long run).
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24. The program of action developed above will
 
identify further steps to be taken for the projects

to be completed and/or initiated before 1991. This
 
will require defining the specific technical investiga
tions, engineering pre-feasibility type studies and
 
similar other preparatory work prior to execution of
 
the subject projects. The mode of accomplishing such
 
requirements, their terms of reference and the likely

costs will also be indicated.
 

25. The findings and the recommendations in the
 
field of energy demand management and the energy pricing

will be specific and the recommended policy measures
 
will be designed realistically for effective implemen
tation. The efficacy of the recommended measures would
 
be clearly established in terms of increased efficiency

in energy use, moderating energy consumption in general

by reducing wasteful uses and judiciously influencing

the growth of the energy intensive activities in the
 
economy.
 

26. Complete docuntation of the computer program

will be provided to NEA so that future changes in basic
 
data can be incorporated and the implications on the
 
recommended program of action considered. The consultant
 
will also indicate appropriate procedures and arrangements

for periodic review of the analysis, so that the recommended
 
programs can be modified in the light of changed future
 
conditions.
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BIOMASS CONVEPSION 

A. Area Conditions
 

1. The Northeast
 

The Northeast is of special interest because it is the
 
poorest region in Thailand. Mainly it is a rolling plain, the
 
soil is not especially fertile and the organic content is low.
 
The winds in the area appear to be moderate and the sky clear,
 
at least during the dry season. There are perhaps 30 to 40
 
inches of rainfall each year, but the rains come over a short
 
period during which (sticky) rice, the principal agricultural

product, is planted. Since there is no opportunity for a
 
second rice crop, except in lowlands near river bottoms where
 
irrigation is possible, there is little need for mechanized
 
agriculture. The result is a very large population of water
 
buffalo and cattle. Since the animals are typically kept
 
under the houses at night or penned nearby, there is also a
 
large amount of dung that could readily be collected for biogas

generation.
 

Ricehusks are currently used in a variety of ways,

including the making of charcoal, the firing of brick and as
 
a soil conditioner. While it is possible that some small
 
fraction of these husks could be made available for energy uses
 
through bettev utilization, the total energy potential is not
 
great since present practices appear to be quite effective.
 

Rice bran is used as animal feed; each rice miller
 
typically keeps several pigs. There also appear to be large

chicken production facilities for urban needs which utilize
 
the bran as a feed. The manures, however, produced from
 
chickens, pigs, cattle and water buffalo are mainly ignored
 
or, at best, used as a fertilizer. Some composting with the
 
manures is done, but the practice does not appear widespread.
 

A second important activity is the Northeast is the
 
production of cassava, which is exported as a cattle feed
 
to Europe. Because production is rapidly expanding, even the
 
stalks themselves are completely used for replanting and the
 
leaves are sold as animal fodder. As a result, the soil is
 
being mined with almost nothing -eturned to the land, and
 
thus there i3 very little waste material that could be used
 

Y)(\A(-)
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for other purposes, except possibly in pelletizing the dried,
 
pulverized chips.
 

Forest residues represent another potential energy product,
 
since logging is a major activity in the Northeast. However,
 
because much of the logging is done without permit and in
 

remote areas, the residues are not currently utilized to a
 
great extent. Indivi~rals who might otherwise make charcoal
 
from these materials are often apprehensive about the local
 
authorities and further find it easier simply to cut down a
 
tree closer to their village rather than go deep into the
 
forest. As an additional energy source, sawmill wastes do
 
not have much Potential since, with the exception of about
 
half the sawdust, they are currently being used for firewood
 
andfor charcoal production. Thus, except perhaps for the
 
sawdust currently being burned (about half), there is little
 
real waste. It is estimated that the sawmills only recover
 
about 40 percent of the input logs as sawn timber, and of the
 
60 percent residue perhaps 25 percent is sawdust. Therefore
 
the sawdust available for other use may be less than 10
 
percent of the total mill input. While this waste, converted
 
into substitutes for fuel, might locally have an impact, it is
 
doubtful if on a region wide basis, it represents a major
 
energy source.
 

Cooking in the Northeast and all over Thailand is
 
done over open wood fires or over charcoal braziers. While
 
variations in cooking patterns do exist between individuals
 
and beween villages because of personal preferences and fuel
 
availability, it can generally be said that wood is used
 
mainly for boiling or simmering (rice) while charcoal is
 
used most often for quick (stir) frying or boiling. Charcoal
 
is typically made using wood from the forests which is first
 
set afire and then smothered with rice hulls. While primitive,

the practice is efficient and waste free. Some villagers claim
 
up to 50 percent (by weight) charcoal grills; however 30 to
 
40 percent might be a more realistic estimate overall.
 

In the Northeast, villagers complain they have to walk
 
too far and spend too much time gathering firewood. In
 
particular, there are provinces to the east of Khon Kaen where
 
the fraction of forested land is small and there are undoubtedly

locations where there is a real problem. In ten years this may
 
have become a crisis, since evidence of tree felling is every
where and there is little indication that any trees are being

planted to replace those taken down.
 

1J- 7
 



ANNEX VZII

Page 3 of 17
 

2. The North
 

The North is alsc of interest because its people lag

behind all but the Northeast economically. It is a hilly

land but with many valleys where upland rice and other
 
vegetables such as peanuts, cabbage, maize, soybeans, cotton,
 
tobacco, etc. are planted. The rains come only during a
 
short period and so the planting practices are not unlike the
 
Northeast. Because much of the land is forested, availability

of firewood is not an overriding problem although fuel for
 
industrial uses has increased in price from 040/m 3 to $130/m 3
 

in the last few years.
 

There are not so many buffalo and cattle in the North
 
as in the Northeast to consume the biomass, but the otherwise
 
available rice straw is widely used as a mulch to maint&in soil
 
moisture content during the dry season. Ricehulls have little
 
use and are currently burned and the ashes used as a fertilizer.
 
Therefore the rice hulls appear to be a significant potential
 
energy source, and perhaps a not insignificant fraction of the
 
rice straw could be used for fuel production.
 

There are considerable logging resi.dues that could be
 
recovered, but are currently left in the forests to rot.
 
Perhaps up to 40 percent of the harvested tree is waste. There
 
are also significant areas where clear cutting of the existing

forests is practised with the result that large quantities of
 
waste wood are produced. Both these activities offer the
 
opportunity for large scale charcoal production. While some
 
charcoal is made by Coops using in some cases portable metal
 
kilns (FAO designed) - most of these res.idues are wasted. One
 
major factor holding back the further development of charcoal
 
production is the complex procedure involved in getting per
mission to follow the logging operations. In fact, there is
 
little doubt that at current charcoal prices an amelioration of
 
these regulations would probably result in a significant increase
 
in this activity.
 

Sawmill residues in more remote areas are completely

wasted, while around Chiang Mai the offcuts are used to fuel,
 
for example, the many pottery and ceramic kilns nearby. However, 
the sawdust is perceived to have no value, while typically
it represents enough energy to power the mills several times 
over. Therefore there also appears to be a potential in the 
utilization of sawmill wastes by eitner continuous pyrolysis 
systems which also allow recovery cf the oils and off-gases, 
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simple kilns for charcoal production alone or throughdirect
 

gasification to fuel engines to power the mills.
 

The Center
 

The large flat prosperous Center, unlike the North and
 
Northeast, has sufficient water, due to a longer rainy season
 
and the presence of numerous rivers and irrigation canals for
 
two rice harvests each year. The result is an intensively cul
tivated area producing rice, maize, cassava, sugar cane, etc.
 
Because the land preparation for the first rice crop must be
 
done in the dry season, mechanized agriculture is widely prac
ticed and only a small number of cattle and waterbuffalo
 
are found. Thus large amounts of rice straw are unused and
 
are typically burned in the fields. Likewise the great majority

of the rice hulls are burned for fertilizer. Therefore a large

potential exists in this area for energy conversion systems

utilizing rice hulls and rice straw. in addition, because the
 
swine population is relatively high, and since the pigs are
 
largely fed the rice bran which is produced in abundance, there
 
is also a limited potential for biogas production. There is
 
some timber, but in remote areas, thus logging and sawmill
 
residues do not offer an attractive source of energy. The
 
corresponding lack of firewood in this area results in the
 
highest charcoal/firewood prices in the country.
 

3. The South
 

This largely underdeveloped tropical area includes
 
rubber plantations and mangrove swamps. There is relatively

less agriculture practised and so the potential for energy
 
recovery from residues is not as great as in other regions.

The mangrove forests in the South already represent perhaps

the ma3or charcoal producing region, supplying Bangkok and
 
the area to the North with the dominant fraction of its
 
domestic fuel. Charcoal making here is perhaps the most
 
advanced in Thailand with the frequent use of behive kilns.
 
However, these kilns are not presently equipped to recovery

t4he off-gas by-products of charcoal production and so a
 
potential opportunity to upgrade this inustry exists.
 

B. Technologies
 

Considering that the primary focus of the program is to
 
develop the use of renewable resources for small scale energy

needs, the most apparent energy conversion innovations would
 
be (1) through more efficient utilization of existing resources
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and (2) through the development of alternate energy sources
 

such as from currently wasted agricultural residues.
 

1. Improved Stoves
 

Since cooking represents perhaps 80 percent of the
 
total energy consumed in rural areas a program to improve
 
stove efficiency would be an especially attractive development
 
area. Open wood fires typically are only five to 10 percent
 
efficient, while wood stoves may be 25-35 percent efficient.
 
Thus there is an opportunity to reduce firewood through better
 
utilization. However, in any stove development program, the
 
local cooking practices must be carefully studied and efficient
 
stoves appropriate to these uses must be designed. Obviously
 
cost will be a major factor and so it may be that a low cost,
 
even moderately efficient stove may be superior, in practical
 
terms, to an efficient but expensive one, Charcoal stoves also
 
represent a major area for improvement, since they are currently
 
only 15 to 20 percent efficient, but are widely used in both
 
rural and urban areas.
 

Such a stove development program wculd be applicable to
 
almost all of Thailand, rural and urban, and could possibly have
 
a more immediate impact on the fuel wnod situation than any other
 
project conceived. While reforestation and fuel wood plantations
 
are clearly long term objectives, the development and introduc
tion of more efficient stoves can be accomplished in a matter of
 
years - not decades. Thus such a program would provide a stop
gap measure that would be complementary to other renewable
 
resource programs and would buy the necessary time for such pro
jects to mature.
 

It should also be noted that while the need for identi
fying/developing the best equipment is apparent, there is also
 
the necessity for making decisions and selecting hardware now
 
that should be introduced at the earliest time. And this must
 
be done with the awareness that rapid developments in technology
 
will likely make early adaptations quickly obsolete. But to
 
wait for the best system would be to lose the advantage that
 
immediate improved conversion technology provides.
 

While much has yet to be learned about what a good stove
 
is in terms of local cooking practices, etc., there is still a
 
large amount of data available and/or being gathered today to
 
support a program such as this.
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2. Biogas
 

While all of Thailand faces - at least ultimately - a
 
fuel wood crisis, the situation in the Northeast is certainly
the most severe today. Hence a program to benefit this region

has a special necessity, Of all the alternate energy schemes

considered for the Northeast, there appears to be a particu
larly good potential in the production and use of biogas from
animal wastes. Since successful biogas plants have already

demonstrated the process locally and there appear to be few
cultural restraints to its use, this would be perhaps a priority

program in alternate fuel development for the Northeast.
 

However, because there axe significant technical improve
ments in biogas production that have recently been developed,

especially in the storage of biogas and avoidance of corrosion

problems, any biogas prugram should take advantage of these
 
new developments. In particular, the potential of community/

neighborhood digesters should be investigated and new design

concepts studied to avoid the maintenance problems associated with
 
current designs.
 

While such a program would have an immediate impact on

the Northeast, the North and Center, and to some extent the
 
South - where in some areas, elephant dung is a serious disposal
problem - would also benefit directly. Therefore such an effort

would not just assist the Northeast, but all of Thailand.
 

As with the development of improved stoves, such a
 
program could be implemented in shorter time than programs in
volving tree planting and hence offers the added advantage of
 
an immediate impact.
 

3. Improved Charcoal Production
 

Since charcoal is utilized both in rural and urban

Thailand and thus touches the lives of more Thai than any other
fuel, a program to improve the conversion efficiency of charcoal

kilns is an immediate need, since the present practice leaves
 
considerable room for improvement. Further, the development of
practical/economical means for recovering logging residues and

reforestation wastes is 
a related special concern. Because
 
charcoal making occurs both at a relatively small scale, using

family size rice hull kilns, and at 
a larger scale applicable

to logging/reforestation wastes, the program should involve

efforts applicable to both of these widely different activities.

Sich a program would especially benefLt the North and the
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Northeast since it would provide an expanded revenue source.
 
But indirectly it would benefit the entire country in reduced
 
charcoal costs.
 

4. Pyrolysis of Agricultural Residues
 

While the Center is the most prosperous area, since the
 
forests are most distant in this area, it faces the more immediate
 
potential problem as firewood supplies dwindle.. However, since
 
charcoal is especially widely used in this region and can be
 
produced by pyrolytic conversion of excess agricultural residues,
 
there is a signifi.cant potential for the application of this
 
technology in this region. Not only could the pyrolytic con
version of rice hulls and straw provide a source of charcoal,
 
that could be briquetted for domestic uses or sold as an industrial
 
fuel, but it could also produce an oil by-product for use as a
 
kerosene substitute for domestic cooking or lighting. Moreover,
 
excess oil could be sold as an industrial fuel, The pyrolysis
 
off-gas could also be used to operate irrigation pumps or power
 
village industry.
 

Undoubtedly the Center would be the principal beneficiary
 
of this effort, but there are considerable agricultural wastes,
 
especially in the North, which could also be utilized. Thus the
 
advantages are not just limited to one reglon alone.
 

Currently US AID and the Government of Indonesia are
 
involved in a technology development/demonstration program
 
involving pyrolysis of rice hulls. This program should be
 
well advanced by the time the pro3ected Thailand work would be
 
initiated. Since the similarity between the two situations
 
(Thailand and Indonesia) is close, the work would basically
 
involve transplanting the Indonesia convertor-almost without
 
modification - to the Thai scene.
 

5. Energy Conservation for Small Industry
 

Throughout Thailand in the rural and urban areas there
 
are numerous small industries providing 3obs for many people and
 
relying on petroleum, coal or firewood. In selected industries,
 
such as ceramics, fuel costs represent 30 percent of gross
 
income and profit margins run only 10-15 percent. In five years
 
some industr3.es have seen increases in firewood costs from 140/mi
 
to 0130/m 3 . The rapid escalation of energy costs is having
 
an adverse impact on many of these small businesses. Thus
 
there is a need for an energy conservation program applicable
 
to these smaller industzies. The prog:am envisioned would pay
 
for itself bv charging the customers at czst frcm their fuel
 

http:industr3.es
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savings. This would be at no risk since without fuel savings
 
no charges would be made. While the program, once established,

should operate at least on a break-even basis, the start-up

and training costs represent a not insignificant factor. The
 
program planned would therefore provide the initial training

of qualified Thai engineers in the field of industrial energy

conservation techniques.
 

6. Conversion System Integration
 

Finally, the potential of integration of various bio
conversion technologies applicable to Thailand should be at
 
least investigated as part of any renewable energy program 
since some techniques for fuel production such as ethanol cannot
 
efficiently operate by themselves but require the use of waste
 
heat, for example, available from other processes. Therefore
 
a program to study the feasibility of such integrated systems

and to perform economic analysis of these systems should be
 
undertaken.
 

To illustrate such a system; it is observed that
 
chickens are often grown in large houses supplying urban needs.
 
The chickens are presently fed rice bran and wastes are only

marginally utilized. Instead, a system is conceived in which
 
the rice bran is first fermented to produce ethanol with a
 
spent bran remaining and including the prct3in in the original

feed but in a much more digestible form. This could then be
 
used as a chicken feed. The chicken manure in turn could be
 
fed to pigs and the pig manure digested to produce fertilizer
 
and biogas. The biogss could be used to operate an engine
generator from which the waste heat could provide the energy

for distilling the ethanol. The result would be a much more
 
efficient utilization of the bran than is currently being made
 
in terms of animal protein production, but also with signifi
cant amounts of additional energy produced.
 

Moreover, the interrelationships of all the methods
 
of alternate energy production should be recognized and ex
ploited in any program of energy from biomass. In so doing
 
a significant amount of energy both as industrial and domestic
 
fuels could perhaps be made available for use in the cities.
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C. 	Alternate Applications
 

1. 	Wood Stoves
 

Comments:
 

- represent major village energy consumer.
 

- open stoves are only 5-10 percent efficient.
 

- improvements in efficiency up to 15-20 percent easily/
 
economically accomplished by enclosing heat (adding
 
sides).
 

- present practice in Thailand - no social or cultural
 
problems.
 

- simple stoves can be made at shops in villages using
 
locally available materials.
 

- considerable literature available and improvements
 
in design expected shortly.
 

- more suitable for boiling and simmering type cooking.
 

- more applicable where fuel can be obtained readily and
 
where transportation costs are low.
 

- smoky fire, not good for indoor or urban use.
 

2. 	Charcoal Stoves
 

Comments:
 

- charcoal use represents village enezgy consumer.
 

- present braziers 15 to 20 percent efficient.
 

- efficiency could probably be raised to 20-30 percent
 
relatively easily and economically, but above 30-40
 
percent cost increases might become excessive.
 

- can be made locally with available materials.
 

- fuel conversion efficiency intrinsically high even
 
with poor stove design because radiation heating
 
plays major role in heat transfer mechanism.
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- fuel source has high specific heating capacity and 
is thus well suited for cooking where transportation 
costs are important. 

- is c-rrently most popular cooking method - thus
 
im.dved designs would face no social/cultural problenmx
 

- clean burning - useful in urban areas.
 

- primarily used for quick boiling, frying type cooking.
 

3. Charcoal Kilns
 

Comments:
 

- probably twice as efficient as earthen kilns but only

30-50 percent more efficient than present practice

using rice hulls.
 

- potential conversion efficiency up to 45-50 percoait.
 

- makes fuel more usable and transportable.
 

- allows logging residues to be economically converted
 
to high quality fuel thus reducing burden of firewood
 
demand.
 

- can be made economically at large or small scale.
 

- can be made portable to allow for following logging
 
crew.
 

- does ncot currently allow collection of oil-tars and
 
off-gas but could be made to collect/utilize part of
 
these by-products.
 

- produces a familiar product already used for cooking.
 

- charcoal intrinsically is 2-3 times as efficient as
 
wood - for cooking - so even with conversion losses
 
it still produces a fuel better than wood on a
 
utilization basis.
 

- requires some skills in charcoal production.
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4. 	Pyrolytic Converters
 

Comments:
 

- utilizes agricultural residues.
 

- produces char, oil and gas whose amounts can be tailoced
 
to demand, thus system provides capability to meet
 
wide variety of needs.
 

- char & oil easily stored and tranported.
 

- char can be easily briquetted for domestic uses or
 
used directly with oil or by itself as industrial
 
boiler fuel.
 

- oil can be used as kerosene substitute in lamps and 

stove. 

- Oil mildly corrosive, requires some care in handling. 

- gas can be used to fire boiler, operate drier or fuel 
gasoline engine. 

can be made portable and self sustaining. 

- rtuires certain level of crew training. 

- requires access to capital in range of $1,000-$2,000. 

- requires dry shredded or pulverized feed but this is 
no problem with most agricultural wastes such as 
rice hulls and straw which aze already sun dried. 

- fits well with sundried products such as rice; 
rice hulls are an ideal feedstock. 

- economical over wide scale range and level of sophis
.ication. 

5. 	Bioas Digesters 

Comments: 

- wet, green or partially digested feed. 

- Produces sanitary fert1iizer, gas products. 

ly 
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- easy to keep clean. 

- 30-35 percent efficient energy conversion. 

- product gas can be used on site or bottled and used 
to fuel automobile tractors, etc. 

- sensitive to scale economics - farm, neighborhood/ 
conunity digesters. 

- economical - payback in 3-5 years but still requires 
significant capital. 

- Weeds constant maintenance and service. 

- corrosion problems with materials, especially storage. 

- may face cultural problems with use of dung or human 
wastes. 

- can be made of locally available materials. 

6. Fermentation
 

Comments:
 

- produces liquid fuel suitable for automobiles,
 
tractors,etc.
 

- conversion efficiency of basic system poor, result 
is need for integration of fermentation system with 
other systems producing waste heat that can be 
recovered. 

- this means fairly complex system with relatively high'.
 
capital requirement.
 

- requires relatively high skill level for operation and
 
maintenance.
 

7. Gasifiers
 

Comments:
 

- conversion efficiency runs 50-60 percent.
 

- single product is low quality gas that must be used
 
at production site.
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- can be used to run spark ignition engine. 
- smallest economical/practical scale is probably in 

range of 40-60 horse power. 

- applications most likely limited to small industry. 

- can be used to fire a boiler.
 

- requires relatively high skill levels for operation
 
and maintenance.
 

MATRIX OF ALTERNATE APPLICATIONS
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D. Program Implementation
 

1. Improved Stoves
 

The program would first involve a reviaw of available
 
literature for promising stove designs applicable to Thai
 
cooking practices and assessment of applicable stove designs.

From this effort would come the selection of perhaps five pro
mising wood and charcoal stove designs based on current tech
nology and perhaps the development of two or three improved
 
eystems which would then be fabricated.
 

Perhaps 100 of each design would be produced and
 
placed in carefully selected villages, where the firewood
 
problem is especially acute and therefore where interest in
 
the project would be high. To ensure proper service and owner
 
involvement, the stoves would not be given away, but sold at
 
perhaps half the replacement cost of existing stoves. A
 
control group for each type stove would be chosen and careful
 
records of firewood/charcoal consumption would be kept for a
 
period of each type. A follow up study of public acceptance,

performance, maintainability,durability etc., would be made
 
to determi.ne response to the different designs. An evaluation
 
of the responses would be made and an analysis of firewood use
 
performed. A report would be prepared giving the results of
 
the study, including detailed stove designs. Recommendations
 
for further development would be made. Ideally, this would
 
result in selection of a best wood and charcoal stove for
 
Thailand or at least for regions within Thailand.
 

Roughly equal emphasis and funding allocations would
 
be given to the development of improved wood stoves and better
 
charcoal stoves. Consideration as to the social/cultural
 
acceptance of the designs selected would also be made.
 

In addition to the demonstration aspects of the program

in primarily the North and Northeast, a support training
 
phase of this effort could be included. This would provide

local technical training and assistance in fabricating, monitoring

performance, and evaluation of stoves.
 

At the program end workshops would be held to discuss
 
the results and to disseminate information regarding the recom-.
 
mended stove designs.
 

http:determi.ne
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2. Biogas Producers
 

The activity would first involve review of the litera
ture for digester designs applicable to the Thai situation,
 
especially to the Northeast. This could be supplemented by
 
visits to other countries to ensure that the most up-to-date
 
digester information is obtained. This would lead to selec
tion of several promising designs and perhaps the development of
 
a new system where the emphasis would be given roughly equally
 
to the needs for (1) improved construction materials using
 
conventional designs (2) improved designs, and (3) utilization
 
of neighborhood/community scale systems.
 

Perhaps 10 each of the selected systems would be
 
fabricated and located in carefully chosen villages (in the
 
Northeast) where firewood availability is low. Again a nominal
 
charge for the system would be made. A control group would be
 
chosen for each design and detailed records made of cooking
 
energy costs and work requirements in each group. A survey of
 
public response would be made and any problems noted. Full
 
costs and labor requirement. would be tabulated and an assess
ment of the performance and caaracteristics of the various
 
systems chosen would be made. Ideally the selection of a
 
standard best system could result form the work and a report
 
prepared describing this system and the results of the study.
 
At the end of the study a workshop will be held to present the
 
results of the work and to disseminate information.
 

3. Improved Charcoal Production
 

A literature review, supplemented possibly by visits
 
to other countries, would identify the most promising designs
 
for (1) small scale charcoal production, (2) large scale pro
duction, and (3) modification of existing behive kilns to allow
 
recovery of the pyrolytic oils. Perhaps two designs of each
 
would be selected and up to five prototypes of each would be
 
fabricated. Introduction of these kilns in the North, Northeast
 
and South would be made at selected sites and villages. Careful
 
monitoring of performance would be conducted and an evaluation
 
of the various designs made.
 

Concurrent with this effort would be an investigation
 
of the procedural prr i ,ms hindering charcoal production from
 
reforestation wastes arid logging residues.
 

At the conclusion of the program, a report would be
 
prepared and a workshop held to publicize the results of the
 
study.
 

(4
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4. Pyrolvsis of Agricultural Residues
 

The basic objective of this effort would be to trans
plant the pyrolysis technology developed in Indonesia to
 
Thailand. To accomplish this RTG staff (preferably a mechanical
 
or chemical engineer and two mechanics) would be sent to
 
Bandung for up to two months to be thoroughly familiarized
 
with the design, operation and maintenance of the converter
 
there. On return to Thailand with blueprints of this unit,
 
the engineer would supervise the fabrication of such a system,

and its installation and operation at a selected rice mill
 
located in the Central region. Performance tests would be
 
conducted, and after training of local operator personnel, the
 
unit would be turned over to private control at a cost to the
 
miller approximating the original fabrication expense. Throughout

the program, support would be available for troubleshooting in
 
case of difficulties.
 

At the end of the training program, a report including
 
an economic analysis of the system would be prepaired and a work
shop held to distribute information regarding the project.
 

5. Energy Conservation for Small Industry
 

This program would be directed toward improvement of
 
energy utilization by small industry in Thailand. To accomplish

this objective a team would review current literature on energy

conservation techniques and make a preliminary assessment of
 
industrial energy utilization in Thailand to determine where the
 
greatest pay-off in energy conservation might be. This could
 
be supplemented by travel to other countries to review at first
hand work in the field of conservation. Consultants with
 
experience in energy conservation techniques would be engpged
 
as appropriate.
 

The team,acting as consultants, would approach selected
 
industries with offers of technical assistance on the basis that
 
the actual costs of t!ine assistance would have to be paid for
 
and only from sav.:w s If these had resulted. Thus, except for
 
start-up costs, the project should be financially self
sustaining and beneficial to Thai industry as well. Throughout

the program, workshops involving local industry representatives

would be held throughout the various Thai provinces. Self
help brochures and energy audit techniques would be devised and
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distributed. Films on better energy use would be either located
 
from outside sources or developed within Thailand and widely
 
shown as part of this program.
 

At the end of the work, an assessment would be made and
 
a report prepared. Out of this could be created a continuing

NEA facility directed exclusively to energy conservation.
 

6. Conversion System Integration
 

The ptime focus of this work would be to heighten the
 
awareness of Thai engineers and industry with regard to the
 
potentials from integration of energy conversion systems. The
 
program itself is not seen an producing hardware; instead it
 
would provide the feasibility analyses of promising system con
cepts which would improve energy conversion efficiency. In
 
addition, the concept of cc-siting industries whose inputs and
 
exhausts dre such that they could be combined to produce a more
 
effective overall system would be studied. The study would
 
not be limited to either particularly complex, capital inten
sive systems or simpler less expensive concepts. Much of the
 
work would draw on the total of data assembled through the other
 
components of this project to suggest improved energy utilization
 
schemes.
 

It is expected that some computer modeling would be
 
required in the study and substantial systems analysis involved.
 
At the study's end, a report would be prepared to illustrate
 
the various integration possibilities investigated and their
 
potential pay-offs. A workshop to disseminate the results of
 
the study would also be held.
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ZHicro-Hydropower*
 

I. 	Resource Base and Naeds
 

Extensive areas of the North and smaller but significant

sections of the South, East-Central, and West-Central, have
 
the necessary conditions for hydro-power: abundant rainfall
 
transformed by underground storagl into perennial flow in
 
hill streams. Perhaps 100,000 km , or 20 -ircent of Thailand,
 
is topographically, climatologically, and 'drologically

attractive for development of small-scale hydropower. If it
 
is assumed the average dry season flow is three liters/second/km 2
 

and the average drop in elevation of the smaller streams is
 
300 meters, then development of all the micro-hydro potential

of Thailand would produce 800 megawatts of firm, dry season,

unregulated power. This is equal to 25 percent of the present
installed electric generating capacity. 

Development of the full potential of such a spersed
 
resource is out of the question, however. But in areas where
 
a need for power and a mini-hydro potential exist, the resource
 
is attractive because:
 

1. 	it is renewable,
 

2. 	it can be developed with minimal environmental
 
disruption (when no reservoir storage is provided),
 

3. 	it can be developed near the load,
 

4. 	it does not require imported equipment or expertise,
 

5. 	it can provide me-hanical power for direct-drive
 
of machinery, pLp latexr, compress air, operate a
 
heat pump, or generate electricity for local use or
 
connection to a grid,
 

6. 	it can be a key component to a community development
 
project, and
 

7. 	it can help meet basic needs by pumping water for
 
drinking, animal needs, or irrigation; producing
 
nitrogen fertilizer; producing heat for crop drying
 
or small-scale industrial use; providing lights;
 
running small machines and powering communications
 
equipment.
 

* See note on page 10 for definition of micro-hydro. 
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I. Program Rationale
 

North Thailand's mountainous regions are experiencing

rapid loss of forests as population pressure forces peasants
either to (1) shorten swidden fallow cycles to environmental
ly unacceptable lengths or 
(2) extend valley-bottom rice

cultivation upwards to include upland swidden cultivation.

The tribal people who have been swiddeners for centuries are

forced to alternative (1); Thais who have traditionally

farmed the valley bottoms are forced to alternative (2).

The consequencis of these moves to feed and support more

people through extensive agricultural expansion are:
 

i) lower yields on upland soils that are poor in
 
quality, structure, and water-holding capacity;
 

ii) smaller areas cultivated by a household because
 
of difficulties of hand cleariug and weed infestation;
 

iii) significant time consumed in traveling to new,

upland crop areas;
 

iv) cultivation of steeper and steeper land with erosion
 
the result;
 

(v) mining of soil nutrients by short-fallow cycles;
 

(vi) 
loss of tree cover to grass and shrubs, with attendant

loss of rainwater infiltration to groundwater storage resulting

in dry streams in the dry season.
 

Because of these phenomena, the hill peasant of the North
is poorer than compatriots in many other parts of Thailand.

In the Upper North, average holding size is less than half

that for the nation as a whole. Recent agricultural development in Thailand has left these mountain areas relatively

untouched. Real income between 1962 and 1976 for Upper North

farmers not having access to irrigation increased only 27
 
percent compared to 70 percent for other Northern farmers,

and 60 percent for the national average.
 

About 10 percent of the cultivated areas of the Upper
North is accessible to wet and dry seascn irrigation; about
20 percent of households have this access. 
Such households
 
can grow a cash crcp in the dry season in addition to their
traditional wet season rzce. 
 incomes cf such households are
 
significantly higher than for those wihcui access to
 
irrigation.
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One possible solution to the tremendous natural
 
resource degradation problem plaguing the mountains of North
 
Thailand would thus appear to be irrigated intensification
 
of agriculture on the better lands and management of
 
uplands through improved swidden by tribal people, tree
 
crops, off-farm employment, and cut migration. Agricultural

intensification and income improvement will require irriga
tion pumping, fertilizer, crop drying crop processing and
 
in some cases mechanical power for cultivation. All of
 
thtse activities/inputs require energy as does creation of
 
off-farm employment and improved swidden. The most abundant
 
potential form of energy for much of North Thailand is
 
hydropower, a local, renewable resource.
 

According to PEA, cost of electricity generation by

isolater diesel generators (of which PEA has more than
 
400 ranging from 25 to 6000 KW, is from two to three Baht
 
per KWH with the smaller diesel units experiencing the higher

costs. Extension of rural electrification lines to remote
 
villages is expensive but also uncertain where the fossil
 
fuel supply must be transported large distances.
 

Development of small-scale hydroelectricity in Thailand
 
should cost less than $2000/KW. At $2000/KW, a 12 percent

capital recovery factcr, and $400 plus $20/KW O&M cost, KWH
 
costs will depend on load factor and capacity. For 20 KW:
 

load factor B,,KH
 

.2 3.2
 

.4 1.6
 

.6 1.1
 

.8 0.8
 

Micro-hydro for electricity generation should be cost
effective therefore with diesel for any but the lowest load 
factors. Because there is no fuel cost, there is large
incentive to increase load factors. tln effect, once the 
unit is built, staffed, and maintained, there is little 
additional cost to ;.ncreas-.ng KWH output; u*.1nke d:esel 
generators which consme fuel for every KWH generated.
What this implies, howevex, is tha% ;tillzation of power,
especially off-peak power, fcr prcducti e purposes is 
an
 
important opportunity.
 

* Prov-,nc;.al :. A..: 

http:Prov-,nc;.al
http:ncreas-.ng
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It should be noted, however, that hydropower and
hydroelectricity are nct synonymous. 
Electricity is
often a convenient energy form, and because of its high
quality it 
can perform a wide range of functions. Water
power, however, can often be harnessed directly to perform
the task. Examples are the hydraulic ram for water
lifting, the trompe or hydraulic air compressor, directdrive grain or lumber mills using waterwheels, and
direct-dri'Ve heat pumps for heating or cooling. 
Such possibilities would also need to be considered in reviewing
the options for cost development of specific sites in terms

of local needs.
 

The projects now underway in Thailand (see Table 1)
represent a range of agencies involved, scale of development, and technologies utilized. 
For example, Ang Kang
uses a locally made impulse turbine; Nam Dang a locally
made cross-flow turbine; Ban lang two imported cross-flow
turbines and one locally made Francis turbine; 
and Mae Kum
Luang will use two imported Francis turbines. Heads range

from ablut 10 to 400 meters.
 

The resources and need are there, the economics look
reasonable, and experience is being gained.
 

III. Outline
 

1. Data Collection and Analysis
 

NEA has done a considerable amcunt of work collecting
hydrological data, identifying potential sites 
(they have a
list of over 100 sitesi, and doing pre-feasibility studies.
These NEA efforts will ccntinue tc form the foundation of the
RTG planning effort in micro-hydropower.
 

There are some 
issues remaining unresolved that require

early effort.
 

a) Gauging stations tend to be located well downstream
of micro-hydro sites. 
For example, the Huai Nam Dang project's
closest gauging station -.
s on the Mae Taeng between Chiang Mai
and Chiang Dow, where the catchment area is 1711 km2
 . The
Haui Nam Dang catchment is 9 km'. 
 As wculd be expected, there
is a discrepancy between the appzcp:zate unit design flows
(for example, the average cr mrnn.-mum flows recorded for the
driest month). 
 Because i: is adv'.sable tc minimize cost, it
 

p(
 I 



Table 1
 

Hydroelectric Installations
 

PROJECT 

Mae Hong Son 

Ban Yang 

Ans YCang 

PROVINCE 

Mae Hong Son 

Chiang Mal 

" " 

ACNFNCY 

NEA 

ECAT 

RID 

HEAD TURBINE LOCAL ORKW (H) TYPE IMPORTED 

800 40 Francis Imported 
2x5OK%; 

Yaported 

112 67 Croosflow Local 
12KF1 Francis 

10 30 Pelton Local 

STATUS 

Operating 

UTILIZA-
TION 

PEA 

PE& 

Village
Lights 

Mae Kum Tuang 

lluay Mae P'ong 

gIfEA 

Phayao NEA 

3.tf0O 116 Francis Imported 

900 400 Pelton Imported 

Under 
Construe-

tion 

" 

Naional 
Grid 

-

Itai Nam Dang Chiang Hai RFD i100 70 Crossflow Local 
Resettle
ment 

Hear Doi Put 

In IWe Sa 

Ha Bon 

Hae Chon 

" " 

" " 

Nakhon Si 
Tammarat 

Chiang Hai 

WAT 

Private 

Rubber 
Organtsa-.tion". 

RFD 

5 17 Crosaflow Local 
-----------

___ 

1.5 10 Crosoflow Local 

-

150 Pelton Imported 

I 
5 17 Crosaflow Local 

Was operating 
being modi-

fledUnder 

Construe-

Sion---_n 

Operating 

Under 
Rehabilli-

tation 

Village 

Village 

Home 

_-- _ _-

Rubber 
Processing 

Forest 
Station 

_to 

0?4
 

In. 

/
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will be necessary to work from generalized unit design

flows. This implies hydrological analyses based on rainfall,

topography, and forest cover to relate gauging station data
 
to upstream synthesized flows. It also implies investiga
tion of the appropriate hydrological design criteria (lowest

flow of record, average flow for driest month, lowest flow
 
for driest month, flow percentile, etc.) to be applied in
 
micro-hydro planning in Thailand.
 

b) Many sites can yield more power than can be paid

for or productively utilized. This suggests several questions
 
to be addressed.
 

i) What siting criteria (involving weir, headrace
 
channel, penstock, transmission line tradeoffs) are appro
priate?
 

ii) How can site development proceed in an incre
mental fashion, using standardized turbine - generator units?
 

iii) How can costs of civil works be reduced?
 

iv) What uses of power exist that can raise load
 
factors and are productive and employment creating? Examples

would be crop drying, cold storage, water pumping, kiln
 
heating, water heating, and fertilizer production by the
 
electric arc method.
 

c) There are many small-scale hydro sites that can eco
nomically be connected to a grid. There are also potential

sites at existing dams and irrigation canals. These possi
bilities should also be explored.
 

d) The potential for use of hydropower in ways that
 
do not require electricity generation should be investigated:

hydraulic rams and air compressors, heat pumps, and direct
 
mechanical drive.
 

This activity and related resources assessment will
 
support NEA's on-going efforts to ideatify sites, do reconnais
sance investigations, make pre-feasibility stud'es, interact
 
with the EMP study, and establish a prior:ty list of projects

balanced in each case against local needs and water resources.
 

* See Annex VI. 
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2. Equipment Design, Testing, and Manufecture
 

Hydraulic turbines, at least below 100 kw and
 
eventually considerably larger units, should be manu
factured in Thailand. There will be essentially two
 
typa- cross-flow for intermediate heads and impulse
 
for high heads. Examples of each of these types have
 
been and are being manufactured by machine shnps in
 
Thailand.
 

There is a need to select a package of standardized
 
units for manufacture on a less costly basis. It would
 
be useful at the same time to review recent experience
 
in the U.S. and elsewhere with use of modern fabrication
 
materials and techniques. For example, Inuependent

Power Developers, Noxon, Montana, build small, lightweight,
 
durable and relatively inexpensive impulse turbines using

epoxy-coated silicon aluminum alloy buckets. These may

be especially suited to the sediment laden streams of
 
Thailand where blade wear is already an observable problem.
 

NEA has the basis for a turbtne test laboratory.

Some equipment would help to put the laboratory in a
 
position to do hydraulic testing o! turbines.
 

A major cost item fcr hydroelectric generation from
 
small-scale water scurces is the cost of the governor.

This cost can be reduced but the issues and design questions
 
are complex enough to require an expert. These issues
 
include the following.
 

i) Under what circumstances can DC be used, thus
 
eliminating the need for a governor' Governor cost must
 
be balanced against higher costs of transmission and
 
appliances. Battery storage is easier, however.
 

ii) What mechanical governor des;grns hold promise
 
of reducing costs?
 

iii) Electronic govr.nors appear to'old promise of
 
accomplishing the task at considerabiy lowex cost than
 
mechanical 4overnors. These are of two type3: ess'ntially

voltage regulators and load-diver_:.:n go ernors. The
 
latter appear especially attractve whee secondary power

is being utilied. (ITDG of the UY have a load diversion
 
governor that they propose tc test =n'Thaiiand..
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Nitrogen fertilizer manufacture by the electric arc
process is 
a possible, low cost (except for electricity)

process that can productively use large amounts of
secondary power. The technology is not complex and a
modest collaborative R & D effort with the Kettering
Foundation Research Institute, Yellow Spring, Ohio, might
be considered to develop the technology for use in
 
Thailand.
 

3. 	Micro-hydro for Village Development
 

Hydropower can be put to use to' save the forests,
soils, andwatercfa significAnt part of Thailand. 
 Villageswhere farmers are now forced to expand their activities
from valley-bottom, monsoon season rice to include upland

swidden, can use hydropower to:
 

a) 	irrigate a second (and thirdl crop on bottom lands,
 

b) 	improve village water supply and thus health,
 

c) 	dry fodder, monsoon-harvested rice, and cash
 
crops,
 

d) 	increase crop residue production for fuel (by
pyrolysis or other conversion technique),
 

e) 	power rice mills,
 

f) 	fire kilns,
 

g) 	supply hot water for textile-related activities,
 

h) 	lighting, and
 

i) manufacture fertilizer to increase crop yields

and maintain soil fertility.
 

Hydropower can in this fashion help to relieve pressure
on the forests and allow an cpportunity for improved forest
management, including spreading of fast-growing species for
feed and fuel. If complemented by i:proved stoves, charcoal
making, and small industry fuel efficiency; biogas for
cooking fuel; a.-d village wcodko-s, fcrest areas could
increase while agricultural output and employment also should
 
grow.
 

giL 
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The micro-hydropower project would propose to test
 
these expansive claims. It would assist, under the
 
technical direction of NEA, a maximum of ten villages
 
to develop their hydro resource for productive purposes

(and not only for electric lights). Villages would be
 
selected both because the resource can be developed at
 
a reasonable cost (tentatively: below $2,000/kw) and
 
because there is an identifiable development need for
 
the power. A pioneer village may generate electricity

exclusively, but possibly other uses of hydropower will
 
be developed, for a saw mill as an example.
 

Village participation in the pioneer projects is
 
essential. Not only should the village be expected to
 
repay part of the costs, but their investment contribution
 
should be made in labor.
 

Villages would be selected according to the following
 
criteria.
 

i) Village participation in project planning and
 
construction and in designing utilization schemes looks
 
broad-based and likely to be sustained.
 

ii) Unit cost of development is under $2,000/kw

(including power transmission).
 

iii) Project involves plan to utilize power with a
 
load factor in excess of 50 percent.
 

iv) Development (initial) is between five and 20 kw,
 
electrical equivalent.
 

v) Project fits into a development scheme for the
 
village. This does not require a formal plan but does
 
require that sufficient thought has been given to the
 
development impact of the power project so that cost
effectiveness in attacking an economic or resource degra
dation problem is assured.
 

The technical assistance requirements would probably

include services of a hydrologist, utilization specialist,

planner, design engineer (with manufacturing experience),
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and governor specialist. They would work with NEA and the 
program under this activity would be supplemented by the micro
hydro resources assessment activity.
 

InThailand, the term "micro hydro" variously applied to units
 
having a capacity up to 100 KW or as high as 500 KW. Larger units (above

100 to 500 KW depending on the authority) are considered to be "mini
hydro" units.
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Solar Drying & Distillation, Process Heat
 

A. Resource Base and Needs
 

Average solar radiation in Thailand is reasonably high,
 
varying between approximately 440 cal/m2 day in areas of 
the North and Northeast to 400 cal/m day aroud Bangkok. 
The climate of Thailand has a strong seasonal nature, with 
a wet rainy season from May to November and a dry season from 
December to April. There is, however, comparatively little 
variation in the amount of available radiation, varyi.ng about 
j 15 percent from the norm (ccmpared to : 65 percent for New York 
City). Even during the rainy season, long unbroken periods 
of cloudiness are rare, with rain clouds often building up in 
the afternoon after a bright sunny mcrning, Thus there is 
usually adequate radiation over most of Thailand tc run solar 
applications effectively, 

Slash and burn practices in the North and Nortneast during
 
periods of the dry season can, however, cover large areas with
 
a thick smoke haze that significantly reduces available radiation.
 
In addition, the atmosphere in Thailand tends to be silghtly
 
hazy and to have a'high level of absolute humidity, both of which
 
make the diffuse component of solar radiatcn comparatively high.
 
Thus, collectors designed for Thailand should try to take
 
advantage of this diffuse component In addition to direct beam
 
radiation.
 

Solar radiation's greatest advantage as an energy source
 
is that it is available throughout the country, withcut need
 
of a iistribution system. It can be converted t= usabl.e
 
ene:: / directly where that energy is needed. Thus .t offers
 
potential for decentralized development. Currently, only 19
 
percent of Thai villagers have electr;c4ty ava-.l- to them*
&e 

Gasoline and oil must be brought to the v.llages, necessLtating
 
the use of fuel for transport. In addition, occasicnal failure
 
of the delivery system can make the supply inpredictable.
 

* The Fourth Annual National Economic & Sociai Develcpment
 
Plan 1978.
 

http:varyi.ng
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The greatest disadvantage of solar energy is that it is

intermittent, unavailable at night and during cloudy periods.
The most economical uses of it are those which can accept this
 
intermittent nature, and use it effectively when it is most
 
available. Such uses include drying of crops or lumber,

which can tolerate, or even benefit from, a rest period at
 
night (to avoid case hardening stresses in lumber), pumping
of irrigation water which is most needed during cloudless periods,

and intermittent ammonia-water cycle refrigeration units
 
which require a period to discharge heat. 

The availability of solar energy can be extended with the 
use of storage systems, although these can add significantly

to the cost. Solar energy can be stored in the form of 
heat (or cold),through electrical potential in a battery, or
 
it can store against requirements by mechanical means, such
 
as pumping water up to a storage tank. Solar hot water systems
generally have efficient storage systems because once collected

in the form of heat, the energy does not have to bo transferred 
to any other medium. However, outside of simple hot water 
systems, there seems to have been little attention paid to 
developing inexpensive storage systems which would be appropriate
 
to Thailand. Inexpensive storage systems would add greatly
 
to the utility of solar energy in Thailand by extending its
 
availability and allowing greater control in its use.
 

When a fuel is expensive in itself, as both oJ1 and wood 
are increasingly becoming, then it must be used as efficiently 
as possible to keep the cost per unit of energy delivered low. 
This usually entails developing ever more sophisticated, and
 
therefore expensive, equipment. The cost of solar energy,
however, is solely in the cost of the equipment needed to 
collect and transform it. Therefore, inexpensive equipment
is a far more important cost factor than efficiency. For this 
reason, solar energy can often be most economically used with
 
the simplest of equipment, often technologically unsophisticated

and comparatively inefficient from an energy standpoint. Thus 
once a few basic principles are understood, such as that 
black surfaces transform sunlight into heat or that heat rises,
the technology for using solar energy can be fully within 
the skills of the average Thai villager, A solar crop dryer 
or solar still are both examples of technologies that could be 
crafted and used (and even refined) at the village level.
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B. Solar Dry-ing- and Distillation
 

Direct sun-drying of crops is currently the most common 
use of solar-energy in rural Thailand. Rica, fish and fruits 
are spread in thdsa: layers on mats or concrete "nd dried with 
the heat of the sun's direct radiation. Considerable losses, 
however, are estimated to occur with natural sun drying, from
 
rodents and birds, containation with dirt or bacteria, and
 
insect infestation. The level of loss has been as high as
 
50 percent in the case of fish! In addition, as more farmers
 
in Thailand have begun to double crop their land, there is 
the problem of drying the first rice crop during the ensuing 
wet season, when the grain has a very high moisture content. 

Thailand plans substantial increases in second crop (monsoon
 
season harvested) rice through expansion of irrigated area.
 
When farmers in the Central part of the country weze asked
 
in 1977 by the Department of Agriculture what prcblems they
 
encountered, they ranked moisture content and thei resulting
 
losses due to ric6 diseasesi insect infestation, low recovery

rates from milling, and low germination rates as of significant
 
concern.
 

The sarne situation is true of cash crops, such as
 
vegetables and fruits that are harvested during the wet season.
 
Currently, these crops must be immediately consumed by the farm
 
family or sold often at low market prices. The capability to
 
preserve these crops would allow the farmer both a longer supply
 
for family consumption and more control over when the cash
 
crop is marketed.
 

Some bananas and chilis are currently dried *4ith fuel such
 
as charcoal and firewood. Fccd drying pzocesses generally
 
require low teimeratures,however, that are easily delivered
 
by simple flat-plate solar collectors, Using solar drying could
 
conserve these fuels for other uses.
 

Thailand is very favorable to the development of solar
 
dryers because even during the wet season there is a great deal 
of 	solar radiation available.
 

* 	 Post Harvest Food Losses in Developlng Countries, National 
Academy of Sciences, USA, p-143. 1978. 
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Solar drying is also potentially applicable to use for

distillation of water for salt harvesting, 
This is now done

generally through use of charcoal or wood fuels, and the
application of solar energy would simply be an extension of the
heat principle but through a renewable resource. The adaptation

for such uses should be relatively inexpensive, would save
the cost of other fuel, and would be more convenient. The latter

is particularly a factor where fuel supplies for salt harvesting

are becoming more distant, for example in the coastal areas of
 
the South.
 

1. Possible Types 

The greatest need is for simple deaigne., which can beeasily built with inexpensive, locally available materials.If the small farmer is to be helped to gain more control over 
crop marketing, then such crop dryers should be directly available.

The dryer or still 
should work without any additional inputs
of energy (without dependence on high level technologies such as
electricity or gas powered motors;. 
 The dryer should also lend
itself to being able to dry a variety of crops to increase its

utility to the farmer throughout the year.
 

Tnexpensive sheets of plastic are readily available

throughou the rural areas of Thailand, although they are
of generally low quality and deteriorate quickly. All plastic

is currently imported. 
Glass is less generally available and ,
more expensive but it is made in Thailand. Researchers at KMIT
 
estimate chat the economic pay-back is the same for both glass

and plastic, Corrugated steel in sheets is commonly used for

rooDs even in the poorest of villages, and is therefore also
available (although imported). An AIT project is also
experimenting with the use of charred rice husks as 
an absorbing

surface, and there may be potential there, Whatever the surface
 
material used, any structures would be made cf indigenous

bamboo. In general, therefore, for surface and building materials,

local availability at the village level should not be a problem.

The same basic materials would be used both for drying and
 
distillation.
 

* King Mongkut's Institute of Technolcgy,
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2. Alternative Sources of Energy
 

Experiments have been done with developing a rice 
husk fired rice dryer. The cost of the fuel is attractive compared
 
to conventionally fueled dryers. The cost of fuel per ton of 
paddy was estimated in 1974 as 80 for rice husks, 860 for kerosene,
 
or 510 for coal. However the capital cost of a rice husk dryer
 
is considerably higher, Also, rice husks are not always

available to the farmer, but must be bought back frcm the miller 
or saved from the previous season.
 

Technology for drying foods with fuels such as gasoline
 
or oil is well-developed but involves the consumption of non
renewable resources. In addition, the high capital cost of the 
equipment generally excludes the prccess from the village scale
 
and thus does not help the individual farmer gain economic
 
control over his or her crop.
 

For salt harvesting, the costs and distances involved 
in obtaining currently used fuels are direct incentives for
 
use of a solar alternative.
 

3. Descriptior of Prcgram 

The technologies for solar drying of foods and for solar 
distillation of water have been proven and many designs exist
 
which are appropriate and economically feasible for village
 
scale use. For example, in Thailand at AIT a prototype one ton 
natural connecti-on batch dryer nas been designed and built for
 
an approximate cost of 01500 for materials. Also, a forced
 
connection continuous flow dryer is being de-igned at Chulalongkorn
 
University which is estimated to be affordable by a reasonably
 
prosperous farmer (e.g., 25-30 rai) who owns a gas mctor to power

the fan.
 

* FAO Bulletin #31 
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There is certainly room for further adaption to specific

Thai needs and conditions, and this should be a direct component

of this project. At the same time, however, since the basic

technology is relatively simple and easy to understand, the

villagers themselves will often be able to adapt the designs best
 
to their particular needs. The main purpose then., is not so
 
much to do extensive research of the technology, but to spread

an understanding of the existing technology down to the village

level.
 

Such a program of technology diffusion is already-being

carried out in Thailand in the area of family planning.

Private organizations have created a birth control education and
 
distribution network that has put one individual in charge of
promoting and administering birth control for each v:llage.

This villager is fully instructed in the mechanics of birth
control and has a medical and administrative support structure
 
behind him or her to help with difficulties. The greatest

effectiveness of the worker is direct contact and knowledge of

the people in the village, thus minimizing the psychological

distance between them and the new technology
 

Information about simple improvements in farm technology,

such as solar dryers or stills, could perhaps apply a similar

mechanism: using regional supervision of local people interested

in the program and running day-long workshops tc instruct them

in the new technology. The workshops would need to be preceded

by an information program ant! perhaps 
a series of demonstrations
 
to arouse interest. 
This would begin the process of recruitment
 
for the workshops themselves.
 

An important part of these workshcps would be hands-on
 
experience constructing one or more cf the drying cr distillation

projects. Such a workshop would begin expiaining the elements of
 
a design: why a screen must be a certain dimension, why a
 
fitting must be water tight, how to make it so and to test it to
be sure that it is, etc. Participants might help in the purchase

or preparation of materials, and then assemble the project

themselves, under the supervision of the workshop leader. 
For a

large project such as 
a one ton rice dryer, several participants

could work on one piece of equipmenL, so that it is all built

within a short time, For smaller projects, such as a still, each

participant could build his 
or her cwn. The parti:ipant could pay
some appropriate amcunt for attending the W:_Kshop, suon 
as

purchase price of materials fcr his ct her pro36ct. in order to make
 
the workshcp a personal investment and nave a tangible product
 
at the end
 

<
 



ANNEX X 
Page 7 of 9
 

4. Implementation 

The activity would draw on the data developed through
the solar resources assessment, as well as the work being done 
at KMIT, Chulalongkorn University and AIT. It would also 
include a review of solar energy technology experience elsewhere 
in the world, such a review perhaps supplemented by a trip to vi -u. 
visit actual use sites. The data and literature review should 
then lead to design and selection of prototype solar drying and 
distillation models. 

One approach could be to hold a competition for students
 
to design such models.
 

Goal of Competition:
 

- no external power sources.
 
- easily duplicated by villager with readily


available materials.
 
- appropriate scale (in operation and economics) for
 

individual farmer or village co-op.
 
- more than one use (year-round utility).
 
- eheap.
 
- efficient.
 

After the designs are selected and the initial workshops

organized and executed, then. would begin the process of monitoring

the program, testing and evaluating designs, noting innovations
 
in design or training techniques, responding to new user needs,

and analyzing the spread and effectiveness of the program.
 

The activity would conclude with a general evaluation
 
and workshop at which the results achieved and potential indicated,

with particular emphasis on the ccntinuing role of NEA and the 
Regional Energy Centers (RECs), would be the agenda. 

C. Solar Process Heat
 

Several industries in Thailand use hot water or hot air as
 
part of their manufacturing process. The heat for these processes

is currently fueled with either wood or fossil fuel, but might.?

easily be supplied with solar energy. Heat within the range of
 
40-90 c is generally found to be the most econcmical use of
 
solar energy. A program of promoting the use of solar energy

for industrial process heat has the potential for significantly

reducing fuel consumption in Thailand,
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Solar process heat also offers some promise of making it
 
more economical for small scale industries to locate away from
 
the centralized power and fuel sources of urban areas. Perhaps

the best candidates for solar process heat are agricultural

and food processing plants, such as tobacco during factories,
 
lumber kilns for expqrt grade lumber, and noodle factories.
 
Many of these are already located in rural areas, but the use
 
of solar process heat could act to increase that number.
 

The technology for solar process heat is bascially simple

and well established. Flat plate collectors are generally used,

both for water and air systems. Flat plate collectors are
 
already being commercially produced in Bangkok, having found a
 
market for solar hot water, primarily for tourist hotels and
 
large hospitals.
 

Solar hot water systems generally have a simple and
 
economical energy storage system - the hot water produced can be
 
stored in an insulated tank until needed. Air systems, however,
generally require a more elaborate storage system, such as a bin 
of rocks. 

The first target industries for an air system should
 
probably not involve a storage system, as it would be preferable

to get a simple system operating in order to gain experience with
 
design and operation.
 

The tobacco industry of Northern Thailand could be a good

candidate for the use of such a solar hot air system. The first
 
tobacco crop is harvested in December, at the end of the wet season,

and the curing goes on until April. Tobacco barns, which hold
 
from 10,000 to 80,000 kg. of leaves, are generally fired with
 
lignite or wood (although some barns are now being converted to gas).

One batch of tobacco is cured in five days in which time five cubic
 
meters of wood is burned per 1,000 kg. of leaves, or approximately

9M liters of gas per 1,000 kg. The barns are heated to temperatures

between 450c and 750c over the course of the five days; humidity

being controlled with venting from the outside and occasional
 
wettings of the barn floor.
 

Description of Program
 

Two industries would be selected for a demonstration of solar
 
process heat, one air syst6m and one water system. Various companies

in that industry would then be contacted and asked if they would be
 
interested in co-operating in a demonstration program. A team
 

Vic
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would then design an appropriate system. The program would pay

the costs of design and any tool up cobts, while the company

paid costs of materials. The company would also agree to let the
 
system be monitored for a two year period. Government-owned
 
industries might provide the most willing initial candidates.
 
Probably 10 designs and systems would be carried out and installed.
 
The emphasis would be on rural or rural-town located facilities.
 

During the construction of the systems and at the end of
 
the first working season, workshops would be held for other interested
 
industries. Evaluation would be continuous, the program would
 
develop basic materials for spreading infcrmation about the
 
practical application of the technology.
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WATER LIFTING TECHNOLOGIES
 

A. Resource Base and Needs
 

In many parts of the country, water is available in abundance
 
but a meter or so below the level of the cropland: e.g., in the
 
Chao Phya Delta from the large network of streams, canals, and
 
ditches; in the Northeast from farm ponds and shallow dug wells;
 
and in the North from thn rivers. This water can be used to help
 
avoid the effects of delayed rains, monsoon droughts, and pre
mature drying of rice fields toward tho end of the monsoon. It
 
can increase the gravity irrigation capacity of Chao Phya Delta
 
irrigation works for dry season cropping; it can expand dry season
 
irrigation from existing rivers and streams in many parts of
 
Thailand, and it can provide modest amounts of irrigation for
 
the Northeast.
 

The net benefits of irrigation pumping are high according to
 
analyses using diesel pumps and high yielding rice.* Even
 
supplementary irrigation alone, to improve monsoon season rice
 
yields, is cost-effective.
 

Pump irrigation does not require dams, massive land acqui
sition, or complete canal systems. It can b-nefit a single
 
household, a grcp of households, a village, or even larger
 
groups, but it does not depend on establishment of a complex
 
organizational structure for water management.
 

At the present time, however, pump irrigation is held back
 
by the following disadvantages.
 

i) It consumes increasingly expensive, imported fossil
 
fuels.
 

ii) It utilizes engine-pumps with relatively high main
tenance costs.
 

iii) It is only economical at a scale (five horsepower and
 
up; 70 rai or more) beyond the capability of the small farmer.
 

*See "Water for the Northeast: A Strategy for the Development
 
of Small-Scale Water xesources," Asian Institute of Technology
 
for the Water Resources Planning Subcommittee, NESDB, September
 
1978, pp. 43-44.
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B. Description of Program 

Three technologies would be demonstrated for lifting
water: wind, biogas, and solar phoovoltaic. Encouragement

would be given to dissemination of _ her technologies where
 
appropriate: hydraulic ram, crop residue fired steam engine,

animal power, and solar thermal, but emphasis would be
 
upon the three most promising technologies unless changing

conditions or data developed as a result of the testing of
 
these technologies merited a shift in priorities.
 

Programs for demonstration of wind, biogas, and solar
 
photovoltaic pumps would proceed as follows:
 

- Literature, data and experience review.
 

- Design selection based on resource conditions (e.g.,

wind velocities), for several alternative configura
tions if useful.
 

- Prototype units fabricated and tested.
 

- Villages and farmers selected for field testing.
 

- Devices installed in villages for operation and moni
toring.
 

- Evaluation leading to further design selection and
 
modification.
 

-
Evaluation leading to design reconmenelations and to
 
recommendations regarding appropriate and effective
 
me&ns of dissemination.
 

- Training of key personnel (entrepreneurs, voluntary

organizitioa field staff, agriculture or irrigation

extension, or community development workers).
 

1. Wind Pumps
 

A 1974 AID report by William E. Heronemus, "A Survey

of the Possible Use of Windpower in Thailand and the Philippines"

is the basis for the program suggested here, as far as 
development of suitable windpumps for irrigation in tae Chao
Phya Delta is concerned. With the exception of some areas 
along the coast of South Thailand, the Chao Phya Delta is the
 
most favorable area for wind development. The wind resource
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even there is not tremendous but it is adequate for water
 
lifting.
 

"It would therefore appear that a modern propeller type 
windmill or a modern fan mill type windmill of about 6 meters 
diameter with axis height of 10 meters, located at Don Muang, 
or betwien Don l4uang and Sara Buri, could irrigate a family
 
holding of at least 25 ral for rice culture during the dry
 
season, provided it could take a suction from a ditch such that
 
tot&l head was of the order of 1.5 to 2.0 meters. It is possi
ble that a dug well in that entire region might produce water
 
fast enough to sustain that rate of withdrawal at that head. On
 
the other hand, ... it may be more appropriate to locate wind
 
pumpers along the main canals where they can Araw from the
 
"trickle" (but assured trickle of the dry season) in the canals
 
and use their lift to fill the ditches whose turn-outs are high
 
and dry above that trickle. The existing ditch system would
 
then gravity-feed the fielas." (p.34)
 

"More time could show exactly what the Lubing or the
 
AeL'motor might produce at Nakhon Sawan: it is suggested that
 
it might still be quite adequate to serve a 25 rai farm with
 
one 6 m diameter windpumper. So, it is concluded that there
 
is an excellent possibility that windpower could be used to
 
speed up the transition to double-cropping of rice in the exten
sive Chao Phya Delta. This might be accomplished by installing
 

each pump to take suction
windpumpers at individual farms, ... 

from a ditch or from a dug well. The water table is apparently
 
almost at ground level throughout the entire region, but some
 
experiments would iertainly be appropriate before one could
 
say that upwards of 2,725 cubic meters of water could be with
drawn each day from beneath a 25 rai farm on a continuing basis."
 
(p. 36)
 

Herone.as then proceeds to outline design changes
 
necessary to accomplish the desired task, be low cost, adaptable
 

Because
to home construction, and self-starting at 3-5 knots. 

there is currently underway in Thailand and elsewhere* a modest
 

amount of reseaich into improved, low-cost windpumps, it would
 
necessary first to assess Thai progress toward achieving the
 
objectives set forth . Heronemus.
 

*See Marcus H. Sherman "Report on the Practical Application
 

of Wind-Powered Water Pumps," ESCAP, Suva, July 1977.
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He concludes:
 

"A. There are several situations in which windpumped
 
water could improve the yield ol agricultural operation in
 
Thailand:
 

1. Small windpumpers pumping from dug wells could
 
alleviate the start-of-season and the end-of-season random
 
droughts which reduce rice yields in the traditional one-crop
 
rice culture.
 

2. Larger windpumpers pumping from irrigation
 
canals and ditches in the Central Plain could improve Dry
 
Season irrigation such that rapid expansion of double-cropped
 
rice culture could occur.
 

B. Both small and larger windpumpers can probably
 
be constructed in-country essentially from indigenous materials.
 
The small windpumper can probably be owned by individual farmers
 
if such farmers have wells or other sources on or alongside
 
their land adequate to feed the pumpers. The larger windpumpers
 
should probably best be located ... in harmony with ...
 
improvements in systems for dry-season irrigation, and may there
fore better be owned by collectives or governmental authority....
 

D. Small or large windpumpers pumping from dug well(s)
 
or existing streams, or in some instances from deep bore holes,
 
could accelerate the double-cropping of vegetables, upland crops
 
and fruit in the central part of the Northeast, radiating out
ward from Khon Kaen." (p.66)
 

The following recommendations of Heronemus are endot-ed,
 
with minor modifications:
 

A. Assist the RTG expand its current excellent system
 
for wind measurements so that accurate monthly velocity
duration curves can be prepared for areas of interest.
 

B. Initiate development of four meter diameter and
 
six meter diameter wind machines of both the improved Thai.
 
two-bladed type and of the proposed wooden fan mill type.
 

C. Initiate the develonment of variable-throw crank
 
mechanisms for windpumpers.
 

D. Initiate development of reciprocating pumps con
structed of indigenous materials.
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rA has a field station adjacent to AZT that is in
volved in wind machine testing. This would coordinate the

R&D under this program and collaborate in development of 
improved windpumps. 

2. Solar Pumps 

In the great agricultural deltas of the world, where
 
the sm shines brightly for long hours and where 'ater is
 
found not far below the land, ideal conditions exist for solar
 
pumps. Already, diesel pumps are used in the Chao Phya

Delta but these pumps are limited to use by larger farmers
 
or by farm groups. Such groups have proven difficult to organize

effectively to protect small farmer interests. Significantly

smaller diesel pumps are not manufactured, and rural electrifi
cation cannot hope to reach the large numbers of tiny plots

that require pumped water.
 

Solar photoviltaic ptumps could possibly meet tho need
 
of the farmer with less than 20 rai of rice land, as well as
 
the needs of the larger farmers. These pumps would be fuel
 
free, have minimal maintenance requirements, be quiet and
 
pollution free, modular in nature so that capacities could be
 
easily be increased, would be adaptable to other uses besides
 
pumping water, have high reliability (no problems of diesel
 
fuel shortages, electrical system power failures, or luad
shedding), and would offer protection against inflation and
 
petroleum supply uncertainties.
 

Solar pumping systems could be particularly well suited
 
to the pumping needs of Thailand. Because land parcels are
 
small, limited quantities of water are sufficient, and because
 
of low lifts, limited amounts of power suffice. Plants use
 
water during the daytime, in direct proportion to incoming

solar radiation which also drives the pump. No storage is
 
needed (although under some circumstances a few hours storage
 
can be cost-effective) because water is stored in the soil.
 

A photovoltaic pump to service one hectare for supple
mentary irrigation during the monsoon season and for a dry
 
season non-rice crop would require about 100 watts (peak)*.
 

*Peak month water requirement (at the pump) of 200 mm, lift
 
of 1.5 m, pump efficiency 60 percent, motor efficiency

80 percent, 5.5 kwh/kw peak/day:
 

kw = (2,000 )

peak (3005.5)m3/hour x 1.5m x .746 x 1 a 0.1
 

=.X. 87i 
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The pumpset costs $200, solar array costs would be
 
about $900 at 1979 (early) prices. If the current pace in
 
development of the technology continues, however, early 1980a
 
projected prices for solar array could be on the order of
 
only $200. Returns would be in excess of $400/ha or $200.*
 
Inclusion of benefits from supplemental, wet-season rice
 
irrigation would increase that benefit.
 

Thus such a pump will pay for itself in little more
 
than a year at early 1980s solar cell prices and in less than
 
six years at current prices.
 

In view of this favorable prospect, a solar cell
 
demonstration program is reconended to design and fabricate
 
two to three prototype photovoltaic pumpsets, to demonstrate
 
these and monitor and evaluate the results. The program would
 
include a data and literature review, including possible site
 
visits in other countries, design and fabrication of the
 
prototypes selection of villages, installation, operation,
 
monitoring and evaluation. The program results would be the
 
subject of a workshop, which would take into account the direct
 
experience of the activity and the trend of photcvoltaic cell
 
prices in arriving at recommendations for dissemination of the
 
technology.
 

Although the program aims specifically at developing
 
photovoltaics for water lifting, a side benefit would be
 
development of an RTG capability to work with solar cells in
 
practical applications. This could include, for example, purposes
 
other than lifting water: for communications facilities, health
 
clinic refrigeration, lighting in remote areas, etc.
 

3. Biomass PumPs
 

There are several blonass pump possibilities that appear
 
promising, including biogas and steam engines. To complement
 
the biogas rural oriLnted technology program described at Annex
 
VIII, a biogas pump program is proposed based on a community
 

This would involve a review of the technology
size biogas plant. 

data, design of eng.ne modifications, selection of a village or
 

tambon, construction of the biogas converter, operation, monitoring
 

*Based on "Water for the Northeast," NESDB, September 1978,
 
po. 34 and 35.
 

I.\
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and evaluation. 
The results would be subject of a workshopp
which should develop recommndations on dissemination of 
the technology. 
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VILLAGE WOODLOTS 

I. Resource Base and Needs
 

Estimates of the size of the present forest estate of 
Thailand vary greatly according to the source and the time 
when they were made. The broad assessment of the forest resource 
was originally carried out in the late fifties and early
sixties. De Backer and Openshaw did the most recent national 
survey, which was the basis for the 1972 FAO Report. 

The n&tural forest of Thailand can be classified into three
 
broad types: broad-leafed evergreen forest (40 percent of the
 

area), mixed deciduous forest (22 percent) and dry dipterocarp

forest (38 percent).
 

The forest resource, growing stock and increment of the 
country estimated in the FAO Report as of 1970 are summarized 
in the following table: 

Table 1 

Region 	 Area % Growing Vol/ha Annual 
(mill.ha) Stock Incremint 

m3Volume mill.m3
 
(mill.m)
 

North 11.28 42 599 53 11.74
 

Northeast 7.8 29 223 29 4.48
 

West Central 4.72 17 220 46 5.10
 

South 	 3.22 12 247 77 6.17
 

Total Country 27.02 100 1289 205 27. 49
 

(Source: Present and Future Forest Poliy Goals: A Timber 

Trends Study 1970-00, Tailand; FAO, 1972)
 

(Note: Timber 	Trends Study, - TTS for further references.) 
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Al,
 
The above areas do not include areas of mangrove forest
 

in the South of the country, or plaitations of conifers, rubber 
and coconut trees. The area of 27.02 million hectares nf
 
forest in 1970 represented approximately 53 percent of the
 
total area of the country. 

In 1974 the total area of forest tree cover was estimated
 
as being. only 37 percent of the total land area, and recently
estimates based on Landsat" satellite imagery put the total 
forested.area close to 25 percent of the total country's area.

Despite the fact that the validity or precision of the more 
recent estimates can be open to question, they nonetheless are
 
convincing evidence that the area of forest land is being

reduced rapidly; how rapidly may be open to further aefinition.
 

North 

The largest part of the forest area of Thailand is located
 
in the North. The major part of the North is mountainous and 
over 60 percent of the region's area is designated as forest
 
lands. These produce all the valuable teak timber in Thailand
 
as well as other commercial species. Pressures of increasing

population and scarcity of agricultural land have resulted in
 
encroachment of the lower slopes of the forest land by the
 
farmers and by the tribal communities. As a result, considerable
 
areas of the forest have been destroyed. The economically

significant area has been drastically reduced. Today it is
 
estimated that only half of the area is reasonably productive,

Illegal occupation of forest lands, followed by shifting

(swidden) cultivation using slash and burn practices, is
 
further aggravating the problem.
 

Tree covered land is spread in patches throughout the region
including around villages. Great numbers ot trees are also
 
scattered all over the countryside. These trees or tree covered
 
areas are used by the villagers as a source of fuel wood and
 
building poles. However, the quality of this tree cover is
 
deteriorating rapidly and the depletion is extensive.
 

Most of the logging operations take place in the more
 
remote areas of the region and the distance to the market,

either for sawlogs or fuel wood from the residue generated

during logging, is often considerable. Most of the residue
 
generat.,d duri..q harvesting of the natural forest is left at the
logging site. Due. to concerns about opening up the forests for 
general access, people are not permitted to collect the residue 
for use as fuel wood or conversion into charcoal. Since the 
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demand. by the. zaral population. for fuel wood and construction 
poles is strong, illicit felling and encroachment of more
 
accessible forest areas results.
 

Northeast 

The Northeast is considered one of poorer areas of 
Thailand. According to the statistics, the forest cover
 
represented about 29 percent Of the national forestarba. 
estimated in the sixties. It is estimated that at the present
 
time the forest area is smaller, but how much smaller is 
unclear. The distribution of the forest within the region is
 
uneven with greater concentration of forests in the northern 
and western parts of the region. According to the information 
obtained from the Landsat program, the central, southern and 
eastern parts of the region are practically without continuous 
tree cover and contain only small scattered patches of degraded 
and depleted forest. There is evidence that the encroachment 
into te reserved forest and the conversion of the forest into 
agr:-cultural land is much faster than in the North. 

There are still areas of public land left used for
 
livestock grazing and as a source of fuel wood around the 
villages. These are made up of only small trees and shrubs and
 
this tree cover is under considerable strain and being rapidly
 
depleted.
 

There is no reliable data available to estimate how much uf
 
this area is left as a fuel wood.source; however, it -.s obvious
 
that in the eastern parts of the region the tree covered area
 
is small.
 

South
 

According to the Royal Forest Department (RFD) inventory 
data, the total area of evergreen forest in. South 
Thailand was 26630 km2 in 1972. This area in 1972 was only 
83 percent of that in 1961. There can be no doubt that although 
the area of natural evergreen forest is being reduced rapidly, 
the region still has a large area under forest cover. The 
two other types which are of importance to the South are the 
mangrove forests, mainly located along the east coast of the 
isthmus, and actual tree plantations (conifers, rubber and 
coconut). The mangrove forests cover approximately 4000 km

2
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and these are well.managed and their exploitation is well 
organized. This also applies to ilantatiori ireas. 

The situation regarding fuel wood and charcoal is not
 
clear. Approximately 80 percent of fuel wood requirements are
 
at present met from outside the forest reserves.
 

One fact which could influence the fuel.woad situation
 
is South Thailand is the rate of rubber replanting. It is
 
estimated that by the late 1970s, "300,000 rai of overmature 
rubber will be replanted annually and this would provide

approximately six million cubic meters of rubber wood each

year" (Source: South Thailand, Regional Planning Study, 1975).
 

Fuel Wood Supply-Demand Picture
 

There are two major sources of fuel wood in Thailand:
 
natural forests, and the tree covered areas around villages

and scattered throughout the country. Wood fuel plays an

important role in the life of the community as the principal

cooking fuel in rural and urban areas.
 

Most of the wood fuel from the natural forest comes in the
 
form of illegally cut wood from encroached areas,from land
 
subjected to shifting cultivation, and from the residue
 
generated during harvesting and sawmilling cperations. Some
 
charcoal is produced from these sources.
 

Most of the fuel wood requirements ccme fron the tree 
cover scattered throughout the country. As the demand for 
fuel wood increases this source is being rapidly depleted. 

There are no reliable estimates of wood fue! consumption

and source of wood fuel. According to the FAO Timber Trends
 
Study, 99 percent of the rural population and 87 percent of

the urban population use wood fuel for cooking. The represents

a national average of 97 percent. About 20 percent of the

population use fuel wood for heating and about 10 percent use

wood fuel for a number of other purposes such as curing fish,

etc. The main use of course is for cooking.
 

Th average consumption of wood fuel per capita is
 
1.23m 4 with the range from 1.0 m3 to 1.27 m3,
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The per capita consumption of wood fuel in 1970 was
 
as follows
 

3
per 	Capita consumption Per Year m

Fuel Wood Charcoal Wood Fuel 

Rurp.l 0.76 0.51 1.27
 
Urban 0.11 0.89 1.00
 
Country 0.67 0.56 1.23
 

(Source: TTS.) 

On th( basis of the above estimates the total consumption of
 
a household in the villages averages 7.26 m3 er annum and 
in the urban areas the average represents 6 m /annum for a 
household. The data on annual consumption of fuel wood per
household is presented in the following table. 

Table 2 
Household Consumption
 

Region m3 per Household i/
wood Fuel Fuel wooa Cnarcoa± 

1. 	 Rural 7.26 4.36 2.89 
N 6.75 4. 2.49
NE 8.23 5.79 2.44 
C 6.55 2.02 4.53 
S 	 6.82 4.73 2.09 

2. 	Urban 5.97 0.64 5.34 

3. 	 Total 7.08 3.84 7.08 

Note 1/ This is the average for all households whether
 
consuming wood fuel or not.
 

(Source: TTS.) 
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It should be noted that highest consumption of wood fuel 
per household.and also per c-spita is in the Northeast. The
 
total cons ution of wood fuel for the country was over
44 million m of which morG than 50 percent was fuel wood.
It is estimated that with increasing population and the higher
cost of other fuel (oil, kerosene, gas), the total consumption
is now probably higher than when this survey was done in 1970.
Industry uses over 4 mill.m3 of wood fuel annually.. Fuel wood
is used in the brick, earth-ware and cottage and.steel
 
industries, and in the prepazation of-agriculturalproducts

such as tobacco, rice and others. Many sawmills, especially

small operations use the sawmilling residues to generate power.

In many areas shortages of wood fuel are already occurkiag,cd
the operators of-many industries are looking for substitutes
 
for fuel wood. (as in the case of the tobacco industry which is

using lignite), or are taking steps toward more economical
and efficient use of fuel wood (e.g., earth-ware plants). 

In addition to the household and industry consumption of
wood fuel, over half a million cubic- meters of wood fuel is 
used by hotels, restaurants, temples, etc. 

In summary, over 49 mill m3 of wood fuel was used in 1978.It is assumed the consumption is considerably higher at present

and increasing. More than 90 percent of consumption is in 
households, mostly in rural areas. 

According tj he same FAO study, out of a total consumption
of over 50 mil, m of fuel wood, 21 mill m comes from the 
forests as a removal of standing trees (only about 2.5 mill. M3 
is officially recorded) and over 29 mill m3 comes from farmers

woodlots, rubber ?lantations, individually scattered tzees in
 
the countryside and from crowns, branches and felling of waste 
from the forests. This latter portion is unrecorded.and it is
 
believed that it is steadily increasing. The high portion

of unrecorded use would also explain the rapid decrease in the
 
area of tree covered land. 

The demand fos fuel wood from the forests, recorded in
1970 as 21 m41l m , is expected to increase to a maximum limit 
of 34 mill mJ in 1985. Meanwhile the supply from natural
 
forests, in the form of increment, will decrease to the level
 
of 14 mill.m3 in 1985 after which the demand will be met
 
by drawing from the forest capital. It is expected that by the
 
mid-eighties the demand on the national forests will reach
 
excessive proportions.
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The effect of the increased demand for fuel wood on farmer 
woodlots, and tree.cover throughout-the country is not known.
 
However observations and interviews indicate a considerable
 
deterioration in the quality and -vailability of the resource. 

The following tables indicate the situation in the fuel
 
wood supply-demand equation in 1970 and a scenario for 1985.
 

Table 3 
Origin of Fuel Wood
 

4
unit: million m


1970 1985
 

Total requirements 50 70 

Production from:
 
mangrove forest 5 5
 
felling losses off cuts 1.5 3
 

(crowns) 4 8 
losses from pitsawing 2.5 2 
removals by shifting cultivation 5 3 
production from farmlands a 11 
rubber plantations 2.5 4 

0.5 cane and bamboo 


Total from alternative sources 29 36
 

Residual from standing forest trees 21 34
 

(Source: TTS.) 

Tak le 4 
Forest Situation 

1970
unit:milIJ-on m3 

1985 
-llion m3 

Growing stock 1,225 600 1,020 400
 
Annual, growth rate 2.1% 3.5% 2.3% 3.5%
 
Annual increment 26 21 23.5 14
 

- 24 14 
fuel wood - 21 - 34 

Surplus/deficit +12 0 -.5 -20 

Removals: s wlc-s 


(Source: TTS.) 
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In 1970 there was a small surplus in sawlog size of timber 
and a balance in the small size timber. However in 1985
 
the drain in the small sized timber category, which is a bas.
 
of ". future growth, could have reached ala&:rmng-prpomrtions

On remedial steps, there are several ways to improve or
 
stabilize the situation, and at the same time to increase
 
the forest biomas for.energy production. Without considerng

the economic aspects. of supply, the major potential sources of
 
tree biomass for energy include:
 

a) underutilized natural forest. 
b) industrial forest plantations.

c) energy plantations-trees grown specifically


for enargy production.

d) industrial residues - principally logging waste and
 

sawmill waste.
 

In biomass production for energy use, the most promising

system is short-rotation forestry. In this management system
the growth of tree species is three to ".ight years and the 
objective is to provide the maximum energy content at minimum
 
cost. Within that objective the goals are to select and
 
improve th6 most promising species, to minimize risks and
 
cost of establishing growing stock, to determine the most efficient
 
silvicultural.and management systems and to obtain optimum yields.

iae biomass. productivity and the quantity of energy produced in
 

the short rotation.forest system is considered high. Selected,

rapidly growing species are planted at close spacing and the
 
crop is harvested at appropriate intervals, i.e. by rotation, with
 
the succeeding crops arising by coppicing, precluding the need to
 
replant after each harvest.
 

As stated above, the forest tree cover in the Northeast in 1970
 
represenluda total of 7.8 mill. hectares or 29 percent of the 
national total forest area. Despite the fact the present
estimates are lower, the tree covered area in the Northeast is 
still larger than in the Center and South. However, in the rural 
areas the Northeast has the largest per capita consumption of.wood 

m3fuel approximating 1.35 per year compared to 1.17 m3 in the 
Central region. Also in the Northeast more fuel wood than charcoal
 
isi used.
 

There are varieties of ecological conditions prevailing in
 
the Northeast varying from semi-arid to almost as humid as
tropical conditions. The main forest types are Dry-Dipterocarpus
and semi-evergreen. 
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In the Northeast there are a number of provinces where 
the ratio of forest land to total land area is low, as indicated 
in the following list: 

1) Roi Et 3.5%
 
2) Yasothon 3.5%
 
3) Si Saket 7.68%
 
4) Surin 9.44%
 
5) Naha Sarakham 9.58%
 
5) Ubon Ratchathani 18.58%
 
7) Buri Ram 26.36% 

Particularly in these provinces where the forest land area
 
is small many villages are without a continuing source of
 
supply of wood fuel. In the Northeast there are hundreds--bf 
villages which were once agricultural pockets surrounded by
 
savannah forest. However over the last few decades more and
 
more wooded areas have been eliminated owing to the encroachment 
of farmers. searching for available land. The receding woodland 
has left many villages without easy access to wood supplies and 
the problem is becoming critical. 

To obtain wood fuel the villager usually chooses the easiest 
way - he cuts wood illegally from the forest land and thus further 
aggravates the depletion of the forest resource. Since the 
alternative sources of energy for his consumption are either 
not available (electricity) or too costly (oil, gas) his actions
 
are a logical means of survival.
 

Sacrificing woodland in this way often leads to erosion, may
 
depress farm output and generally has a deteriorating effect on
 
the environment. The steady disappearance of wood in the
 
vicinity of the community also means increased social hardship.
 
More of the time of the family members must be devoted to 
gathering fuel. As the situation deteriorates further and the
 
family is forced to purchase its wood fuel, a burden is placed
 
on the family budget. Yet, it is possible for a village family
 
by scientifically farming and harvesting wood from its own trees
 
or a small village tree lot to satisfy its annual needs and
 
produce a small surplus for sale. Thailand is fortunate that the 
climatic conditions.are favorable for growing a number of fast
 
growing species which can yield a considerable amount of wood
 
in a very short period of time, In the Northeast, as noted
 
above, the conditions vary from tropical humid to semi-arid. However; 
conditions are not that severe that they would prevent successful
 
tree growth. The candidate species may be chosen primarily
 
on the basis of the following criteria:
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a) rapid juvenile growths.

b) ease of establishment and regeneration.
 

There are native or introduced species which can well adaptto such climatic conditions. Experience from Thailand and
other countries shows that some of these species are Dartirularlv
suitable for production of fuel wood. 

However, there may also be constraints to establishment of
village operated woodlots. The competition for crop or grazing
land, delayed return from growing trees, seasonal shortage oflabor force, unfamiliarity in tree growing techniques, etc.,

represent possible obstacles. Not all these would apply in the
 case of family lots, but the total production would probably

be correspondingly less. 
 The obstacles apply particularly to

conditions in the Northeast where the competition for land is
 
great. Nonetheless, the need for development of a woodlot
 
resource in the Northeast is certainly clear. The effort to do
 so will attempt to find workable ways to overcome the constraints. 

Proposed Tree Varieties and Their Characteristics
 

For successful adaptation to soil and climatic conditions of

the Northeast, the following tree varieties, which have already

been tested by the RFD, are appropriate for planting:
 

1) Leucaena Leucocephala has been introduced in Thailand
 
over the last 5-7 years. Popularity among tree planting

people began about two years ago (1977). Additional information
 
on this tree is still required. However, a review of literature
 
regarding its cultivation in the tropics, such as in Indonesia

and the Philippines, is very encouraging. In the Noitheast
it is expected to achieve a volume increment of 25 m-/ha/year

over a five year rotation per,od. From the experiment conducted

by the RFD a five-month old plant has achieved growth of four cm (d.b.h.) and a height of five meters. When considered in.
terms of attituue, soils, and amount of rainfall it can adapt

well to the Northeast. In addition, it can be used in agro
forestry practices (inter-cropping). To date, the RFD is

capable of producing 50-70 kg. of Leucaena seed per year from the

stocking plant at Khon Kaen. Regrowth by means of coppice is very
good. Both Salvador and Hawaiian type varieties could be planted
to test the most suitable strain for woodlot needs, 
The Hawaiian
 
type can also be used as animal fodder.
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2) Acacia Auricul-farmis is a small to medium shrub, about
 
10-15 meters high. It is widely adaptable to all types of
 
topography, it is easy to propagate and highly resistant to
 
drought and forest fire. Regeneration after cutting by means
 
of coppice.is very good. It is suitable for planting in sandy
 
soil, laterite soil and even in forest.
 

3) Casuarina Equisitifolia is a medium to large size tree,
 
about 20=2- "meters high at full maturity. It has more branches
 
than Casuarina Junghuhniana and propagates by seed.. Suitable for
 
planting in sandy loam at an altitude of 100-500 meters.
 
Planting site is more limited than the other varieties mentioned.
 
It requires moderate moisture and is resistant to drought.
 
Growth.constraint is laterite.soil but it may do well in old
 
alluvial soil. It is capable of regenerating by means of coppice.
 

4) Eucalyptus Spp. does well in almost all types of soil.
 
There are-several varieties. Some can grow in water-logged land,
 
some are drought resistant. It propagates well. Seed orchards
 
also exist in the Northeast. The most suitable species. appear
 
to be E. camaldulensis, E. resinifera, E. grandis and E. decaisneana.
 

5) Peltophorum Dasyrachis, a medium to large size.tree;
 
height 20-25 meters when fully mature; only 5-7 meters at five
 
years of age. It is native to the Northeast and highly resistant
 
to drought. This tree does very well in dry evergreen forest
 
where soil type is loam - sandy clay loam. The Peltophorum
 
dasyrachis is found in Surin, Si Saket, Khon Kaen, as well as
 
in dry evergreen forest and upland areas adjacent to paddy
 
lands. Collection of seed, preparation of seedlings,and planting
 
can be easily handled. As a legume, it is suitable for planting
 
in old alluvial soil, or even in mixed deciduous forest at a
 
height from 100 meters to 1,000 meters.
 

6) Casuarina Junghuhniana is a medium to large size tree, 
about 25-30 meters high, introduced from Australia or Indonesia. 
In Thailand it does not produce.seed. Thus, propagation is done 
by means of grafting. This tree is adaptable to all type of 
topography ranging from a height of below 100 meters to above 
1,500 meters. It is highly resistant to drought and capable 
of growing even in laterite soil which is not suitable to 
agricultural practice. This tree also does well in sandy 
loam soil. The RFD has recently imported seed from Indonesia 
and the Forestry Research Section of the RFD has successfully 
found an appropriate grafting method by using a chemical to 
stimulate growth. It is expected to be successfully adaptable to 
the Northeast. Currently, it is very popular among private tree 
planters who are producing trees for fuel and poles used in 
construction. Since it is capable of producing coppice, a need 
for replanting is minimal. 



AW.rnX XII 
Page 12 of 26 

7) Acacia Catechu is a small to medium size tree, abut10-15 meters high, suitable for making fuel wood and charcoalwood. It is drought and forest fire resistant. Its propaeationcan be done by using seed or clone. This tree does well onfairly well drained soil and hilly areas. Planting is possibleeven on laterite soil. Its use is recommended for fencing.Results of the experiment conducted in the Northeast have provena G eat potential for expansion. Acacia catechu is native tothe Northeast. 

Other Donor Assistance
 

The Northern Agricultural Development Project for which a
$25 million IDA credit is
soon to be signed includes two forestry
elements. Village woodlots totalling some 4,000 hectares will be
established in upland areas under the guidance of the Land Development
Department with technical support from the RFD. 
In highland areas,
the Watershed Management Division of RFD will manage forest rehabilitation, woodlot development, protection and track construction
activities. Approximately 7,700 hectares is targeted for village wood
lots or plantations.
 

The World Bank through its FAO Cooperative Program has just
completed an initial survey for a major national forestry project.
Under the FAO Cooperative Program (under 75 by the Bank and 25 by UNDP)
FAO experts will be made aw,ilable to the RFD to prepare a project

proposal for World Bank assistance. Currently the project is viewed
 as a strengthening of the RFD, involving almost all divisions, with
 a variety of activities including forest village woodlots, reforestation,

and rehabilitation, fire control, research, etc.
 

71 
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11. DQscription
 

The optimum type of village program for retarding forest, 
degradation, whiae at the same time providing villagers with a 
fuel source, is a community or village woodlot activity. At 
the same time, and as discussed at Annex XV, there are tangible 
constraints to the community based idea and other alternatives 
will be addressed and tested in the program. The basic lo.ng-term 
development to be encouraged, however, would involve the 
community as a unit. Accordingly, the program below sets forth 
this alternative as the proposed point of departure, and the main
 
alternative- to be tested. The initial costs of this approach 
are probabl among the higher of the alternatives, and with 
reasonably comparable yields, the economics of this approach 
should encompass the others. 

In order to test the goal of safeguarding future fuel wood
 
supplies to the predominantly rural population, villager operated
 
woodlots will be established in or near the villages of the
 
Northeast region. The objectives of the activity will be to
 
a) provide a sustained supply of wood fuel for both woodlot owners
 
and non woodlot owners, b) lessen che pressures on cutting of
 
trees in the natural forests and poaching of trees on public
 
land in general,c)c:eation of employment opportunities and 
increased income for rural families, d) develop techniques to be
 
used as an important first step towards possibly country-wide
 
schemes, and e) stimulate interest in tree farming by demonstrating
 
the benefits which can come from such development.
 

The establishment of village operated woodlots is a new
 
concept in Thailand. The scale of development will be limited 
to selecting 20 villages in two provinces of the Northeast.
 
It is estimated that a total of 6,000 rai of land will be planted 
to various fast growing species over the five year period. This will 
benefit about 1000 rural families directly and many other 
families indirectly through easier access to wood fuel and 
through new emplcyment opportunities. In each of the participating 
villages up to 50 families will be selected to join the program, 
with 10 the first year and 10 in each succeeding year through the five 
years of the project. Each family will grow trees on up to 10 rai of 
land. This total of 6,000 rai will increase to 10,000 by the ninth year
 
based on planting by the 50 participating families.
 

Annex XV discusses some of the constraints in selecting land for
 
the village woodlots activity as well as some of the opportunities
 
for testing different approaches and applications on different
 
types of land holdings. Accordingly, a combination of
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some of the approaches suggested in Annex XV will be taken depending
 
on the situation in different villages and the interests of the
 
villagers. Within the total of 20 villages a target distribution of
 
the alternative approaches would be 8 in forest village land (2 in
 
each of the 4 RFD districts in the Northeast), 6 on public land and 6
 
private land including marginal lands, backyard woodlots and shelter
 
belts.
 

The villagers under the supervision of village woodlot
 
technicians will clear the land, prepare it for planting,
 
plant the seedlings, weed the area and provide fire protection.
 

The 	RFD will provide the villages with the planting stock
 
from the nursery centers. If more families than planned join
 
the program and a larger area is planted, village operated
 
nurseries may have to be established to meet the demand for
 
seedlings, but probably not for this project(see below).
 

It is expected that the average annual yield per rai will
 
A
be 2.7 m3 of wood after the initial five year period. 


participating family, therefore, will be able to cut on
 
continuing basis two rai of woodlot each year after the first
 
five years of the program. 

The RFD will employ two village woodlot officers and
 
five village woodlot technicians. These officers will be
 
responsible for the technical component of the project and will
 
supervise and train the villagers in woodlot establishment
 
techniques.
 

To assist in soil assessment of site suitability for planting
 

of individual species, technical assistance from a soils sciences
 

and forestry consultant will be provided in the initial phase. There
 

will also be a long term Thai consultant assigned to the activity, as
 

well as other technical assistance from US and Thai consultants 
as the
 

need is identified.
 

Trainir-g of the village woodlot technicians will be an
 
important part of the program. Some of the officers of the
 
RFD participating in the program will be sent for study tours
 
to a country having experience in tree farming (e.g., Philippines,
 
Korea). Other training will also be included.
 

The 	phases of the woodlots establishment will be as
 
follows:
 

1) 	Selection of the provinces and villages which will
 
participate in the program.
 

2) 	Location of the necessary public, private or
 
houselot land in or near the villages.
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3) 	Soil and site investigation.
 

4) 	 Coordination of the activities of the RFD and 
villages. 

5) 	 Training of the village woodlot technicians. 

6) 	 Training of the villagers in woodlot establishment 
techniques. 

7) 	Survey.
 

8) 	 Nursery stock preparation. 

9) 	Initial clearing and site preparation.
 

10) Staking.
 

11) Planting.
 

12) Weeding.
 

13) Fire control.
 

Constraints (See also Annex XV.) 
a) Difficulty in making land available for woodlots. 

b) 	Lack of experience in growing forest crops.
 

c) 	Limited numbers of trained RFD personnel to work
 
with villagers.
 

d) Protection of tree crops from fire hazard and grazing.
 

e) 	 Clash of woodlot and agricultural activities in tne
 
same season.
 

III. Technical Components 

a. 	Site Selection
 

Site selection will consist of two main activities:
 

a) Identification of the public .village or private
(houselot areas) land suitable for woodlot development
(location of the land and suitability of the site for individual
species). 
 This will be carried out by representatives of RFD,
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in coordination with other local officials, tambon and village
representatives, etc., depending on local requirements and
 
availability of responsible officials and land. 

b) 	 Surveying and marking of the land - this will be 
a separate activity. The cost should not exceed 090 per hectare
 
or $15 per rai.
 

The 	 subject of land availability and suitability
warrants special consideration. These criteria for site selection
 
will be followed:
 

1) 	Villages will be selected in those provinces of
 
the Northeast in which the forest land to total ratio does not
 
exceed 10 percent (see list above at page 9).
 

for the purpose of wocdlots in or near the village (assumes
 

2) The average mean annual rainfall should be at least 
1,200 mm. 

3) A minimum of 1,000 rai of land must be available 

expansion area will be needed, i.e. ,beyond the initial 500 rai
 
for 	the first 50 families).
 

4) 	Land presently covered by brush and used as 
a
 
source of fuel wood should be selected. Heavily grazed areas
 
should be avoided as much as possible.
 

5) The average elevation of the area should be
 
no more than 600 m above sea level.
 

6) 	Laterite soils are usually constraints to the
 
development of trees. 
 Therefore they should be addressed as a
 
special component, in the sense that experimentation with
 
species that can grow in laterite soil should be part of the
 
program, with the aim of eventually being able to use this
 
land. But the main effort in working with the villagers in this
 
project shouldbeto locate land where good yields will be 
ensured from the outset.
 

b. 	Land Requirements to Satisfy the Needs for Fuel Wood
 
Consumption in the Northeast
 

The 	average annual consumption of wool fuel in the

rural Northeast was recorded in 1970 as 8.23 m of wood per

3
household (or 1.35 m per capita). This is the highest

consumption in the country. In the optimum situation, a family

should have enough land available to produce wood fuel for their
 
own 	 needs and some surpl'.s to sel, to other villagers orvillages, 

xvo~
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There are several growing species with suitable properties for
 
use in village tree farming (see list above). The RFD is 
interested in introducing fast growing and high yielding
Leueaena leucocephala (giant Ipil-Ipil) in the areas included 
in the project. 

According to information from other countries
 
which have considerable experience with growing Ipil-Ipil
this species can produce 15 m3 of wood per hectare annually on
 a four year rotation basis, or 25 m3/ha./year on a five year
rotation. Some estimates put the annual increment even higher.
 

Some other fast growing species (Eucalyptus,

Casuariua spp., Acacia, etc.) have no such impressive increments
 
but it is estimated that they can reach at least half the
 
volume increment of the Ipil-Ipil during the same rotation.
 
These are conservative estimates for growth increment.
 

Two growing alternatives will be considered for the
 
woodlot requirement: a) fifty percent of the area will be
 
planted to Ipil-Ipil and 50 percent to other species; b) eighty

percent will be planted to Ipil-Ipil and 20 percent to other
 
species. Rotations of four and five years will be considered.
 
While the estimated annual increment and final yield are higher

for the 80 percent Ipil-Ipil alternative, local climate or 
soil conditions may act as a constraint, also in the longer
 
term there may be greater potent:al ecological benefit in a
 
more balanced mix. Whzie both percentages will be considered
 
for the project, therefore., the project discussion which
 
follows is based on the 50 percent mix. This also represents 
a more conservative yield projection, which is appropriate

given the experimental character of the project. The five year

rotation cycle is also applied as probably the preferred

alternative where results of a demonstration project are important,

The slightly longer cycle (five vs. four years; does result in
 
a marked improved yield.
 

At 50 percent/five year rotation, the annual increment
 
per rai is 2.7 mJ or 13-5 m3 over the five year term. Probably,

therefore, one ra. cf land planted annually by one family would
 
satisfy their wood fuel needs.' An area of two rai planted

annually would give the family en:ough yield to sell fuel wood
 
to other villagers and generate income, The total would be
 
correspondingly 5.4 m3 per rai annually or 27.0 m3 cver the five
 
years. Therefore the gcal will be to have each family employ 
up to 10 rai of land, of wh:ch two rai will be planted annually, 
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Assuming an.average village consists of 100 families,
the per village land required will ce 1000 rai 
 It is expected
that not all families in each village will participate in this
program. However, if this program proves to be a success and
other families choose to participate, a minimum cf 100 rai
should be potentially available in or near the village. 
This
land does not have to be in one piece, clusters of land each
consisting of about 150 rai would be preferable.
 

Some of the land which will be converted into woodlots
is presently used as grazing land. 
An alternative source of
fodder must be found. One cf the poss'bilities is to use
branching Hawaiian type of Ipil-Ipil as 
a source of this fodder.
Experience from other ccuntr:es shcws that the Ipil-lpil yields
a considerable volume of forage. 
 One system which deserves
attention would be to allow the Ipil-Ipil plants to grow for
about 18 months before cutting back to a height of one meter.
Thereafter, the regrcwth can be harvested at a three or four
month period. This would consistently give forage ield to
replace the fodder from the "lost" grazing landt
 

c. Payments to Villagers 

The discusston below assumes for project cost purposes
that the participating villagers will 
be pard for labor inclearing, site preparation, planting, weeding, etc. 
 It 's
necessary in any event 
t.) establish : cost for econcnuc
analysis and project cost purpcees, but the questi.n goes beycr.d
that (see also dzscussion at Annex XV under the accal anai.siE
of the woodlots scheme). The whole act.vity is a new untestedidea which requires !and work and time on the part of the
participating villagers ;t 
it is to succeed: On technacal grcunds
the project w ll 
require carefu. work at al. stages,.and
mct4vation and intesest aze esaential. 
 The project cene-.ts
will not materi-ailze if ti:e whcle activLty is not dcne well right
at the village level. 
 These benefits in turn are essential to
the spreading of the scheme. 
What is involved are the perceptions
of the villagers, their motivation during the project and their
recognition of proven benefitE at the end of the five years,
 

Voluntary participation, which may be 
seen aa work for
the Government rather than for their own benefit, may not be
adequate to carry the acti.vity through the five years with the
extent of work required. At the 
same time, payment for labor
in a village scheme 
:n which the benerits go tc the partcipants
should not in theory be necessary Theory, however, as best tested
in the project itself, while at the 
same time mating prcvision
for ensuring that the w=rx ana 
,a.:.-=patcn necessary for an
effective prcgram are nonetheles fcrthccm-ng.
 

http:cene-.ts
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Accordingly some situations, e.g. plantings on private land, will
 
test an approach where payment is not made to the. villagers for some or
 
all of the work components. In fact RFD regulations preclude payment to
 
villagers for laboring on private land, Thus in the event an approach is to
 
be tested involving any such payments, these would come from the AID funded
 
portion of establishment costs. The RFD would compensate by picking up a
 
larger portion at another site.
 

For the same reasons as reviewed above, seedlings will be provided
 
without charge except for testing in selected villages of the cost alter
native.
 

Since in most cases the project will bear the costs of establishment,
 
the discussion below assumes this approach which from a cost standpoint
 
covers the alternatives.
 

d. Site Preparation and Initial Clearing
 

The woodlots will be located in or close to a village,
 
and may have considerable variation in vegetative cover. Some
 
may contain only sparse vegetation, mostly grass, some may have
 
an extensive cover of shrubs and others may be covered by degraded
 
forest. The extent, difficulty and cost of site preparation
 
will depend on the condition of this vegetative cover, and
 
will affect the amount of work in terms of work days required to 
clear and prepare the land for planning. The average figure
 
provided by RFD, taking these variations into account, is three
 
work days per rai.
 

Site preparation includes cutting shrubby vegetation,
 
small bamboos, etc., in fact anything that can be cut by a
 
knife, and subsequent burning. Open grp-sland would be less
 
difficult and take time. At an average of three work days
 
per rai, the cost is estimated at 150 per rai for initial
 
clearing and %90 for site preparation.
 

To assure success of a new program which has not been
 
tested and which may be met with some skepticism from the
 
villagers, it is essential that losses be kept to a minimum.
 
Well prerared land for planting is one of the most important
 
prerequisites for a successful establishment of a woodlot. The wood
 
from the clearing operations will not be wasted and if feasible could poss
ibly be used in lieu of some or all of any proposed payments to villagers.
 

e. Staking
 

Staking includes preparation of stakes. About three work days will be
 
required at the cost of $90 per rai. This figure is based on spacing of 2x2
 
meters or 420 planLR per ral. Wider spacing would decrease the cost.
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f. 	 Nursery Stock Requirements 

The optimum spacing for a fuel wood plantation or for 
farmers woodlots is about 2x2 meters. Considering the 
inexperience of villagers in planting and tending trees, the
 
probable destruction of many seedlings and consequent risk
 
of high mortality, spacing 2x2 meters is appropriate. At this
 
spacing, the required number of seedlings per hectare would
 
be 2500, which represents 420 plants per rai (allowing some
 
margin for losses). The cost of plants produced by the RFD
 
nurseries is 0.5 per seedling. Therefore the cost of
 
nursery stock for one rai will be 0210 per annum.
 

g. 	Capability of the Nurseries to Produce the
 
Required Stock
 

In the Northeast there are at present eight forest
 
nursery centers operated by the RFD, each center producing

about three million seedlings per year. The present production

of seedlings is therefore adequate, and there should be no
 
difficulties in providing necessary stock to the villages

during the initial stages of the program.
 

Since the activity will be a pilot project from
 
which experience will be gained for further expension only

20 villages will be selected. Accordingly, there should be
 
no need for the establishment of new, village operated nurseries
 
for this project. The increase required in the production of
 
the existing nursery centers would be minimal. However if the
 
program succeeds and proves to be attractive, and it then expands

to a considerably larger area, there may become a need for local,

village operated nurseries. This would be in a follow up phase
 
to this project.
 

The nursery stock will be delivered to the villages by
 
an RFD truck and distribution of the seedlings supervised by
 
a designated village woodlot technician.
 

h. 	Planting
 

The productivity of a short-rotation woodlot using a
 
given species on a given site will be a function of stand
 
density and management. The more dense a stand the sooner crown
 
closure takes place and thus full utilization of the growth

potential of a site is achieved. As noted, it Is believed
 
that the most suitable plLnting spacing in the Northeast woodlots
 
will be 2x2 meters. Properly and carefully executed planting

is of great importance for the successful establishment of the
 
woodlots.
 

X 
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There is only limited information available on the 
planting costs in plantations of fast growing species.

Estimates of the RFD indicate costs can be as high as Jl50 per
rai. However in the teak afforestation project in the North 
the cost of planting teak stumps is as low as 060 per rai. 
It is estimated that a total of four work days will be requ.red 
to plant one rai of land at a cost of 0120. 

i. Weedin; 

Weeding will be an essential part of the woodlot
 
establishment. The survival chances for the planted stock and 
the subsequent productivity of the area both increase 
dramatically with proper tending. It is essential that the
 
villagers not face a failure in the establishment of the
 
woodlots in the initial phases of the program.
 

Weeding consists of hoeing a circular patch around
 
the plants. The most important time for this is at the end of
 
the rainy season, to reduce competition for water stored in the
 
soil during the following dry season. More tree scheme failures
 
are caused through insufficient weeding than from any other 
cause. 

The cost of weeding varies according to site and
 
type of species planted. It takes about three work days to
 
weed one rai of woodlot. In the teak afforestation scheme,
 
the cost of weeding averages 060 per rai. At least two weedings
 
are required after the establishment of the woodlot. The first
 
weeding should take place about one month after planting and
 
the second should be carried out just before the end of the
 
rainy season. Three work days will be required at a cost of
 
$90 for each weeding or 0180 per rai for establishment of each
 
new rai.
 

If the villagers are allowed to grow cash crops in the
 
space between individu.il trees for the first and second
 
growing seasons, much cf the weeding requirement will be
 
eliminated. This would both reduce the cost and result in
 
better growth of the trees. Also, as long as the crops are in
 
the ground, trespass by grazing cattle is less likely to be a
 
problem. At the same time, if this type of cropping is permitted,
 
care has to be taken to guard against the cash crops, and not
 
the trees, becoming the real point of the villagers effcrts.
 

http:individu.il
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The weeding should be closely supervised by the 
woodlot technicians and advice given to the villagers on the 
techniques of "-,.he cperation, 

J. 	 Fire ControL- _ 
i1 .. .| .'.I, 	 .
 

An- estimate -otal of 100 rai of laAd: per village will 
be required,annually Xbr.woodlot planting, Such an area will 
require about 1600 meibrd of fire lanes fivp.meters wide. The 
fire lane ccnststs-onT.7the' inside of a one meter strip
coripletely cleared of-'vefetation, and a fcil5meter strip on 
thq outside on-which the.,grass is cut and removed. This type 
of-fire lane can be made at the rate of 30 meters per wcri day,
requiring a total of 53 work days to complet. Using a wage rate 
of 930 per ,day- th6 chs'. ucio._ of si h a fre t.ane w-l1 cost 
approximately $1600, "Maintenance of the fi i,laris will require 
six months of work per year per village at the coi-l of 03600 
(20 .work days x 6 x 30 = 36001, 

k. 	 Tran.-gort. K. I-

The Northeast- has an adequate road inetwar. jnd:' 
theirefore primary transport of seedlings by.truc...
Is..no prcblem.
No serious problem ol access to the wccdlot areas axe 6pected,
Vehicles for seedling, del ivery and for supervising sEaff*,will be 
procured. 

Attached are. the follcwing sumary..pzoject tables: 

1. 	Planting Schedule oy Village,

2. 	 Predicted Volume Output,
3. 	 Per Rai Establishment Costs. 
4. 	Estimati C ts of Wocdlot Estanlistment icr 

One VLliage.
5. 	Estimate Budget fcr the V1
7llage Wocdlcts rrcgra,.
 



Table 1 

Village Woodlots 

Planting Schedule by illage al 

Families Year rai Total Area Planted 
-e -aTotali 

OH 

10 1 20 20 

20 2 20 20 -60, 

30 3 20 20 20 120

40 4 20 20 20 -20 20& 

50 5 20 20 20, 20 20 300 at end of project 

20 20 20'' 20 380 at en" -ofyear six 

7 20 20 20 440 at end of year seven. 

8 20. 20 480 at end of .yeareight 

9 20 500 at end of year nine 

Note: .Based on each family planting a-total of two-rai -.per year 
up,to,10 1ai.. 
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Table 2 

Village wooa-ots
 

Predicted Volume Output
 

Basis: 	 Total area planted would be 300 rai/20 villages
 
for a total of 6000 rai at the fifth year end of
 
project. This total would increase in the
 
succeeding years through the ninth year to
 
500 rai/20 villages for a total of 10,000 rai.
 

Year 	 Area Harvested (rai) Volume m3
 

6 400 5400 

7 800 10800 

8 1200 16200 

9 1600 21600 

10 2000 27000 

Note - Based on average yield of 13.5 m3/rai
 

over 5 year rotation.
 

- 50 percent of area planted to Ipil-Ipil. 

- 50 percent of area planted to other species.
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Table 3 

Village Woodlots
 

Per Rai. Establishment Costs 

A. Labor Time Required Cost
 

(In Ww days)
 

surveying and Marking 
 15 0.75 

Initial Clearing 5 150 
 7.50
 

Site Preparation 
 3 90 4.50
 

Staking 
 3 90, 4.50
 

Planting 
 4 120 6.00
 

Weeding 1 
 3 90 4.50
 

Weeding 2 3 
 90 4.50
 

Subtotal 21.5 
 645 32.25
 

B. Nursery Stock (seedlings) 420x%0.5 210 10.50
 
- -

Subtotal 
 855 42.75
 

C. Fire Lanes Per Village
 

Each 100 rai requires 1600 meters of fire lane 
at 01600 ($80) for construction. 
At 300 rai planted per village - 4800 240.00 

Fire lane maintenance per year 03600($180)- 3600 180.00
 



Table 4
 

Estimate Costs of Woodlot Establishment .- One Vll-age*
 

Year Number Area Estab.Cost Fire Total Cost 
 Total Cost
Families Planted 0855/rai Lanes** 
 $ 

1 10 20 17,100 17,100 855
 

2 20 40 34,200 34,20P 1,710
 

3 30 60 51,300 5,200 56,500 2,825
 

4 40 80 68,400 5,200 73,600 3,680
 

5 50 100 85,500 5,200 90,700 4,535
 

Total 50 300 256,500 15,600 272,100 
 13,605
 

* 	 Assuming 10 new families participate each year, for a total of 50 families in the
 
village at the end of five years.
 

'* 	On the basis of each 100 rai requiring 1600 meters of fire lane at 01600 for
construction and average 03600 per year for maintenance of the total length. 
 IM
 
x 

H 
OH 

I'



Table 5 

Village Woodlots 0 
Estimate Budget 

ItefItem 

I. Establishment Costs - One village for five years 

AID RTG Total 

0H 

2. Personnel Costs 

3. Non-expendables 

4. Housing 

S.. Office Building 
Storage Sheds 

at $13,605 x 20 

- $14,500xl year/$14,600x4 years 

- 2 trucks/2 jeeps/5 motorcycles 
(RTG cost)/other 

- Village Woodlot Officers x 2 
@$6000 
Village Woodlot Technicians x 5 
@$4000
Clerical Staff & Drivers x 4@$2000 

- 2 @$10,000 
- 20 @$100 

136,000 

72,000 

136,100 

72,900 

15,000 

12,000 

20,000 

8,000 

20,000 
2,000 

272,100 

72,900 

87,000 

12,000 

20,000 

8,000 

20,000 
2,000 

6. Expendables - Supplies, maintenance
Vehicles/Motozcycles @$100/month 
Other at $1000 per year 

Subtotal 
7. Technical Assistance - US(10 mos. est.)

Technical Assistance - Thai (54 pm est.)
Support.Costs subsistence, travel, etc.)Participant Travel. 
Training 

208,000 

75,000 
94,500 
41,000 

18,000 

24,000 
5,000 

315,000 

3,000 

24,000 
5,000 

_523,000 

75,000 
94,500 
41,0003,000 
18,000 

436,500 318,000 754,500 
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ECONOMIC ANALYSIS
 

Cost-Effectiveness of Technologies
 

Annexes III and IV set forth respectively the Thailandmacro energy picture and an analysis at the village level in
the Northeast. 
Part III of the text of the project paper is.
a general statement of the economic viability of the.totalrenewable. and non-conventional energy program proposed in thisproject. 

This Annex includes a detailed cost effectiveness analysis
for eight specific.project activities. These are.supplemented
for the-main-rural.oriented technologies in the specific
technical Annexes. (VIII 
-
X1I) in which these are discussed.
See discussions of biomass, water.lifting, solar drying,
village woodlots and micro-hydropower. Micro-hydropower,.
which is not covered in this Annex, is discussed in total at

Annex IV.
 

The specific analyses in this Annex XIII include the
 
following:
 

1. Improved Stoves.
 
2. Village Woodlots.
 
3. Water Lifting.

4. Energy Conservation in Rural Industries.
 
5. Biogas.
 
6. Solar Drying.

7. Pyrolysis of Agricultural Wastes.

8. 
Improved Charcoal Production.
 

1. Improved Stoves
 

The benefits of improved stove efficiencies accrue
on many levels, most of which are difficult to quantify
economically. The immediate impact of the project will be
reductions in use of fuel wood or charcoal and the accompanying
reduction in fuel cost, wood collection time, or charcoal
production time. 
The secondary effects of these reductions
may be of large magnitude. These effects 
are benefits to the
Thai people in terms of conserving a basic natural resource:
forests. 
 If managed properly the forests can provide valuable
prodLtts on a continual basis to future generations. If the
fores 
 stock is depleted as is currently being done, the
nation will lose a wide array of economic goods 
or crucial

ecological protection services.
 

f%'
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The secondary effects also accrue to the individual Asmore free time and/or cash. 
In rural areas the primary
benefit to the lower or poorer classes may well be in terms
of avoided fuel collection and production time. It would
most likely be the more well-to-do or urban wood fuel users
who would reap the main cash benefits. Given the low average
incmies in many rural areas, however, the cash benefits to even
these groups could be significant. Although there is a
significant amount of underemployment in many households,
there will be direct benefits in ways besides gaining time
(which has only potential economic value). Reduced wood fuel
collection time during peak labor demand periods of the
agricultural cycle would allow more time for agricultural
work. 
Women who.as a result of having both domestic and
agricultural responsibilities are often faced with the most
demanding work schedule, would be in most cases the beneficiaries
of reduced collection time. 
For those who are fully employed
there is a direct opportunity cost to collection time.
 
Analysis of the benefits of this program have been discussed
on two levels: 
 to society and to the individual. The initial
candidates for this program will be households facing higher
fuel costs. 
 It is expected that the efficiencies of fuel wood
stoves can be doubled, and of charcoal stoves increased by
fifty percent. 
Using per capita levels of domcstic wood fuel
consumption reported in the FAO study, actual woodfuel savings


can be estimated.
 

Annual per capita use presently (FAO, 1970) - 1.23m3 a (.67FW+56cc)
 

Use with improved stoves 0.71m3 
- .5(.67 )FW + .67(.56)cc
 
Percent fuel saving 1.23-0.71 x 100 - 40%


1.23-

Assuming a household size of 6.5 persons, annual fuel savings
of (6.5) (.67m3)(0.5)  2. 18m 3 of fe wood and of (6.5) (.56mroundwood equivalent) (.33)  1.20m 3 of charccal ie.
Using the conversion factor used in the FAO (6m 
are expected.


i.e. per ton
charcoal) study, this is a charcoal savings of 200 kg. of charcoal
 
per household.
 

The cash equivalent of these savingsA-w.ll vary significantly
with location in terms of proximity to wood fuel supplies.
Furthermore, there does not appear to be any recording of regional
wood fuel prices. In light of this,prices are only used to
provide an order of magnitude estimate of possible savings. 
 Using
the following prices of 060 per cubic meter o2 firewood stacked
 

7 /
 

http:savingsA-w.ll
http:1.23-0.71
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and 01000 per ton of charcoal, the annual fuel savings are
 
nearly $400. The savings are probably on the same order
 
of magnitude as the cost of the improved stove and
 
therefore the payback period for the stoves will be only
 
a year or so. This period will decrease rapidly over time
 
as wood fuel costs continue to rise and the cost of stoves
 
decreases due to mass production techniques.
 

The benefits accruing to Thai society in general can
 
be roughly examined from the perspective of forest land
 
conserved. In 1970, the FAO study estimated that the
 
domestic sector consumed 44.3 million m3 
of wood fuel. With
 
an expected savings of 40 percent per individual, total accep
tance of improves stoves would decrease wood fuel use by

about 18 million m . This quantity represents the annual
 
increment of about 9.6 million hectares or about 45 percent

of the total forest area reported by the RFD in 1973. This
 
quantity also represents over one percent of the total
 
forest standing stock. Although these figures assume total
 
conversion of existing stoves to the improved models, the
 
ecological and economic implications of a much lower
 
adoption level are still enormous especially in view of
 
the relatively minor costs of the program.
 

2. Village Woodlots
 

The village woodlots program is described in detail
 
at Annex XII and the costs set forth in that description
 
are the basis for this analysis. Not included, however, in
 
this analysis are the costs of consultant technical assistance
 
and training. In view of the pilot and experimental nature
 
of the activity, and the contribution which that assistance
 
and training should register beyond the limits of the
 
specific sit. program concerned here, it was considered
 
appropriate that these costs not be a charge on this initial
 
program.
 

In addition, although the proposed village woodlots
 
activity will involve testing and adaptation of alternative
 
approaches, the analysis in this section is conservatively

based on application of the full program. Thus, the economics
 
of the lesser cost alternatives (e.g., the household woodlots

approach which will involve reduced RTG budgetary require
ments for administration), are presumptively included given

the same expected yield factors.
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The 20.village/6000 rai program engages costs in
 
the following groups: (a) establishment; (b) fire lane
 
construction; (c) housing office and storage; (d) non
expandable equipment, including vehicles; (e) expendables,

maintenance requirements, etc.; (f) fire lane maintenance;
 
and (g) RFD personnel costs. These, in turn, encompass

both fixed and annual costs, as well as capitalized
 
annual costs for the first five years. The life of the
 
woodlot is assumed to be four rotations or 2d years;

however, for the cost of fertilizer, at significantly

less than the cost of establishment, that life could be
 
extended.
 

All costs are at estimated market prices. Labor 
was costed at 030 per work-day reflecting current wages
for hired agricultural workers; this rate is high but is 
acceptable as an average over the wet and dry seasons. 
The establishment of the woodlot, which is totally by
village labor, should occur mostly at the beginning of 
the rainy season, thereby possibly overlapping with one 
of the peak labor demand periods of the agricultural cycle 
land preparation and planting. If this occurs then the 
cost of labor could be significantly higher. 

Part of this demonstration woodlot program will
 
be experimentation with alternative woodlot establishment
 
times which do not coincide with crucial agricultural work
 
periods and to establish their technical and administrative
 
feasibility. The productivity of the trees should not be
 
seriously hampered nor should the cycle of nursery production

be upset unduly by such variations. In order to work out
 
schedules which are implementable, this issue of the
 
seasonality of the woodlot labor requirement needs to be
 
examined, most likely on a location specific basis in terms
 
of the nature of the land to be usad and the local supply

of labor at various times. Due to the questions to be
 
answered regarding this issue, the cost of labor was not
 
shadow priced based on season because it may be necessary
 
to avoid the present peak demand periods.
 

Table 1 summarizes the woodlot costs by the categories

indicated above. It also sets forth the derived costs per

rai and the annualized cost per rai. The total cost is
 
$14.30 per rai/per year. Applying an average yield of
 

3
2.7 m per rai over the second five year rotation, (i.e.

beginning in the sixth year from the start of the program),

the cost per cubic meter of wood yield is $5.30. The cost
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Table 1
 

Village Wcodlot Costs
 

C$)
 

Total Costs Costs per Rai 	Annualized
 
Costs per
 
Ral
 

I. 	Fixed Costs
 

A. Cost of Establishment
 
for 6000 rai 272,100 45.35 6.26.1/
 

B. Housing, Office,
 
Storage 62,000 10.33 1.43 2/
 

C. Non-expendables 	 15,000 2.50 0.452/
 

II. 	Capitalized Annual Ccsts
 

for First Five Years
 

A. Personnel 	 72,900 12.15 1.67
 

B. Expendables,

Maintenance, etc. 29,000 4.83 0.66
 

III. Annual Costs
 

A. Personnel 	 14,580 2.43 2.43
 

B. Expendables,
 
Maintenance, etc. 4,800 0.80 0.80
 

C. Fire Lane Maintenance 3,600 0:60 0.60
 

14.30
 
3	 3
At annual yield per rai = 2.70 m , the cost/	 5.30 

l/ 	4x5 yeaz rctat.cn life = 20 years 

annualized at 12,5%. 

2/ 	Assumed 20 yesai life 

3, 	 Assumed 10 yea: lie. 

http:rctat.cn


Table 1 

Village Woodlots 

Planting Schedule by Village 

Families Year rai Total Area Planted 

TraTJ) H
0H 

10 1 20 
20 

20 2 20 20 60 

30 3 20 20 20 120 

40 4 20 20 20 20 200 
50 5 20 20 20 20 20 300 at end of project 

6 20 20 20 20 380 at end of year six 
7 20 20 20 440 at end of year seven 

8 20 20 480 at end of year eight 
9 20 500 at end of year nine 

Note: Based on each family planting a total of two ral per yearup to 10 rai. 
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of non-woodlot firewood is not easy to ascertain for most
 
people in the Northeast where this activity will i:%carried
 
out. Most people collect their own firewood, and the costs
 
are largely in terms of collection time or possibly rental
 
of an ox-cart. Prices, however, have been recorded in
 
both urban and rural areas of the Northeast at approximately
 
$3.75 per cubic meter, 30 percent less than the estimated
 
cost per cubic meter of wood under this program. Several
 
observations, however, are in order on this point.
 

First, although this program is measured in terms
 
of yield at the end of the five years of this project, in
 
fact the planting begun by families joining after the first
 
year will continue until the end of the ninth year. The
 
300 rai per village area planted at the end of year five,
 
therefore, increases to 380, 440, 480 and 500 rai at the
 
end of each succeeding year through year nine. The total
 
area planted finally reaches 500 per village or 10,000 rai
 
for the program. This would reduce the annualized cost
 
per rai by $2.37 to $11.93 (adjusting for an increase of
 
$9,600 in establishment costs for additional fire lane
 
construction). See Table 2:
 

Second, the per rai cost calculated above is based
 
on annualized totals which include significant fixed :ostrs.
 
These will show as already incurred in the second rotation,
 
when the yields are calculated, and are not subject to
 
inflation in the intervening period. The per rai cost,
 
taking inflation into account up to the sixth year, should
 
therefore probably not increase at the general rate to which
 
the market price of.wood would be subject.
 

Third, apart from the fact that as a pilot project
 
the costs for technical assistance and training are not
 
included in this analysis, it is also to be expected that
 
this experimental program will result in alternatives and
 
in the spread of the concept with both fixed and continuing
 
costs which would be at substantially lower levels than in
 
this program. In fact, a purpose of the activity is to
 
teit the feasibility and suitability for repetition of the
 
whole principle of village woodlots, and the cost element
 
must be part of that experiment. Higher initial costs are
 
to be expected as part of the price of coverage and
 
flexib:lity which such an -nitial effort must zequire.
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Fourth, although it does not affect the cost per
rai, the yield per family from the 10 rai planted, even
at the $75 price above, will Imount to 02,025 per year
at an average yield of 13.5 m 
per rai over a five year
rotation (2.7 m3 per year). 
 At the end of the fifth
 year 10 families will have planted the full 10 rai, with
10 additional families reaching this acreage in each of
the succeeding years through year nine. 
 The income
potential is, therefore, significant and if the program
is successful in proving the feasibility of the concept,
there is at least one potential cost reduction - in
addition to the factors discussed above - which could make
the economics of the concept more attractive even immediately.
That savings 
 could come directly from the participating
villagers who oenefit from the project but are also paid

for their labor.
 

It is important to note that 38 percent of the
per rai cost is solely attributable to the costs of village
labor. 
To the extent that this results in income in rural
areas of the Northeast, it already serves an RTG purpose.
More than that, however, it can be expected that as the
 program succeeds and is repeated elsewhere, the demonstrated
benefits will have the effect of reducing or eliminating

the need for such payments, which are justified separately

under this initial project (see discussion at Annex XV).
 

Finally, beyond the microeccnomics there remains
the larger issue of deforestation and the value of afforestation
 or of reducing the damage to natural forests. 
To the extent
this experiment, notwithstanding its immediate costs, contributes
to that purpose or to the technology and policies required to
progress toward it, the cost should be worth it. 
 Whereas
the positive outcome of this microeconomic analysis should
eventually become clear as suggested above, substantially
larger costs will already have been incurred by Thailand in
terms of forest degradation if overuse continues.
 

For specific review of the cost and technical
factors for this project activity, see detailed discussion at
 
Annex XII.
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3. Water Lifting
 

Agricultural production is the primary sector underlying

the Thai economy; however, in recent years this sector has
exhibited some stagnation. Unit productivity or yields have
 
remained relatively constant and in
some cases have decreased.
The growth in agricultural output is mainly due to the expansion
of the land farmed, which in turn has contributed to the
 
pressures causing deforestation as well as to.use of land
marginally suited.to agriculture. In order to increase yields,
a large increase of the inputs to agriculture has been attempted:

high yielding varieties, mechanization, fertilization,.irrigation,

pesticides.. Most of these.inputs reflect or require the use of
 
greater amounts of energy.
 

Irrigation can increase yields of agriculturalproduction

when applied separately as well as.in conjunction with other new
inputs. Irrigation can be achieved in many ways and scales

ranging from large reservoir and irrigation canal systems supplying
a large area to 
a single.pump for a farmer. Irrigation from

pumping has. significant advantages over.other,methods involving

reseTvoir or tanks in that it doesn't require dam construction,

land acquisition, extensive canal systems, or the establishment

of a complex organizational structure. Furthermore it can be
scaled to most levels - household, village, etc. However pumping
has several drawbacks, which are only recently being overcome.

These problems ara concerned the issues of high maintenance

and operating costs, dependence.on fossil fuels (whose costs
 
are rising and whose availabIlity is uncertain) and of minimum
 
economics of scale. 

With the advent of increased research into the use of
appropriate small scale technologies and of renewable energy

resources, significant advances have been made in developing

low lift pumping systems which meet the needs of small farms.
This section will compare the economics of the newer technologies

-
solak, wind and biogas with diesel. Then the costs of supplying
irrigation water will be compared with the benefits due to increased
 
production.
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Approximately one quarter of the agricultural households in.

Thailand.farm less.than two hectares of land.. 
 These farmers.
 
have the lowest incomes,and therefore.often the least.access.to.

inputs.. In.comparing the. various pumping technologies, the

setting will.be a small farmer who harvests one hectare of

rice during the wet season.and one hectare of upland crop

during the dry season. According to a study in the Northeast#
 
this cropping pattern will require 12500 m water annually for
 
one hectare. Although this pertains to the NE, the results
 
of the analysis are generalized to other regions.
 

The conventional low lift water pumping technology employs

a diesel engine. The smallest size generally available is
 
about five horsepower and is quite easily capable of pumping

200 m3 of water per hour. The estimated cost of pumping water
 
using diesel engines is calculated in Table 3, The cost and life
time of the pumps were obtained from local Thai pump distributers.

The annual maintenance cost as 
well as the per hour fuel consumption

figures.are.based on actual findings in other developing countries.
 
In Table 3 several situations are examined. First (I.A.) the

unit cost of irrigation water is calculated for the small farmer

whose.water requirements could be met by a two horsepower

engine which is not often available. Because of the low capacity

utilization rate, the cost r.3r cubic meter of water is high:

?.8 US cents. The second case examinaes the cost when the use of
 
pump is close to optimal in that it pumps about 1000 hours

annually, which is suffigient to irrigate 16 hectares whose annual

requirement is 200,000 m . 
 Under these conditions the cost of
 
a cubic meter of water is lowered by an order of magnitude to about

.27 cent. A third option costed was based on one Bangkok pump

store which marketed a two horsepower diesel pump. The initial

capital cost of this pump, including 12 percent for spares, was
 
about $365 with a five year-lifetime. Amortizing this cost over

its lifetime at 10 percent p.a. 
(and assuming an annual maintenance
 
crcst of $100), the smaller.engine can supply the small farm
 
irrigation requirements at a cost of about 1.6 US cents per

cubic meter of water. 

* Water for the Northeast: A Strategy for the Development 
of Smali-Scale Water Resources prepared by As-an Institute
 
of Technologl for NESDB.
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Table 3-: Costs of Irrigation Usink Diesel Engines 
S5 hui uu puwur diesel pump 

- initial capital-cost 011,800 

+ .1,400 127. for spares 

013j200 ' 660
 

- annualized capital cost (7year life at lOZpia.) 
 * 135 

- annual maintenanca costs 200
 

Total Annual cost excluding fuel * 335 
A. Cost Of Waterfor small farm (I ha.) 

- annual water requirements .302Q 


- down-rated pumping capacity. 200 m3/hr. 

- hours of operation required annually 63 hours 

- annual fuel costs (1.0 liter diesel/hr)a(63 hr.)(4 B/L)b .. ,$ 13 
other annual costs *335
 

Total Annual Costs 
 $348 

- Cost per X3 of IRRIGATION WATER ($348 . 1250 ml) - $ .0278 

B. Cost of Water for large farm (optimal use of engine)
 

- maximum annual output: (1000 hrs.)(200 m3/hr.) ......... 200,000 -1 

(equivalent to r for 16 ha.)requirement 

- annual fuel Costs (1.0 L/Hr.) (1000 hr.)(4 B/L)b $200 

other annual costs 335 

Total Annual Costs $535
 

- Cost per m3 of IRRIGATION WATER($535 .-200,000 m3)- $.0021 

a - assuming down rated fuel consumption to be (.5.L/hphr)(2 hp) 

b - average current dollar cost of diesel fuel over next 7 years
assum ng current price of 3 X/L and l0@ p.a. real price inflation 
of fuel. 
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The high annual maintenance costs used in this analysis.
attempts to. reflect the actual expenses incurred rather thanthe low costs stated by pump manufactures to be about 2k
percent of.the initial cost. 
In many cases, maintenance
problems with diesel.pumps result 
 in total disuse thereby
greatly reducing the actual life of the pump. 
Furthermore,
inability to obtain fuel can also hibder the use of diesel pumps. 

On the other hand, both solar and wind water lifting havevery low maintenance and operating costs. 
 Currently they also
have higher initial capital costs. However in the near future
this will no longer be true because of the ability to scale down
both of these technologies to the actual pumping energyrequirements of the small farmer and because of continuing
technical developments. Solar pumping is based 
on the use of.photovoltaics, which is a fuel-and pollution-free means of
generating electric power. 
The technolcgy is modular and can
be adapted to any scale as well as being Elexible and adaptableto other.uses. 
 It has very low maintenance costs and high
reliability. The present costs of Eolar arrays are $8.00 per
peak watt; however, by the early 1980s this cost is projected
to be $1.50. In the past fcrecasted pr:.ce decreases have been
attained and in some cases exceeded. For the needs o' asmall farm (one na.) where 1250 ma.. 
 is required annuai.'y, givena head of 1-5 meter and a monthly peak of 200 mm., the requiredsolar array would need to have a capacity of 100 peak. watts.Table 4 estimates the cost of irrigation water from solar
pumping both at current prices and at those projected for the

1980s.
 

This Table also shows the estimated cost of pumping using
wind energy. This cost presented is 
a rough estimate; the initial
structure cost is based on batch production of at least 100 units.
This wind mill was developed at the National Aeronautical
Laboratory (Bangalore, India) both to meet the needs of small
farmers and to have very low maintenance costs. Other wind mills
are available which have lower initial costs. 
A fourth pumping alternative would be to operate a diesel
pump using biogas. 
This option requires only a few modifications
to the existing engine, in particular to the carburetor. The main
cost difference between a di.esel pump and a biogas pump would bein fuel costs. The amount of biogas required can be estimatedby substituting for the diesel fuel on the basis of heat content. 



ANNEX XIII 
Page 11 of 26 

Table A : Solar + Wind Pumpinit Costs for Small Farms
 

I. Solar Fu=p Coits for Small Farm (100 peak watts)
 

Current Prices Early 1980's Prices
 

- initial solar array costs (including

$100 support structive) $ 900 $ 250
 

annualized over 15 years at 10% p.a. 
 $118 $ 33
 

- pumpset cost 
 $ 200 $200
 

annualized over 10 years at 10 p.a. $ 33 
 $ 33
 

- annual maintenance costs 
 20 20
 

Total Annual Costs $171 $ 86
 

Unit Cost of Irrigation Water
 

- 3
annual pumping requirement 12,500 m


Cost per m3 water $0.014 $0.0069
 

I. Wind Mill and Pump Costs for Small Farm*
 
(these costs are for a 10 meter HAL windmill
 
developed in India for high performance at low
 
wind speeds. Its pumping capacity is somewhat
 
greater than the small farm requirements being

discussed here but the costs have not been scaled

down) 
 Total Cost Annual Costs
 

- initial structure costs 
 $ 1038
 

annualized over 28 years at 107. p.a. 
 $ 111
 

- Sails 
 47
 

annualized over 2 years at 107. p.a. 
 27
 

- pump 95
 

annualized over 7 years at 107. p.a. 
 19
 

Total Annual Costs 
 $ 157
 

Unit Cost of Irrigation Water
 

--annual pumping requirement 12,500 m3
 

Cost per M3 Water ................. $ 0.013
 

* adapted from Sherat K. Tewari "Economics of Wind Energy Use
 
for Irrigation in India", Science. vol. 202, 3 November 1978.
 

Y\7 
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One liter of diesel fuel contains 9371 kcal whQreas 1 m3
 

of biogas contains 5000 kcal; therefore, 1.87 m of biogas
 
are required to replace 1 liter of diesel fuel. For a
 
five h.p. pump on a small farm where 63 liters of diesel wer2
 
required, the amount of biogas needed instead wouldbe 118 m.
 
This annual amount s equal to about 20% of the total.. annual
 
production of a 5 mi digester. (see biogas analysis, item 5 bglow).

Based on the cost of biogas entimated is the section ($l.1/m or

$0.056/m3 , the annual biogas cost for the small farmer would be
 
$130 or $6.15 compared to 0250 and $12.50 for annual diesel fuel
 
costs. The unit cost, however, of a cubic meter of irrigation
 
water using biogas is only reduced to 2.7 U.S.cents from 2.8
 
UoS.cents using diesel. This is due to the low utilization rate
 
of a 5 h.p, pump on a small farm. The same cost reduction would
 
hold for the use of biogas with a 2 h.p. diesel pump. The unit
 
cost reduction would be..much greater if the 5 h.p. biogas pump
 
was utilized.at.its.capacity. Biogas could lower the unit cost
 
of water calculatedin.Table 3 (I.B.) using diesel by about
 
15 percent, this. level of opeation would require a biogas plant

which produced on average 5 mJ of biogas daily and some gas storage.
 

Table 5.summarizes the costs of alternative pumping

technologies.available to small farms and also presents a sample

estimation.of.the.value of irrigaticn water.. Even at current
 
prices, solar and wind energy are the most econom.c means of
 
providing water fora small farm, In the future they will become
 
even more attractive whereas the diesel cost will probably rise
 
over the next. few years. The price of diesel fuel in.the
 
calculations was raised to reflect an average of its projected

price over the next seven years. The cost of biogas should at
 
the same time be decreasing; however, the appeal of the use
 
will be handicapped.by the minimum scale of pumps available.
 
However if.this can be.overccme, the combined production of
 
fertilizer.and.energy for.irrigation from digesters should.
 
prove to be an even more attractive technology in the future.
 

It should be noted that the solar pumps in particular.are

costed to meet the requirements of a small farm whereas.. the 
diesel pumps have the capacity to supply water for.a much larger
 
area. Therefore in judging the attractiveness of diesel.pumping

in general, it should-be recalled.that at capacity.the..cost of
 
water from diesel is only about U.S. cents 0.3 per cubic meter.
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Table 5 - Summary of Benefits and Costs of
 
Low Lift Pumping for Small Farms
 

I. Coat per m3 irrigation water for 1 hectare farm requIr,ng
 

12500 3 annually
 

Lu.s. cents/O 
5 h.p. diesel * 
 0.56 
 2.8
 

2 h.p. diesel 
 0.33 
 1.6
 

solar (current costs) 0.28 
 1.4
 

(early 1980's costs) 0.14 
 0.7
 

wind 
 0.26 
 1.3
 

5 h.p. diesel using biogas * 0.54 2.7 

2 h.p. diesel using biogas 0.32 
 1.6
 

31. Benefits per M irrigation water (NE)** 
Value/rn3 

With / Without Fertilizer
 

- wet season supplementary irrigation : 5000 m3 P .31 P .125
 

- dry season crop 3
7500 m 0.42
 

Average Value of Water 
 P .38 P * 30 
at 20$/$ U.S. cents 1.9 / 1.5 

* Baved on meeting only the water requirements of a small farm 
If used at maximVm capacity unit costs would be 0.05 0/m3 or

0.3 U.S. cents/mi. Unlike wind or solar, diesel pumps are

often not available at the scale of the small farm's use 
requirements. 

•* Based on Water for theNortheast: A stratelt, for the Development

of Small ScaleWater Resources prepared by Asian Institute of
 
Technology in the NESDB (Volumel)
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As indicated in Table 5, irrigation would be quite beneficial 
to the productivity of a small farm. Cost-benefit.analysis of
 
irrigation,investments can be quite complex, and.the.best.
 
perspective would-require.a,systematic analysis .of all.agricultural
inputs, in.order.to develop the optimal package of water, fertilizer
 
and seed inputs. For present purposes, however, this analysis

only indicates the basic attractiveness of solar, wind and, to
 
a limited extent, biogas as pumping technologies for small farms.
 

4. Energy Conservation in Rural Industries
 

Many rural industries, such as tobacco, pottexy,brick,

lime, salt and rice are very energy intensive.operations.

Production usually occurs.on a rather small scale; 'ind due to
 
h~gh fuel.prices, energy costs may represent.a larg-.fraction

of total,costs, possibly 30 percent. As a result, these
 
industriesare being severely pressed economically due to rising
 
energy costs.
 

The.primary fuel for.most of these industries. (except

rice milling) is.fuel wocd.. According to the 1972 FAO.Timber 
Trends Study by de Back r and Openshaw, industrial wood use.
 
amounted to about.9xlOkcal (about 3.7 million mi wood)

or nearly 25 percent of.industrial fuel consumption.excluding.

electric power use. An energy conservation program would.
 
provide benefits to society by reducing the use of forest
 
resources and to the individual firm by reducing operating.costs.

Furthermore a fuel wood energy conservation program would
 
hopefully aid the most needy - the small scale operators.

In some. industries, it seems that the larger operations have
 
switched to other energy sources.
 

There appears to be room, however, for significant

improvement in the efficiency with which energy is used by small
 
industries as well. 
In some cases, the goal may be to redesign

to varying degrees the equipment such as a kiln. In others energy

conservation may translate into assisting the switch from one
 
fuel to another. For salt production, using fuel wood for
boiling off water is a common practice; however, in addition to 
a scarcity of wood in many salt producing areas, a very practical

alternative source of energy is available solar. It may also
-

be feasible.to meet some of the tobacco curing needs with solar
 
energy.
 

In addition to conservation efforts aimed at wood fuel
 
use, there. is also potential for increasing the efficiency

of energy use in lignite-fired tobacco barns and in rice mills.
 
It is possible that the efficiency of lignite use for tobacco
 
curing could be easily doubled if not tripled, although the
 
cost of this effort is so far uncertain. Presently about one-third
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of the tobacco crop is dried using lignite; therefore significant
 
amounts of lignite could be saved.
 

With regard to rice mills, it is not known to what
 
extent paddy husks are. used.to fuel rice mills; however, the
 
use of.husks in this manner probably would be one of the most
 
efficient uses of this. resource. This possibility is most
 
likelynot applicable to. the majority of very small mills
 
which are diesel powered.
 

In general the costs of increasing the efficiencies
 
of energy use in rural industry are unknown. However in light
 
of the.potentialbenefits.and:the energy supply difficulties
 
facing.these industries and in order to determine the actual
 
value,of.such an effort, energy conservation assistance would be
 
very valuable.
 

5. Biogas
 

Economic analysis of biogas production is a complex
 
undertakening because.of the numerous present and alternative
 
uses of the input (primarily animal manu;e) and the joint

production of methane.gas. and fertilizer . It is further..
 
complicated,by the difficulties of quantifying increased,health
 
benefits and reduced.nuisance.from the collection and treatment
 
of the manures. In addition, the social cost of introducing
 
biogas will vary from place to place; in Thailand this cost
 
does not appear to be high in that people are receptive to the
 
idea of biogas.
 

In this analysis with regard to inputs for biogas.
 
production only animal manure will be discussed, leaving out
 
agricultural residues. and human excreta. Although most of the
 
following discussion would.apply to these other inputs,.
 
discussion of just animal manures which are the most common inputs
 
will make the analysis easier to describe.
 

* Much work has published on this issue for example see A. Barnett, 
L. Pyle and SK.Subramanian, Biogas Technology in the Third World:
 
A Multidisciplinary Review, International Development Research
 
Center (IDRC-103e); Ottawa, Canada, 1978.
 

i: 
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Animal manure. is. traditionally used.in many parts.of
the world,as.either fertilizer,or.fuel.. In some places.. it 
is not fully utilized,although the percent of manure which can 
be practically collectedis a function of livestock management
methods... In.addition to.biogas, a relatively "new" alternative 
use of.manure.is in scientific.composting. In all of its uses 
except for biogas, the.capital cost is negligible and the scale 
of use.infinitely.flexible.. It.can either be dried into
 
bricks.for.fuel, applied to fields, mixed with other residues for
 
composting.. Biogas.production, on the contrary, involves some
 
initial.capital.and a minimum scale of production; therefore,
 
prospective biogas users must have access to adequate supplies
 
of each.
 

The availability of capital is a function of the
 
availability of credit as well as the economic position of the
 
household. At a present initial cost of about $150, a biogas plant
 
could requije as much as 10 percent of a farm household gross
 
cash income . The testing of ways, methods and materials.to
 
lower this.initial capital cost will be a main effort in this
 
activity. Although the economics of a biogas unit are quite
 
favorable, for.many families which collect fuel wood,.its main
 
cash benefit may be the value of increased agricultural production
 
due to fertilizer produced. There may also be indirect ("ash
 
benefits due to saved fuel collection time which can be productively
 
used in agricultural work. Nevertheless, in order for biogas
 
to be a feasible option for.the poor, adequate credit availability
 
is needed; furthermore,-credit conditions. could take.into account
 
the social. benefits of.biogas production - reduced fuel wood'
 
consumption, better sanitary conditions, and reliance on a
 
renewable energy resource.
 

The availability of animal manure. is another constraint..
 
Data indicate that 58 percent.of Thailand's 7.8 million households
 
are primarily agriculturally employed and the average farm
 
household has 0.97 cow, 1.27 buffalo, 0.67 pig and 11 chickens.
 

* Based on a gross cash income of about 02lu0 for a household
 
with 6-15 rai in the Northeast in 1970 (MOAC in World Bank report).
 

http:materials.to
http:parts.of
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Although the reported manure requirements for a family size 
biogas. unit. vary, the manure.produced. by these. average, livestock 
holdings.is close to.that required-to meet household.cooking
needs. .However in the Northeast, the average:household livestock
 
holdings.are larger: 1.1 cows, 2.0 buffalo, 0.4 pig and 8
 
chickens; therefore.'adequate.biogas.production.is possible for
 
probably the majority of agricultural households in.that
 
region. However as the technology of biogas production develops,
 
more efficient.means.will-be developed which will lower the
 
manure.and.capital requirements. Nevertheless the potential for
 
widespread use of biogas does presently exist, especially in the
 
Northeast. In light of.the low average income levels.in.that
 
region, the benefits. of biogas plants to the average farm can
 
be significant.
 

In evaluating the costs of biogas, determination of che
 
initial capital costs.and the annual maintenance costs is
 
conceptually-.straightforward, although there is uncertainty.in 
these estimates. As to the cost of dung, tere are several
 
options.which need.to.be.explored by determining the. value of
 
the manure.as. fuel, fertilizer or an input to scientific
 
composting.. In Thailand.manure is rarely used as fuel. It is
 
quite.common.that.manureis.used as fertilizer, most often
 
by letting animals..graze on the field during the dry season or by

putting.manure. from.the corrals. on the fields. or on small
 
vegetable.plots. The.fertilizer value of this manure application

is hard.to assess.because it is often left exposed for great
langths.of time and it offers both inorganic nutrients such as
 
nitrogen and organic components such as humus which is
 
difficult to. value. Manure has a greater value as fertilizer when
 
used in scientific composting. This opportunity cost would be
 
based on. the feasibility of properly implemen;ting a scientific
 
composting program.
 

For the purposes of this discussion, biogas.will be analyzed
 
on the basis.of the value of the gas produced only and at the
 
same time assuming the cost of manure to be zero. This simplifica
tion assumes that the value of the fertilizer co-produced.with

the biogas adequately.counterbalances the opportunity cost of
 
the manure in either its original form or use in composting.

In fact the biogas.slurry is a better fertilizer than original
 
manure.. Furthermore, it is equivalent in fertilizer value to
 
the product of composting; therefore, in light of the effort
 
required for composting, except for the initial cost, biogas will
 
be a more productive means for producing an enriched fertilizer.
 

http:levels.in
http:holdings.is
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Given the.crucial need for fertilizer in many developing
areas.the.primary focus.of.the-analysis of biogas can.be

fertilizer.production.. 
In analysis. elsewhere concerning India,
investzent,in.biogas.plants for.nitrogen fertilizer has been
quite.favorably compared with investment in urea plants*.
Analyzing the econcmics.of biogas cn 
the basis of.energy only
is therefore a strong test of its attractiveness.
 

Table 6 shows the results of estimating the generating
costs of biogas. The ppital cos 
 is derivel from the Fertilizer
Research Station, MOAC for a 5 m digester". The gas production
figure is based.the output of several currently operating plants.
The maintenance cost.is based on figures used. in other analyses.

The assumed lifetime of 10 years is meant to be. a conservative
figure.and.is less. than what is used in other analyses. The
resulting cost-of.biogas.is.quite sensit've to the lifetime
of the plant; increasing it to 15 years would lcwer the generating

costs by nearly 15 percent. 
Although the analysis presented is
quite 'simplified, it does indicate that bicgas is more economical
than equivalent,commercial fuels with 
the significant added benefitsof being totally domestically produced and renewable, unlike both
LPG and diesel fuel. 

Analyses of biogas in the context cf the village household
is more difficult. The unit described in Table 6 is more thanadequate on the average for supplying the required cooking energy
for a large family. Biagas use is at least three times and
possibly as much as six times (5 percent versus 30 percent) moreefficient than fuel wood. 
Using a cost of 960 per cubic mster of
stacked wood, the cost per 1000 kcal is 0.0375/using 1.5 m
solid, o.6 tons per m3 and 4000 kcal/kg wood). At one sixth the
efficiency, the cost of wood for cooking is identical to that of
using biogas. 

However for families who collect wood, their decisionwould be based on the amount of ccllect.on time and the alterative
'nse of this time. In this case it would be useful to evaluate theaenefits from the fertilizer produced because a reasonable, numberof households purchase chemical fertilizer. The benefits from
 

* See p. 87 A. Barnett et al., op.,cit. 
** MOAC - Ministry of Agriculture and Cocperatives.
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Table a. Economic Analysis of Biogas Production
 

Unit description 	 digester volume m3
3


reported average daily gas product 1.7 m

cost (not including household labor) 03000 or $15.0
 
annual maintenance $10
 
lifetime 	 10 year
 

Generatinq Cost of 	Bioaas (not including benefits of fertilizer production)
 

1. Annual Costs (operating labor and manure cost not included*)
 

annual capital cost (10 years at 10%p.a.) $24.50
 
maintenance $10.00
 

Total $34.50
 

2. Annual Gas Production
 

(1.7 m3 biogas/day)(365 dqy/yr) 620 m3
 
at 5000 kcal/mJ biogas 3.1x10 kcal
 

3
3. Unit generating 	costs $0.056/m3 or %l.I/m

1 

$0.011/1000 kcal or X.22/1000 kcal
 

Cdmparison with Cost of Other Fuels
 

Fuel** S/1000 kcal 	 '9/l000 kcil
 

bioqas 0.011 	 0.22
 
LPG * 0.025 	 0.50
 
diesel fuel 0.016 	 0.32
 

f,
uels with equivalent end use efficiencies. 
* At h hr/day, total operating labor may be 23 person-days per year. 

* assumed 15% price increase over 1977 price.
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foregone-or reduced.fertilizer.costs or increased.yields.may 
pay for.most.cf.the:biogas.plant.. Overall,.despite.the

attractivenessof biogas.plants as both a renewable.soura.
 
of energy and fertilizer, it is still important to lower the
 
initial cost.in order to make it accessible to a greater

fraction of agricultural households.
 

6. Solar Drying
 

The advantages of solar drying (as compared to open-air

drying) are numerous both from economic and health perspectives.

Solar drying is applicable to a wide range of products:: grains,

vegetables, fruits,.seafocd and tobacco. In some cases, solar.
 
drying would permit drying of products which are not presently

dried. Solar drying compared to open air drying takes less time,

produces a longer lasting more attractive and less contaminated.
 
product, and in many ways results in significantly less losses.
 
In Thailand the.major target products of a solar drying

technology would.besecond crop rice, fish and vegetables and
 
possibly tobacco.
 

The primary economic benefits of solar drying of
 
monsoon-harvested rice are t1,reefold: (W) reduction of crop

losses due.to spoilage, insect-, birds and physical losses on.
 
the open ground, (ii) produc,-. of a better product (less

moisture content) which can be sold for a higher price and
 
(iii) increased flexibility of time of marketing due to increased
 
storage life. 
 Crop losses from open air drying and high moisture
 
content are difficult to determine; however, estimates of crop

losses are in the 5-15 percent of total prodtiction range, and for 
some crops high as 50 percent; fish for e:ca.r ie. The higher value 
of better dried paddy derives from its bettez i.lling
characteristics because of the greater yiei2 of unbroken grains.

Increased marketin6,flexibility enables farie:s to avoid having

to sell their paddy during harvest season when prices are lowest.
 

There are several types of solar rice viero which
 
have been developed and-used extensively in ; field*.
 
They range in capacity from 20 kg. to many tc&.s per day and.the
 
initial cost of these devices ranges from $10 to $25,000.

In this project low cost, farm size, natural connection driers
 
will be demonstrated.
 

* A very practical summary of the various driers and an assessment
 
of their technical, economic and performance.characteristics.is
 
available in the Prceedincs of the Solar Drying Workshop (Manila,

Philippines, October 18-21, 1978) 14-nistry ot Energy oft-he
 
Philippines and UNESCO.
 

http:characteristics.is
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One of the widely used.and successful driers is the
 
tent drier which is simply constructed from bamboo poles and
clear polythene sheeting. 
Given the widespread availability of
plastic in Thailand, access to construction materials will not
be a problem. The cost of construction, excluding labor, may
be as 
little as $10-20 for a small farm size version. The lifetime
of this drier is maybe only six months to one year. The benefits
from using the drier are expected to be a reduction of crop loss
of five percent of the total paddy harvest plus a five porcent
higher selling price from better quality and timing.. For the
subsistence farmer harvesting a hectare of paddy land with"a yield
of 1.8 tons/ha, the increased production is equal to 90 kg of
paddy at 02.5/kg or a savings of B/225($14). A five percent

higher selling price would amount to another 0225 ($11).
Therefore the.increased income from one hectare worth of paddy
would.be more than.sufficient to recoup the cost of the drier.
In this. analysis both.the reduced losses and the increased selling
price figures are.rough but conservative. To the extent that the
dryer is used.for other.products: vegetables and fish, for
example, the benefits from one year's operation.will increase
greatly. 
These economic benefits will be supplemented by health.
benefits from better.nutrition because of consumption of more
solar-dried fruits and vegetables and from reduction in insect
 
infestation.
 

7. Pyrolysis of Agricultural Wastes
 

The pyrolysis program is aimed at the Central as well as
possibly the Northern region of Thailand. In these areas there
is a relative abundance of agricultural residue which could be
economically converted to fuel thereby lessening the demand for
wood fuel and petroleum products. This substitution of fuel use
will both reduce the pressure on forestland and oil import costs.
The basic technology for pyrolysis is quite simple and the
materials readily available. A current program in Indonesia
 appears to.be directly applicable, and the equipment and labor

skills required are readily available in Thailand.
 

The costs and revenues of a pyrolysis unit are.shown
in Table 7; they are based on those in Indonesia. The.unit
presented can handle one ton per day of agricultural wastes-such
 as 
rice hulls and can produce daily 0.25 tons of charcoal, 0.15
tons of pyrolytic oil and some gas. 
 It was assumed to operate
150 days per year and require one srhift of two workers. The
design analyzed in Table 7 does not include the utilization of
the off gas, and it is assumed to be initially flared.
 

http:would.be
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Table 2. Costs and Revenues of One Ton/Day Model. 

(one ton of rice hulls innut daily, one shift, gas

flared)
 

Capital Costs 
 9peratin2 and Maintenance Costs 
Production costs $1850 labor (2wks for 150 days
at 400/day) 


$600
 
Building & hull Management overhead and
s&torage 
 .600 maintenance' 
 270
 
Contingenqy 
 100 Debt service (over 10 years 245
 

at 12.5% annually)
 

Working capital 500 Depre.ciation (straight 305'
 
line over 10 years)
 

$3035 $140, 

Revenues
 

Charcoal:0.25 ton/d for 150 days at 1000i/ton 
 41880 
pyrolytic oils:0.15 ton/d for 150 days at 1447%/ton" 1630
 

Off-take gas: no revenues/benefits accorded at 
 n.a.
 
this time
 

$35,10 
Annual profits - $3510-$1420 
 -$2090
 

Return on investment $2090 -69%
 

Payback period 
 - $3050 .1.5 -years 

* Exchange.. rate of 20% a US$1.
 

** in proportion to heating value, two-third of the price
of kerosene (ZEA 1977), 

http:oils:0.15
http:Charcoal:0.25
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The potential of this gas has been estimated to be able to
 
dry several tons of paddy daily or alternatively it can be useu
 
to run an engine if it is sufficiently clean. The materials
 
required are several 200 liter and one 100 liter oil barrels,

insulated ductings, an exhaust fan, etc. - all easily fabricated
 
or available at middle sized metal shops and supply stores.
 
The labor required does.not need to be specifically skilled;
 
some initial training and on-the-job experience will be sufficient.
 

The analysis presented in Table 7 is conservative in'that
 
the revenues are low estimates. in particular the price for
 
pyrolytic oils, which have two-thirds the heating value of
 
kerosene and with minor end-use adaptions can be used as a

substitute, is based on the retail price of kerosene in Bangkok
in 1977 from the NEA report, Thailand Energy Situation '77.
 
The current price is undoubtabiy higher, plus it does not
 
include any transportation cost which would be paid for kerosene
 
to be shipped beyond Bangkok. However, on the other.hand no
 
costs are included for the input materials. Such costs would
 
reflect either the fertilizer value of the straw or the fuel value
 
of the paddy husks (see discussion belowr).
 

The applicability of a un.t this size is quite widespread.

A rice mill of only about 3-4 tons per day capacity would
 
produce sufficient rice husks. Also based on production of
 
rice straw, a group of 30 households farming 10 rai of paddy

with a yield of 250 kg paddy or 500 kg straw per rai would also
 
generate enough straw annually.
 

The potential benefits of widespread use of pyrolysis

units are quite significant in the aggregate. Presently significant

amounts of rice hulls and other agricultural residues such as
 
rice straw are not fully utilized. By diverting a fraction of
 
these residues for pyrolysis, their present opportunity cost is
 
their value as fertilizer both for inorganic and organic nutrients.
 
In most cases. stra. seems to be burnt in the fields and the ashes
 
spread on the fields. This fertilization does not necessarily.

need be lost since the ashes from the use of the charcoal produced

from pyrolysis can still bn returned to the soil; however, there
 
may be some distributional effects as to where the straw or
 
residues are grown and where the ashes are used. In any case, the
 
value of the organic matter in the residues will be lost, but
 
this cost is difficult to calculate,
 

-'0J\ 
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In order to explore the potential benefits of pyrolysis
on an aggregate level, it will be assumed that 5 percent of
the total agricultural residue-of Thailand are usel.in this
manner. 
From Tables 5 and 6 above in Annex III (Enery Use inThailand) it was calculated that these residues tota2 eT60l t'
 cal in 1976/77 of which about 75 may be required as
animal feed; therefore this.discussion is qxamining neir10~l
percent of the remaining residues or ExlO'
 4 kcal (about 2.42
million tons) of residues. 
Based oa the pyrolysis production
figures in Table 7, these residues would be converted to .606
million tons.of charcoal and .364 million tons of pyrolysig oils.
The charcoal.production would result in 
at least a 3.64x101
cubic meter reduction in wood use Issuming the standard but very
efficient conversion factor of 6 
m 
of wood per ton.of charcoal.
This amount is equal to over eight percent of total domestic.
wood fuel use in 1970. It is also equivalent to the annual
increment from nearly two million hectares of forestland which is
nearly 10 percent of the total in 1973.
 

The magnitude of wood conservation is quLte significant
and is based.on the.eventual use of between one and two mill on
pyrolysis units. 
 The output of pyrolytic oil would be sufficient
to'replace totally the use of kerosene at its 1977 consumption
level with a domestic renewable fuel that is produced on the

local level.
 

8. Improved Charcoal Production
 

The benefits of improved charcoal production would be
more efficient use of wood resources or, for a given supply of
charcoal, reduced use of wood resources. For the individual
charcoal maker, collection,time and costs would be less or the
output of charcoal.greater.. Charcoal is currently produced by
several methods in Thailand. One genera1 method is to smother
the ignited wood stack with rice husks. 
Another one seems to
be to cover the ignited wood with large leaves and then dirt.
The former method is probably more efficient in that some of
the husks also become char and the resulting charcoal is
cleaner.. it is projected that the efficiency of charcoal
production could be increased by about 30 percent usi.ng!d'f~erent

techniques.
 

One suggested improvement would be the use of oil drums
as a
combustion chamberr, this would facilitate higher.efficiencies
through an air tight kiln as well as produce a cleaner product.
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Constructicn of this kiln would involve two 200 liter drums
welded together and a support structure. The initial cost
would.include several days of a metal worker and welder.
actual cost of this. device in Thailand.is not confirmed but
The
 

an order of magnitude estimate would be about US$30.
 

The profitability of this device is 
a factor of its
initial cost and the amount of increased efficiency. An added
factor is the availability of the initial capital requirement.

for the.individual charcoal maker. 
If two 200 liter barrels
are used, the.internal area would be about 0.4 cubic meters.

The average loading of wood would be about 0.25 cubic meters of
solid wood.. If a charcoal producer undertakes about 100 liadings
annually, about 25 cubic meters of wood will be used to make
about 4.3 tons of charcoal. This assumes a conversion rate
of six m of wood per on of charcoal as opposed to a possible
current rate of nine mJ 
per ton. These rates are merely
illustrative and do not reflect actual surveyed results,

they do however serve to demonstrate the .relative efficiency

increases which can be expected. 
Table 8 shows the results of
the analysis under two sets of conditions. In both cases the
efficiency is increased.by about 30 percent; however, the
 
initial efficiencies are varied..
 

As can be seen, the increased charcoal production resulting
from the higher yields is sufficient to pay for the initial cost
of the device within the first year of operation.
 

On the aggregate level if the improved method was cononly
used, the consumption of wood for charcoal production would
decrease by about one third. According to the 1972 FAO timber.
study noted above (de Backer and Openshaw), in 1970 the total
consumption of charcoal.for residential or domestic use in
Thailand.Vas estimated to be 3.4 million tons or 20.3 million
cubic meters of round wood equivalent assuming six m3 of wood
per ton of charcoal. 
The FAO study did not at that time explore
the efficiency of charcoal production, but assumed the standard
conversion rate which assumes a high rate of effic ency.
Current production methods require more than six m3 of wood per
ton of charcoal, more likely about nine or 12 m3 
per ton.
Researchers in Africa have found that some traditional methods
 use as much as 18.m 3 of wood per ton of charcoal produced.
The mist efficient kilns or retorts achieve rates of five to

six m3 per ton.
 

Although the efficiencies of charcoal production

probably presently fall between these extremes, a 30 percent
increase in efficiency is feasible. 
Such an increase could result
in as much as 
a saving of six million m3 of wood according tothe 1970 figures. The represents the annual increment of over
three million hectares of forest and or about one-seventh of the

forest area in 1973.
 

http:increased.by
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Table 1 , .Toroved charcoal Proaucciou 

initial Costs
 

- materials Cwo ZUU i ter barrels at A150 each* 

support structure 

-. labor three person-days, velder, $60/day 

t "'300 

100 

P 580180 

or at 20$/U$ se.. .about 30
 

Benefits:
 

Cape A Came a 
increased charcoal production from given amount of wood
 

- production using Improved charcoal devide
 

assuming 100 loading of .25 m3 wood each loading
 

and conversion of 6 m3 wood to one ton charcoal 
....... 4.2 tons
 
,or " 8m3 i" i - a n 
 3.1 tons
 

- previous production yield from equivalent wood usi (25 m3) 

and conversion of 9 m3 wood -to one 'ton charcoal.,..... 2.8 tons 
or of 12 m3 UAW to one &on charcoal ....... . ,.. .... .,,.. 2.1 tons 
increased y±NVia of chrcoal 1.4 tons 1.0 ton 
value at 1000 Baht/ton : • P1400 01000
 

at'20US$'................ 70 
 $5o 

Net Benelcs
 

,1. 3aitial costs can be paid back within first year of operation. 

-2. 
 Assuming five year life, total additional income during the period 

would be $320 at the higher efficiencies or $220 at the lower 

effiiencies. This income stream is not discounted because the
 

future prices for charcoal are difficult to project but vil be
 

significiently higher than current prices.
 

* Bangkok price. 
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PROJECT SOCIAL ANALYSIS 

The purpote of this Annex is to place the rural
 
energy program in the perspective of Thai society and
 
culture. The objective is to identify and analyze the
 
nature and relationships of the most important cultural
 
and social aspects of rural energy.
 

Sociocultural Feasibility
 

The target group for the rural energy project are
 
the farmers and villagers of the Thai countryside.

Particular attention will be paid to the North and
 
Northeast but no rural area is purposefully excluded.
 
The "context" of this society is Buddhist and the country
side's social tempo and patterns grow out of that
 
tradition.
 

Buddhist Values
 

Villagers as Buddhists believe in a hierarchy based
 
on the ability to act effectively and be free from
 
suffering. This includes not only mankind but all living

things and heavenly beings. For example, an animal
 
cannot knowingly alter the course of a river, a person

must work very hard to divert a small stream, and all of
 
this work can be rindone by a flood. A heavenly being
 
can change great rivers with a single word.
 

All living things stand in this universal order
 
according to the merit accumulated. The more merit one
 
gains the more effective one's actions and the less acute
 
will be one's suffering. The same laws apply to the human
 
social order. This world view means that villagers tend
 
to consider that people of high social position stand
 
higher in the moral hierarchy, because they suffer less and
 
are blessed in w!any ways. Such people also have responsi
bilities. They ire expected to show an attitude of benevo
lence to those btlow them in the hierarchy.
 

Two important social concepts grow out of this view of
 
the world and its order. First, in a life of mutual rele
vance, one should be benevolent and compassionate towards
 
others and offer as much assistance as possible. Benevolence
 
and compazzion are experienced as "merciful favors" by the
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villagers, and the feeling of gratitude becomes an

obligation to return the favor recqived. 
Each villager

known his position in this religious hierarchy and is
 
expected to act accordingly.
 

The other concept is the value which is placed on
 
harmony between individuals. One should not speak ill
 
of others nor consider only oneself to be good. The
 
philosophy of "an eye for an eyeu is not condoned,

because all actions rebound onto the doer.
 

These attitudes, while expressing the value attached
 
to harmony, also express a theme of self-compl'teness of
 
action in that actions rebound onto the doer. This
 
criterion is important in forming interpersonal relation
ships. The principle of self-completaness means that an

action, such as giving assistance, does not originate in

the relationship with the recipient but, strictly, in

the individual, and consequently it places the recipient

under no constraint or obligation to return the action.

In fact, to expect reciprocation is contrary to the
 
principle.
 

Thus the result that rebounds upon oneself, rather

than "obligation" incurred by others, provides the cultural
 
motive for the exchange of actions. If both parties hold

the same values in the exchange, the relationship will
 
move along smoothly, but if the recipient does not sufficiently

hold to the principle there is no guarantee that he will
 
reciprocate. The absence of cultural devices to make the

recipient feel it is his duty to return the favor indicates
 
the fragility of social ties.
 

Village Culture
 

The village headman has authority through his position

in the Government administration. He has the authority and

the duty to act for the village. However, it is important

to remember that his influence springs more from the respect

the villagers feel in him, his character, than from any

authority inherent in his office.
 

The typical Thai village leader calls meetings, assembles

the villagers, and exhorts them to action but that can often

be about the extent of his activity. Villagers are not

organized into groups for manual labor. 
In this context it

is important to remember that people who do not take part are
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not openly coerced except through continuing meetings. One
 
of the major results of this collective behavior pattern is

that community projects are carried out with considerable
 
deliberation.
 

In general the headman acts as a middleman or a
 
broker between the village and the Government. The various

headmen of the sub-district (tambon) choose among themselves
 
(subject to official approval' a sub-district headman who
 
"has the duties of a headman, has the powers to arrest in

specific cases, takes care of travelers, inspects public

places, takes care of the census and encourages the inhabitants
 
to pay taxes." He usually has a small staff of inspectors

and sometimes others such as medical aids 
(to administer
 
vaccinations). Both village and tambon headmen tend to be
 
elected from a semi-hereditary group. They usually achieve
 
sufficient power to dictate the appointment of their successors.
 

Another important village Stroup involves religion. Most
 
villages have a temple committee to comply with Government
 
regulations and to satisfy local customs. Members are usually

older men who have served in the temple. Some villages also
 
have a village council. Villages in community development
 
areas are supposed to elect a village development committee
 
but these are often picked by the village headman from among

the village elite.
 

It is often difficult to identify the locus of authority

within a village. The headman has almost all the legal power

but unless he is also from a prominent family, relatively,

rich, and sufficiently pious,he may not be effective as a

leader. 
In many areas, as land becomes more valuable under

population pressure, land-rich farmers have gained power.

Monks, although influencial, usually play limited secular
 
roles.
 

Most authors raise doubts about the existence of coopera
time groupings within a typical village. Some single-purpose

agricultural or credit cooperatives have been successfully

established in some villages but they have limited objectives

and immediate ends. 
Most also take a great deal of attention
 
from community development professionals and cannot easily

be considered locally generated groups.
 

X 
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Leadership Capacity of the Village Headman
 

One of the most striking features of almost all
 
rural development is that implementation of projects depends
 
to great extent on the village headman and to lesser extent
 
on his council or other committees. It is unlikely that
 
any individual local leader in any society in the world
 
could adequately cope with the scores of leadership demands
 
(at least on paper) that are made of the village headman.
 
It is not realistic to expect a part-time leader with
 
limited education, training or exposure adequately to
 
provide positive, enlightened and flexible direction to all
 
the programs that could in theory filter down to the village.
 

Status of Women
 

The women of the regions of Thailand have different
 
cultures, languages, food habits, and labor roles. Rural
 
and urban women are part of significantly different societies.
 
Attitudes and roles change as families move from subsistence
 
agriculture to cash-crop agriculture or to an agriculture

base augmented by seasonal work in a non-agriculture sector
 
and so forth. To understand the role of Thai women with
 
regard to a specific energy technology or in a specific

locality, a detailed study of the effected community will
 
have to be conducted. The following represents a limited
 
general analysis of the status of women in Thailand.
 

Thailand's labor force is 45 percent women and
 
55 percent men which is tae most equal percentage in Asia.
 
Most women fill "unskilled" positions including heavy labor,
 
raising animal, farming, various part-time jobs and/or

factory work. They are the backbone of the rural family

labor force having extremely productive roles as farmer,
 
guardian of the family income, decision-maker, and are the
 
principal persons responsible for the welfare of both children
 
and parents. The women's roles are, in some cases different
 
from men, but are not necessarily viewed as inferior.
 

There may be a greater gap between professional
 
women in Bangkok and village women than between any other
 
segments of the society of Thai women. Thai professional
 
women are among the most liberated women in Asia while poor

rural women are almost exclusively involved with managing

their families with very limited resources. The bridge

between these disparate groups will be the female rural elite:
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lk 	 the wives of village headmen, the rural well-to-do and
 
the wives of subdistrict and district level Government
 
officials. Many of these women have some leisure time
 
and expanded horizons while still maintaining a rural
 
perspective.
 

The daughter works in the home and has the
 
responsibility for taking care of old and/or sick
 
parents. Traditionally women keep the family's money.

If the family has money left over after meeting basic
 
needs, the women of the family can develop significant
 
power. More often than not, however, there are not
 
enough funds and the responsibility is to make the money
 
stretch as far as possible to cover expenses.
 

Within the family, women are centrally involved
 
in decision-making, but in the village outside the home
 
they are not well represented. However, "equal rights

for women" or "women's liberation" is not a concept to
 
which most rural women relate because they are preoccupied

with stretching limited resources to provide minimum food,
 
clothing, education and security for their families.
 
Major concerns are financial and therefore the most direct
 
way to meet the felt needs of rural Thai women would be
 
to improve their income earning Capacity. Energy techno
logies can contribute to this effort bcth directly and
 
Andirectly.
 

The adaptation of such technologies, therefore,
 
to the extent that they offer a reduction in domestic and
 
farm labor, and lower costs, should appeal to and find
 
support from village women. The challenge will more
 
likely be the mechanisms themselves for diffusion of the
 
technologies, to be sure that women are included. In
 
terms of this project, this means that each activity

needs to ensure that women aie involved in the testing and
 
adaptation of the technologies, and that women are specifi
cally included in the response groups for the data gathAring

effort across the whole project.
 

Diffusion of Innovations
 

It is generally understood that innovations are
 
transferred by a few technological entrepreneurs usually

classified 	as "innovators", followed closely by a minority

called "early adapters." These two groups are the opinion

leaders in 	the community and therefore must be the initial
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target group of any new technology project. The opinion
leaders influence the majority of their community until 
an innovation has been generally adopted and adapted.
 

At the center of the acceptance of an innova
tion is a personal and internal commitment to change.

Here there is a large body of literature, but for the 
purposes of this paper a paradigm will serve to summarise
 
the processes involved. Stated simply innovations are
 
adopted when incentives to change outweigh inhibitors or
 
disincentives to change which motivate individuals to
 
retain their established behavior patterns.
 

Both change inhibitors and change incentives
 
are present in most if not all social/economic settings.
 

Studies in Thailand indicate that rural people

do not allow themselves to be influonced by outsiders
 
easily. Visitors coming into villages do not usually

have much influence unless they can establish themselves
 
enough to gain the trust of the residents through frequent

visits and demonstrated contributions to the community.
 

It seems that farmers adopt pew agricultural

technologies not so much because they were persuaded to
 
do so but rather because they convinced themselves of its
 
merits. Demonstrations of innovations perceived to be
 
useful contribute more to the diffusion than the leader
ship qualities of those promoting any given innovation
 
or technology.
 

Respect Counts
 

Changes in a village are often initiated
 
by respected leaders or innovators who command 
influence and a measure of trust because of their positions.
They are not agents of change in a promotional sense but 
contribute to diffusion by providing the demonstration of 
the value of the innovation which makes the other farmers
 
want to imitate their actions.
 

Influential and formal leaders can be convinced
 
by a new technology by more conventional promotion methods
 
and in this way the classic innovative process takes place.

Innovators are induced to try a technology. They

"demonstrate" its usefulness and in turn influence others
 
who trust and value their opinions. The farmers are very
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quick to adopt and adapt new crops and products through
 
this two-step informal demonstration process.
 

A strong sense of ownership seems to be needed
 
to ensure proper operation and maintenance cf projects.
 
This seems to be a common finding of almost all develop
ment activities of the last decade. To develop this
 
strong sense of ownership, villagers must participate in
 
real terms. This will be particularly important for
 
bringing about the receptivity of innovations to women.
 
This means a morc than nominal involvement in the planning,
 
selection .nd initiation of projects, but also partici
pation in labor and funding. In most successful efforts
 
the villagers earn equity in these projects through their
 
activity (sweat equity).
 

No matter how advanced a single technological
 
element may be, its superiority will not guarantee its
 
dissemination. A prominent example is the evaluation of
 
the "green revolution" of high yield varieties of rice.
 
If the yields obtained on experimental stations are to be
 
duplicated in the villages of AsiA, improved seed is not
 
enough. Water control, large fertilizer inputs, disease
 
and insect dwaage prevention, expanded credit, marketing
 
and training channels must move ahead concurrently. Thus
 
it appears that integratedi multi-disciplinary projects
 
are the most appropriate development schemes.
 

However, innovations, particularly in agriculture,
 
do not often become adopted in an integrated fashion. Single
 
technologies and simple "packages" are included in the
 
traditional cultivation and livelihood patterns at the
 
personal discretion of innovative farmers. The point where
 
an innovation is adopted will always be based upon personal
 
choice under certain limited socioeconomic and environmental
 
constraints.
 

Rural energy will be closely connected to agri
culture in Thailand and natural conditions are the paramount
 
constraint. Regional differences that might be trivial to
 
industry are often critical in an agricultural setting.
 
Rural areas will probably advance through the accumulation
 
of piecemeal advances: village woodlots here, solar pumps
 
there, greatly increased activity based on new crops, and
 
conventional energy in another locality.
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4A 
To promote a highly localized piecemeal advance


of technology it is necessary to understand the regions

involved (including all the elements to be integrated).

It is particularly important to discover what factors
 
might obstruct progress. Village studies need to be

conducted and this will require discipline, dedication
 
and patience.
 

Most of the "piecemeal" innovation-will take
 
place because villagers are actively involved in the
 
search for an improved life. This may be particularly

true with some energy devices. One of the major objectives

of the rural energy project is the emphasis on testing out
 
as many different mechaaisms for spreading technologies
 
as appear to be practical.
 

The goal is to tailor diffusion to fit the
 
existing leadership, communication and motivation patterns

within an energy demand segment and expand it as effectively
 
as poesible. Even the poor make choices based on a range

of options and they adjust quickly when they judge conditions
 
and risks are dcceptatio. For example, the spread of cassava
 
as a cash crop has been rapid in the Northeast. With it

has been a rapid expansion of mechaaization in agriculture.

This has been accomplished, for the most part, through

traditional diffusion channels which include village and
 
regional opinion leaders, and private sector entrepreneurs.
 

Social Consequence3 and Benefits
 

The energy technologies that are recommended in
 
this project all hold the potential for bringing either
 
increasing energy efficiencies or new supplies of useful
 
energy to rural villagers. Since the people of rural Thailand
 
are now very limited consumers olL conventional energy the
 
suggested alternative sources of energy will not even be in

serious competition with this sector. 
Zn fact the suggested

technologies may decrease the demand on these increasingly
 
scarce energy sources while increasinq the opportunity of

rural people to participate in some critically important

aspects of modern life.
 

As further evaluation proves the usefulness of these
 
technologies the rural residents should have the possibility

for a better life in terms of heat for drying crops, for
 
domestic cooking and for other applications.
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Access
 

Any individual energy program will be very site
 
specific, at least during the initial stages. For example

improved stoves will serve only a single household but
 
stoves will be available for purchase by every household in
 
a village (after a successful testing and evaluation period).

Solar applications can be communal but can also be scaled
 
down to serve an individual family.
 

With each rural oriented technology, access will
 
potentially be broad, once the demonstration and pilot
 
projects have been completed. The technologies chosen are
 
believed to be affordable by large segments if not all of
 
the rural population. In some technology networks the
 
access will be by individual household units (with generally
 
all families being encouraged to participate). In the case
 
of some other technologies the approach will be through

cooperatives or other village-wide efforts like the village

woodlot idea or pyrolysis or other technologies.
 

Employment and Rural Displacement
 

The energy technologies discussed are predominantly
 
labor saving and opportunity increasing devices. Their
 
widespread adoption would increase productivity and decrease
 
drudgery, whether in the home or field.
 

Improved rural energy should make it possible for
 
a generally improved quality of life for the participants in
 
the program. There may be some small regional displacements

(for example commercial charcoal makers) but most of these
 
technologies will replace household and farm labor perfcrmed

by the family members themselves with labor saving renewable
 
energy.
 

The main social challengeis at thevillage level,
 
where the innovation must take place. Basic attitudes and
 
behavior may need to be adjusted in many of the technological

applications. In every case the technologies will have to
 
fit into the perceived needs of the villagers. Appropriately
 
local management and leadership contributions are also an
 
integral part of each technology application project.
 

Many of these technologies will fit easily with the
 
rhythm of villagc life, (e.g. improved stoves or use of
 
charcoal). All hold the potential for bringing labor and
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energy saving measures to the traditional work of the

villagers. It is important to note that these projects

will be particularly helpful to women because increased
 
energy efficiency and convenience will help them most
 
dirntelv. 

Alternative Pathways
 

Most innovation in the world takes place without
benefit of a program. Farmers shift to a new seed variety,

make an adjustment to'a tool, women take part in
a new

comercial opportunity, etc., most often on their own.

It is likely that pioneer projects will show that the
fastest, most efficient way to spread some of the more

simple or familiar technologies will be in a private,
informal way. For example, fully tested, improved cookers
 
or simple inexpensive solar-dryers are both likely candidates
for this pathway because their functions are clearly

understood, they will be easily manufactured (insome cases
by the villagers themselves), most materials can be obtained

cheaply and locally. Maintenance will also be simple and

reliability should be high when final designs are accepted.
The aajor barriers in this type of adoption pathway may be

the non-technical issues and identifying these is a major

segment of the pilot rural oriented activities.
 

Another of the most common pathways is business
induced change. In tractors, pumps, generators and many others,

technological innovations are "marketed" for profit all over
the world. Not only are the technologies often spread
quickly, but maintenance service and other support can be a
part of this change process.
 

Probable technologies that &re likely to be

compatible with this approach include pyrolytic conversion

units, wind powered generators and solar pumps. Entrepreneural motivated innovation systems have a great many advanta
ges but -th some technologies the very poor would be
neglected because of their limited buying potential. A

fourth pathway could work to cover this gap from the non-

Governmental sector.
 

Private community action agencies have a long and

successful history in many parts of the world. 
In Thailand
 
a good example of this type of innovation dissemination
 
organization is the Population and Community Development

Association (CBFPS). 
 By the end of 1978 this community based
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family planning group had reachzd about 7000 villagG

in 75 districts. Over 16,000 village workers had been

trained. This represents approximately 33 percent of

all tbh villages in the nation, 
Recently a community
based technology and developient service has spun-off

from this group and is working in villagesu where the 
original family planning concept is successful. The

village workers are local residents who receive training,

support and carefully increased status within the villaqe.

They are rewarded financially only through their sales.
 

Governmental or other funding institutions pay
the expenses, or at least subsidize this type of agency.

It is important to note that the villagers also pay for

goods and services received and are therefore likely to

have a positive motivation toward the technology. The
village workers are carefully selected and motivated by

social progress in their position in the community and

financially by their s&les commission. 
With adequate
management, and technical support this system has proven

to be an effective pathway to specific village development

programs. It is a scheme that will be tested in this
 
project.
 

Community Development (CD) Workers
 

For the Government path, some of the most wide
spread RTG workers active at the village level are the

officers 6f the Community Development Department, Ministry

of Interior. The CD workers have the responsibility for

directing and coordinating the village work of all RTG
activity from whatever agency. The training the CD workers
 
receive is the most thorough of any Thai Government village

level representative and can be used as a yardstick when
planning the role of the technicians for the rural oriented
 
energy activities in this project.
 

There are presently 4000 Community Development

Workers (CD workers) in the villages of Thailand. Another
 
1500 will be active within a year. Sixty-five percent are
 men and 35 percent are women. They usually work one or two
 years in an area and then transfer to another area within the
 same province. Most often they work near their own area of

the country so there are only minor problems of isolation

and loneliness. About 60 percent of the CD workers now own
motorcycles and the Department is continuing to assist in

the purchase of this type of transportation.
 



ANNEX XIV
 
Page 12 of 13 

The country is divided into nine regions. Each
 
province has a CD officer and staff. The District Officer
 
has four to twelve village CD workers under his administra
tive control. Each village CD worker is located at the
 
sub-district and is responsible for five to fifteen villages.

Village workers receive four to six months training, depending

on their background. The emphasis is on field work. After
 
each segment of classroom work, there is an application

period in the village (approximately twice the length of the
 
classroom segment).
 

The general CD program has the following basic
 
objectives:
 

1. Acceleration of production increases in family

income from agriculture and village industries.
 

2. Improvement and construction of public facilities
 
with active participation of the people.
 

3. Improvement of health and sanitation.
 

4. Promotion of formal and informal education for
 
adults, youths and children.
 

5. Promotion of village culture, customs and
 
traditions, welfare and recreation.
 

6. Fostering local government.
 

Underlying these goals is a more fundamental purpose

of teaching villagers self-help through "non-directive"
 
approaches.
 

Non-directive community development work, however,
 
causes some special problems. Much of the ambiguity concerns
 
status. Unlike other Government officials, CD village

workers often do physical labor in the village. They are also
 
often poorer than the village elite. Their ideology dictates
 
that they encourage village leadership and initiative. They

are to remain in the background as much as possible but in
 
doing so they are denied behavior patterns that are part of a
 
traditioned leader's role. At the same time, within their
 
own organization the CD workers often feel handicapped as
 
the lowest members of a hierarchical structure.
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Frustrations notwithstanding, the village CD
 
workers represent one of the immediate resources for
this project in working through the Government path.

They should provide an effective means of outreach for
 
each of the RECs and become a main vehicle for support

of the NEA rural oriented activitiec, both in the
 
testing and adaptation of the technologies and particularly

in the development of techniques for dissemination.
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VILLAGE WOODWOTS SOCIAL ANALYSIS 

rhe village woodkata- component could pose important 
challenges to existing village social systems. The following
 
is a list of the major social concerns and possible remedies
 
to the barriers they represent.
 

Any acceptable land is sure to have some existing use and
 
funds should.be.made available for the replacement or substitution
 
of those benefits.. In miny cases.this will involve replacement
 
of animal feed for lost grazing. It will also include provisions
 
for the.fuel lost from the land while the tree crops grow to
 
maturity (much of this will be very site-specific and will also
 
have to include a land-use survey).
 

A cooperative village woodlot will place new demands on
 
village leadership, and these demands are not trivial. First,
 
as part-time leaders the vi.Li:ge headman and the elites who
 
serve on village committees irt already over-extended in terms
 
of additional time available for public service and their ability
 
to absorb ever more detailed technical information. Second,
 
cooperative forms of enterprise, with their broadly based equity,
 
are among the most management intensive forms of business. When
 
mass participation and access to responsibility and benefits
 
are a main objective, as in this case, cooperatives are a
 
desirable management form. However, they do carry a management
 
burden particularly for accounting, control and communications.
 

Villagers will have to be mobilized to work in this activity.
 
For example, much of the mass labor requirements will come in
 
occasional short work periods requiring relatively intense
 
combined activity. It is possible that this will initially
 
be seen by the villagers as similar to past road buildinq or
 
canal maintenance projects. Villagers often view Government
initiated activities of this sort as being primarily something
 
they do for the Government rather than for themselves.
 

Since four or five years wiell pass before significant 
benefits are realized it might be well to include interim 
benefits in this effort. The most obvious example is the 
use of leaves as fodder. Another possibility is the use of 
smaller trees for poles. A bit more risky is the option of 
inter-cropping among the young trees. The risk here will be 
that the quick-return alternative crops will be perceived as 
being more important than the woodlot. 
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Woen as. the principal wood gatherers and users will be 
most directly affected, particularly if the newly planted
 
woodlot requires.them for up to five years to travel farther
 
to find wood.. Perhaps the new fuel wood may also necessitate 
behavior charge. For example, will the new wood smoke more 
or less? Will food taste differently to those used to 
traditional woods and "require" more or less use of charcoal? 
Will possible changes.in sparking characteristics,require new
 
fire control.methods (a major village concern during the
 
dry season). Certain traditional wood products will undoubtakly
 
remain valuable for tools and other applications. Will a new
 
source have to be found? All of thesa questions will require 
testing in the woodlot activity.
 

While labor requirements for the woodlots do not appear 
to be extensive or prohibitive, optimal planting occurs at
 
roughly the same time as most other crops are planted. Research
 
needs to be conducted into the effects of transplanting trees
 
after crop planting pressure has passed.
 

The estimated yields are purposely conservative, neverthe
less significant surplus wood is anticipated. Since wood is
 
priced at roughly the cost of the labor to gather it, the
 
surplus (wood left over aftar domestic use) will probably be
 
converted into charcoal which is both more valuable eud lighter
 
to transport. The effects of increased amounts of a basic
 
commodity on the cash market system need to be anticipated.
 
Transportation and marketing of charcoal is already well
 
established. How will the market relationships be affected?
 
What will be the response be of the traditional sector? Who
 
will be dislocated and how will the traditional village charcoal
 
makers react? All these concerns are questions to be investigated
 
for each specific site. 

In summary, the village woodlot objectives include a 
number of social and economic issues that involve traditional 
behavior. The impact may be felt in several farming and 
commercial sectors. Studies are required, therefore, on a 
number of technical and behavioral questions as part of each 
of the pilot applications of the activity. 

The following are presented as alternative approaches 
to be tested as part of the activity. 

One of the principal potential constraints to an expanded
 
village woodlots activity is the jurisdictional question of
 
Government land. It is legally difficult, if not virtually
 
impossible, for the RTG agencies involved to alienate title
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to Government land for specific village use. There may be 
limited, exceptions and these alternatives will be explored in 
the project. Associated with the use of Government land, 
however, would.be the perceptions of villages. One, which 
is discussed further below, is the fact that Government land 
(forest or scrub) is often actively used by villagers already 
and subject to degradation from cutting. Villagers could
 
see a setting aside of this as a taking from them of a resource 
they already have, and not as a source of potential benefit 
to them. The risk of the project being perceived as labor for
 
the Govemment, rather than for their own benefit, particularly
 
given the long lead time for benefits, is also a substantive 
concern. The application of the public land alternative,
 
therefore, will engage one of the most complex tests of this
 
tochnology. The groundwork in carrying it through, and the 
assessment of its problems and potential, will be of importance
 
to the whole concept. 

A second alter'ative would involve the use of village
 
owned public grazing land, of which there may be relatively
 
little in terms of formal title. This approach also needs to
 
be tested but with particular address to some of the social
 
and economic constraints which it raises. These would need
 
to be evaluated as the activity was carried out. Scrub or grazing
 
land represents a total village resource, and the social and
 
economic mechanics of removing it from common use for a long
 
period need to be carefully addressed. The site specific
 
character of any test of this alternative is obvious. The
 
identification of economic costs where woodlots displace use
 
for grazing or crops, and the equity in distribution of costs
 
and benefits within the village, are critical in this approach.
 
Many of these same factors, of cource, also apply in the
 
case of the Government-owned land alternative above where use,
 
although informal, may be nonetheless a real village economic
 
and social fact.
 

A somewhat similar but more simple approach would be using
 
village wat (temple) land as the woodlot. Such a scheme could
 
'have advantages, including leso dislocation and avoiding the
 
expense of compensation. Also, the land itself.would probably
 
be of higher quality, therefore-more productive, and must more
 
centrally located. Labor might also be more freely given as an
 
act of merit.
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A fourth alternative, and one which would specifically 
address.the charcoal related objectives of the activity, might 
be to.recruit and set up established charcoal producers as 
cooperative villages or simply as cooperatives using the 
woodlot concept.. These enterprises could be located in more 
clearly defined forest reserves using un-contested land. 
Obviously, a great deal of community development work would 
be involved in the establishment of such new communities. 
If the charcoal producers lived in their original villages, 
however, and used the woodlots as a production unit, the new 
community stress.would be lessened. Coopey tive management 
skill on the other hand would have to be evci greater. 

As a fifth approach, which addresses poaching of fuel
 
wood and the charcoal problem, while also addressing other
 
rural problems; marginal private land could be placed in
 
a private woodlot program. Many farmers have a few rai of
 
under-used land that might more economically be used in
 
woodlots. It might take less labor and the payback period 
may not be as significant for these farmers. Management 
problems would be minimized. This would begin to directly
 
attack the shallower non-commercial household poaching of
 
forest land for heavy fuel wood.
 

A sixth alternative would be small back-yard woodlots
 
in the form of a few trees as a supplement for family wood 
uses. This would be a good way to demonstrate the value of
 
trees to a large number of villagers while eliminating the 
problems of land aquisition and Governmental cooperation.

It would also provide valuable community development experience 
to village woodlot technicians. In addition very good land
 
and close personal attention would be given to the trees.
 

Finally, the Northeast has need of windbreak and soil 
retention measures. Trees could be introduced as windbreaks
 
and erosion control devices while providing a demonstration
 
and training effect for both villagers and officials.
 

The goals of this activity are tfr.e: (a) a sustained 
supply of wood for village and home consumption, (b)a 
decrease in the present level of poaching of trees on public 
lands, and (c) increased income for rural development. 
These are complex and obviously long term goals, and this 
project can only provide a beginning through the testing and 

7 (CC
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adaptation. of alternative approaches to meeting these ends. 
Ther. is clearly no best or simple approach, each will have 
to address-site specific factors as well as the broader.
 
economic.and..social.questions underlying the activity.

The end of project should..see a winnowing of methods.and.
 
alternatives, and.the development of data to provide the 
basis for longer-term. address of the problem. Given the 
enormous,impact of forest degradation on Thailand's
environment, there is no question of the urgency of making
the effort. 
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FINANCIAL PLAN 

FOR NEIDCT 

Li1 
AID 22 PROJECT TEAR3 4~ . ____ ,_____W 

Teclinfkalij AssArance 
Consuljtiants; (US; - 6 mm)
Consultants, (AI? - 18 mm)
Travel
Local] Subuistenae, per diem 

15.0 
18.0 
2.2
3.6 

,15,0. 
18.0 
2.2
3.6 

-345 

15.u 
. 
2.2

*3.6 

. 
TOTAL 

45.0 
54.0 

6.6
10.3 

W 

Equipment,,Books,,Materlals 10.5 21.5 15.5 13.5 14.5 75.5 

Sti)bTtal 49.3 60.3 54.3 13.5 14.5 191.9 

.RTG- It ($ equivalent)Salaries; & Sta~ff-Related Cost 15.3 27.75 24.15 27.15 25.65 120.0 

NSO" Computer- Sutzgprt 5.0 5.0 5.0 5.0 20.0 
EGAT" Training/Extension 2.0 2.0 2.0 2.0 go0 

StbiBotal 15.3 34.75 31.15 34.15 32.65 468.0 

i;4&6 95.05 85.45 47.65 47.15 339.9 



FINANCIAL PLAN
 

FOR R1gionalEnergy Centers (6) 

Equipment. 
Trucks. 
Jeeps 
cameras, proJectors, 
video tapes 

S2 

90.0 
120.0 

.36.0 

PROJECT YEAR 
3TOTAL 

. 

. 

($1000') 

90.0 
120.0 

Sub Total 

RTG % ($ equivalent) 
Salaries & Staff "RelatedCost 

FacilitiesLand Acquisition & Developm
Offices & Buildings 
Staff Housing 

t 

38.6 

-

246.0 

115.8 

60.0 
25.0 
1.0o 

1193.0 

•60.0. 
25.0 

110.0" 

231.6 

60.0 
25.0 

110.0 

231.6 

. 

246.0 

818.6 

180.0 
75.0 

330.0 

TOTAL 

Sub Total 38.6 

38.6 

310.0IS.R 

388.0 

388.0 

426.6 

426.6 

231.6 

231.6 

1,395.6 

1,641.6 



Technical Assistance

Short Term Consultant's (5mm)

Travel 

Local Subsistence (per diem) 


Training (33 mm) 


Equipment 

Sub Total 


RTG ($ equivalent) 

Participant Travel 

Salaries & Staff Related
Expenses 


University Assistance 


Sub Total. 


TOTAL 


FINANCIAL PLAN 

FOR Resource-Assessment -
Solar
 

PROJECT YEAR 

1I 2 3 4 
 5 

75.0 22.5. 15.0 
6.5 2.2 
 2.2 

18.0 
 5.4 3.2.0 

13.5 27.0 
 108.0 


70.0 


183.1 55.1 108.0 20.8 


1.5 3.0 1 3.0 

11.25 6.0 6.0 
 6.0 6.0 


4.5 


12.75 9.0 
 13.5 6.0 
 6.0 


195.85 64.1I 121.5 26.8 
 6.0 


U 

i. 0 ~ 
TTALFt'' 

: lifto 
S112.5
 

!11.0 .
 

148.5
 

70.0
 

369.i
 

"...7.5
 

35.25
 

4.5
 

47.25
 

-416.2.
s,
 



FINANCIAL PLAN 

FOR Resource -Assessment - Biomass 

AID 1 2 
PROJECT 

3 
YEAR 

4 5 TOTAL 

Technical Assistance "9-. 
Long Terin Consultants(12wun) 
Short Term Consultants(7mm) 
Travel & Transportation 
Local Subsistence -

7.5 
2.2 
1.8 

90.0 
45.0 
25.4 
10.8 

1 
90.0 
52.5 
27.6 
12.6 

Equipment & Materials 50.0 50.0 

Sub Total 11.5 221.2 232.7 

RTG )I ( equivalent) 

Salaries & Staff Related Cos 60 . 0 14.0 

Local Subsistence (housing) -.,6.0 •" G0 

Support Costs 6.0 6.0 

Sub Total6.0 20.0 26.0 

TOTAL 17..S 259.2. 258.7 0 



FINANCIAL PLAN 

FOR Resource-Assessment - Micro pydro 

AID 512 PROJECT YEAR
3 4 5 TOTAL 

Tehnical tsslstanceShort -VermConsultants(S mm)
Travel 
Local Subsistence (per diem) 

30.0 
4.4 
7.2 

2.5 
2.2. 
1.8 .' 

" .6.6 
37.5 

9.0 

Sub Total 417.6- 11.5- 53.1. 

equivalent) _. 
Salaries & Staff -lelated Cost .13.5 9.0. . 

. --

Sub Total 13.5 9.0 22-5 

TOTAL S.1 20.5 75.6 

Tj~ 



FINANCIAL PLAN 

AID$ 

Technical AssistanceShort Term Consultants(30mm)
Travel 
Local Subsistence (per diem) 

Training (36mm) 

Equipment (instruments, 
computer services) 

1 

FOR Resource Assessment 
(lignite, tar sand, oil shale, geothermal($1,000') 

PROJECT YEAR 
2 3 T5 OTAL 

90.0. 120.0 15.0 225.08.8 8.8 .2.2 19.821.6 .28.8 3.6 .5. a 

162.0 162.0 

5.0 10.0 15.0 

Sub Total 12o64 162.0 162.6 30.8 475 .8. 

RTG% ($ equivalent) 

Participant Travel 

Salary and Staff Related Cost . 

.P 

3"4.5 

-11.25 11.25 

" 

4.5 

22.5 

Sub Total 15.75 11.q25 27.0 

TOTAL 
120.4 177.75 162.6 42.05 502.8 

J M. 
Xk 

6-0 



FINANCIAL PLAN 
FOR Energy Technologies Monitoring 

AI 

Technical Assistance:Short Term Consultants(l
Travel 
Local Subsistence 

Training (48 am) 

qVuipment 

) 

I1 

7z1.5 
2.2 
1.8 

-2 

"45.0 
6.6" 

10.8 

108.0 

40.0 

3 

45.0 
6.6 

10.8 

108.0 

10.0 

4 

45.0 
6.6 

"10A 
, 

5- TTAL. 

142.5 
22,0 
34.2 

216.0 

50.0 

Sub Total. 11.5 210.* 180.4 62.4 464.71 

RTG ($ equivalent) 

Participant Travel 

Salaries & Staff RelatedExpenses 

R & D at Thai Universitiesand RTG Depts. 

6.0 

19.5 

5.0 

' 6.0 

19.5 

5.0 

19.5 

10.0 

19.5 

10.0 

.12.0 

78.0 

30.0 

Sub Total 30.5 30.5 29.5 29.S 120.0 

TOTRL 1115 240.9 210.9 91.9 29.5 584.7 



FINA CIAL PLAN FOR A 
SUPPORT OF THE ENERGY MASTER PLAN 

PR0ECT Y-R ($1,0006s) 
AID$ 1 2 3 4 5 TOTAL-

Technical AssistanceLong Term Condultants:16)
Short Term Consailtants-(14
Travel -and TransportatiOn 
Local-Subsistence 

) 

-

3d.0 

9.4 

90.0. 
67.5 
16.0 
.16.2 

22.5 
4.4 
5.4 

. 

15.05.0 
. .2 
3..6 

• 120.0 

32.0"" 
*25.2 • 

Training (54mm in U.S.. 54@AI) 60.0 90.0 9(),0 30.0 27G.0 

Equipment 
20 

2.0 

sub Total 39.4 251. 122.3 .. 110.8 30.0, ' r J 554.2 

0 15G$ equivalent) . 

Salarie@ £ Staff Relafed 

Participant Travel 
.. . 

Local Subsistence 

Cos' .8.7 

.. ..

.:. 
-1.2133 

-. 33.3 
-

S 
* 

33.3 
•. 

l.51,5 

-33.3 ,-

1.5 
. 1.5 

177 

. 

-2.:. 

126.3 

445,1, 

. 

. 1 

TOTAL 

Sub Total 

1 
9.9 

4 

38.1 

g'..a 

34.8 

157.1 

34.8 

145.6 

17.7 

47.7 

135.3 

689.5 .0 

U'. .I 



FINANCIAL PLAN
 

ID$12 

Technical Jssistance 

Short Term Consultants(45. 

Travel 

Local Subsistence (per diem) 


Training (13 mm) 


uipent 

Workshorp Costs 


Reports 


Sub Total 

RTG I (e oquivalent) 

Particip.nt Travel 


Salaries a Staff.Related Cost 

Special Monitoring/Evaluation 


Sub Total 


TOTAL 


FOR Rural Oriented Teochnologie. - Boamss Conversion 

~i-' 

75.0 
8.8 

18.0 

58.5 

4.0 

164.3 

112.5. 
13.2 
27.0 

25.0 

5.0 

182.7. 

PROJECT
3 

112.5 
132 
27.0 

30.0 
15.0 

8.0 

205.7 

E($A,000s)
4 

37.5 
8.8 
9. 

12.0 
25.0 

4,6. 

100.3 

5TOTAL--se 

337.5 
44.0 
81.9 

53.5 

67.0 
40.0 

250 

653.0 

--. 

g-, 

12.0 

39.85 76,8 

2.5 

94.8 

2.5 

105.9 

5. 

10419 

12 0 

20.25 

10.0 

51.85 79.3 97.3 110.9 102.9 442.25 

216.15 262.0 303.0 211.2. 102.9- -1095.25 



AID $ 


Technic-~l Assistance
 
Short Term ConZultants(9.=) 

Travel. 

Local Subsistence (per diem) 


Training 	(3 mm) 


Equipment
 
Turbine components, fabricat ion 

Laborator Equipment 


Workshops 


Sub Total 


RTG ($ equivalent) 
Salaries 	& Staff Related Costs 


Participant Travel 


Construction 


Sub Total 


TOTAL 


FINANCIAL PLAN 

FOR Rnral Orit-nted Tachnnlngita 

PROJECT YEAR
 
! 	 2 3 4 


22.5 	 22.5 22.5 

4.4 	 .6.6 6.5 
5.4 	 5.4 54 


..
 

60.0 60.0 

25. 25.0 


13.0 


32.3 133.0 132.5 


18.0 	 27.3 24.15 24.15 


4.5 


40.0 40.0 


18.0 71.8 64.15 241 


50.3 .04.8 196.65 24.15 


MIcro .HydrO 

5 


24.15 


24.15' 


24-.15 


C~l.OO0's)
 

TOTAL
 

67.5
 
17.6
 
16.2
 

L20.0
 
50.0
 

13.0
 

297.8
 

117.75
 

4.5
 

80.0
 

22.2
 

500:05 	 I".T i
 
o*H
 
014 



FINANCIAL PLAN 
FOR Rural Oriented Technoloojes - Solar Drying & Distillat14
 

Process ffea$,0o u) 
AID$ 1 2 PROJECT YEAR
AID 2 - 3 1. 5 TOTAL-

T1chnical Aa=. nuc
Short .Term Consultants.(nmu) 15.0 !.0 22.5Travel 
 67.5
4.4 
 4.4 4.4.
Local Subsistence (per diem i 13.23.6 7.2 5.4 
 16.2 
Equipment and Hateriald 
 15.0 


15.0
 

Sub Total 23.0 56.6 32.3 111.9 

RTG ) ($ equivalent) 

Salaries,& St4ff Related Cost 
 7.8 t4.1 11.4 9.9 
 43.2 

Sub Total 
 7.8 14.1 11.4 9.9 
 43.2
 

TOTL 
 30.8 70.7 43.7 
 9.9 
 155.1
 



FINANCIAL PLAW 

FOR Rural Oriented Technoloqies - Water Lifting 

$_ 
Technical Assistance ,

Short Term Consultan~ts(21=m) 
Travel- 1 
Local Subsistence (per diem) 

Training (12 mm) 

Equipment and Materials 

Workshops, Publications, etc. 

1.5 
2.2 
1.8 

27.0 

_AD 2 

52.5 
6.6 

12.6 

72.0 

PROJECT YEAR 
3 4 

67.5 "3.5 
8.8 2.2 

16.2 1.8 

27.0 

135.0 

10.0 

5 

'22.5 
4.4 

'5,4 

10.0 

($1,000,s) 

TOTAV 

15.7.5 
24,2 
37:8 

54.0 

207.0 

20;0 

Sub Total 38.5 143.7 254.5 .215 42.3 500.5 

RTG % ($ equivalent) 

Participant Travel 

Salaries & Staff Related Experses 

Other 

3.0 

4.5 21.0 

3.6 

3.0 

28.2 

4.8 

26.7 

4.8 

26.7 

4.8 

6.0 

107.1 

18.0 

Sub Total 7.5 24.6 36.0 31.5 3.1,5 131.1 

TOTAL 
"' 

46.0 
'I 

168.3- 290,5 5310 

I-ai 
7. 631.6 5. 

OH 



0 FINAHICTAL PLAN 

FOR Village Woodlots
 

PROJECT YEAR '' 

AID1 

Technical AssistanceLong Term Consultants (42 pm)
Short Term Consultants( 2 2 pm)Travel'& Transportation' 
Local'Subsistence (per diem 

Training (4 mm) 

Equipement, vehicles-
Other (Labor, supplies, etc.) 

10.5 
18.5 
3.7 
5.1 

9.0 

72.0 

8.5 

2 

21.0 
37.0 
5.9 
8.7 

9.0 

17.1 

3 

21.0 
22.0 
3.7 
5.1 

28.25. 

4 

21.0 
18.5 
3.7 
5.1 

36.8 

5 

-
-
-

-

45.35 

TOTAL

73.5 
96.0 
17.0 
24.0 

1S.0 

12.0 

136.0 

S 

0 

Sub Total 127.3 98.7 80.05 85.1 45.35 436.5 

RTG 1 ($ equivalent) 
Salary & Staff Related-Costs. 
Partickpant Travel 
Facilities 

Buildings 
Staff Housing 

Equipment 

14.5 
1. 5 

11.0 
17.5 

14.6 
I.5 

11.0 
22.5 
15.0 

14..6 14.6 .14;6 72.9 
3.0 
. 

'22-.O' 
'40.0 
15.0 

Other (labor su-li-esmainten 

Sub Total 

nce) 14.4 

58.9 

22.9 

87.5 

34.05 

48.65 

42.6 

57.2 

51.15 

65.75 

165.1 

318.0 

TOTAL 185.2 186.2 128.7 142.3 111.1 754.5 



PXNAN4CIAL PLAN -

FOR Coordinating Consultant 

AID $ 

Technical Assistance* 
Long Term Consultant (30im) 
-hort Term Consultant (12mm)
ravel"&"Transportation 
local Subsistence (per diem) 

1 

44.0 
30.0 
11.6 
7.2. 

2 

90.0. 
15.0 
.2.2 
3.6 

PROJECT YEAR 
3 4 

90".0 
15-.0 L5.6 
11.6 :9.2 
3.6 3.6 

5 

15.0 
2.2 
3.6 

($1,000') 

TOTAL

25.0 
90.0 
29".8 
21.6 

Sub Total 93.8 110.8 120.2 .. 20.8 20.0 366.4 

RTG it equivalent) 

Salaries a Staff.Related.Costs 

Local Sdbsistence (hotising) 

Support Costs 

6.0 

3.0 

4.5 

12.0 

6.0. 

12.0 

6.0 

9.0 

12..0 12.0 54.0 

.15.0 

22.5 

, 

Sub Total 13.5 27.0 27.0 12.0 12.0 91.5, 

TOTAL 107.3 137.8 .147.2 32.8 32.8 457.9 
... OH
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X0 ORTANRZATIDN 

NEA Charter
 

The following extracts from the National Shergy Authority
 
Act of B.E. 2496 (1953) provide a picture of the scope of NEA's
 
authorities and remponsibilitiess
 

Definitions
 

"Energy" means the ability to do work obtained from natural
 
sources, such as, water, wind, natural heat, sUflight, mineral
 
or fuel, for instance, firewood, paddy husk, oil, coal, or
 
natural gas.
 

"Controlled Energy" means the energy to be brought under
 
control under the provisions of this Act.
 

"Energy WVrks" means works established by any person or
 
persons so as to acquire energy, such as, electricity, steam,
 
gas.
 

"Committee" means the committee of the National Energy
 
Authority.
 

"Competent official" means the official of the National
 
Energy Authority, and shall also include officials of
 
Ministries, Dabuangs, Departments or Municipalities, Local
 
Government or Officials of the Energy Organization prescribed
 
by this Act as competent officials."
 

Overall St tement of Powers and Duties.
 

"Section 5. The National Energy Authority as established
 
by law concerning the Organization of Ministries, Dabuangs,
 
and Departments shall have the following powers and duties:
 

(1) To procure and to establish energy works for the
 
development of the country and for the welfare of the people;
 

(2) To make researches, experiments, inspections, and
 
surveys, and to compile statistics on localities suitable for
 
establishing hydro-electric power work or places from which
 
materials for the production of electric and other energies
 
would be derived; 

* Name changed to National Energy Administration in 1977. 
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(3) To lay down policy of and devise control any produc
tion of energy, such as, electric energy;
 

(4) To provide, control, construct, purchase, sell,
 
lease or close down any energy production works and the
 
transmission or the distribution systemsl
 

(5) To lay down regulations and to control for the safety

from dangers resulting from the Energy Worksl
 

(6) To establish standardsand to prescribe rates for
 
the sale of energy;
 

(7) To aid and promote the utilization of Energy, for
 
economic developments such as, agriculture, handicraft, indus
try, commerce, and communications;
 

(8) To bring about other benefits jointly coupled with
 
those accrued from the Energy Works, such as, irrigation, flood
 
control, and navigation."
 

Board of Committee, Sub-Committees.
 

"Section 7. There shall be instituted a Board of Committee
 
composing of the Prime Minister as President, the Minister of
 
the Interior and Industries, as Vice Presidents, the Director
 
General of the Public and Municipal Works Department, the
 
Director General of the Royal Irrigation Department, the Director
 
General of the Mines Department, the Director General of the
 
Forestry Department to the Board of Committee as ex officio
 
members, and the Secretary General as an ex officio Committee
 
and Secretary, and not less than five and not more than nine
 
other members, to be appointed by Royal Command, from persons

qualified in electrical engineering, civil engineering, mechani
cal engineering, geology, finance, economics or law."
 

"Section 15. The Committee may appoint a Board of Sub-

Committee to execute on its behalf any of its function as may

be assigned."
 

Power to Summon, Enter Premises, Make Use of Property.
 

"Section 16. In the exercise of its powers and duties,
 
the National Energy Authority shall have power to summon by
 
letter any Ministry, Dabuang, Department, Municipality, Local
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Government, Government Organization or any person to furnish
 
information, or to deliver any documents or evidence or
 
article relevant to Energy as may be necessary for considera
tion."
 

"Section 17. Zn the execution of business of the
 
National Energy Authority the competent official shall have
 
power to enter premises of Ministries, Dabuangs, Departments,
 
Municipalities, Local Government, Government Organizations
 
or any person between sunrise and sunset to inquire into facts
 
or to check up any documents or things relative to Energy

from persons residing on such premises in so far as it is
 
necessary. In this respect, such persons shall render reasonable
 
facilities to the competent officials."
 

"Scction 20. The competent officials shall have power to
 
make use of or to ?ossess temporarily an immovable property of
 
any person, which is not a habitation of any private individual
 
under the following conditions:
 

(1) Such action is necessary for the surveys of site for
 
energy development, energy production, distribution system;

and for precaution against danger or damage that may arise from
 
the production er distribution of the energy; and
 

(2) The owner or possessor of the immovable property
 
has been notified of such action at a reasonable time in advance
 
if practicable."
 

Power of Eminent Domain.
 

"Section 21. Should any necessity arise as to the acqui
sition of immovable property to be used for the production

system, expansion of the production system or for distribution
 
system, expropriation shall be proceeded with in accordance with
 
the law relating to the expropriation of immovable property..."
 

Designation of Energy Areas and Controlled Energy.
 

"Section 30. Whpn it is expedient to prescribe any

locality as an Energy Area, notification shall he made by a
 
Royal Decree.
 

There shall be a map or maps determining an Energy Area
 
attached to this Royal Decree. Such map or maps shall be
 
regarded to form part of the Royal Decree."
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"Section 31. There shall be determined by Royal Decree
 as to what form energy, its capacity, method of production and
 use as well as its scope will be -garded controlled energy.
 

"Section 32. Within an Energy Area, no person is permitted to do any act that would hamper or decrease the con
trolled energy production."
 

Use of Raw Materials and Natural Resources.
 

"Section 33. 
 The National Energy Authority shall have
power to prohibit or limit the use of raw materials or natural
 resources which are necessary for any energy production; or to
require any person desiring to use such raw materials or
natural resources, to apply for permit from the National Energy

Authority.
 

The National Energy Authority shall have power to permit
 
or not to permit or to permit with any conditions."
 

Licensing of Energy Production.
 

"Section 34. 
 No person shall carry out any production
or extension of controlled energy in the Energy Area without
permission from the National Energy Authority.
 

Application for and grant of permission shall be in
accordance with rules and procedure prescribed in the Minis
terial Regulations."
 

Power to Curtail Energy P,duction.
 

"Section 38. 
 In case of shortage of controlled energy
frum time to time in an Energy Area, the National Energy
Authority 13 erpowered to order that the production, distri
bution or utilization of controlled energy be decreased to a
reasonable extent, or to order that the type of raw materials
 
or natural resources used in producing controlled energy be
altered, 1.rrespective of whether the production of controlled
 
energy has been commenced before after the date of the coming

into force of this Act."
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Other sections of the Act expand on the above. They

also deal with NEA's authority to redelegate its powers,
 
to prescribe the location of, or install, energy lines, and
 
to order changes in energy production for reasons of safety
 
or national interest.
 

The Act also contains a separate part-with sections
 
on the establishment, management, and financial arrangements

for "an Energy Organization to carry out the production of
 
energy." One section provides that the NEA "shall have power

and duty to exert a general supervision over the enterprise

of an Energy Organization." Specific NEA approvals required
 
are stipulated in other sections.
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ANNEX XVIYII 

Implementation Schedules ,pateono.
 

NEZDCT 2
 

RECa (Six Centers) 3
 

Resources Assessment - Lignite, tar sandoil
 

Resources Assessment - Solar 4
 

Resources Assessment - Biomass 5
 

Resources Assessment - Micro Hydro 6
 

shale, geothermal 7
 

Energy Technologies Monitoring $
 

Energy Maiter Plan (EMP) 9
 

Rural Oriented Technologies - Biomass
 
Conversion 10
 

Rural Oriented Technologies - Micro Hydro 11
 

Rural Oriented Technologies - Solar Drying & 
Distrillation, 12
 
Process Heat
 

Water Lifting Technologies 13
 

Village Woodlots - 10 Villages 14
 



FOR NK[DCT 
IMPLEMENTATION SCHEDULE 

TASKS 
Planning and Design of NEIDCT 

' 
11 

2 

f~ I 
PROJECT 

3 
YEAR4 4_ 

0I~ 
O-

Development of Procedures and Standard 

Identify of Resources/Estab. of Org. Rel. 

Identify of Users and User Requirements 

Selection of Resources 

:, 

J 
I 

I, 

.. 

I 

i 

i j 
1I1' 

Acquisition and Processing of Resources I 'i 
NEIDCT Services 

Evaluation and New Activities 
[ 

Staffing 

Training 

Short-term Consultants X 

H j 

AIT Consultants 

Equipment 

Books aterals 
x I 

ij 

Space 



IMPLEPIENTATION SCHEDULE 

FOR RECs (Six Centers) 

PROJECT YEAR 
I_2 3 4 5 

TASKS Ijl ; f I ! 

NEA Extens.onActivities '
: . ! i 11.11 I j 
Data Collection 1~ 19~oub i 'j 
Project Monitoring 
 I 

Information Dissemination I i 
Training I i
 

Coordination 
 Ip 
COZ4FONENTS 
 IA
 

Iond Acquisition/Freparaton ) IjI 
Office Space Conctruction
 

ousing Construction
 

Staff Assignments
 

Vehicles:
 

Trucks 6 2-ton trucks
 

Jeeps 6 (4 x 4)
 

Cameras, Projectors, Video Tapes WIi))
 

40b 

0 



IMPLEMIENTATION SCHEDULE 

FOR Resources Assessment - Solar 

__ PROJECT YEAR _ _i 
TASKS j 
Collection and Analysis of Data 
Assessment of Architectural Concepts 

Solar Component to E)P 

K 
Gt 

1 
I(C 

i 

f 

I 

Training/Study Tour 
x 

Solar Electricity 

Design/Adapt 
Solar Devices 

COMfPONENTS 

Technical Assistance 

Training 

University Assistance (Thai) iN* 
E.AT/Other RTG Assistance 

'a if 
Solar/Meteorloglcal Instrumentation 

W 



IMPLEMENTATION SCHEDULE 

FOR Resources Assessment - Biomass 

TASKS 

2 
PROJECT 

3 
YEAR 

4 5 

Select and Recruit Consultants 

Review Data 

30 N 

Specify and Procure Equipment 

Design Fieldwork 

x x x j 

Collect Additional Date 

Field Tests ii 
Laboratory Tests 

COMIONENTS 

'I I 

Consultant 

Equipment 

x K L W 

jQX ... !..
 
OR
 



IMPLEMENTATION SCHEDULE 
FOR Resources Assessment - Micro Hvdro 

.__ __ _PROJECT 

_I 2 

1. 1!! 
select and Recruit Consultant I II 

Review Data j 

YEAR 
3 4 

j 
i i iIi 
.f 

5 
.____ 

I-

Design Fieldwork 

Data Collection and Site Review 

m ' 

COMPONENTS 

Short-term Consultants (5 rm) 

.1 



IMPLEMENTATION SCHEDULE 
FOR Resources Assessment - Lignite, Tar Sands, Oil Shale, Geothermal 

PROJECT YEAR 
1 3 4 5 

TASKS ,ii!
 
Assessment and E'aluation 


!I I; i
 

Lignite Resources 

i 
 i:
 

Tar Sands 

i, •
 

Oil Shale ',.
 

Geothermal :
 

Training 

i
 

COMPONETrS
 

Technical Assistance 

Q !ii 
 I
Participant Training
 

Instruments/Coa.putor Services 1 

i
 

if
 

Il IIii IjF
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IMPLEMENTATION 

FOR Energy Technologies Monitoring 

___ __ ___ __ ___ __3 

Selection of Priority Technologies 

SCHEDULE 

PROJECT YEAR 
4 

I 

5 S 
C M 

Development of Technology Specific Plans 

Select and Process Trainees 

Select and Recruit Consultants 

Specify and Procure Equipment 

Evaluation and Information Dissemination 

COMPONJENTS 

(Trng, TA, Dqp 

Training 

Short-term Consultants 

Equipment 

Thai R and D 

H 



IM PLELMENTATION SCHEDULE 

FOR SUPPORT OF THE ENERGY MASTER PLAN 

1 

TASKS :i~ 
Pre-feasibility/Feasibility of Renewable Energy Alternativ f 

Rural Energy Surveys 

V!llage Resources and Energy Study 

Economic Social Technical Feasibility of Village
Energy Systc--s 

Staff Support During EMP 

Energy Conservation 

2 

II, 

x 

. ..... 

PROJECT
3 YEAR

4 

(X".X; 

U 

:'I 1h 

5 

iiI 
f 

Training 

COMPONENrS 

I j 

Technical Assistance 

Training 

NEA and Other RTG Assistance 

Equipment Procurement 

mmoj 

jIi 

I 

Workshops a tic 

0 el 



IMPLEP-ENTATION SCHEDULE 

FOR Rural Oriented Technologies - Biomass Conversion 

TASKS 

Prepare and Approve Detailed Activity Plans 

Select and Recruit Consultants I 

2 
PROJECT 

3 
!! 

.I 

'. 

YEAR 
4 5 

j H 

Select and Process Trainees 

Design/Design Selection i 

,i 

! 

I j 

Specify and Procure Equipment 

Site Selection/Baseline Data 

Fabrication/Construction- I 

Ni 

II 

I 

Testing Dlmonstration 

Evaluation and Info. Dissemination (workshops) 

romixONIl"NTSq 

111 

;i 

Training 

Short term Consultants 

Equipment and Cogstructifn 

Workshops 

M x 

ik
 



IMPLEP.EfTAiION 1 --,, "..:C 

FOR Rural Oriented Technologies - Micro Hydro... 

I__ __-_ 

PROJECT 
3 

YEAR 
4 5 

TASKS 

Select and Recruit ConsultantnalysisjI.i 

Data Collection and Analysis 

Village Selection 

De s i gn ' ' , " 

Turbine Manufucture 

Civil Construction/Installation 
I-It 

Training and Monitoring 

Evaluation 

Workshops 

COMPONFrS 

Technical Assistance Consultants 

Tralning/Workshops 

Equipment Procurement 

NFEA and Ozner RTG Staff 

IH 
P 

OH
 

1 1 1 !
 



IMPLEMENTATION SCHEDULE 

FOR Rural Oriented TechnoloRies - Solar Drying and Distillation- Process Hear 

TASKS 2 
PROJECT 

3 
YEAR 

4. 5 

Select and Recruit Consultant 

Review Data 

I I 

IiiI 

0 H 

. 

Design Field Work 

Field Data Collection/Observation 

Analysis and Assessment 

I Wll, 

". 

D)evelopment of Design Criteria j , : 

Design Program I j 

Design Selection 

Fabrication 

Training RTC Staff 

I 

Training Villagers 

Workshops 

Testing, Evaluation, AdaptationI 

COM -PONEN TS 

Short-Term Consultants x 

', 
I 

Equipment I 



IMPLEM-1ENTATION SCHEDULE 
FOR Water Lifting Technologies 

PROJECT YEAR 

TASKS 
I 3 4 _ 5 

Select and Recruit Consultants M 

Select and Process Trainees .11 I d 

Specify and Procure Equipment 

Fabrication/Construction 

Testing/Demonst ration 
M( i 

Evaluation and Info. Dessemination 

Local Training 
M 

C(HPONENTS 

Traiuing 

0 

Short-Term Consultants 

Equipment 

Workshops uJ 

Of 

iifl 



IMIt'LEMENTATION SCHEDULE 
FOR Village Woodlots - 10 Villages 

PROJECT YEAR 

TASKS 
2 3 4 5 

Site Selection 
X) 

Location 
of Land 

Soil and Site Investigation 

Coord ination 

Training (Technicians) 

Training (Villagers) I ;H 

Allocation 
of Land 

Nursery Stock Preparation 
N 

Staking 

Planti 
ng 

Weeding 

Fire ControlI 

COfIONTS 

Staffing 
Training 

L-T Consultants 

S-T Consultants 
1loustng 
Equi pmont Procurement 

N 
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which this proiect contributess (A-i) 

To enhan'ce Th~iland's rural. An increase in the amount 
 Evaluation of RTG data. 1.- Increased "availability of
development by increasing the of energy consumed in rural 
 energy for domestic. agrlculavailability of energy from areas from a variety of 
 rural and industrial use is an
other than imported convention- renewable ources. includin 
 essential ingredient for rural
al fossil fuels for a variety village woodlots.. 
 evelopment (and conversely
of domestic. agricultural and 
 development increases the

industrial uses of the rural. 
 demand for energy).

population.
 

Subgoal: To-reduce environmen- 2. Importing of fossil fuels
continues to Increase in cost
tal degredayon due to defores-
 and to consume an increasing
tanon causedby the demand 
 amount of foreign exchange.
wood for ue both as fuel and 
 thereby providing a conclued
 
in charcoal production. 
 and growing impetus for the
 

development of alternative
 
energy sources.
 

* N
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NARRATIVE 
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SttARy OBJECTIVELY VERIFIABLE IflDICA OS 
Cea ,ns I. "leal ail.d1 pwqmas Los eta 
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- To ready eppropriate, cost-effective, 
 1.A number of ronevable energy
and nun-t.vironocntally destructive energy technologies. including woodlots

ctchnolo;;ies foi dissceination in rural
areas by teLtini. ani evaluating their 
t;'€c;noloiIczI. vcono.-ic, 
and cultural tes 

1 illty !n l.a!land and by adapting them 
c. n.-.sbary; 


- ;t%ei. and test methodologies and 

t:€c..1;,.s tr diseninating rural energy

t-chr.olo ics throu~iout t1hailand; 

- To develop the institutional capability
and traincd personnel to enable the . 
RIG to ent:age in resources assessment 

and anslybis, 
energy technologies

monltoring and energy planning 
"which includes consideration ofrural needs. 


testedT and adapted for use inrural hijland, 

2a.Techniquea and methodologies
leveloped and tested for training
appropriate public sector outreach 
workera or private voluntary 

.gency workers to disseminate 

rural cncrgy teclnologicS. 


2h. The private sector wIll. have 
i,cen mado aware of those techno-. 
 in the fields in which they"logics with cotmercial application received training and whether their
or Whsch are 
suitable for consmer- training to being utilied. 
cial marketing (e.g. improved wood 
burning stoves). 

3. An institutional arrangement
 
is being established for continued
 
testing. demonstration. and train
ing at the regional level, e.g.
 
the six planned regional Devel
opment. Demonstration, and Train-

Ing renters of sore alternative.
 

4. RTG decision amkera ad policy
 
makers have been provided with
 
trainin. Information and data
 
on resource analysis and assess.
 

went.
surveying rural energy need,
 
uses and resources, and on utili etioq technolog'ies.
 

UEANS OF VERIFICATIOII 
(8-3) 

1. AID/Er evslustione. .2 j5J nd o R agency 
record. 


3. Interviews and field visits to 
regloeml facilities to corroborate 

program rccords and document the .
availability of proven technologies

and techniques for their diaaemina-

Lion. 


4. Interviews with individuals train-

el to ascertain whether they are work

Ing 

M 
o i-i. 

Lire o Peoi.eu
 
FrmFY - 1979 oFy'_.L2 .
 

WIPORTAMT ASSMII -SPAGE
 

Asawnpllsms for sci.loVI poss: (2-4) 

. Timely RTC approval of annual operatiagbudgets, staffing levels., an4 adequate

policy support.
 

2. RTG implementing agencies wil cooperate; 
with and support the program. c4 well as
 
work under the lead of NEA. 

3. Renewable energy technologies prove to bsocially acceptable and culturally feasible.
 
in addition to their being technically aud
 
economically feasible.
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1. 	 Train polIcy- and decision-- 1. 257 person months of 1. 	Annual reviews, 1. Adequate RTC support for
makers. 
 training provided to RTG 
 and coordination of the

officials in the U.S.. 
 2. 	REA and othat RTG agency proaPm.
2. 	Increased energy information. Thailand and third 
 records.
 
countries.


3. 	pilot and demonstration 2. Qbalified technical
3. 	Participant trsiaii 
 advisors cam be
facilities. 	 recruited
2.a. 309 person months of 
 records. 
 on a timely bawls.
 
consultant services
have been provided in 
 3... Personnel qualified to
resource assessment and 
 take training can be made
 
analysis, technologies 
 available,
monitoring and master 
 3.b. Access to U.S. and other
planning. as well as 
 training facilities.
 
rural enrgy technolo
gies tentinx and adapts-
 4. 	Avsilability'o. required

CIOn. 
 I 	 commodities lncluding
2.b. One energy master plan 
 publications at prices
for Thailand. Including 
 budgeted.
 
rural supply and demand
 
considerations.
 

2.c. One. energy Information
 
center functioning
 

3. 	6 regional centers ope
rating or alternative
 
Institutionsl arrange
ments functLonia at the
 
retional level for the
 
purpose of establiahing
 
pilot/demonstration
 

"feciltle. in selected 	 0 
technologie. 
 H 
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and project monitorS, 

, advisorslmonitora. capabilit y will be available
 a- a 

1a planned.
3.4 million of support 3I. RTC
 Annual RTC budgdt RTC
 

ADB/UNDP 
 .I A U3. . Staffing list@National planning 
 Operating budget requirementg

$950.000 of support for n documents,0 0%Ln " 

to 
documents, 
 will be met as planned and
the energy master planning 
 W"Ow 
 ADS/UHDP 
 afrofng levels ii. be
activity. approved n needed.
 

1. Crant document with .RTC 
 ADB/UNDP
 
t: c_ committing funds for o w o--g energy mater plnning Funding will
00 be available amactivity 
 planned.


2. ADDIUNOP-funded staff In 
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CERTIFICATION PURSUANT TO SECTION 611(E) OF THE
 

FOREIGN ASSISTANCE ACT OF 1961 AS AMENDED
 

I, Donald D. Cohen, The Principal Officer of The
 

Agency for International Development in Thailand, do
 

hereby certify that in my judgement Thailand has both
 

the financial capability and human resources capability
 

to effectively maintain and utilize the capital assis

tance to be provided under the proposed Renewable
 

Nonconventional Energy Project Grant. This capital
 

assistance will be part of a project design which will
 

utilize institutional development and the careful
 

introduction of new technologies to assist the Royal
 

Thai Government in its efforts to reuuce imported energy
 

resources and increase the quality of life and income
 

opportunities in rural areas. In so certifying, I have
 

taken into account, among other things, the soundness
 

of the Thai economythe competence and active involve

ment of officials of those departments and agencies of
 

the Royal Thai Government directly concerned with the
 

project in its planning and design, and the maintenance
 

and utilization of projects in Thailand previously
 

financed or assisted by t e UniteASt
 

DonadD .W~ 
Mislion irector 

hate 
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DRAFT
 
PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS
 

PART II 

Country Thailand 

Project Renewable Nonconventional Energy 

Project No.: 493-0304 

Pursuant to Part I, Chapter 1, Section 103 of the Foreign

Assistance Act of 1961, as amended, I hereby authorize a
 
Grant to the Kingdom of Thailand (the "Cooperating Country")

of not to exceed Two Million Five Hundred Thousand United
 
States Dollars ($2,500,000) (the "Authorized Amount") to
 
help in financing certain foreign exchange and local currency
 
costs of goods and services required for the project as
 
described in the following paragraph:
 

The project (hereiiiafter referred to as the "Project")
is designed to assist the Royal Thai Government ("RTG") in 
developing its institutional capacity to perform and sustain 
energy policy planning, in introducing and testing renewable 
energy technologies adapted for use in rural areas,
and in developing and testing techniques for disseminating 
such technologies. These activities will be carried out
 
simultaneously so that at the end of the Project there should
 
coincide a tested selection of rural renewable energy appli
cations and the data and institutional base to implement them
 
within the framework of a broader energy policy for the
 
Cooperating Country.
 

I approve the total level of A.I.D. appropriated funding

planned for this Project of not to exceed Five Million United
 
States Dollars ($5,000,000), including the funding authorized
 
above, which will be entirely grant-funded, during the period

FY 1979-84. I approve further increments during the period

of grant funding up to $2,500,000, subject to the availability
 
of funds in accordance with A.I.D. allotment procedures.
 

I hereby authorize the initiation of negotiation and
 
execution of the Project Agreement by the officer to whom
 
such authority has been delegated in accordance with A.I.D.
 
regulations and Delegations of Authority subject to the
 
following essential terms and major conditions together with
 
such other terms and conditions as A.I.D. may deem appropriate:
 

V7 



w 

-2

a. 
 Source and Origin of Goods and Services
 

Except for ocean shipping, goods and services financed
 
under the Grant shall have their source and origin in the
 
Cooperating Country or in the United States, except as A.I.D.
 
may otherwise agree in writing. Training in the United States
 
and in third countries shall be undertaken in accordance with
 
the provisions of A.I.D. Handbook Number 10. 
 Ocean shipping

financed under the Grant shall be procured in the United
 
States, except as A.I.D. may otherwise agree in writing.
 

b. Initial Conditions Precedent to Dit ,ursement
 

Prior to any disbursement, or the issua.Ace of any

commitment documents under the Project Agreement, for any

expenditure of funds, the Cooperating Country shall designate

representatives to undertake the Project and to coordinate
 
actions with A.I.D.
 

c. Covenants
 

The Cooperating Country covenants to provide continuing

adequate budgetary and staff supporL for the Project.
 

d. Blanket Waiver to Code 941
 

On the basis that a portion of the goods and services
 
related to unconventional, renewable energy technology is
 
necessary for implementation of the Project and is not
 
available in the United States or the Cooperating Country,

goods and services financed under the Project may be procured

from countries included in A.I.D. Geographic Code 941; Provided
 
however, that the United States Dollar value of each sucR
 
procurement does not exceed $500,000 and that vehicles are
 
not procured under this waiver authority.
 

John H. Sullivan
 
Assistant Administrator
 
Bureau for Asia
 


